
IS THERE A FOURTH DIMENSION?

HOW BRIDGES
ARE BUILT

WATER RAISING, THE NEW TELEVISION, FILES AND FILING,PHOTO CELLS AT WORK,
OLD WATERLOO BRIDGE, HISTORIC LOCOS., AUTOMATIC SIGNALS FOR MODEL
RAILWAYS, PRIVATE HOUSE ELECTRIC LIGHT PLANTS, MAKING CLOCK

CHIMES, PICTURES BY WIRE, NEW WIRELESS APPARATUS. ETC.
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OPEN LETTER TO PARENTS
Dear Sir or Madam,

When your children first arrived they brought with them a wonderful lot of sunshine.
Later you became proud of the intelligence they displayed, but still later, you became anxious

as to what would become of them in the future. Perhaps you were anxious when you visualised them
as grown men and women.

Even with plenty of money it is not always easy to select the right career, and a parent is some-
times inclined to ask advice of some relative, and in ninety-nine cases out of a hundred that relative
knows nothing at all about the possibilities of employment.

Why not let me relieve you of some of your anxieties ? In fact, why not let me be their Father 1
We do not profess to act as an employment agency, but the nature of our business compels us to

keep an eye upon the class of men and women that are wanted and who wants them.
There are some people who manufacture an article and put it on the market to sell. We do not do

that, we work in exactly the opposite direction. We find out what employers want and we train our
students to fill those jobs. We have to be experts in the matter of employment, progress and prosperity.

If you have any anxieties at all as to what your sons or daughters should be, write to me, or better
still, let them write to me personally-Fatherly Advice Department, and tell me their likes and dislikes,
and I will give sound practical advice as to the possibilities of a vocation and how to succeed in it.

Yours sincerely,
Note address carefully :
F.A. Dept. 76, The Bennett College Ltd., Sheffield
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There --are many ways of commencing a
career, but Matriculation is the jumping-

off board for all the best ones.

CIVIL SERVICE
Suitable
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Textile Designs, Book Illustrations, etc. than there are MGS \ to both sexes. . Ages i5i to 24.

60% of Commercial Art Work is done by trained men to \ We G.P.O. ENG. DEPT." Free Lance Artists " who do their work fill them. % C? teach by
at home and sell it to the highest bidders. Post in all parts of CUSTOMS AND EXCISE; INSP. OF
Many Commercial Artists draw " retaining 'k G the world specialiseNO TAXES, Etc.
fees"from various sources, others prefer and EXPERIENCE REQUIRED
to work full-time employment or partner- 0 in all Examinations. OPEN EXAMS.
ship arrangement. We teach you not only ct Mathematics We prepare candidates for all
how to draw what is wanted, but how to Accountancy Matriculation
make buyers want what you draw. Many Examinations Metallurgy INSTITUTE
of our students who originally took up Advertising and Sales Mining, all subjects
Commercial Art as a hobby have since Management Mining, Electrical EXAMS.
turned it into a full-time paying profession
with studio and staff of assistant artists ;
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Mechanics.
Exam.

PArmy Certificates

Engineering
Motor Engineering
Motor Trade

TECHNICAL, INSURANCE,
COMMERCIAL, GENERAL, POLICE,there is no limit to the possibilities. Let Auctioneers and Estate Agents Municipal and County Etc., Etc.us send full particulars for a FREE TRIAL Aviation Engineering Engineers

and de tails of our course for your inspection.
You will be under no obligation whatever.

Banking

Book-keeping,BoilerAccountancyPattern

Naval Architecture
Making

Police, Special Course
ENGINEERS '.*BRANCHES
There are examinations which are open

Art Dept. 76. -& Modern Business Methods
B.Sc. (Eng.)
B.Sc. (Estate Management)

Preceptors, College of
Pumps and Pumping

Machinery

and suitable to you, others which are not.
Get our advice before deciding.

YOUNG MEN Building, Architecture
and Clerk of Works

Radio Reception
Road -Making & Maintenance The Commercial Side of

Young men physically fit and whose Civill tnrVinceeering Salesmanship
Sanitation THE MOTOR

careers are not definitely fixed should All Commercial Subjects Secretarial Exams.
join the Police Force. We have Special Commercial Art Shipbuilding TRADE
Courses for Entrance and Promotion. Concrete and Structural

Engineering
Shorthand (Pitman's)
Structural Engineering offers exceptional opportunities for

1/- per week brings success. Draughtsmanship. All Surveying young men of good education.
Full particulars free. branches Teachers of Handicrafts

Address: Police Dept. 76. E nsguizeeg gi, Allexaminationsbranches, Telephony and Telegraphy
Transport Inst. Exams. EVERY DEPARTMENT IS A

T 0 STUDENTS General Education
G.P.O. Engineering Bent.
Heating and Ventilating

Weights and Measures
Inspe:tor

Wireless Telegraphy and
COMPLETE COLLEGE.

EVERY STUDENT IS A CLASS
LIVING ABROAD Industrial Chemistry

Insurance
Telephony

Works Managers TO HIMSELF.
or on the high seas, a good supply of lessons IF YOU DO NOT SEE YOUR OWN REQUIRE -
is given, so that they may be done in their
order, and despatched to us for examination and

MENTS ABOVE, WRITE TO US ON ANY SUBJECT. DO NOT DELAY
CHARGE),

of Success.

correction. They are then sent back with more
work, and in this way a continuous stream of work
is always in transit from the Student to us and
from us to the Student.

IT COSTS NOTH.NG TO ENQUIRE.

Also ask for cur New Book (FREE OF
THE HUM AN MACHINE, Secrets

There may be chances for you to -day for
which you may be too late to -morrow.

Every day counts in a man's career.

A'ORErTEFR/2/1S.E. SS Dept. 76, ,THE BENNETT COLLEGE LTD., SHEFFIELD
All applications respecting Advertising In this Publication should be addressed to the ADVERTISEMENT MANAGER, GEORGE NEWNES Ltd.,

23-11 Southampton Street, Strand, London, W,C.2. Telephone: Temple Bar 7760.
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Notes, News and Views
A New Volume commences Next Month

THIS issue completes Volume I. of
PRACTICAL MECHANICS, and an announce-

ment regarding binding cases and index will
appear next month. The first milestone is
passed, and I am glad to learn from the
shoals of enthusiastic letters I regularly
receive from readers all over the world that
the first stage of our journey has been so
pleasant. During that journey we have
made pleasant excursions, even though only
in print, into the stratosphere, into the
fields of aviation, television, radio, mecha-
nics, below the sea with divers, and we have
dallied to study rays, to make models, to
examine novelties, and to read about the
latest scientific endeavours. The second
stage of our journey will be even more
interesting than the last. Make quite sure
that you miss none of the sideshows, by
ordering PRACTICAL MECHANICS to be
delivered regularly to your home.

Our New Companion Journal " Practical
Television "

THE
growing interest in television-the

missing link to complete home radio
entertainment-is indicated by the volume
of correspondence we regularly receive from
readers on this intriguing and fascinating
new science. Our readers, therefore, will be
interested to learn that Messrs. Geo.
Newnes Ltd. (Publishers of PRACTICAL
MECHANICS) have just published No. 1 of
our companion journal, Practical Television,
which is obtainable from all newsagents for
6d. The first issue contains instructions for
Building a Simple Disc Visor, How to Make
Synchronising Gear, Television Simply
Explained, Telenews and Televiews, Build-
ing up the Picture, The Cathode Ray Oscillo-
graph, Scanning Systems, Will my Set
Operate a Television Receiver ? Receiving
Sound and Vision, Teletips, and many
other important articles on this new subject.
Purchase a copy to-day-unless the issue
is already sold out !

A Mammoth Oil Engine -driven Alternator
AHUGE generator recently put into
operation at the Copenhagen Electricity

works is driven by a two-stroke double-
acting oil engine having eight cylinders.
The cylinders, which have a bore of 33 in.
and. a stroke of no less than 5 ft. 11 in.,
develop 20,400 b.h.p. The engine is
started by compressed air, which is supplied
by a separate compressed air plant. The
length of the engine is 66 ft., the height
40 ft., and the breadth over 27 ft. Its total
weight is approximately 1,200 tons.

The 50 -cycle alternator is designed for a
continuous output of 19,000 K.V.A., the
stator being wound for 6,600 volts. To
give an indication of the immense size of
this machine, the total height of the alter-
nator, measured from the engine room floor,
is 18 ft., and it projects 16 ft. 6 in. below the
floor. Its total weight is 187 tons.
Germany's New Airship

ACCORDING to a recent report, the new
Zeppelin " L.Z.129," which is nearing

THE MONTH'S SCIENCE
SIFTINGS

According to a recent report, a telescope
which is claimed to be the largest in the
British Empire is to be installed at the
new Dunlop Observatory in Toronto. The
telescope has a 74 -in, reflector and in all
weighs about 50 tons.

A new world long-distance gliding
record of 233 miles was recently established
by Heini Dittmar. He started from the
summit of the Rhoen Mountains and
landed at Likkau, in Czecho-Slovakia. The
flight took six hours twenty-five minutes.

An oil well has been drilled to the record
depth of 11,377 ft. in the San Joaquin
Valley, California.

All kinds of articles from toys to electric
cables will be manufactured in a rubber
factory which is now being constructed at
Trivandrum, Southern India.

One of the four propellers for the new
Cunarder has just been shipped from
London. Each of the propellers weighs
about 35 tons.

The latest addition to the Japanese Navy
is a midget submarine, only 29 ft. long,
and which can be hoisted on board a large
warship. The boat is electrically driven,
current being supplied by accumulators.
She is armed with a single torpedo tube and
a machine gun, and is manned by a crew
of four.

completion in Germany, will be slightly
longer than the American airship " Macon,
which is at present the largest airship in the
world. She will have a gas capacity of over
7,000,000 cub. ft., and will be propelled by
engines of 4,400 h.p. Accommodation will
be provided for fifty passengers, a crew of
thirty-five, and 10 tons of freight.

New Streamlined Locomotive
WHAT is claimed to be the most powerful

express passenger locomotive in Great
Britain was recently completed at the

Doncaster works of the London and North
Eastern Railway. The new locomotive is of
the 2-8-2 Mikado type, its eight coupled
driving wheels being 6 ft. 2 in. in diameter.
A large boiler, working at a pressure of
220 lb. per square inch, supplies three
cylinders fitted with poppet valves. Two
chimneys are fitted on this huge locomotive,
and, as no steam dome is visible, the
streamline effect of the boiler is unbroken.
The engine is named " Cock o' the North."

India's New Dam

THE Mettur Canvery dam, said to be one
of the largest in the world, has just

been completed. It is situated about 230
miles from Madras, and has taken ten years
to build. Three million tons of concrete
have been used in constructing the dam,
which is a mile long, and impounds an arti-
ficial lake containing 94,000 million cubic
feet of water. The stone crushers used for
crushing the granite for the concrete aggre-
gate, which are the largest machines of this
kind ever built in this country, were con-
structed by Messrs. Hadfield Ltd., of
Sheffield. These huge " jaw -breakers,"
which break up the crude stone into 6 -in.
lumps at the rate of 200 tons of stone an
hour, weigh about 100 tons each, and were
used to feed the smaller jaw crushers.

Britain's Latest Flying Boat
THE second largest flying boat ever put into

service has been designed by the Black-
burn Aeroplane Co. Accommodation will
be provided for fifty passengers, and it will
be fitted with six engines of about 650 h.p.
The machine will be a high -wing monoplane,
four of the engines will be housed in the
leading edge of the wing, and the other two
in the trailing edge. Designed for speed and
great range, it is intended for trans -ocean
mail and passenger services.

Coloured X -Rays
AN Armenian scientist, Mr. Luther
uSimjiam, has perfected an apparatus
which enables variations of the density of
the body structure to be seen, not in the
usual X-ray grey tones, but in contrasting
colours. The apparatus embodies the X-
ray fluoroscope and the photo -electric cell
used in television. The operator can inten-
sify any of the colours as desired, thus
permitting particular organs to be shown up
in sharper relief. The apparatus makes use
of X-rays of weaker intensity than is cus-
tomary, and the patient may therefore be
safely subjected to longer periods of
observation.
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HOW BRIDGES ARE
The positions, foundations, design, construction and erection of great bridges of various types are

and of exceptional interest, but they have taxed the brains of our best engineers

By R. V. BOUGHTON,

Twickenham Bridge over the Thames, a fine example of a reinforced concrete arch bridge.

UNTIL a few decades ago it was the
general policy for engineers to not
only design bridges in the most

important matters of structural engineering
and mechanics, but to design them archi-
tecturally, with the consequence that many
of our bridges, while being masterpieces of
the science of engineering, lack the beauty
that only an artistic brain can conceive.
It is therefore in the public interest that the
promoters of bridge schemes have for some
years past recognised the importance of
engineers and architects collaborating in
the design of many of our bridges, the
engineers being responsible for the struc-
tural design and safety, and the architects
for the beauty. The result of this combina-
tion of the best brains is manifested by some
of the illustrations shown in this article,
where one may wonder at the feats of the
engineers and be thrilled by the work of the
architects, who have put beauty into great
masses of engineering works.

A full appreciation of bridges may be
engendered in our minds if we consider
contrasts. Many of us gave but little
thought when, in our childhood days, we
placed a plank across a little stream tO
provide a safe (and sometimes a most
hazardous) crossing, that we were con-
structing a bridge. It was crude, yet a
bridge that was subject to most of the
principles that govern the design of our
great bridges. To contrast our early

PLANK BENDS
R Li TTLr AS St/OWN
DOTTED

Fig. 3.-As the load is applied near the bearing the
plank begins to bend or deflect. When it is in the

centre the plank bends considerably.

efforts at bridge -making but few of us
connected our thoughts of that single plank
with such bridges as our Forth Bridge, with
each of the two main spans 1,710 ft. long
and a total length of 5,330 ft., or with the
Sydney Harbour Bridge, Australia, designed
and constructed by British engineers, with

Fig. 1.-A simple form of bridge with a plain girder
supporting a parapet wall.

the largest
1,650 ft.

Many Types of Bridges
There are many types of bridges that

necessitate different principles being

" arch " span in the world of

ORDI1713R- PLANK

Fig. 2.-An ordinary deal plank placed across a stream
illustrates some of the principles of our great bridges.

adopted, not only in their structural design,
but in their erection, the latter often
presenting difficulties that force the use of
certain design principles that prohibit any,
or but little, scope for the architect to
beautify. The general types of bridges are :
(1) plain and compound or plate girder,
(2) framed girder, (3) brick or masonry
arched, (4) steel framed arched, (5) canti-
lever, (6) suspension, (7) reinforced concrete
girder or beam, (8) reinforced concrete arch,
and (9) combination of some of the above
principles. There are types of opening
bridges, such as swing, bascule, rolling,
vertical lift and transporter, which, how-

ever, cannot be dealt with in this article.
Types (1) to (9) will now be explained.

Plain and Compound or Plate Girder Bridges
These simplest types of bridges, which

are much like that little plank before
described, allows the simple explanation of
the fundamental principles that govern
their design and erection. Fig. 1 depicts
an elevation of a small bridge with a plain
girder on each side which supports the floor
and a light parapet wall. Fig. 2 is our little
friend, the plank bridge over the stream,
and we will confine our minds to it for a
while. As we rather gingerly put one foot
on the plank, we were relieved to note that
it felt firm under the load ; as we progressed
a little further towards the centre of the
plank it was noticed that it commenced to
bend or deflect under the load ; as we stood
in the centre of the span it bent very consi.

BERM
LOAD CONC£117RfTL.:

CENTRE

ecru)
NomErl T
DiticRf7P1

Fig. 4.-A beam with a load concentrated in the centre
produces the maximum bending stress at the centre, the
stresses reducing as the bearings are neared, as shown
by the vertical ordinates of the bending moment

diagram

derably and thoughts of collapse and a good
wetting entered the mind. The bending
under the two positions of the load of the

BERN
LORD UNIFORMLY
DISTRIBUTED,

411111111111110"
5E1101114 MOMENT
DIRGRIVI

Fig. 5.-Loads evenly distributed along abeam produce
bending stresses of values represented by the vertical
ordinates of the bending moment diagram which is

bounded by the beam and the parabolic curve.
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BUILT
subjects not only of importance
for many generations.

A.I.Struct.E.

body are diagrammatically shown by Fig. 3,
and this presents one of the chief principles
of structural mechanics, i.e., bending
moments, or what may be termed the value
of the forces which induce bending. By
the fact that the plank bends most when the
load is in the centre proves that the greatest
stresses are induced, and the greatest strains
are produced, in the centre of the span. It
must be understood that a stress is a force
that produces a strain. As the load becomes
further away from the centre and nearer one
of the supports, the strain on the plank is
reduced. It should be manifest that to
resist these stresses in a beam there should
be a force in the beam itself that will safely
resist them. This force is known as the
moment of resistance, and to provide
equilibrium it should at least equal the
bending moment. The value of the stress,
or the bending moment, in any part of a
beam that is subject to various loadings is

"MUM- Of -5
FROM END TO

!l=a INCREASES
CENTRE OI' WAVER ,

The Sydney Harbour Bridge with a span of ,650 ft., the largest arched bridge in the world.

shown by Fig. 5, the curve being parabolic.
Before another interesting matter is ex-
plained, it is necessary to state that shearing

stresses have
to be seri-
ously con-
sidered by
engineers.Vertical
shearing is
the action of
one part of
a material
tending t o
slide or shear
off the part
immediately

adjoining it, as is shown by Fig. 7. The
maximum shearing stress occurs near the
supports of a beam, and for the purposes
of this article
may be said
to be nil at
the centre of
the span.

Now we
will explain
why engin-
eers, for the
sake of
economy, en-
deavour to
make girder
bridges as
high as

PLR 7"E GIRDER.
Fig. 6.-A steel plate girder. Note the disposition of the steel in

the top and bottom flanges to combat the stresses.

easily calculated either mathematically or
by what is known as a stress diagram. If
Figs. 4 and 5 are studied they will very
simply explain the reason why a compound
or plate girder, as shown by Fig. 6, has
much more steel in the form of plates at
the top and bottom at and near the centre.
Fig. 4 depicts a concentrated load in the
centre of the beam, such as a person in the
centre of a plank, and the bending moments
at various parts of the beam are equal to the
value represented by the lengths of the
vertical lines or ordinates. The maximum
bending moment occurs at the centre and
is represented by the line marked M. It is
important to understand that a uniformly
distributed load produces stresses the value
of which are represented by the ordinates

possible, and to do this we
will show two small plank
bridges, again to bridge our
little stream, and each of
these bridges will have ex-
actly the same amount of
material, yet the scientific
arrangement of one will
provide a bridge that is
times as strong as the
other ! Fig. 8 shows the
weaker arrangement with
the 9 x 2 -in. planks laid
flat as girders, and which
will bend or deflect very
considerably when people
walk over it. Fig. 9 shows
the planks laid on edge,
providing a much greater
strength.

Fig. 10 depicts a com-
pound girder bridge that

Fig.'10.-A large plate girder carrying a railway over the Sutton By -pan. carries a railway oftr a

11

street, and the supports are brick abut-
ments. The girders Lwould be placed in
position by hoisting or by rolling into posi-
tion with the aid of temporary supports
from the street.
Framed Girder Bridges

This type of bridge is used for great spans
over valleys or rivers for roads or railways,
or both. Fig. 11 shows one of many
arrangements of the various members, and
a study of the principles of the stresses in
them, their construction and erection, is
not only of great interest, but makes the
more complicated types of bridges more
easily understood. Referring again to
Fig. 9, it may be stated that the tendency
for the 9 x 2 -in, plank to bend causes the
fibres in the top to be compressed and those
at the bottom to be in tension. Exactly the.

PLfltila LAID FLFIT.. BF? titS
ye -

Ill 8

Fig. 8.-The simple plank bridge over a stream with the planks laid flat. which is construc-
tionally weak.

same occurs in connection with the top and
bottom members of the framed girder, as
Fig. 11. The top and bottom booms are in
compression and tension respectively. The
laws of mechanics of structures show that
the greater the distance apart of these
booms, the less are the stresses induced in
them, and consequently less metal is
required in them to resist such stresses,
and this is why engineers make the height
of this type of bridge as high as possible,
subject to certain limitations regulated by
conditions which are a little too complicated
to explain in this article.

Fig. 12 indicates the approximate varying
amounts of the stresses in the various
members by means of thicknesses of the
lines, the thicker the line the greater the
stress. The solid lines are compression and
dotted lines tension members. There is,
theoretically, no stress in the centre mem
ber shown by the long dotted line. Fig. 13
is a photographic reproduction of a framed
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Brick or Masonry Arched Bridges

-

struction which may be better understood

-

sure on its neighbour, and the stresses
are eventually transmitted to the abut -

of the arch, the stronger is the arch, pro-

BOONS (...NCREASES FROM ENO CEN7RE

\ /I

/ /
11

/
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0
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lay a la le m as se um sr Li - - -

This particular type of bridge must not
These are a very common form of bridge be confounded with suspension bridges,

and are used for small and great spans, which may
either single or in series as viaducts. Old appear to be T/E5
Waterloo Bridge is one example of an arched similar, but are
masonry bridge, and an interesting article constructed on
on it appears elsewhere in this issue. totally differ -
There is a rather considerable difference ant principles.
in the principles of arch and beam con The principle of

cantileverage
by giving a very simple example. A will be dealt
brick arch over an ordinary window with later.
opening is in effect a very small bridge. Most of them
It will be illustrated next month. The use ordinary
separate wedge-shaped units or voussoirs steel girders or rolled steel' joists extend -
are kept in position owing to the fact ing or cantilevering over brick piers and
that each of them exerts a lateral Ares the ends of each cantilever supporting a

simple beam member. As will be gathered
by the description of the erection of

menu or piers. The sharper the curvature bridges, it will be readily understood that
the fundamental principle of this type of

fi/VOU NT OF STEEL IN TOP 11/10 BOTTOM low the gradual
bridge is to al -

TD building out of
each canti-
levered framed
part until each
meet at the
centre, where
they are con-
nected together
by the sus-
pended span.

Fig. 12.-An outline of a steel framed girder, showing the compressional members in Great care has
solid lines and the tensile members dotted. Note the varying amount of steel required to be exercised

in the various members. by the design-
ers to ensure

RMOUNT OF .57 -4 -EL TIES ario ..57ieU73-
DE.GR5E5 FROM END 70 CENTRE Of GIRDER

vided the depth of the rings are the same.
For instance, any arch which is much
flatter than another might require two
rings to carry the same load as a deep arch
would do with one ring.

Steel Framed Arch Bridges
In this type of bridge (to be dealt with

next month) the main stresses being taken
by the arched construction from which is
suspended members which support the
level road or railway. One of the best
examples is the Newcastle -on -Tyne Bridge,
which has the largest steel arch in Great
Britain, constructed in 1925-28 to carry
the Great North Road across the Tyne.
The length is 1,254 ft. Sydney Harbour
Bridge, Australia, was built on this prin-

BERM T( fY DS 70
...571t-f3R HERE,

Fig. 7.-This shows how beam wodd shear.

that no collapse shall occur during the
erection or building out of the cantilevered
parts, and that such parts are well held
back or
balanced
by the
project-
ing arms
reaching
shore-
wards
and an-
chored
down.
An in-
stance of
serious
disaster
is the
Quebec
Bridge
crossing
the St.
Law -
r en c e
River.This
bridgehad a
than n e 1
span of
1,800 ft.

PLANKS F7 XED Oty 4/YD

)1SWTDC-
ti

r-4

15

9

Fig. 9.-Exactly the same quantity of timber is used in this little bridge as that shown by Fig. 8, but the
planks are laid on end. With 2 -in. X 9 -in. planks this bridge is four and a half times stronger than if planks

were laid flat.

girder bridge. The methods of erection of
this type of bridge, as well as others, will
be dealt with under a following heading.

ciple, and has the largest arch span in the
world of 1,650 ft.

Cantilever Bridges

Twice during its construction it failed,
which necessitated changes in the original
design. The Forth Bridge is a fine
example of a cantilever bridge, the two
main spans being each 1,710 ft.

Suspension Bridges

A good English example is the well-
known Chelsea Bridge, over the Thames,
The general principle is that steel wire
ropes or steel links, or series of them, pass
over high towers, forming an exceptionally
powerful loop or loops between the towers,
such ropes or links being anchored
down on the land side of the towers.
The platform for the roadway is sus-
pended from the ropes or linked loops
by vertical wire ropes or rods. This
type of bridge can be used for very
large spans.

TOP BOON1

.5narrs. so77-0/1 50011
Fig. 11.-An outline of a steel framed girder.

Reinforced Concrete Girder or Beam
Bridges

This method of construction is com-
paratively modern, and is extensively used
nowadays, especially for bridges of moderate
span As it is of a mass construction
composed of concrete cast in situ with steel
rods incorporated with it, it does not lend
itself to such engineering feats as framed
steelwork does in allowing erection over
great spaces by gradually cantilevering out.
Briefly, the principle of reinforced concrete
is that concrete is exceptionally strong in
compression and very weak in tension,
whereas steel, although very strong in
compression, is also very strong in tension.
Therefore, steel introduced into those parts
of a concrete beam which are subject to
tensile stresses makes up for the lack of
tensile strength in the concrete. The
scientific disposition of mass concrete and
a little steel results in a method of construc-
tion which is exceptionally strong, the steel
is protected by the concrete and the whole
has a long life and requires but little repairs
and practically no decorations.

Fig. 13.-The large steel framed girders used for the temporary Waterloo Bridge over the
Thames. The bottom booms are hidden by the parapet to the footways.
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The photograph shows a rocket
car capable of travelling be-

tween 80 and 90 m.p.h.

STRANGELY enough, although the
idea of employing the rocket principle
as a means of locomotion seems ultra-

modern, it constitutes one of the oldest
applications of motive power known. The
ceolipile, attributed to Hero of Alexandria
about the time B.O. 130, is the first device
on record for demonstrating the power of
steam. It comprises a hollow metal sphere
which is pivoted between two steam pipes
rising from a boiler beneath. The steam
filling the metal ball makes its escape from
two oppositely placed orifices in the latter,
thus turning the ball round at high speed.

Now this device is nothing more than the
application of the rocket principle, and it
was in operation centuries before the prin-
ciple of the piston was ever dreamt of. In
the ceolipile a gas stream (in the form of hot
steam) is forcibly ejected from the metal
sphere. Reacting on the surrounding air,
the escaping steam tends to push the metal
sphere away from it, and in this manner
sets up the rotary motion.

A skyrocket functions in precisely the
same manner. In this instance, the escaping
gas is not hot steam, but expanding gases
chemically generated by the combustion of
certain materials within the body of the
rocket. At the commencement of the
rocket's flight the stream of outcoming
gases which has been suddenly generated
reacts against a very solid base-the ground.
This reaction gives motion to the rocket
immediately, and the rocket, having once
been set in motion, tends to travel upwards
in a straight line with steadily increasing
motion until the gas stream which it throws
out behind it is spent.

Racing Cars
This is the principle which inventors

have from time to time endeavoured to
apply to the propulsion of cars. Some
years ago one or two racing cars in Germany
had rocket attachments fitted to them,
but these attachments failed to be really
practicable.

The actual fitting up of a car with
the means of rocket propulsion would
not present any formidable difficulty
to engineers. The rockets would be
electrically fired, and, no doubt, this
firing would be carried out auto-
matically. The rockets themselves
would be placed in a battery of " firing
tubes "-strong steel tubes placed
one above the other in horizontal or
vertical rows at the back or at
the sides of the car. The firing
charges of the rockets might easily
be manufactured in strengthened
cardboard cylinders which would fit
in the firing tubes, this construc-
tion making for easy replacement
of the expended charges. Yes, the
construction of an experimental
rocket racing car along these lines

IS A ROCKET
CAR POSSIBLE?
The rocket -propelled vehicle has long been a dream of
inventors. For ages men have clamoured after a means
of locomotion which would do away with gears, pistons,
wheel -trains and the like. Hence, from time to time,
engineering and mechanical visionaries have toyed with
the idea of rocket propulsion as applied to earth -bound
vehicles, not only on account of the simplification of
mechanism which such a principle of propulsion would
involve, but, also, and, perhaps, more particularly, in view
of the exceedingly high speeds which any practical system

of rocket motive power would bring about.

looks dreadfully simple, but, unfortunately,
there are a whole host of objections
to be placed against the project. First
there is the expense. Well -constructed
rockets are not exactly cheap articles, and
a battery of twenty or more of these rockets
fitted at the rear of the car and lasting,
perhaps, from half an hour to an hour in
actual use would necessitate an expenditure
which would at once preclude such a car
from being put to any practical use.

A Disadvantage
Then again there is the fact that rockets

are uncontrollable as regards their speed.
You may, of course, have rockets containing
slow, medium or rapid -burning mixtures,
and in this way the average speed of the
car throughout its journey could be varied.
Nevertheless, so violent is the combustion
of the propulsive chemicals contained in a
rocket that there would be no means of
stopping the action in the event of the driver
of the car wanting to slow up.

It has been proposed to get over this
difficulty by substituting cylinders of
highly compressed air for rockets containing
combustible mixtures, the compressed air
stream being controllable by means of a
valve. This method, however, on the
score of expense and in view of the enormous
weight of the necessary equipment is
obviously impracticable.

Again, with any car working on the
principle of propulsion by means
of a stream of escaping gates
there must be something sub-
stantial behind the car for the
gaseous stream to react upon.
Otherwise the inertia of the
stationary car will tend to over-
come the propelling action
of the gas stream. In other
words, a rocket car would
have to
be started

Our artist's idea of
a rocket car of the

future.

from a wall or from some other solid object
in order that the gas stream from the rocket
apparatus could impinge against it and thus
give the car the necessary starting push -off.
For racing purposes, however, this difficulty
would be overcome without much trouble.

Perhaps in the years to come we shall
see some form of controlled rocket pro-
pulsion applied to racing cars, but, although
it is always dangerous to prophesy in this
scientific age, it is difficult to see how the
system could be applied in practice to
ordinary road cars. For one thing, the
escaping gases ejected at the rear of the
cars would be not only decidedly unpleasant
and inconvenient to other road users, but
they would be actually noxious. Indeed,
the emerging velocity of these gas streams
would be so great that men, horses and other
comparatively light road objects would be
bowled over at once if they happened to
cross the path of the ejected gases.

For Ordinary Road use
Then, of course, for ordinary road use a

rocket car would have far too great a
normal speed for it to be of any practical
value. Imagine a rocket car careering at
60 m.p.h. along the main thoroughfare of
your busy town. Imagine not one of these
cars, but an average roadful " of them.
Bring considerations such as these to your
mind and you will see quite clearly why the
rocket road car can never become a practical

possibility unless it
can be made finely
controllable a n d

capable of slow speeds. But for
racing use, as we have seen, the
question of a practical rocket
car is quite another matter.

Max Valier, a famous experi-
menter, designed a rocket car
for racing purposes a few years
ago. This car, despite the

simple nature of the power plant, developed
nearly 200 h.p. and lapped a well-known
racing track for seven circuits at an average
speed of ninety miles per hour.
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Fig. 1. -A
typical deep -
capable of
mately 4,000
from about

surface.

sectional view of a
well pump unit,
raising approxi-
gallons per hour
280 ft. below the

I
we dealt
N a pre- vious article

with some of
the many interesting as-

pects of deep borings
for water. The dry period
through r which we have
been pass- ing has fo-
cussed con F siderable
attention on the problem
of water supplies, and
as was pointed out in
the article in last month'sissue of PRACTICAL
MECH A - NICE, one
method of obtaining
supplies of water is byboring holes in theearth's crust- known
by several differenttitles: wells, shafts,
borehol e s , artesian wells,
borewel I s, I etc. The
satisfactory completion of
a borehole is, however,

the story, and
unless the owner of the
well has been fortunate

but half

enough to obtain an
overflowing supply, some form of pumping
unit will have to be considered to raise the
water to the surface, and thence to some
point of delivery above the surface, from
whence the water is delivered to various
points in the premises for use as required.

During recent years almost every branch
of mechanical engineering has witnessed
considerable progress and improvement, and
borehole pumps have not been left out of
the picture. Thus to -day there are several
excellent new pumps to be had, and it is
much easier to obtain a really efficient pump
t'aan, say, twenty years ago. We will, before
starting to consider in some detail the
various points of interest about these
pumps, consider in a general way some pre-
liminary aspects.

Before any constructional work is com-
menced on a borehole pump, the borehole
is usually finished and completely tested, so
that the responsible individuals are in
possession of many important details con-
cerning the well while under test. Thus, in
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HOW *WATER IS RAISED
A Review of Methods used in Modern

order to approach the problem of providing
a pump to suit a particular well, the follow-
ing details should be available :-

(a) Total depth of the well or borehole.
(b) Inside diameter of the well casing,

top and bottom.
(c) Static or rest level of the water in the

well.
(d) The level to which the water falls

while pumping any given quantities.
(e) The exact yield of the borehole

(usually in gallons per hour).
(f) Some idea of the quantity of water it

is desired to pump-in gallons per hour.
(g) The height above surface at which the

distribution tanks are situated.
(h) Some particulars of the power avail-

able, i.e., electric current, A.C. or D.C.,
volts, etc., steam pressure in lbs. per square
inch.

Pumping conditions vary so considerably,
even in borings of similar size and depth,
that it is frequently necessary to choose
from a number of interesting types of deep
well pumps that particular unit which is
most likely to prove efficient in the long
run.

A summary shows that four different
types of pump are now available as follows :

(1) Reciprocating pumps-single and
double acting.

(2) Air lift pumps.
(3) Vertical spindle borehole centrifugal

pumps.
(4) Submersible motor pumps.

Reciprocating Pumps-Single and Double -
Action Types

The tendency nowadays is to make bor-
ings of fairly large diameters, ranging up-
wards from 12 in. to 48 in., very usual sizes
being 12 in. and 18 in. internal diameter,
and where the supply required is not too
large, say 4,000-6,000 gallons per hour, the
reciprocating or plunger type of pump is
still very popular, and has much to com-
mend it.

Pumps of this class continue, in spite of a

MOTORS DRIVING
CENTRIFUGAL Pt)

CENTRIFUGAL
PUMPS. -

somewhat antiquated design, to hold their
own, and when carefully designed are usually
very economical in power consumption. To
ensure efficient functioping the borehole
should be reasonably vertical. Run, as a
rule, at low speeds -15 to 18 r.p.m.-pumps
of this class operate with a minimum of
vibration, and excessive wear and tear is
eliminated. Double -stroke, double-acting
and differential plunger pumps, with, say,
a cylinder of 6f -in. bore and a stroke of
18 in., have speeds up to 35 or more com-
plete strokes per minute.

Plunger pumps may be operated by belt
drive or by means of a reduction gearing
directly coupled to an electric motor, or belt
driven by gas, gasoline, steam or water
wheel. Direct -coupled steam heads have
been extensively used, and have given good
service, but they are necessarily extravagant
in the use of fuel, even when in perfect
condition.

Before passing on to the next class of
pump a brief description must be given of
the reciprocating pump, and a glance at
Fig. 1 will make the cycle of operations
clear.

