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VIII
FOUNDATIONS OF THE UNIVERSE

THE WORLD OF ATOMS

OST people have heard of the oriental
race which puzzled over the founda-
tions of the universe, and decided

that it must be supported on the back of a giant
elephant, But the clephant ? They put it on
the back of a monstrous tortoise, and there they
let the matter end,
If every animal in
nature had been called
upon, they would have
been no nearer a
foundation. Most
ancient peoples, in-
deed, made no effort
to find a foundation.
The universe was a
very compact little
structure, mainly com-
posed of the carth and
the great canopy over
the carth which they
called the sky. They
left it, as a whole,
floating in nothing.
Andin thistheancients
were wiser than they
knew. Things do not
fall down unless they
are pulled down by
that mysterious force
which we call gravita-
tion, 'The earth, it is
true, is pulled by the sun, and would fall into
it; but the earth escapes this fiery fate by
- circulating at great speed round the sun. The
stars pull each other; but it has already been
explained that they meet this by travelling
rapidly in gigantic orbits. Yet we do, in a new
sense of the word, need foundations of the
universe. Our mind craves for some explana-
tion of the matter out of which the universe
is made. For this explanation we turn to
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Is largely due 10 him,

Oune of our most emineat physicists, who has succecded Sir
J. J. Thomson as Cavendish Prolessor of Physics at the Unlversity
of Cambridge. The modern theory of the structure of the atom

modern Physics and Chemistry, Both these -

sciences study, under different aspects, matter
and energy ; and between them they have put
together a conception of the fundamental nature
of things which marks an epoch in the history
of human thought.

§1
More than two
thousand years ago
The Bricks t hc ﬁl'St
of the men of
Cosmos, . .
science, the

on the nature of

dust. You can divide
a spoonful of water
into as many drops as
you like. Apparently
you can go on divid-
ing as long as you
have got apparatus
fine enough for the
work. But there must
be a limit, these Grecks
said, and so they sup-
posed that all matter
was ultimately com-
posed of minute par-
ticles which were in-
divisible. That is the meaning of the Greek
word " atom.”

Like so many other ideas of these brilliant
early Greek thinkers, the atom was a sound
conception. We know to-day that matter is
composed of atoms. But science was then so
young that the way in which the Greeks applied
the idea was not very profound. A liquid or a
gas, they said, consisted of round, smooth
atoms, which would not cling togcther. Then

Greeks of the cities of -
Asia Minor, speculated -

matter. Youcangrind -
a piece of stone into’
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COMPARATIVE SIZES OF MOLECUL

IE AN ORANGE WERE
THE MOLECULES INTHE
BE LARGER THAN THI

EARTH IN THE

ENLARCED ON THE SAME SCALE AS
ABOVE DRAWING ,THE ORANGE WOULD
PROPORTION SHOWN

St

A0

CONTAINS ABOUT 25000)
ATOMS, ONE OF THE
LARGEST MOLECULES KNOWN

-

An atom ls the smallest particle of a chemical element, Two of more atoms come together to form a molecule: thus molecules form
the mass of matter. A molecule of watcr Is made up of two atoms of bydrogen and oue atom of oxygen. Molecules of different substances,
therefore, are of different slzes according o the pumber and kind of the particular atoms of which they are composed. A starch mol=cule

conlalos 8o less than 23,000 atoms.

Molecules, of course, are lnvislble, The above diagram illustrates the comparative sizes of molecules,

there were atoms with rough surfaces, * hooky
surfaces, and these stuck together and formed
solids. The atoms of iron or marble, for in-
stance, were so very hooky that, once they got

together, a strong man could not tear them-

apart. The Grecks thought that the explana-
tion of the universe was that an infinite number
of these atoms had been moving and mixing in
an infinite space -during an infinite time, and
had at last hit by chance on the particular com-
bination which is our universe,

This was too simple and superficial. The
idca of atoms was cast aside, only to be advanced
again in various ways. ' It was the famous

" Manchester chemist, John Dalton, who restored
it in the early years of the nincteenth century,
He first dcfinitely formulated the atomic theory
as a scientific hypothesis, The whole physical
and chemical science of that century was now
bascd upon the atom, and it is quite a mistake to

[y

suppose that recent discoveries have discredited
** atomism.” An atom is the smallest particle
of a chemical element, No one has ever seen
an atom. Even the wonderful new microscope
which has just been invented cannot possibly
show us particles of matter which are a million
times smaller than the breadth of a hair; for
that is the size of atoms. We can weigh them
and mecasure them, though they are invisible,
and we know that all matter is composed of
them. It is a new discovery that atoms are not
indivisible. They consist themselves of still
smaller particles, as we shall sce. But the
atoms exist all the same, and we may still say
that they are the bricks of which the material
universe is built,

But if we had some magical glass by means
of which we could sece into the structure of
material things, we should not see the atoms put
evenly together as bricks are in a wall. As a
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le, two or more atoms first come together to
form a larger particle, which we call a * mole-
cule.” Single atoms do not,.as a rule, exist
apart from other atoms ; if a molecule is broken
‘up, the individual atoms scck to’ unitc with
other atoms of another kind or amongst them-
sclves. For example, three atoms of oxygen
form what we callozone ; two atoms of hydrogen
uniting with one atom of oxygen form water.
It is molecules that form the mass of matter;
a molecule, as it has been expressed, is a little
building of which atoms are the bricks, -

In this way we get a useful first view of the
material things we handle, In a liquid the
molecules of the liquid cling together loosely.
They remain together as a body, but they roll
over and away from each other. There is
* cohesion "’ between them, but it is less power-
ful than in a solid. Put some water in a kettle
over the lighted gas, and presently the tiny
molecules of water will rush through the spout
in a cloud of steam '
and scatter over the
kitchen. The heat
has broken . their
bond of association
and turned the water
into somcthing like
a gas; though we
know that the par-
ticles will come to-
getheragain, as they
cool; and form once
more drops of water,

In a gas the mole-
cules have full indi-
vidual liberty. They
arc in a state of
violent movement,
and they form no
union with each
other. If we want
to force them to
enter into the loose
sort of association
which molecules
have in a liquid, we
have to slow down
their individual
movements by ap-
plying severe cold.

Photo :  Rischgizs Colleclion,
J. CLERK-MAXWELL.

glorics of the nineteenth cenlury,

One of the greatest scientific men who have ever lived. Ile revolu-
tionised physics with his electro-magmnetic theory of light, and practically
all modern researches bave had their origin, direct or indirect, In his
work. Together with Famday he constitutes one of the main scientific

That is how a' modern man of science liquefies
gases. No power that we have will liquefy. air
at its ordinary temperature. ‘In verysevere cold,
on the other hand, the air will spontaneously
becomg liquid. - Some day, when the fires of the
‘sun have sunk very low, the temperature of the
carth will be less than—200°C. : that is to say,
"more than two hundred degrees Centigrade
below freezing-point, - It will sink to the tem-
perature of the moon. Our atmosphere will
then be an occan of liquid air, 35 feet deep,
lying upon the solidly frozen masses of our
water-oceans. . .
. In asolid the molecules cling firmly to each
other. We neced a force equal to twenty-five
tons to tear asunder the molecules in a bar of
iron an inch thick. Yet the structure is not
*solid ” in the popular sense of the word, If
you put a piece of solid gold in a little pool of
mercury, the gold will take in the mercury
between its molecules, as if it were porous like
asponge. Thehard-
est solid is more like
a lattice-work than
what we usually
mean by *solid ' ;
though themolecules
are not fixed, like the
barsofalattice-work,
but are in viclent
motion ; they vi-
brate about equi-
librium positions. If
we could sce right
into the heart of a
bit of the hardest
steel, we should sce
billions of separate
molecules, at some
distance from each
other, all moving
rapidly to and fro,
This molecular
movement can, in a
measure, be made
visible. It was
noticed by a micro-
scopistnamed Brown
that, in a solution
containing very fine
suspended  particles,
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the particles were in constant movement.  Under
a powerful microscope these particles are seen
to be violently agitated; they are cach inde-
pendently darting hither and thither somewhat
like a lot of billiard balls on a billiard - table,
colliding and bounding about in all directions,

