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The Joy of the Breeze

blowing steadily over the canvas is a delieght vou cannot beat. |he

cutting bow throwing up the white foam, the heeling deck and taut

lines induce a sparkle to the eyes and a keenness as great as any other
sport. And such joy can be obtained as much with a model yacht as
with a sea-going cutter. A trim rigged, properly canvased boat sailing
across the "Is"ﬂL'}‘l[ F“LTHL] in the hl‘L‘l‘LLl‘y breezc demands as much skill and
1“I‘ﬂ‘lj.~,{.~i 1s much L{L‘“_ﬂhf as 1ts PTrototypec. | here 1s real jt.'r‘; and real

skill—and they cost nothing.

The Real Thing for
Meccano Boys

With this Hobbies Racing Yacht “* Seacull 7 endless hours

of sport are obtainable.  The hull 1s hollowed and htted
with a keel to provide a proper balance, and the strong
white canvas sails are securelv lashed  The runnmng
lines 28 = o stronge watel corcl 1T o |.'|!‘-.i.|i' Sstringe) and
nrovide correct setting for the mamsqul and nb.  Lhe

mast 15 sunk into the deck through a brass socket and
with the bowsprit, 1s detachable and hes Hat on the deck
for carrving or packing. The hull and spars are beautt-
fiully finished in bright enamel with the deck hned tor

planking, The weighted runmng  rudder  maintains
thf? ]‘,:H;|1 311 1ES (CfIUTSse ,:”I‘ HH-' 1'1--'.J.'|1 '-i.u_]‘_h-; 111 ATl ‘n‘-.iﬂf] '.HILE
n anyv direction. hr;n lv a tophole vacht winch teaches

vou the science of sailine and gives fascinating sport

INSIST ON THE “SEAGULL.”
YOU CAN GET NO OTHER
LIKE IT AT THE PRICLE'!

pi— "'"'*'I

RACING YACHT
“"SEAGULL”

Deck Dimensions 23 ins. long, 24 in. Beam.
Overall Height 2 ft. 2% ins. Overall Length 2 ft, 4 ins.

Postage ¥d. /
Abroad 36

Obtainable from ;

Gamages, Harrods, Whiteleys, Selfridges, Hamleys, Barkers, Bunnys
(Liverpool), Beales (Bournemouth), Bateson (Blackpool), Dixon (Dublin},
Pantoys (Cheltenham), and from all good stores and shops. Or from Hobbies
Branches at 65, New Oxford 5t., W.L., 79, Walworth Rd., S.E., 147, Bishops-
gate, E.C., 326, Argvle 5t., Glasgow, 10a, Piccadilly, "!r‘.ldl‘uhutf:r 9a, High
St., Birmingham, 214, West 5t., "sht.fhﬂtd 89a, Woodhouse Lane, Leeds,
25, Bernard 5L, Southampton, 68, London Hd Brighton. Also direct

HOBBIES LTD. (), DEREHAM, NORFOLK

CANADIAN STORE 3854, YONGE ST. TORONTO, ONT.
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With the Editor

Shortace of Youne Eneineers Commenting on this performance ** The Engineer,” whilst
ag & 5 admitting that the speed achieved i1s remarkable for a machine

A serious matter, to which attention has recently been drawn, travelling on wheels, is * not disposed to feel any undue enthusiasm

is the noticeable shortage of youths learning the trade of engineer- for the fact that it is claimed to be a record.” The Editor points
ing, and qualifying themselves by study as well as by experience out that unless the method adopted for measuring the interval
for its higher grades and for responsible positions. The shortage of time (returned as 20.663 seconds) involved the use of refined
applies to all phases of engineering, with the exception of motor electrical contacts, or other means analogous to those employed
and electrical engineering. An authority recently stated that for measuring the velocity of projectiles, the second and third

“* there are not nearly enough recruits in ship-building, and unless place of decimals in the figure—and very probably even the first—
young men are traimned in the shops, they will not be available are open to suspicion.

when needed for the ships that are now being built.”

There is certainly room for further encouragement and for
improvement in the education of young engineers. At present
there is a wide gap between even a good school and the university
degrees in engineering—and without a degree a student has little
or nothing to show that he has been educated in his subject. It
seems unlikely, in view of the economies being effected in Govern-
ment departments, that financial assistance can be given to
promising vouths, but that certainly would solve the difhiculty
of the shortage.

There are very many boys who have the making of first-class
engineers, but whose parents cannot afford to send them to college
or to a university. No one knows this better than 1 do, for 1n
the course of a year I receive letters from hundreds of readers
asking for advice on the question of an engineering career. Many
readers, too, send very clever engineering devices for my criticism,
and a large number of the models entered in our competitions
show considerable ingenmity and promise. Most ot these letters,

The Vagaries of a Stop Watch

In most of these electrical recording apparatus the car makes
or breaks a contact when passing the post, and a stop watch
1s thereby electrically started or stopped. DBut in the exceedingly
high speeds that now have to be attained to put up a record, the
fraction that either makes or fails to make a new record is so
infinitesimal that no method making use of a stop watch could
give a measure of time with sufficient accuracy. This figure 1n the
case 1n point, 1s carried to the third place of decimals.

The ordinary fifth-second stop watch has a balance wheel
that makes five oscillations a second, and the position of the
hand has no significance except at the exact fifth-second marks.
A stop watch capable of being read to the thousandth part of
a second would require to have a balance wheel making a thousand
oscillations per second.

As """ The Engineer’’ points out, the previous speed record

1deas, and models come {from boys who would like to be engineers was held by the late Mr. Parry Thomas, with a mean mile

but do not see much prospect of following the profession of their | speed of, officially, 170.624 miles an hour. Captain Campbell’s feat

choice, largely owing to financial reasons. It i1s boys such as consists of doing the mile in (0.436 second less than Mr. Thomas.

these who would benefit from any Government scheme of That figure speaks for itself, as regards both the merits of the

assistance. achievement and the accuracy that 1s required in the means of
And here let me correct an impression that seems to be at the observing the time interval for the runs.

back of the minds of many of my voung friends. There is no » '

““short-cut "’ to success, either in engineering, editing a magazine, | The Holder of the " Blue Riband?”

or in any other walk of life. Success is only achieved gradually, = o 2 T :

and generally after long and painstaking work. Everyone who The Cunard liner * Mauretania,” having been overhauled and

wants to “‘ get on’ must take every opportunity of learning reconditioned at Liverpool, was recently subjected to a speed

trial in the Enghish Channel. For two hours a speed of 26 knots
was easily maintained—a result that seems to show this fine
vessel to be possessed of as good a speed as ever. The " Maure-
tanta = holds the speed record for the Atlantic crossing, having
crossed from Cherbourg to New York in 5 days 3 hrs. 20 mins.
and from her recent trials 1t would seem that to wrest from her the
" blue riband "' of the Atlantic will be a difficult, if not an impossible
task for any ship.

The main work done during the overhaul consists of improve-
ments in the passenger and public room accommodation, and
the re-planning of 100 state rooms. Most of this work was carried
out by the repair department of the Cunard Company, but the
overhaul of the main turbines, auxiliary machinery and boilers was

and studying, and generally preparing himself so that when the |
opportunity comes—as 1t does come, some day, to every one of us—

he can take 1t and be ready to work in the new sphere that
opportunity offers. It 1s a great thing to be able to recognise
opportunity, but an even greater one to * be prepared ' and
thus to be able to step gradually up the ladder to success when
opportunities come,

The point 1 want to emphasise, however, 1s that there is no
convenient elevator waiting at the foot of the ladder to give a
select few—sometimes called the " lucky ones "—a quick trip
to the top of the ladder. Everyone who wishes to climb to the
top can only do so rung by rung, and by his own efforts.

carried out by a firm of engineers, who also carried out the new

A SPEEd Record electrical and plumbing work required in the ship. The high-

As has already been announced in the daily press, a new motor- pressure and low-pressure turbines were opened up and inspected

car speed record is claimed to have been set up by Captain Malcolm and the boilers were cleaned. Other work included the fitting

Campbell, on a Napiler-Campbell driven by a 500 h.p. Napier of two new propellers and one tail shaft, while a new 670-ton o1l

“ Lion ' aero-engine. He 1s now (or at any rate at the time of fuel bunker was added, bringing the total oil fuel carrying capacity

writing this !) the holder of the official world’s record for both of the ship to over 7,000 tons.

the flying kilometre and the flying mile. His mean time for an After completing her first round trip the "' Maureiania ™ will

ap and a down run over the one-mile course was recorded as | undertake a cruise to the Mediterranean before taking up her
being equivalent to a speed of 174.224 miles an hour. | scheduled service between Southampton and New York.
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Captain Hill's Tail-less Monoplane

CONSIDERABLE number of the flying accidents |
that occur each year must be attributable to |
loss of control by the pilot. It was the possi-

bility of being able to eliminate such casualties that

Origin of the Name

In passing 1t should be mentioned that the peculiar
name of the machine gives a clue to its appearance,

caused Capt. G. T. R. Hill to attempt the design of a
machine that would be proof against errors in piloting.
Working entirely unaided for some time, he later re-

Capt. Hill choosing ““ Plerodactyl’” on account of the
machine's striking resemblance to a type of flying
hizard that lived in prehistoric times. Fairy-tales contain

ceived valuable assistance from the Aeronautical Re-

_ ‘ numerous references to griffins and flying dragons, and
search Committee, which enabled further investigation

1t 1s generally believed that such creatures as these never

to hﬂqﬂﬂl‘l‘iﬁd out at the Royal Aircraft Establishment actually existed. If this is so, however, then the
at Farn- - Pter o-
borough. EDDLILIL OO OOOOO OO0 000000100000 000000000000009an - d a e ty 1
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e [ | | _ N —  close to
Y 1. The Lympne Trial lor Light Monoplanes Mar. 1925 12, The Flizht from London to the Cape ... M L .
y = a ks L] 2. Beardmore * Wee Bee I - Apl. 13, Light ;empi;;r; Clubs . h *.?PL 153;::‘ lﬁzﬁ L being the
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4 1 4. Argentine Airman's Attempt to Circle the 153. Vickers (Rolis-Roycee) *" Vanguard ** June 5 ,
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the much [] 8 FokkerC.V, Scout Nov. ,, 21, “Southampton” Supermarine Flying Boat Jan, 1927 [ By look-
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dcactyl”  OOOOO00OO000000000D00000000000000000000000000000000 i 11 u s-
has been | | tration
E‘?‘DIVE{L '1hf2‘ l'I"lHE?l]lI]E- was first tested as a f._‘{llf]EF on the next pPage it ‘Wi].l. []E seen that these creatures

in December 1924, and was so successful that it

| had fingers on their wings, and this is how they
was converted into a light aeroplane, a 30 h.p. Bristol ‘

get theirr name Pterodactyl, which comes from
the Greek Pleron, ** a wing,”” and dacktylas, ** a finger.”
They were able to perch on trees, hang against rocks,
and yet could also stand firmly on the ground and
crawl on all fours like an animal or hop on their hind
legs as birds do! Pterodactyls wvaried greatly in
size, some being no larger than sparrows, and others
being veritable giants with a wing-spread of over 20 ft.

