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HeBBIES

HELP YOU TO HAPPINESS!

Read this short story of
two boys who turned their
spare time to profit.

all prices, and they add to their
tool chest by additions from the
Catalogue. These don’t cost any-
thing, really, because when they've
made something—a  beautiful
Clock, or a useful Pipe Rack—
they quickly sell it and so provide
moneyto buymore. And it always
provides enough pocket moncy
for them to spend. The tools, of
course, make a difference. If they had bought a cheap
set with inferior German tools, they would not have
lasted long, and would soon have needed replacing. So
they insisted on a Hobbies

In these days, no boy who really is a boy, is satisfied
with playing marbles or spinning tops. He must do
something helpful to him in after life; turn his
hand to something useful in his spare time. We
know of two brothers whe since Christmas have
earned quite a lot of pocket money by taking up

Fretwork. They saw a copy of Hobbies one week Outfit, and now they are

and now get it regularly from their newsagent ; the happy.

cost of 2d. is more than repaid by the large fourpenny By the way, that 1927

design given away. This design 1s for making some- Catalogue they bought is

thing useful, and there are lots of other interesting a wonderful affair. There

subjects also dealt with.in each issue. Photography, are 248 pages with tools

toy-making, pet-keeping, stamp col- and materials for 20 different pas-

times. In addition there are two
large designs (worth 9d. each) for
making a Ukulele and a Clock. These

lecting—all have a place.
They found, too, it was a de-
lightful pastime making up cabinets,

brackets, pipe-racks, handkerchief are free, The Catalogue they
boxes, clocks, and a host of other bought at the newsagents for 9d., but
things from the designs. Full instructions are pro- when another friend wanted one they were all gone. He
vided and the question of the proper wood is over- got one, however, post free, by sending 1/~ to Hobbies,
come by the fact that a suitable parcel is always sold S
at a reasonable price in connection with these designs. {J,‘\$}3v-\

These parcels are procurable for Remember It 4§37

almost any subject, and in the must be P

Hobbies 1927 Catalogue there are HOBBIES
details and illustrations of over 500
splendid things to make

Of course, cach of these boys had
a Hobbies Fretwork Outhit, con-
taining all the tools they required.
There were, they found, Outfits at

Every Meccano Boy is sure tc be interested, and we will send to anyons a specimen
copy of HOBBIES and a Catalogue of these Outfits and Tools Write to-day to

Hobbies Ltd. (Dept. 196), Dereham, Norfolk

Or pay a call at any Hobbies Branch in London, Glasgow, Manchester, Birmingham,
Sheffiesd, Leeds, Southampton or Brighton. Canadian readers write to 45, Colborne
Btreet, Toronto,
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With the

Turbines Replace Qil Engines

Although oil seems to be coming into favour, it is evident that
it will not be allowed to attain the position of “ top-dog " without
a stiff fight from supporters of the steam engine, and it is interesting
to find that in more than one case there have been reversals of
modem tendencies. One instance is furnished by the authorities
at Bellefontaine, Ohio, who by substituting turbines for- their
Diesel engines have not only been able to reduce the charges for
electric light and power by 509%, but have purchased another
turbine out of profits even on the reduced charges. Prior to
1914 the city's current was provided by two 255 h.p. Diesel engines,
driving 125 k.w. alternating current generators. Then a 300 k.w.
three-stage turbine generator was installed, to be followed in
1922 by a 600 k.w. fivestage turbine. In the following year
the. charges both for light and power were reduced by approxi-
mately 209, and in 1924 further reductions were effected and a
new five-stage turbine added to the plant.

Yet another instance of steam ousting oil is reported from
Sweden. The steamer " Ifalia,” owned by the Svinska Lloyd
Line, is being refitted with a Lentz valve steam engine in place
of the Diesel engine that previously propelled her, and it is stated
that the Lentz valve engine at least will offer serious rivalry to
the Diesel engine. It is evident that the future holds some interest-
ing developments, in which no doubt readers of the “M.M."—
the engineers of the future—will play their part.

Will there be an Qil Famine?

A special Board of Investigation, appointed two years ago by
the President of the United States to enquire into the oil resources
of the country, recently issued its report. The Board, which
consists of four members of the Cabinet, states that the crude oil
reserves in the United States amount to 189,000 million gallons,
or enough to last at the present rate of consumption for not more
than six years. The Board expresses its fears as to what would
happen should the country become dependent for its oil supplies
on foreign nations, and urges that, in addition to a strict con-
servation of supplies, efforts should be directed towards the
acquisition of all available foreign oil reserves.

The subject of the world's oil supplies is one that concerns this
country, for a great part of our crude oil and petrol comes from
the United States. Fortunately, however, we are by no means
dependent upon America for our supplies, for although of the
motor spirit imported in 1924 over 709, was received from the
States, of eour crude petroleum imports 829, were sent to us by
Persia and of our refined fuel oil imports 649, were received from
Mexico. Any famine of oil in the United States would thus
clearly affect that country to a much greater degree than it would

Great DBritain.,
A Race for Life

Everyone is interested in historic deeds of physical prowess,
and of these there can be few more remarkable than the race run
by John Colter against the Blackfeet Indians. Colter, a scout
and trapper, was on a trapping expedition far up the Missouri,
with a partner named Potts. Early one morning they were
paddling silently up the river through a thick mist. which suddenly
lifted and disclosed, to their horror, the banks lined with Blackfeet
Indians, who set up a great war-cry as soon as they observed
the white men. The latter, realising it was impossible to
escape, obeyed the Indians’ command to come ashore.
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As soon as the canoe touched the bank an Indian seized Potts’
gun, but with great coolness Colter leaped ashore and snatching
the gun from the Indian warrior, gave it back to Potts, who
appears then to have lost his head, for he at once fired at one
of the Indians on the bank. In quicker time than it takes to tell,
Potts’ body was pierced by innumerable arrows and Colter gave
himself up for lost, knowing full well that the Blackfeet only
knew one law—" a life for a life.”

The Indians evidently admired Colter's brave front, however,
and they held a council to decide how they should dispose of
this brave man. They decided that he should provide the fun
for a human chase, the greatest sport they knew and one that
was even more exciting than a buffalo hunt, with the scalp of the
white man as the prize to whichever brave could take it.

A Desperate Expedient

Colter was stripped naked and taken to a plain near the river.
He did not mind the loss of his clothes, the absence of which
would, if anything, rather help him in his race. The fact that
he was bare-foot was a great handicap, however, for the plain
was thick with prickly pears and at every step his feet would be
torn by the thorns. Notwithstanding this, he showed no sign of
fear, and although the chances were a thousand to one against
him, he bravely determined he would put up a fight for his life.
He stood on the prairie and at the distance of a spear throw behind
him were lined up the finest athletes in the Blackfeet Tribe, who,
at a given signal leaped toward their victim.

Colter was off like a hare at the first opportunity and, flying
over the prairie, his feet cut to ribbons by the cactus and the
rocks, he ran for six miles until the strain caused a blood vessel
to burst in his head. Only then did he look round, to find that
three of the Indians had managed to keep up with him. As he
turned, one was on the point of throwing a spear, but Colter’s
unexpectedly ghastly appearance—his head and chest were
covered with blood—caused the warrior to miss his step and he
stumbled and fell. The trapper was on him instantly, and having
pinned him to the ground with his own spear, was off again towards
the river. Realising that his only chance was to hide, for he was
rapidly losing strength, he reached the bank of a river, dived in
and swam under a mass of drift-wood caught in mid-stream.
Here he was concealed from view but at the same time was able
to breathe beneath the logs.

Vindicated by the Indians

In a few minutes the banks of the river were crowded with his
pursuers, but although they searched long and far they did not
discover him. When darkness came Colter, more dead than
alive after his long immeysion in the icy water, drew himself up
from the river and began a march to the nearest trading post.
For seven days he travelled naked across the prairie and without
food except for berries. He passed through the Bozeman Pass
and the Yellowstone, ultimately arriving at Lisa’s Fort at the
mouth of Big Horn. Here nobody would believe his story, as
they would not believe him on a previous occasion when he told of
the great geysers of Yellowstone, of the hot springs, of the mar-
vellous canyon and of the Obsidian Cliff. It was not until years
afterwards that his name was vindicated when the Indians them-
selves told with admiration the story of the scout’s brave spirit
and equally wonderful exploit.
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ECLIPSE#SUN

THE WONDERFUL EVENT OF JUNE 29®

event happened at the court of Chung-K'ang, Emperor of

China.

The existence of a dragon that was in the habit of

attempting to devour the Sun from time to time was well known,
and one day consternation reigned when its claws were seen to be
closing over that benevolent source of light and heat, and no

preparations had been made to scare it away !

! Luckily, a hastily

arranged demonstration with drums, trumpets, sticks, and yells, |

was successful in averting the
threatened calamity, and then
enquiries were made as to the
cause of the omission of the two
court astronomers to give due
notice of the event.

Astronomers’ Sad Fate !

These two mandarins, Ho and
Hi, were found guilty of grave
neglect of duty—they had, in
fact, been enjoying a little private
festivity—and  then suffered
the usual Chinese punishment
of having their heads cut off!