‘Thousands of times a sccond these encounters

occur, and this lively commotion is always going
on, this incessant colliding of one melecule with
another is the normal condition of affairs;
not one of them is at rest. The reason for
this has been worked out, and it is now known

INCONCRIVABLE NUMDERS
BMALL PARTICLES,

AND INCONCEIVABLY

The molecules, which are laconceivably small, are, on the othet
band, 80 numerous that if onc was abie to place, end to end, all
Lhose which ate contained In, lot example, & cublc centimetre of
gas (iess than balf a cublc lach), one would obtaln e line capable of
passiog two huadred times round the earth.
that these particles move about because they
are being incessantly bombarded by the mole-
cules of the liquid. The molecules cannot, of
course, be seen, but the fact of their incessant
movement is revealed to the eye by the be-
haviour of- the visible suspended particles.
This incessant movement in the world of
molecules is called the Brownian movement,
and is a stnking proof of the reality of molecular
motions.

§2

The exploration of this wonder-world of

atoms and molecules by the physicists and

chemists of to-day is one of the most impres-
sive triumphs of modern science., Quite apart
The Wonder.Jrom radiumand electrons and other
World of  sensational discoveries of recent
Atoms.  years, the study of ordinary matter
is hardly inferior, either in interest or audacity,
to the work of the astronomer. And therc is
the same foundation in both cases—marvellous
apparatus, and trains of mathematical reason-
ing that would have astonished Euclid or
Archimedes. Extraordinary, therefore, as are
some of the facts and figures we are now
going to give in connection with the minute-
ness of atoms and molecules, Iet us bearin mind
that we owe them to the most solid and severe
processes of human thought.

Yet the principle can in most cases be made
50 clear that the reader will not be asked to
take muchon trust. It is, forinstance, a matter
of common knowledge that gold is soft cnough
to be beaten into gold leal. It is a matter of
common sense, onc hopes, that if you beat a
measured cube of gold into a leaf six inches
square, the mathematician can tell the thickness
of that lcaf without measuring it.  As a matter
of fact, a single grain of gold has been beaten
into a lcaf seventy-five inches square.  Now the
mathematician can casily find that when a
single grain of gold is beaten out to that size, the
lcaf must be z33';3u of an inch thick, or
about a thousand times thinner than the paper
on which these words are printed ; yet the lcaf

- must be several molecules thick.

The finest gold leaf is, in fact, too thick for
our purpose, and we turn with a new interest to
that toy of our boyhood, the soap-bubble. If
you carcfully cxamine one of these delicate
films of soapy water, you notice certain dark
spots or patches on them. These are their
thinnest parts, and by two quite independent
methods—one using electricity and the other
light—we have found that at these spots the
bubble is less than the three-millionth of an
inch thick ! But the molecules in the film cling
together so firmly that they must be at least
twenty or thirty deep in the thinnest part.
A molccule, therefore, must be far less than the
three-millionth of an inch thick.

We found next that a film of oil on the surface
of water may be even thinner than a soap-
bubble, Professor Perrin, the great French



THE BROWNIAN MOVEMENT,

A diagram, constructed from actual observations, showing the erratic paths pursued by very fine particles suspended
in a liquid, when bombarded by the molecules of the liquid, - This movem=nt is called the Browanlan movement, and it
furnishes a striking illustration of the truth of the theory that the molecules of & body are In a state of continual motion.
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authority on atoms, got films of oil down to the
fifty-millionth of an inch in thickness! He
poured a mcasured drop of oil- upon water.
Then he found the exact limits of the area of
the oil-shect by blowing upon the water a fine
powdcr which spread to the edge of the film and
clearly outlined it.  The rest is safe and simple
calculation, as in the case of the beaten grain of
gold. Now this film of oil must have been at
least two molecules deep, so a single melecule of
oil is considerably less than a hundred-millionth
of an inch in diameter,

Innumerable methods have been tried, and

WIHAT 18 A MILLION?

10 deallng with the lafialtely small, il is difficull 10 oppres
bend the vast figures with which scienlists conlfrunt us. A
million is ooe thousand thousand We muy realise what
this Implies | we cousider that a clock Leatlng sccomis
takes opprosimately 898 hours (le. oa¢ week four days
fuuttecn hours) to Lick one milllon times, A Lllon is one
million millios. To tick e billon Lhe cluck would tick for

OvET 31,733 yours,
(In Frasce and Am:ricn & thousand millions Is called

& billlon )

the result is always the same. A single grain of
indigo, for instance, will colour a ton of water.
This obviously means that the grain contains
billions of molecules which spread through the
water. A grain of musk will scent a room—
pour molecules into every part of it—for several
years, yet not lose one-millionth of its mass in a
ycar. Therc are a hundred ways of showing the
minuteness of the ultimate particles of matter,
and somc of these cnable us to give definite
figures. On a carcful comparison of the best
mcthods we can say that the average molecule
of matter is less than the yy3:06550 Of an
inch in diameter. In a single cubic centimetre

of air—a globule about the size of a small marbie
—there are thirty million billion molecules.
And since the molccule is, as we saw, a group or
cluster of atoms, the atom itsclf is smaller.
Atoms, for rcasons which we shall see later,
difler very greatly from cach other in size and
weight. It is cnough to say that some of them
arc so small that it would take 400,000,000 of
them, in a line, to cover an inch of space ; and .
that it takes at lcast a tnllion atoms of gold 1o
weigh a single gramme.  Five million atoms of
helium could be placed in a linc across the
diameter of a full stop.

And this is only the beginning of the wonders
that were done with ** ordinary matter,” quite

apart from radium and its revela-
I:"Ai‘:s“y tions, to whichwe will come presently.

Most people have heard of ** atomic
encrgy,” and the extraordinary things that
might be accomplished if we could harness this
cnergy and turn it to human use. A deeper
and more wonderful source of this cnergy has
been discovered in the last twenty years, but
it is well to realise that the atoms themselves
have stupendous encrgy.  The atoms of matter
arc vibrating or gyrating with cxtraordinary
vigour, The picce of cold iron you hold in
your hard, the bit of brick you pick up, or the
penny you take from your pocket is a colussal
reservoir of cncrgy, since it consists of billions
of moving atoms. To realise the total energy, of
course, we should have to witness a transforma.
tion such as we do in atoms of radio-active
clements, about which we shall have something
to say presently.

