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T'here must be thousands of boys who will
decide to take up Fretwork now, and amongst
them are the many Meccano readers who had
a Fretwork Outfit given them for Christmas.
T'hey are already happy ! Those who were
not so fortunate can soon put that right by
getting one of the complete Outfits illustrated
below. They contain reliable British tools
made in Hobbies own factory. Don’t buy a
cheap, inferior, foreign outfit or you'll give

up 1in disgust. Insist on a Hobbies and get
one now.

A CATALOGUE

I 'he 1YYT eafaloous COH

The No. 3
Bﬂxed Outflt
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soare. s1x dozen Saws,
d Dresizns, and a 32-page
handbook of instrated

If you already

have an Outfit LOOR

FOR THE
NAME
HOBBIES

ON Al]l r=———reccccccccacc=e—-
YOU BUY The Al OUTFIT

instructions to guide i
Deginner

101_ Complete
tf vou have commenced Fret- Postage 9d.
WOk vou must certamly read
HUOBBILES every week., This s a
splendicl  litt]e journal tull  of
interesting how-to-make articles
and  withh a fourpenny  design
i Ak vour newsagent fon

une every Wednesdayv, priee 2. anplote set of well-made tools
with wood and designs for making

up six simple artleles There 158 an

FREE TO , _
LHlustrated handbook for the be-
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READERS frame, Archimedean il waith two

bits, Cutting Table with lron Cramp,
e readers interest twioy dozen Sawblades, No. 1 Plane,
sl we will <atid A Fretwork Hammer, Sandpaper Block
I--.['l!‘ll'.lE’HI'ft ll.l]""r (3

HUOBBIES and an
Hlustrated Abrudged
Catalogue, showing
tools, desipns  and

materials. :"-r'u.ri A OTI_{ER OUTEITS
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Argyle 5t., Glasgow—9a, High St., Birmingham—10a, Plccadilly, Manchester—214, West 5t., Sheffield—8%a, Wouod-
house Lane, Leeds-—25, Bernard St., Southampton—68, London Rd., Brighton. Or from Agents everyvwhere,
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New Year’s Greetings to You AllL

Every good wish for the New Year to all my readers! 1 hope
it will be for each of you a year of joy and fun, and a year of
progress in your studies or in your work, as the case may be.

I should like to take this opportunity of thanking my many
readers for the wonderful array of Christmas and New Year cards
that have reached me from all parts of the world, together with
the hearty good wishes that accompany them., 50 many messages
of good will from Meccano boys of almost every nationality, and
the itnnumerable letters I receive every day, are most encouraging,
whilst the suggestions sent to me are very helptul.

Over 20 Tons of December Magazines !

I often wonder 1f my readers realise to what tremendous pro-
portions the monthly printing and distribution of the “M.M."
is growing. Our circulation figures have been Increasing 1:Lp1dlv
during the past two or three vears, until of last month's 1ssue we
sold IlLdI‘l} 75,000 copies. For this one issue alone the paper
weighed over 20 tons! As the paper before printing has always
to be handled flat, twelve lorries were required to move 1t
from the station at Leeds to the printers (see photograph on
page 11).

After seeing these lorries, I was curious to work out a few details
concerning the December “M.M.” 1 think the rﬁaultq of these
calculations will be ot genr—rfil interest, for they convey a good 1dea
of the success of the "M.M.” For instance, I fnun:l that if all
the copies of the December issue when ready for despatch had
been piled one on top of another, they would have reached to a
height of over 1,000 ft—that is considerably higher than the
Eiffel Tower (984 ft. in height). Had the magazines been placed
end to end, they would have stretched for over 13 miles !

The area of the paper used was over 100 acres in extent—there
would have been more than sufficient to have covered the playing
grounds of all the First and Second Division Football Clubs in the
Kingdom ! If the printed pages had been placed end to end there
would be sufhcient to form a continuous band over 1,300 miles
in ll:*n;;{th—lmjrﬂ than sufficient to lay a double line, the width of
the "M .M." page, from Land’'s End to John o'Groats !

If all the lines of reading matter in the complete printed edition
could be placed side by side they would extend for over 37,500
miles ! In other words, Sir Alan Cobham could have laid a line
of print all the way to Australia and back, and there would vet
remain sufficient type lines to lay a trail across the Atlantic to
America and back again !

So that's that !

Interesting Railway Articles to be Regular Feature

Although the calculations mentioned above relate to the Decem-
ber 1ssue, the figures can be applied equally well to the present
number—and probably to every number during the coming year
also. That being so, the effect of multiplyving the results by
twelve, for the year's output, shows a tremendous total and gives
us some idea of the extent of the activity of the “M.M." I have
no doubt that in its present enlarged form its popularity will
be greater than ever, and that next vear 1 shall be able to announce
a considerable improvement on all the figures above mentioned.
[n this matter each reader can help me by making known the
Magazine to all his, or her (for we have numbers of girl readers !)
friends. 1t 1s1n this way that readers have helped to increase our
circulation 1n the past, and 1 teel sure that new readers who place
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an order for a regular copy of the “M.M."" will not be disappointed.

I mentioned last month that I hoped to be able to make some
announcement of importance regarding contributors to our future
1Issues. I am pleased to be able to say that I have arranged for a
series of regular contributions from Mr. Cecil Allen. Mr. Allen,
who 1s a Member of the Institute of Transport and an Associate
of the Institute of Locomotive Engineers, 158 a recognised authority
on raillway matters. Not only is his name well known to those
acquainted with railway literature, but in addition he 1s the author
of several popular railway books. From time to time Mr. Allen
will write for the “M.M."” on various phases of railway matters
and each month he will contribute a special article dealing witl
famous express trains and the routes over which they run. The
first of this series, the ** Flying Scotsman,” appears on page 22
and future articles will include the ““ Atlantic Coast Express, ™ the
“ Golden Arrow,"”” ** Hook of Holland Boat Express,” ‘* Liverpool
Diner,” ““Southern Belle,”" etc.

In this connection I am glad to be able to announce also that
we shall now be able to include illustrations by Mr. ', E. Mackay,
one of the leading railway photographers whose " snaps’™ ol
engines and trains at speed are well known in rallway circles.
Mr. Mackay's work is second to none, and the clearness of his photo-
graphs i1s the envy of all camera men. I feel sure that his pictures
will add very considerably to the interest of our pages dealing
with railwayv matters,

Obtaining the “M.M.”

For the information of new readers I should like to mention that
the “M.M.” may be ordered from any Meccano dealer or newsagent.
If at any time anyone experiences difhculty in this matter, they
should write to me and I will gladly take the matter up, as there
should be no difficulty in obtaining copies of the magazine on the
Ist of each month, the publication day.

Oil Fuel Locomotives not a Success

A short time ago I made some reference on this page to the
conversion of a number of main-line locomotives from coal to
oil-burning, which was carried out because of the coal strike. It
will no doubt be of interest to my readers to learn that a recentlv-
published report of the railway engineers shows that the use of
oil-burning locomotives does not pay on British railways. Al-
though m] 1S useful for maintaining the services {Iunng a temporary
shortage of coal, i1ts general adoption as a fuel 1s uneconomical.

This conclusion has been arrived at after seven years of patient

experimenting with oil fuel, the tests having commenced in 1919.
It has been found that although oil costs on an average three
times as much as coal, it gives results that are only twice as good.
In countries such as Russia and the United States, where oil is
easily obtainable locally and where coal is more expensive, ol 1t
used on the railways to a largL extent, but unless o1l becomes very
much cheaper the train services of Britain cannot be operated
on this oil fuel.