A modern historian of eclipses
has suggested that the sentence
was excessive in view of the fact
that the eclipse was only a
partial one, which seems to be
a suggestion that they would
have been more appropriately
punished by having their heads
partially cut off instead of
totally !

Another writer gives a differ-
ent account of the end of the
two unlucky astronomers in
the following verse —

Here lie the bodies of Ho and Hi,

Whose fate though sad was risible—
Being hanged because they could not spy
Th' eclipse that was invistble,

In this story we have one of
the earliest accounts of an
eclipse of the Sun.

trains to Yorkshire and Lancashire, a practice commenced on the
occasion of an interesting eclipse in 1858. Undoubtedly there will
be a great influx of people to places at which the eclipse is total.

Total Eclipses Not Often Seen
In general there are nearly seventy total eclipses in a century,
but they are so evenly spread over the surface of the earth that a
stay-at-home individual who reaches the age of eightv will have
been fortunate if he has seen one.

Penumbra

(c)

This will depend very greatly
on the position of his home,
however, for if this had been in
the Yellowstone National Park
of North America, and had the
time been about 50 years ago,
he could have seen two total
eclipses within twelve years, in
1878 and 1889.

Anyone now living in London,
where the last wvisible total
eclipse occurred 212 years ago,
will have been dead more than
400 years before such an oppor-
tunity again arises ! This is on
account of the fact that when
the next total eclipse does occur
in England (on the 11th of
| August,1999) the path of totality,
will miss London and will very
nearly miss England, too, as it
just skirts the coast of Cornwall
only in the extreme south.
The rest of England and the
whole of Scotland will only be
the scene of a partial eclipse, so
that for many centuries the
inhabitants of the greater part
of the area of Great Britain will
have no opportunity of witness-

Fig. 1.

From that time, probably 2136 B.C., down

to the present day, eclipses of the Sun have been continually ob-
served and studied, so that now we are perfectly familiar with

them as natural events and

The Coming Eclipse

look forward to their occurrence.

Three ways in which the Moon’s shadow falls on the Earth, causing (a)
total eclipse (b) annular eclipse (total in centre of track) and (c) partial eclipse of the Sun

ing an eclipse without having
to travel some distance.

As an example of the caprice
of ‘nature in these matters we
may contrast the experiences of Spain and Scotland. In the
latter country the last total eclipse was a very poor affair in Caith-
ness in the extreme north in 1699, and the next will not occur until
2135—an interval of 436 years between successive total eclipses !
But in Spain there were no fewer than five total eclipses between
the years 1842 and 1905, or practically one in every twelve years.

It is well known, for instance, that an eclipse of the Sun, visible
in England, will take place on 29th June next, and further that the
light of the Sun will be completely cut off from a narrow strip of
country extending from North Wales, across Lancashire and
Yorkshire. Those of our readers who live on the path of totality,
as this strip is called, should consider themselves very fortunate
indeed to have the opportunity of seeing one of the most imposing
of natural sights. The only exertion required is to rise at an
early hour, as the actual eclipse happens just before half-past six
in the morning ; but the knowledge that such an event has not
occurred in England for over 200 years, and will not occur again
until the year 1999, should be sufficient to stir everybody into
activity. If any reader should oversleep on 29th June he is
cordially invited to the next eclipse in 1999, which occurs at the
more suitable hour of 11 o'clock !

Next June the railway companies will run special excursion

The Best-observed Eclipse

Rather more than two years ago the Americans had a similar
opportunity to the one now afforded us, when the totality track
of the eclipse of 24th January, 1925, passed from Lake Superior to
the Atlantic Coast, as shown on the map on the next page. So great
was the interest aroused that over twenty million people congre-
gated in positions where they could see for themselves what a total
eclipse was like! Thus it was that the eclipse of January 1925
was easily the best observed eclipse on record.

The eclipse of this year will almost certainly arouse an equal
interest in Great Britain, and we feel that our readers at all events
will make every effort to see the eclipse in totality. So that the
precious seconds during which the Sun is completely obscured
will not be wasted, it is desirable to know something about eclipses,
what to look for, etc., and it is with a view to satisfying these
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demands that the present series of articles has been arranged.
How the Moon Eclipses the Sun

An eclipse of the Sun is well known te be caused by the Moon
coming between the Sun and the Earth. This occurs every month,
of course, but it is not so often that the Moon passes in a direct line
between the Earth and the Sun. When this occurs an eclipse
takes place. Itseemsstrange at first sight thatso tiny a body as our
satellite can

|
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bright ring round the black disc of the Moon (e, Fig. 3). A good
example of such an eclipse, which is said to be an annular one, was
visible along a narrow track across England from Dorset to Lin-
colnshire in 1858. This eclipse has already been referred to as
being the first for which special excursion trains were run.

In the case of a total eclipse the shadow is longer, and would
reach to a point below the surface of the Earth, so that the Sun
is obscured over a strip of the Earth's surface, which may be up

to 170 miles

blot out a

20 150 in width and

body so large
as the Sun,

8,000 miles
in length.

but this is
simply a mat-
ter of relative
distance. A
trial that can
easily bemade

An Astrono-
mer on the
Moon

These con-
ditions obtain

by readers on 29th June
will show that next, and any-
a 3d. piece one wishing
held at arm’s to carry out
length will the Jules
blot out the Verne plan of
Moon in spite journeying to
of the enor- the Moon will
mous  differ- certainly do
ence in the well to defer
size of the two his wvisit until
objects. that date,

This is the when he will
position that be rewarded
arises in the by an impres-
case of the " A~ sive sight. In
Sun and the AUSTRALIAT order to see
Moon.  The ; v T what happens
diameter of .0/ on the Earth
the Sun is 400 é on that date
times larger L he will have
than the F to  establish
Moon, but for- 50l  himself on the
tunately it so dark side of

happens that

it is also 400
times further
away from the
Earth. Thus the two bodies, the Sun and the Moon, appear to be
nearly equal, and the shadow of the Moon is therefore just about
long enough to reach the Earth’s surface.

As the Sun is much larger than the Moon, the shadow is in two
portions, the black central shadow, usually called the umbra, being
surrounded by a larger half-shadow, or penumbra, spreading out
into space. These two parts of a shadow can easily be seen and
distinguished when a small ball is held between a source of light,
larger than itself, such as a luminous gas mantle, and a sheet of
white paper, and how they are produced in the case of the Sun
and the Moon is illustrated by (a) Fig. 1.

Conditions for a Total Eclipse

------------------- CErR e i : e St (Gt P the Moon. He
180 150 120 20 Nier o B0 1 580 50 120 150 will not be in
total darkness,

Fig. 2. Map of the World, on Mercator's projection, showing the tracks of some interesting total eclipses of the Sun 1:0“_‘3\; v for

in his sky will be the Earth, which will appear to him to be about
fourteen times the size of the Moon as it appears to us on Earth,
and it will shine with a beautiful silvery light, far surpassing that
of fourteen full Meons in magnitude., As the Moon has no atmos-
phere, there are no air, dust, or water vapour particles to reflect
either sunlight or earthlight, or to form clouds, and the sky always
remains black. There will be nothing then, to prevent our Moon
traveller from getting a splendid view of events on Earth. He will
see the British Isles without optical aid, and if he has a telescope as
good as those in the famous Yerkes or Lick observatories, such
cities as London and New York will be casily visible to him, and
he will even be able to distinguish the pyramids in the Egyptian
desert.

It is only when an umbral
shadow passes over a place on
the Earth's surface that a
total eclipse occurs, for some
part of the Sun is always
visible from places in which
the penumbral shadow falls.
In the case of the eclipse of
29th June next, Southport,
Liverpool, and Durham fall
within the umbral shadow of
the Moon, and at these places

The Shadow on the Earth

It would be a considerable
undertaking, though, to carry
one of these telescopes to the
Moon, so we will merely sup-
pose that our voyager in space
has taken a good portable
one, and that with it he keeps
careful watch on the morning
of 29th June. At 4.0 a.m. he
will see a shadow forming in

O

the eclipse is total. Leeds,
London, and Glasgow will be
in the penumbral shadow, so
that the eclipse in these cities will only be a partial one.

As the orbits of the Moon and the Earth are elliptical or oval
in shape, the distances of the Sun and the Moon from the Earth
and from each other vary by a few thousand miles, and this gives
rise to interesting differences in the nature of eclipses.

Ii the three bodies come into line at the time when the Moon
is at its least distance from the Sun and its greatest from the
Earth, the tip of the central shadow will not reach the Earth, as
shown in (c) Fig. I. In this case the eclipse will only be a partial one,
as the Sun will everywhere appear to be slightly larger than the
Moon, but over one narrow track the appearance presented will
be very striking, all that is visible of the Sun at the climax being a

Fig. 3. (a) Small Partial Eclipse,
1908

{b) Large Partial Eclipse,
1912

Tripoli, in Northern Africa,
which will grow rapidly until,
about an hour and twenty
minutes later, a smaller black umbral shadow almost circular in
shape and nearly thirty miles across will form in its centre. This
central shadow, first seen about 500 miles south-west of Lands End,
will sweep across the surface of the Earth with a speed of over 1,000
miles an hour, and he will be able to follow it along its path—the
path or track of totality—through the Arctic Ocean and the far
north-east of Siberia to the spot near the Aleutian Islands, off the
Alaskan coast, where it will pass off the Earth into space. The
outer shadow will vanish more than an hour later in the Pacific
Ocean to the south-east of Japan.