If we put a grain of indigo in a glass of water,
or a grain of musk in a perfectly sull room, we
soon reahise that molecules travel. Similarly,
the fact that gases spread until they fill every
*cempty ** available space shows definitely that
they consist of small particles travelling at
great speed.  The physicist brings his refined
methods to bear on these tlungs, and he
mceasures the cnergy and velocity of these
infinitely minute molecules, He tells us that
molccules of oxygen, at the temperature of
melting ice, travel at the rate of about 500
yards a second—more than a quarter of a
mile a sccond. Molecules of hydrogen travel
at four times that speed, or three times the
speed with which a bullet lcaves a rifle.  Each



FOUNDATIONS OF THE UNIVERSE

183_

From ** Scientific Ideas of To-day.* -

[6%
1

DETECTING A SMALL QUANTITY OF MATTER,

In the left-hand photograph the two picces of paper exactly balance, The balance used is very sensitive, and when the single word
“ aloms* has been written with a lead pencil upon one of the papers the additional weight is sufficient to depress one of the pans, as
shown in the second photograph. The spectroscope will detect less than one-millioath of the matter contained in the word pencilled above.

molecule of the air, which secems so still in
the house on a summer’s day, is really travel-
ling faster than a rifle bullet does at the
beginning of its journcy. It collides with
another molecule every twenty-thousandth of
an inch of its journcy. It is turned from its
course 5,000,000,000 times in every second by
collisions, If we could stop the molecules of
hydrogen gas, and utilise their encrgy, as we
utilise the encrgy of stcam or the cnergy of the
water at Niagara, we should find enough in
cvery gramme of gas (about two-thousandths
of a pound) to raise a third of a ton to a height
of forty inches,

I bave used for comparison the speed of a
riflc bullet, and in an earlicr generation people
would have thought it impossible even to esti-
mate this. If is, of course, casy. We put two
screens in the path of the bullet, one near the
rifle and the other some distance away. We
connect them electrically and use a fine time-
recording machine, and the bullet itsclf registers

the time it takes to travel from the first to the
second screen.

Now this is very simple and superficial work
in comparison with the system of exact and
minute measurcments which the physicist and
chemist use. In one of his intercsting works
Mr. Charles R. Gibson gives a photograph of
two cxactly equal picces of paper in the
opposite pans of a fine balance., A single word
has been written in pencil on onc of these
papers, and that little scraping of lead has
been enough to bring down the scale! The
spectroscope will detect a quantity of matter
four million times smaller even than this ; and
the electroscope is a million times still more
sensitive than the spectroscope. We have a
heat-measuring instrument, the bolometer,
which makes the best thermometer scem Early
Victorian. It records the millionth of a degree
of temperature. It is such instruments, multi-
plied by the score, which enable us to do the
fine work recorded in these pages.

]
1
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§3
THE DISCOVERY
OF X-RAYS AND
RADIUM
But these wonders
* of the atom are only
The Dis- @ prelude

covery of to the
Sir Wm.  more  ro-

Crookes. :

" mantic
and far-rcaching dis-
coveries of the new
physics—thewonders
of the clectron,
Another and the most
important phase of
our exploration of the
material universe
opened with the dis-
covery of radium in
1898, '

In the discovery of
. radio-activeclements,

a ncw property of

matter was dis. Prowo: Ermest it Muls,

covered. What fol-

8IR WILLIAM CROOKES,

OUTLINE OF SCIENCE

ists said that tlere
were about .cighty
different kinds of
atoms — different
kinds of matter—but
no one was satisfied
with the multi-
plicity.  Science s
always aiming at
simplicity and unity.
It may be that
science has now taken
a long step in the
direction of cxplain-
ing the fundamental
unity of all matter.
The chemist was un-
able to break up
these © ** elements
into something sim-
pler, so he called
their atoms *indi-
visible' in that sense.
But one man of
scicnce after another
expressed the hope

. . Blr William Crnokes experimented on ihe eleclric discharge in vacuum "
lowedonthediscovery  (ubes and described the phenomena as a ™ fourth state of matter,” Iic that we would yet

of radium and of the
X-rays we shall sec.

As Sir Ernest Rutherford, one of our greatest
authoritics, recently said, the new physics has

was actually ohscrving the flight of electrons, but be did not fully H
appreciate the nature of his experiments, | . discover somc

fundamental matter

of which the various atoms were composed—one
primordial substance from which all the varying

dissipated the last doubt about the rcality of forms of matier have been evolved or built up. Prout
atoms and molecules, The closer examination _ suggested this at the very beginning of the

of matter which we have been able to make

shows positively that it is
composed of atoms. But
we must not take the word
now in its original Greck
meaning (an * indivisible "
thing). Theatoms are not
indivisible, They can be

broken- up. They are
composed of still smaller
particles.

The discovery that the
atom was composed of
smaller particles was the
welcome realisation of a
dream that had haunted
the imugination of the
ninetcenth century. Chem-

Faoto : Natwnal Physical Laboratory.

AN X:RAY FPHOTOGRAFH OF A GOLF BALL,
"REVEALING AN IMPERFECT CORE,

century, when atoms were rediscovered by

Dalton. Father Secchi,
the famous Jesuit astrono-
mer, said that all the atoms
were probably evolved
from ether; and this was
a very favoured specula-
tion, Sir William Crookes
talked of “ prothyl” as
the fundamentalsubstance.
Others thought hydrogen
was the stuff out of which
all the other atoms were
composed.

The work which finally
resulted in the discovery
of radium began with some
beautiful experiments of
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{professor (later Sir William) i

Crookes in.the cighties. - -
It had been noticed in 1869

that a strange colouring was "~
caused when an electric charge-

was sent through a vacuum
tube—the walls of the- glass
tube began to glow with a
greenish phosphorescence. A
vacuum tube is one- from
which nearly all the air has
been pumped, although we can
never completely empty the
tube. Crookes used such in-
genious methods that he re-
duced the gas in his tubes
until it was twenty million
times thinner than the atmo-
sphere. He then sent an clec-
tric discharge through, and got
very remarkable resuits. The
negative pole of the clectric
current (the ** cathode ') gave
off rays which faintly lit the
molecules of the thin gas in
the tube, and caused a pretty
fluorescence on the glass walls
of the tube. What were these
Tays ? Crookes at first
thought they corresponded to
a '"new or fourth state of
matter.” Hitherto we had
only been familiar with matter
in the three conditions of solid,
liquid, and gaseous,

Now Crookes really had the
great sccret. under his eyes.
But about twenty years elapsed
before the true nature of these
rays was finally and independ-
ently cstablished by wvarious
cxperiments. The experiments
proved ‘' that the rays con-
sisted of a strcam of negatively

charged particlestravellingwith.

cnormous velocities from 10,000
to 100,000 miles a second. In
addition, it was found that the
mass of each particle was ex-
ceedingly small, about g4y of
the mass of a hydrogen atom,

!

(S5 S

Reproduced by permission of X-Rays Lid.
WONDERFUL X-RAY PHOTOGRAFH, ,

A

Note the fine detalls revealed, down to the metal tags of the bootlace I.nd the nalls in the

heel of the boot.
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- the lightest atom known to science.” These . substances. In a short time the world ‘was
particles or electrons, as they are now called, astonished to learn that we could photograph

ELRECTRIC DISCIIARGE IN A VACUUM TUDE.