Incidentally, it may be mentioned that the L.M.S5. have now
200 locos equipped for burning oil fuel, and, although they perform
their work quite satisfactorily, the equipment is only of a temporar)
character and will be discarded now that coal 1s available again
It is interesting to learn that the company would be able to rur
a skeleton service on oil, even if there was no coal whatever 1
the country.
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L Arch Bridee in the World
- Largest Arch bridge inthe World -
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4 Over 50,000 Tons of Steel to Span Sydney Harbour ®
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AST month that confront

we Teé- the builder of

late d bridges 1s the

how the pro-
posals for the
Sydney  Har-
bour Bridge
gradually  de-
veloped mto a
definite scheme,
and we des-
cribed the
bridge in detail.
This month we
deal with the
problems -
volved 1n 1its
construction
and of the
difficulties with

strength of his
materials, A
fﬂlﬂt}* Ei]‘ﬂ{'r Or
a badly cast
truss may spell
disaster or at
least the run
of many months
of work, and
consequently
the most rigor-
ous tests are
applied, mm a
manner that
will be de-
scribed shortly.

which bridge- Enﬂfmﬂuﬁ
builders have Strains and
to contend. Stresses

The erection
of any bridge—
and especially
of such a huge

The Sydney
Harbour Bridge

A composite drawing showing aerial view of the bridge as it will appear when completed will be called
upon to resist

structure as that which 1s to span Sydney Harbour—calls enormous strains and stresses. Apart from its own
for the highest skill and engineering knowledge. Nothing tremendous weight of more than 50,300 tons, it will have
can be left to chance, for the loss of hundreds of lives to withstand the constant force of the wind and in a
and of vast sums of public money might be the result | gale of hurricane violence the strain from this cause alone
of the slightest error will be terrific. Ouite
In Ealc:ulatmn. For =] apart from suchout-
years, therefore, side causes as this,

work has been going
on, on paper, 1in
respect of  this
bridge, and calcu-
lations of strains
and stresses, of the
resistance of metals,
and a hundred and
one other things.
Every small part
has been fitted into
position in theory.
The place of every
rivet and every
bolt has been de-
termined, and a
legion of draughts-
men have been and
still are at work on
the detailed plans—
the “ blue-prints ™
of the engineering
world.

Not the least of
the many problems

a tremendous strain
will be imposed by
the ordinary day’s
work of the bridge.
The structure 1s de-
signed to carry 160
trains, 6,000 ve-
hicles and 40 000
foot passengers per
hour and 1t 1s cal-
culated that with
a full load the de-
flection at the centre
of the bridge will be
45 1nches.

T'he greatest pres-
sure that each of
the steel bearings—
there will be two at
each end—will have
to carry will be
40,190,000 1Ib. Of
this tremendous
stress 73 per cent.
This photograph shows the progress made on the southern approach will be due to the




bridge’s own weight, 11 per cent. to wind pressure and
15 per cent. to traffic load, while the remaining one per
cent. will be covered by the action of brakes and the
rise and fall in temperature.

Testing the Materials

In bridge-building
contracts the speci-
lications often con-
tain specially-devised
tests for the various
materials to be em-
ployed, and stipulate
that any that fail to
pass these tests are to
be rejected. The com-
ponent parts of a
bridge are intended to
withstand certain
strains under certain
particular conditions,
and of course the 1deal
method of testing the
materials would be to | =
try them under these :
conditions. Such a
procedure 1sobviously
impossible and there-
fore the engineer has
to use all his In-
genuity to devise tests
that are as near the
real thing as possible.
Smnce the time when
bridge-building
ceased to be largely a
matter of guesswork
and began to develop
upon sound engineer-
ing lines, the problem
of testing materials
has been given unre-
mitting attention and some amazingly ingenious machines
have been evolved to carry out this work. Some of
these machines will play an 1mportant part in the
buillding of Sydney Harbour Bridge.

Perhaps the most important test is that showing the
tenacity of metal, ]
and known as the
" tensile test.” It
15 really a tug-of-
war—except  that
mstead of finding
out which 1s the
stronger end, the
aim 15 to find how
strong a pull 1s
necessary to break
the material under
test. In place of a
rope, a bar of the
metal to be tested
15 used. One end 1s
held firmly in a vice
while the other is
gripped by a_jaw
of the testing
machine. This jaw

THE MECCANO MAGAZINE 3

increasing pull, the amount of which is shown—by an
arrangement of levers accurately adjusted and working
on knife edges—in pounds or tons per square inch of
metal in the section of the test piece. The machines
used 1n these tensile tests are of various kinds, some
exerting a pull of
only a few tons while
other gilant types are
able to apply a force
as great as 450 tons.

Stretching Metal Like
Elastic

In conducting a
test, the metal 1s
first turned to the
shape of a round bar
of suitable thickness.
The ends are then
clamped In gripping
Jaws and the machine
15 set in motion. The
metal bar immediate-
ly commences to
stretch and continues
to do so in propor-
tion to the increase 1n
strength applied. If
* I the load is now re-
= 5% moved, however, the
bar will at once return
.- . o AR S to 1ts original size,
R g e ~ % so that2 the metal
T - *‘r S =i g e Iﬂﬁl}? bE t[frﬂﬂl'ﬁ'd E.I%-

s tic—a fact of which
few people are aware.

As 1 the case of
real elastic, the
stretching powers of
a metal bar are

g
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As it would have been with the cantilever bridge. The south portal, showing approach lll‘llitli'.d. L the plllliﬂg

force continues, this
limit will be reached, and any further force applied
lengthens the bar permanently and at a surprising rate.
Finally, as the pull increases still more, a stage is reached
where the metal yields suddenly, and tehen only a very
l1ttle force 15 needed to draw it out lik modeller’s clay.
If the drawing-out
process 1s continued
the bar soon breaks
and the reading on
the recording mstru-
ment 1s at once
noted.
lhe breaking
point 1s not the
only information
given by this test,
however, for by
carefully watching
the metal while 1t
1s undergoing the
pull, useful informa-
tion regarding 1its
properties may be
obtammed. For in-
stance, 1if the metal
1s faulty its action

exerts a grﬂduall}r This roller, the largest of its kind in the world, was specially made for rolling the steel plates for the bridge under test may
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possibly show the cause and nature of the defect, and tests before they are finally passed and used. Timber,

thus enable this to be remedied in future manufacture.
The broken ends of the bar show the character of the
metal, for normal mild steel will invariably break with
one end shightly cupped and the other truncated.

Squeezing to Destruc-
tion

Another important
test 13 the compres-
sion test. Compres-
ston 15 applied 1n
exactly the opposite
manner to the tensile
test, the metal being
squeezed 1nstead of
pulled, until 1t breaks
or 1s hopelessly de-
formed.

Twisting and bend-
Ing tests are more
usually employed in
the case of wrought
iron or mild steel,
brasses and bronzes.

Included in the
specification for the
Sydney Harbour
Bridge are the figures
of the weights to be
used 1 calculating the
weight of the struc-
ture when computing
the stresses therein.
Asphalt and stone
concrete are to be
calculated at 150 1b.
per cu. ft.; granite,
170 Ib. per cu. f{t.;
rolled steel, 490 1b.
per cu. it.; cast steel,
485 1b. per cu. ft.
wrought 1ron, 480 1b. per cu. ft. and cast iron, 450 1b.
per cu. ft. '

The * deadlock,” as it is called, consists of the entire
weight of steel and other materials in the structures,
computed in accordance with the specified unit weights,
with two per cent. addition to the calculated weight of
steel for over-run. '

In addition to this there is another kind of stress,
however, termed “live load.” This consists of any
suddenly applied shock or pressure to which the bridge
may be subject at any time. For example, a structure,
the matenals of which had successfully passed the
tensile test, might perhaps collapse by the sudden passage
over 1t of an express train. To test for this it was
necessary to devise some means of applying sudden
shocks to the metal under test. This is now generally
done by making a notch in the metal bar and then, by
means of a pendulum of known length and weight,
breaking the bar by striking the test piece near the notch.
In this manner it is possible to calculate the amount of
force necessary to break the metal bar.

Testing Wood, Bricks and Concrete

We have seen how carefully the bridge-builder must
test his metals before using them in construction.
Other materials beside metals are used in the work,
however, and these, too, have to undergo stringent
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As it will be—the south portal of the arch bridge, showing the massive concrete piers

stone, brick, concrete and even ropes all have their
particular tests.