The size of this umbral shadow varies, and is greatest when the
Moon is as near the Earth as possible and at its greatest distance

(c) Annular Eclipse,
1858
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from the Sun. The greater the area covered by the shadow the
greater is the time of totality at any one place, and thus the eclipses
of longest duration occur in summer when the Earth is farthest
from the Sun, the maximum being nearly eight minutes. The
longest eclipses of all are those visible at the Equator at these
times, as an observer at the Equator is carried along in the same
direction as the shadow more quickly than if he were further
north or south.

A very interesting
case, illustrated in (b)
Fig. 1, sometimes

arises when the shadow
of the Moon is of such
a length that its tip
justreaches the Earth's
surface at the nearest
peoint, but does not do
so along the rest of the
eclipse track owing to
the curving away of
the Earth’s surface. In
this case the eclipse is
total in the middle of
the track of the shadow

and annular at the
ends.
Why are there not

more Eclipses ?

As has already been
mentioned, the Moon
passes between the
Earth and the Sun
once a month, and we
should have an eclipse
immediately before
every new Moon were
it not for the fact that
usually the Moon
passes just above or
just below the Sun as
seen from the Earth.
This is because the
orbit of the Moon is inclined at an angle to that of the Earth, as
in Fig. 4, which shows two different positions of the Earth and the
Moon when the latter is new. Tt is easily seen that in one of these
positions the shadow of the Moon misses the Earth altogether,
while in the other the Sun, the Moon, and the Earth are in line,
and an eclipse takes place. Thus, instead of monthly eclipses,
we only have from two to five in a year.

It is not very often that there are more than three eclipses
annually, but the year 1935, which
the majority of readers can reas-
onably hope to see, is remarkable
in having the maximum number
of five. These are not all total
eclipses however, and it has been
calculated that the total time
available for actual experimental
study of total eclipses amounts
only to about 24 hours in the
course Hf a (‘l,'ll[llf_\‘.

Jupitex’s Crop of Eclipses

Contrast this with the time at
the disposal of the highly-favoured
inhabitants of Jupiter—if any
could exist! Jupiter has nine moons
altogether, but five of them are
comparatively small. The other
four are those first seen in 1610
by Galileo' with his newly-invented
telescope. Although they are about
the same size as our Moon, their
greater distance from the Sun
makes their shadows longer, so
that the solar eclipses due to these
satellites on the .giant planet are
always total as well as more numerous.

The shadow cast by one of the moons on Jupiter is readily seen
in a small telescope as a black dot moving across the surface,
marking out a track of totality that we can see from the earth in
exactly the same manner that our adventurous Moon voyager
sees the one marked on the Earth by the shadow of the Moon.
In the case of Jupiter it is not at all unusual for two solar eclipses
to be in progress at the same time. On 5th April 1896, there

The Total Fclipse of 28th May 1900

The Planet Jupiter, showing one of its moons in transit at A, The black
circle at B is the shadow cf the satellite on Jupiter

were three separate total eclipses of the Sun within the short
period of seven hours! An observatory on Jupiter would be a
splendid place from which to study the elusive and changeable
luminous corona that surrounds the Sun.
Primitive Ideas about Eclipses

The Sun was locked upon by all primitive people as a god, or at
least as controlled by
gods, and the effect
of an eclipse on them
may easily be ima-
gined. They hastened
in many cases to make
up for past sins of
omission by  extra
offerings and sacri-
fices. In other cases,
as we have already
seen, they endeavoured
to drive away the
dragon about to devour
the Sun by making
hideous mnoises with
drums and gongs, and
when the Sun re-
appeared from behind
the Moon once more
they naturally ima-
gined that their efforts
had appeased the anger

of the gods, The
Greeks, supposed to
be a cultured and

civilised race, were not
free from superstitious
fears during eclipses,
and even as late as
1654 thousands of
people in  Central
Europe were so afraid
that they hid them-
selves in cellars when
the light of the Sun
faded away. Such an event has now no terrors for the civilised
world, although it must be confessed that a woman died of fright in
Iowa, in the United States, during the eclipse of 1869.

Eclipse Ends a War

Many strange tales are told of the days when it was recognised
by only a few men that eclipses were perfectly natural phenomena
and could even be predicted. Herodotus, the earliest of Greek
historians, refers to an occasion
when darkness suddenly descended
while a battle was being fought
between the Lydians, a people of
Asia Minor, and the Medes, from the
mountains north of Persia, with
the result that peace was declared
on the spot between the terrified
combatants ! This has been
thought to be a reference to a
famous eclipse of the year 585 B.C.
the chief title of which to fame is
that it is the first one known to
have been foretold in Europe.

The philosopher who success-
fully predicted this eclipse was
Thales, of the city of Miletus on
the coast of Asia Minor. Thales
had some strange ideas on as-
tronomical subjects. The Earth
he considered to be a large island
surrounded by water, while he
figured the sky as a huge crystal
bell set over the Earth with the
stars as gilt headed nails driven
into it. But he has two great
achievements to his credit. One
was the discovery that the Lesser Bear, including the Pole Star,
was a far better guide to mariners than the Great Bear, and the
other was this successful prophecy.

Predicting Eclipses 2,500 Years Ago

By some method he had obtained the knowledge that eclipses
took place at intervals of about eighteen years, and to predict
the eclipse of 585 B.C. he must have been aware of a previous one
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in the year 603 B.C. This period of eighteen years is called
the Saros. It was discovered by the astronomers of Babylon
in the 7th century before the Christian era, and Thales probably
derived his knowledge of it from them.

The method of the earlier astronomers is not without interest,
as it expresses roughly the con-
clusions arrived at by modern
methods. The Saros enabled
the old astronomers to foretell
that an eclipse would be fol-
lowed by another after a period
of about eighteen years, but
was of no use for the prediction
of the beginning of a series of

eclipses.
The actual duration of the
Saros is 6,585} days, and is

the length of time required for

the return of the Moon and
the Earth to the position in
which the Sun is once more
eclipsed. Thus a total eclipse

of the Sun took place in the
year 1865 and this has been
followed by a series of eclipses
at the correct intervals in 1883,
1901 and 1919. a series that
will be continued in the years
1937, 1955 and 1973. A similar
series of eclipses took place in
the years 1850, 1868, 1886, 1904,
and 1922 the intervals again
being ten or eleven days over
eighteen years.

Two other points of interest
are easily discovered if we mark
the tracks of totality of the
successive eclipses of such a
series on the map of the world.
The first is that the track of
any eclipse is always about 120°
west of the track of the previous
one of the series. This is the
result of the one-third of a day
that figures in the Saros number,
this extra time allowing the
Earth to make a further one-third
eclipse takes place.

A glance at the map (Fig. 2) will make this clear. The curved
lines just below the Equator show the tracks of a series of eclipses,
the date of each one being marked underneath. and it will easily
be seen that each line is roughly 120° west of that of the eclipse
that happened eighteen years

of a revolution before the

Total Eclipse of 29th July 1878, showing the beautiful coronal streamers
stretching for millions of miles into space

Leovitius was so deceived in 1555 by the astronomical tables
he used.that an eclipse of the Moon happened more than half-an-
hour later than he expected. By 1878 methods had so improved
that the error in the case of the eclipse of the Sun visible in that
vear in America was half a minute, and in the case of the 1925
eclipse, also wisible in America,
the difference between the ob-
served and calculated times was
only about five seconds. In
this latter case the actual track
of totality was about half a
mile narrower than the -calcu-
lated one and a little further
north.

It is interesting to recall the
circumstances of the last total

eclipse in England, in 1724.
The calculations on that oc-

casion were made by Dr. Halley,
the famous astronomer who fore-
told the return of the well-known
comet that bears his name. The
map that he drew placed London
just outside the path of totality,
and the observations on the 22nd
of May in that year fully con-
firmed this.

A Turk’s Opinion of English
Astronomers
Great interest was taken in

the event in Royal circles and
an amusing story is told of a
sceptical Turkish envoy to the
court, who scoffed at the idea
that the heretical English could
know s0 exactly when the Almighty
would overshadow the Sun while
the Moslem world remained in
ignorance. But when the Moon
did obscure the Sun in almost
exact accordance with Halley's
prediction, he expressed the
opinion that the latter had ob-
tained his knowledge from the
devil, for he was sure that God
would never correspond with such a wretched set of unbelievers
as the English astronomers ! Had he been in England nine years
earlier, he would have seen Halley predicting another total eclipse
successfully, that which occurred in 1715, the last one visible
from London.