The two ends, marked + and —, of a tube from which nearly all alr has been exlhausted nre
connecled to electric terminals, thus producing an electric discharge in the vacuum tube. This
discharge travels straight along the tube, as in the upper dingmm. When a magactic field is
applled, however, the rays are deflected, as shown in the lowet diagram. The similarity of the
behaviour of the electric dischirge with the mdium rays (scc illustration on page 191) shows that
the two phenomena may be identified. It was by this means that the characieristics of clectrons
were rst discovered, :

were being liberated from the atoms. The atoms the skeleton in a living man's body, locate a
of matter were breaking down in Crookes tubes. penny in the interior of a child that had
At that time, however, it was premature to
think of such a thing, and Crookes preferred
to say that the particles of the gas were
clectrificd and hurled against the walls of
the_tube, He said that it was ordinary
matter in a new state—" radiant matter.”
“Another distinguished man of science, Lenard,
found that, when he fitted a little plate of
aluminium in the glass wall of the tube, the
mysterious rays passed through this as if it
were a window, They must be waves in the
cther, he said,

§4

So the story went on from yearto year.
We shall see in a moment to what it led
The Mcanwhile the next great step
Discovery was when, in 1895, Réntgen
of X-rays.  (discovered the X-rays, which are
now known to everybody, He was follow-
ing up the work of Lenard, and he one day
covered a *' Crookes tube  with some black
stuff. To his astonishment a prepared
chemical screen which was near the tube
began to glow.  The rays had gone through SRR N :
the black stuff ; and on further experimend — Reprodsced by permissiom of X-Rays Lid.
he found tha they would go through stone, THIS X-RAY PHOTOGRAPH IS THAT OF A HAND OF A

il . K SOLDIER WOUNDED IN THE GREAT WAR.
living flesh, and all sorts of " opague . Note the picces of shrapael which are revealed.
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THE RLELATIVE SIZLS OF ATOMS AND ELECTRONS.

An atom is far too small Lo be scen.

an electron is more than a thousand timss smaller than the smallest atom.
Adopling this scale, sach g¢fom in Lhe bubble would then be as large

this Jdiagram a bubble ol gas is magnified to the size of the world.
as a lennds ball,

In o bubble of hydrogen gas no larger than the letter '* O '’ there are billions of atoms, whilst

How their size is ascertained is described in the text, In

IF AN ATOM WERE MAGNIFIED TO THE SIZE OF ST, PAUL'S CATHEDRAL, EACH ELECTRON IN THE ATOM (AS
REPRESENTED BY THE CATHEDRAL) WOULD THEN BE ABOUT TIE S1ZE OF A SMALL BULLET,

swallowed one, or take an impression of a coin
through a slab of stone,

And what are these X-rays? They are
not a form of matter; they are not material
particles. X-rays were found to be a new
variety of light with a remarkable power of
penctration. We have scen what the spectro-
scope reveals about the varying nature of

light wave-lengths. Light-waves are set up
by vibrations in ether,! and, as we shall sce,

! We refer throughout to the ‘“‘ether” because,
although modern theories dispense largely with this
conception, the theories of physics are so inextricably
interwoven with it that it is nccessary, inan clementary
exposition, to agsume its existence, The modemn view
will be explained later in the article, on. Einstein’s
Theory.
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these ether disturbances are all of the same
kind ; they only differ as regards wave-lengths.
The X-rays which Réntgen discovered, then, are
light, but a varicty of light previously unknown
fo us; they arec ether waves of very short
length. X-rays have proved of grcat valuc
in many dircctions, as all the world knows,

but that we need not discuss at this
point. Let us see what followed Rontgen’s
discovery.

\hile the world wondered at these marvels,
the men of science were cagerly following up
the new clue to the mystery of matter which
was exercising the mind of Crookes and
other investigators. In 1896 Beequerel
. brought us to the threshold of the great
discovery.

Certain substances are phosphorescent--they
become luminous after they have been exposed
to sunlight for some time, and Becquerel was
trying to find if any of these substances give
risc to N-rays. Onc day he chose a salt of
the metal uranium. He was going to sce if,
after exposing it to sunlight, he could photo-
graph a cross with it through an opaque sub-
stance. He wrapped it up and laid it aside,
to wait for the sun, but he found the wranium
salt did not wait for the sun, Some strong
radiation from it went through the opaque
covering and made an impression of the cross
upon the plate underncath.  Light or darkness
was immatenal. The mysterious rays streamed
night and day from thesalt, This was something
new.  Here was a substance which appeared to
be producing X-rays; the rays cmitted by
uranium would penetrate the samc opaque
substances as the XN-rays discovered by
Rontgen.

Now, at the same time as many other investi-
gators, Professor Curic and his Polish wife took
up the search, They decided to find
out whether the emission came {rom
the uranium itscll or from some-
thing associated with st, and for this purpose
they made a chemical analysis of great
quantitics of minerals. They found a certain
kind of pitchblende which was very active, and
they analysed tons of it, concentrating always
on the radiant element in it. After a time, as
they succassively worked out the non-radiant
matter, the stufi began to glow. In the end

Discovery
of Radium.

THE OUTLINE OF SCIENCE

they extracted from cight tons of pitchblemse
about half a teaspoonful of something that
was a million times more radiant than
uranium. There was only one name for it—
Radium, :

That was the starting-point of the new
development of physics and chemistry. From
cvery laboratory in the world came a cry for
radium salts (as pure radium was too precious).

"and hundreds of brilliant workers fastened on

the new element., The inquiry was broadencd,
and, as ycar followed year, one substance after
another was found to possess the power of
cmitting rays, that 1s to be radio-active. We
know to-day that ncarly cvery form of matter .
can be stimulated to radio-activity ; which, as
we shall see, mzans that its aloms break up inlo
smaller and wonderfully energetic particles which
we call ** electrons.”  This discovery of clectrons
has brought about a complete change in our
idcas in many directions.

So. instcad of atoms being indivisible, they
are actually dividing themselves, spontancously,
and giving off throughout the universe tiny
fragments of their substance.  We shali explain
presently what was later discovered about the
clectron: meanwhile we can say that cvery
glowing mctal is pouring out a stream of these
clectrons.  Every arc-lamp is discharging them.
Every clap of thunder means a shower of them.
Every star is flooding space with thein, We
arc witnessing the spontaneous breaking up
of atoms, atoms which had bcen thought to
be indivisible.  The sun not only pours out
strcams of electrons from its own atoms, but
the ultra-violet hght which it sends to the
carth is one of the most powerful agencies
for releasing clectrons from the surface-atoms
of matter on the earth. It is fortunate for us
that our atmosphere absorbs most of this ultra.
violct or invisible light of the sun—a kind of
light which will be explained presently. It
has been suggested that, if we received
the full flood of it from the sun, our mctals
would disintegrate under its influence and
this * steel civilisation ' of ours would be
impossible |

But we¢ are here anticipating, we are going
beyond radium to the wonderful discovencs
which were made by the chemists and physicists
of the world who concentrated upon it. The



ELECTRORS STREAMING FROM THE SUN TO THE EARTH.
There are strong reasons for supposing that pots are buge electronic cyclones, The sun is constantly pouring.out. vast.

streams of clectrons into space. Many of these streums encounter the earth, giving rise to varlous electrical phenomena.
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work of Professor and Mme, Curie was merely
the final clue to guide the great secarch,” How
it was followed up, how we penetrated into
the very heart of the minute atom and dis-

covered new and portentous mines of energr,
and how we were able to understand, not only
matter, but clectricity and light, will be told; in
the next chapter, '