The crushing strength of wood 1s found by squeezing
suitable lengths along the grain and then measuring the
strain the wood will
withstand without
breaking. Another
test for wood 15 to
support a plece at
each end so that it
lies horizontally, and
then apply a load
in the centre of the
unsupported centre
span.

Bricks are usually
tested 1mm an 1ron
drum in which they
are revolved with a
number of iron
spheres about the
size of a cricket ball.
After having been
turned for several
hours, the drum 1s
stopped and the
bricks are withdrawn.
As the result of this
rough treatment the
bricks have by then
lost all their edges
and corners and the
extent to which they
have withstood their
battering determines
their quality. If they
have been badly made
they may lose nearly
half their weight.

Cement and con-
crete blocksare placed

under a machine that subjects them to varying degrees

of pressure, as required, at the same time also indicating
the force exerted. By this means an accurate i1dea of
the strength of the material may be obtained. In
examining concrete slabs a special machine 1s employed.
In 1t the slabs are rotated so that a known area of the
surface 1s being continually subjected to the wearing
action of hard iron balls. The stone quickly becomes
worn and pitted as though millions of people had walked
over 1t. As in the case of the brick test, the weight lost
gives an accurate idea of the wearing qualities of the
material.

TI'he Sydney Harbour Bridge, with its four railway
lines, roadways and footpaths will at times have to
resist very heavy and sudden strains and stresses. It
has been decided, therefore, that the deck system is to
be designed to resist stresses of 100 Ib. per sq. ft. over
the footway. The flooring plates, rolled steel joists and
stringers must be strong enough to resist a moving
motor-lorry with a wheelbase of 12ft. by 6{t. The
remaimnder of the road 1s to stand a hive load of 100 Ib.
per sq. ft.

With regard to the railway section of the bridge,
this 1s to be designed for the stresses produced by two
coupled electric locomotives, each 65 ft. in length and
weighing 360,000 Ib. These will be followed by a
1,000 ft. train weighing 2,200 Ib. per

(Conlinued on page GG)
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IN comparison with some of the metals we have miners firmly believed that they had discovered a new

already considered—gold, copper, tin, lead, silver source of mineral wealth. )

nickel must be regarded as a comparatively ** young™ Then came bitter disappointment. Every method
metal. for the extraction of copper known at that time was

The first people to make use of nickel were probably
the Chinese. They were not familiar with the metal
in a pure state, however, but only in the form of an alloy
to which they gave the name of * pakiong,” meaning
white copper. This particular alloy was highly valued
by the Chinese on account of 1its suitability for the
manufacture of
the gongs that
playedso promi-
nent a part 1n

tried with the mysterious ore, but without the shghtest
success. All that the processes yielded was a mass of
unpleasant grey metal so brittle that a blow from a
hammer would smash it into fragments. lhe 1n-
tractability of the ore naturally exasperated the miners
and they gave it the name of ‘‘ kupfer-nickel,” the

word mnickel

meaning practi-
cally the dewvil,
otherwise ** Old

the daily activi- Ni{t}‘_: |
ties of their }41{:}:{-‘:1 was
temples. Large not isolated
quantities of unhlé?nl,g}m:}:
paktong  were dl wedis
ER]?‘!{}I"[;d from metallu I",E';lf:it
China to Europe named Cron-
during the 17th sted succeeded
and 18th cen- in obtamning a
turies. Elfnalll quantitt}i'
We know also of the meta
that nickel was fn::m ore from
mines i Hel-

used at a very
early date by
the Bactrians, a

singland 1n
Sweden. [t took

people  living Cronsted  five
in Central Asia. years of patient

The province experiment to
of Bactria, or achieve this
Balkh, was at success and al-
one time of though the re-
ereat import- sulting  metal
ance and 1its was Very 1m-

capital formed N
the centre of a thriving commercial intercourse between

India, Persia, China and Central Asia. Coins i1ssued
in 235 B.C. by Euthydemos, King of Bactria, have been
carefully analysed and shown to contain over 20 per
cent. of nickel, together with some 77 per cent. of copper
and a small proportion of various impurities. Bactria,
it may be mentioned, gives its name to the Bactrian
twn—h{lmpﬁd camel, which 1s less swift than the one-
humped Arabian camel or dromedary, but 1s hardier
and much less sensitive to cold.

How the Metal received 1ts Name

During the Middle Ages copper and siver were
mined extensively in the LErzgebirge, a mountamn range
separating Bohemia from Saxony. During their opera-
tions the miners encountered from time to time deposits
of a reddish-coloured ore which, to judge from 1its
appearance, was rich in copper. These deposits also
possessed a certain brillilance suggestive of silver.
This unknown ore was found in abundance in the neigh-
bourhood of the mining town of Schneeberg, and the

General View of a Nickel Mine in New Caledonia

pure, he proved
that the ore could be worked. It was not until four
years later that comparatively pure metallic nickel was
produced. From that time extensive research was
carried out and, the valuable quantities of the metal
having been established, commercial refining operations
were commenced about the vyear 1824 1n London,
Saxony and Hungary.

Main Sources of Nickel Ore

About this time rich deposits of nickel ore were
discovered in Norway and these proved the most abund-
ant source of supply during the next 40 or 50 years.
In 1865 important deposits of nickel ore were discovered
in the Pacific Island of New Caledonia, and 1t was not
long before the island became a serious rival of Norway.

The experience of the Saxon miners was subsequently
shared by miners in Ontario, Canada. In 1883, when
the vast forests of this province were penetrated during
the construction of the Canadian Pacific Railway,
copper deposits of great richness were discovered.
Great excitement prevailed and mining operations on
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an extensive scale were quickly commenced. The
mined ore was despatched to the United States to be
smelted, but all mm vam—nothing would induce the
copper to separate ifrom the ore! The trouble was
traced to the presence of nickel and entirely new methods
of treatment had to be evolved to bring about the
separation of the nickel and the copper.

Once the smelting dithculty was overcome, the output
of nickel from Canadian ore rapidly increased, and by
1923 more than 90 per cent. of the world's production
of the metal was de-
rived from Canada, the
remainder being obtain-
ed mainly from New
Caledonia.

Crushing and Smelting

The Canadian ore,
when mined, 1s brought
to the surface and pass-
ed to crushing mills
where 1t is reduced to
lumps small enough to
pass through coarse
screens of about 3 in.
mesh. After screening,
the material 1s taken by
mechanical conveyors
to sorting tables where
as much as possible of
the useless material is
picked out by boys.

The * accepted " ore
1Is now charged into
furnaces for smelting.
The heavy nickel and . =L T ey g
Copper ‘sepatate out by RS Tmee ey
Hfﬂ".’it}l’, fo I'H]ng A i LR e
molten ‘" matte,” while
the highter and valueless

slag floats above. The Unloading a Bucket of Nickel Ore

matte 1s drawn off from

the furnace and treated in a Bessemer converter similar
to that used for the manufacture of steel. An air blast
s blown through it and this results in the elimination of
most of the sulphur and iron, which are not wanted.
I'he remaining matte is then poured into brick-shaped
moulds, and allowed to cool, the resulting ingots then
being ready for refining. At this stage the ingots
consist of about 40 per cent. each of nickel and copper

and about 17 per cent. of sulphur, together with some
oxygen and traces of iron.

Refining Operations

Ihe final stages of the production of pure nickel are
carried out in various ways, the particular method used
depending largely upon the composition of the matte
produced 1n the smelting process. Of these an entirely
British method is used at Swansea, for the production
of the major part of the world’s supply, and was the
invention of Dr. Ludwig Mond, father of the head of
the great new chemical combine. A different method
employed i New Caledonia is much simpler, and we
will describe this first.

Nickel Cubes from New Caledonian Ore

Alter the smelting process already described the matte
produced from New Caledonian ore contains about 75

per cent. of nickel and 20 per cent. sulphur. It is first
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crushed by hard steel balls in rotating steel drums until
it will pass through a sieve with 60 wires to an inch, and
then 1t 1s roasted. The effect of this is to drive off the
sulphur and leave the nickel behind in the form of oxide,
and 1t then remains to get rid of the oxygen, or *“ reduce
the oxide to the metal.