* Cherub ” engine being fitted. The first flicht on this
new craft was carried out in November 1925.

We do not propose in this article to go into all the
theoretical and technical principles involved in Capt.
Hill's machine. It will be sufficient to describe briefly
1ts design and to deal with the points in which it differs
from the conventional aeroplane.



very sharp teeth, but no feathers, leathery membranes
stretching from the front limbs to the back limbs.
We know that they were able to fly because their
fossilised remains have been found in places where
they must have been far out to sea when they sank
into the waters of the pre-
historic ocean. Here they were
covered with sand and mud,
became fossilised, and were
subsequently found embedded
in the hard rock formed from
the sand and mud into which

they fell.
Many Novel Features

L

lo return now to the tail-less
monoplane. The wing of the
machine 1s of fairly normal
construction, but instead of be-
ing spread at right-angles to
the fuselage it 1s swept back so
that the front edge tapers from
the fuselage at an angle of 59
degrees. The trailing or rear
edge 1s set at an angle of 76
degrees, so that the width of
the plane narrows as it re-
cedes from the fuselage, which
1s short. The " Cherub "’ engine
1s fitted in the back of the
fuselage and drives a ** pusher "
propeller.

The undercarriage legs lead
through the sides of the fuse-
lage, in the body of which the
shock absorbers are placed,
while at the back end of the fuselage a small wheel,
mounted very similarly to the front fork of a bicycle
wheel, 15 fitted to complete the landing gear. For
steering while taxi-ing on the ground this rear wheel
1s geared to the rudder bars, and by an ingenious device
it may be locked to act as a brake.

I'he machine i1ncorporates many novel features
that may be said to ensure that each control apparatus
performs 1ts own function and that alone. To make
this point clear it may be explained that the controllers
of an ordinary aeroplane are the ailerons, the rudder
and the elevators. These, in operation, cause the
movements known respectively as banking, yawing
and pitching, and in a normal flight on a level keel each
probably functions entirely independently of the others.
When the machine is manceuvred in anything approach-
ing a violent manner, however, their tendency is to
forsake their own duties and to perform those of the
other units until, when the * stalling”™ position is
reached, they all refuse to function and the machine
tends to get out of control.

This difficulty has been overcome in the * Plero-
aactyl,” which has practically no “ stalling ” angle, by
the imtroduction of what are termed ' controllers,”
really pivoted wing tips, arranged in such a manner
that, no matter what may be the angle of the aeroplane
itself, they always are lying trailing in the wind. Float-
ing in the wind would perhaps describe their position
even better. Their main advantage over ordinary
allerons lies 1n the fact that as the stalling point—in
so far as the machine may be said to have a stalling
point—is approached, they are still available for control
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The Pterodactyl, or “ Flying Dragon ' of prehistoric times

position.
These controllers when operated together act as
elevators and when used differentially as ailerons.

Rudders Act as Air-Brakes

The rudders present a speci-
ally novel feature. They are
mounted below the wing, one
on each side, and in their
normal position they trail freely
in the wind. When it 1s desired
to turn, however, say to the
right, the right rudder is de-
flected across the line of flight
and turns the machine to the
right. The left rudder remains
trailing and ofters no resistance.
In a smmilar manner, when
turning to the left the left
rudder 1s deflected and the right
swings free.

Not content with this, how-
ever, Capt. Hill installed a
special control that operates
both rudders simultaneously
in such a manner that they
actually constitute an air-brake.
This 1s achieved by swinging
the rear edge of the right

rudder out to the night and
moving the left rudder outward

also. The effect of this air-
brake 1s to double the machine’s
resistance to the air, and as a
consequence the gliding angle
_ 13 made considerably steeper.

The greatest feature of all, however, is one that of
itself makes the machine worth developing to the last
degree. It has been found possible to bring the machine
from the stalled to the unstalled condition without
recourse to diving. Thus i1t 1s possible to make the
change without losing height, a very valuable property
when operating near the ground.

The dimensions of the machine are interesting for they
are 1n striking contrast to those of the orthodox aeroplane
and, m addition, Capt. Hill i1s confident that his machine
can be built with a smaller percentage of structure
weight than any known type of machine.

The body of the ** Plervodactyl™ is of light balsa
plywood and the overall span is 45 ft. The area of the
main plane 1s 223 sq. {t., of the controllers 55 sq. ft.,
and of the rudders 13 sq. ft. The unloaded weight
varies from 444 1b. to 458 1b. according to the size of the
undercarriage wheels. The weight of petrol and oil
when fully loaded is 30 1b. and the total loaded weight
without the pilot 4881b., The speed range i1s from
30 to 70 m.p.h.

First Appearance Causes Mirth

The " Plerodactyl” made its first public flight at the
R.AF. display at Hendon aerodrome in July last.
Piloted by Flight-Lieutenant Chick, it took part in
the aeral parade before the King, and although the
parade consisted of sixteen machines, representative of
newest aeronautical practice, the *° Plerodactyl's " only
sertous rival 1n popular attention was the Cierva
“Auto-Giro.”

These two machines, weirdly wonderful

(Conl, on page 359)

from tip to tip. They all had bird-like heads and I purposes as they lie in what may be termed a *“ neutral "’
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ECLIPSE#SUN |

THE WONDERFUL EVENT OF JUNE 29~

(2). WHERE TO GO AND WHAT TO LOOK FOR

IH last month's article the cause of eclipses was fully explained, 1 eclipses lasts for just over three minutes, but on this occasion

and in this article we are to deal with the echipse that particu-

larly 1interests readers
In Great Britain, As 1is
already well known, this
occurs 29th June next, and
the path of totality passes
from North Wales across
England, Norway and
the Arctic Ocean 1nto
Siberia, as shown on the
map on page 195 of the
March “M.M.” The por-
tion of the track that crosses
England and Wales is shown
on a large scale on the map
on the next page.

[t will be seen from this
map that the central line
of the track of the shadow
practically passes through
Southport and Hartlepool,
and the lines representing
the edges of the shadow are
about 15 miles on either
side of the central line.
Readers living in places not
marked will be able to judge
quite easily whether they
will see the eclipse 1n its

complete form, or only as a partial eclipse, if they remain at home,
and suitable arrangements may then be made for the great event.

Best Places from which to see Eclipse

Anyone wishing to see the eclhipse
as a total one will do well to follow
the advice given last month—to get
as near the central line as possible.
An additional reason to the one
already given for this 1s that totality
15 slightly longer at places situated
on the central line, and for this
reason astronomers are making places
such as Southport and Giggleswick
their centres for observations next
June.

At Southport the total phase of
the eclipse will commence at 24
minutes past 6, summer fime, and
the sun will be totally invisible for
just over 23 seconds. At the spot
near Hartlepool, where the central
Iine leaves England, totality will be
about a minute later and will last for
24 seconds. The time of complete
eclipse 1s not very great at any point
on the path of totality, as the eclipse
happens when the length of the Moon's
shadow 1s very little greater than
the distance between the Moon and
the Earth.

On an average, totality at solar

The crescent-shaped Sun images seen under trees at the time of a total eclipse

The diamond ring effect and Baily's Beads are both visible in this drawing
of the eclipse of January 1925

even in the middle of the track off the north coast of the inhospit-

able 1sland of Nova Zembla,
the Sun will be completely
hidden for 50 seconds only,
It i1s interesting to note
that the series of eclipses,
the tracks of which are
represented by the lines
south of the equator on
the map published last
month, are all distinguished
by long periods of totality.
Those of 1901 and 1919
had total phases six-and-
a-half minutes 1n length,
while the great eclipses of
1955 and 1973 will have
total phases of over seven
minutes, almost the maxi-
IuI pt}ﬁﬁibh‘ IH:*.I‘if'Hi.

For places removed from
the central line, but still
within the track, the total
phase will not be so long.
The centre of the city L}f
Laverpool, for instance, 1S
just within the calculated
track, and here the Sun
will remain inwvisible for

eighteen seconds, while at Durham, on the eastern side of England,
the duration of totahty will be 1:\.1.. elve seconds only.

Any [lﬂHLI‘}.}_'JTlIH‘I of what is to
be seen next June will fall naturally
into two parts, the first dealing with
the partial eclipse, and the second
with the phenomena visible only
on the occasion of a total eclipse,

While the most impressive scenes
will be witnessed only by those
readers who take up a position on
the hine of totality, there will be no
lack of interesting things to be seen
anywhere 1in the Bntish Isles. The
penumbra of the Moon'’s shadow covers
a much larger area of the Earth's
surface than the central or umbral
portion, as illustrated 1in g, 1 1n
the article of last month, and 1n
places where the penumbral shadow
falls the eclipse will appear partial.
This will be the case over the whole
of the British Isles—except, of
course, that portion where the eclipse
1s total—and a very considerable
area on either side of the track of
totality, so that a partial eclipse will
be seen from places in Europe and
Northern Asia, and also from the
Polar regions and the extreme
north of America on the other side
of the track.
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Many readers no doubt will remember the partial eclipse of the
sun that was visible in this country in April 1921, when about
five-sixths of the Sun’s disc was hidden behind the Moon. On
that occasion little interest was taken beforehand by most people,
as there was an inclination to regard a partial eclipse as a very
minor affair. The weird changes in light and the perceptible chill
that was experienced as the eclipse progressed forced the event on

the same time electrified by the sight of one of the most brilliant
and splendid phenomena that can well be imagined,” this being
the sudden appearance of the corona. Other astronomers have
given similar descriptions of the effect on them, and the most
hardened of scientists i1s quite able to understand and sympathise
with the ignorant savage who either hides himself in fear or beats
tom-toms to scare away the dragon that threatens to devour

the attention of all, however, so that there was a great last-minute
search for blue or smoked glass to enable the Sun to be examined

with satety.