The possible number of eclipses in one year ranges, as we have
seen, from two to five, and

previously. On a globe this
would show as one-third of

the Earth.
of three periods

the way round
At the end

an eclipse returns to the same ;
general region on the Earth, %
but will be about 600 miles

either north or south of the 3
position of the one 54 years P
before.  This also is clearly
shown on the map, which

gives the tracks of the series
of eclipses from 1865 to 1973 =
already referred to. - -

Accuracy of Modern Predictions i

It is amusing nowadays to
read of the wonder excited
in the old historian Herodotus
by the remarkable success of
Thales in predicting, not merely
another eclipse, but the actual

MOON'S
orBIT s

in the present year there
are three. The first was annulay
and was seen on the 3rd January

as a partial eclipse by the
inhabitants of the west coast
of South America and the
east coast of Awustralia., The

« second is the total -eclipse
of 29th June, while the third
will take place on Christmas
Eve and will be a partial

~ eclipse visible from places in
the southern hemisphere.
The second of these eclipses
is, of course, the one in which
— we are interested, and in next
P month’s article we shall deal
B with it in detail and repro-
~ o duece a map showing the posi-
Sa tion of the track of totality.
Sw As the Moon shows slight

=3 irregularities in its movements,
it is difficult to say with absolute
accuracy just where the lines

year in which it happened.
This was certainly a great
feat at that time, but enor-

; Fig. 4.
mously greater accuracy s

now possible. Modern methods

not only give the date of future eclipses, but also the length of

time during which the Sun is hidden behind the Moon, and the

exact position on the Earth's surface of the line of totality.
The degree of exactness reached by modern astronomers in

their predictions is best illustrated by a comparison of caleulated

and observed times of past eclipses. A Bohemian observer named

Diagram showing (top) how the Moon’s shadow may miss the Earth and
(below) how an eclipse occurs when the shadow falls on the Earth

representing the edges of the
centfral shadow will be. Any
inaccuracy in the case of the
coming eclipse, however, will certainly be as small as that observed
in the case of the American eclipse of 1925 already referred to on
this page, and there will be no risk of missing the total phase if a
place near the middle of the track is chosen as an observation
point. Our map will enable readers to select the most suitable
positions.
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N the previous articles of this series we have seen how
X-rays are produced and how they are used in
medical and surgical work. The application of the

rays to the latter work was so successful and spectacular
that other applications were somewhat overshadowed.

It is, however, a great mis-

take to think that the medical
applications of the properties
of X-rays are the only ones in
use. There are many others,
and when the history of the
science of to-day comes to be
written it will probably be
found that the medical applica-
tions are the least important.
To diagnose a displacement, a
fracture or a disease in an in-
dividual is a great achievement
as far as the medical world is
concerned, but to-day X-rays
are being used on an increasing
scale in industry, and in this
article we propose to deal with
some of the various ways in
which they are now employed.

Early Use of X-rays by Post
Office

It is interesting to recall that,
within five years of Réntgen’s
discovery, the British Post
Office set up a plant for the
detection of flaws in the gutta-
percha wused for submarine
cables, and later it was used for
the examination of the lead
sheathing of underground wires,
These applications are charac-
teristic of the use that has since
been made of the rays. It will
be noted that in each case the
material under test is in the
form in which it is to be used, and this is of the utmost
importance in dealing with constructional materials
such as wood, steel, or concrete.

In order to realise to the full extent the importance
of tests of this character it will be necessary first to
consider other testing methods available. These may be

XXXIV. THE INDUSTRIAL APPLICATION OF X-RAYS

Dr. W. D. Coolidge, Assistant Director, Research Laboratory, General
Electric Co. of America

described as being mechanical, chemical, or microscopical.

The forms taken by the usual mechanical tests have
recently been described fully in the article in the January
“M.M.” dealing with the materials used in the construc-
tion of the Sydney Harbour Bridge. The testing
machines there mentioned per-
form their work by destroying a
sample in some way, so that the
material actually tested is not
used in the construction of the
bridge at all | Chemical analysis
is also a method of testing that
involves the destruction of a
sample, while microscopical
tests find very limited use, being
of value only for the examination
of surfaces or chosen sections of
the materials tested.

Dangers of Testing by Samples

These methods have the com-
mon defect of testing samples
only. Such tests are exceedingly
valuable, but it cannot be said
that they always give an ab-
solute guarantee of the character
of the material from which the
sample was chosen. It can
never be absolutely certain, for
instance, that every one of a
large consignment of steel bars
has the same tensile strength as
the samples submitted to test,
and there always remains the
possibility that one of the bars
may contain a flaw that makes
its use dangerous. The writer
has painful recollections of a
motor accident due to the break-
ing of a rear axle shaft that
proved, on examination, to have
a flaw at one point in it, extend-
ing over two-thirds of the cross-section, of a kind that
could hardly be detected by any ordinary means.

This breakage of an axle shaft is not only an excellent
example of the dangers attached to the more usual
methods of testing, in which samples only are examined,
but also illustrates the fact that mechanical trials of
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machinery or finished work are not sufficient safegunard. A
faulty weld, or inferior material or workmanship in a vital
part may not show themselves at all in the test-bay run of
an engine or motor, and may only become evident as a
result of continued use or of exposure to steam or oil.
Further there are many cases in which practically no tests of
finished work can
be applied at all.

To sum up,
then, none of the
ordinary tests
can usually be
applied to such
finished work as
a crankshaft or a
concrete  pillar,
and therefore
they do not carry
absolute convic-
tion. The dis-
covery of X-rays
has altered this,
however, and
given us addi-
tional tests of an
entirely new

character.
The X-ray Way
These tests

depend upon the
fact that differ- Proto)
ent  substances "
have greatly different powers of absorption of X-rays.
A convenient method of comparing practically the
absorptive power of different substances is by the use of
the * half layer value,” or the thickness of the material
that will reduce the radiation passing through it by
half its value. Usually, however, it is assumed as a prac-
tical guide that the absorption of any material is roughly
proportionate to the density.
Thus aluminium is more
penetrable than iron and
steel, and the latter than
lead or tungsten.

None of these metals is
easily penetrable, however, C
and that is why the growth
of the use of X-rays in in-
dustrial work has been
slower than in medical

Cathode Ray Tube [G.E.C. America

aluminium, one-fifth of an inch for lead, and in the case
of the most important of all, iron and steel alloys, three
inches. This may be extended in favourable circum-
stances to as much as four inches in the case of steel,
while at Loughborough College successful photographs
have been taken through five inches of cast iron. DBut
this is not suffi-
cient to enable
heavy metal work
to be examined.

Greater Voltages
Necessary

If further ad-
vances are to be
made it will be
necessary tomake
use of even more
penetrating
radiations  pro-
duced by much
higher woltages.
The practical
commercial limit
of the latter at
the present time
is 250,000 wolts,
giving penetra-
ting power, as
stated above, of
three inches in
steel. It has been
estimated  that
the use of 600,000 volts will increase the range in steel
to six inches. The nearest approach yet made to
this is the 350,000 volts used by Coolidge.

As related last month, Coolidge applied this voltage to
one of his X-ray tubes that had been modified by removing
the target, and so obtained a stream of electrons in th('
air. By the courtesy of the General Electric Company of

America we are able to re-
produce photographs of the
tube and the transformers
used by Coolidge, and in the
one on this page the window
of nickel foil can be seen
C quite plainly. 1f the stream
of electrons produced by
this voltage could be used
in an ordinary Coolidge tube,
the X-rays excited would be

work. Metals, and most of

more penetrating than the

the solids dealt with, ab-
sorb X-rays far better than D
do flesh and bones. Some
idea of the greater difficulty

best now produced, even if
they would not penetrate
steel to the depth of six
inches.  The problem is

in the case of metals is
given by the fact that the
bones of the head can be

thoroughly examined with Fig. 1. A Heavy Casting under X-ray examination

rays that would not pene-
trate one-tenth of an inch into steel. Very penetrating
rays are necessary, therefore, and it is only the develop-
ment of the Coolidge tube already desecribed that has
made possible the examination of steel castings of any
considerable thickness.

An estimate of the maximum thickness of various
materials that can be satisfactorily examined at present
gives 15 inches for wood, but only five to six inches for

largely one of efficient cool-
ing of the anticathode, as the
heat produced by its bom-
bardment would be almost
enough to melt it.

The most obvious use of the rays in metal work is in
the detection of flaws. A cavity in a piece of metal
under examination would show itself quite clearly in an
X-ray photograph as a dark patch on the negative, since
rays would pass through it more easily than through the
rest of the material. On a positive print, of course,
it would show as a light patch.

Fig. 1 shows how an examination is carried out.
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The work to be examined, in this case a finished casting, is placed it is possible to convey quite heavy articles to the X-ray tube.
between the bulb of an X-ray tube, F, and a photographic film or Hydraulic Cylinders we]ghmg over half a ton, having a maximum
plate A. The tube is contained in the metal box D, lined with lead, thickness of about 4 in. have been examined at Loughborough
in the top of which is a square opening of variable size. The College. In some cases a film is used which can be bent to fit the

opening is covered by a lid
made of some material such
as ebonite that allows the
rays to pass through it
easily, and upon this the
work to be examined rests.
The open ends of the casting
are closed by lead plates-C,
and for further protection
from the rays the controlling
apparatus is located outside
the room. A lead-lined
periscope is usually provided
to enable the operator to
see the tube. A flaw in such
a position as B will then re-
veal itself on the photo-
graphic plate A

For identification pur-
poses a number cut out in
lead is very often fixed in
such a position that its
shadow will appear in the
photograph. Exposure may
be anything up to 30 min-
utes or even more, depend-
ing on the thickness of the
metal to be examined. In
cases where the thickness
of metalis not uniform, over-
exposure of the thin section
is prevented by covering it
with a thin screen of lead,
which makes the effective
thickness of the sample the
same throughout.