The reciprocating motion is obtained by
means of a crank suitably mounted between
a pair of " A " frames ; the crank is rotated
through gearing by an electric motor
usually. The water is raised to the surface
through a steel rising main, screwed into the
underside of the pump head ; the rising
main is of such length to give sufficient sub-
mergence, and is lowered into the borehole
inside the actual casing. Situated at the
bottom of the rising main is the unit which
performs the actual pumping : this is the
barrel, made of gunmetal, and usually about
3 ft. long. Within the barrel are two valves,
the lower valve and bucket : the latter per-
forms the actual lifting of the water into the
rising main, while the former permits the
water to pass up into the barrel. The
bucket has connection with the pump head
by means of pump rods, usually of pitch
pine ; these rods are coupled together by

STORAGE TANK
TER L EWA-

TCATOR S.

AIR COMPRESSORS
LECTRIC MOTORS.,

RISING MAINS

R HAI N S.

"-.6.7"--- DOR E HOL E TOPS

SHOWING FLANGES.

Fig. 2.-Duplicate air lift pumping units, each designed to raise 1,500 gallons per hour from 300 ft.
below surface.
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FROM DEEP WELLS
Pumping Plants at present on the

means, of wrought -iron couplings, and the
complete set of rods is moved up and down
inside the main by the rotation of the crank-
shaft, thereby causing the bucket to move
up and down in the barrel. The action is
very simple : on the down stroke the water
in the barrel is forced up through the valve
in the bucket ; on the up stroke the water
now above the bucket is lifted into the
rising main, thus causing a vacuum in the
barrel into which the water flows from
beneath the lower valve. On the next
down stroke the water is again forced into
the main, and thus the actual lifting goes
on, the rising main thus performing the
double function of a main for the water and
a guide for the pump rods. A suction -tube
is fitted to the lower end of the barrel and a
differential plunger is fitted at the delivery
outlet to equalise the flow of water in the
delivery. The water can be raised to any
reasonable height above the surface, and
such pumps are capable of raising any
quantity from 100 to 6,000 gallons per hour
from depths varying from 50 to 500 ft.
below the surface.

Frequently deep well pumps are required
to be super -silent in operation, particularly
when used to supply water to blocks of
offices ; in such cases the mechanical func-
tioning is obtained by means of the worm
reduction gearing, and Fig. 2 shows a head
gear of this type operating in a London
building.

Air Lift Pumping Plants
We come now to a form of deep well pump

which is fairly well known and in use in
quite a number of the very well-known
London buildings. Raising water by com-
pressed air has the great advantage in that
all the moving machinery is situated in
accessible positions on the surface, so that in
the event of mechanical trouble it is a very
easy matter as a rule to make necessary
adjustments, and very many air lift plants
are in operation at the moment which have
not been overhauled for years and are still
giving excellent service.

Figs. 2 and 3 show two views of a typical
air lift plant ; in Fig. 2 the surface gear is
plainly seen, while in Fig. 3 a well equipped
with such a plant is shown in section.

The essential units are (a) an air com-
pressor ; (b) a driving unit-usually an
electrical motor direct -coupled to the com-
pressor ; (c) an air receiver ; (d) an electric
starter. Water is raised to the surface by
means of compressed air, which, passing
from the compressor through the receiver,
is stabilised and passes down the smaller
tube. When it reaches the bottom of the
air main the air mixes with the water and
aerates it, causing the water in the borehole
to flow up the rising main on account of its
decreased density.

Duplicate Machinery
Sometimes it is a sound plan to instal

duplicate machinery-the duplicate to act
as a standby set. Sometimes the standby
set is installed in, and operates, a separate
borehole ; while not infrequently, where the
diameter of the borehole will permit it, a
double set of pipes -may be fitted, so that
the surface machinery may be arranged to
operate either set. The limit of practical
utility to which water can be raised is
governed by the working water level, to-
gether with the height to which it is desired
to raise the water above the surface.

Market

Should thel-e be a considerable drop in
the working water level it is perhaps better
to discharge into a small tank at surface
level and pump from there into the elevated
storage tanks by using a small surface cen-
trifugal pump. The air lift system is not
adopted for pumping horizontally for a great
distance ; for this reason the horizontal dis-
charge should be kept as short as possible.

While it is conceded that the air lift type
of plant is not perhaps so economical and
efficient as other methods of pumping, under
certain conditions such pumps have turned
out to be extremely satisfactory. With this
type of pumping unit the water is generally
raised to the surface and delivered into sur-

Fig. 3. - An
section, showing

component

face collec-
and from
by small
centrifugal
the gravity
roof of the
Glancing
Fig. 2, the
boreholes
-the small
pumps just
can be seen
foreground
ground. It
ticed thatand the
are dupli-is a very
torn, and
building so
carry on in -
one set
standby set, and it is
alternate weeks.

Borehole Centrifugal
Spindle Type

During the last decade another type of
pump has been considerably developed-
the Vertical Spindle Turbine Pump. There
are two advantages about this type of pump,
and these are the very little floor- space
needed and likewise head room ; also very
large quantities of water may be pumped.

The pump of this variety is situated at the
desired depth in the borehole, and is con-
nected to the prime mover on the surface by
means of a vertical steel shaft revolving at a
high speed. It is usual to operate such a
pump by an electric motor directly coupled
to the shaft. Generally the motor is mounted
on a special motor pedestal, situated imme-
diately over the borehole. The steel shaft is
supported at intervals by specially con-
structed bearings which are automatically
lubricated by the water itself ; the bearings
are situated in the rising main, which also
does service as a delivery main. At the
bottom of the shaft' is a series of specially
designed impellers which lift the water and

air lift plant in
the principal
parts.

tion tanks,
thence raised
high lift
pumps to
tanks on the
build ing.again at
tops of two
can be seen
c e n t r ifugal
referred to
in the left
and back -
will be no -
the boreholes
pumping sets
cated ; this
usual cus-
enables a
equipped to
definitely,
acting as a

usual to use each on

Pumps-Vertical

force it up the delivery main to the surface
tanks. This class of unit may be operated
by means of crude oil engines if required, or
a steam engine may be used, or, again, the
motor may be a separate unit and the drive
achieved by means of a belt.

These excellent pumps are capable of
raising water from considerable depths
below the surface to great heights above
the surface, and quantities of water up to
100,000 gallons per hour may be dealt with
by some of the larger sizes. A modern prac-
tice is to instal a series of wells with a pump
in each.

Submersible Motor Borehole Pump
To the English market this class of pump

is somewhat new, but one or two manufac-
turers have, it seems, succeeded in producing
an electric underwater motor pump, and a
number of such pumps are in use in various
parts of the country.

The centrifugal principle is adopted, the
motor being situated below the pump and
directly coupled thereto-thus commencing
at the bottom there is the motor, the pump,
the rising main or delivery pipe : apart
from a starting unit this comprises the pump
entirely. There is no suction pipe, and the
complete unit is suspended from the surface
on the actual rising main tube, which is
usually of ordinary steam quality. At pre-
sent the smallest pump of this type requires
a borehole of not less than 8 in. internal dia-
meter, and so far the electric drive is the
only practicable one. Submersible motor
pumps are designed to pump up to 35,000
gallons per hour on 150 ft. head with effi-
ciencies from 40 to 60 per cent. All parts
of these pumps which come in contact with
the water are made of bronze or rustproof
steel, including the ball -bearings. The
motor and pump complete are submerged
well below the proved pumping water level,
and the initial charge of special grease is
sufficient to permit approximately 6,000
hours' running, representing one year to
eighteen months under normal working
conditions.

In conclusion, it should be added that
nearly all borehole pumps can be installed
to operate automatically, so that practically
no attention is needed : this is accomplished
by carefully designed water level indicators,
which automatically switch off the power
when the tanks are filled and switch on
again when the level drops to a certain
point. Speaking generally, water may be
pumped from a borehole at between 3d.
and 4d. per 1,000 gallons, a figure which
represents a very considerable saving,
especially where large quantities of water
are used.

Some Interesting Facts about Water
Sea water contains an enormous quantity

of dissolved solids, hence its density,
instead of being 1, as in the case of pure
water, is 1.026, and its freezing point is
approximately 29° F. and not 32° F., as
is that of fresh water. The " saltness," or
salinity of water is due to the substances
dissolved during the passage of the water
over and through the rocks and soil whilst
on its passage to the sea. The constant
evaporation that occurs over all water
does not deprive it of any of its solid
contents.

One of the results of the continual dis-
solving of rocks by natural water is the
formation of subterranean caves, notable
examples being the caves of Cheddar.

The medicinal properties of the mineral
springs found at " spas " are due to the
dissolved solids they contain, such as
sodium, potassium, lithium, ammonium,
magnesium, calcium, barium, chloride,
bromide, silicate, carbonate and sulphur.
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IS THERE A FOURTH

Fig. 4.-Human beings see everything in two dimen-
sional tern length and breadth.

pERIODICALLY this question crops
up, and now that the cult of science -
fiction is gaining more adherents every

day, authors are giving greater attention to
tales of pseudo -scientific wonder such as
narratives of time -travel, interplanetary
adventure, and projections of earthly
peoples into a fourth or even " fifth '
dimension.

In the first place we must clearly under-
stand that there is absolutely no scientific
proof that such a dimension does not exist,
and the root of the whole matter lies in the
fact that we ourselves are three-
dimensional creatures, living in
a three-dimensional world, and
able to appreciate only the facts
which are apparent to our three-
dimensional brains. There is
no reason whatever why there
should not exist in the same
space as the objects we see and
feel other objects, or other
aspects of the same objects,
of which we are mentally and
physically incapable of having any know-
ledge.

This is a very difficult matter to explain
without delving into abstruse questions of
relativity, but perhaps the following will
serve as an illustration.

Let us imagine, first, a creature after the
style of an eel or worm, but so long and thin
that it is simply a living exposition of
Euclid's definition relative to a line, namely,
length but neither breadth nor thickness.
Such a creature, when facing one of his
fellows, would see him solely as a dot or
point, and by his one-dimensional nature
would regard the whole world as a universe
of dots or points.
A Flatlander

Now imagine a two-dimensional being-
the best analogy is probably that of a
shadow ; so imagine your own shadow as a
sentient being. It would have length and
also breadth, but no thickness whatsoever ;
in fact, it might be very aptly termed a flat-
lander.

Such a creature would know a world of
lines only, or, in other words, they them-
selves would see everything as one-dimen-
sional (the dimension of lines and length)

The Human Being only knows a Three-dimensional
World ; Is there a Fourth ?

though themselves
actually two - dimen-
sional, having length
and breadth.

Now we come to normal beings such as
humans. The human being is a three-
dimensional creature, having length,
breadth and thickness ; but the world as
seen by us is two-dimensional in actual fact,
everything appearing in planes and length
and breadth (the three-dimensional effect of
our sight being in a sense an artificial one
due to the stereoscopic arrangement of our
eyes).

Now, to summarise, if a one-dimensional
creature sees only points, a two-dimensional
creature only lines (or one-dimensional) and
a three-dimensional creature sees only
planes (or two dimensions), ingenious
thinkers plausibly argue that it is quite
reasonable to surmise the existence of a
fourth dimension or state of being to which
we are visible to all three dimensions,
though this fourth dimension would be as

- -

Taro Dimensional CreatareSees Everthing In
One Dimeynsional Terms

Fig. 2.-The Flatlander would know a universe of lines only.

not enter into his cosmos at all, and so he
can only wriggle the whole length of the
enormous roll to reach the " moon." Given
a third dimension he would find it within an
inch of him. So with ourselves ; the dis-
tance to our moon is enormous as far as our
three-dimensional senses can tell us, but
given a fourth there is no knowing what
short cut we might find ourselves precipi-
tated into. Naturally all this is pure hypo-
thesis, but it gives one furiously to think.
Time as the Fourth Dimension

There is, however, another aspect of the
term " fourth dimension," which is very
often confused with the above. We refer to
the application of the term to time in the
relativity theory of Professor Einstein.
Here the phrase has a definite meaning, for 
Einstein states that time is the fourth
dimension necessary to the three dimensional
position of space to specifically define such
position.

In other words, it is no use saying " John
Jones was at the second window
up of the house at the corner of
Russell Square and Tottenham
Court Road " unless we add the
time at which he was there, for
the flow of time is as essential
in space as is position itself.

To show how deceptive time
may be, let us imagine that we
are on one of the very distant
stars watching the earth. If the
star were ten light years distant

we would see events which happened in 1923
because it has taken that time for the light
impulses of these events to travel there. Now
suppose we were able to leave that star and
travel towards the earth at the speed of
light, we would, at the end of one year, be
able to observe events which were taking
place in 1925, not 1924, because two years
of earth time have passed during only one
year of ours. This illustration can be
elaborated quite scientifically until one is
able to visualise time and events actually
proceeding backwards, but this is sufficient
to illustrate the importance of the time
dimension in the relativity theory, and to
show that Einstein's specific reference to a
fourth dimension has a definite application,
whereas the generalised term previously dis-
cussed is usually a reference to a hypo-
thetical dimension in space itself.

Readers who wish to pursue this subject
should study Hinton's work entitled " The
Fourth Dimension." The theses advanced in
this article are not, of course, originated
by the staff of PRACTICAL Mxcasvics.
They have been the playthings of scientists
for years. But if we admit the possibility
of a fourth dimension, why not a fifth, a
sixth, a seventh-in fact, any number ?

A

invisible and incomprehensible to us as we
are to the Flatlander.

This, of course, allows great play to the
imagination, and has resulted hi many very
ingenious and extremely plausible plots for
exciting tales.
An Interesting Example

To postulate a case : the moon is some
quarter of a million miles away, and to our
three-dimensional minds and bodies more
or less inaccessible, but, given a fourth
dimension, there is no reason why it should
not be just round the corner.

To " prove " this, let us go back to our
friend, the Flatlander again. If we had a
huge roll of paper and unrolled it along the
road until it was half undone, then doubled
the other half over the first so that the two
long lengths of paper were separated by
1 in., we would have a very suitable track
for experiment,. At the beginning of the
paper let us imagine our Flatlander starting
off to reach his " moon," which we place as
a disc at the end of the paper on the same
side as the little creature is started on.
Actually the moon is 1 in. above the Flat-
lander, but as he is a two-dimensional
creature the words " up " or " down " do

One Dimensional Creature Sees Everything
In 7erms Of Points 6

C

Fig. 1.-This creature would regard the whole world as a
universe of dots and points.

Fig. 3.-The Flatlander's journey. A. B. C., the paper path. D, flatlander starts.
E, the " moon" (flatlander's god). F., third dimensional distance. G. C. C. is

the only feasible distance to a two-dimensional creature.
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Part of the equipment installed in the Central Telegraph Office of Cable and Wireless Ltd., for transmitting
and receiving pictures. The drum can be seen on the desk in the centre.

IT is by no means an uncommon experi-
ence to open the daily paper and find the
reproduction of a photograph taken only

a few hours earlier in a foreign country. It
is obvious that the photograph could not
have been taken and brought in the usual
manner to the offices of the newspaper in
time for a half -tone block to have been
made, and the secret is to be found in the
fact that the picture has been sent in the
same manner as its accompanying text-
over the 'phone. The system should not
be confused with television, although the
underlying principles are in some ways
rather similar.

The apparatus used for transmitting
pictures is of an extremely complicated
nature, as a glance at the photograph on
this page will show, but the principles are
by no means difficult to follow. Most
readers are aware that the transmission of
sound over the telephone wires depends
upon the conversion of the sound into vary-
ing electric currents, and the re -conversion
of those currents into sound. It is all a
matter of changing one form of energy into
another, and the same thing applies when
light is concerned. In other words, varying
intensities of light can be made to produce
corresponding variations of electric current
-it depends upon the use of some device
which is capable of responding to light
variations, and turning them into fluctuat-
ing electric currents.

Converting Light into Electricity
The photo -electric cell is, as its name

implies, the type of instrument which is
required, since if this is exposed to a light
source of varying intensity its resistance to
electricity changes. When the cell is in
darkness its resistance is infinite and there-
fore no current can pass through it ; also,
its resistance becomes less as the light
directed upon it becomes brighter.

Bearing these fundamental facts in mind,
it is not difficult to imagine what would
happen if a point of light were directed on
to a picture and moved all over it, the
reflection being focussed on to a photo-
electric cell. In the system of picture
transmission under consideration the pic-
ture is clipped on to a cylindrical drum,

this being placed inside another drum in
which is a small hole. Opposite to the hole
is the cell, this being in turn connected,
through a valve amplifier, to the telephone
lines. The picture is illuminated, whilst the
inner drum rotates and moves longitudi-
nally. As a result, points of light are
reflected from every point of the picture
on to the photo -electric cell, the complete
picture being " scanned " along a spiral
path. In practice the reflected light is not
continuous, but is broken up by means of
a " chopper " disc inserted in its ; ath. This
disc is nothing more than a rotating flat
disc of metal with a certain number of holes
in it, and its object is to break up the
picture into the series of small dots of
different degrees of blackness which are
apparent when the picture is printed on the
newspaper. By altering the speed of the disc
the number of dots per square inch (known
as the " screen ") can be varied as desired.

At the Receiving End
The " dots " of electrical current of

varying strength produced in this way are
sent along the telephone lines to the
receiving end, where they are transformed
into " dots " of light again. This is done
by connecting the telephone wires to a
powerful amplifier which feeds some form
of glow -discharge tube similar in principle
to that used in a television receiver. A
neon lamp cannot be used because the light
which it gives off has no actinic value, and
therefore it is usual to employ a cathode-
ray tube. The light from this is directed
on to a drum similar to that used at the
transmitting end, but which has attached
to it a sheet of unexposed printing paper.
The drum revolves at precisely the same
speed as that used in transmitting, with a
result that a true reproduction of the
original picture is printed on it. After
exposure the paper is developed and fixed
in exactly the same manner as when a
contact print has been made from a negative.

Synchronisation by Tuning Forks
One of the greatest difficulties of the

system is that of ensuring that the two
drums at the transmitting and receiving
ends of the line revolve at exactly the same

SENDING
PICTURES

BY
TELEPHONE
An Explanation of the Method of
Transmitting Pictures and Photo-
graphs by Wire. The Principles
Underlying the Transmission and

Reception are Explained

By BERNARD DUNN

speed ; in other words, of obtaining exact
synchronisation.

This is secured by using synchronous
electric motors at both transmitting and
receiving ends, these serving to rotate
the drums and " chopper " discs. The
motors are driven by independent supplies
of alternating current which is generated by
tuning forks accurately designed to resonate
at the same frequency. So great must be
the degree of accuracy that the forks are
made from Elvinar steel, which has a very
low temperature coefficient of expansion.
Still further to avoid possible variations,
the forks are housed in special chambers
maintained at a uniform temperature.

The chambers consist of copper boxes
containing lagging, and these are housed in
larger boxes lined with felt. Between the
inner and outer compartments the air is
maintained at approximately 50° C. by
means of heating mats. The temperature
of the latter is regulated by means of
mercury -contact thermometers.

The output from the tuning fork is
magnified by means of a valve amplifier and
fed to the synchronous motors at a high
frequency.

Reference has only been made to the
transmission of photographs, but any form
of printed or drawn matter can be dealt
with in exactly the same manner. It is also
possible to send a negative, so that an
enlargement of the finished photograph can
be made in the minimum of time. Inci-
dentally, a negative can be " received "
although a positive is " sent," this being
arranged by reversing the action of the
glow -discharge tube so that its emitted
light becomes less, instead of greater, as the
electric current increases.

Portable Apparatus
Until lately pictures could only be sent

from a somewhat elaborately equipped
station, but the present apparatus can be
built in portable form, ann may simply be
carried in a motor van and connected up
with little delay to any telephone system,
or even to an extension. Additionally, the
same apparatus can, with slight modifica-
tion, be used for either transmission or
reception.

So far as we are aware this form of picture
transmission has not yet been used (other
than experimentally) for transmitting pic-
tures by wireless, but there is apparently
no reason why this should not be done in
the near future, especially if the present
rate of progress in ultra -short wave trans-
mission is maintained.
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Fig. 1.-A suggested modem
type of television receiver
suitable for any future tele-

vision conditions.

AT the present moment nothing definite
can be said regarding recent develop-
ments in television, because the tele-

vision committee of inquiry appointed by
the Postmaster -General has not yet
finished its deliberations. Furthermore,
the secrecy with which they have under-
taken their task makes it impossible to
forecast the nature of the recommendations
which they will make.

Irrespective of this, however, it is both
interesting and instructive to see what
proposals have been made in the past for
television receivers which would suit a
potential buying public. Naturally, the
designs have varied between fairly wide
limits according to the form of scanning
device and modulated light source which
happened to be popular at each period.
One of the First Efforts

One of the first really good efforts at
providing an " all -in " machine for home
entertainment is shown in Fig. 3. A dual
radio receiver was incorporated in the large
cabinet, the controls being situated near
the bottom. It was for reception on the
ordinary broadcast band, and the loud
speaker was positioned behind the fret on
the left. A large -diameter apertured scan-
ning disc driven by a special fractional
horse -power motor and working in con-
junction with a large plate high -voltage
neon lamp served to reproduce the image.
To increase the image size to dimensions of
comfort for looking -in, the large -diameter

I

Ysld
eieval0/1
By H. J. BARTON CHAPPLE, Wh.Sch.,

B.Sc.(Hons.), A.C.G.I., D.I.C., A.M.I.E.E.

With the prospects of television receptionin the home
becoming possible in the very near future, considerable speculation
abounds as to how we shall all look -in to the programmes.

lens on the right was incorporated. Finally,
in a left-hand top'compartment was placed
the record turntable and electrical pick-up,
while on the right was arranged the record
storing compartment. Unfortunately, this
design, while quite sound electrically and
mechanically,
was suggested at
a time when no
real television
service
was:avail-
able ; and

Fig. 2 (left)

Fig. 3 (above)

Fig. 4 (right)

Figs. 2, 3 and 4.-(Top) One of the first proposals for an
" all -in television receiver. (Left) A suggested design for
a home -constructed disc receiver. (Right) A neat mirror -

drum television receiver.

coupled with this was the fact that sufficient
progress had not been made to give trans-
missions which approached those now being
furnished by the B.B.C. As to the cost of
the complete machine, no figures are avail-
able, but obviously from its very nature

this " console model " would
have been high priced.

Another Design
Fig. 2 shows a

home -constructed
disc machine com-

plete with
the radio
receiver ar-
ranged on
neat but less
pretentious
lines than
Fig. 3. This
model hap-
pens to be
of foreign
origin, but
was capable
of giving
really good
results with-
in the range
of the re-
ceiver in-
corporated.
As in the
Fig. 3model,
disc scan-
ning was
used, but
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the scanning member was of rather small
diameter. In addition, arrangements had
been made to take advantage of both the
British and Continental television trans-
missions. The former uses vertical scan-
ning, so that the images were watched
through the magnifying lens on the right.
For the horizontally scanned Continental
transmissions the centre top lens was
employed. A simple, neat, complete
receiver of this character has many points
in its favour, not the least of which is the
relatively low cost of assembly and ease of
control. When mirror -drum scanning is
used, so that the image is built up by back
projection on to a translucent frosted glass
screen, the designs for a complete receiver
can take on an entirely different character.

Fig. 5.-An experimental mirror -drum television
model for home use.

When the television receiver only is
required, the radio set employed for the
reception of the actual broadcast signals
functioning as a distinct unit, the equip-
ment can be accommodated in quite a
small compass. For low definition tele-
vision, Fig. 4 shows a proposed German
design, which is solid in character, with only
two controls to handle once the machine has
been set up. Fig. 5 shows another design
which used a mirror -drum scanner, and this
was a Baird experimental " Televisor "
used for demonstration purposes, and
included the low -frequency amplifier inside
the cabinet. The image was seen on the
right-hand rectangular screen, while the
amplifier controls were mounted on the left-
hand panel, leaving the framing and phasing
knobs in the centre. It must be admitted
that a receiver of this character looks par-
ticularly neat, and would make a good table
model for use in conjunction with a separate
H.F. amplifier and detector unit.

A Table Model
Fig. 6 is a table model which would grace

any drawing -room, and shows a singular
absence of stray leads, while the controls
are reduced to bare essentials. The
relatively large translucent screen at the
top is for portraying the television images
( mirror -drum or similar scanning arrange-
ments have been catered for here), and a
home screen of this size would amply meet

the requirements of a
large section of a radio
and television minded
public. Immediately
below the screen is the
radio receiver, an all -
mains model, the tuning
control and indicating
aperture being posi-
tioned in the centre.
The other two controls
can serve a variety of
purposes-combined
framing and phasing
adjustment, image in-
tensity regulation, vol-
ume control, etc.

Undoubtedly the

Fig. 8.-Hew soon will it be before the television images received in the
house will be projected on to the small cinema screen of this size ?

present trend is
to reduce working
controls to the
barest minimum,
it being assumed
that all other
essential adjust-
ments can be un-
dertaken at the
time the equip -

Fig. 6.-A high -quality television re-
ceiver design of very pleasing character.

ment is installed. Once these
initial settings have been made,
then the user is only called upon
to manipulate two or three
knobs to suit his own personal
tastes.

Reverting to Fig. 6, the large
rectangular wooden cabinet base
would house all the mains elimi-
nator equipment together with
the low -frequency amplifier.
Questions of cost for a design
of this nature cannot be con-
sidered, for they would depend
naturally on the extent of the
plans of production. One objec-
tion that might be raised is the
absence of any provision for
accommodating the sound side

of the complete television programme.
Each television transmission to be complete
is of a dual character, and unless the loud
speaker reproducing the music, song or
speech is in close proximity to the image
screen, the illusion of a " talking picture "
is lost.

Needs of the Future
One suggestion for meeting the needs of

the latter class appears in Fig. 7. Here is a
large console model shown partly dis-
mantled and built with an eye to any

possible high definition television
service demanding the use of a
cathode ray tube. Within the past

twelve months the earlier de-
spised cathode ray tube has
returned to marked favour for
the purpose of reproducing

television
images.
Intense
activity is
being die -
played by
those man-
ufac turers

Fig. 7.-
Another

design, incor-
porating a dual
radio receiver with

a cathode ray tube for building up the television images.
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having facilities for producing these tubes,
and undoubtedly the result of this work will
manifest itself in the marketing of tubes
which possess none of the inherent dis-
advantages of their early prototypes.
Limitation of image area size on the tube's
fluorescent screen end seems to be one of
the prime objections put forward by
mechanical scanning protagonists, and
research is being directed towards a com-
plete solution of this point. Absolute
silence in operation is an outstanding
advantage, together with the comparative
ease of change to accommodate the receiving
apparatus to any alterations which might
take place in the number of scanning lines,
image area, shape, and so on.

Returning to Fig. 7, the tube's fluorescent
end is shown as the white disc encompassed
by a black circle immediately below the
controls at the top of the intermediate
vertical panel support. The radio receiver,
time bases and amplifiers are housed in
sections with their appropriate connections,
while the loud speaker is covered by a figured
fret near the bottom of the panel. To add to
the scope of usefulness of a set of this charac-
ter, a gramophone turntable, together with
an electrical pick-up, is incorporated in a top
compartment immediately beneath the lid.

Meeting Special Conditions
Of course, a scheme of this character is

capable of numerous modifications, and in
Fig. 1 is shown a further suggested design
which could meet the conditions of " this
new television " when any form of long and
regular service of transmissions becomes
available to the general public on a wholly
acceptable basis. A dual sound and vision
receiver is indicated here, the actual
cabinet design being one which will tone
with the average modem room furnish-
ings.

The image screen is located near the
cabinet top, being a comfortable eye level
when viewed from a few feet distant. Either
a cathode ray tube or one of the suggested
mechanical forms of scanning would be
suitable here, the cabinet depth being
governed by the methods used for image
integration. Below this could be grouped
the actual radio and television receiver
essential controls, symmetrically disposed
on the slightly projecting upright wooden
panel. A little lower could be placed the
sound radio receiver controls with the loud
speaker underneath. Ample accommoda-
tion would be available for low -frequency
amplifiers, H.T. and L.T. supplies, together
with the auxiliaries essential to a scheme

of this nature. Undoubtedly we shall see
models of similar character to this on the
market, and it must be agreed that any
attempt made to provide home entertain-
ment in this form is sure to meet with the
approbation of the buying public, even if
the price rules high when compared with
the radio receiver alone now doing service
in the home.

Of course, there are still many who look
forward to the day when the received tele-
vision images will be projected on to a
home screen comparable in size with that
illustrated in Fig. 8. Here we see the white
screen of normal home talkie dimensions,
and many of the television schemes now
being investigated show promise of giving
brilliant high definition pictures suitable
for this purpose. At present, however, the
apparatus required is costly, and needs the
services of a skilled operator. This stage in
the process of evolution towards the
mass-produced commercial product is
inevitable, however, and a measure of
patience, leavened with a little helpful
criticism, will do much to stimulate the
pioneer efforts now being directed to
give " this new television ' the status it
deserves in the home life of every house-
hold.

THE rail-
way-that
old - estab-

lished but still
very efficient
means of trans-
port - is now
copying the
road. How long
will it be before
both road and
railway obey
the red, green
and yellow
lights of the
robot Drastic
methods arecertainly
needed to regu-
late the enor-
mous conges-
tion of the
metropolis,
and it seemseventually
that a system

not unlike the railway " block " will result.
Naturally, improvements and innovations

on the railways cast a representative reflec-
tion on model railways, and enthusiasts of
this fascinating hobby can now modernise
their track with model colour -light signals.

The model of London transport, con-
structed by Bassett-Lowke Ltd., of North-
ampton, is fitted with the new type of auto-
matic colour -light signalling. This is an
excellent. example of realism and modernity

The realistic appearance of the
finished model signal.

A4 3 1 2

COLOUR LIGHT SIGNALLING
Its Application to Model Railways

in model railways, and the signalling is
rendered automatic by an original method
of working.
How they work

The power circuit passing through the
locomotive energises a magnetic device
which operates the lights.

CELL BATTERY
OR ANY BATTERY
BELOW 3' 5 VOLTS

The signal lamp is fed by a separate bat-
tery and can be cut out of the circuit by a
switch when it is not being used. The local
battery can be a single dry cell, and this,
added to the fact that the lights are not
subjected to an inconstant track circuit,
prevents damage to the lamps and lengthens
their normal life. The lamps are 3.5 volt
bulbs, but for signalling, a much lower
voltage should be used (2 volts).

The normal red light shows until the loco-
motive enters the section, and then by
energising a relay the current switches out
the red light and the " Line Clear " green
signal is cut in. When the locomotive has
passed, the current ceases to flow and the
light falls again by gravity, cutting in the
red light. The relay coils being of heavy

DIRECTION OF TRAM

A pictorial wiring diagram for connecting the signal to a
model railway layout.

SUPPLY

ICONTROLLERS
00 00 \
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SIGNAL SIGNAL
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SECTION SWITCHES
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LISTANCE A H

BATTERY
SIGNAL I SWITCH STOP

TO AVERAGE

CIRCUIT

SIGNAL

rir thec7etical circuit fm connecting the signal.

CONTROLLER

SUPPLY

wire and in series with the locomotive motor
cannot be burnt out.

Signals, situated in advance of separated
sections, although governed by one con-
troller, can be switched in as desired, and
trains will not proceed and signals will
remain at " Danger " until this switching is
accomplished.

Starting Signals
When used as starting signals from a

station with two or more roads, the point
levers can be used to switch in the sections,
and then only the desired locomotive will
start and the correct signal go to the " Line
Clear " signal.

This new model railway signalling system
opens up an entirely new field for model
enthusiasts to experiment in, and is of prac-
tically unlimited application.
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FILES AND FILING
Although filing is a process of removing and finishing metal well known to everyone, the various grades and varieties
in which files are available are so numerous that the selection of these tools is likely to become confusing to anyone
lacking experience in their use. A perusal of this article will avoid such confusion. By W. H. DELLER

Fig. 1.-The top face of the jaws should be set at a
convenient height, which may be gauged by standing

erect with the elbow in the position shown.

RILE the production of accurate
surfaces by filing, particularly in
restricted openings in thickish

material, is only likely to result after con-
siderable practice, many inaccuracies are
created by employing the wrong type of file
for the job in hand. Therefore, a brief
description of the various grades and shapes
of files, together with some of their uses,
will be given.

Types of Files
The commonest types of files are those

known as hand, flat, half -round, round,
square and three -square. Hand and flat
files are both rectangular in cross-section,
the difference between them lying in the
shape of the blank. Hand files are parallel
in width, but are thinner at the point, or
end, than in the centre, whereas flat files
are tapered from the centre to the point in
both width and thickness. An indication
of the section of the remainder may be
gathered from their names, that of the

three -square " being an equilateral tri-
angle. In the same class as hand and flat
may be included mill, pillar and warding
files. The first is generally made parallel
throughout its width and thickness, but it
is proportionately thinner than the hand
variety by about one-third, also it is cut in
a different manner. Pillar files may be
regarded as narrow hand files, and the
warding type is similar in shape to a flat
file, the difference being that it is equal in
thickness throughout the length.
Round and Square Files

These are made in two distinct forms,
these being taper and blunt. The latter
type are equal in section throughout.
Another form of three -square file is made
for saw sharpening. This differs from the
ordinary type in the following manner :
the file diminishes gradually in size from
heel to point, and the three corners are
radiused. Further, a portion of the file is
left blank at the point, the teeth being
single cut and extending round the corners.

The term " half -round " TR applied to
files is somewhat misleading. Actually the
curved face of the file represents'an arc of
about 120 degrees of a circle. There is,
however, a file made that may be described
as being truly half -round. This is the
" pit -saw " type. Unlike the half -round,
these files are made in the " blunt " form,
and are single cut. As may be gathered,

they are primarily intended for sharpening
a certain kind of saw, but are also extremely
useful in other directions.

Differing from the " half -round " in one
point, namely, the front is also curved, but
to a lesser degree than the back, is another
type, which are known as crossing files.
Cant files are triangular in form, the pro-
portions of the triangle being such that the
base is equal to and the point the same
height as a corresponding section of a half -
round file.

Knife files, while being proportionately
similar to warding files, are tapered from
one edge to the other, so that the section
is wedge-shaped ike a knife blade. Feather-
edge files are tapered from the centre

towards both edges in this manner.
Various other special sections are
obtainable, but these, or a modi-

fication of
them, will
CO vet'
most re-
quire-
ments.

Fig. 2.-Showing the method of holding a file for
flat filing.

Used to a large extent in place of ordinary
hand and flat files on account of their free
and rapid cutting properties, are a brand of

files known
as " Dread-

, nought."
These files
are easilydistin-

Fig. 3.-Narroto surfaces are finished by draw filing,
the file being drawn backwards and forwards along

the work as shown.

guished by the tooth form, which, instead
of being straight and arranged diagon-
ally, are semi -circular in shape, the tooth
spaces being machined, i.e., cut away
from the blank ; the teeth appear very
coarse in pitch in comparison with ordinary
files.

For finishing convex or hollow surfaces
there is a special kind of file available.
These are known as " rifflers." They are
usually made double -ended, and in effect
represent short round or half -round files
which have been curved at the ends by
bending.