The powdered oxide is mixed with a small proportion
of starchy material and moulded into cubes or into small
cylinders called rondelles. After drying, these are
placed in retorts with charcoal between the layers, and
heated to just over
1,200°C. for from 24 to
48 hours, by which time
the oxide will have been
reduced to the metal.
Before being put on the
market the cubes or
rondelles are given a
clean surface by

trundling them  1n
drums.

The Mond Process

The process 1n use at
Swansea 1s carried on
chiefly with the matte
from the  Sudbury
mines, 1n Canada, which
contains 41 per cent.
of copper, thus necessi-
tating a variation of the

B L reduction process. As
BN already described in the
EE s e el donian ore, the matte
N e is crushed and roasted
P & in fﬂfﬂﬂEES thrmlgh

AN T SN L 'wrhi{jh it pﬂﬂﬂﬂﬁ {:[}‘[]—
tinuously in conveyors
from the  crushers.
The resulting mixture ol
copper and nickel oxide
1s treated with dilute sulphuric acid, which dissolves out
the copper oxide and leaves nickel oxide behind. In
order to reduce this oxide the Mond process employs
hydrogen. This gas 1s not used in the costly pure form,
but instead water gas obtained by blowing steam over
red hot anthracite 1s used, as more than half of this is
hydrogen. The gas enters at the bottom of an iron
tower while the nickel oxide is fed in at the top. Inside
the tower are shelves with openings in them, and scrapers
are arranged to spread out the oxide and make it travel
from one shelf to another downward so that the oxide
and the gas travel in opposite directions. The tem-
perature 1s raised to about 350°C. and the hydrogen
reduces the oxide to the metal.

Now comes the most striking feature of the Mond
process. We all know of the gas called carbon
monoxide. This gas 1s present in small proportions in
ordinary coal gas to which it gives poisonous properties,
and 1t 1s also formed in both coal and coke fires, in
which it burns with the bright blue flame that is usually
regarded, rightly or wrongly, as a sign of frost. Dr. Mond
found accidentally that when nickel is gently heated in
this gas 1t forms a new gas now called nickel carbonyl,
and that the nickel 1s easily regained by heating
more strongly. If this 1s done in a glass tube a
beautiful mirror of metallic nickel is formed on the
olass,
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A Marvel of Industrial Chemistry

The first part of this process is carried out in a tower
similar to the one used for reducing the oxide. Pure
carbon monoxide enters at the bottom of the tower while
the impure nickel passes from the top downward to meet
the stream of ascending gas, thus forming the gaseous
nickel carbonyl, which passes on to the decomposer.
This 1s a long cylinder built in sections. The gas enters
by a pipe passing down the centre of the cylinder and
distributing the gas in the sections, where the temperature
1s kept high enough
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pure metal on account of its resistance to corrosion is of

great value for the manufacture of cooking utensils and
for commage, while when deposited electrolytically upon

metals that are liable to tarnish it provides them with a
highly protective covering. In addition it 1s invaluable
for alloying with steel and with non-ferrous metals

such as copper, zinc, chromium, etc.

Nickel Increases Strength of Steel

The addition of quite a small percentage of nickel
confers upon steel

to decompose the an  increase  1n
gas, the mnickel strengthandtough-
being depositedina ness, at the same

thin film on pellets

time rendering 1t

of nickel already more ductile and
present from pre- less liable to cor-
vious operations. rosion.  On this
The pellets are account nickel

worked slowly
down by mechan-

steel 1s very widely
used for such pur-

ical means and poses as making
discharged in small the  blades of
quantitiesata time steam turbines.

immto a small 1ift

The remarkable 111-

which carries them crease 1n  tensile
to the top of the strength due to the
decomposer once presence of such
again. proportionsasfrom

In this manner

3 to 3% per cent.

the pellets grow of nickel has been
slowly larger and taken advantage
larger until they of by structural
are suitable for the engineers who have
market. The con- used extensively
tinuous motion this grade of nickel

gives a spherical
-hape and any
pleces broken off provide a commencement for the
formation of new pellets. The growth of these
pellets 1s one of the marvels of industrial chemistry.
[f one 15 cut In two, the layers of nickel formed
during successive descents through the decomposer
are clearly seen 1n somewhat the same way as the
rings showing the annual growth of trees are visible.
I'he carbon monoxide 1s led away from each section
to a collecting tube from which 1t is returned by blowers

Testing a Sample of Ore at the Mine

steel in the build-
ing of large span
bridges.

In nickel-chromium steel the strengthening eftect of
the nickel 1s further enhanced by the inclusion of a small
percentage of the rare metal chromium. These remark-
able alloys are specially suitable for machinery that 1s
hhable to sudden shock or very hard wear, and on that
account they have been very largely used in making
armour plate and armour-piercing projectiles. For the
same reasons we find these alloys used extensively in the

" to give wings to nickel,” as Lord Kelvin deseribed it. manufacture of the moving parts of high-speed

1The Mond process gives a particu- engines
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larly pure result. The copper has | I A special alloy with very useful
been dissolved out and neither iron nor | Previous —articles in the * Story of o properties is  Invar,” a steel con-
. . 111l ’ : ‘ - - ny ®

cobalt, the chemical twin-brother 1 Metals"" series have appeared as = taming 36 per cent. nickel. This
to nickel, forms a gas with carbon under :— i alloy practically does not expand
monoxide under the same conditions |l EE‘;’:" P_;ﬁi‘::&-f:g"i‘t““ Aprl 1925 Ml on heating and on that account
tamms 99.8 per cent. of nickel, which jj Tin January 1926 ”ﬁ of clocks, chronometers and scien-
represents a very high degree of purity iH'E g;ir iﬁ;cﬁf;:ﬂ’ :i?;;i{:;:r + 1 tific apparatus of all kinds in which
indeed for a commercial material. Fl Zine December i ﬂ expansion or contraction due to

Among the other processes usedfor W___ [l temperature changes would be dis-
the purification of nickel may be (EEEEEEEEEEEEE advantageous. Another 1mportant
mentioned an electrolytic one. In this, a positive pole alloy 1s " Platinite,” containing 46 per cent. nickel,
of impure nickel is placed in a tank containing a solution | the value of which lies in the fact that its rate of

of a nickel compound, while iron plates are used for the
negative poles or cathodes. By careful regulation of the |
electriccurrent passing through the tank, pure nickel plates
are formed on the cathodes, which can easily be detached. |
As many as twenty plates arranged in parallel are
sometimes suspended in one tank.

The uses of nickel are many and important.

expansion 18 practically the same as that of glass.
On this account 1t i1s used for such purposes as mak-
ing the lead-in wires that pass through the glass in
electric lamp bulbs. “ Platnam,” an alloy containing
54 per cent. nickel, 1s used for wvalves that have to
withstand the action of superheated steam.

Nickel 1s very suitable for comage

The !

(Continu:d on page 81)
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Braohts fnsulator

IN November we outlined the career of Charles
Illston Bright up to his completion of the first
Irish cable. This month we come to the most
brillilant achievement of his career—the laying of the
Atlantic cable. In his Presidential address to the
Institution of Electrical Engineers in 1889 Lord Kelvin,
referring to this great undertaking said: “ We must
always feel indebted to Sir Charles Bright as the pioneer
in that great work when other engineers would not
look at it and thought it absolutely impracticable.”

A Bold Undertaking 7

[t was indeed a bold under-
taking for so young a man.
Objections of every conceivable
description were launched against
the scheme and many of them

\

| CHARLES |-
TILSTON BRIGHT |

that Valentia Harbour afforded the most suitable con-
ditions. The wisdom of his choice has been fully
demonstrated by the number of Atlantic cables that

have been landed since that time either in Valentia
Harbour or the immediate vicinity.