A Difficulty in Long Ex-
posures

When X-rays fall upon a
madterial, smondar\r X-rays
are emitted which are scat-
tered in all directions. Most
of the scattered radiation

inside of the cylinder as in
Fig. 1, the X-rays pene-
trating from the outside.

Results of X-ray Tests

In studying X-ray photo-
graphs produced in this
manner valuable informa-
tion with regard to the
nature of the flaw can be
obtained from the density
of the shadow. Thus a very
deep tone in the spot or
mark produced on the
negative by a flaw shows
that the X-rays have had
a very easy passage through
some portion of the material
examined, and that the flaw
is of a very serious nature.
The method is very sensi-
tive, and is quite capable
of detecting in commercial
castings any flaws that are
sufficiently serious to require
consideration.

The defects revealed in
castings by these methods
are of several kinds. Blow
holes due to gas from dirt,
or the sand in the mould, or
to steam from a damp
mould, usually show them-
selves on the radiograph as
rounded spots. Occasion-
ally the gas has moved
through the metal, leaving a
bore like a worm hole, and
the resulting photograph
somewhat resembles a pic-
ture of a small comet. If a
mould has not been made
sufficiently firm, sand may
be taken up by the molten

E.C. 4 ¢
emanates from the surface o) Cathode Ray Apparatus (GEG: dmeried  preta) during the casting
of the bodies encountered, process, and the rays will
and may cause fogging of the photographic plate by X-rays being | show its presence as it is easily penetrated by them.

thrown on to the plate or reflected back to the plate. Where the
time of exposure is short, little trouble is experienced, but with

Cracks the Most Dangerous Faults

heavy sections elaborate precautions must be taken if successful In making steel castings the metal contracts on cooling, and if
Tadlngraplh are to be obtained, particularly in the case of irregu- the reserve of molten metal is not sufficient to keep the mould full,
larly shaped castings. The usual method of protection is to spongy sections will be present in the resulting castings. These are

surround the casting with a substance
opaque to X-rays so that the only radia-
tion reaching the plate is that passing
through the casting. The most opaque
substance readily obtainable is lead, and
this may be used either in the form of
sheet or as lead shot. Wax containing
powdered lead and also mercury is some-
times used.

In medical work a device known as the
Potter Buckey Diaphragm is used to re-
duce the effect of scattered radiation.
The diaphragm consists of a large number
of lead strips placed radially, so that
whilst allowing the primary X-rays to
pass to the photographic plate, scattered
rays are stopped. The arrangement is
shown diagrammatically in Fig. 2.  As
the arrangement stands, shadows would
naturally be cast on the plate by the
grating strips, and when such shadows
are not wanted the grid is given a circular
movement. There is little doubt that its
use will in the near future be of con-
siderable assistance in X-raying metal
castings,

Generally speaking it is impracticable
when X-raying iron and steel to take the
apparatus to the work. If, however,
suitable lifting appliances are arranged,

the most common faults in castings,
and they are not always serious, but
(.__ a X-ray examination of suspected materials
will enable a reliable judgment to be
formed. The most dangerous of all faults
are cracks, as they have a well-known
tendency to spread and, unfortunately,
it is somewhat difficult to detect them.
gl - The difficulty was very aptly stated by
Dr. J. Hall-Edwards, whose X-ray work
was referred to last month, as follows (—
“ In looking for a crack in a steel rod it
must be borne in mind that one cannot
see through a key-hole unless one’s
eye be opposite it; hence, unless the
crack be in line with the p‘lth of the

rays, it may be overlooked.”

For this reason it is best, in examining
work that is liable to contain cracks, to
take a series of radiographs at varying
angles so as to detect eracks running in
different directions,

A very important example of this kind
of X-ray examination is furnished by
the examination of joints made in

\_/ metals by welding, brazing, soldering, or
[Loughborough College riveting. Next month we will give
Fig. 2. The Potter Buckey Diaphragm illustrations showing results of such

A. Protective Lead Shield.  B. Photographic Plate. examinations, and describe other uses of
C. Lead Grating the rays in industry.

Courtesy]



Owl Caught on Atlantic Liner

An owl with an adventurous history
is numbered among recent arrivals at the
Zoological Park at Edinburgh. When
the “ Cairnross,” a steamer belonging to
the Cairn line, had reached a position
about 500 miles west of Belle Isle during
a recent voyage across the Atlantic Ocean,
two owls flew on board. One of these
tried to alight on the funnel, and dropped
back into the sea, probably overcome by
the fumes, but the other
one was captured by the
crew of the wvessel.

A similar incident was
reported on the arrival
at Southampton of the
Cunard liner ““Beren-
garia.” To the astonish-
ment of all on board an
owl alighted on one of
the wireless insulators
and then flew down to
the aft galley {funnel,
where it was caught by
one of the seamen. In
comparing the accounts
of the crews of the two
ships there seems to be a
possibility that the owl
which settled on the
“Berengaria” was the
one that had fallen back
mto the sea from the
" Cairnress.” The two
were not far away from
each other at the time,
and both accounts agree
in describing the bird as
having white plumage
with brown spots on the
wings and large amber
coloured eyes. Unfor-
tunately, the one that alighted on the
“Berengaria' was liberated at South-
ampton, as the Cunard authorities did not
learn of the * Cairnross’ incident until
that vessel arrived at Newcastle later.

Mr, T. H. Gillespie, Director-Secretary
of the Zoological Park at Edinburgh, has
informed us that the bird received there
from the " Cairnross’ is a snowy owl
and that several specimens have recently
been picked up at sea in the north Atlantic,
one of these also being now in his care,
while several more are now in the London
Zoo. Inarecentarticle in the “ Scotsman
Mr. Gillespie gave some further interesting
information, from which we quote the
following :

“The snowy owl is distributed over
the mnorthern (Arctic) parts of Europe,
Asia, and North America, and during
winter it moves southward to some extent,

of the Cranham Meccano Club to the Zoo.
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occasional specimens reaching the North
of Scotland, but it is very unusual to hear
of so many being found at once so far
south, and so far out to sea. The snowy
owl may fairly claim to be the most
beautiful of its race. It is not the largest,
for the eagle-owls exceed it in size, but it
is a large bird as owls go. The plumage
may be either entirely white, or it may be
white more or less lined or spotted with
black. The black markings on the two
specimens just received are very

Our illustration is from a photograph taken by J. G. Cheshire, on the occasion of the recent visit
The deer allowed himself to be snapped with

characteristic amiability
nounced. This owl hunts by daylight,
even in bright sunshine,

The arrival of birds sent to the Zoological
Park sometimes reflects in an interesting
way the hazards and mischances to which
wild life is exposed. Some years ago,
for example, within the short space of a
month or two, a large number of specimens
of the little auk were received, all of which
had been picked up on the East Coast in
an injured or exhausted condition. Except
during that limited period scarcely a
single specimen of this bird has ever
been sent to the Park, and its coming

in numbers evidently followed some
disturbances of range and habit, by
wind or storm or food supply. The

snowy owl has evidently suffered a similar
disturbance this winter."”

pro-
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A Dragon Arrives in Amsterdam

Exactly what dragons were like we do
not know. The legends regarding them
tell us of their enormous size and scaly
armour, their fire-breathing and other
terrifying features, but it is probable that
the old tales of these monsters have their
origin in stories, passed down from one
generation to another, of reptiles now
extingt.

A specimen of a gigantic lizard, 91t
in length, which might
well have given rise
among primitive people
to legends of dragons,
has reached the Zoo at
Amsterdam. There were
already two smaller ones
in the New York Zoo,
and all three were trap-
ped on Komodo, an
island about the size of
the Isle of Man, in the
Dutch West Indies. Very
few people live on the
island, which is not
surprising when we learn
that some of these lizards
grow to a length of
30 ft., and that they
are capable of running
down and devouring
wild ponies !

Komodo has been
little visited by man, ancd
is wild and gloomy in

character, with huge
caves and rocky holes
in the interior. Not
having been disturbed,
therefore, these lizards
have developed and

increased in numbers
until they have become almost the undis-
puted rulers of the island.
* * # *

Tortoise Born in England

A belief that the eggs of the comimon
tortoise could not be hatched in this
country has quite recently been disproved
by the success of an attempt by a Dulwich
resident, who hatched one out by the
application of continual warmth. As a
matter of fact this is not quite an un-
precedented event, as the eggs of an
African variety of tortoise were hatched
at the London Zoo some years ago. In
this latter case the eggs were hatched by
burying them in warm deep sand, in
imitation of the method used by - the
tortoise itself.
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AST month we described how the tropical vegetation
of pre-historic times became gradually trans-
formed into coal and peat, lignite, bituminous

coal and anthracite were seen to be various stages in
this process of conversion. We come now to the story
of coal mining, and the part coal has played during
the last three centuries in
furthering industry and
invention.