The effects of the
coming echipse in places
where 1t is partial will
be even more impres-
sive. as a still greater
proportion of the
hght and heat of the
sun will be cut off. At
Greenwich, {for 1n-
stance, 96 per cent. of
the Sun’s disc will be
invisible at twenty
minutes past six in the
morning, so  that
roughly one twenty-
fifth only of the usual
amount of light and
heat will be received in
London. As we go
further north-west to-
ward the track of
totality, the proportion
of the Sun's disc ob-
scured by the Moon
increases to 97 per
cent. at Oxford, and
finally to 100 per cent.
at the southern limit
of the path of totality.
On the north-western
side of the path the
eclipse will be almost
total at Newcastle, and
at Edinburgh and
Glasgow the portions
of the Sun eclipsed
will be 98 per cent.
and Y7 per cent. re-
spectively. In Ireland
97 per cent. is the
proportion that will
be covered at Dublin
and at places in Ulster
the proportionis slight-
ly less.

The Most Wonderful
Spectacle in Nature

.E—I"'I'.'-—'I- — P . i Wi e " 4

A total eclipse is
perhaps Nature's most
wonderful spectacle.
As the dark body of the Moon gradually makes its way across the
brilliant Sun, changes come slowly at first. An uneasy feeling
steals over everything, owing to the slow diminution of light and
heat, and as the time of the actual complete eclipse comes nearer,
events proceed more rapidly, The sky becomes grey or dull
purple, Birds are disturbed by the apparent approach of night,
and seek their night quarters somewhat reluctantly as if not
quite convinced that it really is night. Bats may appear, and
even night-closing flowers, such as the scarlet pimpernel and the
African mimosa, close their petals. Mysterious shadow bands sweep
over the face of the Earth, the wind drops, and everywhere there
1s a peculiar silence. The onlookers are finally plunged into
chilly night by the on-rush of the central shadow, which advances
with almost terrifying speed.

In the sky for a few moments all that is visible is a black disc

where the Sun was, with a rosy glow skirting the edge of the
Moon and the silvery light of the corona spreading out into space.
Possibly some bright stars are visible too, although this is not
always the case. Then suddenly the tension is relieved by an
arrow of sunlight, and as the Moon's black disc passes over, the
Earth comes to life once more.

Of the overpowering effects of a total eclipse there is ample
evidence. The English astronomer Baily, who observed the great
echipse of 1842 at Pavia in Italy, wrote that he was ‘ astounded by
a tremendous burst of applause from the streets below, and at

Our Map shows the line of totality for the coming eclipse. From all places in the shaded band
a total eclipse will be visible. OQutside the shaded lines the event will un!yphc seen as a partial eclipse

the hife-giving Sun.  The remarkable spectacle is so vivid and

awe-inspiring that for the moment all earthly things seem small
and far away, an impression that is never wholly lost.

‘“ Eclipse Postponed "’

But there is another
side to this story, as
the experience of 1887
shows. Complete pre-
parations were mads

. r ; in that year for ob-

CARLIELE :SUHDEHMHQ;. . servations of an

echpse that was to
have a total phase of
nearly four minutes,
the track passing from
Berlin along the route
of the Siberian railway
to Japan. An impos-
ing array of astrono-
mers from all nations,
equipped with costly
apparatus, assembled
at points along the
hine at great expense
in time and money,
but—the day was
clondy and general
failnre was reported !
In Berlin a notice
was posted up by some
humorist—certainly
not an astronomer—to
the effect that '* the
eclipse is postponed
on account of the
weather | "

Only one man really
saw the eclipse and
his good fortune was
thrust upon him. He
was Mendeleef, a well-
known Russian scien-
tist, who had made
arrangements to rise
in a balloon above
any possible clouds,
Somehow the balloon-
ist was left behind and
Mendeleef unexpected-
ly shot up into space
to a height of over
two miles, and from
this unfamiliar con-
veyance he enjoyed 1n solitary glory a fine and uninterrupted view
of the marvellous corona !

Wind Made Visible

A full and complete description of the phenomena visible during
an eclipse would require much more space than is available. For
the present, therefore, we will deal only with the many striking
features that may be observed by any reader.

The first of these phenomena to be observed will be the formation
of wavy shadow bands that can be seen just before and after
totality at most eclipses. These vary considerably, sometimes
being only one inch in width and 10 or 12 inches apart, while at
other times they are as much as eight inches in width with a
distance between them of several feet.

They are always in movement, but their speed varies from that
of a man walking to that of an express train. This low speed as
compared with that of the shadow of the Moon—over 1,000 miles
per hour as we have seen—proves that these bands are due to
something in our atmosphere,

What actually happens is that the air cools unevenly when the
eclipsing shadow creeps over, and this uneven cooling causes
refraction or bending of the light rays passing through it, with
the formation of shadow bands. In general their direction appears
to be the same as that of the wind and they may almost be des-
cribed as wind made visible ! The streaky appearance of air over
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a fire or hot plate 1s an example of the same thing, and when the
rays from a source of light pass across air in this condition fickerning
shadows exactly similar to the Hh}liinw bands of an eclipse may
be seen on any suitable surface, such as a wall.

Sun Images under Trees

The coming eclipse occurs at a time when the leaves are well
developed, and if the weather 1s good, 1images of the eclhipsed Sun
may be seen on the ground under trees. Moving circles of light
may often be seen in the shade of large trees on sunny days in
summer, and 1f there 15 a
high wind these circles
move about 1n sympathy
with the swayving ot the
leaves above them. They
are really 1mages of the
Sun produced 1n the same
way as m a pn-hole
camera, the openings be-
tween the leaves acting as
the pin-holes. The size of
the images depend on the
height of the foliage above
the ground, a height of ten
teet resulting 1n the forma-
tion of circles about one
inch 1n diameter., '

During the partial stages "'""
of an L"LII]’IHL the circles
become crescents, as shown
1n the 1111|ht1;11.1¢111 on p. 292
and they disappear during
totality. It 1s found, too, that the horns of the crescents are in
the opposite direction to those of the Sun, the rays of light crossing
as they pass through the openings between the leaves , Just as they
do 1n passing through a lens. This is a phfmmmmm that should
specially be watched for, and i1t should be possible to secure good
photographs of the crescents on the ground before the light
becomes too dim.

1he speed of the approach of the central shadow has impressed
many practised observers, especially those whose station has been
on a hill or a tall building with an open space in front. Some idea
of this movement of the shadow can be obtained by watching the
passage of cloud shadows across fields on sunny days in summer,
The eftect in this case,
however, 15 only a very
feeble 1mitation of that
produced by the mighty
shadow of the Moon, some-
times over 100 miles in
diameter, that sweeps over
the Earth with a speed of
more than 1,000 miles an
hour.,

OUne astronomer, who
saw this shadow rushing
over the ltahian plains from
a high building at Turin,
sald that he felt giddy for
a moment, as i1f the build-
mg under him bowed on
the side of the coming
eclipse. Another observer
saild that he lhistened 1in-
voluntarily for the rushing
noise of a mighty wind
when the edge of the
shacdow swept over him,
and generally the coming
of the shadow appears to be
almost the most impressive
feature of the echipse,
Every effort, therefore,
should be made by readers
to find a position from which to see this imposing effect.

Curious Phenomenon to be Looked For

At the moment when the Moon’'s shadow has covered all but
the very last bit of the Sun the rim of the latter changes with
starthng suddenness into a string of eight or ten round bnght
spots an effect that has led watchers to exclaim that the Sun was
breaking 1in pieces | Lhe first record of this was made by Halley
in 1715, but a more complete description was given by Baily, the
:l.th'UIlt,rITl{_‘ already referred to, who saw the spots well during an
annular echipse 1n Scotland in 1836. He described them on that

occasion as a row of “ lucid points like a string of bright beads,"

and ever since they have been known as Baily's Beads. They can
be seen again as the Moon's shadow leaves the Sun on the ﬂppfmte
side, when they appear finally to run together like drops of water.
IThese spots have been photographed.

lhe explanation of the ' Beads ™ 1s probably an optical one.

Any brilhant object has a tendency to appear larger than it really
15, an illusion known as irradiation, and i this case the illusion
1s possibly helped by the irregular outline of the Moon.

During the American [Lll[JbL of January 1925, an appearance
that came to be described as

“the Diamond Ring " was visible
instead of the beads, the
cause being similar., Just
before and just after
totahity, the Moon's disc
was surrounded by the
faint orange glow of the
mner corona, and at the
point where a minute
portion of the Sun’s disc
was uncovered there was a
dazzhng spot of light,
the whole giving the E‘“E'Et
that suggested the name.
The drawing of the eclipse
on p. 292 shows this effect
well, in addition to the

phenomenon of Baily's
Beads.

The Greatest Mystery of
the Eclipse

An Eruptive Prominence (see below) It is during the few

seconds of total eclipse that astronomers become most interested,

when the famous corona, perhaps the greatest of eclipse mysteries,
is visible. During those flying seconds they are busily ﬂngaged
on a programme of observations that has bDeen planned months
beforehand.

A vague idea of the appearance of the corona may be obtained
by looking at a bright street lamp through a steamy window.
The rays of light that appear to radiate from the lamp 1n this case
are more regular, however, than those seen in the corona. It is
not a mere halo, but has a distinct structure, the discovery of
which is due to the method adopted by observers 1n the olden davys
of bandaging their eyes until the corona became wvisible. lhey
are able to form a better
judgment of the colour
and shape by thus shielding
their eyes from the strong
light of the Sun 1tself.

Three portions of the
corona are usually dis-
tinguished. At the poles
of the Sun are seen bundles
of straight rays separated
by mnarrow dark lines,
and these become curved
as their point of origin is
moved away from the
poles. Then there i1s a
glow about the equator of
the Sun that usually ap-
pears flesh-white but is
often tinted with orange,
and finally, the rarest and
most mmpressive sight of
all, long silvery streamers
extending on either side
of the Sun for millions of
miles i1nto space, resemb-
ling enormous wings. These
streamers may have been

t'his and the above photograph show an eruptive prominence, photographed at the Yerkes Observatory ceen bv ancient civilised
on 25th March, 1910. In the lower photograph the prominence is shown detached from the solar “
disc, leaping away into space. A quiescent prominence is seen in both photographs on the extreme left

people, as practically all
representations of the Sun
in the sculpture of the Egvyptians, the Assyrians, and other Sun-
worshipping nations of the east show it as a winged disc. Many
drawings of the corona during the past century strongly Emphas:be
this wing-like structure, the illustration of the eclipse of 1878
on page 197 of the March ““M.M."” being a good example.