American Difficulties

The shore problems on this side of the Atlantic were

nothing like so difficult as those on the American side.

for in the latter case a long land telegraph was inevitable

to cross Newfoundland over very

wild country. In 1852, Frederick

ﬂ 72 . N. Gisborne, an English en-
e gineer acting with a small Ameri-

can syndicate, obtained an ex-
clusive concession and sole rights
of cable landing for thirty years

seem very amusing when read ~ m i _/ %}“‘ In Newfoundland, subject to the

to-day. Some of the criticism
was serious, however, in that it
came from engineers and scien-
tists of sufficient eminence to
have a great effect on public
opinion. For 1instance, Pro-
fessor Airy, who was then As-
tronomer Royal, stated definitely
that 1t was a mathematical /
impossibility to submerge a

cable to such depths, and that
even 1f this could be done mes-
sages could not be transmitted

through such an enormous length of cable.

As to the possibility of transmitting messages, Bright
had already satisfied himself on this point between the
years 1853 and 1855, during which period he and his
brother Edward carried on a series of experiments
on the great lengths of underground cable controlled

by them. By linking up the cables to and fro between
London and Dublin, or as an alternative the ten wires

between London and Manchester, a total length of
cable exceeding 2,000 miles was available for test,
and the result definitely proved the practicability of

transmissions through a cable of the length needed
to cross the Atlantic.

The Irish Landing Place

During the period in which the foregoing tests were
made, Edward Bright made a careful examination
of the west coast of Ireland in order to determine the
best place for landing a cable. He eventually decided

'

construction of a line between
St. John's and Cape Ray in the

e Gulf of St. Lawrence, from

where messages were to be ex-

changed te and from Cape Breton
' “ f ‘)v - z onn the other side of the Gulf,

by steamer or, as was at first
suggested, by carrier pigeons.
After much difficulty Gisborne
laitd a cable between Prince

Signatures of the original promoters of the first Atlantic Edward Island and New Bruns-
Cable

wick and proceeded to lay some
40 miles of the line across
Newioundland, but lack of financial support brought
his work to an end.
Then there came upon the scene Cyrus West Field,
a retired merchant of extraordinary business energy
and farsightedness. Gisborne had no difficulty in
securing Field's interest in the idea of an Atlantic cable
and this interest took the practical form of procuring an
improved concession and raising a considerable sum of
money among a few of bhis friends. In 1854 Field came
over to England to order a cable of about 80 miles in
length to span the Gulf of St. Lawrence between Cape
Ray and the Island of Cape Breton, and while in this
country he met John Watkins Brett who, with his
brother Jacob, had brought about the establishment
of the first cross-channel cables as described in the
“M.M." for July 1925. This Cape Breton cable was
duly made and laid and in 1856 the preliminaries on
the American side were completed by the construction

of the land line across Newfoundland.
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The Founders of Atlantic Telegraphy

The great project now took its first definite step
towards reality. In the summer of 1856 Field once
more appeared in England empowered by his associates |
to deal with the exclusive concession possessed by the |
company fcr the coast of Newfoundland. On his
previous visit he had discussed the Atlantic line with
Charles Bright, and on 29th
September an agreement
was entered into between
Brett, Field and Charles
Bright, by which they
mutually and on El'_]ll"ll
terms, engaged to exert
themselves mn Bright's own
words, ‘“with a view to,
and for the purpose of,
formmmg a company for
establishing and working
all electric telegraphic com-
munication between New-
foundland and Ireland.”
These three were joined a
little later by Mr. White-
house, origmnally a doctor
at Brighton, whe had been
engaged for some time upon
experiments similar to
these on which the brothers
Bright had worked.

The Atlantic Telegraph
Company was accordingly
registered on 20th October
1856. The capital required
was enthusiastically sub-
scribed 1n a few days by
members of the public,
mostly by shareholders of

the Magnetic Company that Sir Charles T. Bright at the age of 26

had proved such a success

under DBright's engineership and management. Cyrus
I'ield reserved £75,000 for American subscription, but
the Americans for once lacked business foresight and it
was only with great difficulty that he succeeded in
obtaining a little more than a third of this amount.
The Governments of both countries concerned came
to recognise the grandeur and feasibility of this under-
taking for linking together the two Lnglish-speaking ‘
nations, and both gave a subsidy, which jointly amounted

to 8 per cent. on the capital. Directors were elected
by the shareholders and among them was Lord Kelvin,
then Willlam Themson, Professor of Natural Philosophy
at Glasgow University. This was a most fortunate
choice. Thomson was a firm believer i the practica-
bility of the cable and his acquisition was destined to
prove of vast importance, for his subsequent experience

on the Atlantic cable led up to his mvention of the |
mirror galvanometer, and many other valuable nstru-
ments. The directors appointed Charles Bright as

ngineer-in-Chief, with Whitehouse as electrician, while
Cyrus Iield became General Manager and later Managing
Director.

Construction of the Cable

The construction of the cable itsell had already
been commenced when Bright was appointed, and to
his regret he found that 1t was much smaller than he
would have recommended, having only 107 1b. of copper

to the mile against his desired weight of 3921b. Tt
was too late to change this, however, so the construction
of the cable was proceeded with, partly at Greenwich
and partly at Birkenhead.

The conducting core was made of seven strands of

copper wire, which were covered with three layers of
gutta perrh1 and finally protected by a spiral winding

of hemp varn saturated with a preservative composition
of tar, pitch, linseed o1l
and wax, and an outer
covering of eighteen 1ron
strands wound round in
a long spiral. The con-
struction of the 2,500 miles
of cable required was a
big undertaking, as it in-
volved the preparation of
17,500 miles of copper wire,
and also 315,000 miles of
Iron .. wire. The entire
length of copper and 1ron
wire employed was there-
fore 322 500 miles—enough
to go round the earth
thirteen times, and con-
siderablvmore than enough
to extend from the earth
to the moon !

During the manufacture
of the cable Bright was
kept busv testing the
strength of the wire used

- and deciding on the suita-
bility ot ‘U’HI‘I{}HE mixtures
for its protection and, in
addition, 1 devising 1m-
proved means for laying
the cable In view of the
great depth to which 1t
was to be submerged. He
had to select ships suit-

able to carry the cable and to prepare them to receive
it, together with the requisite machinery, arranging the
distribution of w eight so as to keep them fairly in trim.

In addition there was the necessity for more or less

constant attendance on the directors and the preparation
of frequent reports. It seems almost incredible that
at this time, with these responsibilities thrust upon
him, and with his success in laying the lrish cable behind

him, Charles Bright was only 24 years ol age.
Cable Stowed on Board

Finally the cable was completed and stowed i the
holds of H.M.S. “ Agamemnon "’ at Greenwich, and the
U.S. frigate “ Niagara' at Birkenhead, these ships
having been plar:fd at the service of the company by
the two Governments. At Greenwich the workpeople
and the sailors were entertained to a great banquet to
celebrate the completion of the task, and 1t was noted
in " Tﬁre Times "’ report that the crew of the " Agamem-
non '’ paid the greatest attention to the H]"}E'L‘Eht' and
drank all the tcasts with remarkable punctuality—at

any rate as long as their three pints of beer per man
lasted ! The enthusiasm of Jack in the cause of science

emptied all the mugs long before the Chairman’s last
toast had been gone through !
The two ships met at QOueenstown on 30th July,

when Bright and W hitehouse took the opportunity of
jeining the two halves of the cable and makinga successtul
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test -through its entire length. They
were joined there by several other steam-
ships detailed by the Governments to
act as consorts, the whole fleet of seven
ships being familiarly known as " The
Wirve Squadron.'

Cable Laying Commenced

Arriving at Valentia,
assistants soon occupied
completing
the ar -
rangements
lor landing
| he shore
end, which
was made
more  1mas-
s1ve than
the rest of
{he cable
i order to
withstand
damage
from  any
anchorage
in the Bay.
The cable
to be landed

Bright and his
themselves 1n

hiere Was
taken f{rom
the " Niag-
ara’’  and
when the
Ameri -
can satllors

jumped

ashore with
the hawser
to which the
cable was
attached,
every  one
present, 1n-
cluding the
Lord laeu-
tenant of
[reland,
seeme d
desirous of having a hand in the great work.