The earliest reference to
coal is in all probability that
made 2,300 years ago by the
Greek philosopher Theoph-
rastus who, .in writing of
“ Stones,” put on record
that :—" These fossil sub-
stances that are called coals
and are broken for use are
earthy. They kindle, how-
ever, and burn like wood

coals. These are found in
Liguria and in Elis, and
are utilised by smiths.”

Liguria is the modern pro-
vince of Genoa in North
West Italy, and was con-
quered by the Romans about
150 B.C. after 80 years of
intermittent fighting. Elis
was a country in the west of
ancient Greece and ultimate-
ly also fell under Roman
rule. It was the scene of
the original Olympic Games,
which had existed for un-
known ages. These famous
games died out about 4 A.D.,
a couple of centuries before
carthquakes and landslides
devastated the country.

Early Coal Mining in Britain

The Romans who invaded
and established themselves
in Britain built a number of their encampments close
to what are now known as ' outcrops,” that is coal
seams lying close to the surface and exposed in places.
During the modern excavation of some of these ancient
forts in Lancashire and Durham, cinders have been
found. In some of the stations along Hadrian's Wall—

from opalescent pink to ochre.

A section of a huge Red Wood tree, found in the petrified forest of California. The
forest was buried in volcanic ash in an eruption of I;wuthLbHcl’;:m? agcs ago, and the
wood subsequently turned to stone, Every detail of the bark of these pre-historic 2y ‘1 b
forest giants is clearly preserved and the colouring of the stone is wonderful, ranging BOUk‘ 1 h]S mon_um( ntal
This tree is about 100 ft. in length, but the largest work was CO]’I‘lpll('d by

is 120 ft. long

that remarkable 73-mile barrier extending from Wallsend
on the Tyne to Bowness on the Solway, and built at the
Roman emperor’s command in 120 A.D. as a defence
against the northern barbarians—stores of unused coal
are reputed to have been disclosed. The re-opening
also in comparatively recent times of primitive outcrop
workings has revealed in
some of them tools since
identified as Roman im-
plements. Curiously enough
no reference to the evident
use of coal for fuel in
Britain is contained in the
writings of any of the
Roman historians, although
mention is made of
“gagates” (jet) being
abundant. Jet was greatly
valued by the Romans,
who shipped it to Rome
where it was fashioned
into many ornaments.

Domesday Book ignores Coal

With the eventual with-
drawal of Roman activity
and enterprise from Britain
all appreciation of coal seems
to have ceased for many
centuries. It is true that
one of the conditions upon
which the Abbot of Peter-
borough, about 850 A.D.,
let certain lands was that a
dozen loads of coal should
be delivered to the monas-
tery in the course of each
year. But it is significant
that there is not a single
reference to coal throughout
the voluminous Domesday

William the Conqueror in
1086-7 in order to discover how much land and property
could be taxed, and it was said of the book that not so
much as one pig was overlooked ! It is evident, therefore,
that coal had not yet become generally recognised
as a useful fuel.

In the thirteenth century, however, coal began to be
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used regularly in the monasteries, and the monks may be
said to have begun the coal industry of this country.

The monks of Newminster Abbey seem to have been
among the earliest users of coal. A charter by Adam
de Camhous, granting them some land on the coast near
Blyth, mentions the inclusion of a road over which to
convey seaweed for agricultural use and for transporting
such “sea coal ™ as could be found over the allotted
portion of the shore. Another grant obtained by the
same monks was under charter from Nicholas de Aketon,
and accorded them the privilege of gathering sea coal
wherever they happened to
find it in his wood at Middle-
wood, for use in the forge of
their * Stretton Grange.”
Both these charters are
known to have been issued
before the year 1240 A.D.

Monks Ship Sea Coal to
London

Some of the sea coal
gathered from the shore
outcrops of the river Blyth
appears to have beenshipped
by the monks to London,
for there existed in the
metropolis in 1230 A.D. a
suburban lane with the
name of * Sacoles Lane.” The character of this
thoroughfare and the use to which the coal was there put
are indicated by the title of * Limeburners Lane,”
which was also given to it.

The monks of Tynemouth were not slow to emulate
the activities of their Newminster brethren. Outcrop
coal in abundance was available on the extensive lands
of which they were the fortunate owners, and the work
of coal digging was early commenced, surplus supplies
being shipped to Lon-

=

West Moor Colliery, Killingworth

the latter half of the thirteenth century, and the sea coal
that the monks of Bolton Abbey procured regularly as
from the year 1294 is generally regarded as having been
obtained from coal workings opened up in the Colne
district. These purchases by the Bolton Abbey monks

were to provide additional coal to that gathered by
themselves, for lime-burning and to work their forges.

By the early part of the fourteenth century coal was
being regularly worked also in the Cannock Chase
district of Staffordshire, in Derbyshire and South
Wales.

The townspeople of Swansea obtained an
important charter from
William de Brews in 1305,
granting them turf, peat,
oak, dead and dry wood .
for ships and other building
purposes. They were also
given permission to have
“earth coal’ in Ballywasta
to meet their needs, but
the charter strictly forbade
any coal to be sold to
strangers.

Edward 1. forbids use of
Coal in London

As sea coal became in-
creasingly used, at first
chiefly for industrial pur-
poses, London experienced its first smoke nuisance.
Indignant and shocked citizens created a storm of protest
and in 1306 Parliament petitioned King Edward 1. to
prohibit the use of coal, and this he did! Timber supplies
were becoming less abundant, however, and the price of
wood ultimately soared so high that people began to be
glad to avail themselves of the new fuel. The royal
order thus gradually became ignored and the smoke
nuisance tolerated.

It is strange to recall

don. One of the estate
workings of the Tyne-
mouth monks was at the
village of Wylam, the

birthplace of George S
Stephenson.  History RECGI'Utd 0f
records that on one the Sum of

occasion, in the year
1269, several Newcastle
men were arrested and
tried for making a raid
on North Shields, and
also with having seized
and decamped with one
of the Prior’s ships,

lying there laden with ; s /\
coal. Cf'—* i

A grant was made to Z W—\
the monksof Newbattle,

some time between 1210

Shillingsin full for
duty fog 7 -

and ended 4?7,

1 fay reccived by ——

@?72 the €3 1600 & Sevent th’rg\e

bouﬁ 99 2

that at one time coal
smoke was utilised as a
source of revenue by
levying a tax upon
every hearth or chim-

n ney ! The tax was ex-

. tremely unpopular, as

' might be expected. The

; )’M’f"' > state of affairs may be
FitgtHearths in | realised by the follow-
'” due ing aC(l:;mr{t} oflt_hle tax

: z given by the historian
flﬁ Pdft- l Macaulay :—* The col-

lectors were empowered
to examine the interior
of every house in the
realm ; to  disturb
families at meals: to
force the doors of bed-
rooms and, if the sum

and 1219 A.D., to work
a ““coal pit "’ at Preston
in Haddingtonshire, Scotland. In Scotland also a
charter was granted to the Abbot and Convent of Dun-
fermline, Fifeshire, in 1291, conferring upon them the
right to dig coal in the land of Pittencrieff. Finchdale
Abbey and Durham Monastery also worked the outcrops
in their respective vicinities on a large scale up to the
time of the general suppression of the monasteries.

Coal digging in Lancashire began sometime during

Receipt for Hearth Tax, issued in 1673

demanded were not
punctually paid, to sell
the trencher on which the barley-loaf was divided among
the poor children.”

The amount of the tax was 2/~ per hearth and in 1689,
when it was abolished, it was producing £170,000 a year.
The unfortunate householders did not benefit greatly
by its abolition, however, for a tax on windows was
substituted for it ! This tax was much less unpopular
as it obviated internal examination of houses by the
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collectors, and it continued until 1851, when it was repealed.

Coal mining slowly developed and by the 17th century a sys-
tematic exporting of the mineral from Sunderland and Newcastle
to London and ports on the Continent had grown up, while from
the Lancashire coalfield a limited export trade to Ireland was
carried on,

An interesting development arising out of the Newcastle export
trade was the completion of the Victoria Tunnel about 1840. The
tunnel took three years to construct, was two miles in length,
6 ft. 3in, in width and 7 ft. 5in. in height. It sloped downward
under the town from

Forestry operations in France create nearly nine million tons
of waste timber every year, and it has recently been found that
the patent charcoal fuel obtainable from this waste can be success-
fully used as a substitute for petrol, for the driving of motoer
vehicles, Thus a new lease of life has been given to a fuel the
history of which dates back to a very remote period.

Power and Light from Coal
The steam engine invented by Thomas Savery in 1698 created

another important use for coal. Savery’s invention was speedily
improved upon and

Spital Tongues Colliery
to the river Tyne and
was used for the quick
transporting of coal for
shipment at Newcastle
quay. Loaded wagons
were set off at the
colliery and descended
under their own weight
to the quay siding.
When empty they were
hauled back up the
tunnel by a cable
worked by an engine
at ‘the top.