Sizes and Grades
All of the files mentioned, with but few

exceptions, are made in a range of lengths
commencing at 4 in. and increasing by
increments of 2 in. up to 20 in. These
lengths do not include the length of the
tang or drawn-out portion, to which the
handle is attached. The files are also made
in different cuts or pitches of teeth. Regular
lines are made in four cuts, these being
bastard, second cut, smooth and dead
smooth. The pitches of the teeth in any
one particular cut do not agree throughout
the range ; thus the teeth of a 4 -in. hand
file are finer than those of a 12 -in. of the
same grade and shape.

Saw files are made in second cut only,
and mill files in smooth as well, but both of
them are single cut, the teeth being cut
across the blank at an angle. All of the
other ordinary files mentioned are double
cut, the teeth being lightly overcut in an
opposite direction, so breaking up each
tooth into a series of jagged edges. File
teeth, by the way, are raised up from the
metal with a tool shaped like a cold chisel,
and, as may well be imagined, was at one
time a process carried out entirely by hand.

Swiss Files
For fine, accurate work there is a range of

what are known as Swiss files. These are
made in ten different lengths, ranging from
2 in. to 10 in., also in ten cuts. Unlike the
files previously mentioned, the degree of
cut is in this instance referred to by num-
bers. These run from numbers 00, 0 and
1 to No. 8. Those with the coarsest teeth,
No. 00, are approximate to a bastard cut,
while No. 8 is extremely fine.

Shapes approximate to those of ordinary
files are to be had, together with other
shapes, such as " Barrette," which is
similar to a cant file, but cut on the widest
face only, and " Pippin," which in section
have the shape of an apple pip. The general
appearance of these files is clean, that is,
the edges and corners are sharp, and their
use on profiles requiring really sharp cor-
ners makes a marked difference in the
quality of the work.

Files similar in quality are those known
as needle files. These are not fanged in the
ordinary sense. The file blanks are pro-
duced from steel wire. This is formed to
the required section at one end, and the
remaining portion is left as it is, to provide
a means of holding or attachment to a
handle. Such files are made in several
lengths, but those of the various shapes in
each length are made from the same gauge

Fig. 4.-A typical
example of the use

of safe edge files.
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material. Consequently they may con-
veniently be held in a handle fitted with a
chuck or set screw.

Safe Edges
Hand files are as standard, made with one

safe edge, that is, one of the narrow sides
has no teeth cut on it. The object of this
is that when filing against a shoulder, the
safe edge of the file is kept adjacent to it,
thus preventing " cutting in " on that side.
Square files are also made in this manner,
having one or more safe edges, but not as
standard.

Where a particular shape of file is not
readily obtainable, ordinary files may be
modified in various ways in order to make
them suitable for the purpose. This is
chiefly done by grinding extra safe edges or
reducing the width to permit working in
narrow spaces where a smaller file would be
too flimsy.

For filing large surfaces the end of a file
is sometimes cranked to permit the handle
to clear the surface of the work. To do this
it is necessary to heat the file, and in so
doing care must be taken to prevent the
heat travelling up and drawing the temper
from the cutting portion. Round and half-

round files are sometimes heated and bent
at the ends to serve as riffiers. This means
rehardening, which, if carefully carried out,
is satisfactory, but seldom will a file so
treated stand up to prolonged use.
Handles

The question of handles is an important

one, particularly when heavy filing has to
be done. Thus bastard files of reasonable
size should be fitted with handles of such a
diameter and shape as to afford a comfort-
able grip, free from any suggestion of
cramping. Common file handles of wood,
and suitably ferruled, are quite satisfactory,
although there are various types of special
handles which offer certain advantages,
and are mostly of a non -splitting character.

There is also a special holder made which
enables an ordinary hand file to be used on
large surfaces without the necessity of
cranking the end. Whatever type of handle
is used, care must be taken to see that it is
a rigid fit when in position. This is most
necessary if accurate work is to be produced.

Filing
The first point to receive consideration

should be the vice. This should be of such
a size that it will hold the largest work likely
to be handled. It is an important point
that the top face of the jaws are set at a
convenient height. This may be judged by
standing erect with the elbow in the
position shown in Fig. 1, the vice being
packed up to the correct height.

For small work a small vice may with
great convenience be used in conjunction
with a larger one. The small vice is mounted
on a piece of plate to the bottom of which is
attached a piece of hexagonal steel bar 3 or
4 in. in length. This shank may then be
held in various positions in the larger vice.
The method of holding a file for flat filing
is seen in Fig. 2. Normally the handle is

gripped in the right hand with the thumb
upwards, and the point of the file being held
between the ball of the thumb and the
fingers of the left hand. If the surface is a
rough one, or there is much metal to remove,
a bastard cut or Dreadnought file is used.

The filing is carried out in a diagonal
direction, and the pressure which is applied
on the forward stroke is reduced on the
return stroke. After a time the direction of
filing is reversed, this having the effect of
taking off the series of ridges left by the file
when travelling in the opposite direction.
The filing is continued in alternate directions
until the work is close to the required size.
Care must be taken to see that the file is
kept moving in a horizontal plane. At first
there is, however, a general tendency to
raise the right hand on the return stroke
and the left hand on the forward one. The
effect of this is to produce a surface any-
thing but flat, and is a condition to be
corrected by practice. Carry on the filing
with a second cut file to remove the marks
left by the previous one, and finish with a
fine file. Fine files are liable to pick up
pieces of metal in the teeth, with the result
that the surface of the work is deeply
scratched. This clogging can be obviated
by cleaning the file and filling the teeth with
chalk. Narrow surfaces are finished by
thaw -filing. The file is held and drawn
backwards and forwards along the work, as
seen in Fig. 3, a " straight-line " finish
resulting.

A typical example of the use of safe edge
files is shown in Fig. 4.

ANYTHING that is made, regardless
of how it is made, has to be measured,
weighed or counted, and the tally

must be accurate. Otherwise, how could
costs be estimated and profits ascertained ?

But to count by hand each piece pro-
duced would, of course, be impossible.
Even to tally one hour's output of the
average factory of to -day would be a tre-
mendous task. Some other method of
checking is necessary.

Count and measure can be computed by
weight, likewise
weight can be
determined by
count or measure,
but the process is
indirect, inaccu-
rate, slow and
consequently
costly.

While some
factories are still

This hand tally registers at using the abovemethods,

theevery pressure of the thumb majority of
lever. modern plants

have adopted the mechanical method of
counting each piece as it is produced from
the machine itself. Such a tally is made
possible with the aid of a small counting
machine which faithfully and ceaselessly,
if desired, works twenty-four hours a day
and without pay.

A Common Application

Probably the most common of counter
applications is on the stamping press or
drop hammer; Here the counter records
each stroke of the press from which pro-
duction is easily computed. If desired, a
bell can be attached which will ring when
a certain total is reached, warning the
operator.

Other common applications are on
printing presses, turret lathes, automatic
screw machines, bottle -filling machines, con-
veying machines, buttonhole machines,

ABOUT COUNTING
DEVICES

folders, wire -cutters and straighteners,
marine indicators and cancelling machines.

A recent development is a predetermined
counter which can be set to any desired

total, the
machine put
into opera-tion and
when the pre-
determined
number of
pieces have
been pro-
duced t h e
machine is
automati-()ally
stopped. By
turning a
small reset
knob, the
counter is
ready for a
second count
of the same
predeter-
mined num-
ber of pieces,
when the

machine is again automatically stopped, and
so on, until the total quantity has been
reached. The operator does not have to
keep mental notes on the amount of pieces
produced, and therefore can give his atten-
tion to other machines. A gong or signal
light can also be attached to the counter,
which calls the operator's attention to the
machine that has stopped.

An electrically -operated counter.

The Hub Odometer
Another well-known Veeder-Root product

is the Hub Odometer, a device which seals

on to the left front hub of a pleasure car,
motor truck or 'bus and accurately records
the mileage of travel to the tenth of a mile.
The Veeder-Root bicycle cyclometer, too,
has for years been the choice of cyclists all
over the world. More than ten million have
been sold. Then there is the mileage
recorder for freight and passenger elevators.
They register even to the inch of travel.
They soon reveal the efficiency or ineffi-
ciency of the operator.

Counting machines are now used exten-
sively to record production in the office.
A small instrument attached to a type-
writer will indicate the number of key-
strokes typed. Many typists are now
being paid by the keystroke. Several
other office machines, too, can be
equipped with counters-operators earn
more and fewer machines turn out more
work.

The hand tally, a counter of 1,001 pur-
poses, is made to comfortably fit the hand,
either right or left, and is manually operated
by pressing a small thumb lever. It is
easily carried in the pocket, and will record
anything where a count is desired. A small
speed counter, operated by a clutch, will
indicate the number of revolutions of any
revolving part over a given period of time.
Another counter is being used to count the
corpuscles in the blood, still another will
count drops of water, and there is a small
counter that will register each time one's
finger is pointed at it. Then there is the
traffic counter, which records the number
of vehicles passing certain points.

A speed counter for recording the revs. per minute of
engines, motors, etc,
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A sectional view of the Kohler automatic 1,500 -watt plant, illustrated below. The
dynamo is driven by a four -cylinder water-cooled petrol engine working at a speed of
1,000 r.p.m. Special features of this plant are mechanical throttling, automatic con-

troller for current supply, and forced lubrication.

PEOPLE residing in country districts
where the facilities of the town and city
are not available can now enjoy all the

advantages of electricity for lighting, heat-
ing and cooking purposes. To -day there
are several makes of compact, self-contained
plants that run on petrol or paraffin, and
which require very little attention once they
are installed.

There are various types of these plants
available suitable for any household
requirements, and these are of three main
classes, viz.: (1) automatic ; (2) semi-
automatic ; and (3) hand -controlled. In
each class are examples of four-stroke and
two-stroke engines using petrol or paraffin
as fuel. The dynamo is either belt -driven
or direct -coupled to the engine.

An automatic plant is very compact and
ingenious, and dispenses with storage
batteries, except for a car -type starting
battery which is charged automatically.
When the first lamp or appliance is turned
on, the starting battery uses the dynamo
as a motor, and rapidly cranks and starts
the engine. The engine then drives the
dynamo, which supplies current direct to
the point at which it is to be used. When
the last lamp, or appliance, is switched off,
an automatic control device stops the
engine.

A semi -automatic plant is used in con-
junction with a storage battery, and is
designed to run without any attention from
the beginning to the end of the battery
charging. At other times a little attention
can be given as occasion requires. The
dynamo with this type of plant is a self-
regulating one, and the switch gear is
designed to shut down the engine when the
batteries are fully charged. The engine is
started by pressing a switch on top of the
dynamo or on the switchboard.

In the hand -controlled type of plant the
running of the engine, and also the output,
are under the direct control of the person
whose duty it is to look after the plant.
The actual time taken up in attending to

SELF-CONTAINED
ELECTRIC LIGHT-

ING PLANTS
An article describing the ingenious units for
generating electricity in houses, or other buildings,
in remote country districts where no public supply

is available.

such a light-
ing set is
very little
more than
that neces-
sary for a
semi - auto-
matic plant.
One of these
compact
plants, in-
stalled in asuitable
outhouse,
transforms
it into a
miniature
generating
station cap-
able of
supplying

the house with electric light and current for
operating various domestic electric appli-
ances.

Some Representative Plants
Among the automatic electric lighting

plants that require no storage batteries, a

A small4 to 5 kw. electric light plant by the National
!Gas and Oil Engine Co. Ltd. The engine, of 8i
Lb.h.p., works on heavy oil, and rims at 800 to 1,000

r.p.m.

good example is the " Kohler," two models
of which, the 800 -watt and 1,500 -watt, are
particularly suitable for small country
houses. The smaller plant will supply
current for an installation of twenty-seven
lamps, each of 30 watts, and when all the
power is not required for lighting it can be
used for operating domestic appliances.
The larger model is designed to meet the
requirements of the average country house,
and supplies current for fifty 30 -watt lamps,
or the equivalent in larger or smaller lamps.
The generator of the smaller model is driven
by a two -cylinder air-cooled four-cycle
petrol engine of about 1i h.p. The

By A. J. BUDD
governor is of the magnetic throttling type
which automatically proportions the fuel
consumption to the number of lamps in
use. By means of a patent automatic
controller the plant is started when the first
lamp or appliance (of 20 watts or more) is
switched on, and stopped when the demand
for current ceases. The dynamo is of the
four -pole compound -wound type.

In the semi -automatic class, a very
efficient and economical lighting set is the
" A.L." plant made by Allen-Liversidge
Ltd. It is rated at 11 kilowatts, the
dynamo being direct -coupled to a four-cycle
paraffin engine. The plant is so arranged
that the engine can be started by simply
pressing a switch on top of the dynamo,
thus doing away with the trouble of hard
cranking. When started, the set will run
for hours without any attention, and
supplies current for twenty to fifty 30 -watt
lamps, according to the capacity of the
storage battery installed. When all the
power is not required for lighting, it can be
used for operating a vacuum cleaner, iron
or fan.

A popular lighting set for the country
residence, hotel or garage is the Crossley,
manufactured by the well-known firm of
Crossley Brothers Ltd. This lighting set

The Kohler automatic 1,500 -watt electric light
plant. The generator delivers current at 110 or 220
volts D.C., suitable for an installation of 60 lamps,
each of 25 watts, or the equivalent in larger or

smaller lamps.
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by nearly all of the leading manufacturers
of modern electric lighting plants.

The Petter Automatic Lighting Set,
illustrated on this page, consists of a small
diesel engine and dynamo direct coupled,
working in conjunction with a small storage
battery, and controlled by an automatic

The Petter Automatic Diesel Electric Light Plant, for use in conjunction with a storage battery. These
sets are made in capacities of from I to 5 k.w.

consists of a compact, horizontal engine,
dynamo, switchboard and storage battery.
The engine and dynamo are separate units
mounted on a substantial iron bedplate or
upon a suitable brickwork foundation. The
generator is belt driven and the engine,
which is designed to run on paraffin, has a
single cylinder, water-cooled, and operating
on the four-cycle principle. The dynamo is
of the enclosed ventilated type, shunt
wound with interpole, and fitted with series
winding for motor starting from the
batteries. The switchboard is an indepen-
dent unit consisting of a black enamelled
slate on which are mounted the various
meters, switches, etc.

Storage batteries form a very important
part of a modern lighting set, and only
those of the highest grade are supplied with
a Crossley lighting plant. These small
house -lighting plants, driven by a paraffin
engine, as described above, are made in
three sizes, viz., 1 k.vi;. 11 k.w.,and 3 k.w.
output, suitable for 25, 38 and 80 30 -watt
lamps respectively. These plants can be
started by turning a switch, and will run
for hours without attention.

Storage Batteries
Each of the semi -automatic and hand -

controlled electric light plants available
to -day has its own particular features, but
in every case the storage battery forms one
of the most important parts of the installa-
tion. The battery is usually required to
furnish regular cycles of charge and dis-
charge more or less continuously, and the
batteries manufactured by the Chloride
Electrical Storage Company Ltd. amply
fulfil these conditions, whilst requiring a
minimum of attention in operation. Inci-
dentally, these storage batteries are specified

switchboard. The automatic operation is
controlled by an ingenious but simple
switch panel (not shown in the illustration).
The first few lights are supplied from the
battery, but on the load reaching about
15 per cent. of the capacity of the set, the
engine starts automatically, and current is
supplied direct from the dynamo. When
the demand for current has fallen again the
set automatically stops. The engine is of
the vertical two-stroke solid injection type,
totally enclosedo and starts instantly from
cold without preheating.

The dynamo is of the fan ventilated type,
fitted with ball bearings. It is shunt
wound with special series windings to limit
the starting current.

Emergency Lighting
A special panel is supplied with this set.

when the plant is required for emergency
lighting. Upon failure of the main supply,
a master relay controlling a circuit breaker
starts the set instantly, automatically lights
the whole of the emergency lamps, and cuts
out when the main supply is restored. The
automatic control device is connected to
the main supply, and will operate in con-
junction either with alternating or direct
current. These emergency sets are made
in capacities from 1 to 5 k.w., and are
ample for all normal demands.

With regard to the size of plant required
for house lighting purposes, it may be
mentioned as a rough guide that a 750 -watt
plant is suitable for 25-35 lamps, and a
1,500 -watt (or 11 k.w.) plant for 35-55
lights. This applies to lighting only, and
when other loads than lighting are added,
it is necessary to consider a plant of larger
capacity.

A 14 k.w. Belt -driven Lighting Set by Crossley Brothers Ltd. The engine, dynamo, cooling water tank
and switchboard occupy very little floor space.
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ELECTRIC CLOCK CHIMES
Interesting Details Concerning the Construction of Mechanism for Operating Chimes from an Electrical
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Fig. 1.-The popular Westminster Chimes.

WE recently described a Master and
Slave clock system (see PRACTICAL
MECHANICS, March, 1934), and

many readers have written to ask how this
system could be modified to include some
form of chiming mechanism. This is not
quite such a simple matter as would at first
appear, owing to the fact that it is almost
essential to call in the aid of clockwork in
order to govern the strikers. The reason
for this is that the only alternative is a
motor which would turn the necessary
governing roller, and apart from the power
required for the motor the necessity for
self-starting arises. The master clock
operates through the power of a 3 -volt dry
cell, and it is almost impossible to find a
satisfactory self-starting motor which would
operate from this voltage, and this means
that a separate supply would be required
for the motor with the added complication
of some separate switching to be operated
at the chiming periods. Before dealing
with the construction of suitable mechanism
the principles will first be described.
The Chimes

There are in use in England several
musical sequences known as chimes, some
of which are only popular in the particular
district in which they are heard, whilst
others are of almost universal popularity.
The Westminster (or Big Ben) chimes are
undoubtedly the most popular and pro-
bably the simplest to construct from the
amateur clockmaker's point of view. Resi-
dents of Portsmouth probably prefer to call
this particular combination the Pompey
chimes. there is also the Cambridge
combination, and others which are less
known. The Westminster consists of forty
notes in all, divided up into ten separate
peals or combinations, each of four notes.
If the majority of people were asked to
hum these chimes they would be found to
offer different versions of the quarter, half
and three-quarter intervals. They do not
each commence in the same sequence, but
are varied, and to any musical ear it is
obvious after hearing each peal just what

AD -

O
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Fig. 2.-Method of constructing a support for chime
rods.

part of the hour is being rung, as there is a
musical arrangement in the peal which
gives each chime a completeness, somewhat
after the manner of an ordinary sentence in
English. Thus, when the first quarter is
chimed it expresses finality with only
four notes, and if the musical arrangement
of the chimes in Fig. 1 is carefully studied
it will be seen how the peals vary. It will
be obvious that only four separate notes are
required, and in most striking mechanisms
these four notes are struck together to form
the hour -striking note. In more elaborate
mechanism a separate note is employed, as
with the actual Big Ben system. This
arrangement will necessitate a separate
contact and other complications which may
not be considered worth while.

Rods or Tubes
For the actual notes metal rods or tubes

are usual ; the rod enables a more compact
arrangement to be constructed, but the tube
gives a much more pleasing tone and enables
deeper notes to be obtained. Brass will be
found quite suitable, and if rod is to be
employed it must be clamped at one end, a
satisfactory arrangement being depicted in
Fig. 2, where a piece of ordinary broom -
handle is cut down the centre after four
holes are drilled transversely to accommo-
date the rod. Tone will be improved if thin
leather is placed between the wood and the
rod, and the notes may be adjusted by
sliding the rods through after tightening
the nuts to hold the rod moderately firmly.
A pencil or any piece of wood will enable
the rods to be struck whilst adjusting the
notes. For tubes a hole should be drilled
slightly below one end and pieces of gut
(a violin or banjo string will be found
admirable) looped through, as shown in
Fig. 3. It will be seen that in addition a
strip of wood should be arranged a short
distance below the suspension point, and a
small block of wood should extend between
the rods and be joined to a similar strip on
the other side of the rods. Felt glued to

Fig. 3.-How to suspend chime tubes to prevent undue movement without impairing the tone.
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the surfaces of these wooden pieces will
prevent undue movement of the tubes, and
will prevent movement due to vibration
without impairing the tone when the tubes
are struck.

The Operating Hammers
The cleanest tone will be obtained from

leather -tipped hammers, and one of the
easiest methods of constructing these which
I have found is to take a piece of brass rod
fin. in diameter. This is cut into fin.
lengths and one end of each length is bored
out to fin. diameter by k -in. deep, and
into this is forced a piece cut from a leather
lathe belt (round section). This is ham-
mered lightly into the recess in the brass
hammer and furnishes a most useful striker.
A transverse hole to accommodate a piece
of 20 -gauge piano wire, and a tapped hole
to take a locking screw enables the hammer
to be fitted to the striker and to be adjusted
to provide the correct blow. Details of this

LOCKING SCREW

HOLE TO
ACCOMMODATE
20 GAUGE PIANO

WIRE

Fig. 4. -The simplest method of constructing a chime
hammer.

are given in Fig. 4. When mounting the
hammer the wire should be bent so that in
the position of rest the surface of the leather
is slightly clear of the rod or tube, and when
lifted the weight will be sufficient to enable
the hammer to give the requisite blow to
the rod or tube, and then jump clear.
This adjustment may easily be made after
assembly.

Direct or Remote Control
We now arrive at the point where we

HAMMERS OR
CONTACTS

have to decide
upon the method
of operating the
chimes. The ad-
vantage of the
electric clock is
that the master
may be stowed
away in a cellar
or attic and slaves
operated at any
desired position.
In a similarmanner the
chimes may be
placed in any
desired position
and operated from
any slave. To
preserve a neat
appearance t he
chiming rods may
be mounted in a
small cabinet with
electrom agnets
for striking, and
these may be con-
trolled by the
striking mechan-
ism arranged in
some other posi-
tion. Alter-
natively, the strik-
ing mechanism
may consist of
ordinary clock-
work gears with
the hammers
raised and re-
leased by pins on
a drum, and this
gearing may be
set free by electri-
cal means at a
distance. Fig. 5
illustrates the two
methods dia-
grammatically,

and it will be seen that the second method
offers the simplest solution and is by a
great deal the cheaper. One magnet only
will be required, and this will release the
rotating drum carrying the pins which raise
the hammers.

For both methods it is necessary to mark
out the drum or cylinder which carries either
pins to lift the hammers or pins to make the
contacts to operate the magnets to lift the

HALF
HOUR

THREE
GUARTE

HOUR

z
0
I -

Fig. 6. -To mark out the
chime -operating drum a strip
should be marked off in this
manner and then wrapped

round the drum.

hammers. In general a large diameter
drum will be needed, as this not only
facilitates the insertion of the operating
contacts but reduces errors in setting out.
For this it is necessary to mark out the
surface of the cylinder in the ten separate
peals mentioned in the first section. A
space must separate each peal, that between
successive quarters being slightly greater
than between the individual sections of
each peal. A specimen marking -out strip
is shown in Fig. 6, from which it will be
seen that forty pins have to be inserted
to agree with the notes in Fig. 1. The
strip should be of the same size as the
circumference of the drum which is used,

HAMMER _SOFT IRON
ARMATURE

CONTACT MAKING
MECHANISM _ (CLOCKWORK

OPERATED)CHIMING
ROD

HAMMER PIVOT.1,m,...INNma

TO SLAVE
CLOCK CONTACTS

HAMMER OPERATING
CHIMING ROD DRIVEN BY

ROD CLOCKWORK

Fig. 5. -Two methods of arranging the chiming
mechanism.

and it should then be wrapped round the
drum and holes drilled at the points which
are marked, or, alternatively, nails may be
driven into the wood. For the direct
operation of the hammers 1 -in. wire nails
will be suitable, but for operating the con-
tacts gramophone needles will be found
more suitable on account of their shortness
and ridigity.

Sufficient has been written to enable the
amateur clockmaker to build a complete
electric chiming mechanism, and it is not
proposed to give constructional details this
month as it is possible that each constructor
will desire to assemble the apparatus to suit
his individual requirements. A word of
advice may be given before closing, and
that is, use at least an eight -day clock
mechanism for the striking gear, or the
continued rewinding of this part of the clock
system will detract from the advantages of
the electrically operated time -pieces.

Atomic
Number. Element.

Atomic
Weight.

First Period
1
2

Second Period
3
4
5
6
7
8
9

10
Third Period

11
12
13
14
15
16
17
18

Fourth Period
19
20
21
22
23
24
26

Hydrogen
Helium .

Lithium .
Beryllium
Boron .

Carbon .
Nitrogen.
Oxygen .

FLUORINE
Neon .

Sodium . .
Magnesium
Aluminium .
Silicon . .

PHOSPHORUS
Sulphur . .

Chlorine . .

Argon . .

Potassium
Calcium .
Scandium
Titanium
Vanadium
Chromium 
Manganese

1.008
4.00

6.94
9.01

10.82
12.00
14.01
16.00
19.00
20.2

23.00
24.32
274
28.3
31.04
32.06
35.46
39.88

39.10
40.07
45.1
48.1
51.0
52.0
54.93

TABLE OF ELEMENTS
Arranged according to the Periodic Law (first discovered by Mendeleef.)

Atomic
Number.

Fourth Period
26
27
28
29
30
31
32
33
34
35
36

Fifth Period
37
38
39
40
41
42
43
44
45

Element.
Atomic
Weight.

Atomic
Number. Element.

Fifth Period
Iron . . 55.84 46 Palladium
Cobalt . . 58.97 47 Silver
Nickel . . 58.68 48 Cadmium
Copper . . 63.57 49 Indium .

Zinc . . 65.37 50 Tin
Gallium . . 69.9 51 Antimony
Germanium . 72.5 52 Tellurium
Arsenic . . 74.96 53 Iodine .
Selenium 79.2 54 Xenon ,

Bromine . 79.92 Sixth Period
Krypton. . 82.92 55 Osmium .

56 Barium .

Rubidium . 85.45 57 Lanthanum
Strontium . 87.63 58 Canium .

Yttrium . . 88.7 59 Praseodymium
Zirconium . 90.6 60 Neodymium
Niobium. . 93.5 61
Molybdenum . 96.0 62 Samarium

Ruthenium . 101.7
634 64

Europium
Cadolinium

Rhodium . 102.9 65 Terbium

Atomic
Number. Element.

Atomic
Weight.

Sixth Period
4
11,' 67
4 68

69
5. 70
g 71

72

Dysprosium
Holmium
Erbium .
Thulium
YTTerbium
Lutecium
Hafnium.

162.5
163.5
167.7
1685
1735
1750
178.0

Atomic
Weight.

106.7 73 Tantalum 181.5
107.88 74 Tungsten 184.0
112.40 75
114.8 76 Osmium . 190.9
118.7 77 Iridium . 193.1
120.2 78 Platinum 195.2
127.5 79 Gold 197.2
126.92 80 Mercury . 200.6
130.2 81 Thallium 204.4

82 Lead 207.20
132.81 83 Bismuth 209.00
137.37 84 Polonium 210.0
139.0 85
140.25 86 ' Niton . 222.0
140.9 Seventh Period
144.3 87

88 Radium . . 226.0
150.4 89 Actinium 226
152.0 90 THorium 232.12
157.3 91 Protoactinium 230
159.2 92 Uranium. . 238.9
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FILM

PHOTO CELLS AT WORK

ROTATING SHUTTER
'T450 WITH MIRROR

SURFACE

LENS

PHOTO CELL

-

WIRES TO VALVE
AMPLIFIER

Fig. 1.-The auto -exposure tine camera.

THE modern photo cell, capable of being
modulated at enormous frequencies
with a high degree of accuracy and

employing alkali metals, such as calcium,
is a direct scientific relation of the radio
valve, whose cathodes, coated with alkali
earths, give off electrons under the action
of heat instead of
light.

There are two
main types of self -
generating photo
cell. Those which
require, like the
radio valve, an
anode to collect the
electrons given off,
and those of the
copper type, which
will generate quite
high currents of the
nature of 20 m.a.
without any kind
of polarising battery. This latter type
is more sluggish in action compared with
the vacuum caesium type of cell used
for television. All that is required to
operate the photo cell is a shadow-the
new magic wand of science and commerce.

One of the most ingenious of its appli-
cations is the auto -exposure camera, which,
without human adjustment, makes the
correct exposure, whatever the degree of
light presentance, and however that light
varies. This new device is of special value
in news -reel and cinema work, and is shown
in Fig. 1.
How the Auto -exposure Camera works

The simplest theoretical arrangement of

SLIT. B.
MIRROR

4

4

I SLIT.A.,

LIGHT

MERCURY
BELT L.T.

Fig. 4.-The arrangement of the photo -cell thermometer,

MIRROR

PHOTO CELL

PHOTO CELL

The -photo -electric cell in its modem form is an actual current generator, and
must not be confused with the older form of selenium cell, which operated only
at a variable resistance under the action of light controlling the current from

an external battery.

this camera is the use of a plate of optical
glass at 45° to the plate, which reflects some
of the light from the lens on to a photo-
electric cell (see Fig. 2). This cell controls
the anode current of a valve by applying
a varying grid bias on to the grid of the
valve.

The amount of grid bias will depend on
the amount of light falling on to the cell.
In the anode circuit of the valve is a
solenoid magnet operating a ratchet device
which rotates the iris diaphragm of the
camera, thus varying the " stop " and,
therefore, the exposure continuously and

LENS

SOLENOID WORKNG RACK
AND PINION ON IRIS DIAPHRAGM
OF LENS

DIAPHRAGM121.

L.T.
PLATE OPTICAL GLASS AT 450

Fig. 2.-How an automatic exposure camera is arranged.

IRIS

entirely automatically as the light from
the lens varies.

In the cinema camera the reflector is
incorporated with the rotating shutter, thus
doing away with the sheet glass, and giving
the necessary signal to the photo -electric
cell between " frames " of the film.
Photo -cell Exposure Meters

The new photo -cell exposure meters are
a further example of the way in which the
photo cell is coming to the aid of the photo-
grapher. These little devices give a direct
reading of the correct exposure on a meter
attached directly to the photo cell, which
is usually of the direct -output copper -
oxide type capable, without a polarising

battery of any
kind, of giving
currents as high
as 15 to 20 m.a.
(see Fig. 3). As a
measuring device

er the photo cell has
a paramount
quality which
makes it invalu-

I able for sensitive
measurements,

--L- since it can make
on use of a weightless

beam of light.
Fig. 4 shows

the general ar-
rangement. The
height of slits
" A " and"B"
can be set in any
position up the

NO VALUE RELAY

LOW VALUE
RELAY

II
GRID BIAS

column of the thermometer. Reference to
Fig. 4 shows that the photo cell receives
light from two directions-firstly through
the lower slit and also vid the mirrors and
top slit.

When the mercury has covered the lower
slit, cutting off the light through that
particular slit on to the photo cell, the
output of the photo cell, which, it should
be noted, still receives light vid the mirrors
and the top slit, will be nevertheless reduced,
and, if necessary, a relay can be adjusted to
operate at this point.

As the temperature goes up and the
mercury rises, it will eventually close the
top slit, and the output of the photo cell
will cease altogether. A further relay can
be made to operate at this point a warning
signal, or, if necessary, control thermostatic
gear.

The Photo -gas Flow Meter
An example of the use of a ray of light

to indicate the action of something which is
mechanically inaccessible is the method
employed to measure or indicate the rate
of flow of a gas in a pipe (see Fig. 5). The
gas revolves a fan bearing slots which
intercept the ray of light from a lamp

passing throu gh
the slots on to a
photo cell. The
speed of rotation
affects the amount

POINTER

PHOTO CELL

WIRES FROM PHOTO
CELL TO METER COIL

ROTATING SCALE RING WITH PLATE
SPEEDS ON IT

Fig. 3.-Details of the photo -cell exposure meter.

of light falling on the photo cell, but the
revolving vane, not being mechanically
connected to the measuring device, is free
to revolve in the gas flow, and is subject

'HoTo GAS FLOW METER

PHOTO CELL

GLASS
WINDOW

Fig. 5.-The
photo -cell
gas -flow

meter.

ROTATING VANES

GLASS WINDOW
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r "RELAY

Fig. 8.-A photo -cell CONTACTS

working entirely off A.0 mains.

only to the friction of the pivot, on which
it revolves, which is very small.

The Photo Cell as an Automatic Tester
One of the cleverest applications of the

photo cell in the radio industry is the use
of the cell to detect movements of a wheat -
stone bridge galvo for the automatic
acceptance or rejection of mass-produced
resistances. Fig. 7 shows the arrangement
of the bridge and galvo, and Fig. 6 the
arrangement of the photo cells. Only
resistances having a valve between certain
limits are accepted. The units are fed on a

SHADOW ARM

GALVO I LOW UMIT SLOT

SCREEN

SPRING' CLIPS
CONTACTOR CONVEYOR BELT

PRODUCTION
STANDARD

BATTERY

Fig. 6.-The arrangement of the photo cells for the automatic tester.

conveyor, which passes them between con-
tactor clips, which are in turn connected to
the wheatstone bridge.

If the galvo needle swings too far to the
right or left, a ray of light impinging on a
high -limit or low -limit photo cell is inter-
rupted. Whichever photo cell is affected
operates a rejector ram, which throws the
resistor into a high or low position, as the
case may be. Photo cells incapable of
optical fatigue have been in operation day
and night continuously for five and six
years with perfect reliability, and with the

E=ItIN
iSLOT=

UGHT

GALVO SHADOW
BAR

1361016001M.a..M.VOIBMS1

HIGH LIMIT
\PHOTO CELL

SCREEN

==1
SLOT

LOW LIMIT
PHOTO CELL

Fig. 7.-The arrangement of the wheatstone bridge
and galvo.

aid of their cousin, the radio valve, can
control far heavier things than galvo
needles or columns of mercury.

The huge high-speed printing plants of
daily newspapers are started and stopped,
as it were, by a mere wink, by photo cells
watching the miles of paper tearing along
into the press for the slightest sign of a split
or a break. If the paper does break, the
alarm gongs go, and the vast machines slow

up and stop as soon
as a second photo cell
" sees " the broken end
of the reel of paper ar-
rive at a point where
the menders are stand-
ing by to join it up
again.

The fact that photo-
cells are themselves
rectifying devices,
makes it possible for
exceedingly r o bust
self-contained units to
be built which operate
entirely off alternat-
ing current, and which
can be installed in
exposed places, such
as steel rolling mills,
where they perform
the double functions
of watchman and

sheer operators. Fig. 8 shows a typical
A.C. photo -cell circuit for A.C. mains.

Photo Cells in Steel Mills
The white hot steel rails which shoot out

of the rolling mills and streak across the
floor of the sheds at the speed of an express
train take some getting used to. The
slightest touch is disfigurement or disability
for life. But in the modern mill photo cells
are relentlessly watching the danger areas.
If any careless operator steps across one,
the photo watchman links up electrically
with another cell, which has already " seen "
the rail enter the rollers from the other side,
and lets fly the alarm gongs, and if necessary
stops the rollers after a interval of time by
means of an ingenious " pause " circuit,
which makes use of the discharge period
of a condenser through a given resistance,
Only one of these circuits can be dealt with
in these present notes, but the application
of them, specially in photo traffic control,
will be dealt with on another occasion.
Fig. 9 shows a photo -cell " pause " circuit.

How the " Pause " Circuit works
While the contacts of relay " A," which

is opened by the photo cell, are closed, the

WI RES TO PHOTO CELL
AM PLIFIER

I RELAY.

RE AY. A.