One spectacle that we should all enjoy would be a revolving
corona ! Don Antonio de Ulloa, the Spanish explorer, writing of
the eclipse 1n 1778, said that the corona " seemed to have a rapid
circular motion, like an i1gnited wing 1n a firework turning on its
centre.”” A previous observer had also seen it going round like a
Catherine wheel, but nobody has ever seen this startling spectacle
since, and unfortunately we are not hkely to see it next June.
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The Mysterious Sunspots

In recent years a connection has been looked for between the
long streamers of the corona and sunspots, which are also somewhat
mysterious and have been so ever since their discovery in 1610
by the Jesuit, Father Scheiner. They look like black holes 1in
the surface of the Sun, and Sir Wilham Herschel was so impressed
by this appearance that he came to the conclusion that the Sun
was quite possibly cool and habitable below the fiery envelope
that 1s hot enough to turn metals into vapour—a view that,
needless to say, is not held to-day !

By observations over many years it has been discovered that
the size and number of sunspots
slowly increase and decrease in

cycles of about 11 years. For
instance, the wyear 1883 was
distinguished by great spot

activity which diminished until
1889, and then increased until
in 1894 sunspots were again
large and numerous.

l'he wariations in sunspot
activity are of great importance
to us on the Earth, for it is by
no means impossible that a clear
connection will be traced event-
ually between these variations
and changes in our weather and
temperature. It has been
tound also that the spots are
magnetic, those on opposite
sides of the Sun's equator
having opposite magnetic polari-
ties. This too, is of importance
to us, for 1t is found that
immense magnetic storms, which
may last for several davs and
caunse great trouble and delav
in telegraphic work, are likely
to occur on the Earth when
sunspots are active. Readers
iterested in radio will no doubt
have read accounts of such
effects, as they are perhaps even
more noticeable in wireless than
in ordinary telegraphy. This
disturbance, in fact, is due to
nothing more or less than a
kind of wireless wave trans-
mission from the Sun to the
Earth, and it 1s at these times
also that the mysterious North-
ern Lights are best seen.

As already suggested, there seems to be a connection between
sunspots and the corona. When the spots are active, the coronal
streamers are pruul out all round the disc and are not very long,
and 1t 1s at the times in between when the long wing-like structures
are seen at their best. Unfortunately, 1927 is a vear of great
activity, so that a striking corona like that of 1878, illustrated in
last month’s article, is not to be expected.

Enormous Flames on the Sun’s Surface

One result of the discovery of Baily’s
attention was directed to the edge, or limb, as it is called of the
sun during echpses. That this was of interest had been noted
long before by Captain Stannyan, who saw a total eclipse at
Berne in 17086. "a"fritinn’ to Flamsteed, the well-known English
astronomer, he says: "' The Sun’s ﬁcrttmg out of the eclipse was
preceded l‘.n.' a blood-red streak of light from its left limb, which
continued not longer than six or seven seconds of time.” Flam-
steed seems to have thought that this red streak came from the
Moon, but by the middle of last century it was recognised that
what was seen was actually the outward leap of a huge mass of
incandescent gas from the Sun.

Lhese masses of gas are called prominences, and they have
been of absorbing interest to astronomers for many years. They
mav be seen at prﬂwtu:allu all total eclipses, appearing suddenly
at the edge of the dark Moon as vivid blood-red flames laring out
into the gathering darkness. Sometimes they have been so bright
as to be visible for several minutes before totality in front of the
advancing disc of the Moon, and later behind it for an equal length
of time. They are portions of the chromosphere, a rosy lunlinous
rng "-}LITI‘EHIHI:IIHE{ the Sun.

The chromosphere with its accompanying prominences can only
be seen ordinarily at eclipse times as its light is usually complete 1\.
blotted out in the brilliant white glare from the Sun’s disc. As

’

Beads was that close

This splendid photograph, which shows a remarkably larde prominence, was taken
during the eclipse of the 29th May 1919,
of the Greenwich Expedition sent oul to Brazil to observe the eclipse

at Sobral by Dr. A. C. D. Crommelin,

el
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early as 1868, however, a method was discovered by which the
prominences may be seen at any time. This discovery was made
simultaneously by two noted astronomers, Sir Norman Lockver
and M. Janssen, the latter of whom had travelled to India to
observe the eclipse wvisible in that vear. In this method use is
made of the spectroscope, an instrument that analyses light. A
narrow hne ol the hght to be examined is first obtained in this
instrument by passing it through a slit, and this line is then passed
through a glass prism. When treated in this manner the white
light of the Sun 1s spread out into a band containing all the colours
of the rainbow 1n the order red, orange, yellow, green, blue, indigo,
violet, the spreading out being due to the fact that rays of blue
light bend more 1n passing from
alr into glass than yellow rays,
the latter more than red, and so
on. The band of colour then, or
“ spectrum " as it is called, 15 a
continuous set of images of the
slit i the wvarious colours in
the order named.

The use of this instrument
during totality at the eclhipse
of 1868 had shown that the light
from the prominences was com-
paratively simple and was not
therefore spread out over the
whole spectrum by the prisms in
the same way as the complex
white light., It occurred to the
two astronomers named that by
passing the light from the edge
of the Sun through a large
number of prisms to spread 1t
out into a spectrum there was a
possibility that the intensity of
the ordinary sunlight would be
so much reduced by being spread
out in this way that the simple
light from the prominences
would be wisible. On the dav
after the eclipse, M. Janssen
directed his telescope to the
Sun’s limb and passed the light
from it through the prisms
in the spectroscope. To his
delight the difference of 1llumina-
tion was sufhicient to reveal the
light of the prominences clearly.,
By using a mirror to project an
Image of the edge of the Sun on
the shit of the spectroscope
and opening this fully, 1t was
then found possible to see the
prominence printed in one colour, so to speak., Further extensions
of the method now enable astronomers to photograph prominences
all round the Sun with one exposure in full dayhght, while at
total eclipses they are only directly visible on the E‘df.{f“-‘-. of the Sun.

A feature of special interest in connection with the eclipse that we
shall see next June is that the disc of the Moon will appear to be
only shightly larger than that of the Sun—as was mentioned in last
month’s article in explaining the narrowness of the track—and 1t
may be possible, therefore, for the first time in history to see
prominences all round the Sun instead of on one side only at a time.
Should this be the case, the Sun will appear to be surrounded by a
crimson ring, with the corona encircling this, and the shortness of
the duration of the eclipse will thus be compensated by the extra
brilliance of a spectacle that has never been seen before.

The Great Prominence of 1919

Lf by good fortune a prominence of the size ol that shown 1n the
photograph on this page is visible, then the coming eclipse will be
very remarkable indeed. This prominence was Illl{JT.{}LJ..l!i}hf‘{i by
Dr.” A. C. D. Crommelin, who went out with an official party from
Greenwich Observatory to Sobral, in Brazil, to observe the echipse
of 1919. The material of the prominence was thrown out from the
funnel-shaped portion at the lower end, and formed a cloud-hke
mass that curved back to the Sun once more over 300,000 miles
away, while portions fell in curved wisps within the main curve. At
the same time this prominence was being photographed at the
famous Yerkes Observatory in Chicago by the method relerred to
above, and as the observers there were not dependent on an eclipse
they were able to obtain photographs of the rapid changes that it
underwent. They found that the central cloud-hike portion
separated from the rest and parts of it floated away to a height ol
nearly half a million miles before finally disappearng.

Some 1dea of the immense size of this (Continued on page 346)
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XXXV. X-RAYS—THE “WATCH-DOGS OF INDUSTRY?”

AST month some of the applications of X-rays
to the detection of faults in metalwork were

explained, and in continuation we now have to
consider the examination -of joints.

human life depends too

One application of interest is to the testing of golf
balls. These contain a heavy rubber core upon which
rubber strips are wound. If the core i1s not a true
sphere the ball does not fly straight and much bad golf—
and bad language—is
the result ! This possi-

The safety of

often upon the sound-
ness of welded or nveted
joints to allow the neg-
lect of any means ot |
testing them, and the |
only method by which
their soundness can be
demonstrated,  apart
from tests to destruc-
tion, 18 by X-ray
examination, which 1n-
stantly reveals any gaps
or bad joinings. An
example of bad work-
manship of this kind 1s
shown in Fig. 1, which
shows an oxy-acetylene
weld in a steel plate.
This was apparently a

perfect weld, but, as the illustration shows, the joint
has not been made in a satisfactory manner at all.

Tests to Wireless Apparatus

Methods similar to those
used for metals can be applied

also to a wide range of other

materials, and there are
many applications of X-rays
to industry in which what are
termed “‘ softer "’ rays may be
employed advantageously for

the examination of raw
materials and fimished pro-
ducts. For instance, the

value of ebonite for insulating
purposes in wireless and other
electrical apparatus 1s ob-
viously reduced by the pres-
ence of impurities. These
have an absorptive power
different from that of ebonite,
anda photographictest with X-
rays will show their presence.

Couriesy]
Fig. 1.

bility can be avoided by
looking at the core of
the ball 1itself when
manufactured. Fig. 3
is a radiograph of new
golf balls, and 1t shows
that the rubber core 1s
often by no means
either round or central.

In many other
branches of industry
various tests and ex-
aminations are neces-
sary. The purchaser
wants to know that
the raw material he
buys 1s up to specif-
cation, and the manu-
| facturer 1s anxious to see that the workman is putting

good craftsmanship into the job. For example, a boot
| manufacturer purchases leather and turns out boots.
: X-ray examination of the
leather may tell him much
that a superficial examination
will not show, while the X-ray
examination of the finished
boot will unerringly reveal
defects, such as unclenched
sprigs, filling, or faking of
almost every kind. Of course,
it would be a big under-
taking for a manufacturer
to X-ray every pair of boots
turned out of his factory, but
it is easy to see that the
possibility of a more stringent
examination of at least some
of them must tend to raise
the standard of workmanship.