First Iron-Smelting
with Coal

A new and impor-
tant use for coal was
found by Dud Dudley,
son of Lord Dudley, of
Dudley Castle in Wor-
cestershire, who in
1620 took ont a patent
for the smelting of iron
with coal. Hitherto
wood converted into
charcoal had been sole-
ly used with the ore,
but in Sussex the iron industry had developed so fast that timber
supplies were rapidly diminishing.

Every ton of pig-iron manufactured took four loads of timber
made into charcoal fuel, and for each ton of bar iron made, the
extra charcoal burned required three additional loads of wood.
Public alarm at the disappearing forests led to an Act being passed
in 1581 prohibiting the conversion of wood into charcoal for iron-
making within 14 miles of the Thames. Further restrictions were
imposed later and the combined effect almost ruined the industry.

Dudley’s method was sucecessful, but the great iron smelters,
embittered at being deprived of much of the timber they required,
were resentful of the new method, Their jealousy found ex-
pression in spreading evil reports as to the quality of
Dudley’s coal-smelted iron, and so intense was their
persecution that finally he had to give up the struggle.

One misfortune that befell Dudley during this period
was the destruction of his new and principal ironworks,
at Cradley in Staffordshire, by a great flood after the
works had been in successful operation just over a year.
The news of his loss was received with rejoicing by the
ironmasters of the district, but their satisfaction on that
occasion was short-lived, for a new ironworks was
speedily erected and smelt-
ing with coal resumed.

The increasing demand
for iron and the steadily
decreasing available timber
for fuel finally forced the
ironmasters to turn to coal
and Abraham Darby, an
iron manufacturer of Coal-
brookdale in Shropshire, was
the first man to make a
financial success of smelting
by the new fuel. Others
then followed suit and their

Photo)

e gl

An old Charcoal

Burner at work

general success soon firmly
established coal as the all-
important factor in iron-
smelting and manufacturing, in place of charcoal.

In countries where extensive forestry operations continue to
be carried on, as in Germany, Norway and France, the charcoal-
burner is still a familiar figure. Nowadays, however, he is being
replaced by organised parties that follow up the forestry gangs and
convert into charcoal the stacks of timber left for them by the latter.

A famous engine, * Pu?ﬁhng Bi

1ly,”* built (in 1813) by William Hedley, for hauling coals from
e mine to the staithes near Newcastle-on-Tyne

rendered more prac-
ticable by Thomas
Newcomen, whose
pumping engines were
installed in various
coal mines to clear the
water out of the work-
ings. Thus coal-burn-
ing engines were used
to enable more coal
to be won. The modest
coal-mining industry
of that time no doubt
benefited by the fact
that the Newcomen
engine had a tremen-
dous appetite! This
* greediness,” how-
ever, made the en-
gines wvery expensive
to work in other than
coal mines, and even-
tually James Watt's
more economical steam
engine displaced the
other. When at length
Watt successfully
adapted his engine to
perform useful work in
breweries, forges and
elsewhere, in addition to pumping water out of mines, the import-
ance and need of coal was still further emphasised.

By the close of the eighteenth century coal had become recog-
nised and established as a source of power as well as of heat, and
the next century was but two years old when William Murdock
astonished the world by illuminating the front of Boulton and
Watt's Soho Works, Birmingham, by coal gas, thereby proving
the remarkable mineral to be also a source of light.

The years that followed Murdock’s introduction of coal gas
saw the advent of the steam locomotive and the development of
the coal burning ocean-going liner. These new and substantial
demands for coal promoted it to a unique place among the world’s
minerals, and it has aptly been spoken of as the * father of in-
dustry.” Even with the recent rapid develop-
ment of oil fuel and water power, coal still
holds the premier place, and new uses are
being found for it as old ones lapse.

This brief review of the history of the coal
industry would be incomplete without some
reference to the interesting
circumstances in  which
some of the discoveries of
coal in the United States of
America have been made.
The first discovery of this
mineral was made by a boy
in Virginia State, who one
day in the year 1760 came
across an outcrop of coal
while he was in scarch of
bait for fishing.

[w. Coles-Finch

A Hunter's Discovery

Thirty-one years later
anthracite deposits were
located along the Lehigh
River by a hunter named
Philip Ginther, Ginther's
dramatic find was by mere
chance, and the incident as recorded by Mr. Homer Greene in his
book * Coal and the Coal Mines" is worthy of repetition. Mr.
Greene writes of the hunter :— )

‘" He said that at one time the supply of food in his cabin chanced
to run out, and he started into the woods with his gun in quest of
something which should satisfy the hunger of those who were at
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home. It was a most unsuccessful expedition. The morning
passed, the afterndon went by, night approached, but his game-
bag was still empty. He was tired, hungry and sadly disappointed.
A drizzling rain set in as he started homeward again across the
Mauch Chunk Mountain. Darkness was rapidly coming on, and
despondency filled his mind as he thought of the expectant faces
of little oneés at home to whom he was returning empty-handed.

“ Making his way slowly through the thick, wet undergrowth,
and still looking about him, if perchance something in the way of
game might vet come within the range of his gun, his foot happened
to strike a

was unshipped ; blacksmiths' forges were supplied with the fuel
free of charge; fires were lit free in people’s houses and ‘public
exhibitions of stoves burning anthracite were organised. The coal
of Mauch Chunk at last began to sell and gradually became popular
as people learned how to burn it, but those who ignored the advice
of the mine-owners and others, and strove to burn stone coal as they
did ordinary coal, gave themselves much trouble.
Greene, in his book we have quoted from, relates a typical case :—
A firm of wire manufacturers, on hearing of another concern
having used the ¢oal successfully, bought a trial lot. In the
furnace the

hard  sub-
stance
which roll-
ed . away
before him.
He looked
down at it,
and then
bent over
and picked
it up, and
saw by the
deepening
twilight
that it was
black.”

Ginther
knew of the
local  tra-
dition that
stone  coal
existed in
the Lehigh
River  re-
gion, and
wondered if
he had
actually
found a
sample of
the mineral.
Taking the
black lump
home with
him, he
next day ‘“set out with it to find Colonel Jacob Weiss at Fort
Allan, to whom he exhibited what he had found. Colonel Weiss
became deeply interested in the matter, and brought the specimen
to Philadelphia, where he submitted it to the inspection of John
Nicholson, Michael Hillegas and Charles Cist.”

When these gentlemen had satisfied themselves that the black
lump was undoubtedly anthracite coal, the Colonel was authorised
to bargain with Ginther and persuade him to reveal the exact
location of his discovery. Weiss thereupon sought out and inter-
viewed the hunter, and on the Colonel undertaking to negotiate
with the Statein respect to a certain piece of land greatly desired by
Ginther, the latter told all that he knew regarding the stone coal.

When anthracite mining at Lehigh River was started up, several
years later, the new commodity proved extremely unpopular, and
the ntmost difficulty was experienced in marketing it. For instance,
of six barges of anthracite sent from Mauch Chunk to Philadelphia
by way of the Lehigh River in 1803, four were upset on the way, and
when the other two loads reached the city no one could be induced
to purchase.

Anthracite Refuses to Burn !
The mineowners knew that the great difficulty experienced by

citizens in getting the stone coal to burn was due solely to their

being familiar only with soft bituminous coals, which responded
briskly to pokings and jabbings when in the grate, whereas anthra-
cite resented such interference and declined to burn. The two
undesired loads were offered by the owners to the city authorities
who, however, soon proved themselves as ignorant as the general
public as to the proper treatment of anthracite. Their trial of the
new fuel was made in a steam engine and was a complete failure,
the coal refusing to burn. The authorities thereupon promptly
made an end of the matter by using the remainder of the fuel
in lien of gravel for the city footpaths !

This was too much for the hopeful mineowners and the anthracite
mines lay idle for more than nine years before any further efforts
were made to convince the citizens of Philadelphia that the coal
of Mauch Chunk was a useful fuel. Then one day the city heard
of anthracite again. Leaflets telling how the coal should be
treated in the factory furnace and the domestic grate suddenly
appeared ; a barge of the coal arrived once more at the wharf and

A quaint colliery engine at work at Leeds in 1812. Built by Matthew Murray to the design of John Blenkinsop, the loco was propelled
by a toothed-wheel engaging in a rack alongside the rails and hauled coals from the Middleton Collieries to the riverside for shipment

anthracite
was fed on
to a wood
fire, but al-
though  the
furnacemen
urged the
coal to burn
by = every
dodge they
knew, the
whole cart-
load  was
wasted
without any
satisfactory
result  be-
ing obtain-
ed. Deter-
mined not
to be out-
done by
o & Rk elr
people, the
firm  pur-
chased a
second cart-
load and
another at-
tempt was
made by the
men to burn
the un-
familiar
fuel. Every-
one was very grim and had resolved that the mysterious fuel should
not defeat them a second time. So hour after hour the furnacemen
raked, pushed and poked. Fresh supplies of wood were fed under
the obstinate coal, but all to no good.