TO ALARM
GONG CIRCUIT

MAINS

Fig. 9.-How the photo cell can be made to pause.

grid of the valve is kept negative with regard
to the filament, thus stopping the flow or
anode current through relay " B." When,
however, the photo -cell amplifier opens the
contacts of relay " A," this negative
potential is removed from the condenses,
which starts slowly to discharge through
the resistance R3. As this occurs, the
negative bias on the grid of the valve if
gradually reduced, and the anode current
through the relay " B " slowly rises until
the relay " B " is actuated and its contacts
are closed, making the alarm gong or roller
control gear circuit.

How it is Done
Pick up the empty tumbler and hold it

over and partly inside the mouth of the
bag. With the other hand pick up bunches
of confetti and drop them into the tumbler.
The bag should be so placed on the table
that the empty compartment is towards
you, and the tumbler, held in the right
hand, poised just over the empty compart-
ment. The left hand lifts the confetti from
the side nearest the audience and its move-
ment is from front to back. When the
visible tumbler is nearly full, and as seem-
ingly the last handful of confetti is to be
placed into it, it is allowed to drop into the
padded compartment masked by the
approaching left hand, which, on its last
journey, brings, not loose confetti, but the
prepared tumbler, which, kept well covered
by the hand holding it, is carried forward
into the right hand to take the place of the
one just released, the hinged portion of the
partition yielding under slight pressure to

THE MAGIC EGG
The solution to the trick
described on page 532 of

last month's issue.

make way for it. A final pinch of confetti
is piled above the fake in the glass and then
casually shaken back into the bag, as though
to level off the surface. The combined
movements are very deceptive, and to all
appearance the glass is filled with loose
confetti. The bag, having served its pur-
pose, is placed aside to leave the table clear
for the glass so that the latter is the object
of attention and that the former may be
forgotten. The glass is covered with the
handkerchief, the egg is taken in the left
hand and the fan in the right. As the egg
is fanned the shell is crushed and the mass

of confetti kneaded by the fingers. This
loosens it to facilitate its scattering and also
breaks up the shell which mingles and falls
with it.

In lifting the handkerchief from the
glass, the thread is seized through the fabric
and withdrawn with it, leaving the egg in
the glass. In conclusion, the egg is broken
into the tumbler to prove its genuineness.

Details'af the sheIrshowiny how it is cut.
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DO NOT FAIL TO VISIT THE

MODEL ENGINEER
EXHIBITION
ROYAL HORTICULTURAL HALL
VINCENT SQUARE, WESTMINSTER, S.W.I

SEPTEMBER 6th to 15th (" sanbTIN° imn.)

Admission 1s. 3d. (tax included)

A Wonder Show of Model
Engines, Ships, Speed
Boats, Aeroplanes and
Electrical and Scientific
Novelties.

Lathes, Tools and Work-
shop Equipment of all
kinds.

MUSIC.

Designs, Castings and
Materials for Model
Making.

Steam and Electric Model
Railways running daily.

Demonstrations of Wire-
less and Light -Ray
Control.

REFRESHMENTS.

The Most Popular Scientific
Show of the Year

DO NOT MISS IT !

ECONOMIC ELECTRIC CO.
LONDON ROAD, TWICKENHAM

"The Speedwell " Dry Battery Motor. The
lightest and most efficient motor yet produced.
Will run from a flash -lamp battery for 4 hours.
Height 21 in. Price 9/- Post 4d.

MAINS TRANSFORM ER giving choice of 3
output voltages, 3t, 5 or 8i volts, at 3 amp.,

complete with flex and adaptor Price 14/6. Post 9d.
Electric Soldering Iron, 45 watt. 4d.

Those little bits for your
41'11=311! Workshop which you have
the greatest difficulty in obtaining, such as metal sheet,
rod, tube, ebonite, ditto screws, instrument and resistance
wires, battery chemicals, insulating materials, etc., all
these and all you can want will be found in our List, sent
on receipt of 2d.

25x
PENCIL POCKET MICROSCOPE
The best and most wonderful
Pocket Microscope ever
made

3,9 POST FREE

DE LUXE MODEL 40K POST
to 60x MAGNIFICATION 17,6 FREE

- In case complete -
Everything Optical. Lists of Telescopes, Microscopes, Binoculars, on request

BROADHURST, CLARKSON & CO.
Note Address : TELESCOPE HOUSE
63 FARRINGDON ROAD, LONDON, E.C.1

For a few shillings
down you can start
MAKING MOVIES

Why miss this fascinating
hobby when such easy terms
bring it within the reach of
everybody ? The summer sun-
shine is ideal for making good
movie pictures. We have a
fine range of Cine Cameras
from 14/9 down. After paying
the first of 9 equal monthly
payments, you can start using
yours at once. Write for our
special free Catalogues.

PATH ESCOPE "B " MOTOCAME RA (IIIu /2 )

A very popular and excellent model. Its price is low and it is easy to use.
Has strong clockwork motor drive and high grade F/3'5 anast. lens.

This is but one of the many fine instruments we sell.

YOURS FOR 14/9 :IgntillympoaryemIns,":rr 6 GNS. Cash

Generous allowance on your used camera in part exchange.

CITY SALE & EXCHANGE
(1929) LTD.

59 CHEAPSIDE, LONDON, E.C.2

By Thunder .711 Here are
TEN THOUSAND WAYS

of Alakiw
Alomey!

,41

)

"What a blessingt1 filled in that Coupon!"
11 111 MCI MI NMI Mil =Mil MEE 11

FILL IN (and Post) this COUPON NOW
ITo The Scientific & Commercial Publishing Co. (Dept. P.M.),

9 to 14 Artillery Row, London, S.W.I.
IPlease send FREE Descriptive Particulars of your Book of
10,000 MONEY -MAKING FORMULAS, PROCESSES
AND TRADE SECRETS (complete in one large volume).
It is understood that this coupon places me under no obligation
whatsoever and that I do not wish a Traveller to call.

I Name

I
I
I
I
I

IAddress

I I

I I
I

I If this coupon is sent, without any other written matter, and placed
In unsealed envelope, halfpenny scamp only is required.

Please use BLOCK CAPITALS. P.M.875
nom' im
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WHEN BUYING
A HORSE YOU
LOOK AT ITS
TEETH '"/

WHEN BUYING
A RECEIVER®
LOOK AT ITS
VALVEHOLDERS

When they're "Clix " it's a

sure sign that the designers
include quality components
throughout. That's a guar-
antee of good performance.

CLIX SPECIFIED FOR

"P.M." TABLEGRAM
Build with " Clix " com-
ponents as used by leading

manufacturers.
Get our Neu, 1935 Folder

Stand 218 OLYMPIA

LECTRO LINX. LTD.,
79A ROCHESTER ROW LONDON 5.W.1

WIRELESS.
TELEVISION

Television is the coming At the WIRELESS
boom in wireless-it will COLLEGE students
bring even greater pros- receive training in all the
perity to the industry and latest developments in all
create many more opportunities for a branches of the Wireless profession.
career. Men who foresaw the broadcast- Marine, Aircraft, Manufacturing, Design-
ing boom made good-be trained and ing, Experimenting, Sales and Service, etc.
prepared for this television boom which College on sea front. Write for free
must follow as surely as night follows day. prpsgertus.

STUDENTS ACCEPTED AS BOARDERS. TRAINING
FEE CAN BE PAID AFTER APPOINTMENT SECURED

The WIRELESS COLLEGE
c orvvyANLEBSAY

Voltmeters, Ammeters,
Milliammeters, and Combined

Instruments, 2/6 to 60/ -

The " Bi-Mag " Dynamo, 14 -

TRADE Circle° MARK

TWO THINGS YOU SHOULD
NOT MISS

Our 1935 Catalogue. 105 pages.
Covering thousands of lines too
numerous to mention in detail.
Beautifully illustrated and indexed.
3d. post free.

And our Stand (No. 16) at the
Model Engineer Exhibition, Sept.
6th -15th, 1934.
For the first and foremost Catalogue in
the Experimental, Model, Educational and
Electrical World. Send now to (Dept. P).

GRAFTON ELECTRIC CO.
54 Grafton St., Tottenham Court

Road, London, W.1

ANIEN Specified for "Practical
Mechanics Tablegram "

Ferrocart
Made under
licence from
the patentee,

Hans Vogt. * Write to -day for Radio List No. 12, telling you
all about Ferrocart.

To get the splendid results offered by this fine
receiver be sure to insist on Ferrocart-the
coils specified by the designers. Their unfailing
accuracy and splendid construction have made
them the choice of experts and amateurs alike
throughout the length and breadth of the country.
Set of coils GI, G2 and G3, with mains switch-
39/- complete.

COLVERN
COLVERN LTD ROM FORD, ESSEX,

WIRELESS FOR THE MAN -IN -THE -
MOON

by COULOMBUS and DECIBEL
2/6 net

by post 2/10

"If you want a really gorgeous 'text -book' on Wireless do
read WIRELESS FOR THE MAN -IN -THE -MOON," writes
the Manchester Evening News reviewer. And referring to
this book and its authors, the Midland Daily Telegraph says,
"They succeed in imparting a real knowledge about Wireless.
It is both good fun and sound theory."
This book should be in the hands of all who are interested in
wireless and wish to acquire a complete knowledge of "how
it works."

THE OUTLINE OF WIRELESS
by RALPH STRANGER

8/6 net
The author has an easy and informative style coupled with a
thorough knowledge of his subject and the rare faculty of
presenting scientific facts in simple language. The result is
a book which covers the theory and practice of Wireless
Reception from A to Z and makes everything plain, even to
the most " non -technical " reader. Fourth Edition, revised
and up to date. 816 pages, profusely illustrated. A complete
work of reference which should occupy a prominent place in
every wireless enthusiast's library.

At all Booksellers or by post from
GEO. NEWNES LTD., 8-1 1 Southampton St., Strand,

London, W.C.2

Illlllillllllllllllllllllllllll111llllllllliliii

Geo. Nerimes Ltd.
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ALL RADIO
QUESTIONS
ANSWERED

FREE.

ei.". ''Nkoe1ioirWij,iaoor"%/Nid"%S'Swe"i.sr.%.^.or\dr\ii/NeSo".d

THE gramophone is obtainable in either
a pedestal cabinet form or in a more
simple design intended for occasional

use. In this latter form it may be built into
a portable cabinet or in a small table cabinet
which may not be obtrusive when not in
use. The combination of a radio receiver
and a gramophone has hitherto only been
carried out by assembling the separate parts
of the apparatus in a large pedestal cabinet,
but in the " Practical Mechanics' " Table -
gram we have incorporated the idea of a table
model gramophone which contains all the
essentials of both radio receiver and gramo-
phone, and, furthermore, possesses the
advantage of entire mains operation.

The apparatus is divided up, the turn-
table and electric motor, together with the
pick-up, being fitted immediately beneath
the lid on the upper surface of the table
cabinet, and the radio receiver proper being
mounted on a shallow chassis fitted on the
bottom of the cabinet. The controls thus
project through the front in the most acces-
sible position, and immediately above these
is the opening for the loud speaker. This
component is mounted on a separate base,
which is supported on side runners in the
cabinet, and the entire mains unit is in-
cluded on this base. Connection between
receiver, mains unit and gramophone pick-
up is carried out between the units by means
of ordinary flex.
Construction

Using the wiring diagram and the photo -

The receiver portion of the "Practical Mechanics
Tablegram in its cabinet. The mains unit shown on

the left stands on the upper shelf.

-THE " PRACTICAL MECHANICS' "-
TABLEG RAM

A neat and compact table radio-
gramophone which is designed and

built on novel lines.

This view shows the completed radiogram in its
neat cabinet.

graphs as a guide, mount the components
on the receiver chassis. Note that holes or
slots will have to be cut to enable the leads
from the coils to be passed through the
chassis, and also that a number of small
holes are needed in order to carry the con-
necting wires from the upper to the lower
surface of the chassis. When all the parts
are mounted, carry out the wiring with the
coloured connecting wire, using flex
in its twisting condition for wiring
the heater circuit of the three
valves. Next mount the mains
section and the loud speaker, the
wiring for this section being carried
out on the upper surface of the
base and no holes being required.
Extending from this section are the
heater leads, the
H.T. negative and
positive leads and
the connections for
the loud speaker.
The four leads
which comprise
heater and H.T.
supplies should be
twisted together
and fixed to the
base by means of
an ebonite or
wooden cleat and
then carried down
to the chassis, or,
alternatively, the
leads from the

Every Question
must be accom-
panied by the

Coupon on
page 3 of Cover.

chassis should be made of sufficient length
to reach up to the mains unit and then
cleated to the chassis ; a hook cleat may
then be attached to the mains unit
base to hold the wires in position. The
leads to the loud speaker should be kept
away from the power supply leads and pre-
ferably held at the opposite end of the base
or cabinet by means of a small cleat. The
leads from the pick-up have to be joined
between the switch on the coil assembly
and earth (H.T. - ), and accordingly one
lead should be joined to the negative ter-
minal on condenser C 14 in the mains unit,
whilst the other is taken down to terminal
P on the coil switch. The gramophone
motor must be joined up according to the
maker's instructions, connecting the leads
to the mains input terminals on the mains
transformer. Make certain that the motor
setting is correct for the particular voltage
of your mains, and then when this is joined
to the mains transformer the switch on the
receiver will bring the motor into circuit,
although it will not run until the pick-up
carrier arm is moved to the playing position
and the automatic stop thus released. As
this is both an electrical make -and -break
as well as a mechanical break, the motor is
prevented from injury.

Check the Wiring
Before making connection to the house

mains it is essential to go over all the wiring
and carefully check the connections.
Although fuses are included in the mains
plug these will blow if a short-circuit is
caused in the receiver and you will be
wasting time waiting for the valves to heat
up. N ote that the mains plug is of the two -
pin type, and must therefore be inserted
into a two -pin socket. Usually this type of
socket is arranged on the power side of the
circuit in the house, and therefore it will
be necessary to arrange sufficient length of
flex to reach to the nearest point, after the
position of the receiver has been decided
upon. Should it be desired to use the appa-
ratus in conjunction with a lighting point
the specified two -pin plug should be

The receiver portion of the "Practical
Mechanics"' Tablegram.
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VOLUME CONTROL

REACTION

23'; I 2 Yz"

Dimensioned diagram of the controls of the
radiogram.

retained and one of the lamp -socket
adaptors should be obtained and plugged
into the lamp -socket so as to accommodate
the two -pin plug. When checking the
wiring it is a good plan to use a meter and a
battery, thus making perfectly certain that
joints are soundly constructed as well as
short-circuits avoided. When finally certain
that everything is in order the receiver may
be tested out, but for this purpose it is
preferable to ignore the pick-up connections,
and to place the receiver and the mains
unit side by side on a table so that all
connections are easily got at for testing
purposes.

Operation
Operation of this instrument is simplicity

itself. The control knob on the coils has four
positions-when turned in an anti -clockwise
direction as far as it will go the receiver is
switched off and is dead. As it is rotated in
a clockwise direction it will fall into definite
positions, the first being the medium wave-
band, the second the long -wave .band and
the third switches out the tuning circuits
and connects the grid of the detector valve

LIST OF COMPONENTS
One set Ferrocart Coils, 01, G2 and G3, with Mains

Switch, Colvern.
One Midget Three Gang Condenser, .0005 mfd. with

Drive, Polar.
One -00015 mfd. Differential Reaction Condenser,

Polar.
Two S.H.F. Screened H.F. Chokes, Ward and

Goldstone.
Two 5 -pin and one 7 -pin Chassis Type Valveholders,

Clix.
One Toco L.F. Transformer, Multitone.
One 5,000 -ohm Volume Control, Burne Jones.
One W.31 Mains Transformer, Heayberd.
One H.T. 8 -metal Rectifier, Westinghouse.
Three 4 mfd. Fixed Condensers (350 -volt test),

T.M.C.
One 0001 mfd. Tubular Condenser, T.M.C.
One .0002 PI /f
One .0005
Two 1 mfd. Type 25 Fixed Condensers,' T.M.C.
One .1
One 2
One .5
One 30,000 ohm. Fixed 'Resistance, Ferranti.
One 15,000
One 20,000 
Three 500
One 300
Two 5,000 
One 1-megohm Grid 'Leak, Feiranti.
One Mains Smoothing Choke (Type 751), Heayberd.
One M.C.22 M.C. Speaker, Amplion.
One Tablegram Cabinet, Peto-Scott.
One Metaplex Chassis, 14' x 10' with 1rrunners,

Peto-Scott.
One Bulgin Mains Connecting Plug with .5 amp

Fuses, Bulgin.
One AC/VP Valve, one AC/HL Valve, and one

AC/Y Valve, Hivac.
One 50 mfd. (Type 501) and one 50 mfd. (Type 521)

Electrolytic Condenser, T.C.C.
One Belling -Lee A. and E. Strip.
Flex, Connecting Wire, Screws, etc.
One Garrard Electric Gramophone Motor
One Pick-up, Belling -Lee.
Two Component Brackets (21 in.), B.R.G.

TUNING

_I_ 31;

WAVECHANGE
N -OFF AND.

GRAMO SWITCH

to the pick-up circuit. A small letter will
be found embossed on the control knob to
indicate these positions, so that no difficulty
should arise. When the coil switch has
been adjusted to the desired position, the
main tuning control should be turned so
that the pointer is in the position indicating
the nearest station, and if any doubt
arises concerning its exact wavelength
the programmes published in the daily
paper or the Radio Times should be con-
sulted. Provided that the station is not too
far away, it should be possible to hear some
sort of signal at this setting, and the extreme
left-hand control should then be adjusted to
reduce the strength of the signal to almost
inaudibility. Now carefully adjust the

(Continued on page 566.)

01 MFD

I5

I MFD

CONNECTIONS
ON

UNDERSIDE
OF COIL UNIT

16

ro MAINS TRANS
4"..081: HEATER TERMS 4V5A

E

8

SLOTS
CUT IN

BASEBOARD

500 OHMS.,

1,25

I MEG.

C5

I MFD

H. T. +

p -H

R5

5,000
OHMS

Rg

000
OHMS

10

3

MB

ro

V3

14

500 OHMS

C13

50 MFD
ELECTROLYTIC

COND

C12

2 MFD

15

.00 CII

0.5 MFD

TO PICK-UP

COIL
UNIT

O

TO MAINS TRANS
INPUT TERMS.

///// / / I\ \ \

E A, 42 4300 0 . 0 0

141\ag.'.%= TO MAINS PLUG

TRIMMER

USED

.00015 MFD 12
DIFFERENTIAL
REACTION COND

CT

TRIMMER

iii

TRIMMER

01 LL-LI 3 GANG
TUNING

H FCHOKE CONDENSER

M.B

15

O

5,000 OHM
VOLUME CONTROL

R3

CHORE

NOTE- POINTS MARKED
C ARE CONNECTIONS
TO METALLISED
BASEBOARD.

LF
TRANSFORMER

N. V

TO TERMINAL
ON SIDE OF Vs"

14

Wiring diagram of the" Practical Mechanics' " Tablegram.
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The Pilot Kit
SERVICE was
/ounded in 1919.

P.M. TABLEGRAM
 TELEVISION RECEIVER KIT 
PILOT AUTHOR KIT
EXACT TO SPECIFICATION

P.M. TABLEGRAM

PETO-SCOTT
HAS IT FIRST

Originators of Kits of parts in 1919,
we supply all your Radio Needs

CASH, C.O.D. or EASIWAY. Our Customers
are invited to take advantage of our FREE
Technical Service or call for Demonstration at
our Showrooms, 77 City Road, London, E.C.1,
or 62 High Holborn, London, W.C.1.

1935 ADAPTAGRAM
CONVERT YOUR PRESENT SET
TO A MAGNIFICENT RADIOGRAM

Hand French Polished by
leading experts of Lon-
don's piano trade. All
joints mortised and ten-
oned. Ready to take your
set, speaker, power equip-
ment and your own gram°
fittings. With ready -
fitted motor board. Plain
front or vignetted to take
any panel up to 18 ins. by
18 ins., or specially drilled
to your own dimensioned
sketch at slight extracost.

Overall Dimensions
981 ins. high by 22C
ins. by 17* ins. deep.

MODEL ccA." Cash or C.O.D., 63/-. Carriage
and Packing 24 extra England or

Wales. Yours for 8/3 and 11 monthly payments of
5/9. Baffie-board 3/6 extra.

WALNUT, OAK or MAHOGANY to choice.

MODEL " B " Bet itnot

Standard 1935 Adaptagram
with Double spring Motor. 12 -
in. Plush -covered Turntable,
Automatic Stop, B.R.G. Tone
Arm with Pickup, and Volume
Control Complete-Automatic
Needle Cup that delivers new
needles one at a time to your
finger tips. Cash or S
C.O.D., or 12 monthly N
payments of 12/ -

Loudspeaker Compartment
Baffle -board fitted if required,

3/6 extra.

MODEL " C " Ei;octirc
Standard 1935 Adaptagram
Cabinet-Collaro or Garrard
Induction Electric Motor with
Tone Arm, Pickup and Volume
Control -12 -in. Plush -covered
Turntable-Automatic Stop-
Automatic Needle Cup that
delivers needles one at a time
to your finger tips. A.C. G
Mains only. Cash or N
C.O.D., or 12 monthly S
payments of 13/9. D.O.
Model Prices on application.
Loudspeaker Compartment
Baffle -board fitted if required,

3/6 extra.

pay -scot& rP4g;f1rdrair4111V,E7;
FULL-SIZE CONE-NOT A MIDGET
Power or Pentode. Cash or C.O.D.
Complete with input 19/6
Transformer. Send Carr. Paid.
2/6 with order.
Balance in 5 monthly
payments of 4/-.
Class B Model. Cash
or C.O.D. Carr. Paid.
51.2.6 or 2/6 down

and 9 monthly payments of 4/-.

KIT "A" 23,1134V,
Kit of First

Specified Parts, less Valves and
Cabinet. Cash or C.O.D., carriage
paid, 510.17.6.

KIT I B." As for Kit
"A," but including set
of Specified Valves.
Cash or C.O.D. (carriage
paid). 512.16.0.
Or 12 monthly pay-
ments of 23/6.

Yours for

201 -
Balance in 11

monthly payments of 20/ -

KIT "C." As for Kit
" A," but including set
of Specified Valves and
Peto-Scott Tablegram
Cabinet. Cash or
C.O.D. (carriage paid).
515.13.6. Or 12 monthly
payments of 28/9.

 Tf Amplion Speaker is required with above Kits, add
21.19.6 to Cash or C.O.D. Price, or add 3/6 to deposit
and to each monthly payment. '

 If Garrard Electric Motor is required with above
Kits, add 22.10.0 to Cash or C.O.D. Price, or add
4/6 to each monthly payment.

 If Belling -Lee Pick-up is required with above Kits,
add 21.10.0 to Cash or C.O.D. Price, or add 2/9 to
deposit and to each monthly payment,

PETO-SCOTT
WALNUT

TABLEGRAM
CABINET
Another exclusive and
delightful cabinet by
PETO - SCOTT. The
beautiful walnut finishand handsome
contrasting macassar
veneer set the seal of
perfection in cabinet
design on this latest
Peto-Scottproduction.

Cash or C.O.D. (carriage paid).
H.P. 7/6 Deposit and 11 monthly payments of 5/ -
Loudspeaker Baffle Baseboard Assembly if
required 3/6 extra. State size of hole required 57'6
when ordering.

PILOT Class "B" 4
KIT "A"
CASH OR C.O.D. £3 : 16 : 6
Carriage Paid. Or 12 Monthly Payments of 7/-

K I T 66 A." Comprising Author's Kit
of first specified parts, less valves and cabinet.

KIT " B." As for Kit
" A," but including set
of 6 specified valves,
only Cash or C.O.D.
(carriage paid). 25.7.6.
Or 12 monthly pay-
ments of 9/9.

KIT "C." As for Kit
" A," but including set
of specified valves and
cabinet. Cash or C.O.D.
(carriage paid). 26.0.0.
Or 12 monthly pay-
ments of 11/-.

If Pete -Scott Bargain Class II" Speaker required with
Kit, add 17/6 to cash or C.O.D. prices, or 1/7 to
deposit and each monthly payment.

See the PILOT
on the carton. It's
a real guarantee.

PETO-SCOTT-
751. DISC

TELEVISION
 ASSEMBLED IN 30 MINUTES

NO SPECIAL
TOOLS

REQUIRED

Your for

I 5/ -
and 11 monthly

' payments of 6/3.
Cash or C.O.D.

- -
Carriage Paid, 75/-.

PETO-SCOTT, Pioneers in Television since 1927, after consi-
derable research, have produced this "up-to-the-minute"

Dice Tiblevision Receiver Kit, of which Efficiency and Econ-
omy are the key notes. Designed to work from almost any
3 -valve battery or mains set, the Peto-Scott 75/- Disc Tele-
vision Receiver is supplied in Kit form, and comprises Pets -
Scott Universal Television Motor and Stand ; controlling
resistances ; laminated and ready assembled chassis; Strobo-
scopic 16 -in. scanning disc; Lens and Lensholder ; Neon
Lamp and Holder, together with sundry small parts. It is
absolutely complete down to the last screw and piece of wire.
Full-size Blueprint with assembly, wiring and operating
instructions included with every kit.

"Saft44
PILOT CLASS B

1935 SPEAKER -AMPLIFIER KIT
GIVES YOUR PRESENT BATTERY SET A

NEW LEASE OF LIFE
Obtain seven times the volume
with mains quality from your
existing battery set by convert-
ing it to Class B amplification.
This amazing Unit comprises
B.V.A. Class B Valve, 1935 Pete,
Scott Permanent -Magnet Moving
Coil Speaker. B.R.G. Driver
Transformer and seven-piff Valve
Holder. Pato-Scott Baffle and
Baseboard Assembly, all Wires,
Screws and plug-in Valve Adap-
tor. With full-size Diagrams
and Assembly Instructions.
Complete with Speaker. Cash or C.O.D.
Carriage Paid. Or send only 5/-.
Balance in 9 monthly payments of 5/ -

SUITABLE FOR ANY BATTERY SET-

IMPORTANT

45, -

Miscellaneous Components, Parts, Kits, Finished Receivers
or Accessories for Cash or C.O.D, or H.P. on our own System
of Easy Payments. Send us a list of your wants. We will
quote you by return. C.O.D. orders value over 10/. sent
carriage and poet charges paid (GREAT BRITAIN ONLY).
OVERSEAS CUSTOMERS CAN SEND TO US WITH CONFI-
DENCE. We carry a special export staff and cave all
delay. We pay half carriage packed free. Send full
value plus sufficient for half carriage. Any surplus re-
funded immediately. Hire Purebase Terms are NOT
available to Irish or Overseas customers.

- - - - - - - - - - - - -
I PETO-SCOTT CO. LTD., 77 City Rend, London, E.C.1

Telephone : Clerkenwell 9406/7.11
I West End Showrooms: 62 High Holborn. London, W.C.I.

Telephone: Holborn 3248.
I Dear Sirs,
I(a) Please send me..
116 I enclose Cash/Deposit
NAME

I ADDRESS

- - Pr.M. 9/341

rf3a/y.Oti Past -i4 QUiCka-CASH:.C.O.D.-EASIWAY
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The mains section and the loud speaker.

(Continued from page 564.)
screws projecting from the top of the ganged
condenser until signal strength is improved,
and as soon as an improvement is obtained
again reduce strength by means of the left-
hand control. Proceed in this way until the
maximum setting has been found on the
three trimming screws, when the receiver
will be accurately ganged and no further
use need be made of these adjustments. It
should now be possible to rotate the tuning
control throughout the entire scale and the
left-hand control will increase or reduce the
volume as desired on all but the very weak
stations. For these it may be found neces-
sary to increase signal strength above that
obtainable with the left-hand control, and
therefore the control situated immediately
on its right should be used. This is an
ordinary reaction control, and, generally
speaking, Its use should not be found neces-
sary. It will increase the strength of stations
only at the expense of quality, and therefore
it should only be employed when a very
weak station must be tuned in.
Possible Faults

Although a receiver of this nature is
remarkably free from faults there is always
the possibility that some little point may
have escaped attention, or that one of the
parts has broken down or is faulty, and thus
prevents the receiver from functioning in
the correct manner. Therefore, as soon as
the receiver is switched on it should be
noticed that the cathode in the pentode
output valve will immediately commence to
glow. After a very short interval a faint
hum will be heard from the loudspeaker if
everything is in order. If this does not
occur, and no glow can be seen in the valve
when it is screened from direct light by the
hand, it will be safe to assume that either
the fuses are not intact or that the plug is
not making good contact in the holder.
Move the plug about and see if any noise
can be heard from the speaker. If not,
remove the plug and open it and examine
the fuses. A fine wire should be seen
passing down the centre of each tube, and
if this is missing, then the fuse has blown
due to an overload and the wiring must be
checked, as there is a short-circuit. If, on
the other hand, the valves immediately com-
mence to heat up when switched on, and
the hum may be heard at the speaker after
fifteen or twenty seconds, but no signals are
obtainable, it may be that the volume con-
trol is set to its minimum position, so rotate
this to its maximum position in the oppo-

230v6
200.6

site direction, and then rotate
the tuning dial. If no signals
can be heard then, the pointer
on the dial should be set to
the exact wavelength of the
local station, and then the
centre trimmer on the three -
gang condenser should be
turned in each direction. If
this does not produce a signal,
it should be moved slightly in
one direction whilst the trim-
mer nearest the control knob
should be turned and it will
be found that a station can
be heard with some setting of
these two trimmers. If, how-
ever, no adjustment of the
trimmers will bring in a
station, then it will be safe
to assume that there is a fault
in the wiring, and to localise
this it is preferable to cut out
the first stage by removing the
aerial from its socket and con-
necting it to the anode of the
H.F. valve, whilst this is left
in its socket. On no account

should any valve be removed whilst the
receiver is switched on, as a surge may
be caused which will result in the break-
down of some component, or the fuses
may blow and cause trouble in location. If
signals are obtained when the aerial is joined
to the anode of the H.F. valve, then it will
indicate that the fault arises on the H.F.
side of the receiver, and it should not take
long to find this. If, on the other hand, the
receiver is still silent, then the trouble
should be looked for between the detector
and the output valve. Systematic searching
in this manner should soon enable any
possible fault to be traced, and the receiver
to be put into working order in a very short
time.

When reproducing gramophone records
the volume control on the panel will not
affect the volume of reproduction, and

the control fitted to the pick-up must then
be employed. Generally speaking it will
be found that a needle of the loud type (such
as the Columbia Talkie) will give the best
all-round results, and surface noise is not
unduly heard. With band or other loud
records the volume control should be set
before the lid of the cabinet is closed down
(after inserting the needle) and the general
level of volume will probably be found to
be such that the control needs no adjust-
ment after once setting. To facilitate
needle changing it would be a worth -while
refinement to fit two gramophone needle
cups to the motor -board, one for new
needles and one for old needles. These are
obtainable from any gramophone shop, or
Messrs. Bulgin will supply a complete unit
ready to screw to the motor board. Fit the
used cup immediately below the needle
when the pick-up arm is placed in its normal
rest position, and the needles may then be
dropped straight into the cup merely by
loosening the locking screw. It should be
unnecessary to add that this cup should be
provided with a lid having only a small
hole so that used needles are not replaced
in the pick-up with consequent damage to
the record.

If it is felt that some further safeguard
is required over and above that furnished
by the fuse -plug a further fuse may be
inserted in the H.T. circuit. One of the
popular Microfuses may be used for this
purpose, and it should have a rating of
1 amp. It should be joined in the lead
connecting the A.C. terminal on the Metal
Rectifier (see Wiring Diagram below) and
the 200 -volt terminal on the Mains Trans-
former. At present a single wire is used in
this position, and it will only be necessary
to cut this wire, screw the Microfuse to the
base and then connect the cut ends of the
wire to the two ends of the Microfuse. The
failure of the receiver, should a short-circuit
arise, will be indicated by a blown fuse,
whilst the fact that there are also fuses in
the mains plug should be borne in mind.

4,,n
SA
4V

MANS
TRANSFORMER

2so zoo"175'Ve/
50eL 0j

4 MFD 4 MED

CIS C'5

4 MFD

C'4

SMOOTHING
CHOKE

H.T 6

METAL REcTivlEr

Wiring diagram of the mains section of the tablegram.
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AMPLION " LION" SPEAKERS ARE
THE ONLY SPEAKERS THAT CAN
BE CORRECTLY MATCHED TO
EVERY CLASS OF OUTPUT VALVE

Ratios are provided for every output valve with
optimum load impedance from 2,000 to 40,000 ohms.

The New Sealed Magnetic Gap ensures that quality

reproduction is consistently maintained at the
pinnacle of perfection.

Amplion

specified

for the
" TABLE GRAM "

The exceptional matching facilities of Lion"
speakers render them suitable for use with
any receiver.

UNIVERSAL TRANSFORMER I to 20
AND 2,000 to 40,000 OHMS
PROVISION FOR VOLUME OR TONE
CONTROL AND USE OF ADDITIONAL
SPEAKER

AMPLION LION "
PERMANENT MAGNET
MOVING COIL SPEAKER

Amplion Lion Super " 10 in. Cone 55/

SPEAKERS - RECEIVERS -

47/6
(7 in. Cone)

RADIOGRAMS
(Descriptive Literature sent on request.)

AMPLION (1932) LTD.
82-84 Rosoman Street, Rosebery Avenue, London, E.C.I

Adjustable. No. 1096
Without Volume Control.

No. 1177

"GOLTONE"
COMPONENTS

AGAIN SELECTEDli

.4111111EMMENIMIIIMIIIIIIMMI

This time
for the

"P.M.
TABLEGRAM"
" GOLTONE" SCREENED

HF. CHOKES
Type S.H.F, Specified exclusively.
Highly efficient, robust mechanical
construction. Inductance 250.000

mice. approx.
Price 4/. each

"GOLTONE" 3 -COIL
AND SWITCH CHASSIS
With IRON CORED COILS', in.
eluding G.I.C.5 and G.I.C.6 Band-
pass units, and G.I.C.2 with
reaction. Q. M.B. Switch included.
Complete chassis as described

R/0.I.0.23 S13/6

See Catalogue and Pamphlet for
full particulars.

"Gallons" components are obtain-
able from all first-class Radio
Stores-refuse substitutes-if any

difficulty write direct

Wrd Goldtaton
PENDLE TON

FR EE
ON REQUEST .1
LARGE 1934/35 60 -page
new edition RADIO
Catalogue just released]

SPECIFIED BY
THE DESIGNER

Model
D

The quality of the Belling -Lee range of pick-ups should
be compared with more expensive models, when it will
be found to give a better performance for a lower price.
Model A.
Model D.

each 27/6

each 30/ -
Model C. As D, but with Volume Control.

No. 1117 . . each 35/ -

The " CLIP -ON "
PICK-UP

Gives Radiogram results
from any gramophone with-
out affecting portability.
Clips on and off in an
instant. Adjustable tone -
arm and head, volume
control, etc.
No. 1103 . . . each 35/
Write for book, post free, 2ci

BELLING & LEE LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDD X
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OLD WATERLOO BRIDGE
Interesting facts about its construction and some reasons for its decay.