Cricket balls, rubber tyres,
wood spokes for wheels, and
many other articles are

[Lowughborough College
Oxy-acetylene weld in steel plate, showing serious gaps in the joint

[ Loughborough College

Courlesy|
Fig. 2. Bad workmanship revealed by X-rays—a faulty mortice joint




now tested by means of X-rays. Imitation diamonds
can be distinguished from real ones by the dense shadow
of the lead in the glass of which they are made. One
of the earlier uses made of the rays was to detect pearls
In oysters without opening them, and the new ' culti-
vated = pearls, when subject to the rays, readily show
the nucleus around which they are grown.

Still other examples in connection with many classes
of industry could be given, such as the examination of
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Here again it is in the examination of the finished
products that the greatest usefulness of the X-rays is
found, and the workmanship is subjected to a merciless
scrutiny. The all-seeing rays instantly detect any
dodging or bad work such as badly-fitted joints, irregular
gliing ot parts, and the splitting of wood by screws,
and no attempt to cover up bad work by means of glue
and shavings has the slightest chance of success. For
work of this kind portable X-ray outfits are now made,

cigars, electrical insu-
lators and, 1n the case
of foodstuffs, the de-
tection of impurities,
the separation of stale
and fresh eggs and the
examination of cheese.

It has been pointed
out already that the
safety of human life is
often dependent on the
soundness of the
materials used in the
construction of build-
Ings or machinery, and
that X-rays provide the
only method of testing
finished products. An
important example of
this 1s in ctesting the
soundness of blocks of
ferro-concrete. In re-
imiorced concrete work,
the 1ron bars, cement,
etc., employed may be
tested separately, but
once the block of ferro-
concrete has been made
and put into position,
information as to its
soundness can be ob-
tamned only by the use
of X-rays. These make
1t possible to see if the
iron bars have rusted or
warped, if the concrete
has developed cracks,
or 1f anything else has
occurred to reduce the
strength of the block.

This 1s particularly important in the case of ferro-
concrete used for marine purposes, for splits in the
concrete are often caused by the rusting of the enclosed
steel, as this results in expansion. The only way in
which this internal action can be studied is by means of
A-rays and, by their aid, ways and means will probably
be developed of increasing the margin of safety in the
erection of modern ferro-concrete structures.

Safety in Aeroplanes

Photo courlesy)

An even more important example is the testing of
acroplane work. Here the slightest flaw in any portion
of the material used, or in the workmanship with which
the parts have been assembled, may result in a fatal
mishap, and consequently rigid tests are very necessary.
I'he metal and timber used in an aeroplane are thoroughly
tested at all stages of manufacture. Hidden knots,
bad grain, grub holes, and pockets filled with the resin
are the chiel defects to be looked for in timber, and
they are easily detected by X-rays.

Fig. 3. Unused Golf Balls of Various Makes

of such a shape and
size that they can be
manceuvred about a
finished aeroplane. They
are arranged so that
they can be used either
for a rapid inspection
with the aid of a fluores-
cent screen or for se-
curing a permanent re-
cord by photography.
An example of the use
of X-rays to detect
taulty workmanship of
this kind is shown in
I1ig. 2, which shows a
wood joint in which the
mortice has been badly
cut.

An interesting side
line 1s the examination
of antique furniture,
pictures, etc., in which
faking may generally
be detected. If two
photographs are taken
using localising appara-
tus, the radiographs
may be examined by
means of a stereoscope,
when the mternal struc-
ture appears 1n relief.
A simple but interesting
example of this can be
arranged by obtaining
X-ray photographs of
samples of coal. A
single photograph shows
the layers of mineral
matter as patches or
streaks, whereas a stereoscopic photograph shows the
foreign matter in relief, and the general structure of
the coal can be appreciated very much better. Similar
remarks apply to the metallic veins mm minerals, and it
will be realised that there are considerable opportunities
for research in this direction.

An X-ray photograph of coal does not give a clear
indication as to the amount ot foreign matter present.
I[f the coal is powdered, however, and shaken up 1n an
aluminium container, the mineral matter tends to
sink to the bottom, and the amount of " sediment ”
1s easily revealed in an X-ray photograph. 'This gives
a very simple and rapid method of comparing samples
of coal. .

Another method that has been suggested for the
examination of nuts or beans of anthracite for gas
producer plants is to arrange a tray having, say, §0
divisions. If a piece of coal be placed m each division,
the percentage of the pieces containing mineral matter
may be quickly determined.

- i
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[Loughborough Collepe
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In the foregoing examples, the examination may be made simple
by means of the fluorescent screen, and where a large number of
parts require to be examined, simple apphances such as a belt

conveyor may be arranged to reduce the time taken.
Future Uses of X-Rays

The use of portable plant of the kind already referred to is some
indication of future uses of the rays, when 1t will be part of routine
work in engineering shops, for instance, to pass all finished work
through an X-ray testing room equipped to carry out the necessary
examinations rapidly and almost automatically, just as similar
operations are carried out to-day in a well-organised hospital.
Another industry in which the possibilities of X-rays are as yet
practically unexplored is coal mining, for the rays can be of great
assistance in the study of the composition of coal as well as for the
detection of defects in the fuses and detonators used for shot-firing.

It 1s putting the case mildly to say that the application of X-rays
to industry 1s absolutely in its infancy, and the development of
improved methods of producing the more penetrating X-rays
undoubtedly will lead to great extensions.

The Research Department of Woolwich Arsenal predict
that a penetration of 12 in. or even 20 1n. may be attained
in the future. As already pointed out, the chief
obstacle in the way of progress i1s the X-ray tube -
itself. Although much has been done to solve
the problem, much still remains to be accom-
plished, but with more powerful tubes, or
with a better method of producing therays,
the penetration predicted will doubtless
be attained.

Though several of the more progressive R el
firms have now installed XN-ray ap- NN
paratus in their test rooms, there 1s no o
doubt that much wider applicationsare | g
possible. Greater interest than ever is
being takenin the applhication of X-rays e
to industry. = About five years ago, |
for instance, a powerful experimental i
plant was installed at Loughborough 1\
College, and research has been, and still \ &
15 being carried on with a view to exploring
the possibilities of such applications.
Many of the X-ray photographs illustra-
ting this article have been taken at Lough-
borough, and we are greatly indebted to Mr. J.
F. Drniver, D.L.C. (Hons.), M.1.E.E., M.1.Mech.E.,
Head of the Department in which this work s carried
out, for much valuable immformation and assistance.

In this series of articles we have dealt so far with the
discovery and production of X-rays, and
also with their use 1n surgery and 1in-
dustry. Of late years they have been
applied to the solution of scientific
problems of a somewhat surprising and very remarkable nature,
and before leaving the subject a brief indication of this will be given,
To follow this new application we must consider once more the
nature of therays. On page 113 in the February “M.M." reference
was made to the fact that the X-rays are of the same nature as
light, but that there were formerly differences of opinion owing
to certain difficulties that showed themselves.

No Surfaces Smooth to Rays

One of these differences was in regard to the reflection of X-rays.
If ordinary light falls upon a surface that is very rough and
lumpy no reflection of the ordinary kind will be obtained at all,
but if the surface 1s polished until it appears to us to be smooth,
then we shall get reflection as in mirrors. When the early
experimenters attempted to reflect X-rays, however, their efforts
resulted 1n failure. We know now that the trouble was that their
wavelength was about 10,000 times smaller than that of ordinary
light, so that a surface that was just of the right degree of smooth-
ness to ordinary light would still be extremely rough to X-rays.

A similar state of affairs exists when we consider the passage
of light through glass prisms. Ordinary light is bent in passing
through them, but the eflect cannot be traced with the X-rays,
again on account of their very small wavelength. The same
bending takes place when light 1s passed through what i1s known
as a diffraction grating. Gratings are usually made nowadays
by scratching a number of very fine parallel lines on a glass sur-
face, or by photographing one already made, also on the glass.
1his 1s usually done by means of a remarkable ruling machine
constructed by H. A. Rowlands, a famous American scientist
who devoted years of work to the making of a perfect screw to
enable him to construct a machine capable of ruling thousands
of hines per inch with great accuracy.

Suppose a narrow slit of light is projected at right angles on
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The symmetrical pattern obtained on a photographic
platebypassing a beam of X-raysthrough a thin crystal
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to such a grating and viewed from the other side. In the centre
a narrow sht of white hght that has come straight through is
seen, and on either side are colour bands at regular intervals
depending on the spacing of the lines on the grating. In testing
X-rays in the same manner it 1s necessary, of course, to substitute
a photographic plate for the eye, and when this is done no effect
of this kind is obtained with ordinary gratings.

X-Rays and Crystal Structure

The reason for this, as already suggested in the February “M.M."
is that the wavelength of the X-rays is far too small for the gratings
in use. For ordinary light a grating with about 17,000 lines
per inch gives wvery satisfactory results. As the wavelength
of the X-rays 1s about 10,000 times smaller, the gratings necessary
would require to have lines about 10,000 times nearer to each
other, or i other words the gratings should have 170,000,000
lines per inch! No machine ever constructed could possibly
rule such a grating. No wonder then that X-rays at first appeared
to defy the ordinary laws of light !

Eventually, however, the happy suggestion was made by a German

scientist named Laue that the regularly spaced avenues

of atoms in crystals should behave as a diffraction

grating, the spaces of which should be exceedingly

small and of the right size to show the effect with

X-rays that ordinary gratings show with light.

On trial this proved to be the case. It must

be remembered that this regular arrange-

ment of the atoms in a crystal is in space,

and therefore 1n three directions, while

the gratings used for ordinary light
have lines in one direction only,

Fig. 4 shows what happens whena
narrow beam of X-rays is passed

through a crystal. The greater part

of the beam passes straight through
and produces the black mark in
the centre of the figure, but a certain
proportion 1s bent or refracted by
its passage through the crystal, and
a regular pattern is produced, as shown
for a crystal of anhydrite in our illus-
tration. This discovery of the bending of
X-rays was the complete and final proof
that there was no difference between X-rays
and ordinary light, except in wavelength,
Further experimental work showed that in the
regular layers of atoms forming crystals, nature
has provided surfaces sufficiently perfect to actually
reflect X-rays. Referring again to the gratings used
with ordinary light it is possible, if we
know the distance the lines are apart,
to calculate the wavelength of the
light. In a wvery similar manner, if
we know the atomic spacings within a crystal, we can calculate
the wavelength of X-rays, or conversely, knowing the wavelength,
we can calculate the atomic spacings of the crystal. Most im-
portant and wvaluable work in this direction has been carried
out by Sir Wilham Bragg and his son Professor W. L. Bragg,
who were awarded the Nobel prize in 1915. As the crystal helped
to explain the nature of X-rays, so in turn the X-rays help enor-
mously 1n explaining the nature and structure of crystals. In
fact we may say that the X-rays have enabled us to see in an
indirect manner the tiny atoms of which substances are composed.