Next morning paying-out commenced,
Bright had taken up his quarters on the
" Niagara’ to supervise the operation,
but five miles only had been laid when
the cable caught in some of the apparatus
and parted. The lost end was {found,
lifted out of the water, and spliced to the
gigantic coil on board, Laying then re-
commenced, the " Niagara moving more
cautiously than before. The cable was
paid out at a speed a little faster than the
ship to allow for inequalities of surface
on the bottom. During the whole time
an electric current was passing between
ship and shore, and not only. did the
electricians telegraph back the progress
they were making, but also private mes-
sages were sent to England. Everything
seemed to be going on well when, on the
fourth day out, the cable snapped alter
380 miles had been laid, owing to mis-
management of the brake.

Loss of Cable Worth £100,000

The trip was apparently a failure, but
much had been learned and there was
no thought of abandoning the project,
although a length of cable worth £100,000
was apparently lost for ever. Unfor-
tunately there was not enough cable
left to complete the work, nor was it
possible to get more made and stowed on
board in time to renew the attempt
that season. Postponement until the
[ollowing year was thus necessary.

Active and practical preparations were
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I pushed forward for the new expedition,

A new cable 700 miles in length was made,
so that a total length of 3,000 mstead of
2,000 miles was availlable, and a more
satisfactorv brake was evolved by Bright in
consultation with several other engineers,.
Besides this activity Bright had to reiute
objections from men such as Airy, the
Astronomer Roval, who, as already stated,
sald the whole thing was impossible ; to

Splicing the Cable

return polite answers to the proposers of
ludicrous 1deas as to how things should
be done and, in his own words: * By
dint of bribing, bullying, cajoling, and
going day by day to see the state of things
ordered,”’ to ensure that all was ready
for the time of starting.

The same ships were again loaned to
the company by the two Governments,
and after taking the cable on board Bright
made a trial trip to the Bay of Biscay,
where practical rehearsals of splicing,
buoying, payving-out, and hauling in were
carried out with an old piece of cable until
every man was perfectly familiar with
his task.

The Effort Renewed

Finally on 10th June the expedition set
out from Plymouth for a second attempt,
This time the paying out was to commence
in mid-Atlantic. The two ships and their
escort arrived at the chosen spot, about
half way across, after passing through a
terrible storm. The weight of the cable
in the holds of the " Agamemnon ™ and
the " Niagara ' occasioned great anxiety,
and so violent was the storm that on the
Y Agamemnon T no less than 45 men were
compelled to report sick, a large number
of them from injuries caused by the rolling
of the ship. The upper part of the cable
in the hold also became seriously entangled.

After some days of work the coil was
once more 1n order and on the morning of
Saturday, 26th June, the end of the
" Niagara ' cable was sent on board the

l
l

" Agamemnon.”” The splice was made,

a bent sixpence put 1n, for luck, and the

cable was then lowered slowly over the side.

When each ship had paid out three miles

or so, however, the cable came off its
G 1 (i s , e -

pulley on the " Niagara'' and broke,.

Another Failure

As the electricians were continuously
sending messages from one ship to the
ot h e 1

through the
cable, the
break was
immediately
detected.
and the
ships re-
turned to
the starting
point and
began again.
Unce more a
break oc-
curred, this
time after
40 miles of
"cable had
been paid
out. A dis-
quieting
feature of
the Dbreak
was that it
occurredun-
der water,
as though

the cable
had drop-

ped on some
sharp rock
imstead of
thesoft level
bottom ex-
pected. A
third at-
tempt was
immediately
made, but
again the cable broke after rather more
than 100 miles had been paid out, In the
end the wvarious ships of the expedition
returned to Queenstown.

The project now seemed to be a hopeless
failure. The Vice-Chairman of the com-
pany became convinced of the impractica-
bility of the undertaking, and resigned.
Other officials suggested a sale of the cable
remaining on board the ships, and the
complete abandonment of the undertaking.
But the original projectors of the scheme,
Bright, Iield and Brett, together with
Kelvin and Whitehouse, were still convinced
that the scheme ultimately would meet
with success, and at length obtained from
the directors an order for the immediate
sailing of the expedition for a final effort.
Bright's wversion of the prospects was
characteristic of him, On his way to join
the expedition he said: "1 don't say
we shall do 1t even this time, but we shall
do 1t some time."”

The Final Effort

On 17th July, with no public enthusiasm
or cheering, the ships set out again from
CUueenstown on their "““mad freak of
stubborn ignorance,” as 1t was by this
time described. “The prospects of success
were very remote. The amount of cable
in the two ships had been reduced by nearly
400 miles and recollections of three separate
and unaccountable breakages were still
fresh in the minds of all who had accom-
panied the first expedition. The vovage
was uneventful, and the ships reassembled
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yvoungest man who had received the dis-
tinction for generations past.

When the cable settled down to useful
work, its value was quickly proved, and
everything seemed to indicate a great
future for it, but after a short time the
signals began to grow weaker and weaker
until finally the cable failed entirely,
after 732 messages had been transmitted.
This was a bitter disappointment, and the

at the pomt in mid-Atlantic where they
were to re-commence the task. The
weather was calm and no time was lost in
splicing the cable and beginning operations,
the ships moving away from each other
at one o'clock on the 29th July.

Bright, as before, was on the “* Agamem-
non, which carried the portion of cable
destined to end at Valentia. The great
coill slowly grew less and less, the elec-

eventful journey than the *° Agamemnon ™
and also completed her task on 5th August.

Triumphant Reception in England

All England applauded the triumphant
outcome of such undaunted perseverance,
and the engineering and nautical skill dis-
played in this victory over the elements.
The many previous failures rendered the
final success all the more dramatic and the

taken while the cable continued to run out,
as former experience had shown that to
check either the speed of the ship or the
cable probably would be attended by fatal
results. Fortunatelyv the repairs were com-
pleted, amid great excitement, at the very
last possible moment.

Another scare arose when Lord Kelvin
reported that signals through the cable had
failed. Fears of another underwater break
seized the minds of all, when suddenly the
signals again appeared at full strength, 1t
was afterwards found that the trouble was
caused by a defect in a battery on board.
A gale of wind from the east caused the
next tribulation, and fuel was consumed at

such an enormous rate, in order to make any

progress at all, that it began to look as if
masts, spars and even the decks would have
to be burnt in the effort to reach Valentia.
On two occasions passing ships had to be
fired at to warn them ofil the course of the
cable-layer, and the nerves of all were kept
in a state of tension,

Success at Last !

Finally, on 5th August, the "' Agamem-

resultant public enthusiasm rose corres-
pondingly high, The general public atti-
tude towards the successiul establishment
of the cable is seen in the following extract
from the leading article of next day's i1ssue
of ““ The Times ' :—

““Mr. Bright, having landed the end of
the Atlantic cable at Valentia, has brought
to a successful termination his anxious and
difficult task of linking the old with the new,
Since the discovery of Columbus, nothing
has been done 1n any degree comparable to
the vast enlargement which has thus been
given to the sphere of human activity.”

The anxious and incessant watching of
the progress of the cable had exhausted
Bright and the rest of his staff, but a series
of banquets still had to be faced. On his
way to London after seeing that everything
at Valentia was in order, Bright was enter-
tained at Dublin by the Lord Mavor, and
there an interesting ceremony took place,
which he reported to his wife as follows :

A Well-deserved Knighthood

“The Lord Lieutenant having ex-

pressed a wish to see me, I had an inter-

tricians 511:3,.1.‘.!'.3 o 1
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proved conclusively that Whitehouse had

damaged it by using power too great for
it 1 order to get his apparatus to work.

The ‘' Great Eastern '’ Acquired

Seven years later the proposals for an
Atlantic cable again took practical shape.
Much experience had been gained in the
meantime as the result of Bright's cable-
laying 1n other parts of the world. Further,

the cable was this time made from the

designs of Bright himself, and had a weight
of 300 1b. of copper and 400 lb. of gutta-
percha per mile, being three times as sub-
stantial as the old cable. Ior the actual
laying one vessel only was used, the "' Greal
Eastern "'—the ' white elephant " of the
ocean—the ship Bright would have used on
the previousoccasionshadshe beenavailable.