THE failure by subsidence into the bed
of the Thames of part of this famous
bridge, the many arguments and dis-

cussions - often heated - in the Press,
Council Chambers and Parliament, regard-
ing the merits and demerits of the bridge,
and its demolition and replacement by a
new and modern bridge, causes us to reflect
upon the traffic conditions that existed
nearly a century and a quarter ago, and the
scientific knowledge and materials in use
then, and the conditions and knowledge of
our modern times.
Mud, Clay and Timber Foundations

But few motorists who used Waterloo
Bridge, and spectators who admired its
nine spans of 120 ft. each, constructed with
heavy granite arches and about 20 -ft. thick
abutments, gave much thought to anything
else except what could be perceived above
water level, and the conveniences of transit.
The lay mind seldom gave much thought
as to what existed below water level, and
the ravages that were occurring in the
foundations due to time, and the use of
constructive methods and materials about
120 years ago that do not conform to
present-day principles, which are con-
sidered to ensure a much longer life than
120 years for a bridge.

An outstanding feature of Waterloo
Bridge is that the many thousands of tons
of dead load of masonry, and the super
loads of modern day traffic, with its con-
siderable vibration, have foundations con-
sisting of heavy timber platforms placed at
about the level of the river bed, such plat-
forms being supported by timber piles
driven into the London clay under the river
bed. The illustration will give a good idea
of the method of construction.
An Interesting Point

Although certain timbers, when kept
constantly wet, resist decay for a very
considerable time, it is difficult, especially
in the face of present-day knowledge, to
fail to be surprised that the natural decay

of the timber due to time, insects and
worms that attack wood, and the rotting
agents that must exist in mud and clay,
has not caused an earlier failure of the
bridge. These conditions must raise in the
minds of many thinkers the vital question
as to whether the designers of the bridge,
John Rennie and his son, Sir John Rennie,
used the best principles in their time. (It is
unlikely that Rennie designed the bridge. It
is more probable that Rennie's capable pre-
decessor in office-Dodson-designed the
bridge, and that Rennie succeeded in getting
Dodson removed from office, filching the credit
really due to Dodson. The design of the arches
is, however, open to severe criticism.-En.) A
little thought and research brings to light
some interesting facts which tempt one to
conclude that materials and principles of
bridge construction in use in about 1815
were different to those used nowadays.
Prior to 1824, when Portland cement was
first introduced, lime concrete was used,
which was considerably weaker than the
modern Portland cement concrete. Rein-
forced concrete, that is, concrete which is
strong in compression and weak in tension,
having combined with it steel to resist
tensile stresses, is a comparatively recent
principle of construction.
Reducing the Total Dead Weight

In summing up all the conditions, we
feel that the methods and materials used
in 1815 were in conformity with the
principles that were then existent. It
appears that it would have been possible
to have reduced the total dead weight of
the bridge, and still maintained an ample
margin of safety, by reducing the size of
the 20 -ft. thick piers or abutments, and
providing a greater area at the base of them,
which would have had the effect of spread-
ing the load over a greater area of river bed,
and possibly eliminating the necessity of
the timber platforms, and to allow the loads
to be carried on the piles and clay only.

We favour the view held by some authori-
ties that the timber foundations have

BFILISTIZRDED PARAPET

rotted, and also feel that due respect must
be given to the opinions of other experts
who think that the weight of the bridge was
too great for the foundations, and also that
currents have swept away some of the
gravel which appears to exist in addition
to the clay under the foundations. It must
be stated that there appears to be evidence
that the woodwork is still quite sound, but
too much reliance should not be given to
this evidence, owing to the difficulties of
carrying out tests before the bridge has been
demolished.

At the present time no one can tell with
certainty what is the cause, but when the
old bridge is demolished it is certain that
our great modern engineers will find the
cause and take precautions to prevent the
new bridge failing.

Old Rivers beneath the Thames
It is exceptionally interesting to be able

to state that it is possible that the cause of
the subsidence of Waterloo Bridge may be
partly attributed to the action of a small
river, the Fleet, which existed a very long
time ago, and which, according to one
authority, wended its way along a course
(different to that which it does now) which
went under the present positions of the
Thames and the centre of Waterloo Bridge,
and entered into one of the old courses of
the Thames which was by the Elephant and
Castle. A well-known geologist, Mr. F. H.
Mackintosh, who was consulted regarding
a problem which arose in connection with
the foundations of Unilever House, Black -
friars Bridge, discovered, after boring
operations, the old channel of the River
Fleet, its course being directed towards the
centre of Waterloo Bridge The geologist
advances the theory that the old channel of
the Fleet caused disturbances in the geolo-
gical formation of the ground under Water-
loo Bridge, and that in consequence there
are certain pockets of gravel and re-
deposited clay that may have affected the
foundations of the bridge.
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Fig. 14.-Pearson's
Bristol and Exeter
tank engine,I853-4.

HISTORIC LOCOMOTIVES
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PART V
By E. W. TWINING
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THE next class of locomotive which I
think should be recorded as having
outstanding characteristics is a batch

of eight. numbered 39 to 46, designed by
Mr. Pearson, the locomotive engineer of the
Bristol and Exeter Railway, for working
the express passenger trains between the
two terminal points of his line. The railway
was broad gauge and formed a continuation
westward of the Great Western main line.
These engines achieved world fame for
themselves by putting up the high authen-
ticated speed of 81 miles per hour, which
was not exceeded until after the close of the
nineteenth century.

They were of unusual design and of
extraordin- a r y con-
struction. The wheel
arrange- ment was
of 4-2--4 type, as
will be seen in the draw-
i n g (Fig. 14), that isto say, there were
two four- wheel
bogies, one
end, which
play, being
their cen-
tres on ball
and socket
joints. Thedriving
wheels were
the largest

at either
had no side
pivoted at

ever successfully run and the largest made
in Great Britain, with the exception of the
two or three early freak engines of the
G.W.R. in 1837. They were 9 ft. in diameter
and had no flanges.

These Uristol and Exeter engines had no
tenders. hey were thus double -enders and
carried their water in two tanks, one in the
normal position behind the firebox and the
other slung beneath the boiler in front of
the driving axle and partly underneath and
partly between the motion. They were con-
structed by Bothwell & Co., of Bolton,
Lancashire, and were delivered in 1853 and
1854. Their weight loaded was 42 tons and
the valves were operated by Gooch valve
gear. There appears to be no record of the
heating surface or of the firegrate area, but
the first could not have been greater than
1,100 sq. ft., and the latter not more than
20 sq. ft. Although the boiler was small, it
supplied steam to a pair of cylinders
measuring 16i x 24 in. It speaks well for
the efficiency of these engines when it is
stated that the fuel consumption was only
211 lb. of coke per mile.

Turning to the construction, which I

5'9

referred to as having been extraordinary,
the frames were extremely light, measuring
only 8 in. deep and terminating at the fire-
box, to which they were riveted. As will be
seen in the drawing, there was an outside
frame with axle boxes at the driving wheel,
and the weight of the engine carried by the
driving axle was transmitted through rubber
springs from the top of the boiler ; thus the
light inside frames took up only the working
stresses of the machinery. The leading
bogie had its pivot pin attached to the
cylinders, whilst the rear bogie was pivoted
to the underside of the main tank. It will
be seen, therefore, that the firebox had to
take up all road inequality stresses, and the
boiler barrel, through the front tube plate,
took those occurring in front of the driving
axle. Obviously, through the firebox also
was transmitted the draw -bar of the train.

Perhaps even more extraordinary than
the construction is the fact that these loco-
motives ran consistently well for fifteen

years, that is
to say, until
1868, when
they were
scrapped and
new engines of
similar type
were built,
having con -
tinuous frames

- 2.1190. 991. 5 9%' 7'S' 4:Sir
SCALE OF FEET

*? 4 4 1 4. 4, '5, 4 7, 8, 9,

Fig. 15.-Gooch'i broad gauge engine "Ivanhoe," 1855.
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"HIGH SPOTS" from the
BASSETT-LOWKE Model Works

Spick and span, fresh from the heart of the Midlands, waiting to
improve some lucky boy's layout-to give it that little something
"extra "-SCALE FINISH-that every one of us wants.
A really handsome new 0-6-0 Tank fitted with all -British motor
mechanism, outside cylinders, etc., and finished in black with red
lines. Clockwork L2 2s. Od. Electric, D.C., 6-8 volts, or A.C., 20
volts, L2 5s. Od.
" ASHFIELD," the modern Northampton -made station, to the
London Passenger Transport Board design. Finished in light cream
with blue facings. LI 5 0. Island Platform I9s. 6d.
New range of Gauge "0 " Upper Quadrant Signals, from 7s. 6d.
Three new continental type locomotives in Gauge "0."

German State Railways 4-6-2 type - E6 10s. Od.
American 4-6-4 type (New York Central) - E7 is. Od.
French Mountain 4-8--2 type - - - E8 8s. Od.

Send for free leaflets of our new productions or, better still, write for Model
Railway Catalogue, A.12, price 6d. post free. New Boiler and Castings Catalogue,
8.12, Model Ships and Fittings, S. 2, 6d. each.

BASSETT-LOWKE LTD
LONDON: NORTHAMPTON MANCHESTER:112 High Holborn, 28 Corporation St.

W.C.I

The "CORONA" Electric Drill
IS INDISPENSABLE TO ALL MECHANICS

Efficient, a model of accuracy
and workmanship, and trouble -
free qualities are the features
of this drill. Its equipment
comprises a powerful A.G. or
D.C. Motor, voltages 100/ 120,
200/ 230, 230/ 250, with

PRICE Armature Shaft In ground
alloy steel. Hobbed gears in
metal housing. Hoffman ball
thrust. Keyless chuck, }-in.
capacity. Aluminium die cast

Please state voltage. handle. Current consumption
175 watts, using In. drill on

mild steel. 8 ft. Cab tyre flex with earth wire. Weight 5 lbs.
These drills are British Made and are designed for drilling up to In. diameter
and are guaranteed under these conditions for six months and are now in
constant use in many factories. Send for illustrated leaflet to :-

CORONA ENGINEERING CO., Leighton Place, Kentish Town, N.111.5
Tele. : GULLIVER 3739

£2. 15.0
Carriage Paid.

The
STAN LE

11,:. TRA1, ..a,/

VEST-POCKET
MICROSCOPE
Three magnifications
of 40, 50 and 60
instantly
available.

17's
Post Free.

Soft Leather Case
I/6 extra.

Descriptive Leaflet P.255 upon
application.

W. F. STANLEY & CO. LTD.
The Largest Makers in the World of Surveying

and Drawing Office Equipment.

286 HIGH HOLBORN, LONDON, W.C.I

WHICH OF THESE IS YOUR PET SUBJECT ?
CIVIL ENGINEERING GROUP.

Specifications. Structural Design.
Road Engineering. Structural Engineering.
Hydraulics. Reinforced Concrete.
Municipal Engineering. Sanitary Engineering.
General Civil Engineering. Geology.

SURVEYING GROUP
Valuations. Surveying and Levelling.
Heating and Ventilating. Building Construction.
Clerk of Works.

COMMERCIAL ENGINEERING GROUP
Salesmanship. Commercial Engineering.
Advertising. Cost Accounts.
Languages.

One of these
A.M.I.C.E.
A.M.I.Struct.E.
Sanitary Inspectors.
A.M.I.H. & V.E.
A.M. I. Mech.E.
A.M.I.P.E.

MECHANICAL ENGINEERING GROUP
Works Management. Heat Engines.
Press Tool Work. Workshop Practice.
Maintenance Engineering. Fitting and Erecting.
Metallurgy. Inspection.
Sheet Metal Work. Ironfounding.
Welding. Pattern Making.
Diesel Engines. Draughtsmanship.
Refrigeration.

WIRELESS GROUP
General Wireless. Talking -Picture
Advanced Wireless. Engineering.
Television. Radio Servicing.

examinations would multiply
A.M.1.W.T.
A.Rad.A.
M. I. M. T.
A.F.R.Ae.S.
B.Sc. Degree.

G.P.O. Supt. of Traffic.
Patent Office Examiner.
Handicrafts Instructor.
Inspector of Factories.
Aircraft Apprentices.

your earnin
Inst. Mun. & Cy. E.
M.R.San.l.
F.S.I.
A.R.I.B.A.
L.I.O.B.
F.A.I.

AUTOMOBILE ENGINEERING GROUP
Garage Management. Claims Assessing.
Electrical Equipment. High-speed Diesels.

ELECTRICAL ENGINEERING GROUP
Traction. Mains Engineering.
Electrical Supply. Telegraphy.
Electrical Meters. Telephony.
Electrical Design. Alternating Currents.
Installations. Neon Lighting.
Electrical Engineering. Power House Design.

AERONAUTICAL ENGINEERING GROUP
Aerial Navigation. Aero Engines.
Aeroplane Design.

g power ! WHICH ONE?
City & Guilds.
A.M. I.Fire.E.
A.M. I.E.E.
A.M.I.A.E.
A.M.I.Ae.E.

London Matriculation.
G.P.O. Prob. Inspector.
Air Navigators

Certificate.
Ground Engineers'

Certificate.

May we send you full particulars of our unique tutorial organisation ? Whatever your requirements
whether you desire a complete course of instruction, or tuition in some specialised subject, our Organisation
is so planned that it will dovetail into your needs exactly.

As an indication of the strength of the B.I.E.T. Tutorial Organisation it should be clearly noted
that we alone guarantee to return full fees to any student who does not pass his chosen
Examination successfully. In short, " If you do not pass, you do not pay."

Send to -day for a free copy of " ENGINEERING OPPORTUNITIES." This valuable 256 -page Guide
shows clearly and definitely the way in which you may carve out a successful career in your chosen branch
of Engineering, irrespective of your age, education or experience. Among a host of other things, it gives
details of all the above -mentioned Courses and shows the easiest way to prepare (in the privacy of your own
home) for any of the recognised Examinations we have listed.

"ENGINEERING OPPORTUNITIES" should most certainly be in your hands. Send for your
copy at once-free of cost or obligation.

BRITISH INSTITUTE of ENGINEERING TECHNOLOGY
410 SHAKESPEARE HOUSE, 29-31 OXFORD STREET, LONDON, W.1
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the 8 -ft. singles worked only from London
to Swindon. We know that west of the
latter place the line is the heavier of the
two sections and includes the incline
through Box Tunnel, but it seems strange
that Gooch should have deemed the singles
incapable of handling the trains over the

I

-7r,l111111,006.-

re -built with 18 -in. cylinders, two of them
were scrapped in 1872 and the remaining

a

1 5 7

if this were so, they were removed from the
bogies and double -leaf springs substituted,
as shown in the drawing. There were axle
boxes both inside and out of the driving
wheel, and similar type springs were fitted
to each, the rods rising upwards from their
cases, being attached to a short equalising
beam over the centre of the wheel, the
beam being pivoted on the brackets carried
out from the boiler.

Gooch's G.W.R. 4-4-0 Class
Reverting to the Great Western Railway,

on which line trains must have_been increas-
ing in weight, we
find that Gooch did
a somewhat peculiar
thing. He built in
1855, ten large eight -
wheeled coupled pas-
senger locomotives,with the 4-4-0
wheel arrangement
named, with one
exception, after the
novels of Sir Walter
Scott. These engines
were put on to work
the trains from Swin-
don to Bristol, and

2 a

SCALE OF peer:
9' 2'

Fig. 16.-Dean's 7 -ft. singles, nos. 157-166, 1879.

western gradients in view of the fact that,
after these coupled engines were scrapped,
the singles worked unassisted through to
Bristol for twenty years prior to the aboli-
tion of the broad gauge, when the weight of
trains had become still heavier.

The four -coupled engines, one of which is
shown in Fig. 15 were splendid machines.
The whole batch was built by Robert
Stephenson & Co. in 1855. They had 7 -ft.
coupled drivers with 4 ft. 3 in. carrying
wheels, which latter were not arranged in a
bogie. The driving wheels, however, were
without flanges. The cylinders were 17 in.
diameter by 24 in. stroke. The heating sur-
face was 1,574 sq. ft. and the grate area
19.2 sq. ft. The weight loaded 36 tons
13i cwt. As will be seen, the frames
extended the whole length of the engine
and were of the sandwich pattern, but
placed inside of the wheels. The foot -
plating and splashers were one unit, and the
face, seen in side elevation, was wholly of
polished brass. Some of these engines were

a'u' --
mace or FEET.

6' 6'

eight ran until 1876. From the few photo-
graphs which appear to be in existence, the
majority seem to have had their name plates
upon the boiler barrel towards the front
enfi, but " Ivanhoe," at least, had the plates
on the firebox as I have shown them.

I am sorry that, chronologically, I have
now to leave a big gap between these
coupled locomotives and the next note-
worthy batch of engines. Strange as it may
seem, nothing new of outstanding size or
power for working passenger traffic was put
upon either the Great Western or any other
rails. I do not wish to imply by this that
no fine engines were designed or built, but
only that on no other line was there any-
thing introduced which exceeded in size,
weight and power the two classes, single -
and four -coupled, which I have described

Fig. 17.-The last broad -gauge engine built," Tornado" 1
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in which Gooch reached his ultimatum.
Many fine examples of locomotive engineer-
ing could be mentioned ; for instance, there
were Johnson's four -coupled bogies on the
Midland, Patrick Sterling's 8 -ft. bogie
singles on the Great Northern, Stroudley's
0-4-2 class on the Brighton line, and
Drummond's 4-4-0 on the North British,
to give only a few, and although my next
drawing shows a class which was perhaps
no larger than the general British practice
of the time, it was certainly well up to the
average, and so I am adhering to the Great
Western Railway.

Dean's 157-166 Class
In 1864 Daniel Gooch ceased his work at

Swindon as locomotive engineer, and was
succeeded by Joseph Armstrong, who re-
mained in the position until 1877, when
William Dean was appointed. Two years
after taking up his duties, that is to say in
1879, Dean designed what has been
described as the handsomest class of engine
which ever ran upon the Great Western
metals. These, ten in all, numbered 157 to
166, were built for the standard 4 ft. 84 in.
gauge, and succeeded somewhat similar
engines which had been designed by Gooch
and built by Sharp, Steward & Co. in 1862.
The whole ten were constructed by the
Great Western themselves at Swindon.
They were of the 2-2-2 type, with 7 -ft.
diameter drivers and 4 -ft. leading and trail-
ing wheels. The cylinders were 18 in. dia-
meter by 24 -in. stroke, and these were sup-
plied with steam from a boiler having
1,214.27 sq. ft. of heating surface, the grate
area being 19'3 sq. ft. Their weight loaded
was 36 tons 3 cwt. As will be seen from the
drawing (Fig. 16), the frames were of the
sandwich pattern, and the open splashers
were polished brass of particularly neat
design. Only one of them bore a name,
No. 162, " Cobham," but it is only right
to say I have heard or read somewhere that
No. 158 was named " Worcester " for a

very short time, the plate being removed
after about two months' running.

So useful were these engines found to be
that they stood re-boilering twice. The
first boiler renewals were of the same type,
but with a dome encased in brass. The
heating surface was increased to 1,328.2
sq. ft. and the grate area to 21 sq. ft. The
second batch of new boilers were placed in
the frames by the late Mr. Churchward
from time to time during the early years of
the present century. These were of the
Belpaire pattern, all domeless and with
safety valves on the boiler barrel except
No. 160, which had a very large -dome and
the safety valve was over the firebox. The
last of them to go to the scrap heap was
No. 165, which ceased work early in 1915.
It was the last locomotive of the 2-2-2
type to run in this country.

These engines worked chiefly between
Paddington and Wolverhampton, and one
of the duties assigned to them on the
opening of the London to Birmingham
direct route was the running of the non-stop
express trains, which for the period were
particularly heavy.

The Last Broad -Gauge Engine
By 1855 the full complement of single

express engines necessary to deal with
Great Western broad -gauge passenger
traffic had been built, and after that date
no new engines were added to the stock
until 1880, but during the years 1876-80
most of them were either re-boilered or
scrapped and renewed. In both the re-
newals and in the re-boilered engines the
heating surface, strangely enough, was
reduced to 1,793.4 sq. ft. In 1880 one
entirely new engine was added, bringing
the total number up to thirty. By 1888
some new boilers were again required, and
this time Mr. Dean increased the heating
surface to a figure never before known in
British locomotive history. Three of the
older engines were scrapped and new ones

took their place, whilst three others were
re-boilered, all with 2,084.7 sq. ft. of area,
with a corresponding increase of grate area
to 24 sq. ft. These figures remained unap-
proached until well into the present century.

Of the three new engines, the very last
to be built in 1888 was the " Tornado,"
which left the Swindon works in July of
the year mentioned. I give a drawing of
this in Fig. 17. The cylinders were of the
same size as those introduced by Gooch,
namely, 18 x 24 in. The boiler diameter
was 4 ft. 10 in. inside, the working pressure
140 lb. per square inch and the weight
41 tons 14 cwt. Only four years after the
construction of these magnificent machines
the broad gauge was abolished, and they,
with their sisters and all the rest of the
other broad -gauge engines, were collected
together on specially laid temporary sidings
at Swindon to await their breaking up.

The reader may find it of interest to com-
pare the outline of the " Tornado," shown
in Fig. 17, with that of the " Lord of the
Isles " in Fig. 13. Here he will see that the
latest of the class was very much modern-
ised, having a cab and a vacuum train
pipe carried through with hose for coupling
up at the front. The boiler was fed by
injectors, the check valves being on the
firebox back plate. The inside frames were
carried right through to the rear buffer
beam instead of terminating at the front
corners of the firebox. All Great Western
engines, as well as, I believe, most on other
lines, after the introduction of the vacuum
brake system on the trains, were fitted with
steam brakes, as shown in Figs. 16 and 17,
probably because the steam cylinder occu-
pied very much less space than would the
vacuum. The driver's valve was arranged
to operate both systems simultaneously.

I believe I am correct in stating that the
three 1888 broad -gauge singles were the last
locomotives built in England fitted with
Gooch's radial valve gear.

(To be continued.)

IN all the developments which are taking
place in aviation, none is more important
than the increases which continue to be

recorded in the volume of letters consigned
by air.

During a recent period of three months,
for which figures have just become available,
there was a growth of nearly 50 per cent. in
air -mail dispatches from this country to
destinations in Africa, India, and the East.
And the air -mail from London to the
Continent, during the same period, showed
a very substantial increase, also.

At the present time, air -mail leaving
London each Saturday for India and the
East is carrying approximately 50,000
etters a week ; while the total outward -
bound by Wednesday's service to Africa
exceeds 30,000 a week, and is increasing
steadily.
The Time Saved

Accelerations on our services now enables
them to show still greater time -savings over
surface transport. Take a few examples
from these quickened schedules. To
Baghdad the air -mail now saves from, three
to four days, as compared with ordinary
dispatch. To Khartoum the saving is
six to nine days. To Cape Town it is eight
days. To Delhi it has become nine days.
To Calcutta and Johannesburg it is ten
days, and to Singapore fourteen days.

Big banking institutions are now expe-
diting more and more of their correspond-
ence by earmarking it for air -mail. It is the
same, too, with many business houses which
have to keep in regular touch with similar
organisations along their Empire routes.
In some cases the bulk of the letter -mail

GROWTH IN THE VOLUME OF
AIR -BORNE MAILS

between certain firms is now scheduled for
air dispatch. Another point emerging, just
recently, is that an increasing amount of
private correspondence is being transmitted
by air along the Empire routes. Home
news is so much fresher when it comes in a
few days by air ; while the homeland
appears so much
closer when you
can send a budget
of overseas tidings
by air, and get a
reply from Eng-
land, in the time
taken in the passage
of a letter in one
direction only by
surface transport.

A Steady Growth
Statistics have

just been prepared
showing how air-
mail loads have
been growing from
year to year. In
1924-25, which was
the first year of
Imperial Airways,
their machines
carried 100,000
letters. A year
later this total
had increased to

200,000, by 1926-27 it was 400,000. In
the following year it had jumped to
approximately 3,000,000. Another twelve
months saw an increase of roughly another
million, and by 1929-30 the total had gone
up to 5,500,000. For the two following
years the increase was at the rate of
approximately 1,000,000 letters a year.
In 1932-33 the total stood at more than
8,000,000. And nowadays they are carry-
ing letters by air at the rate of roughly
12,000,000 a year.

An interesting photograph showing the inside of Prof. Piccard's gondola, in which
he explored the stratosphere.
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THE first craftsmen to discover that
metals could be homogeneously united
were blacksmiths, who centuries ago

found that if two pieces of iron were raised
to red heat in a forge and then beaten
together on an anvil they would become as
one.

This original welding process is still being
practised to -day, but its limitations, of
course, are numerous, and its application is
restricted to the roughest and commonest
work in iron-such as the joining of cart-
wheel rims.

There, in a nutshell, is the early history
of welding, which has sprung from the
village smithy and which is now the best
friend of engineers in almost every industry.
For the layman to obtain a grasp of the
processes which are employed to achieve
such seeming miracles as the repairs which
are shown in the accompanying illustrations,
it is necessary to have an understanding of
the first principles of this new art of metal
surgery. A simple analogy can be quoted
and will help to emphasise the essential
differences between the various means for
uniting metals.

Everyone has seen a chemist sealing a
parcel with sealing wax. He sticks one
piece of paper to another by introducing an
adhesive between them. The sealing wax is
like the ham in a sandwich. The joining of
metals by soldering is a similar process to
the chemist's, and so is brazing. In both
cases there is not unity but mere adhesion,
and the tinman's solder or brazing spelter
may be regarded as nothing more or less
than metallic glue.
The Process of Welding

Welding is a process of an entirely dif-
ferent nature. If the chemist welded the
folds of his parcel he would not use sealing
wax, but paper ! Metal surgery provides
complete unity akin to the healing of a cut
finger or the sett ng of a broken leg.

As a science, welding began when it was
found that oxygen and acetylene, if mixed
together in suitable proportions and ignited,
burned at a temperature of some 2,000° C.
Soon a welding blow -pipe emitting a tiny jet
of this intensely hot flame was introduced
for " burning " pieces of metal together and
for flowing molten metal into cracks. Iden-
tical flames are used to -day, not only for

Fig. I.-The bedplate of a large crane which was
broken when the earth subsided. When salving the
crane one of the winding drum brackets was broken.

THE HEALING OF
WOUNDS IN METAL

MARVELS OF METAL SURGERY
such purposes as this, but for cutting
through armour plating and for many
industrial purposes.

When working with an oxy-acetylene
blow -pipe the operator uses both hands,
holding the blow -pipe in one and the rod of
new metal with which he is " filling " or
" building -up " in the other. The work is
exceedingly fascinating to watch and
appears to be far from difficult. Actually,
however, it calls for extreme delicacy of
touch, and it takes years of experience for
a man to acquire the dexterity which is
necessary for him to be able to work on
intricate or expensive castings.

Electric Welding
In the case of electric welding, ail the

work is done with one hand, the flame

Fig.3.-Not a job for a " ham fisted man." This
is a thickness gauge, measuring in thousandths of

an inch.

required for rendering the metal molten
being in the form of an electric arc struck
from the tip of a fusible rod. In many dis-
tricts this process is employed for joining
tram lines, and the welders, wearing masks
to protect their eyes from the intense glare,
can be seen at work in the streets.

The equipment of an electric welder con-
sists of a heavily -insulated form of handle
which holds a metal rod of identical
analysis to the metal to be united. This
rod is electrically connected to a source of
current, the other terminal being connected
to the part on which the work is being done.

To the lay eye, the welding operation,
whether performed by the acetylene or
electric process, appears in itself to be com-

Fig. 2.-Less than forty-eight hours were required
to repair this crack by scientific yielding. An inex-
pensive repair that was completely successful and

saved the owners a large sum.

plete, but actually it is only one of an
elaborate series of stages through which the
parts have to pass. Reference is now being
made, of course, not to simple butt welds,
like the joining of tramlines, but to repairs
to castings such as those which are seen in
the accompanying illustrations.

Commencing on a Casting
When a damaged casting is first received

at the factory of a specialist welding engi-
neer, it is first inspected by an expert
metallurgist, who determines its precise
analysis and decides on the temperature to
which it must be raised as a whole before
the welding operation begins. This is
vitally important, as the part may be
hopelessly distorted by unequal expansion
and contraction. For the heating, muffle
furnaces of many special types are used, and
in order to permit accurate control of the
temperatures, some of them contain as many
as a thousand gas jets, which can be con-
trolled in ordered groups.

When the temperatures are correct the
welding operation can begin with one expert
operator watching over the general condi-
tion of the " patient " while another heals
the wounds. Sometimes in the course of the
work the casting has to go back many times
into the muffle, and the instant that the last
drop of new metal is flowed on, the return of
the part to the muffle is a matter of para-
mount importance. From this moment the
temperatures have to be most accurately
controlled, or internal stresses would develop
in the casting, leading to the formation of
cracks and all manner of future troubles.

The operators have to possess an almost
intuitional grasp of the characteristics of

Fig. 4.-Even this job did not defeat the skill of
the modern welder. Here is the repaired gauge ;

it functioned perfectly.
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castings, or when a repair was finished, the
part would not be true to its original shape.
Bolt holes would have moved a trifle, faces
would no longer be flat and the housings
for any bearings would have lost their
alignment.

High -Class Craftsmanship
In work of this kind which calls for crafts-

manship of such an exceptionally high
order, it is gratifying to be able to record
that Great Britain leads the world. Nearly
all the most difficult welding
operations are performed within
the sound of Bow Bells, and in
cases where this is impossible,
British engineers frequently
cross the sea to supervise or
execute repairs of a specially
awkward nature.

The saving to industry which scien-
tific welding has made possible is, of
course, incalculable. It is understood
most vividly when a giant piece of
machinery in a busy factory breaks or
develops a crack. Its replacement
might involve the plant being idle for
weeks or months, and the cost might
run into hundreds of pounds. By way
of contrast, if the services of a
specialist welding engineer are called
in, the plant can be working again
in two or three days and the defective
unit will have been not only repaired,
but reinforced in such a way that a
further failure of a like kind cannot pos-
sibly occur.

Here it may be mentioned that the new
welding processes employed for such opera-
tions are available for amateur mechanics

and should certainly be very well worth
their close investigation. They are invalu-
able for saving castings which have been
accidentally damaged, and they can be
employed with complete success for
small simple operations such as filling
blow -holes and rectifying machining
errors.

For work of this kind it is very often
possible to use either a recently invented
low -temperature welding process or a
special metallurgical process evolved for

Figs. 51
and 6.-(Left)
A casting made
of elektron, the
wonderful
magnesium
alloy that is
even lighter in
weight than
aluminium, and
(Right) A recently invented welding
process was employed for the repair of

this casting-with the perfect result shown in the illustration.

such operations as filling scores in engine
cylinders.

Overcoming Difficulties
In mastering the art of accomplishing the

more spectacular feats which scientific
welding permits, almost overwhelming
difficulties have had to be overcome. An

excellent illustration is afforded by the
recent conquest of elektron, the new alloy
which is lighter and stronger 'than alu-
minium and which is coming into wide use
in motor vehicle and aero engine construc-
tion. This metal contains a large proportion
of magnesium, which, as every amateur
photographer knows, is very highly com-
bustible if it is raised to a considerable
temperature. At first it appeared that
elektron would be impoisible to weld
because, before the necessary local tem-

perature was reached, the metal
burned away to ash. After
extensive laboratory research,
however, a flux was discovered
which isolates the molten metal

from the oxygen in the atmo-
sphere, and thus robs it of the
essential element which is needed
to support combustion. Nowadays
costly elektron castings are being
welded every day when they would
have been fit otherwise only for
the scrap heap.
Welding Wonders

Time no doubt will witness new
welding wonders, but at present
they are not in sight, for a stage
has now been reached when there is
no metallurgical repair which defies

the specialist. It is even possible to weld a
new tooth on to a gear -wheel or to cut a
great section out of a giant high-pressure
boiler and replace it with a new piece. Work
of this kind, although impossible a few years
ago, is being done as a matter of everyday
routine, and every job that is undertaken is
carried out under a firm guarantee.

TO tour the freight department at
Croydon at the present time, and to
talk to the experts one finds there, is a

revelation of the growing value of air
transport in all cases where it is urgent
that time should be saved. Not only is air
speed increasing, but the growth in the
number of aircraft flying in and out of
Croydon now enables freight to be handled
even more expeditiously than was the case
some time ago. Take the case of any firm
in London which may ring them tip to say
they have an urgent consignment awaiting
dispatch. The load is collected at once by
one of their airway vans, and brought direct
to the air -port ; after which, thanks to the
many outward -bound services now available
it starts its air journey immediately, and in
a few hours has reached some point hun-
dreds of miles distant across the Channel.
Loads are in Paris in 2k hours, in Cologne
in 3i hours, in Berlin in 4k hours, or in
Zurich in just over 6 hours.

A Wide Network of Routes
Air -freighters from Croydon connect at

stations on the Continent with the departure
of services for destinations still farther
afield ; which means that an increasingly
wide network of routes is now being served.
A consignment which is dispatched from
London in the evening is, for example,
delivered next morning at a point as far off
as Copenhagen.

Almost every kind of load is handled by
air nowadays. The use of their multi-
engined machines, with their big freight
compartments, enables them to deal with
consignments of a size and weight which
would have been impossible not so long ago.
Among loads which figure frequently on
their waybills are urgently -consigned fittings
and spare parts for engineering plants.
Many of these are rushed across to the

WHAT A VISIT TO
CROYDON REVEALS

Continent. Others go for thousands of
miles along our Empire routes. They
furnish convincing examples of time -saving
which is also money -saving, seeing that the
sooner these fittings come to hand the sooner
some piece of machinery can be started
again, and be in profitable operation. So
far as journeys along our Empire routes are
concerned, the use of the air may mean
that, instead of standing idle perhaps for
weeks, a plant can be got going again in a
few days, thanks to the swift arrival by
flying mail of some essential part which has
been cabled for from England.
A Variety of Cargoes

Films, wireless valves, and gramophone
records, and also such articles as urgently -
needed medicines, are often to be found
among their loads. It is not only the speed
of air transport which is so advantageous.
Fragile, easily -damaged goods travel so
much more safely by airway than by any
other means. They need not be packed in
any elaborate or expensive way. They are
handled throughout with special care. Such
savings in the matter of packing, and also
the lower insurance rates which apply to
air -borne goods, are powerful arguments in
favour of the flying routes.

There is a growing tendency among manu-
facturers to send samples by air. This
applies not only to the continental service,
but also to our Empire routes. Samples of the
tobacco and coffee crops now reach London
regularly by air ; while there is a growing
disposition to send gold to London by the air
route from some of the big mines in Africa.

An interesting development in their

freight department is the way in which the
consignment of livestock by air is increasing.
More and more pedigree animals, such as
dogs and cats, are being sent over to the
Continent by airway. There is also an
established and successful traffic in the air
dispatch of day -old chicks from poultry -
farms in England to similar establishments
throughout Europe. Tropical fish, in tanks,
arrive by air from along the Empire routes.
Not long ago they had a crate of live locusts
from Africa, intended for experiments in
this country in the extermination of this
plague by chemical means.
The Transport of Livestock

As a method of transport for livestock
the air is now recognised as being ideal. A
valuable animal of the pedigree type makes
its journey by air in a minimum of time,
while during its period of transport it can
be fed and receive special attention from
the airway staff, arriving at its destination in
a condition which gives it every chance of
success if-as is often the case-it has been
sent to take part in some exhibition or show.