The metal iron gives us a simple example of this use of X-rays.
It 1s well ’known that substances usually expand when heated. If,
however, an 1ron wire 1s heated, say by passing an electric current
through 1t, 1t lengthens steadily as it grows hotter until the tem-
peraturereaches about 900°C.,when it momentarily stops expanding,
and even contracts shghtly. Then it again expands as the tem-
perature increases further.

An X-ray examination of iron at various temperatures has shown
that the atoms in the crystals of iron are packed together more
tightly above the critical temperature than below. It is obvious,
therefore, that the curious behaviour of the wire is simply due to
the rearrangement of the atoms, which pack themselves more
closely together when that temperature is reached.

It 1s perhaps surprising to learn that metals are built up of
crystals in exactly the same way as are such substances as sugar
or common salt. This 1s the case, however, and the toughness,
hardness, ductility, and other properties of a metal are closely
connected with its crystalline structure. The physical properties
of steel, for instance, depend very largely on the nature and size
of the crystals of the iron and carbon present. It is reasonable
to predict, therefore, that the investigations on crystals conducted
by the aid of X-rays will at no distant date lead to far-reaching
practical results.
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VISIT to a Jlarge Machine Shop i1s always an

interesting experience and recently the writer

had an opportunity of going over the large
Machine Shops at Parkhead Forge, owned by William
Beardmore & Co. Ltd. Here, even following the years
of industrial depression, culminating in the stagnation
produced by the Coal Strike, there is always something
of peculiar
interest to be
Seern.

Amongst
work that has
gone through
recently
were cast steel
yokes for
generators ot
considerable
size. In cases
where the
armature revol-
ves at a slow
rate, and 1In
order to obtain the necessary high peripheral speed,
the diameter has to be of considerable size. In the
particular yokes under consideration the inside diameter
was 17 ft. and the outside 22 ft., with a width of
3 ft. The weight of each complete yoke was 11 tons
8 cwt.

Yokes considerably larger than this can be undertaken
at Parkhead, and it 1s interesting to know that one
enquiry the firm recently received was for a yoke of no
less than 40 ft. in diameter.

Rims for Turbine Gear Wheels

A similar class of job 1s turbine gear wheel rims. The
process of manufacture of these gigantic gear wheels,
which are employed for reducing the rate of revolutions
of ships’ turbines from some 3,300 revs. per min. to 90
revolutions of the propeller, is amongst the most in-
teresting in engineering. The process was fully described
in an illustrated article in our issue for November 1925.

An ingot is first cast of some S ft. in diameter by be-
tween 10 and 15 ft. 1n length and weighing roughly 60
tons. The ingot is heated, and forged into a bloom
cylindrical in form. The bloom 1s annealed in a special
furnace, and when cold 1s trepanned and parted into
three or four pieces. These pieces are then expanded
under the forging press into rings ot the requlred diameter

from 5 to 14 ft. The hollow forged rings are next
annealed and sent to the machine shops, where they are

next bored and turned in a large 14 {t. turning and boring
mill of a very heavy type. This being the function of
the Forge Machine Shops, they are then despatched to
the shipyard, where they are shrunk on to the wheel
centres and the teeth are cut.

Such work requires a special class of machinery, and
the tools used are similar to those employed in the
making of giant flywheels.

Courtesy of]

An extraordinary Crank Shaft, forged with the Shafts set at an angle of 30°

Extremes in Gears

Another interesting operation seen at Parkhead was
that of gear cutting. The plant installed is capable of
dealing with plain spur gears up to 8{t. in diameter,
with spiral gears and worm wheels up to 3 ft. and bevel
gears to 2 ft. diameter. At the same time the shops can
turn out gear
wheels down to

the smallest
$1765.

One order
recently execu-

ted was for
valve  timing
gear tor a

motor cvcle
engine, and the
largest pinion
1in the set
measured but
ten millimetres
in diameter. It
1S a far cry from such products to the latest gear

wheel turned out by the Machine S>hops which 1s of
8 ft. diameter, 2 ft. wide, with teeth of 3} inches pitch,
and a weight of 2 tons 16 cwt.

One of the most recent jobs delivered from the Forge
Machine Shops was a winding engine drum shaft for gold

mines abroad. Being in four pieces bolted together,
this had to be made to extremely small limits, and from
?ndhtn end the truth was within two thousandths of an
Inc

Ihe total length was 60 ft. 9 in., carried on five bearings,
three of 25 in. diameter and two of 18 in. The couplings
measured 3 ft. 10 in. diameter, and the shaft at its largest
diameter was 2 ft. 104 in. It was hollow throughout, the
hole being trepanned in a special machine. A very much

larger drum shaft 1s at present in hand requiring a 115-ton
ingot to make one of the pieces.

Value of Trepanning

It may be mentioned that the Machine Shops at
Parkhead are particularly well equipped for trepanning
small holes in rotor and other similar forgings.

Irepanning, which means cutting a solid piece out of
the metal instead of boring it out in a lathe, is of great
value, 1n that it enables a close examination of the con-
dition of the internal part of the shaft to be made
from the core.

In the case of very small holes, trepanning is difficult,
1f not 1impossible, and 1n these cases the holes are bored
out of the solid in the usual way.

The weight of the drum-shaft referred to totalled
ol tons 10 cwt.

A Weird Crankshaft

The finest piece of work turned out by the Machine
Shops during the past few months, (Continged on Page 1559

(Wm. Beardmore & Co. Lid.
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II.—BORING OPERATIONS AND SHAFT SINKING

IN the concluding paragraph of our article in this
series last month we referred to the operation of
boring for coal carried out by the prospector.
This task represents the first practical step towards
establishing a coal mine, and while the work 1s slow and
monotonous it is of the very greatest importance.
When the location of a new coalfield has been geologi-
cally defined, boring 1s commenced 1n order to discover
how far the estimate of the geologists 1s correct,
and further, to ascertain the important point as
to whether the coal exists in sufficient quantities
to be profitably worked.
The boring operations are carried out
either by a percussive or a rotary

system. In the former a steel chisel A
is fixed to the lower end of an iron A
rod 18 ft. 1in length and about
14 1in. square. This® rod 1s | P /
driven steadily downward ¢~

and the chlusel bites mnto the

earth, penetrating rapidly "

in soft soil but slowing down
considerablywhen rockystrata
are reached. A shght twist
s given to the rod before
lifting it from the cawvity
after each blow .and a circu-
lar hole 1s thus gradually cut
out of the rock. As the bore
deepens, additional 18 {t.
lengths of rod are screwed on.

f he borehole soon begins
to choke up with the loosened
debris, and the cutter 1s then
temporarily laid aside and a
“sludger "’ lowered down the
narrow cavity. lhe sludger,
S0 ﬂdl"ﬂLd from the mml oT

“sludge "’ 1t collects, 1s a
long t.LLl:IL with a valve at the base that works like the
valve of an ordmary hifting pump. When brought
to the surtace the sludge 1s examined for information
as to the nature of the ground being bored through.
An experienced borer can detect m{;rr:l} by the changed
vibrations of the rods when the chisel has cut into
some new or different stratum.

The imcreasing length of the rodding as the boring
deepens renders the task of operating the tool more and

A general view of the Newdgate Colliery showing miners returning lo wors
on the re-opening of the pits after the strike last year

more laborious, and when a depth of about 250 ft. 1s
reached hand manipulation has to be superseded by
steam power from an engine erected at the head of
the boring.

In the Fauvelle system of percussive boring hollow
steel rods are used. While the cutter 1s being operated
a continuous stream of water passes down inside the
rods and, flushing the bottom of the boring, carries
away the loose debris, washing i1t up out of the
borehole, and thus clearing the cutter.

The tools employed in rotary systems of
boring enable the debris to be brought to
the surface 1 cvlindrical sections known as
“cores.” These not only disclose the nature
of the material penetrated by the cutter, but
if the sections are carefully preserved and
placed 1n correct sequence an accurate illus-
| tration is presented of the thickness of each
M| cuceessive

stratum. The wvarious coal seams
""E“i “ bored through will be represented by so
many black sections of core
interspersed with sections of
rocky or other matter.
In the rotary system of
boring invented about 50
years ago by Captain Beau-
mont, a wrought iron crown
s fitted to the bottom end
of the hollow rodding. In-
lerior diamonds set In the
bottom rim of this crown
erind away a ring of rock
as the tool 1s rotated at
about 300 revolutions per
minute, leaving a rocky
pillar—the core—which is ac-
commodated 1 the hollow
of the rods.  Periodically
the core 1s automatically
broken off, brought up with the tool and removed
for examination. While bormg 1s 1n pr ogress water
1s fed down the hollow of the rods, escaping through
vertical apertures, and 1s drawn up to the surface again
by an auxiliary pump. This type of rotary boring tool
has been used very successtully in operations carried
to depths of mere than 2,000 ft.
The cutter used in the Davis-Calyx system of rotary
boring employs, in place of diamonds, a steel ring
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having 1ts lower edge notched after the manner of a
saw. This appliance has been employed for boring
operations mn the new Kent coalfield, where one par-
ticular boring revealed coal at a depth of 1,437 it.
As many as 13 seams of the mineral were pﬂnutratﬂd
before operations were discontinued at a depth of
2,276 ft. Rock strata ranging from a few feet to 223 ft.
in thickness lay between the various coal seams, which
were from 14 tt. to fully 6 ft. thick.

A little over a year ago borings made i North Oxtord-
shire disclosed
a rich coal seam
only 700 it. be-
low the surface,
while a ]JE}I”IIH.,
made at Dod-
dington, on the
western border
of Lincolnshire,
did not pene-
trate the first
coal seam until
a depth of

2703 ft. had
been reached.
Cutting " was

continued ' at
the latter locali-
ty for a further
900 tt., 1 the
course of which
11 coal seams
Were passed
through. As a
general  rule,
however, only seams of 21it. or more in thickness are
regarded as profitable to work, and of the 11 disclosed
by the boring at Doddington three are stated to be
workable.