The " Great Eastern ™ left Valentia in
July 1865, after joining up the end of the
new cable to the shore, but this time
Bright, although still consulting engineer
to the company, did not accompany the
vessel, being engaged elsewhere on Parlia-
mentary Committees, etc. After an un-
successful effort, at last the " Great

view with him this morning. He inti-
mated his desire to confer upon me—on
behalf of her Majesty—the honour of
IKnighthood, which ceremony will be per- |
formed to-morrow, after which 1 dine
with him to meet a large party of the
noble folks of the land, and then 1 shall
be glad to get home and have a little
quiet with * Lady Bright.””
Thus at twenty-six years of age Brnight
had carried out a stupendous engineering
feat and had earned a knighthood—the |

Eastern = steamed into Trinity Bay, New-
foundland, fourteen days after starting,
having laid 1,852 nautical mlesof cableatan
average depth of 8,400 ft. Two cables were
established on this trip and they continued
to work until 1872 and 1877 respectively.

Bright's share in the success, although
indirect, can hardly be overestimated. He
carried out the pioneer work and succeeded
in laying a cable, and although the latter
was too light, it was Bright who designed the
cable that proved permanently successful.

non "’ steamed into the Harbour at Valentia,
where a gun fired by her consort aroused
the populace, who crowded round 1in their
boats 1in the greatest state of excitement.
The end of the heavy shore cable was safely
brought on shore by Bright, to whose exer-
tions the success of the undertaking 1s
attributable.

Shortly after anving the " Niagara'™
signalled that preparations were being made
at Newfoundland for lJanding the American
end of the cable. This ship had had a less
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FTER the tragedy of Henry Hudson—when the
ogreat explorer was infamously set adrift in an
open boat in the Arctic, as described in last

month’s “M.M.”"—the next name that comes up for

consideration 1s that of Bafhn.

William Baffin, who became a notable and enter-
prising seaman, was born m
London in 1584. Nothing 15
known of his early life and
his fame rests entirely on the
vovages that he undertook
between 1612 and 1616. In
the first mentioned year he
accompanied Captamn James
Hall on his fourth voyage
in search of the north-west
passage. In 1613 Bathn
commanded one of the English
vessels engaged in the Green-
land fisheries and in whale
fishing off Spitzbergen.

It was when on this—his
second voyage—that he gave
us the first description of
the great glaciers at OSpitz-
bergen. In his later voyages,
Bafin completed the work
that Davis had set out to
accomplish in the exploration
of the Hudson bStrait. He
sailed in Hudson's old ship
the ““ Discovery and dis-
covered the land that now
bears his name.

In 1616, Baffin's fifth voy-
age, which was again made
in the *“ Discovery,” was the
most successful voyage ol the
17th century. Robert Bylot was appointed master
of the ship, which was fitted out by four London mer-
chants, and William Baffin was the pilot. The lhittle
craft with its crew of 15, sailed irom Gravesend on

26th March. Two months later the wvoyagers were
off Sanderson’s Hope in the Dawis Straits. Next
they discovered a great bay—subsequently called

Baffin's Bay—to the north, crossed Melville Bay and
by July had reached Cape Alexander, Lat. 77° 45'N.
This was the most northerly pomnt Baffin attained and
he explored the great Bay, discovered a wide channel
extending to the north from Dawvis Strait, and returned

V. WILLIAM BAFFIN AND CAPTAIN

Captain William Scoresby
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home, arriving at Dover on 30th August.

Baffin had made so many unexpected discoveries
that the public refused to believe him, and as no other
vessel succeeded in following the track of the * Dis-
covery”’ for 200 vyears, his statements remained 1n
doubt for this length of time. Geographers refused to
insert his Bay in their maps
until early in the 19th cen-
tury, when 1its existence was
confirmed by Ross and Parry,
with whose adventures we
shall deal later. '

Although a few other voy-
ages to the Arctic were made
in succeeding vears, the first
phase of polar exploration 1s
generally regarded as having
ended with Baffin's splendid
discoveries. The second phase
did not commence until 1818,
when these two explorers,
Ross and Parry, agam mad:>
history.

In the meantime, as a
result of Baffin's work and
the earlier discoveries, the
Hudson Bay Company was
incorporated in 1670, and
various discoveries were made
in the Arctic by the com-
pany’s servants. Considerable
rivalry in developing the possi-
bilities of the Arctic existed
later in the century between
the English and the Dutch,
whose boats came 1n fleets
to the Polar Seas for whale
and seal fishing. This Dutch
enterprise continued to flourish until the time of the
French Revolution, and at times there were as many
as 100 ships engaged in the industry. The Englsh
whale fishery in the Spitzbergen Seas was even more
prosperous, however, and was at the height of its pros-
perity between 1752 and 1820, when as many as 259
vessels were employed.

We may here pause to mention the work of Veit
Bering, a Dane, who had entered the employ of the
Russians. In 1725 he was appointed to command
one of the most remarkable expeditions 1n history,
which was entered into on the instructions of the Empress.
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If the Emperor Nicholas required a raﬂway to be built Meantime Spangberg had used up so many provisions
he took a map and on it ruled a line, ordering the en- from the common stock that Bering was delayed In
gineers to make the railway follow 1t. He 1ssued his starting on his voyage to America—he did not in fact
order entirely regardless of physical or other difficulties, start until 1740. He explored the Aleutian Islands, but
and woe betide the engineer who failed to comply here he met with hardship and disaster. Some of his
with the command ! men died from scurvy and others were so 1!l that there

[t was in a somewhat similar manner that the Empress were not enough to work the ship. At length on 8th
Catherine ordered an expedition into the Arctic, and December 1741, the climax came, when a huge sea lifted
no one dared to raise any objections ! Her instructions the ship clear over a reef into a lagoon, from which she
were that trees were to be felled in a forest on the could never escape. Although Bering died, a few
Pacific coast and with their timber a ship was to be survivors of the crew managed to return to Russia mn a
built. All the materials and stores other than this small boat built from the timbers of their ship the

timber were to | ~ St. Peler.”

b e CATT 1ed By e ey 3 S— T e I 1ittle else ﬂf
across th'e importance was
Russian  Em- done 1n Arctic
pire—this  1In exploration for
the days when a long time, ex-
there were no cept that 1n
rallways, and 1773 an expe-
when for thous- dition was sent
ands of miles at out by the

a stretch there Royal Society
Were even no to find out how

roads ' far 1t was
, Bering, who possible to sail
was placed 1n towards the
charge of this Pole. Two ships
expedition, left were used-—the
St. Petersbure “Racehorse,”
early m 1725 Captamn Phipps,
and of;his sub- and the * Car-
sequent adven- cass,” Captain
tures much Lutwidge—and
could be although
written.  Not Phipps sailed
for three years up every open-

was he able to ing he could find
get the wvessel ' WMHE amung icehergs in the 1ce be-
on-to the stocks. Three months later she was launched yond Spitzbergen, progress was barred on each occasion
and christened the * Gabriel,” and ten days later she by a solid barrier of ice. After reaching Lat. 80 48'N.,
put to sea. Sailing past the 1sland of St. Lawrence and the expedition returned to IEngland.

past the East Cape, Bering discovered the strait that now In 1776 Polar exploration received a considerable
bears his name. -Having come to the conclusion that encouragement when the sum of £5,000 was oftered by
there was no land connection between Asia and America, the British Government to the first ship to sail beyond
Bering decided that he had accomplished his mission the 89th parallel and £20,000 to any ship that succeeded
and returned to the Kamchatka River. This was in making a north-west passage.

indeed a remarkable feat—in wview of the fact that In the early years of the 19th century good work was
the voyage lasted less than seven weeks and was made done by Captain Scoresby, a daring and able explorer,
in a vessel that required three months to build, on a who, in 1806, sailed in the * Resolution = as lar north
site that took over three years to reach ! as Lat. 817 30".