THE DISCOVERY OF THE ELECTRON AND HOW IT
EFFECTED A REVOLUTION IN IDEAS

What the discovery of radium implicd was
only gradually rcalised. Radium captivated

the imagination of the world; it was a

boon to medicine, but to the man of science
it was at first a most puzzling and most
attractive phenomenon. It was felt that
some great sccret of nature was dimly
unveiled in its wonderful manifestations, and
there now concentrated upon it as gifted a body
of men-—conspicuous amongst them Sir J. J.
Thomson, Sir Ernest Rutherford, Sir W. Ram-
say, and Professor Soddy—as any age could
boast, with an apparatus of rescarch as far
beyond that of any other age as the Aguitania

is beyond a Roman galley. Within five yecars
the sceret was fairly mastered. Not only were
all kinds of matter reduced to a common
basis, but the forces of the universe were
brought into a unity and understood as they
had never been understood before. ‘

§s
Physicists did not take long to discover that

The Dis-  the radiation from radium was very
covery o Jike the radiation in a * Crookes
tron, tube,” It was quickly rccognised,

morcover, that both in the tube and in radium

PROFESSOR SIR J. J. THOMSON,

Experimental. lisocrerer of the electronic constitution of m\lltr in the Cavendish !“hytial Laboratory, Cambridge. A great investigator,
noted for the imaginative range of his hypotheses and his fertility in experimental devices,
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{and other
metals) the
atoms of matter
werc somehow
breaking down,

However, the
first step was to
recognise’ that
there were three
distinct and
diffcrent rays
that were given
off by such
metals as ra-
dium and ura-
nium. Sir
Ernest Ruther-
ford christened
them, after the
first three letters of the Greek alphabet, the
Alpha, the Beta, and Gamma rays. We are
concerned chiefly with the second group and
propose here to deal with that group
only.?

The * Beta rays,” as they were at first called,
have proved to be one of the most interesting
discoveries that science ever made. They proved
what Crookes had surmised about the radiations
he discovered in his vacuum tube. But it was
not a fourth state of matter that had been found,
but a new property of matter, a property common
to all atoms of matter, The Beta rays were

From the Smitksonian Reporl, 1913,

! The * Alpha rays'" were presently recognised as
atoms of helium gas, shot out at the rate of 12,000
miles a second.

The "* Gamma rays '’ are waves, like the X-rays, not
material particles. They appear to be a type of
XN-rays. They possess the remarkable power of pene-
trating opaque substances; they will pass through a
foot of solid iron, for example,

Screen

AN AN pd

~N

ELECTRONS PRODUCED BY PASSAGE OF X-RAVS TIIROUGH AIR.
A photograph clearly showing that electrons are definite entitics.  As clectrons leave
atoms they may trmverse matter of pass through Lhe air in a straight path. The illustra-
tion shows the tortuous path of electrons resulting from collision with oloms,

later christened

-Electrons. They
are particles of
disembodicd
electricity, here
spontancously
liberated from
the atoms of
matter: only
when the .elec-
tron was iso-
Iated from the
atom was it re-
cognised for the
first time as a
separate entity.
Electrons,’
therefore, are a
constituent of
the atoms of matter, and we have discovered
that they can be released from the atom by a
varicty of agencies, Electrons are to be found
cverywhere, forming part of every atom.

** An clectron,” Sir William Bragg says, *‘ can
only maintain a separate cxistence if it is
iravelling at an immense rate, {rom one-three
hundredth of the wvelocity of light upwards,
that is to say, at least Goo miles a second,
or thereabouts. Otherwise the electron sticks
to the first atom it meets."” These amazing
particles may travel with the cnormous velocity
of from 10,000 to more than 100,000 miles
a second. It was first learned that they
are of an clectrical nature, because they are
bent out of their normal path if a magnet
is brought ncar them. And this fact led
to a further discovery: to one of those
sensational estimates which the general public
is apt to believe to be founded on the most

MAGNETIC bEFLECTION OF RADIUM RAYS,

The radium rays are mide to strike a screen, producing visible spots of light. When a magnetic fleld is applied the

ra
be deflected. as In the diogram. This can oaly bappen il the rays carry an electric charge, and it was by experiments of this kind that
we obtained our knowledge respeciing the electric charges cartied by radlum rays,
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abstruse speculations. The physicist set up a
little chemical screen for the * Beta rays "’ to
hit, and he so arranged his tube that only a
narrow sheaf of the rays poured on to the screen,
He then drew this sheaf of rays out of its gourse
with a magnet, and he accurately measured the
shift of the luminous spot on the screcn where
the rays impinged on it. But when he knows
the exact intensity of his magnetic fiecld—which
he can control as he likes—and the amount of
deviation it causes, and the mass of the moving
particles, he can tell the speed of the moving
particles which he thus diverts, These particles
were being hurled out of the atoms of radium,
or from the negative pole in a vacuum tube, at
a speed which, in good conditions, reached
‘nearly the velocity of light, i.e. nearly 186,000
miles a'second.

Their specd has, of course, been conﬁnned by
numbers of experiments ; and another serics
of experiments enabled physicists to determine
the size of the particles. Only onc of these
need be described, to give  the reader. an

Reproduced by pormission from the * Scuntific American,”
PIOFE‘SGOR R. A, MILLIEAN'S APPARATUS FOR COUNTING ELECTRONS.,

" in the tube;

idea how men’ of science drrive at their more
startling results,

Fog, as most pcople know, is thick in our
great cities because the water-vapour gathers
on the particles of dust and smoke that are in
the atmosphere. This fact was used as the
basis of some beautiful experiments, Artificial
fogs were created in little glass tubes, by
introducing dust, in various proportions, for
supersaturated vapour to gatheron, Intheend’
it was possible to cause tiny drops of rain, each
with a particle of dust at its core, tofall upona
silver mirror and be counted. It wasa method
of counting the quite invisible particles of dust
and the method was now success-
fully applicd to the new rays. Yet .another
method was to direct a slender stream of the
particles upon a themical screen. The screen
glowed under the cannonade of particles, and
a powerful lens resolved the glow into dnstmct
sparks, which could be counted.

In short, a series of the most remarkable and
beautiful experiments, checked in all the great
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MAKING THE INVISIBLE
VISIBLE.

IR

vk

Radium, as explained in
the text, emits rays—the *
“Alpha.” the * Beta™
(electrons), and " Gdmma ™
.rays. The above illustra-
tion Indicates the method
by which lha‘edslm-hnzle

rays to be investigated. To
the right of the diagmm is
the Instrument used, the
Spinthariscope, miking the
impact of mdium rays
visible on m screen.

The radium rays shoot
out in atl directions : those
that fall on the screen make
it glow with pointa nf light,
These points of light are
observed by the magni-
fylng lens.

A. Magnifving lens, B,
A zinc sulphite screen. G
A ncedle on whose point is
placed a speck of mdium.

The lower piciurc skows
the meu&‘l and necdle

laboratorics of the world, settled the nature of
these so-called rays. They were streams of
particles more than a thousand times smaller
than the smallest known atom. The mass of
cach particle is, according to the latest and
finest measurements, ygry of that of an atom
of hydrogen. The physicist has not been able
to find any character except clectricity in them,
and the name *‘ clectrons " has been generally
adopted. .