A single boring does not " prove " a coalfield, and
boring operations are carried out over a wide area
until the engineers have learnt the extent of the coal-
bearing area, the number and average thickness of the
coal seams and the general quality of the mineral. If
the results of the borings are satistactory the engineers
then turn their attention to deciding where the pit
shafts shall be sunk. This 1s a momentous question,
and every care 15 taken i choosing the sites.

Although borings vield much valuable information
they are never regarded as infallible, for a boring may
miss by only a few inches some underground stream
or hidden quicksand that will only be discovered when
the small borehole gives place to the wide cavity of a
shatt. Huge sums of money have been spent in battling
with these dreaded obstacles to successiul shait sinking,
and sometimes 1 the end the engineers have had to
abandon their eftorts. "lThose responsible for deciding
the location of the shafts have also to make sure that
ample room 1n the immediate neighbourhood 1s available
for the railway sidings, waste dumps, coke ovens and
washing and screening plants that later will be necessary.
It 1s thus no simple matter to decide exactly where
shaft sinking shall be carried out.

Sinking the Shafts

In determining what form of vertical shaft shall be
sunk for a new coal mine many factors have to be
considered, two of which are the nature of the strata
separating the various coal layers and the kind of
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A typical South Wales

coal mine at Ponlypridd
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lining the shaft 1s to have. England and many European
countries favour the circular shaft, which 1s admirable
for resisting the tremendous pressure exerted by soft
strata, and 1s lined with 1ron sheeting or brickwork.
Oval-shaped vertical shafts, of which a number exist
in the South Wales coalfields, are also lined after the
manner of circular shafts. America has adopted
mostly a rectangular type of shaft and 1n some 1nstances
reinforced concrete has been used for the lining in
preference to the timber lining common to the type.
Rectangular
shafts are very
suitable and
cheap to con-
struct where
borings have
shown the
strata between
the coal seams
to be hard and

solid.

When all
matters of de-
tall are duly
settled, the
work of ex-

cavation 1s
commenced,
winding  gear
bemng erected
over the site
for hauling up
the debris.
When the sur-
face layer of
soil has been penetrated and rock i1s reached, digging
by hand gives place to a powerful boring machine.
This modern device consists of a number of mechanical
arms radiating from a central shaft and each terminating
in a secureély held power drill for making holes to receive
a charge of explosive. After 1t has done its work the
machine 1s removed and blasting carried out.

As the aperture for the shaft deepens to the first layer
of rock, the sides are supported by a temporary lining
of flat steel rings fixed with strong metal hooks, and
backed by a wall of planking secured with wedges.
The rings are placed about 3 it. apart. When at length
solid rock is reached the work of providing the shaft
with a permanent lining 1s begun. A cast-iron " brick-
ing "’ ring is built up from segments carefully lowered
down the shaft and 1s laid in cement or oakum. Upon
this metal foundation a brick lining about 1 {t. in
thickness 18 then built up. When the lining 1s com-
plete, sinking operations are resumed and at a specified
depth a second bricking ring is set and the shaft wall
built up to the ring above. Thus alternate sinking
and bricking continues until the shaft has been C’ll‘l‘lﬂd
as far down as required.

The Menace of Water

Shaft sinking is very rarely accomplished without
trouble being experienced from nflux of water nto
the excavation. Frequently the water can be baled
out by utilising the big iron buckets called " hoppets "
used for hoisting up ‘the debris, but if the flooding
assumes formidable proportions powerful electric pumps
are brought into use. These are carefully suspended
in the shaft by wire ropes controlled from a capstan
engine situated at the head of the shaft, and can thus be
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lowered further as sinking operations continue to greater depth.
The pumps are capable of dealing with many thousands of gallons
of water per hour against a substantial head, and the water so
lifted is pumped to the ground surface through a flexible metallic
hose.

The presence of water necessitates not only continual pumping
but also the adoption of other methods and materials for hning
the shaft. In the system known as "' tubbing,’ for instance, an
iron lining is built up instead of a brick one. Flanged, curved,
cast-iron plates are erected on the foundation ring and bolted
together, forming
a complete circle.
Successive rows of
similar plates are
then built up, the
various Jjolints
occurring as 1n
brickwork and all

being interleaved
with thin lead
sheeting. The

plates in each row
have a central hole
in the front
through which
water percolating
from the earth 1s
allowed to escape
until all the plates
are secured 1n Posi-
tion. The deep
cavity between the
tubbing and the
earth wall of the
shaft 1S then
tightly filled with
concrete which,
when solidified
forms an impene-
trable wall, eftect-
ually shutting out
the water.

[t is interesting
to note that the  tubbing " method of shaft sinking was introduced

into the Leicester coalfield by George Stephenson, who opened a
IFFrom this colliery Stephenson sent

colliery at Smibston in 1831.
the first trainload of coal to Leicester.

The ** King-Chaudon ' method is even more drastic and includes
the use of huge boring tools, each of which consists of a wrought
The tools are
and during operation are suspended Dby

iron frame wherein a number of steel chisels are set.

known as "' trepans,’

wooden rods from a beam at the shait head. A hole 5 it. to 6 it.

in diameter is cut by the first trepan—the weight of which approxi-

mates six tons—and is enlarged by a second tool of greater radius.

The latter appliance may in turn be superseded by a third and still

larger trepan, according to the diameter of shatt required. Mechani-
cal excavators remove the debris speedily created by these formid-

able cutting tools.

The shaft is lined with metallic rings each of which is cast in one
piece and is roughly 4 ft. in height. When all 1s prepared, these
“ ready-to-fit '’ cast iron rings, already secured together to form a
huge cylinder, are slowly lowered into the shaft. Beneath the
bottom casting is a quantity of moss within a sliding ring. As the
cylindrical lining comes to rest, its whole weight 1s 1imposed upon
the moss and a perfectly watertight joint formed. Space inter-
vening between the tubbing and the earth wall of the shaft i1s
filled with concrete, and when the latter has set, water that has
accumulated in the shaft is pumped out, after which sinking

operations can be continued.,
Fighting Quicksand

Quicksand 1s another serious menace to the mining engineer,
but different defensive methods have to be adopted. Of these,
perhaps the best known is the * Poetsch * freezing system invented
in 1883. A series of very deep holes forming a wide circle round
the shaft area i1s bored and into each a vertical pipe, sealed at the
base, is lowered. Within each pipe 1s a narrow central tube
extending almost to the bottom and when all pipes have been
inserted and connected up to the freezing plant, brine, at the low
temperature of 5°F., 1s pumped from the plant and forced down
these central tubes. The brine issues at the foot of each tube and
rising up between the outer wall of the tube and the inner wall of
the pipe, returns to the freezing plant, where it 1S nd of heat
collected on the journey, after which it 1s again forced along and
Jown the central tubes for further duty. By this continuous
axtraction of heat the earth around the holes eventually becomes
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In a typical coal mine—miners and filled trucks of coal waiting to come to the surface at Bargoed, near Cardiff

shaft being provided for ventilating purposes. _
two shafts for a new mine is carried out simultaneously and when
the required depth has been reached i1n each case a communication
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completely frozen. The hardened ground then forms an effective
barrier to water and adjacent quicksand alike, and shaft sinking
operations can be carried out.

Nowadays two shafts not less than fifteen yards apart are always
sunk, one known as the '* downcast "’ shaft being used for conveying
men and materials up and down, and the other called the " upcast
The smking of the

The area at the base of each shatt 1s widened
outintoachamber,
although thick
columns of coal
are Jeit standing
to prevent root
falls in the im-
mediate wvicinity.
The spacious
and carefully con-
structed shafts of
a modern coal
mine contrast
strangely with
the crude workings
opened up by the
thirteenth century
monks, who, find-
ing the supply ot
coal on the suriace
becoming used up,
had to resort to
excavation.

Coal Mining in
Early Time.

The first coal
pits reached to a
depth of about 7 {t,
and were after the
fashion of the
" bell pits " from
which  i1ronstone
was mined at that
time, especially in the Leeds and Forest of Dean districts. A coal
bell-pit was very soon exhausted, however, for all the miner did was
to dig the hole as deep as he desired and then clear out the coal from
around him, thus giving the excavation the shape of an inverted
basin or a bell. When as much coal had been got away as was felt
possible without endangering a fall of roof, a fresh pit was dug close
by, the earth removed being used to help to fill up the previous
excavation.

As the demand for coal increased it became necessary to work
seams of coal lying deeper in the earth. Seams oulcropping on a
hillside were followed up by parrow tunnels wvariously named
““day holes,” “" adits ' or '"'levels.”” These tunnels served the
double purpose of providing means of entry and exit to and from
the mine and drainage for any water encountered during the
operations. On level country sloping shafts were excavated to
various depths up to 25 {ft. and a small tunnel about 18in. in
diameter was cut from the foot of the shaft to the nearest valley
or declivity as an egress for water. Sometimes these drainage
tunnels had to be cut for many miles before reaching lower country
that provided a natural basin into which the water could run.
Narrow sloping galleries were driven off from the main shaft and
were supported by leaving the coal unworked here and there in the
shape  of rough columns. This was called the " Pit-and-Adit "
system of which the present day ** Pillar-and-Stall " method is a
modern version, Manual labour was employed to remove the
coal from the mine.

An interesting sidelight upon these early methods 1s given in an
old document published 1n 1796, but written almost 200 vyears
earlier by a man named George Owen, who says: ' In former
tyme they used no engins for lifting up of the coles out of the pitt,
but made theire entrance slope, soe as the people carried the coles
upon theire backs along stayers, which they called landways ;
whereas now they sink theire pittes down right foure square, about
six or seaven foote square, and with a wyndles turned by foure
men they draw up the coles, a barrell full at once by a rope; this
they call a downright dore.”

In time the shafts and galleries were carried to depths lower
than the drainage tunnels, thereby rendering it necessary to devise
improved means of getting rid ol the accumulating water. In the
15th century the first pumps used 1n coal mines were installed,
and by the 17th century wvertical shafts were being sunk to a
depth of 100 ft. or more. The invention and subsequent develop-
ment of the steam engine enabled mining operations to be carried

tunnel 1s constructed.




to hitherto unprecedented depths, and about the time that Murdock
introduced lighting by coal-gas, pit shafts were being sunk more
than 500 ft. deep.