Finally, to summarise the position at the
present time, what may be said is that
freight transport by air now offers an
established and ever-growing facility, aug-
menting dispatch by land or sea in all cases
where time is the chief consideration.
To -day London finds itself linked by air
with some 60,000 miles of continental flying
routes, regular air connections being pro-
vided with 150 cities throughout Europe ;
while their Empire lines now extend for
16,000 miles, with fifty or more stations
dotted along the trunk routes to Africa,
India and the East. And the keynote of
all this service is speed-speed not only in
the air but also in the ground organisation,
so that users of the services may obtain a
maximum of time -saving on every stage of
an aerial journey.
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The " GRAYSON " 3 -IN. BACK -GEARED
SCREW -CUTTING LATHE

£4:5:0
DELIVERY FROM STOCK

SPECIFICATION :
Length between Centres, 121 in. ; Max. Swing -over Saddle, 31 in. ;
Max. Swing -over Gap, 71 in. ; Dia. of Mandril, 1 in. Whit. ; Man-
dril and Tailstock bored I in. clearance ; Centres, No. i Morse ;
Dia. of Face Plate, 61 in. ; Dia. of Catch Plate, 21 in. ; Lead Screw ;
Square Thread, 1 in. by 8 T.P.I. ; 3 -Speed Cone Pulley, 21 in. -
3 in. -3/ in. ; Width of Belt, 1 in.

ACCESSORIES :
3 Jaw Chuck Fitted, 34/-. Foot Wheel, 58 lb., 35/-.
I in. Drill Chuck, 213. Belting, 5d. ft.

Send for our Catalogues FREE

E. GRAY & SON LTD.
18-20 CLERKENWELL ROAD, LONDON, E.C.1
Established 1822. Telephone: Clerkenwell 015512

THE 1\1 EW ADANA AU
HIGHOMATI-SPEED

C

PRINTING MACHINE

FREE ;litahc hei.enrye

100 PAGE BOOK

" 85 WAYS OF
MAKING MONEY

WITH A
PRINTING
MACHINE "

In order to celebrate the
success of the Adana Printing
Machine and to provide the
utmost assistance to all pur-
chasers, it has been decided to
present FREE OF CHARGE a
copy of a 2/6 Book, " 85 Ways
of Making Money," by the well-
known expert, Mr. C. A. H.
Aspinall. With this book, con-
taining over a hundred pages
and fully illustrated, the owner
of the small ADANA printing
outfit has the key to "The
Road of Success."

CASH OR
EASY TERMS

A Real Automatic Machine in every detail
Accurate Metal Diecastings (having a

tensile strength of over 20 Tons) from
costly moulds have made it possible to
market this fine piece of machinery at
this remarkably low price. Nothing has
been spared to produce a smooth -running,
high-class, fast Printing Machine. The

result is wonderful. No words can explain
what fine adjustments can easily be made to
produce a perfect print, and which, once set,
is permanently maintained throughout the
job, as the impression is entirely mechanical.

1,000 COPIES PER HOUR
A thousand copies per hour are easily obtain.
able. Any size of paper, card, or made-up
cartons, etc., can be printed. It is therefore
possible to do an unlimited number of jobs
that are in everyday use. The inking
mechanism is all that can be desired. Standard
printer's type and blocks of all descriptions
can be used as well as line, colour, register
and half -tone work. Adjustable lay gauge is
provided to do away with the necessity of
gauge pins.

MONEY - MAKING POSSIBILITIES
WITH THIS MACHINE ARE

GREATER THAN EVER
Write at once for full Illustrated
Particulars and Samples of Work

D. A. ADANA
(Dept. P.M.7) 17/18 CHURCH STREET

TWICKENHAM
London Dept.:

I Ludgate House, Fleet Street, E.0 4,
Manchester : 60 Oldham Street,

FOR THE STUDENT WHO WILL HAVE

Here is a complete laboratory for the
student, containing 34 different Chemicals,
Bunsen Burner, Rubber Tubing, Tripod and
Gauze, Flask, Test -Tubes, Glass Tubing,
Filters, Test -Tube Brush, Asbestos Paper
and Millboard, Trays, Scoop, Test -Tube
Holder, Corks and a splendid book full
of instructions and experiments.

10/6 each
Other splendid outfits, each complete
with Bunsen Burner, a good supply
of chemicals and apparatus, and a
book of experiments and instruc-
tions, at 2/6, 3/6, 5/-, 7,'6, 15/-,
21/-, 35/-, 63/- and 105/- each.

THE BEST

KAY TELEPHONES
A pair of marvellous House Telephones-full-sized, one-piece

instruments, each 82- in. long-easy to instal-automatic calling-
perfect reception-works off ordinary pocket -lamp batteries ! Each set

complete with two instruments, 30 feet of twin wire, and full instructions.
25/. set

Also other wonderful Telephone Sets at 10/6, 15/6 and 21/- set,

Here is a complete electrical workshop,
containing a wonderful Electric Induction
Coil, a Triple -coil Electric Motor, 2 Bulb
Holders, 2 Fancy Shades, 2 Bulbs, Turn -
screw, Battery Tester, Switch, 3 Coils
cf Wire, Battery Clips, Insulated Staples,
and a splendid book full of instructions
and experiments.

10/6 each
Other complete outfits at 2/-, 3/6,
5/6, 7/6, 12/6, I5/-, 21/, 30/- and

50/- each, the larger ones includ-
ing Dynamotors, Tapper Sets,
Telephones, in addition to Electric

Bells, Induction Coils, Motors
and Lighting Equipment, etc.

Obtainable from all leading Stores, Toyshops, and Sports Shops. If you have any difficulty, please send direct to the manufacturers :

KAY (Sports and Games) LTD., Dept. P.M., PEMBROKE WORKS, LONDON, N.I0
Send for FREE Illustrated Catalogue
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IT is assumed that most model makers
require a good climb followed by a
" flatten out " at the top of the climb,

with no tendency to stall ; a period of
cruising under reduced power, and finally,
the most difficult of all, a good flat glide to
a happy landing. Many models can be
seen performing quite excellently until the
power ceases, when they become erratic in
a fore and aft direction, finishing up their
flight in a series of zooms and dives. This
trouble, of course, is due to the model
having been designed and set so that all is
well when under power. As soon as the
power ceases a new set of conditions and

MODEL AEROPLANE
With a few notes on

These notes on the all-important question of automatic stability of the
subject, but rather, the aim is to discuss the question purely from a
problem will be able to apply the principles given below when

more head resistance, but it allows of a
number of reliable flights at high speed on a
fast model instead of the very occasional
lucky one at a slightly higher speed.

MAIN PLANE AT FIN AREA AT REAR BALANCES DIHEDRAL
CORRECT POSITIVE SIDE AREA AT FRONTJN SIDESLIP
ANGLE OF INCIDENCE. (SEE LATERAL STABILITY.)

THRUST
LINE.

TAILPLANE

C.G. POSITION BELOW THRUST LINE POSITION

Fig. 1.-A high -wing layout.

pressures appear to confound these arrange-
ments. It is essential, therefore, to give
consideration to all the requirements when
designing the model, so that, except for the
alteration in speed of the model, there will
be no other variations occurring, whether
the power is on or off. The model must
therefore be designed so that it is an
excellent glider with no power on. The
power must then be applied so that the
model will travel faster under power, which
will create a greater lift on the mainplane
only, thus making the machine climb. As
the power dies the speed will drop and the
model therefore get into its gliding angle.
Throughout this performance the tailplane
should not be unduly affected by the
propeller's slipstream, and should only come
into violent corrective action when the
model is getting into a dangerous stalling
attitude with nose too high.

Fore and aft stability is dealt with first
in a general sense, followed by three
examples of layouts for a high -wing mono-
plane, a low -wing monoplane, and a biplane,
giving a few tips on a useful method of
laying the fuselage out on paper, followed
by notes on construction.

Lateral stability will then be 'dealt with
in broad terms.

Fore and Mt Stability
It may be said that to obtain stability on

a really fast model aeroplane is more diffi-
cult than in the case of a lighter loaded and
slower model. Thus a racing model aero-
plane is a tricky sort of problem, but a
useful tip, if you desire speed, is to have a
really large tailplane. It may offer a little

LARGER ANGLE OF
INCIDENCE.

THRU
LINE.

So many people produce racing models
with the most delightful little tailplanes,
as in full-sized practice, but I have yet to
see one of these models perform consistently.

They talk about having a large leverage
at the high speeds they require. But in
practice this does not often work. One has
to remember there are intermediate speeds

THRUST
LINE

gone wrong on certain points on lighter
models, and yet got away with it.

Light and Heavy Models
Let me repeat that a fairly lightly loaded

model is easier to make stable than a
heavily loaded and fast model, and if the
model does meet with any obstruction it is
less likely to suffer damage, as its speed is
less, and there is less weight to stop in a
hurry.

It is obviously impossible in one short
article to go into too much detail, so I will
give a simple method of laying out a fuse-
lage design that may appeal to the novice
if not to the expert, and discuss the points
of fore and aft stability.

Assuming that a simple type of rect-
angular fuselage has been decided upon, first
obtain a roll of white kitchen paper and a
roll of waterproof grease paper. Now lay
the white paper on a board long enough
and wide enough to take the full-sized
drawing of the fuselage. Keep the paper
in position on the board by drawing -pins.

Having decided before this the length and
general shape of the fuselage, draw a centre
line lengthwise.

This line will be
the all-important

C.G. POSITION BELOW THRUST LINE.

Fig. 2.-A low -wing layout.

during acceleration and deceleration to be
reckoned with, and without a pilot's
correcting hand. The large tailplane of the
correct type, set in the correct position,
will look after these problems. In the
model aeroplane world, even amongst the
old hands, there is a great divergence of
opinion on many things to do with stability,
and often fierce arguments result.

It will be found that the petrol model is
the most hard to get automatically stable,
chiefly owing to its weight.

To. correct the momentum of a heavy
model sufficiently rapidly to avert trouble
requires more careful attention to the
stability problem.

This type of model, of which I have built
seven, has shown me, in my own opinion,
where I and certain others have sometimes

C.G.PCSMON BELOW THRUST LINE.

LOWER WING AT CONSIDERABLE
POSITIVE STAGGER.

.°WA°18.11
LESSER ANGLE OF INCIDENCE.

Fig. 3.-A:biplane layout yielding good stability.

TAILPLANE

TAILPLANE

thrust line that we are going to base all our
design around-whether the model be High -
wing, Low -wing or Biplane, Tractor or
Pusher.

The propeller spindle in the case of the
rubber -driven model, or the crankshaft of the
petrol model, must be a prolongation of the
forward end of this line, whilst the tailplane
leading edge and trailing edge should cut
the line (see Fig. 1).

Whether the power is on or off, there
should be no violent difference in effect on
the tailplane set in this manner. But
should the tailplane be tilted up at the rear,
or locate it below the thrust line, i.e., give
it a negative angle of incidence to the thrust
line, when the power is on a considerable
force from the propeller slipstream will
strike the top surface and tend to push the
tailplane down. As the power dies away
when the rubber fades or the petrol motor
is switched off in the air, this thrust will
also cease, and the tail will naturally rise
and so get the model into a dive.

Now take the reverse position, i.e., with
the tail at a positive angle to this thrust line.
The propeller slipstream strikes the under -
surface when in flight and forces the tail up.
The mainplane has therefore to be located
further forward of the centre of gravity
position in order to prevent a dive.

The model then flies nicely after this
adjustment, but as soon as the power is cut
off the force under the tail ceases and the
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STABILITY EXPLAINED
design and construction
model aeroplane are not meant to be an exhaustive treatise on the
practical point of view, so that anyone not quite conversant with the
designing his models By Capt. C. E. BOWDEN
tail drops, with the result that the nose
comes up, still further accelerated by the
fact that the mainplane is ahead of the
centre of gravity position.

REFLEX
TRAILING EDGE

of his favourite negative angle on the tail-
plane by requesting him to place his tail-
plane with leading edge and trailing edge
along the thrust line-or shall we say centre

CONCAVE
UNDER SUIRVACE

Figs. 4 and 5.-(LeJi) R.A.F. wing section which is stable but fast. (Right)
Stable slow flying type of wing section should be flown at considerable angle of

incidence.

There is a glorious stall, the model dives
to regain flying speed, builds up speed,
stalls and repeats the process all over again,
each stall and dive becoming more heart-
rending, until, generally in the middle of the
most spectacular dive, it crashes.

Anyone who has watched model aero-
planes flying has seen many models carry out

the above sequence
of events through

IA

In the case of the biplane (see Fig. 3)
the top wing should be at about the same
angle of incidence to the thrust line as in
the case of the high -wing monoplane, i.e.,
between 3 to 5 degrees, provided the wing
is not placed too high above the thrust line.

The bottom wing should be at a slightly
lesser angle, but set a considerable positive
stagger.

This positive stagger will mean that the
bottom wing is itself acting as a large tail-
plane at a slight negative angle of incidence.
The tailplane will then merely assist matters.

This setting of the two planes at different
angles of incidence is called decalage. As

line of our drawing of the C.G. POSITION
fuselage-I will relieve his Fig. 6.-Showing the thrust line A.A. which is stable and B.B.
mind by suggesting and re- which is unstable.
minding him that he gets his flying V by
putting the necessary angle of positive inci-
dence to his mainplane, or mainplanes in
the case of a biplane, to this centre line.

He now has his " flying V " and his tail-
plane floating out astern and acting as a
corrector. The faster the model flies due

AIR STRIKING REAR FIN ONLY
DIRECTION OF "'T.,. STOPS SIDE SLIP AT TAIL
SIDESLIP.

C.G. POSITION.

Fig. 7.-Sideslip with rear fin only.

NOSE CONTINUES TO SIDESLIP
AS THERE IS LITTLE SIDE AREA
FORWARD ABOVE C.G. POSITION

the reasons already outlined. To design a
heavy petrol model and allow it to perform
in this way is a sheer waste of time. One
flight, and there is little that remains of the
model that is worth further consideration.
The V Angle

Most readers will know that it is necessary
to have a V angle made between main -

plane and tailplane, in order to get fore and
aft stability, and many newcomers to the
hobby have merely been told that this
V angle is obtained by giving the tailplane
a negative angle of incidence. I hope I
have now made it clear that the V angle is
required, but that to obtain a satisfactory
glide after the power is off there must be
no negative angle of the tailplane to the
thrust line, but that the negative angle is
obtained in relation to the mainplane, which
is set at a positive angle to the thrust line.

This flying V fore and aft works in
somewhat the same way fore and aft as
the V angle or dihedral angle does in a
lateral direction.

Now having robbed the budding designer

4

DIRECTION OF
SIDESLIP

Fig. 9.-How sideslip is
arrested by dihedral angle

and rear fin.

AIR

to the power, the greater will be the lifting
effect on the mainplane set at its positive
angle of incidence ; and so we get our
climb (see Fig. 1).

A High -wing Monoplane
In the case of a high -wing monoplane,

DIRECTION OF
SIDESLIP.

C.G. POSITION.

B

a matter of interest, a biplane can be made
to fly without a tailplane if this system is
adopted and a sufficiently large positive
stagger is provided. By a positive stagger
I mean the placing of the lower wing
further back along the fuselage than the
top wing. Many people recommend the
reverse-that is to say, a smaller angle of
incidence on the top plane and a greater on
the bottom. They neglect, however, to use
the positive stagger.

Those who have had uncertain results
with biplanes should try the method I have
outlined above.

At one period I had the biplane complex
and built practically nothing else, because
they were alleged to be so difficult. Cer-
tainly, owing to their extra head resistance,
the model rubber -driven biplane is not so
good on duration, and I was proud of a
66 seconds flight in an S.M.A.E. competition
in the early days of the balsa model some
years ago with a biplane. One seldom gets
as good durations during competitions as
outside competition work.

The petrol model of course does not

AIR STRIKING
REAR FIN (WHITE )
AIR STRIKING
FRONT FIN (BLACK)

this positive angle of incidence of the main-

plane will not require to be so great as in
the case of a low -wing monoplane, but
varies rather according to the wing section
used.

STRIKING AREA ABOVE C.G.

-0E-AIR STRIKING REAR FIN

8
C.G. POSITION

ARRESTS SIDESLIP
& TURNS MACHINE
ON TO EVEN KEEL
AS FINS ARE ABOVE
C.G. POSITION.

Fig. 8.-Sideslip occurs
when both front and rear

fins are fitted.

suffer from this disability of limited dura-
tion of power.

On Plane Construction
Now, having drawn the side elevation of

the fuselage on our white paper and board,
as in Figs. 1, 2 and 3, according to type of
model required, put a piece of the grease-
proof paper, previously mentioned, over
the whole to prevent glue sticking to the
drawing. It will then be a simple matter
to put in pins along the longeron lines to
keep the longerons in the desired position
whilst they set, after steaming over the
spout of a kettle. The following day the
uprights and formers can be stuck in
position. Having made up both sides of
the fuselage in this way, one is assured of the
correct placing of the nosepiece, thrust line
and tailplane position, and also the correct
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angle of incidences where the wings meet
the fuselage on top or bottom, or both.
The fore and aft stability should therefore
be assured. The mainplanes should be
set so that the centre of gravity position
of the model is located at about one-third
of the chord of the mainplane from the
leading edge.

The model should, when completed, glide
well with these settings, but if under power
it climbs rather too steeply, then a certain
amount of down thrust should be given by
tilting the engine shaft slightly downwards.
Do not alter the tailplane. It now remains
to consider the areas of surfaces and types
of wing and tailplane sections to be used.

With regard to areas, this is a question
which depends upon the speed required
from the model. But it should be remem-
bered that it is desirable to keep the leading
edge of the tailplane at least one and a half
times the chord at the root of the mainplane,
from the trailing edge of the mainplane.
Furthermore, a really large tailplane makes
for stability, the only disadvantage of a
large tailplane being the added head resist-
ance offered. Therefore a happy mean has
to be struck ; but it is advisable to err on
the large size, particularly in the case of
the petrol model, which, owing to its weight,
is slower to react to
righting efforts. FORWARD

The Mainpiane
Section

With regard to the
mainplane section, it
is important to use
a stable type in itself,
even if the designer's
intention is a fast
model. To put the
matter very broadly,
the R.A.F. 34 Sec-
tion, or modifications
of it, with its reflex
trailing edge, is a
stable but rather
fast section (see Fig.
4). If a slower sec-
tion is desired that
is also stable, the
old-fashioned con -

SIDE AR

cave undersurfaced wing section, but rather
thick in front and thin behind, is excellent.

'The centre of pressure does not move
much in this type of wing section. The
section has to be flown at a considerable
angle of incidence, however, and for certain
types of model offers a lot of head resistance
(see Fig. 5).

This matter of head resistance does not
matter in the case of a petrol model. In
fact it is an advantage, as it all helps
towards the valuable property of slow
flying and landing speeds.

A compromise can be made between the
two sections for a high performance duration
rubber model. However, I am chiefly con-
cerned here in the matter of stability, and
will therefore not labour the question of
drag too much.

For really good stability fore and aft, it
is certain that a good stable -wing section,
where the centre of pressure does not alter
much at different angles of attack, is a
great advantage.

The Tailplane
Having tried out all kinds of tailplane, I

definitely favour, for most purposes, what
is known as the " lifting " tailplane, but
set, as I have already explained, in a posi-
tion so that it does not really lift, more
than float out behind, until the model gets
its nose well into a stalling attitude. The
cambered surface of the " lifting " tail-
plane then obtains lift by finding itself

flying at a greater positive angle of incidence.
This lift then brings up the tailplane and

thus restores the model to an even keel
and reduces the unduly large positive angle
of incidence on the mainplane that has now
arrived at the " burbling point " where the
air flow is breaking down.

I usually use a thinnish cambered section
with concave undersurface for the tail-
plane. This combination, when double
surfaced, does not produce undue head
resistance, and has the merit of acting as a
corrective quickly.

-Before we leave the practical side of fore
and aft stability to tackle lateral stability,
it is worth examining the effect of thrust -
line position in relation to the centre of
gravity.

It has been found that the higher the
line of thrust is located in relation to the
centre of gravity, the greater the longitu-
dinal stability of the model.

This can easily be worked out theoreti-
cally, but space forbids here. Nevertheless,
it is an important point to remember when
designing a model, and particularly so in
the case of a low -wing model.

Fig. 6 shows, firstly, the thrust line
marked A.A. higher than the centre of
gravity, which is stable. In the second

EA ABOVE C.G.
REAR SIDE A

Fig. I0.-How the for-
ward side area is ob.

C.G. POSITION. tamed by dihedral angle.

case, the thrust line marked B.B. is below
the centre of gravity and is not stable, and
when the machine noses upwards the thrust
tends to aggravate matters towards a stall.

It will be noticed that in Figs. 1, 2 and
3 the centre of gravity position is shown in
all cases below the thrust line.
Lateral Stability

This is, strangely enough, somewhat inter-
connected with longitudinal stability. For
one must remember that when an aeroplane
banks at over an angle of 45 degrees the
controls become reversed ; that is to say,
the elevator becomes the rudder and the
rudder becomes the elevator.

This is easily understood if a model is
held in the hand on a bank of over 45
degrees. The rudder will now be seen to
be nearly horizontal instead of vertical, and
it is in practically the same position as the
elevator was when the machine was on an
even keel. It will be obvious that to push
the rudder up in this position will depress
the tail of the machine, whereas to push
the rudder down will force the tail up and
the nose down. In the case of a turn to
the left with a bank of over 45 degrees it
will also be clear that the elevator must be
pulled up so that it forces the nose of the
machine to the left and tail away. The
turn really becomes a sideways loop if
continued for a complete turn.

This little matter of reversal of controls
often defeats the young pilot at the begin-
ning of his flying training. But once one
has been through the mill on full-sized
machines many curious effects that take
place with models when in a steep bank will
be clear.

REA_ ABOVE C.G.
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However, it is advisable to design a
model so that it will quickly come out of a
vertical bank should it inadvertently get
there. I do not recommend the use of this
method on the " Kanga," which was de-
scribed on page 506 of last month's issue.

To ensure that a model recovers from a
sideslip after excessive bank it is necessary
to design the model with the correct side
areas, both fore and aft above the centre of
gravity.

Reference to Fig. 7 should make it clear
that when a model without any side area
forward gets into a bank it will sideslip
inwards and downwards. The air will
strike the fin at the rear, which will tend
to push the tail upwards, whilst the nose
will continue to sideslip inwards, thus
getting the machine into a spin.

Now look at Fig. 8. In this case the
model has a fin, both at the rear and at the
frimt, above the centre of gravity.

As the model sideslips inwards the air
strikes both rear and front fin, which are
so proportioned as to balance each other.
As these fins are above the centre of gravity,
the model is arrested in its sideslip and at
the same time pushed over on to an even
keel.

The model shown in Fig. 9 has instead
of a front fin a
" dihedral angle,"
which offers a side
area forward over the
centre of gravity in
lieu of a front fin.

It will be observed
that the wing A offers
a considerable for-
ward side area to the
air when the model
is sideslipping in-
wards. This side
area is above the
centre of gravity, and

so pushes the machine on to an even
keel. The rear fin does the same thing for
the tail end of the machine. In the case
of the low -wing model aeroplane this
dihedral angle must be greater in order to
obtain a side area showing above the centre
of gravity.

Fig. 10 should explain how the forward
aide area is obtained by a dihedral angle.

When arranging for correct side areas
fore and aft to balance each other, the
side areas of the fuselage must, of course,
be taken into account.

To prove this theory, let any reader not
conversant with it construct a paper glider
with no dihedral, but with a rear fin only.
The glider will easily spin and have no
lateral stability. Now either add a front
fin to balance the rear fin or sufficient
dihedral on the mainplane to get the same
effect, and he will notice how the model
at once becomes stable laterally and refuses
to spin.

A FINE HANDBOOK ON

Model Aircraft
"Model Aeroplanes
and Airships " by

F. J. Camm
96 pages. 120 Illustrations.

Obtainable from all newsagents Prite 1/ -
or from Messrs. George Newnes Ltd.,
8-11 Southampton St., Strand, W.C.2,

for 1/2 post free.
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LIQUEFYING GASES
For the amateur chemical experimenter there is hardly a field of work of more absorbing
interest than that represented by the liquefaction of gases. Using merely common-sense
precautions, quite a number of gases may be liquefied with the simplest of apparatus and by
the easiest of means. What is more, the gases so liquefied can be preserved as specimens

quite indefinitely.

Fig. 1.-Apparatus for the liquefaction of sulphur
dioxide.

LL gases, as the reader no doubt will
be well aware, can be liquefied by the
application of cold and pressure.

Every gas has what is known as a " critical
temperature," above which no amount of
pressure will cause it to liquefy. The critical
temperatures of the gases enumerated in
this article, however, are all well above the
normal everyday temperatures of a room.
Hence the existence of these critical tem-
peratures will not bother the experimenter
in his gaseous liquefactions.

One of the easiest gases to liquefy is
sulphur dioxide, SO2, a gas formed in large
q uwAti Lies when sulphur burns in air or
oxygen. Sulphur dioxide is a colourless gas
which possesses the smell of burning sulphur.
The gas is not inflammable, and, owing to
its sulphurous character it is sometimes
used as a fumigant and disinfectant. Sul-
phur dioxide is also generated when hot con-
centrated sulphuric acid is allowed to act on
metallic copper. This is the manner in
which the gas is best prepared for liquefac-
tion purposes.

Sulphur Dioxide
Obtain a length-about 18 in. or 2 ft.-

of stout -walled glass tubing of about k -in.
bore and seal up one end of this tubing in a
bunsen or spirit -lamp flame. Cut up several
inched of thin bare copper wire into small
pieces and slide these down to the bottom
of the tube. Now pour concentrated sul-
phuric acid down the tube so that the
copper therein is covered, and take a tuft of
cotton wool hooked on a piece of wire, and
pass this down the side of the tube so that
it may absorb and wipe away the sulphuric
acid from the sides of the tube. Then, by
means of a " batswing " gas flame, make
two acute bends in the tube, taking care not
to allow the sulphuric acid to flow along the
tube.

The tube will now have two limbs, as
shown in the photograph, Fig. 1. Keeping
the tube in an upright position, hold the
empty limb in a gas flame until the glass
softens. Then carefully draw down the
lower end of the empty limb so that it
forms a narrow neck. Finally, seal up the
open lower end of the empty limb, and the
apparatus for liquefying sulphur dioxide
will now be ready for use.

Clamp the tube firmly by some means,

and, if possible, place around the empty
limb of the tube a vessel containing melting
ice or some other freezing mixture. If these
are unobtainable, however, cold water will
suffice, although the gas is much more easily
liquefied and sealed off if this collecting limb
of the tube is immersed in ice. Place a
vessel of warm water around the tube limb
which contains the copper and concentrated
sulphuric acid. Almost immediately the
chemical action will commence. If the sul-
phuric acid in the tube limb tends to froth
up, remove the vessel of water for a time.
If, on the other hand, the chemical action
proceeds too slowly, increase the heat of the
water until it reaches boiling point.

Sealing the Tube
Within a few minutes the pressure of the

sulphur dioxide generated within the tube
will cause it to liquefy and to collect as a
clear, limpid, highly -refracting liquid in the
receiving limb of the tube. This should now
be cooled as strongly as possible and finally
sealed off at the narrow drawn-out neck.
Take care to make a good seal in a gas
flame, rounding the seal off neatly so that
there will be no danger of it breaking off
afterwards. Your specimen of liquid sulphur
dioxide will now be a permanent one-so
long as the tube remains unbroken. At 0°
Centigrade, sulphur dioxide liquefies at a
pressure of 1.5 atmospheres ; at ordinary
temperatures the gas liquefies at about 4
atmospheres pressure. This latter, there-
fore, is the internal pressure within the
specimen tube of liquid sulphur dioxide
after it has been finally sealed off and
allowed to return to normal temperatures.

The above experiment is quite a safe one
because ordinary glass tubing is capable of
standing pressures considerably above this
limit. To be absolutely safe, however, it is

WIDE NECKED
BOTTLE OR JAR
TIGHTLY

CORKED.

EGGCUP
HALF FULL

OF SILVER -
CHLORIDE

4m LAYER OF
COMMERCIAL

LIQUID
AMMONIA

Fig. 2.-Illustrating the preparation of the silver
chloride -ammonia absorption used for the generation of

wnmonia gas in the sealed liquefaction tube.

always best to interpose a piece of wire
gauze between the gas -liquefying apparatus
and yourself during the experiment, just in
case the tube should burst. This precaution
should be taken in all gas liquefying experi-
ments of this description.

Liquefied Chlorine
Chlorine is another gas which can be

liquefied by the home experimenter,
although, in this instance, the pressure
required is higher. The apparatus neces-

LIQUIFIED
AMMONIA GAS

Fig. 3.-Showing bent
glass tube in which the
liquefaction of ,am-
monia gas can be

effected.

LOOSE PLUG
OF WIRE OR

GAUZE.

AMMON IA -
SATURATED

SILVER -CHLORIDE
PREPARED AS
SHOWN IN FIG 2

sary is exactly
similar to that re-
quired for the
liquefaction of
sulphur dioxide. In the
gas -generating limb i s
placed either a mixture
of manganese dioxide and strong hydro-
chloric acid or a mixture of potassium
dichromate and strong hydrochloric acid.
On the application of heat to the liquid hi
the tube, chlorine gas is evolved and in due
course it will liquefy in the receiving limb
of the tube. In this instance, however, the
receiving limb must be surrounded by a
freezing mixture of ice and salt, and it must
be retained therein until the limb has been
finally sealed off.

Chlorine is a yellow -green gas with a
characteristic choking smell. It was,
indeed, the first of the stiffocating gases
used in the Great War in April, 1915. Pre-
pared in small quantities, of course, it is
harmless. At 0° Centigrade, chlorine takes
a pressure of 6 atmospheres to liquefy it,
this pressure being correspondingly in-
creased at normal temperatures. Hence,
care should be taken to effect its liquefac-
tion only in stout -walled glass tubing. The
sealing off of the specimen of liquid chlorine
must be effected while the limb of the tube
containing it is immersed in an ice and salt
freezing mixture.

Liquid Ammonia
What is usually known as " liquid

ammonia " is, of course, merely a solution
of ammonia gas in water. Ammonia gas,
however, can be liquefied by the application
of pressure in quite a simple manner. Place
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in one limb of a stout glass tube, shaped
similarly to the ones described above, a
mixture of sal -ammoniac (ammonium
chloride), ammonium sulphate, or any
other ammonium salt and slaked lime. Heat
this mixture in the tube very gently, having
the other limb of the tube immersed in ice
cold' water:- --The ammonia gas generated
will condense to a liquid in the cold limb of
the tube, whereupon it can be sealed off in
the usual manner.

Another way of liquefying ammonia is to
make up a small quantity of a strong solu-
tion of silver nitrate and add to it an equal
amount of a similarly strong solution of
common salt. A white mass of silver chloride
will be formed immediately. This should be
filtered off carefully, washed with cold
water and dried.
Silver Chloride

Silver chloride has the remarkable pro-
perty of absorbing comparatively large
volumes of ammonia gas, forming the com-
pound, AgC13N112. Fill an egg cup half
full with dry silver chloride and stand it on
the bottom of a large stoppered or corked
bottle or jar containing at the bottom about
+-in. depth of ordinary commercial " liquid
ammonia." Allow the silver chloride to
remain in contact with the ammonia fumes
for about a week, stirring it every day so as
to expose a fresh surface. After the lapse
of this time it will have absorbed a good deal
of the ammonia gas.

Now pack the ammonia -saturated silver
chloride so prepared into one limb of a
stout glass tube fashioned roughly into the
shape of a " U." Place the empty limb of
the " U "-tube in cold water and the limb
containing the silver chloride in warm
water. The heat will drive off the ammonia
from the silver chloride, and, under the
influence of the pressure generated within
the tube, it will condense to a liquid in the

Fig. 4.-Apparatus for
the preparation and
liquefaction of nitrosyl

chloride gas.

and allowed to cool down, the silver salt will
again absorb the ammonia, thus causing the
liquefied gas to disappear from the other
limb of the tube. This backwards and for-
wards passage of the ammonia from the
state of absorption in the silver chloride to
the state of liquefaction in the opposite limb
of the tube can be thus carried out an inde-
finite number of times. It is best to place a
small plug of fine wire gauze in the tube
just above the silver chloride in order to
avoid the possibility of loose particles of
the material getting into the opposite limb
of the tube.

Liquefied ammonia is colourless, mobile
and highly refracting. At a temperature of
0° Centigrade it liquefies at a pressure of
approximately 4 atmospheres. At normal
temperatures its liquefaction pressure is just
under 7 atmospheres.

There are a number of other gases which
are easily liquefiable in glass tubes on lines
similar to the above. Cyanogen, prepared
by heating mercury cyanide, is one of these.
Another is carbonyl chloride or phosgene.
Such gases, however, ought never to be
experimented with under home conditions,
for they are excessively poisonous.

An Interesting Gas
Sulphuretted hydrogen, H2S, is an in-

teresting gas to liquefy. It is best generated
for this purpose by heating antimony tri
sulphide with strong hydrochloric acid.
Care should be taken, however, to use
strong glass tube for the liquefaction of the
gas, and to immerse the receiving limb of
the tube in a strong freezing mixture. Also
no attempt should be made to seal off the
limb of the tube in which the liquefied gas

MIXTURE 3 PARTS
STRONG HYDRO-
CHLORIC ACID AND
I PART STRONG NITRIC

ACID

PAN OF
WARM
WATER.,

NOT HOT)

WIDE NECKED BOTTLE
STANDING IN COLD WATER,TO
CONDENSE ANY ACID VAPOUR,
WHICH MAY DISTIL OVER.

U TUBE IN WHICH
NITROSYL CHLORIDE CONDENSES
TO A LIQUID THE TUBE IS IMMERSED
IN MELTING ICE

opposite limb of the tube. As soon as the collects. At normal temperatures the gas
limb of the tube containing the silver remains liquid under a pressure of 16 at -
chloride is withdrawn from the warm water mospheres. A good glass tube will stand

this pressure, but under these conditions it
will not permit of a seal being made to it.

It may be men-
tioned that the
red gas generated
by the action of
nitric acid
on copper
will condense
to an orange
liquid when a
stream of it
mixed with
air is passed
through a
" U "-tube
immerse d

Fig. 5.-A tube
containing lique-

fied chlorine.

inice water. The nitr c acid and copper gener-
ate nitric oxide, NO, a colourless gas which,
when mixed with air or oxygen, is converted
into nitrogen peroxide, NO2 (or N504),
which condenses to an orange liquid. This
liquid boils just above normal temperatures.
Hence, perhaps, it just escapes being cor-
rectly termed a " liquefied gas," such a term
being applied more exclusively to con-
densed gases which boil below normal
temperatures.

Nitrosyl Chloride
Finally, there is rutrosyl chloride, NOC1,

an orange -yellow gas which is best prepared
by gently warming a mixture of strong
nitric and hydrochloric acids. Passed
through a " U ''-tube immersed in a mixture
of ice and salt, this gas will condense to an
orange liquid. It may then be quickly
poured into a dry thick-walled glass tube,
the upper end of which can subsequently be
sealed off. Nitrosyl chloride, at ordinary
pressures, boils at - 8° C.