The Electron is an atom, of disembodied
clectricity ; it occupics an exceedingly small
The Key  VOlume, and its “‘mass " is entirely
tomany  clectrical. These electrons are the
Mysteries. 1oy to half the mysteries of matter,
Electrons in rapid motion, as we shall sec, explain
what we mean by an * electric current,” not so
long ago regarded as one of the most mysterious
manifestations in nature. '

" What a wonder, then, have we here!” says

15

Professor R. K. Duncan. ‘‘ Aninnocent-looking
little pinch of salt and yet possessed of special
properties utterly beyond even thz fanciful
imaginings of men of past time; for nowhere
do we find in the records of thought cven the
hint of the possibility of things which we now
regard as established fact. This pinch of salt
projects from its surface bodies fi.c. electrons]
possessing the inconceivable velocity of over
100,000 miles a second, a velocity sufficient to
carry them, if unimpeded, five timess around
the earth in a second, and possessing with
this velocity, masses a thousand times smaller
than the smallest atom known to science,
Furthermore, they.are charged with negative
electricity ; they pass straight through bodies
considered opaque with a sublime indifference
to the properties of the body, with the
exception of “its mere density; .thzy cause
bodies which they strike to shine out in the
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dark ; they affect a photographic plate ; they

render, the air a conductor of electricity ; they
cause clouds in moist air ; they cause chemical
action and have a peculiar physiological action,
Who, to-day, shall predict the ultimate service
‘to humanity of the beta-rays from radium | **

§6
‘THE ELECTRON THEORY, OR THE'
_ NEW VIEW OF MATTER

There is general agreement amongst all
chemists, physicists, and mathematicians
The Struc. UPon the conclusions which we have

ture of the so far given, We know that the
Atom.

atoms of matter are constantly—
cither spontancously or under stimulation—

TIHHE THEORY OF RELECTRONS,

An atom of mitter ls composed of electrons, We plcture an atom as a
sort of minlature solar system, the clectrons (particles of negative
electticily) rotating round a central nucicus of positive clectricity, as

- described ln the text,

with incredible speed as Lhey pass from one atom to another,

giving off electrons, or breaking up into elec-
trons; and they therefore contain clectrons,
Thus we have now complete proof of the indepen-
dent existence of atoms and also of electrons.
\When, however, the man of science tries to
tell us how clectrons compose atoms, he passes
from facts to speculation, and very difficult
speculation,, Take the letter 0" as it is
printed on this page, In a little bubble of

In the above pictorial representation of an atom
the whirling electrons are indicated In the outer ring, Llectrons move

hydrogen gas no larger than that letter there
are billions of atoms ; and they are not packed
together, but are circulating as freely as dancers
in a ball-room. We are asking the physicist
to take one of these minute atoms and tell us
how the still smaller electrons are armanged in it,
Naturally he can only make mental pictures,
guesses or hypotheses, .which he tries to fit to
the facts, and discards when they will no! fit,

At present, after nearly twenty years of criti-
cal discussion, there are two chief theories of the
structure of the atom, At first Sir J. J. Thom-
son imagined the electrons circulating in shells
{like the layers of an onion) round the nucleus
of the atom. This did not suit, and Sir E.
Rutherford and others worked out a theory
that the electrons circulated round a nucleus
rather like the planets of our solar system
revolving round the central sun.  Is there a
nucleus, then, round which the electrons
revolve ? The clectron, as we saw, is a dis-
cmbodied atom of clectricity ; we should
say, of ' mnecgative " electricity. Let us
picture these électrons all moving round in
orbits with great velocity. Now it is sug-
gested that there is a nucleus of ** positive "
clectricity attracting or pulling the revolving
clectrops to it, and so forming an equi-
librium, otherwise the electrons would fly
off in all directions. This nucleus has been
recently named the proton. We have thus
two clectricitics in the atom: the positive
= the nucleus; the necgative = the elec-
| tron. Of recent years Dr. Langmuir has
| put out a theory that the electrons do not
| revolve round the nucleus, but remain in a
state of violent agitation of some sort at
fixed distances from the nucleus.

But we will confine ourselves here to the
facts, and leave the contending theorics to
scientific men. It is now pretty generally
accepted that an atom of matter consists
of a number of electrons, or charges of negatjve
clectricity, held together by a charge of positive
electricity. It is not disputed that these elec-
trons are in a state of violent motion or strain,
and that thercfore a vast energy is locked up
in the atoms of matter. To that we will
return later. Here, rather, we will notice
another remarkable discovery which helps us
to understand the nature of matter,



in the war, Mr. Moseley,
‘some years ago showed
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'
A brilliant young man
of science who was killed

that, when the atoms of
differcnt  substances are
arranged in order of their
weight, they are also ar-
ranged in the order of
increasing  complexity of
structure.  That is to say,
the hecavier the atom, the
more electrons it contains.
There is a gradual build-

conjunction with a
nucleus, From the
The New SMallest atom
View of of all—the atom
Manee: o hydrogen—
which consists of onc
electron, rotating round
a positively charged
nucleus, to a heavy com-
plicated atom, such’ as
the atom of gold, con-
stituted of many electrons
and a complex nucleus,
we have only to do with

nium), he found a strangely regular relation
between them.  If hydrogen were represented
by the figure one, hchivm by two, lithium
theee, and so un up to uranium, then uranium
should have the figure ninety-two, This makes
it probable that there arc in nature ninety-two
clements—we have found cightyseven—and
that the number Mr. Moseley found is the
number of clectrons in the atom of each
element ; that is to say, the number is arranged
in order of the atomic numbers of the various
clements,
§7

Up to the point we have rcached, then, we
sc¢ what the new view of Matter is. Evay
atom of matter, of whatever kind throughout
the whole universe, is built up of electrons in

ing up of posiiive
atoms con- and negative
taining units of elec-
more and tricity. The
more elec- electron and .
trons from its nucleus
the lightest are particles
atom to the of clectri-
heaviest, city. All
‘Here it is Matter,
enough to thercfore, is
say that, as nothing but
he took cle- .| amanifesta-
ment  after A tion of elcc-
clement, tricity. The
from the atoms of
lightest AREANGEMENYS OF ATOMS IN A DIAMONE. matter, as
(hydrOgcn) The above is a mode) (seen from two polots of view) of the arfangement of the atoms o & we saw,
tothchecavi- Jiamogd.  The armangement is found by studying the X-ray specifa of the diamoud. combineand
est (ura- form mole-

cules. Atoms and mulecules arc the bricks
out of which nature has built up everything ;
we oursclves, the carth, the stars, the whole
universe.

But more than bricks are required to build
a house. There are other fundamental exis-
tences, such as the vanous forms of cnergy,
which give rise to several complex problems.
And we have also to remember, that there are
more than eighty distinct elements, each with
its own dcfinite type of atom. We shall deal
with energy later.  Meanwhile it remains to be
said that, although we have discovered a great
dcal about the electron and the constitution of
matter, and that while the physicists of our
own day seem to sec a possibility of explaining
positive and ncgative electricity, the nature of



THE OUTLINE OF SCIENCE

URANIUM X
235 DAYS

e

RADIUM B
26:'8 MINS

URANIUM
5,000,000,000, YEARS

.

K 218 }
el
RADIUM A
3 MINS.