Single Shafts Abandoned

It was as yet a general practice to sink only one shaft for traffic
and ventilation purposes alike, and to divide the shaft into two
compartments by a wooden partifion. As is so often the case,
a wrong state of aflairs was remedied only after a tragic mishap
proved the need of reformation. In 1862 the beam of the pumping
engine at the Hartley '
Colliery collapsed and
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pulley 1s made of cast iron. For heavy work steel or wrought
iron takes the place of cast iron.

A main shaft is divided into two semi-circular compartments
by a steel lattice-work partition, and each compartment accommo-
dates one pit cage, a steel box-like structure generally 4 ft. broad
and of a length and height of about 12 ft. This size of cage usually
contains two decks for the trucks, although cages of greater height
fitted with three or four decks are in use. The miners who travel
up and down in the cages are protected by a roof over the top
deck and gates fitted at the deck ends which, until comparatively
recent times, were not
provided with any

R}
T oe—
4

T

fell 1nto the shaft, \rﬁﬁ
completely blocking it
and entombing the un-
fortunate miners. Had
there been a second
shaft to the mine the
terrible death-roll would
have been averted. The
public outery that arose
resulted in the law being
amended to require all
collieries henceforth to
have an emergency
shaft, and thus the
practice of constructing
two shafts per mine
became compulsory.
Some mines, indeed,
have three shafts and
one of the earliest
examples of this was a
colhery opened up near
Barnsley sometime be-
tween 1840 and 1850.
This mine was pro-
vided with two main
shafts several vards

= 1=l ]

| "[m: barrier at all. At the
| top of each cage a
Il short length of chain
ﬂf leads off from each
[]_ corner and the various
i lengths are joined to-
L] gether by a shackle
Wl to which the winding
M Tope is attached.
The steel winding
il ropes pass up {rom
.1 the tops of the cages
J}g to the large winding
M  pulleys already men-

1 tioned, and thence over-

il head to the drum of
1 the winding engine
| housed in a building
Il some distance away.

[] Spiral-shaped wind-
il ing drums are in use
m at a number of collieries,
| but cylindrical drums
Il are the most common
I and these are some-
”ﬂ times as large as 24 ft. in
diameter. Steel frame-

apart, and a third but 1 work composes the
shorter shaft close to Il sides, and the thick-
the second. The first n ness of the drum is
or "' downcast'' shait E‘H represented by a broad
was 91ft. in diameter [l timber groove in which
for 230 ft. down and .1 the two coils of ropes
then 10ft. 9in. in Il are accommodated
diameter to the bottom *m' Our photograph shows the nﬁl:n;ﬁn George H. Lafr:l:llu, tﬂdﬁ}_.:unand heir of Viscount Lascelles Ti alongside each other.
. . 11} n es. : ;
of thti “’“Tkl“.g’ 1':'?1“13 L The Hon. George, who :aelehrattdcﬁi fm hirt'l::ll;y i::cntl:f is extremely interested in toys One rope passes on to
the upcast shaft |l of a mechanical nature and has a decided preference for engines and motor cars, the works of |l the drum at the top
was untformly 10 ft. 9in. '] which can be explored with the object of finding out exactly “ how the wheels go round!"" || and the other winds

in diameter. The third fl

shaft was only sunk
as far as water was |
found to percolate mmto the workings and was used solely as a
well for the water, which was pumped up thence by a steam
engine. Great interest was centred upon this colliery at the
time it came into being as the shafts were known to have been
carried to the then record depth of 848 ft.—almost 300 ft. deeper
than any other colliery then in existence in Great Britain.

Nowadays the shafts of many coal mines penetrate to depths
of more than 3,000 ft., while in Belgium shaft-sinking has been
carried on to within a few feet of the 4,000 figure. Modern mine
shafts are constructed with a diameter of 16 ft. to 23 ft. according
to the amount of coal 1t 1s anticipated will be brought up when the
colhery 1s working. The downcast and upcast shafts are often
a considerable distance apart, for the underground workings of a
modern mine are very extensive.

Modern Pithead Gear

The temporary winding gear erected for hoisting up the debris
during the excavation of a new shaft i1s so placed as not to inter-
fere with the building up of the permanent pithead gear. This
permanent structure, almost p}-*ramlidi::al 111 shape and surmounted
by a pair of large naked pulleys, is an unpicturesque but familiar
sight wherever there are coal mines.

In many coal mines opened up during recent times the customary
timber framework of the headgear has been omitted in favour
of a lattice-work of steel girders. Although it is costlier to erect,
steel headgear 1s regarded as being economical in the long run,
for it will appreciably outhve a wooden structure. In addition
it 1s safer and practically fireproof, and will enable heavy loads to
be handled with greater speed than a timber headgear could
withstand.

The diameter of the winding pulleys 1s usually that of the drum
of the winding engine, to which we shall refer later, and except
where the loads borne are very heavy, the boss and rim of each
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on from the underside.
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Lhus they coil in oppo-
site directions, with the
result that as one rope 1s being paid out the other is being drawn in.

In addition to steam and foot brakes, all winding engines are
equipped nowadays with an automatic safety device that shuts
off the steam and applies a brake immediately the speed of the
engine exceeds a prescribed limit. Electrically-driven winding
plant i1s now installed at one or two collieries in this country.

Ventilating the Mine

Adequate ventilation of the extensive and deep workings of a
modern coal mune 1s ol very great importance, and everything
possible 1s done to ensure the highest degree of efficiency in this
respect, I'he system of ventilation adopted consists of drawing
fresh air down into the nune by way of the downcast shaft, feeding
1t along a series of air passages called " intake " roads to the
various levels and workings, and recovering used air, which in
turn is drawn through a series of " return "’ roads to the upcast
shaft, at the head of which 1t 1s discharged, The terms “ down-
cast " and " upcast = thus indicate the course followed by the
air through the two main shafts,

At one time this circulation of air was effected by maintaining a
large fire at the foot of the upcast shaft. The air thereabouts on
becoming heated rose, and its place was taken by fresh air entering
trom the downcast shatt. Such a method has obvious dangers,
however, and on occasions seriqgus mine fires were traced to the
contact of gases with the open furnaces.

Nowadays, ventilation i1s carnied out by means of a powerful
turbine-driven centrifugal fan housed in a special building known
as the " fan house,” adjoiming the head of the upcast shaft.
These huge fans are of an enclosed type and are often capable of
drawing one million cubic feet of air per minute! The fan is
cerected at the head of a sloping air-passage that merges into the
upcast shaft some distance down the latter. Airtight doors ensure
that only the air of the upcast shalt reaches the fan



Ostend Air Express

A new Impenal Airways service i3 to
be operated with 14-seater Handley-Page
Napier air liners between Croydon and
Ostend. The Casino Air Express, as it
13 to be called, will leave Croydon at
2 p.m. daily and depart from Ostend at
9 a.m. on the following day, thus allowing
business men to spend a night in Ostend
and to return to London early next davy,
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Croydon Aerodrome Returns

The Croydon traffic returns show that
a steady increase has taken place during
past vyears. During 1926 about 26,500
passengers were carried, 16,000 travelling
i Imperial Airways machines and the
remainder in French, Dutch, Belgian, and
occasionally German machines. During
August the record for any week was broken,
1,313 passengers using the port. Pre-
viously the highest record was 1,125.
The total number of arrivals and de-
partures of machines during the year was
2,446, |
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Canadian Aeroplane Harbours

It is stated that the Canadian Depart-
ment of Delence are asking the Premiers
of the Provinces and the Mayors of the
leading cities to consider suitable sites
for air harbours. “The first step probably
will be the mnauguration of air mail ser-

vices between the Atlantic coast and the .

lower St. Lawrence and Montreal, possibly
extending to ‘loronto and Winnipeg.

A private company, the Canadian Trans-
Continental Airways Co., has been regis-
tered in Quebec, to carry on a regular
flving boat service between Chicoutimi
and Toronto. Riviere du Loup, Quebec,
Three Ravers, Montreal and Ottawa will
be calling places en route. The service
will probably begin operations in June
of this vear.

* 2 s "

A Fog Dissipator

An mvention of interest to aviators
1S a new apparatus which, it is claimed,
can clear a path 1,000 ft. in height and
2,000 ft. in width through dense fog. It
1s stated that the apparatus throws a
blast of air charged with electricity,
causing the fog to be precipitated as
rain,
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German C(Civil Flying
In the nine months of 1926 during which

the Luft Hansa operated, 56,268 passengers,

384 metric tons of baggage and 258 metric
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tons of postal matter and newspapers
were carried. These figures show an
increase of 50.3 per cent. in passengers,
115 per cent. in baggage and 86.4 per
cent. 1n postal matter over the figures
for 1925.

The total distance covered during this
period was 6,141,479 km. (about 3,816,000
miles), against 4,949,661 km. (about
3,073,740 miles) in 1925. In addition, the
total length of the network of airwavs was
increased during 1926 from 17,574 km.
(10,813 miles), to 20,408 km. (12,673
miles).

The figure quoted for 1925 are those
of the Aero Lloyd and Junkers transport
companies, the amalgamation of which
in April 1926 formed the Luft Hansa.
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New All-Metal Flying Boat

M. Louis Paulhan, who in 1910 won a
prize of £10,000 for a flight from London
to Manchester, is collaborating at Marseilles
with M. Pilhard, a French engineer, in the
production of a three-engined flying boat.
The machine 1s being constructed entirely
of steel and duralumin under the guidance
of M. Pilhard, who 1s an expert upon the
subiect of light metals. A total of 1,300
h.p. will be developed and it is anticipated
that 1t will be possible to carry a cargo of
two tons when flying ageinst a strong
head-wind. Arrangements have Dbeen
made by which five machine-guns can be
mounted for naval purposes.

* i * *

World Tour by Air

Mr. Lester D). Gardner, publisher of
the New York paper “Awiation,” 1s to
attempt to tour the world, chiefly by means
of awrcraft, in 24 days. He will travel
first from New York to San Francisco by
the Transcoutinental service shortly to
be opened. Thence he will cross to Peking
by Pacific steamer and connect with new
Japanese air hines that join Peking and
Rorea. From Peking to Moscow he will
travel by the first machine on the Peking-
Moscow air hine, and his journey to England
will then be by old-established routes,

Two Americans, Messre, Evans and
Wells, toured the world last year in 28
days 14 hours 36.5 seconds.

* * * *

A new air service between Amsterdam-
Southampton is being planned and probably
will be inaugurated shortly. It is to be
operated by the Royal Dutch Air Service
Company, which maintains the daily
Amsterdam-l.ondon service,

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>