In the following year Bering made a second voyage William Scoresby, born 3rd May 1760, was the son
but, meeting adverse winds, was blown back. In 1733 of a farmer who lived near Crompton in Lancashire.
he set out once more, and despatching his colleague He went to sea when only 20 years of age and became
Spangberg to find Japan, himself went eastward to one of the most successful and daring Arctic whale
America. Incidentally, it may be mentioned that when fishers, whose onlv equal was his son, also named William.
Spangberg arrived at Japan—five years later after a Sr:ﬂrc:ﬁbv the Elder,” as he is called, was a most
many adventures—he found, much to. his surprise, that remarkable man, it is to him that we owe the mvention
the Japanese knew more about maps and exploration | of the “ crow’s nest,” the look-out tower subsequently
than he did himself ! After being away all this time, carried by every ship Enga,ged in Arctic service. In
it must have been most annoying to Spangberg to be Scoresby’s day the crow’s nest took the form of a canvas-
told on his return, by high officials at St. Petersburg, | covered framework—entrance to which was obtamed
that he could not possibly have been to Japan, as this by a trap-door in the base—placed above the top-mast
country was not marked on theiwr maps where he said cross-trees.
it was ! He was ordered to again go to where he had Scoresby also invented many implements and devices
already been, and as quickly as he could travel, to cee 1f he —including the ice-drill—used in Polar exploration.
had not made a mistake ! He was unlucky, however, and He sloped off the fore and main courses of his ship,
could not repeat the voyage, so that the Russians did not bringing them inboard to a boom fitted at the foot.
believe Japan existed until a long time atter. | In this arrangement he was followed (Continued on page 29)
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N this series of articles we shall deal with one of the
most remarkable discoveries ever made in the world
of electricity. Prior to 1895, if anyone had sug-

gested that it would be possible to take photographs
showing the interior arrangements of a living animal,
he would have been treated as a
candidate for the Ilunatic asylum.
But the discovery of the X-:rays by
Konrad Wilhelm Réntgen actually
made this possible, thereby placing
in the hands of doctors an invaluable
aid 1n their work. The value of the
rays 15 not confined to medicine,
however, but 1s spread throughout
the whole sphere of science.,

The Electric Egg

The beginning of the story of X-
rays goes back to the middle of the
cighteenth century when electricity,
as produced by crude {riction
machines, was a matter of fashion-
able interest in Paris. A favourite
electrical toy of the time was a glass
globe called the electrical egg, through
the air in which electric sparks were
passed, while some of the air was
removed by an air-pump. This gave
rise to surprising and beautiful colour
effects. The electric egg remained
merely a toy for another hundred years, when an increase
in the efficiency of air-pumps and a growing interest in
the study of electricity led to the revival of the experi-
ment on serious lines. Roéntgen’s famous discovery was
the sequel to this new study of the passage of electricity,
in the form of sparks, across air-gaps, and to this we will
now turn our attention.

If two small metal plates or balls are placed close to
oae another and connected res pectively to the
positive and the negative poles of an electric battery
with a small voltage, such
as an accumulator, then

K. W. Rontgen

the plates 1s increased beyond a certain limit, however,
the msulating property of the air breaks down and a
spark then bursts across the gap. In normal conditions
an electric pressure of about 5,000 volts will produce a
spark between two brass balls placed one inch apart,
but 1f the air pressure between the
balls 1s reduced the same voltage
will produce a much longer spark.
When the air pressure i1s reduced
to very low values remarkable Jumin-
ous effects are obtained, and in order
to study these effects so-called
vacuum tubes are now used. In
its present form the vacuum tube
was devised by Heinrich Geissler,
a German inventor and physicist,
who was led to it by a desire to
exhibit the colours obtained in as
attractive a manner as possible.

Modern Vacuum Tubes

Fig. 1 shows a simple form of
vacuum tube. It 1s a glass tube,
usually six inches to eight inches
in length, the middle portion being
of much smaller diameter than the
ends and often twisted into various
shapes to show oft the luminous
effects better. Two small platinum
wires, A and C, called electrodes, are
sealed in the glass by fusion. Electrode A, which is
connected to the positive pole of the source of supply
1s called the anode, and C, which 1s negative, is called
the cathode. By attaching an air pump to the side
tube B the air or gas inside the tube can be reduced
in pressure as required, and on reaching the desired
low pressure the tube B can be sealed off. The pressure
1s never reduced to nothing as the name vacuum tube
implies, since nothing would happen at all in a really
empty tube. As we shall see later, gas tube would
be a more suitable name.

no current will pass be- e ‘ B N EE:V*HEEII Voltages are
tween them because the - amne
imtervening  air 1S, 1n C I=——— ~ The voltages required

such a case, a non-
conductor of electricity. 1f
the voltage between

Fig. 1 C
Diagram of a typical Vacuum Tub:2

for these experiments
are much higher than
those easily obtainable
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from ordinary sources, although the current in amperes

need only be small. An electrical

Wimshurst machine 1s a suitable source and large ones
driven by electric motors have been used extensively

in the United States.

machine such as the and re-made. The ra

ﬂppﬂﬁltﬂ the mercury jet, and thus it is constantly broken

pidity of the interruption depends

on the speed of rotation of the contacts. If very fre-
quent interruptions are required, instruments are used

in which both the ring

of contacts and the
mercury jet are made to

revolve In  opposite

The usual source of Primary Primary
electricity 1s, however,

the 1nduction coil,

which 1s a EHHPIE trans- ,:f‘!ﬂﬂfﬂﬂt,ﬂﬁuﬂfﬂu O LT O T,

former. AV VYOV Y VNN

The principle of the
transformer was dis-
covered by Faraday,
in the course of his long
series of electrical ex-
periments. He wound
upon an iron ring two
insulated coils of wire,
which we may call A
and B. Coil A was con-
nected to a battery and
coil B toa galvanometer.
When the current was
switched on or off 1n
the primary coil A,
currents were generated
in the secondary coil B.
In all transformers the
voltages set up in the

secondary coil are nearly =

proportionate to the
relative number of turns
of wire in the two coils. If the

turns and the secondary coil 2,
voltage 1in the secondary circuit will be nearly 25 times

Secondary Secondary

/R-:::ta!:ing ﬁmtating

Commutator

Vacuum Tube Vacuum Tube

P, the anode 1s a platinum

Commutator

TAR0RORDARARARADANAI) directions, thus enab-
QNSO ling a frequency of in-

terruption of 200 times
per second to be ob-
tamned. In order to
prevent tarnishing of
the mercury by the air,
the apparatus 1s usually
filled with coal gas, or
i some cases with
paraffin oil.

A very 1ngenious
apparatus that can take
heavy currents 1s the
Wehnelt  interrupter,
which i1s electrolytic in
action. In a small
vessel contaming sul-
phuric acid dip two
electrodes, the cathode
being a lead plate while

wire that just projects

o from a porcelain tube.
primary coil has 100 When the current flows a small bubble of gas forms
500 turns, then the at the platinum point and, as gas 1s a poor conductor,

the flow of the current ceases. The bubble of gas then

as great as that used in the primary circuit. A trans- immediately disappears, being cooled and contracted

former wound in this manner thus
voltage of the current supply to it.

} In the case of the induction coil,
the primary coil usually consists
of a few turns of thick copper
wire and the secondary coil of a
much larger number of turns of
thin wire, both coils being care-
fully insulated. The place of the
ring in Faraday's apparatus 1s
taken here by a bundle of soft
iron wires which become electro-
magnets when the current 1s
passed through the primary coil.

Current Interrupters

As the currents in the secondary
coil are only produced on making

and breaking the current in the
primary coil, 1t 18 necessary to
adopt some means of performing
these operations automatically.
For this purpose two types of in-
terrupters are m general use. In
one of these, known as the mercury
jet interrupter, a motor rotates
a ring of contacts rapidly while
at the same time a small pump
forces a jet of mercury from the
inside of the ring against the con-
tacts. The primary current to the
induction coil only flows when one
of the ring of contacts comes

raises or steps-up the by the mass of liquid,
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thus re-making the current. The

speed of Interruption can be
varied by altering the size of the
platinum point.

Rectifying the Transformer Current

In any transformer the currents

induced by the make and break of
the primary current are opposite

in direction, but it is necessary in
the study of the passage of elec-
tricity through vac<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>