RADIUM EMANATION

1,730 YEARS 385 DAYS

=G

POLONIUM
136 DAYS

.. DIBI\I'TEGRATIOV OF ATOMS. g
An atom ol Uranlum, by ejecting an Alpha pnnlcle becomes Umanlum X, This substance, by cjecting Beta and Gamma nu-.

becomes Radium.  Rodium p through a

of furtber changes, as shown In the diagram, and finally becotres lead.  Some radio-

active substances dhlulmrnte much faster than others, Thus Uranium changes very slowly, taking §,000,000,000 years.to reach the same
stage of disintegration that Radium A teaches In 3 minutes, As the disintegratica proceeds, the substances become of lighter and lighter

atomlc weights,
14 fully explained In the text,

them toth is unknown, There cxists the theory
_that the particles of positive and negative
clectricity, which make up the atoms of matter,
are points or centres of disturbances of some
kind in a universal cther, ‘and that all the
various forms of cnergy are, in some fundamental
way, aspects of the same primary entity which
constitutes matter itself. )

But the discovery of the property of radio-
activity has raised many other interesting
questions, besides that which we have just dealt
with. In radio-active elements, such as
uranium' for example, the element is  breaking
down; in what we call radio-activity we have
a manifestation of the spontancous changé of
clements, \What is really taking place is a
transmutation of one element into another,
from a heavier to a lighter. The -element
uranium spontancously becomes radium, and
radium passes through a number of other stages
until it, in turn, becomes lead. Each descend-
ing clement is of lighter atomic weight than its
predecessor.  The changing process, -of course,
is a very slow one. It may be that all matter is
radio-active, or can be made so. This raises the
question whether all the matter in the universe

. may not vndrrgo disintegration.
There is, however, another side of the ques-

[

L

Thus Uranlum has an alomic welght of 238, whereas lead bas an atomic weight of only 206, The breaking down of atoms

tion, which the discovery of radio-activity has
brought to light, and which has effccted a
revolution in our views, We have scen that in
radio-active substances the elements are break-
ing down. Is there a process of building up at
work ? If the more complicated atoms are
breaking down into simpler forms, may there
not be a converse process—a building up from
simplei elements to more complicated elements ?
It is probably the case that both processes are
at work.

There are some eighty-odd chemical elements
on the carth to-day: are they all the outcome
of an inorganic cvolution, element giving rise
to clement, going back and back to some
primeval stuff from which they were all origin-
ally derived infinitely long ago? Is there an
evolution in the inorganic world which may be
going on, parallel to that of the evolution of
living things; or is organic evolution a con-
tinuation of inorganic evolution? We have
secn what evidence there is of this inorganic
cvolution in the case of the stars, We cannot
go deeply into the matter here, nor has the
time come¢ for any direct statement that can
be based on the findings of modemn investiga-
tion. Taking it altogether the evidence is
steadily accwnulating, and there are authoritics
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who maintain that already the evidence of in-
organic cvolution is convincing enough. The
heavier atoms would appear to behave as though
they were evolved from the lighter. The more
complex fornts, it is supposed, have evolved from
the simpler forms. Moseley's discovery, - to
which reference has been made, points to the
conclusion that -the elements are built up one
from another.

§8

We may here refer to another new conception
to which the discovery of radio-activity has
given rise. Lord Kelvin, who esti-
mated the age of the carth at twenty
~million |years, reached this estimate
by considering the ‘carth as a body which is
gradually ccoling down, “ lesing its primitive
heat, like a loaf taken from the oven, at a
rate which could be calculated, and that the
heat radiated by the sun was due to- con-
traction.” Uranium and radio-activity were

Other
New Views.

not known to Kelvin, and their discovery has
Radio-active sub-

upset both his arguments,
stances, which are
perpetually  giving
out heat, introduce
an entirely new factor.
We cannot now as-
sume that the earth
is necessarily cooling
down ; it may even,
for all we know, be
‘getting hotter. At
the 1921 meeting of
the British Associa-
tion, Professor Ray-
leigh stated that
further  knowledge
had extended the pro-
bable period during
which there had been
life on this globe to
about one thousand
million years, and the
total age of the earth
* tosome small multiple

of that. The earth,
he .oonmders, L S —————
cooling, but * con-

tains an internal

PROFESSOR SIR W. H, BRAGG.
One of the most distinguished physicists of the present day.

source of heat from the disintegration of uranium
in the outer.crust.”” On the whole the estimate
obtained would seem to be in agreement- with
the geological estimates. The question, of course,
cannot, in the present state of our knowledge,
be scttled within fixed limits that mcet with
general agreement,

As we have said, there are other fundamental
existences which give rise to more complex
problems. The three great fundamental entities
in the physical universe are matter, ether,
and energy; so far as we know, outside these
there is nothing. We have dealt with matter,
there remain ether and energy. We shall
sec that just as no particle of matter, how-
ever small, may not be created or destroyed,
and just as there is no such thing as empty
space—ether pervades everything—so there is
no such thing as rest.  Every particle that goes
to make up our solid carth is in a state of per-
petual unremitting vibration ; energy *'is the
universal commodity on which all life depends.”
Scparate and distinct as these three funda-
mental entitiecs—matter, ether, and energy—
may appear, it may
be that, after all, they
are only different and
mysterious phases of
an cssential * one-
ness "' of the uni-
verse, '

§9

Let us, in conclud-
ing this chapter, give
The Future. !USt one
illustra-
tion of the way in
which all this new
knowlcdge may prove
to be as wvaluable
practically as it is
wonderful intellectu-
ally. We saw that
electrons are shot out
of atoms at a speed
that may approach
160,000 miles a
second. Sir Oliver
Lodge thas. written
recently that a
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seventieth of a grain of radium discharges, at
‘a speed a thobisand times that of a rifle bullet;
thirty million electrons a second.: Professor
Le Bon has calculated that it would take
1,340,000 barrels of powder to:give a bullet
the speed of one of these electrons. He shows
that the smallest French copper coin—smaller
than a farthing—contains an energy equal to
eighty million horse-power. A few pounds of
matter contain more encrgy than we could
extract from millions of tons of ceal. Even
in the atoms of hydrogen at a temperature
which we could produce in an electric furnace
the clectrons spin round at a rate of nearly a
hundred billion revolutions a second | - '

Every man asks at once: ‘' Will science
ever tap this energy ? *  If it does, no more
smoke, no mining, no transit, no bulky fuel,
The energy of an atom is of course only liber-
ated when an atom passes from one state to
another. - The stored up energy is fortunately
fast bound by the clectrons being held together
as has been described.  If it were not so * the

"‘accidental’ discovery go hand in hand.”

earth would. explode and become a gaseous
nebula’ !’ It is believed that some day we
shall be -able ‘to release, hamess, and utilise
atomic energy. * I am-of opinion,” says Sir
William Bragg, * that atom energy will supply
our future need. A thousand years may pass
before we can harness the atom, or to-morrow
might sec us with the reins in our hands. That
is the peculiarity of Physics—research and
Half
a brick contains as much energy as a small
coal-field. The difficulties are tremendous, but,
as Sir Oliver Lodge reminds us, there was just
as much scepticism at one time about the
utilisation of steam or electricity. *' Is it to be
supposed,” he asks, ‘‘ that there can be no fresh
invention, that all the great discoveries have
been made? "' More than one man of science

encourages us to hope. Hege are some remark-
able words written by Professor Soddy, one of
the highest authorities on radio-active matter,
in our chief scientific weekly (Nature, November

6, 1919) :

Reproduced by permission trom ** The Interprsiation o) Radium ™
(John Murray).
SILK TASSEL ELECTRIFIED.
The scpamte turcads of the tassel, being cach elecirified with
the same kind of clectricily, Tepel one anotber, and thus the
tassel branches out as In the photograph.

SILK TASSEL DISCHARGED BY THE RAYS FPROM
RADIUM.

When the radium rays, carrying an opposite clectric charge
to that on the lasscl, sirikes the threads, the threads are
ncutmalised, and hence (all together again,
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A HUGE ELECTRIC SPARK.