In preserving samples of liquefied gases in
stout glass tubes it is best, as a precaution,
to make a tightly -fitting " cage " of copper
wire to surround the tube on the same prin-
ciple as the wire wrappings are applied to
some soda water syphons. This will prevent
any flying pieces of glass in the rare event of
the tube bursting owing to its inward
pressure.

WILL MY SET WORK A TELEVISOR ?

SEE

"PRACTICAL TELEVISION"

No. I OUT TO -DAY PRICE 6d.
FROM ALL NEWSAGENTS.

Covers every branch of television.

ORDER YOUR COPY NOW

THE advantages of keeping in touch with
civilisation while surveying uncharted

land and sea in the Polar regions are too
obvious to need description. Equally obvious
is the fact that when the medium of com-
munication is wireless, the equipment
must be of the most reliable and sturdy
typeIt.

says much, therefore, for the confid-
ence placed in the productions of the
G.E.C. that one of the Company's radio
receivers has been selected by those

THE BRITISH GRAHAM
LAND EXPEDITION

responsible for the organisation of the
British Graham Land Expedition, which is
shortly embarking, with the support of the
British Government and the Royal Geo-
graphical Society, on a cruise covering
approximately 1,500 miles of unsurveyed

coast line at the back of the Weddell Sea
in the Antarctic. A G.E.C. superhetero-
dyne battery receiver will be the sole means
by which the Expedition will be able to
keep abreast of world progress during the
two and a half years it is engaged in its
momentous task. The Expedition is
taking with it an aeroplane, which will
be piloted by the leader of the party
of fourteen men, Mr. J. Rymill, a mem-
ber of the Watkins Arctic Air Route
Expedition.
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A NOVEL BENCH GRINDER

THE bench grinder illustrated in Fig. 1
will be found a very useful addition to
the mechanic's tool -room, and as it

consists almost entirely of cycle parts, the
cost of construction is very low. The whole
assembly is built round the bottom bracket
of a bicycle frame, the two tubes which
normally run to the axle of the back wheel
forming the front pillars of the grinder, with
the tube to the saddle arranged as a back
support.

The whole of the ball -bearing assembly is
retained, the crank spindle being threaded
at each end for attachment of the emery
wheel and the driving pulley. By means of
the adjustable ball races, the wheel can be
run at high speed without rocking and with
a very minimum of friction.

The local cycle dealer will no doubt be
able to supply the demand for the parts
required. If the complete frame can be
purchased, so much the better.

The tubes forming the front supports are
cut off 6 in. from the bottom bracket and
the saddle tube left 10 in. long. The front

Fig. I.-The finished bench grinder.

down tube of the frame is not required. It
can be cut off short to the bracket and a
cork fitted to form an inspection cover and
a means for oiling.

Now remove the cranks and then the
cotters which retain the cups of the ball
races. Place a shallow tray under the
bracket when unscrewing the cups to catch
the balls as they fall out. Clean the spindle
and have it turned and threaded. The wheel
turns in an anti -clockwise direction when
viewed from the right side in Fig. 1, so that
both spindle ends must have right-hand
threads to prevent unturning the nuts.

Great care must be taken to. avoid
splitting the tubes when flattening and
bending the ends to form the feet. Make
each end in turn red hot and squeeze it
steadily in a vice. Repeat the heating as
the tube cools. A flat of about 14 in. long
is required. After bending, which should
also be done hot, the edges are filed off and
fixing holes drilled. The back pillar may
require a double bend, so that all feet will
rest flat on the bench.

The driving pulley can be made from hard
wood to suit individual requirements. Two
rings of -in. brass, each of 3 in. diameter,
are clamped on either side of the emery
wheel, which is of 8 -in. diameter and in.
thick. An adjustable rest can be made
very simply by bolting an iron support, suit-
ably bent, across the two front pillars and
clamping it with a smaller plate at the back.

The idea could be adapted equally well
for a small circular saw, polishing head, or
other use where low -power drive is required.

A MASSIVE
FOUNDATION

VA
THE SCIENTIFIC

I/ALT/IE

BRITISH

Hivac use only the highest quality
glass obtainable, because soft"
glass will not stand up to and re-
tain the " hard " vacuum essential
to high efficiency and consistent
characteristics.

MADE The Broad " pinch " allows greater
spacing of lead -out wires, thereby
reducing inter -electrode effects.

HIVAC SPECIFIED FOR THE

"P.M."TABLEG RAM
ACJHL - - - - 9/6
AC/VP - - - - 13/6
AC/Y - - - - 15/6

Obtainable from all Curry's
branches & high-class dealers

BATTERY
TYPES
FROM

MAINS
TYPES
FROM

319

916
HIVAC 1935 VALVE GUIDE
& COMPARATIVE TABLE
" E " FREE ON REQUEST

STAND 21 OLYMPIA

ESSENTIAL
TO STRENGTH

BRITISH MADE by
High Vacuum Valve Co. Ltd., 113-117 Farringdon Road, London, E.C.I

SILVER -SOLDERING & BRAZING

B1.001T-
Stir-BLOWING BLOWPIPE
WORKS FROM ANY
OAS TUBE -AT HOME -
IN THE GARAGE -
Om WORKSHO

tit EN !NEMO
METAL WORKERS  PLUMBERS
TOOL MAICERSCOPPERSMITHS 
GARAGE MEN  RADIO WORKERS.

AS SUPPUM rt7 M.M.GOO--RAILWAY cm,-

i.f.A0live CAR AIVRS (A0tis-wwCt Se)
CORAORATION3 -TECHNICAL wartrunoms-,

SEND FOR ONE NOW!
NO BELLOWS REQUIRED

This wonderful Blowpipe operates on the ordinary House
Gas by small flexible tube, anyone can Silver -Solder or Braze
with it. Thousands satisfied. Prices including Blowpipe,
Silver -Solder, Brazing Wire and instructions:
Send for Free Lie. 12,6, 7/6, 6/. post free.
L B. BOARDMAN, 2 Badly Pl., London, W.I. Mayfair 1192.

ELECTRADIX Home
Broadcasting Microphones

The "P.M." TABLE RADIO MIKE
Improved pedestal model, bakelite
case, containing high -ratio 15/_
transformer.
Write for special mike instruction
leaflet "A." We make 25 types of
microphone for all purposes.
CROONERS.-Lapel Mike3 for dance
bands. America, mule', 12/11.

" P.IYI." Typo
15/ -

For 1,000 other Bargains, send rid. stamp for New
Illustrated Sale List " P.M." State your requirements.

ELECTRADIX RADIOS
218 Upper Thames St., E.C.4. '/'hone: Contra! 4611.

MORSE KEYS.
We have the biggest range of Wire-
less Keys in the country. 52 models,
from 4/13 to 30/-. Ask for special
illustrated Key List " P.M.," invalu-
able to transmitters and testers.

MilM62111111L10111.
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Heayberd
Mains Compo-

nenta have been chosen
once more. " Practical
Mechanics" Technicians re-
quired a Transformer and
Choke for their latest set-
the " Tablegram "-and they

decided to rely once again on the products of MAINS
SPECIALISTS-HEAYBRRD. When building this set,
be sure you follow the advice of the designers.

Model W.3I Transformer - Price 29/-
Model 751 Smoothing Choke 12/6

Fill in the coupon below, enclose Scl. in stamps and post
N u W for copy of NEW 1931 RADIO HAN DBOuK describ-
ing the wide range of mains apparatus manufactured by us.

Mr

P.M.

F. C. HEAYBERO & CO.

10 FINSBURY STREET

LONDON, E.C.2

YOUR
OLD WATCH
TAKEN IN PART
EXCHANGE

GUARANTEED 7 YEARS
AGAINST BREAKAGES

Made by the suppliers to IMPERIAL
AIRWAYS & AIR MINISTRY CON-
TRACTORS.
The Ideal watch for bard wear, it can be
warn without fear of damage whilst at
work, or when camping or swimming!
Impervious to any climate. Floating non-
magnetic jewelled movement, shock, vibra-
tion, dust and sand proof.
Each watch time tested under water.
Chromium patent gland case, 24 hr. dial,
leather strap. Cash price 59/8, chromium
adjustable bracelet 5/- extra, luminous dial
2/6 extra.

Ar, THE ORIGINAL

()rap a ne
SPECIALLY BUILT FOR USE
UNDER ALL CONDITIONS

Bend your order to -day, or write for latEli
Catalogue of 75 models from 25/,

G. & M: LANE & CO: Ltd:,
Dept. P.M.1, 24-28 Ludgate Hill, London, E.C.4.

Club Reports for inclusion in this feature should not
exceed 250 words in length, and should be received not
later than the 12th of each month for inclusion in the
subsequent month's issue.

THE MALDEN SOCIETY OF MODEL AND
EXPERIMENTAL ENGINEERS

THE above Society would like to get into touch with
readers residing in Malden and district who are

interested in Wireless and Model Speedboats ; of course
we should also like to meet readers who are intereited
in any other branch of mechanics. We have a large
and well-equipped workshop, including a 3f -in. lathe,
and various other tools.

The Society has decided upon a system of special
subscriptions ; all members are allowed to have a key
to the club, so that they can use it at any time other
than club nights. We should particularly like to get
into touch with readers who are interested in petrol -
driven model aeroplanes. One of our members is
starting on a one -quarter full-size model of a 8 h.p.
Ford car, which will be complete in all detail, while
another is converting his lawn -mower to motor drive.
If any interested readers will get into touch with me,
I shall be pleased to give them full particulars of
subscriptions, etc.

THE NORTHERN HEIGHTS MODEL
FLYING CLUB

THE Northern Heights Model Flying Club's Gala
Day was held on the Fairey Aviation Company's

Great West Road Aerodrome.
Twenty-five clubs from as far afield as Leamington,

Birmingham, Brighton, Reading, etc., sent strong
contingents to uphold the prestige of their clubs, and
a most wonderful display of model planes of many
types and variety of sizes was to be seen. About 350
to 400 models were present, and ranged from a 4 -in.
span miniature fighting plane, complete with machine-
guns, engine and correctly coloured squadron markings
to a very fine 15 c.c. petrol-engined specimen of a De
Haviland " Puss Moth." There were duration planes
weighing but a few ounces, medium -weight planes,
typifying many kinds of full-sized aeroplanes, and
giant 9, 10 and 12 ft. span rubber driven models
weighing up to 12 lb., in fact every conceivable idea of
a flying machine.

The most important contest of the day, the Inter -
Club Team Contest, started at 1.30 p.m.

The teams consisted of one Lightweight Model, one
Heavyweight Model, and one Flying Scale Model,
which was required to represent some well-known full-
size machine, and to be built to a 1 -in. scale and
correctly coloured and marked. This competition
broke entirely new ground in this country with regard
to the flying scale models, and unfortunately the wind
was a little too fresh for the type, which, of necessity,
is of somewhat delicate construction, and a deal of
damage was done to them.

The competition resulted in a win for the Blackheath
Model Aero Club with 320 points, and they therefore
hold the Northern Heights Challenge Cup presented by
Mr. C. R. Fairey, M.B.E. F.R.Ae.S., for one year,
and receive £3 from the dela Fund. The Model Air-
eraft Club were second with 305 points, and they
received £1 10a. The Leytonstone and District Model
Aero Club were third with 285 points, and they
received 15s.

THE BRITISH INTERPLANETARY SOCIETY
REPORT FOR JUNE

MEETINGS are held monthly in summer on the
first Friday of each month. The last meeting

was thus held on Friday last, July 6th.
Several new members were elected, including Mr.

J. F. Darwin, of Southport, and Mr. Prugh, of America.
It was proposed and carried that a system of corre-

spondence should be inaugurated between the more
distant members of the Society, the correspondence to
be about interplanetary travel in particular, and other
scientific matters generally. This would be set in
motion by an announcement in the next issue of the
Journal if space is available. Members interested
should write to the Secretary, stating particular
interests, age, etc.

Discussion ensued about the future form of the
Journal of the Society. It was decided to continue the
Journal in its present form until the end of the year.
Meanwhile investigations would be made with a view
to improving the present arrangement.

The question of a subscription rate for non-members
was discussed at the request of several non-members.
It was referred to Mr. Sinus, who would give a report
on the matter. There may be certain difficulties in
putting this into operation.

It was decided, also, to keep members personally
informed of the proceedings at meetings, as many are
unable to attend. Copies of future lectures may els,
be obtained after their delivery for a small nominal
charge to cover costs.

Further particulars can be obtained by writing to
Leslie J. Johneons Ron, Secretary, dd ADD Lane,
Liverpool, 18,

September, 1934

The perfect
uniformity of
movement in
a well -train-
ed chorus is
not as easy to
achieve as it looks. It
calls for experience, endless prac-
tice and endless patience. So it is with
T.M.C.-HYDRA condensers. Patient and care-
ful checking is carried out at every stage in
their manufacture. Stringent tests are applied
to ensure uniform accuracy within the nar-
rowest of limits. And so you know that every
T.M.C.-HYDRA condenser you buy is abso-
lutely reliable.

T.M.C.
BRITISH -MADE

HYDRA
CONDENSERS
The special method of sealing T.M.C.-HYDRA condensers
definitely prevents the penetration of moisture and
preserves the high electrical properties of the condensers.
T.M.C.-HYDRA condensers of all types are sold by
your radio dealer, but if you have any difficulty in
obtaining supplies, write to the Sole Distribi.tors :

T.M.C.-HARWELL (SALES) LTD
Britannia House, 233 Shaftesbury Avenue

London, W.L.2. (A few doors from New Oxford St.)
Telephone: Temple Bar 0055 (3 lines)

Made .b TELEPHONE MANUFACTURING Co,Ltd

WHEN REPLYING TO
ADVERTISERS PLEASE

MENTION
PRACTICAL MECHANICS

27 /6!! I-Brand New B.T.H.-R.K. SPEAKERS,
by. field, suitable for P.A. work, etc.

E2, 7:6 ! !-B.T.H. SPEAKERS, as above, for too -
250v. A.C., complete with field rectifier.

MAGNAVOX D.C.I52 (gin. cone), 22/6; Magnavox
554 (61ill. cone), 16/3; all with hum -bucking coils,
power or pentode transformers and 2,5oo or 6,5oo-ohm

fields; Magnavox P.M.254, 18/,

Attention to all orders within 24 hours; carriage paid;
cash with order or c.o.d.

WARD,
and floor. 4S ParrIngdon Street, London ACA.

rrit/Mrtret Belk,* woj.
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An Ingenious Paper Trimmer
THE device shown in the sketch below

this paragraph will prove a definite
boon to those householders who do

their own house -decorating and waif -
papering. Known as the Morgan Lee Paper
Trimmer ; it enables the paperhanger, by
means of a gauge, to alter the cut from a
narrow selvedge, also to a wide selvedge,
in a few seconds. The cutter will trim any
kind of wallpaper with a dead edge for
butting in a tenth of the time taken with
scissors. It also has the advantage of being
self -sharpening, and only requires to be kept
clean. It costs 128. 6d. [75.]

A Handy Wall Lamp

ATEMPORARY
light is often' useful in

the workshop or other outbuilding,
although it is seldom worth while to have

A useful paper cutter that will trim any kind of
wallpaper in a few seconds and is therefore a boon to

paperhangers.

an electric supply led on to the premises.
The neat electric lamp illustrated on this
page is of particular value in such circum-
stances. It takes a standard twin -cell dry
battery, which gives many hours' service.
The case is strongly made and finished with
an anti -rust surface, whilst it is provided
with a neat thumb switch. The price is
6s. 6d. [76.]

.A Comfortable Air Bed

THE
pleasure of camping is enhanced if

an air -inflated bed is included in the
kit. There has recently been introduced
to the market a novel light -weight cambric
cover, treated with an air -proof rubber
proofing, and intended for inflation with a
pump. It may thus be folded into a very
small compass, and it weighs only 2 lb. The
dimensions are 5 ft. 6 in. by 2 ft. 6 in., and
a satisfactory degree of inflation may be
obtained with the mouth, although the
pump will allow a much quicker inflation
to be obtained. When used on the ground,
care must be exercised that the bed is not
placed on a thistle or other prickly vegeta-
tion, etc., owing to the risk of puncture.
The rubber proofing is inside, and is, there-
fore, rather difficult to repair. Obtainable
in several different colours, the price is
14s. 11d.

Uprooting Trees

LAND -CLEARING by ordinary manual
methods is frequently not only slow

and heavy work, but, owing to the time
taken, extremely expensive. The monkey
jack shown on this page, however, makes
land -clearing a simple matter, and saves a
considerable amount of time. With this

jack, trees and
stumps can be up-
rooted as shown,
logs can be rolled,
and walls, gate-
posts and roofs can
be supported whilst
repairs are carried
out. To operate,
just move the lever
shown in the same

The address of the makers of
any device described below
will be sent on application
to the Editor, PRACTICAL
MECHANICS 8-11, Southamp-
ton St., Strand, W.C. 2.

Quote number at end
of paragraph.

4o*

* 7 e' er

A neat electric wall lamp. way as a pump
handle. This causes the body, carrying
the pointed lifting claw, to move up the
main bar of the jack. A small trigger
reverses the motion, and the load can
be lowered steadily if required. A truly
valuable time -saving feature allows the
jack to be instantly adjusted up or down to
any amount without a load. For trees and
long stumps, an extension piece of spar is
used ; resting on the lower lifting claw, it
rises with it. The tree is forced over bodily
as the upper pointed end grips the trunk.
Unless the tree has been dead for some time,
it is usually necessary to cut the surface
roots ; the monkey jack will then tear out the
top roots, usually quite a formidable obstacle,
with comparative ease. For rolling logs,
the upper claw on the body of the jack is
used, by simply turning the jack round. _Lit
costs £8 158. [77.]

A Useful Weeding Tool
THE tool shown in the sketch on the next

page is designed for the removal of both
(Continued on next page.)

' An ingenious monkey jack for uprooting
trees and (inset) how it is used. The
tree is forced over bodily as the upper

pointed end grips the trunk.

Things are happening to -day
which vitally affect you!

If you are about 18, perhaps you are
getting settled in your chosen work and
already feeling the strain of competition for
a better position. If you are in the 4.0's,
your family responsibilities are near the
peak, the necessity for money is tense-
and younger men are challenging your job.
And men of the ages between 18 and 45 face
similar problems, in. one form or another.

The most valuable employment security
to -day is the security a man creates for
himself-in himself ! Through training, he
is able to adapt himself to new conditions,
to utilise experience without being handi-
capped by habit ! He masters jobs and
makes new jobs. He meets emergencies-
and is not overwhelmed by them. And
this is an age of emergencies.

For 43 years the International Cor-
respondence Schools have helped thoughtful
and ambitious men to acquire thd training
they need. To -day, with this need more
urgent than ever, this world-famous institu-
tion offers greater opportunities than ever.
Why not permit us to show you the way to
greater security and larger earnings ? Our
expert advice is free. Write to -day.

...COUPON FOR FREE BOOKLET...

INTERNATIONAL CORRESPONDENCE SCHOOLS,
LTD.

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

Please send me your booklet containing
full particulars of the Course of Correspond-
ence Training before which I have marked
X. I assume no obligation.

EAccountancy
EAdvertising
EAeronautical

Engineering
E Architecture
E Bookkeeping
EBuilding
EChemical Engineering
['Civil Engineering
EDraughtsmanship
EElectrical Engineering
D Engineering Design

EMarine Engineering
Ehlechanical Engineering
[Alining Engineering
[Motor Engineering
EPlumbing
ERadio
ORailway Equipment and

Running
ESalesmanship
ESteam Engineering
ETextiles
:Woodworking

D Examinations, state which

The I.C.S. teach wherever the post reaches, and have
a wide variety of courses of Study. If, therefore, your
subject is not is the above list, write it here.

Name Age

Address
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FIT A "WILCO" LIGHTING SET
ON YOUR CYCLE

17/6
Complete
post free.

The headlamp gives a powerful
beam of light, and a battery
provides illumination when the

cycle is stationary.

The special Chromium -
plated Dynamo D grit-,
dust,- and damp-proof; an

automatic voltage regu-
lator prevente lamps
from burning out at
high speeds, and ample
current is generated
even at a walking -pace.
Guaranteed is nwnths.

Other models from 16/9 to 23/-. Obtainable
from your local dealer or, in ease of difficulty,
direct from us. Complete electrical cata-
logue 4d. post free.

L. WILKINSON, 8 CITY ROAD, LONDON, E.C.1

AMATEUR CINE SERVICE
have all the newest apparatus
and a fine selection of used
cameras and projectors at
bargain prices. For astonish-
ing allowances and really
easy payments just send us

a postcard.

We don't play at service, it's
our business.

52B WIDMORE ROAD, BROMLEY, KENT
Phone: RAV 1926

Eng DEEPSIGElidE
containing the widest
choice of engineering
courses in the world
Study at home with The T.I.G.B. for a
well -paid post. Become an A.M.I e.E.,
A. M. I. Mech.E.. A.M.I E. E. , etc. Training
until Successful Is guaranteed.
WRITE NOW for Free Guide
stating branch, post or quali-
fication that interests you, to
THE TECHNOLOGICAL INSTI-
TUTE OF GREAT BRITAIN,
123 Temple Bar House,
London. E. CA. (Founded 1917,
19,000 Successes.)

To SUCCESS

11111
SIMMS

THIS

BOXSUPER

WITH CS YOURS
FILM5'- ABSOLUTELYInstruc-

CAMERA

Lions for
Indoor
photo-

graphs &
exposures,

etc.
To popularise our 100 per cent.
Sheffield 'Double Life" 3 -hole
type double-edged razor blades we are giving absolutely
FREE with every order for 55 blades for 1/- post and
packing 6d., this Camera with good lens, brilliant view-
finder, simple time and instantaneous shutter, leather-
ette finish. Daylight loading. Also films and full
instructions to take photos indoors and outdoors, cloudy
weather and time exposure& Money back if blades are
not equal to any 4d. blade obtainable. Send 1/6 only
for blades and FREE Camera and Photographic Outfit.
Additional Anna lid. extra. No more to pay.
AIRCRAFT PRODUCTS LTD. (Dept. P.F.C.1),

99 Mow Oxford Strut, London, W.C.1
(Opposite Mew' @antral ',trustee.)

long and short -rooted weeds. The long semi-
circular jaws embrace the whole root, the
barbs on the inner faces preventing the tool
from slipping and thus failing to remove the
whole of the weed. Hold the weeder (one
knob in each hand) in an upright position
over the weed, with the jaws slightly apart,
usually about in. With the tool in this
position, press downward through the earth
to a sufficient depth to embrace the root
and, holding the handles together, pull the

The speed with which weeds can be
permanently removed with this weeder is

amazing.

weeder upwards. The root will come out
clean and whole in the jaws, leaving only a
small hole, with no possibility of the weed
growing again. It costs 33. 11d. [78.]

A Garden Shears Attachment
GARDENERS will no doubt welcome the

little device which can be attached to
a pair of ordinary shears, as shown in the
sketch. The hooks of this device prevent
twigs and branches slipping out of the
cutting edge, and so make the gadget
indispensable for cutting evergreen hedges.
It costs ls. 9d. [79.]

This device, when fitted to a pair of shears, prevents
twigs and branches from slipping out of the cutting

edge while cutting evergreens, etc.

A Non -shock Saddle Pillar
F you are a keen cyclist and spend your
weekends touring the countryside, you

often find it rough going when cycling along
country lanes, and sometimes receive a
severe shaking, through the inability of
the saddle to absorb the shocks. If you
wish to enjoy your cycling to the utmost,
you should fit your bicycle with a non -
shock saddle pillar which is now on the
market. This sprung pillar is well made,
and is guaranteed to absorb all shocks in
the saddle, no matter how rough the road
may be. It is obtainable in two types, the
straight non -shock pillar costs 58. 6d. and
the bracket non -shock pillar 6s. 6d. Motor-
cycles can be fitted with this pillar by
special arrangement with the manufacturer.
[so.]

Health, Stamina
I positively GUARANTEE to give
you Robust Health, Doubled
Strength and 10-25" more muscle
in 30 days or return your money
in full. The famous STEBBING
4 -in -1 Course consists of four
great mu rats in one, yet costs only
5/- post free. It has been proved
(1) The moat effective HEALTH
and ENERGY System ever de-
vised; (2) It quickly builds NOR-
MAL WEIGHT and VIRILE
MANHOOD; (3) It develops a
Strong Will, rigid SELF-CON-
TROL; and (4) It includes an
amazing SUCCESS and PER.
SONAR MAGNETISM Course.

Complete Course, 5/ -
No extras, no appliances to

Pupil S. Davey (London) purchase.
Further details sent privately, under plain, sealed rover.
LIONEL STEBBING, STEBBING INSTITUTE,

Dept. C.P., 28 Dean Road, London, N.W.2.

RUPTURE ANDELASTIC TRUSSES
APPLIANCES

Best
Elastic
Webbings
for Repairs

Single
Double

Any style.
No extra

charge for
large pads.

- 10/6
- 14/6

The new ..Campolastic " Air Pads, unpundurable.
Customers daily write "For quality and eft iency your
appliances cannot be equalled."All receipts hove printed
Guarantee:-" Money refunded if unsatisfied."

FREE TRUSSES for National Beath insured
persons. Send for illus.

Price List and measurement form POST PItEE.
C. A. MACBETH (P.M.)
124 St. John's Hill, Claloham Junction,
London, S.W.11. Phone: Bat. 4247.

QUALITY

IN CHEMISTRY
EQUIPMENT

MEANS SUCCESSFUL.
EXPERIMENTS

SAMPLE PARCEL containing: 1 Flask, flat
bottom, 150 ccs.; 1 Beaker, spouted, 100 cos.;
3 Test Tubes, 4 in. X in. 1 Thistle Funnel, 20
cms. . 3 ft. Glass Tubing; 1 Rubber Cork, 2
holes; 4 inches Rubber Connection n in Post
Tubing; Glass Stirring Rod. L/ U Free

BECK (Merin Stoktleir Strenetitit
Write for FREE PRICE LIST.

WHY BE THIN ?
BUILD UP YOUR BODY AGAINST ILLNESS
AND DISEASE. DON'T HIDE YOUR BONES

UNDER AN OVERCOAT!
Thousands have put on weight and muscular tissue with

the aid of

V I TA E PO N (THL111,1 ")
A customer writes :-" After my illness I gained 15 lb. in

weight, and my nerves improved tremendously as the result of
n six weeks' course of Vitaepon."

Vitaepon is not a drug-simply take two tablets
with the morning and evening meal.

Obtainable only from :-
WESTGOTT & CO. (Dept. P.),

37 Albemarle Street, Piccadilly, London, W.I.
For Week's Trial Supply send P.O. for 3/- or 15/- for
full six weeks' course. Abroad by registered post, 3/6

and 16/-, post free. Sent in plain covers.
A new book, entitled "Thinness:Its Cause and Cure"

sent free with every six weeks' course.

7/6 A.C. Battery Charger 7/6
Kit "A," i-amp. Charger: Mains Transformer 4/6,
Tantalum 1/6, other parts 1/3. Complete, 7/6 post free.
Kit "13" as "A," but charging at I amp., 10/6 post free.
Kit "C" with Westinghouse Rectifier, h amp., 12/6, post 6d.
Model " D " complete in metal Case, charges 2, 4 or 6 volt
cells at I amp., ready to plug-in, 17/6 post free.
Model "E," a Real charger, As "D" but charging at
2 amps., 21/-.
ALL ABOVE SUITABLE FOR 100-250 VOLT A.C. MAINS.

Please slate Mains Voltages when ordering.
FROST RADIO CO., 21 Red Lion St., E.C.1

Send to FOYLES I
FOR BOOKS !

ft

New and second-hand books on every subject.
Over two million volumes in stock. Catalogues

ee on mentioning your interests.
119.125 Charing Cross Road, London, W,C.2

Telephone-Gerrard 566o (seven lines).
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A Review of the Laces. Devices for The Amateur
Mechanic. The address of the Makers of the Items men-
tioned can be had on application to the Editor. Please

quote the number at the end of the paragraph.

The Howkins Spot Facer
THE tool shown in the sketch below is

for producing a circular facing where a
hole is already drilled any size from
A in. to in. It is fitted with a self-
adjusting taper pilot which automatically
slides in and out of the cutter end of the
tool ; the taper adjusting itself to the hole.
The pilot is steadied by the flat part working
in the slot in the cutter and also by its
cylindrical body sliding in the centre hole.
Pressure on the pilot is maintained by the
spring which can be adjusted by the screw
plug. The spot -facer is supplied in three
sizes, in., ig in., and in., all
with pilot for holes varying from
A in. to g in. The price of
each is 68. 6d. [78.]

A Saw Table and Spindle

THE
saw table shown on this page

will prove a very useful tool for the
metal worker. Fitted with a 5 -in. square, it
has two fences with a I -in. stem, a cast-iron
foot, and a 7 -in. saw arbour which takes
3 -in. wood saws fin. bore between the two
collars, or a 2* -in. fine tooth metal saw with
a 10 mm. bore between the first collar and
the spindle body. The I -in. stem as sup-
plied, is long enough for a 5 -in. centre lathe,
and one may have to reduce its length to
suit a smaller lathe if the end of the lathe
does not clear the bed. It is an advantage
to have a short extra stem in order to bring
the table top below the lathe centres when
required. When the foot is fixed to a lathe

A spot facer for producing a
circular facing where a hole

\\V is already drilled.

cross -slide it will be reversed with its boss
overhanging downwards. This same saw
table can be used with polishing heads by
mounting the foot on a wooden block. The
table weighs 3] lb., and costs £1. Extra
3 -in. wood saws, coarse, medium or fine,
can be obtained for 3s. each, and metal saws,
fine tooth hollow ground, for 18. 6d. each.
The 7 -in. saw spindle alone costs 58., and
extra table stems 18. 3d. each. [79.]

A Combination File
THE sketch at the foot of the second

column shows a very handy combination
tool, adjustable for a variety of purposes.
It is designed for the purpose of rasping,
filing and scraping wood and metals, and,
by attaching suitable materials, may also
be used for sand -papering, polishing, etc.
The tool consists of three parts held together

by nuts and screws, which can be readily
loosened to make any required adjustment.
The first part is a reversible steel rasp and
file with different cuts on opposite faces and
edges so as to be suitable for a variety of
work. The second, a steel scraper which
can be moved out either sideways or end-
ways, so that any one of the four edges can
be used for scraping and smoothly preparing
the surface of wood, metal and other
materials. This scraper, when projecting
sideways, can also be used as a guide when
it is desired to rub down small sections of
material against the edges of the file ;
accurate right -angles may thus be main-
tained or produced by keeping one surface
pressed against the side. The third part is
a wooden handle conveniently shaped so
that the tool may be readily used with one
hand forpreparing large surfaces, or held in
the hand whilst small pieces are rubbed
against it by the other.

When it is desired to use the tool
for sandpapering or polishing, the

A saw table and
spindle- which can

also- be -used with polishing heads by mounting
the foot on a wooden block.

nuts should be loosened sufficiently to permit
of the edges of the emery, glass or sandpaper,
or of the polishing cloth, being inserted
between the scraper and the file along both
sides. The nuts should then be tightened,
whilst the paper or cloth is held stretched
across the surface of the file. If the edges
of the scraper blade are not used enough to
become worn, the blade will serve also as a
straight -edge for surface testing. Should
the edges of the blade require sharpening
for scraping purposes, this may be effected
by drawing it a few times across another
steel edge, or even across one end of the
file if the tool is first dismantled. It costs
88.6d. [80.]

An Improved Bull -Nose Rabbet Plane
THE improved bull -nose rabbet plane

shown overleaf is ideal for fine work
where extreme accuracy is required. An
improved adjustable mouth has been
embodied in this plane by fitting two steel
distance pieces in between the detachable

A handy combination tool that can be
used for the purpose of rasping, filing and

scraping wood and metal.

THE GREAT
VALUE OF

MAXALDI NG
TO MANKIND
Mr. Buckie's
photograph is
guaranteed
unretouched
and the
testimonial
unsolicited
under forfeit
of £50 to this
paper.

" Dear Sir, 22/6;34.
I enrolled for

Strength Course' in
March, 1931, and have
continued with same, as

time permitted,
up to date. I

enclose three
unretouched
photos of
Maxalding
poses.
Having been

abroad since ens
rolling, am taking
this opportunity of

thanking you for wonderful results derived
from constant practice of Maxalding. I have
constantly recommended your course and
shall not hesitate in future, when opportunity
arises. My photo is ample proof of the great
value of Maxalding to mankind. You are at
liberty to use my photo as you think fit.

Yours sincerely,
(Signed) C. S. Buckie."

MAXALDING IS FULLY DESCRIBED
in a 20,000 -words illustrated treatise. It is
published at 11- nett, but one copy will be sent
free to any applicant, from any part of the world,
who sends name, address, age and occupation,
together with postage for 3 ozs. sealed cover.

No Cost or Obligation involved.

MAHALDING (Dept. 834) 14 CURSITOR ST.
LONDON, E.C.4

PATENTS,
TRADE MARKS
AND DESIGNS

'ADVICE HANDBOOK"
AND CONSULTATIONS

FREE!
KINGS PATENT AGENCY LTD.
Direotor: B. T. King, c.Lmit , Reg. Pat. Agent G.B..

U.S.A. & Can.
146a Queen Victoria St., LONDON, E.C.4
and 57 Chancery Lane (near Patent Ottice), W.C.2.

49 Years' TELEitRA NIS : Gaotootc, LONDON.
References. HONE: CITY 6161.

PRACTICAL HINTS ON PATENTING
and the development of inventions.

Sent free on application.
THE IMPERIAL PATENT SERVICE
First Avenue House, High Holborn, W.G.1.

Principal: M. E. J. GHEURY DE BRAY, F.P.S.
Preliminary Tele {phone: Holborn 919r.
Consultation Free. grams: Imperatrix, London.

PATENTS, DESIGNS
AND TRADE MARKS
A VALUABLE GUIDE ON INTERNATIONAL

PROTECTION OF INVENTIONS.
100 Pages - Post Free, 6d.

The TECHNICAL ADVERTISING AGENCY
253(D) Gray's Inn Road, London, W.C.1

FROST & CO.
70 Old Compton St., London, W.I

Engineers, Tool and Model Makers.
Models of all descriptions.

Inventors, Scale and Advertising.
Patterns, Castings, or Finished Parts, Small

Stampings and Press Tools.
Experimental and Repetition Work.
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Get this
New Edition

TELEVISION
FOR THE
AMATEUR
CONSTRUCTOR

By EL J. BARTON CHAPPLE, B.Sc.

ALL keen radio constructors and
home mechanics should have the

revised, Second Edition of this
practical handbook. It shows you
exactly how to make a home-made
television receiver, incorporating all
the very latest ideas. The clear
instructions and many excellent
diagrams give you all the help you
could possibly need and they even
show you how to make your own
materials and apparatus. Order
your copy to -day.

SECOND EDITION. 12/8 net.

"II YOU want to build uour own television
set, here is sour chance."-DAILY
HERALD.

" Will keep the constructor alwags on the
right lines." -M ECC ANO MAGAZINE.