Throughout the night the men laboured, but when morning came
the anthracite was still stubborn, At last the grim, hot task was
abandoned, the furnace door closed with a bang, and a group of
tired and annoyed men trailed off to breakfast. A little later one
of the toilers went back to the furnace room for a jacket he had left
there, and on looking at the furnace he was amazed to see that the
door was red hot! Hastily opening it he saw the obstinate coal
aglow with intense heat.

His excitement soon conveyed itself to the others, and after the
first shack of surprise they set to work and four lots of metal were
heated and rolled before any further fuel was added. Further
experiment soon convinced them that all the Mauch Chunk stone
coal required was to be thrown upon the bed of ignited wood and
permitted to burn undisturbed, allowing the steady draught of
air to effect combustion,

The greatly increased demand for coal that arose in this country
following upon the advent of the steam engine and coal gas resulted
in innumerable borings being made and many new coal mines
opened up. Ceal was not always located by the optimistic pros-
pectors, however, and sometimes a search for new deposits would
be abandoned after many deep holes had been bored in vain and
much money thereby lost. :

Much Ado About Nothing

Of these unsuccessful ventures none is more remarkable than
that of the Northampton Union Coal and Mining Company. The
formation of this company in 1836 with a subscribed capital of
£18,000 was the outcome of a report by two experienced miners
from Staffordshire that coal as good as any in the country was
obtainable within one-and-a-half miles of Northampton.

An interesting account of this venture is given in Vel. II of
“Annals of Coal Mining and the Coal Trade,” by Robert Galloway,
from which we extract the following :—

““ A tract of land was leased, men were engaged from the coal
countries, and sinking commenced ; and in the spring of 1837
a large steam engine was erected, which (Continued on page 265)
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EXPIO;

ING THE ARCTIC

FAMOUS EXPLORERS AND THEIR ATTEMPTS
7O REACH THE POLE.

VIL—PARRY’S UNSUCCESSFUL DASH TO TE POLE

EFORE we proceed to deal with Parry's final
voyage, and his heroic attempt to reach the Pole,
it will be of interest to mention a sledge journey,

made by George F. Lyon and some Eskimos. Lyon was
a naval officer who served with Parry from 1820-4,
commanding the “ Hecla" on the occasion of Parry's
third voyage, when Parry
himself was in the “ Fury.”

As fish was wanted for
the crews, one of the
natives named ‘° Too-le-
Mak,"” agreed to set out on
a four days’ fishing ex-
pedition. Lyon obtained
Captain Parry’s permission
to accompany the Eskimos
and went ashore for the
purpose. On arriving at
the wvillage he was wel-
comed to Too-le-Mak’s
tent, where a new deer
skin was spread for him
on which to spend the
night.

The party set off at 10
o'clock on the following
morning, on two sledges,
one carrying Too-le-Mak
and four Eskimos, Lyon
and George Dunn—a sea-
man of the * Hecla ""—and
the second sledge carrying
three Eskimo hc)u lhv
first sledge was drawn by
eleven dogs and the second
by eight.

These Eskimo dogs are
described as being “‘ large

and majestic-looking ani-
mals. An old one of
peculiar sagacity was placed at the head of the team—
by having a longer trace—so as to pick out the safest
and dryest places, for the dogs have such a dread of
water that they would rather receive severe beatings
than swim a foot. The leader was instant in obeying
the voice of the driver, who repeatedly called to him
by name.

“ When the dogs slackened their pace the sight of a
scal or bird was sufficient to set them instantly at their
full speed, and even though nothing was to be seen

Sir W. E.

on the ice, the cry of “ Aseal! ™ “ A bear!” “ Abird!"”
etc., was enough to give play to the legs and voices of
the whole pack.

“It was a beautiful sight to observe the two sledges
racing at full speed to the same object, the dogs and
men in full cry and the vehicles splashing through the
the holes of water with
the velocity and spirit of
rival stage coaches ! ”

After about six hours’
run over the ice, in weather
so thick that the travellers
could not see a quarter of
a mile in front of them,
they came to a number of
barren islands of granite,
and here they stopped for
the night. All the Eskimos
lay down in the open to
sleep on the rocks, having
merely a small piece of
skin to keep the rain
from their faces. They
remained in this comfort-
less state for eight hours,
although it was raining
the whole time and was
raining next morning when
the awoke !

Early next morning they
killed a deer, Too-le-Mak
lying behind a stone and
imitating the deer’s peculiar
bellow. The animal’s
curiosity was aroused and
in investigating the phe-
nomenon it came within
gun shot range, with the
Parry result already mentioned.

The deer was divided
into equal shares and the party “ squatted down to a
repast and in ten minutes the Eskimos had
picked every one of the deer’s bones so clean that even
the hungry dogs did not attempt to gnaw at them
a second time."”

On the return journey one of the sledges was upset
and broken, and the crew were thrown into a deep hole,
receiving a complete ducking. After the sledge had
been repaired it was again twice upset. Finally the
dogs broke the traces and ran like a pack of wolves
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to the land. They were brought back, however, and
the party ultimately reached the Eskimo wvillage.

On their arrival here the two Englishmen were joyfully
welcomed and awarded the place of honour. “ A large
assemblage of Eskimos gathered,” says Lyon, ““ to hear
me talk and to see us eat!” Later on a
native dance and a “ Concert "' was held in their honour.
On the following day they returned to the ship.

In 1827

they went forward through rain and fog, and nothing
was allowed to delay them or to turn them aside from
their purpose. They travelled by night and slept by
day—although, of course, it was daylight all the time.

“ The advantages of this plan,” says Parry, “ which
was occasionally deranged by circumstances, was in
our avoiding the intense and oppressive glare from the
snow during the time of the sun’s greatest altitude, so as
to prevent in

Parry made his
fifth  voyage,
again in the
“ Heela,” set-
ting sail on the
27th March.
In May he was
forced to run
into the ice, in
which he was
jammed for
three weeks,
when he man-
aged to get the
ship clear, and
sailed to the
Seven Islands,
situated mnorth
of Spitzbergen.
On one of these
islands, named
Walden, he
placed a re-
serve store of
provisions, and the ship, having reached Lat. 81° ¥,
sailed on to the Hinlopen Strait, where it was to await
Parry’s return from his attempt to reach the Pole.

Parry’s idea was to make a dash for the Pole with
two boats 20 ft. in length and 7ft. in beam, which
he had designed for the purpose. These boats, each of
which weighed nearly a ton, were fitted with steel
runners and stood upright on the ice. They were so
built that they would have floated

d| some degree the
4 painful in-
flammation in
the eyes called
“snow - blind-
ness,”’ commaon
in all snowy
countries. We
also  enjoyed
greater warmth
during the
hours of rest
and had a
better| chance
of drying our
clothes ; besides
which no small
advantage
was derived
from the snow
being harder at
night for

Dragging the boats over the ice in a vain attempt to reach the Pole

travelling.

“ When we
rose in the evening we commenced our day by prayers,
after which we took off our sleeping dresses and put on
those for travelling, the former being made of camlet
lined with racoon skin, and the latter of strong box cloth.
We made a point of always putting on the same stockings
and boots for travelling in, whether they had dried
during the day or not, and I believe it was only in five or
six instances that they were not either still wet or

hard frozen.”

even if they had been stove in. This
was accomplished by stretching on
timber frames casings of waterproof
canvas, which acted in a similar
manner to balloonettes in an airship.
It was Parry’s intention that these
boats, which were named the * Enfer-
prize” and the * Endeavowr,” should
be hauled by reindeer. The ice was
so rough, however, that this was
found to be impracticable with the
result that the men hauled the
boats themselves.

Lieut. J. C. Ross was in charge
of the “ Endeavowr”™ and Parry
himself in charge of the ** Enterprize.”
With sufficient food for 70 days,
and with equipment (including cloth-
ing and light sledges), this gallant
band of 26 men dragged the heavy
boats over the ice, up and down the
hummocks and ridges, surmounting
all obstacles, at times waist deep
in snow and braving all weathers.

Starting from Little Table Island—
where they left a reserve of provisions,
as they had done at Walden Island—

MCLINTOCKS
FURTHEST

[CAPE
MCLINTOCK

When the men were resting the
boats were placed alongside each
other, their sterns turned towards
the wind. Sails were supported by
bamboo masts and paddles, being
arranged over them as awnings.

The rate of progress was slow—
sometimes only 50 yards an hour and
occasionally as much as 12 miles a
day when the ice was good. It
was not long before Parry found to
his dismay, that the distance calcu-
lated by reckoning did not agree with
that given by observation with the
instruments. He was quick to realise
that although they were struggling to
the north by heroic efforts, their
work was in the meantime being
made valueless by the fact that the

whole of the pack-ice was drifting to
panRyS the south. Indeed, they were latterly
st | making practically no progress from
this reason, and were drifting south
by day nearly as far as they marched
north by night.

1 WINTER
HARBOUR

CAFPE
PROVIDENCE

MELVILLE SOUND

Map showing Parry's Winter Quarters (1819-20) at
Winter Harbour

Notwithstanding this, they con-
tinued to struggle on until they had
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