PITMAN
PARKER ST., KINGSWAY, W.C.2

Your Height increasedTALL int cl k4. da r
amazinn

Stebbins System soon
brings 3-5 inches

increase and new energy. The first original and the
one GENUINE guaranteed Height Increase System.
Complete Course, 5/.., or Booklet, Testimony and
Guarantee sent free, privately, under plain sealed cover.
STEBBING SYSTEM, Dept. M.P., 28 Dean Road,
London, N.W. 2.

M ICROFU GOLD FILM FUSES
20 Stock Ratings. Type F.2,
suitable for Battery sets, 150
M/A blows at 300 M/A Resistance
78 ohms. Voltage 260 Volts D.C.

Type F.2, suitable for Mains sets, 500 M/A FUSES 6d.
blows at tamp resistance 1S ohms. 260 Volts HOLDERS 6d.
D.C. Now available, 2 mA. 6/., 1 mA. 4/6.
MICROFUSES LTD., 36, Clerkenwell Rd.
London, E.C.1. 'Phone: CLE 4049.

GOOD IDEAS-
are often rejected because of uncon-
vincing drawings!
Let us prepare attractive illustrations
which will convey your idea quickly and
clearly to Manufacturers, Editors,
Agents, etc.
We specialise in Patent Office and Techni-

cal drawings of all descriptions.
Write or 'phone us at

HIGH HOLBORN HOUSE,
HIGH HOLBORN, W.C.1.

Hoc. 8698

REPLIES TO QUERIES
& ENQUIRIES

If a postal reply Is desired, a stamped addressed envelope must be enclosed. Every query and drawing which Is
sent must bear the name and address of the sender and be accompanied by the coupon appearing on page Ili. of
Cover. Send your queries to the Editor, PRACTICAL MECHANICS, Geo. Newnes Ltd., 8-1 I Southampton

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

Conversion of Dynamos to A.C.
" N the June issue of ' Practical

Mechanics' you gave an article dealing
with the conversion of dynamos to A.C.

motors. I wrote you regarding one, a D.C.
motor, I wished to convert, and I thank you
for your prompt reply. I did as you sug-
gested and re -wound the field coils with 1 lb.
8 oz. of wire, 26 D.C.C., and it ran straight
off with a little adjustment of brush position.
It was an old D.C. 25 h.p. 12 -slot armature
24 -bar corn. 2 -pole motor. Now its speed
is 4,500 r.p.m., but there is no power behind
it, as I can pull it right up by pressure on
the shaft. (1) Can this be overcome in any
way ? (2) Would re -winding the armature
do any good ? (3) What wire and turns
should I have to use ? (4) Can you suggest
anything ? Your last letter was of great
value to me, and I trust you will be able to
help me further, as I wish now, having got
so far, to make a useful tool of the motor.
It will run half an hour and not get warm
(at 4,500 r.p.m.)." (E. W., Northampton.)

In answer to your questions, the difficulty
can be overcome by re -winding the machine
with No. 18 D.C.C. wire, this will give you
about eight times the present power output.
We quoted the No. 26 wire before to be on
the safe side, since we did not know the
material of the machine and could not
estimate the heating. After the re -wind,
start the machine with the resistance in
series; this will not be necessary when
using the machine for short periods. Re-
winding the armature will only improve the
performance of the machine slightly.
A Transformer Query

" Will you kindly tell me if it would be
practical to use a suitably wound trans-
former, on the spark coil principle, using a
motor -driven mercury interruptor to supply
H.T. to a radio receiving set from a 32 -volt
D.C. source. Would the resulting current
have to be rectified ?

" If it is practical, will you please give
me details of the core size, winding and
gauge of wire, etc., and if a rectifier is
necessary will you kindly describe a suitable
one, valve or otherwise ? I wish to obtain an
output of 50 to 60 m.a. at 200 volts, after
smoothing, etc." (C. R., South Africa.)

There are sets on the market which work
from a 6 -volt battery and give the output
you require, but they cost a little over 30s.
We have seen these in operation and
consider them more efficient than the
average that the homeworker could make.

If you wish to make the apparatus, the
following details should be sufficient.

Transformer of " Stalloy " stampings
forming a box core, inside measurements
being 3 x 3 in., and cross-section / x I in.,
primary 300 turns of No. 22 D.C.C. wire,
secondary 1,250 turns of No. 28 D.C.C. wire.
Rectify the output with a Cossor 506 B.U.
valve. The output should be fairly smooth,
giving about 200 volts 60 m.a.
Obtaining Water Power

" In the June issue of ' Practical
Mechanics ' there was an interesting article
about small water -power installations.
Unfortunately, with the type of wheel you
described it is necessary to have a fairly
large water pressure. There is a stream
about 12 ft. wide passing through our land,
and I have made several attempts to harness

it, but unsuccessfully. The depth of the
stream is about 1 ft., and it travels at about
12 ft. a minute, but it reaches a much
greater velocity in winter. I am not
allowed to make a waterfall higher than
about 18 in., as there is danger of causing
floods in winter. I would be much obliged
if you would let me know what you would
consider the best way to tackle the job
again, and how to construct the water-
wheel. I have a motor -car dynamo and it
generates current at a fairly low speed."
(M. D., Cork.)

We regret to say that we do not think it
possible to arrange an electric installation
driven by water power from the stream you
describe. The difficulty is that there is not
enough fall of water, 18 in. being altogether
inadequate. A water -power installation is
usually only possible when the stream flows
down a steep hillside.

A Pond Fountain
" I wish to fix a fountain in a goldfish

pond. Will you kindly supply me with
some information with regard to the water ?

" The tank is fixed in the top of a shed,
and the difference in the levels of the tank
and pond is 10 ft. Will this give me a 5 -ft.
spray. If not, how else could a 5 -ft. rise
be achieved with the tank in its present
position, and what would the tank height
have to be to give a 5 -ft. rise.

" Water return to the tank will be effected
by means of an electrically driven pump."
(L. D., Newport.)

The arrangement suggested for your water
fountain should be quite satisfactory, pro-
viding that the jet is not too big for the size
of pipe. You can try jets of different sizes
until the best result is obtained.

Infra -Red Photography
" Having read your very interesting book

since the first edition, I would like the
following information :

" (1) Is it possible to use a camera with
a 7.7 anstig. lens in focussing mount for
infra -red ray work ?

" (2) What is the price of infra -red ray
plates size 34 x 21 ?

" (3) What is the price of an infra -red
filter to fit a 1 -in. diameter lens ?

" (4) What sort of developer has to be
used with ray sensitive plates ? " (J. C.,
Newcastle -on -Tyne.)

(1) Your camera should give quite satis-
factory results with infra -red photography.

(2) and (3) Any good photographic dealer
will give you the price of plates and filters
for infra -red work, or you can write to the
manufacturers for full information. Address
is : Ilford Ltd. (Photographic Manufac-
turers), Ilford, London, E.

(4) Use the developer formula given on
the plate box, or on the little card inside the
box.

OUR NEW MONTHLY
PRACTICAL TELEVISION

6d. EVERY MONTH
Published by

GEO. NEWNES LTD.,
8-1 I Southampton St., Strand, W.C.2
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Improved Cinematograph Picture Produc-
tion

" HAVE thought out an idea whereby
it is possible to take and project stereo-
scopic cinematograph pictures, and

would like you to give advice as to its
validity, novelty and value." (R. P.,
Northumberland.)

The suggested arrangement for taking
and projecting cinematograph pictures is,
so far as is known from personal knowledge,
novel and would form fit subject -matter for
protection by Letters Patent, provided it
achieves a more useful result than known
methods. The inventor is, however, first
advised to carry out certain experiments to
prove the correctness of the theory on
which the invention is based, and after
being satisfied on this score to make a
search amongst the prior Patent Specifica-
tions dealing with the subject to ascertain
the novelty of the invention.

It is, however, a mistake to think that
the proposed arrangement will give stereo-
scopic projection. It is probably true that
the projected picture would be more bril-
liant, due to the double number of pictures
taken and projected per second, but whether
a more life -like projection would result is
doubtful and could only be proven by
experiment. In order to produce a stereo-
scopic picture, it would be necessary to
have some arrangement whereby each eye
of an observer is alternately masked in
synchronism with the projected pictures.
The mere alternate projection of two pic-
tures taken stereoscopically will not
produce a stereoscopic effect on the be-
holder. The " faithful " rendering of
colour would most certainly not be achieved
by the invention ; it would probably be
possible to obtain a result comparable with
the now discarded system known as
" kinemacolor." A further objection to the
proposal is the duplication of taking and
projecting apparatus and the double cost
entailed in dealing with twice the amount
of film ordinarily required.
Trade Marks

(1) What is the total cost of registering a
Trade Mark or design or word ? I have the
pamphlet from the Patent Office, but I am
not quite clear as to the cost. It would appear
to be Ll on application and £2 on acceptance,
making £3 in all, but then how does one
know whether an objection will be raised,
as if this is done it would appear that
another £3 is payable, and is the money
returned to me if the objector wins ?

" (2) Would the word ' Nuglo ' for
application to furniture polishing cream be
accepted, or is there a prior registration of
this word ?

" (3) I have noticed on some labels the
words ' Copyright Design.' What is the
difference between this and a Trade Mark
and how does one copyright a design, and
what is the cost ? " (C. J. B., Moreton -in -
Marsh.)

The Stamp Duty payable on filing an
Application to register a Trade Mark in one

SUGGESTED BY OUR READERS

class is £1. The Mark may consist of a
device or a word. After the Application for
registration is filed, the Trade Marks Office
makes a search to ascertain if the same, or a
similar Mark, has been previously registered
or applied for in respect of the same or a
similar class of goods. If the search does
not disclose any such Mark and the pro-
posed Mark is otherwise considered suit-
able for registration, the Application is
allowed to proceed. It then becomes
necessary, in the case of a device mark or
a word mark printed in some particular
way or type, to file a printing block for
advertising the Mark in the Official Trade
Marks Journal. This block is not returned,
and if it exceeds 2 in. in width or depth a
fee is payable for advertising. After being
duly advertised for one month to allow for
opposition to registration, the certificate of
registration is issued on payment of a fee
of £2. The Mark is then registered for
fourteen years, renewable for like periods
of fourteen years. If opposition to registra-
tion be raised by an interested party, and
the opposition is successful after being
contested, costs may be awarded by the
Registrar to the successful party. In no
case is any fee returnable by the Office.
Provided the word NUGLO has not pre-
viously been registered in respect of
" Polishing cream for furniture " it might
be accepted for registration, but objection
may be taken on the ground that it is
simply the mis-spelling of two descriptive
words NEW and GLOW. It is not pos-
sible to ascertain whether this word has
previously been registered without first
making a search, for which a fee is payable.

To register a design the procedure is
quite different from that for registration of a
Trade Mark, and the fee payable depends on
the class of goods for which the design is
required to be registered.

Automatic Record Repeater
" I have constructed a simple device

which can be instantly attached to or
detached from any gramophone record
when laid on the turn -table, and which
renders the action of the tone -arm auto-
matic, inasmuch as one tune can be played
twice or more without attention. This
would be particularly useful for dance
purposes.

" The device could be manufactured at a
low cost and sold to the public for a few
shillings only.

" Will you be kind enough to advise
whether or no such would be of any com-
mercial value ? Should you wish I could
submit drawings at a later date." (G. N.,
Surrey.)

The broad idea of fitting a device to a
gramophone whereby a record can be
repeatedly played is not thought to be
novel. There have been many devices
proposed and many Patented for accom-
plishing the object in view. It may be that
the applicant's device is either less expen-
sive to produce, or is otherwise more useful
than those hitherto proposed, in which case
it should have a certain commercial value
which, however, will depend on the way it
is marketed.

" We're Fluxite and Solder-the reliable pair ;
Famous for Soldering-known everywhere !
The toy that was 'old '-will live to be ' older '
Thanks to the aid-of Fluxite and Solder "

See that Fluxite and Solder are always by you-in
the house - garage - workshop - anywhere where

simple, speedy soldering is needed.

ALL MECHANICS WILL HAVE

MITE
IT SIMPLIFIES ALL SOLDERING

All Ironmongers sell Fluxite in tins; 4d., 8d., 1/4
and 2/8. Ask to see the FLUXITE POCKET
SOLDERING SET-complete with full instruc-
tions - 7/8, Ask also for our leaflet on
HARDENING STEEL with Fluxite.

FLUXITE Ltd. (Dept. P.M.),
Dragon Works, Bermondsey Street, S.E.I

FOR ALL REPAIRS!

INFERIORITY
COMPLEX

eradicated
An Inferiority Complex is a disturbance in the Subconscious

Mind which manifests itself in self-consciousness and lack of
confidence-in nervous mannerisms, worry and timidity, lack
of enterprise, in weakness of will sod Indecision. Its origin
lies in experiences and influences during your personality -
development which may be entirely forgotten, but their effects
remain in the form of a "disturbance centre" in Subconscious-
ness which sends out powerful negative impulses.

Toss cannot control these impulses-to fight them by direct
effort increases their strength-but you can remove them
altogether and build up in their place a new personality with
powerful positive impulses, generating forces within yourself
which will help instead of binder, which will carry you forward
towards a happier, healthier, fuller, more successful life.

This you can now do-yourself-simply end
inexpensively, by your own efforts, in the privacy
of your own home. Send coupon or write to -day
for Free Book.

You have only one life to live in this wonderful world. Let
the past go I Begin life again with the glorious promise of
happy expression of the power that lies within your personality
self -reconstructed into one strong harmonious unity.

Millions pass through life in tragic ignorance of their
unused capacity for achievement. Do not be misled by the
belief that you have a certain Axed kind of temperament.
Cease to resign yourself to patient endurance of circumstances.
Shape your own fortunes, bring out your latent abilities, increase
your personal value, measured both in money and influence.

THE BRITISH INSTITUTE OF
PRACTICAL PSYCHOLOGY LTD.
--I (E.A.2), LUDGATE HILL, LOUDON, E.C.4-

Please send me FREE BOOK "I CAN .
AND I WILL."

Name
(BLOCH LETTERS)

Address

E.A.2.
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The 'WErd7 SERVICE AIR RIFLE, Mk. If.
WRITE FOR

No Licence required to purchase.

DESCRIPTIVE
FOLDER Rooks, Rabbits. Rats,

Sparrows and similar vermin
Can be destroyed by this extremely

accurate and powerful Air Rifle.
Ideal for Target Practice.

Calibre 22 or 177 With Leafsight and Peepsight.
WESLEY & SCOTT, IA 106 Weaman St., BI RM I NG HAM 4

tlj

It

BE TALLER!!
RESULTS SPEAK POE THEMSELVES
Pupil, age 191, gains 5 ins. in 6 wks.

21, 5 ins. in 5 mho.
20, 31 ins. in 16 dye.
90, 2 ins. in 4 wks.
40, 11 ins in 6

Inreased my own height to oP 3Is ROSS SYSTEM
Testimonials/ram allover the world NEVER PAILSPee:I,22 2s. complete. Convincing Testimony 21d.

stamp. Mailed privately.
L. MALCOLM ROSS, Height Specialist
*Scarborough, England. (P.O. Box 15.1

BAND
GUIDE

Giving hints on the Bugle,
Drum and Flute, also
Parade Formations, use
of Parade Cane, Staff,
etc., free and post paid.

Makers:

POTTER'S
36138, West Street,

Charing Cross Road,

LONDON,
W.C.a

13/11 ARDEN CHARGING UNITS 13/11
Get an ARDEN CHARGING UNIT and

charge your own Accumulator.
Incorporating Westinghouse Metal Rectifier and robust
transformer to B. E.S.A. specification, tested 2,000v. between
windings. Complete In crackle finish ventilated metal case,
ready for immediate use. Suitable for 000-250v. A.C. mains.
26v. at I amp., 18/11, post free. 2-6v. at 1 amp., 15/0, post
free. List free. Money returned within 7 days if dissatisfied.
The Arden Agency, Wollaston, Wellingborough, 5

NERVOUSNESS
Every sufferer from " nerves" should read my interest-
ing book describing an inexpensive treatment for
Weak Nerves, Depression, Morbid Fears, Insomnia,
Self -Consciousness, Blushing and similar nervous dis-

orders; sent privately free of charge.

HENRY J. RIVERS (Dept. K.D.3),
40 Lamb's Conduit Street, London, W.C.1

NERVOUSNESS
Are you anxious to overcome Nervousness, Blushing, Self -
Consciousness 4 Do you wish to acquire charm and magnetic
power, and be popular with both sexes? Would you like to
develop a bold, fearless, dominant personality and a keen, super -
alert brain that will win you success in life? My secret system
will bring you strong nerves and a strange new personal
magnetism in a few weeks. Your money back if not delighted
with results in 30 days. Complete Course, 5/, Details
free, privately. LIONEL STEBBING TREATMENT,

Dept. M.P., 28 Dean Road, London, N.W.2.

LEARN TO MAKS PICTURE
FRAMES. Picture Framing, Tray -

making, Craft Work, etc.
Wonderful Wholesale Bargains in
Mouldings, Beadings, Frets, Plys,
Jacobean Legs, Table Tops, Corner
and Tray Mouldings, Fine Art

Pictures, Transfers, Silhouettes.
Fully Illustrated Guide, post free, 3d.

WATKINS PROVIDER fi rots.

10,000 MOTORS (Spring and Electric) for
RADIOGRAMS or GRAMOPHONES in stock.
Thousands of components: Tone Arms Sound .--
boxem, Pick-ups, all types Horns, Pedestal -
portable Cabinets, fittings, hinges,

-4-2

..

14 ' ----"tlidatays, springs for all motors.
gears, repairs, accessories. Portable I .-ClisNk....'7- liti,KR....--------.
Gramos. from 12/6. Violins, strings
for all instruments. Big trade dis-
count. Radio goods to order. List ' -alV
free. 04 -page Catalogue-how to T.'. -make them -2d. Est. 30 yrs. A
The Regent Fittings 0o., D 289,

120 Old Street, London, E.C.1.

HOME -O -CRAFT NON -FLYING KITS
Span, 6 in. to 8 In. 8.6.B., Puss Moth, Fox Moth,
Dragon, H.Fury, Siskin, V.Jockey, Southampton,
Vildebeest, F.L.R.M. Contents, Plan, Printed

Balsa, Wheels, Glue.
Price: 1 Kit, 1141 3 Site, 2/4. Post Free. Price List, 14

MODEL AIRCRAFT SUPPLIES LTD.,
171 NEW KENT ROAD, LONDON, 8.E.1

nose and the plane body, which gives four
varying openings for fine or coarse work.
The faces and sides of the plane are accur-
ately machined and ground, and it can be
used as a chisel plane by removing the nose.
It has screw adjustment for regulating the
depth of cut, and is fitted with tungsten
steel cutters. The plane is 4 in. long, has

An improved bull -nose rabbet plane.

11 -in. cutter and weighs If lb. It costs
108. 6d. [81.]
Petrol Blow Lamp
THERE are many occasions on which -

a convenient type of blow lamp is
extremely useful to the owner -driver and
home mechanic. A device of this nature
can be used for hard soldering or even for
doing small brazing jobs, especially if it is
able to provide a reasonable amount of heat.
The " Bladon " petrol blow lamp which is
now on the market is of a particularly neat
and handy type and, being operated entirely
from petrol, it has a very special appeal to
the motorist, who always has an ample
amount of fuel ready to hand. The lamp
under review is provided with a heat -resist-
ing handle, and has a small clip which may
be used for holding a stick of solder or
spelter while the work is in progress.
Although in every way a real, workmanlike
piece of apparatus, this lamp retails at only
58.6d. [82.]
Double -Action Foot Bellows and Blowpipe
The home mechanic will no doubt be

I interested in the above type of gas bellows
and blowpipe which are now on the market
at a very reasonable price. They give a
steady and perfectly controlled blast, with a
sufficient volume for all the ordinary bench
purposes of jewellers, dentists, opticians,
etc. An important feature of these bellows
and blowpipe is that they oan be used with
great comfort while seated ; and the flame
can be directed to any point, leaving the
hand of the operator free to manipulate
his work. The bellows, rubber balloon,
with net and tubing complete, without
blowpipe, cost 178., extra rubber pipe and
nets 4s. 6d. each, and the blowpipe complete
with stand costs 128. 6d. each. [83.]
A Micrometer for the Workbench

THE
micrometer shown below will be

found to be well within the reach of
the handyman's pocket. Obtainable in two
sizes, it is sold complete with ratchet head,
this head enabling a large number of
measurements to be made with equal

A cheap and efficient
micrometer.

precision by different people, owing to the
fact that only a certain definite pressure can
be exerted on the measuring surfaces. The
price of each is -0 in. to 1 in. 21e., and 1 in.
to 2 in. 308. [84.]

UNIVERSAL HIGH VOLTAGE MAINS VALVES
(Made in Vienna)

are the only Universal Valves that can be wired in
Parallel. There's no wider, finer or more up-to-date
range available. They work equally as well on either
D.C. or A.C. supply without alteration, off the Full
Mains Voltage and they do Not require Trans-
formers, Barretters or Breakdown Residences.

Because of their remarkable efficiency they have
been specified and are fully recommended by
" Wireless Press."
KITS SUPPLIED FOR ALL TYPES OF RECEIVERS
-RADIOGRAMS-AMPLIFIERS.

It is simple to convert Battery or any mains set
to Universal AC/DC with Ostar-Ganz valves. Full
details and circuits and technical assistance free.
EUGEN FORBAT, 213-29 Southampton St., W.C.2

District Agents wanted. Tele : Temple Bar 8608

MODEL AIRCRAFT MATERIALS
SEND lid. STAMP KITS, BLUE PRINTS,

for lists of BALSA WOOD, etc.
'CONDOR' KITS EVERYTHING FOR THE
AND MATERIALS AERO MODELLIST
NORTHERN MODEL AIRCRAFT CO.,

I la HIGH ST., MANCHESTER, 4
(Hours: Mon.-Fri. 9.30-6.30. Sat. 9.30-2.0)

"IDEAL -LATHES " 3in.s.C.LATHES
from 14.

31, in. S.C.B.G. from E7/18/6. LISTS, Stamp please.
J. WILLIMOTT & SON, Neville's Factory, Chilwell, Notts.

DON'T BE BULLIED
Learn to fear no man. The
BEST self-defence ever in-
vented, namely, JUJITSU.
Easy to learn. Send 2 penny
stamps for SPLENDID ILLUS-
TRATED LESSONS. Photo
ARTICLE, Testimonials and
particulars, of P.O. 1/- for
P i RST PART of my course.'
You will be more than
delighted.
Dept. P., Blenteim House, Bed
font Lanareltham,bliddlesex.

Helpful Books for the Practical Man

NEWNES

HOME MECHANICS
SERIES

Price 1/- net each
By post 1/2 each

SIMPLE ELECTRICAL APPARATUS
Interesting and useful apparatus, easily con-
structed, with which the student is enabled to
test for himself the theory and practice of
Electricity as laid down in the text -books.

THE HOME WOODWORKER
The various examples of woodwork described in
this Handbook have been designed by practical
craftsmen. They are modern in style, and their
construction is well within the powers of the average
home -worker who follows the instructions given.

MOTOR -CAR OVERHAUL AND UPKEEP
Many, by undertaking their own repairs, can
afford to run a Car, and it is the purpose of this
handbook to show how the Owner -Driver may
carry out most of the adjustments and repairs
which every Car sooner or later needs.

85 SIMPLE WORKING MODELS
All the models described in this book can be
constructed from the simplest materials and with
very modest equipment. None requires lathe -
work. 147 illustrations.

THERE ARE 10 BOOKS IN THIS SERIES.

SEND POST CARD FOR LIST.

From all Booksellers, Newsagents, etc., or by post
Is. 2d. each from the Publishers :-

GEORGE NEWNES LTD.
8-11 Southampton St., Strand, London, W.C.2
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UNIQUE SLIDE RULES
BRITISH MADE

Ton -inch log -log rule in polished mahogany. Scales
A, B, C and D. Log -log Reciprocal. Celluloid faced.
Flexible back. Aluminium -framed free view, unbreak-
able cursor. Size of rule, 114" X 14".

Price 5/- each.

Five -inch log -log ruts. Specification as above. Size
or x 14".

Price 3/6 each.

Ten -inch Universal rule, with Sine and Tangent scales
in addition to those of the log -log types. This rule
has screw adjustment for fit of slide. The most com-
plete rule. Size, 114" x le.

Price 6/- each.
All types are accurate, and each rule is supplied with
case and full instructions for use, including Conver-
sion able for money calculations. Postage 3d. extra
for each rule, but postage is paid when three or more
rules are ordered together.
FREE GIFT of a set of 12" Draughtsmen's Scales with
each 10" rule bought during current month.
Manufactured and sold by
THE TECHNICAL SUPPLY CO. (P),

NORFOLK HOUSE,
CARDEN AVENUE,

Phone BRIGHTON,
PRESTON 3927. SUSSEX.

CLASSIFIED
ADVERTISEMENTS

Private or trade announcements can be inserted in
this column at the price of THREEPENCE per word
PREPAID.
All communications should be addressed to
THE ADVERTISEMENT MANAGER,

PRACTICAL MECHANICS,
8/1z SOUTHAMPTON ST., STRAND,

LONDON, W.C.2.

CINEMATOGRAPH FILMS.-Standard size from
6d. 100 feet. Machines, Accessories. Sample Films,
1/- and 2/6 post free. Catalogues free.-" Filmerles,"
57 Lancaster Road, Leytonstone, E.11.

COMMERCIAL TRANSFERS for all decorative
or stock purposes. Signwriting, Graining, etc. Illus-
trated booklet 14d.-PM. Axon, Jersey, England.
A. MATHISEN, CHARTERED PATENT AGENT,
Patents, Designs & Trade Marks, First Avenue House,
High Holborn, London, W.C. 1. Holborn 8950.

MICROSCOPIC OBJECTS, prepared unmounted.
Assorted packet, 2/-.-LENG, 183 Manchester Drive,
Leigh -on -Sea.

MAKE LEAD TOYS! Easy, profitable, with
" SUCCESS " Moulds. List Free.-LEE'S, BEN-
TINCK ROAD, NOTTINGHAM.

SUPER A.G. MOTORS. 4, 4 and 1 h.p. 35/ -
to 70/-.-A. Musham, 397 Killinghall Road, Bradford.

TOY CASTING MOULDS for Lead Soldiers,
Animals, Novelties. No experience necessary. Illus-
trated catalogue, stamp.-J. Toymoulds, 7 Jamaica
Row, Birmingham.

FOR SMALL TURNED PARTS up to half inch
diameter made on automatic, also small press work,
send to F.E.X. Co., 42 Blenheim Road, Upper
Holloway, N.19. Good work, quick deliveries and
keen prices. Also plating work, barrel and still.

WANTED in condition as new and open to trial
before purchase. 1 200 -230 -volt constant speed D.C.
motor; 2" shafting and 3 bearings; 1-6" diameter
Carborundum Wheel; 1-6" diameter Buffing Wheel;
1 Wet Grindstone, 2" diameter, 100 r.p.m.; 1 bracket
drill; 1 Lathe, 4" height (gap bed) 3 ft. distance
between head and tail stock, 3 -jaw chuck and morse
taper; 1 circular wood saw, 12" diameter.-Capt.
G. N. C. Treeby, Elphinstone House, Sungei Siput,
Perak, F.M.S.

FIFTY TESTED Wireless Circuits." By F. J.
Camm (Editor of ' Practical Wireless "). This hand-
book contains every modern circuit, complete with
instructions for assembling, component values, and
notes on operation. On sale at Booksellers, 2/6, or
by post 2/9 from George Newnes Ltd., 8-11
Southampton Street, Strand, London, W.C.2.

FREE ADVICE BUREAU
COUPON

This coupon is available until September 29th,
: 1934, and must be attached to all letters con-

taining queries.
: PRACTICAL MECHANICS, SEPT., 1934
M1444.1444.5.*.4444401,'1 - 4" s

P.M. Gift Stamp No. 12

Trt,

Catalogues and .1_1
Publications Received

OUR FREE CATALOGUE SERVICE
To save readers trouble, we undertake to send on cata-

logues of any of our advertisers. Merely state on a post-
card the number (or numbers) appearing at the end of the
paragraphs below and address it to " Catalogue,"
PrAenCia MECHANICS, Geo. Newnes Ltd., 8/11 South-
ampton Street, Strand, London, W.C.2. Where advertisers
make a charge, or require postage, tkia should be sent
with applications for catalogues. No other correspondence
whatsoever should be enclosed.
A Splendid Kay Competition
KAY (Sports & Games) Ltd., of Pembroke Works,

London, N.10, are running a grand competition this
year. There are 185 prizes, and there is no entrance
fee. The prizes are made up as follows : 10 first prizes,
each a 21s. Kay chemistry or electrical outfit; 25
second prizes, each a 10s. 6d. Kay chemistry or electrical
outfit ; 50 third prizes, each a 5s. Kay chemistry or
electrical outfit ; and 100 smaller Kay chemistry or
electrical outfits as consolation prizes. All you have
to do is to write, in not more than twenty-five words
the reason " why Kay chemistry and electrical outfits
are best." Entries must be made on a postcard, which
must bear a penny stamp, and competitors must also
clearly state their full name and address, and also the
name and address of their local Kay dealer. The
completed card must be sent to Kay (Sports & Games)
Ltd., Competition Dept., Pembroke Works, London,
N.10, and must reach there not later than twelve o'clock
noon on December 31st, 1934. The results will be
announced in the March, 1935, issue of PRACTICAL
MECHANICS. Write at once for their latest catalogue,
which contains full details of this splendid competition,
which will be sent free of charge upon application. [59.]
Special Optical Bargains
MESSRS. BROADHURST CLARKSON &Co., 63

Farringdon Road, London, E.C.1, the well-known
optical manufacturers, have recently introduced a
number of novelties and bargains which should appeal
to all readers. They are listed in a well -Illustrated 15 -
page catalogue, and consist of pocket magnifying
glasses and microscopes, binoculars, slide rules, thermo-
meters, telescopes, etc., etc. Of special note is a fine
3 -in. astronomical telescope which is listed at a reason-
able price. It is mounted on a stand, and is an ideal
instrument for long-distance use. Write at once for
this catalogue, which will be sent post free upon
application. [60.]
Sundry Laboratory Equipment
LESLIE DIXON & Co., Electradix House, 218 Upper

Thames Street, London, E.C.4, a name well known in
the wireless tradd, have recently published a list
containing a number of bargains in high-grade
apparatus for reg6arch and standardising work. Most
of the apparat is in a new condition, and has only
been used once twice ; but all are in first-class order,
and are offered t 'purchasers at low prices for cash only.
Such an opport ity occurs seldom, and prospective

ii"purchasers are ised that there are no duplicates,

1

and orders cannokte repeated. Write at once for the
above list, which 'WI be sent free of charge upon
application. [61.] 4.,,,.
" Goltone " Radio' Components
MANY useful components and radio accessories for

the set constructor are shown in the new season's
list issued by Ward & Goldstone Ltd., Pendleton,
Manchester. This 60 -page booklet contains a fine
range of H.F. chokes, including some heavy duty types
suitable for A.C. or D.C. sets. Iron -cored tuning coils,
H.F. coupling units, screened dual range coils, a switch
unit chassis, condensers in bakelite or metal cases,
compression type condensers, and switches of different
types are also listed. Among the other materials given
in this comprehensive list are instrument wire in all
gauges, rubber and flex covered wires, voltmeters and
ammeters, the " Goltone " screened down lead, accu-
mulators charging boards, and a range of bakelite
moulded adaptors and lamp holders. Every set con-
structor is advised to write for a free copy of this
valuable list. [62.]
Hivac Valves
1E High Vacuum Valve Co. Ltd., 113 Farringdon

Road, E.C.1, the well-known firm of valve manu-
facturers, offer to the public a fine range of first -quality
valves at reasonable prices. In addition to existing
types, they have recently introduced new A.C. mains
valves for the first time, and these include H.F. pen-
todes, a general purpose triode, and a 84 -watt output
pentode. Write at once for their valve list, which will
be sent free of charge upon application. [63.]
A Model Engineer Exhibition
Plif, EADERS interested in models and scientific
"novelties should not fall to pay a visit to the Model
Engineer Exhibition, which is organised by Messrs
Percival & Marshall & Co., from September 6th to the
15th. This year they have a wonder show of model
engines, ships, speed boats, aeroplanes, electric and
scientific novelties, lathes, tools and workshop equip-
ment of all kinds, castings and materials for model
making, steam and electric model railways running
daily, and demonstrations of wireless and light ray
control. The price of admission is ls. 3d., and the
Exhibition will be opened daily from 11 a.m. to
9.30 p.m. The Exhibition is held at the Royal
Horticultural Hall, Vincent Sq., Westminster, S.W.1.

FREE SERVICE

FOR READERS

DEADERS requiring infor-
-1-t mation concerning goods or
services advertised in
PRACTICAL MECHANICS
should give names of Advertisers
from whom particulars are
desired. Any number of names
may be included and we will
obtain for you catalogues, lists,
and any other information you
may be wanting. THERE IS
NO CHARGE FOR THIS
SERVICE.

Readers desiring particulars from a
number of Advertisers will, by this
method, save time and postage. Half-
penny stamp only is required if your
envelope is left unsealed. If any Adver-
tiser stipulates that stamps or postal
orders are necessary before samples or
catalogues are sent, please enclose the
necessary amount with your instruc-
tions. You are cordially invited to
make full use of this Service.

Post this to

ADVERT. SERVICE DEPT.,

PRACTICAL MECHANICS,

8-11 SOUTHAMPTON STREET

STRAND, W.C.2

Please obtain and send to me
particulars from the Advertisers
in your September issue whose
names I give on list attached.

Advertiser J Page No. I Information Required.

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

All applications respecting Advertising in this Publication should be addressed to the ADVERTISEMENT MANAGER, GEORGE NEWNES Ltd.,
8.11 Southampton Street, Strand, London, W,0.2. Telephone: Temple Bar 7780.
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BUY YOUR COPY
OF NO. i TO -DAY

On sale at all Newsagents and
Bookstalls, or by post nd.
from George Newnes Ltd.,
8-II Southampton Street,
Strand, London, W.C.2.

NOIlit
FOR

IREVISIO

THE time cannot be far distant when we look -in as well as listen -in . .

BRING YOUR KNOWLEDGE OF TELEVISION RIGHT UP TO
DATE BY STUDYING THE PAGES OF THIS NEW MAGAZINE.

Read all about the various systems, how your set may be .adapted to
receive television, how to make a receiver at small cost, how pictures
are transmitted, the latest television news, and many other aspects of
this most modern and intriguing of sciences.

"PRACTICAL TELEVISION" WILL TELL YOU ALL
ABOUT THE NEW HOBBY IN EVERYDAY LANGUAGE,
PRACTICAL DIAGRAMS AND PHOTOGRAPHS.

PRACT
LEVI

ICAL
SION

Gso. Newts.: La.

Published by GEORGE NEWNES LIMITED, 8-11 Southampton Street, Strand, London, W.C.2, and Printed in Great Britain by THa WUITesIIARS PRgSS LTD..
Loudon and Tonbridge. Bole Agents for Australia and New Zealand-Gordon & Gotch Ltd. Sole Agents for South Afries,--Central News Agency LW.
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