This is an actual photograph of an electric spark. It Is leaping a distance of about 1o feet, and s the discharge of a million volts,
It is a graphic Hustration of the tremendous energy of electrons, ’

* The prospects of the successful accomplish-
ment of artificial transmutation brighten almost
daily. The ancients scem to have had some-
thing more than an inkling that the accomplish-
ment of transmutation would confer upon men
powers hitherto the prerogative of the gods.
But now wec know dcfinitely that the material
aspect of transmutation would be of small
importance in comparison with the control
over the inexhaustible stores of internal atomic
energy to which its successful accomplishment
would inevitably lead. It has become a
problem, no longer redolent af the evil associa-
tions of the age of alchemy, but one big with
the promise of a veritable physical renaissance
of the whole world.”

If that * promise " is ever realised, the
economic and social face of the world will be
transformed. .

Before passing on to the consideration of
" cther, light, and energy, let us sece what
new light the discovery of the electron has
thrown on the nature and manipulation of
electricity.

WHAT IS ELECTRICITY?

There is at least one manifestation in nature,
and so late as twenty years ago it seemed to be
The Nature ON€¢ of the most mysterious mani-
of Elec-  festations of all, which has been in
fricity. great measure explained by the new
discoverics. Already, at the beginning of this
century, we spoke of our “ age of electricity,”
yet there were few things in nature about which
we knew less, The * electric current” rang
our bells, drove our trains, lit our rooms, but
none knew what the current was. There was
a vague idea that it was a sort of fluid that
flowed along copper wires as water flows in a
pipe. We now suppose that it is a rapid move-
ment of electrons from alom lo atom in the wire or
wherever the current is,

"Let us try to grasp the principle of the new
view of electricity and see how it applies to all
the varied electrical phenomena in the world
about us. As we saw, the nucleus of an atom
of matter consists of positive electricity which
holds together 2 number of electrons, or charges
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éf megative. clcc-
tncnty - 'I'1ns cer-
tainly tells us to
some extent what
clectricity is, and
fiow it is rclated
to matter, but it
legves us with the |
usual difficulty =
a h,o ut fundas a-
fnental rcalmcs. ‘
But.we now krw\_u.. :
that elegtricity; -
liké' matter, is
atomic in struc-
ture ; a charge of
electricity is made
up of a number of
small units or
charges of a de-
finite, constant
amount. It has
been suggested
that the two kinds
of clectricity, i.e,
positive and nega-
tive, are right-
handed and lcft-
handed vortices or
whirlpoolsinether,
or rings in cther,
but there are very
scrious difficultics,
and we leave this
to the future,

From " Scwenhific ldeas of To-day”
ELECTRICAL ATTRACTION IIIIT\\RKN COMMON OBJECTS.

§ 10
The discovery of these two kinds of electricity
has, however, enabled us to understand very
What an  fairly what goes on .in clectrical
Electric phenomena, The outlying electrons,
Current is.

: as we saw, may pass from atom to
atom, and this, on a large scale, is the mcaning
of the clectric current, In other words, we

1 The words * positive ** and '* ncgative ** electricity
belong to the days when it was regarded as a fluid.
A body overcharged with the fluid was called positive ;
an undercharged body was called negative. A posi-
tively-clectrificd body is now one whose atoms have
lost some of their outlying electrons,. so that the
positive charge of clectricity predominates, The

* negatively-electrified body is one with more than the
normal number of electrons,

Take an ondinary flower-vase, well dried, and
handkerchief. The vase, which thus becomes
body, such as a fcather, as shown lo the above Hlustmtica.

_believe an electric
current to be a
flow " of -electrons.
Let us take, to
begin with, a
simple electrical
“cell,” in which a
feeble - current s

-'generated : sucha
cell as there is in

_-every - house to
serve its electric

“bells. -

- 'In the original
form_ this simple
sort of ** battery "'
consisted of a
_plateof zincand a
plate of ' copper
immorsed in a
chemical.  Long
befare  anything
was known about
clectrons it was
known that, if
you put zinc and
copper together,
you produce ‘a
mild current of
electricity, We
know now what
this mecans. Zinc
is a metal the
atoms of which
are particularly
disposed to part

with some of their outlying electrons. Why, we
do not know; but the fact is the basis of these
small batterics. Electrons from the atomsof zinc
pags tothcatoms of copper, and their passageisa
“current.”” Each atom gives up an electron toits
neighbour, It was further found long ago that
if the zinc and copper were immersed in certain
chemicals, which slowly dissolve the zinc, and
the two metals were connected by a copper wire,
the current was stronger, In modern language,
there is a brisker flow of clectrons. The reason
is that the atoms of zinc which are stolen by
the chemical leave their detachable electrons
behind them, and the zinc has therefore more
clectrons to pacs on to the copper.

tically rub it with a silk

electri | attract any light



RO_TLATIN.G DISC OF SIR ISAAC NEWTON FOR MIXING COLOURS

The Spectroscope sorts out the above seven colours from sunlight (which is compounded of these seven colours).
If painted ‘n proper proportions on a wheel, as showa in the coloured illustration, and the wheel be turned rapidlyon a
pivot through its centre, only a dull white will be perceived. If one colour be omitted, the result will be one colour
—the result of the union of the remaining six.

w30t
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Leadbeaisr. .

;'Aoln :

AN ELECTRIC SPARK.

An electric spark consists of a rush of electrons across the space between the two terminals. A state of tension is established in the cther
by the electric charges, and when this tenslon passes a certain Lmit the discharge takes place.

Such cells are now made of zinc and carbon,
immersed in sal-ammoniac, but the principle is
the same, The flow of electricity is a flow of
clectrons ; though we ought to repeat that they
do not flow in a body, as molecules of water do.
You may have seen boys place a row of bricks,
cach standing on one end, in such order that the
first, if it is pushed, will knock over the second,
the second the third, and so on to the last.
There is a flow of movement all along the line,
but each brick moves only a short distance. So
an electron merely passes to the next atom,
which sends on an electron to a third atom, and
so on. In this case, however, the movement
from atom to atom is so rapid that the ripple of
movement, if we may call it so, may pass along
at an cnormous speed. \We have seen how
swiftly clectrons travel.

But how is this turned into power enough
even to ring a bell? The actual mechanical
apparatus by which the cnergy of the electron

1h

current is turncd into sound, or heat, or light
will be described in a technical section later in

‘this work. We are concerncd here only with

the principle, which is clear. While zinc is
very apt to part with clectrons, copper is just
as obliging in facilitating their passage onward,
Electrons will travel in this way in most metals,
but copper is one of the best “ conductors.”
So we lengthen the copper wire between the
zinc and the carbon until it goes as far as the
front door and the bell, which are included in
the circuit.. When you press the button at the
door, two wires are brought together, and the

current of electrons rushes round the circuit ;

and at the bell its energy is diverted into the -

.mechanical apparatus which rings the bell,

Copper is a good conductor—six times as
good as iron—and is therefore so common in
clectrical industries. Some other substances
are just as stubborn as copper is yiclding, ana
we call them * insulators,” because they resist
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the current instead of letting it flow. Their
atoms do not casily part with electrons, Glass,

vulcanite, and porcclain are. very good insulators -

for this reason.

But even several cells together do not produce
the currents needed in modern industry, and the
What the flow is produced in a different
Dynamo  manner, As the invisible clectrons
does, pass along a wire they produce what
we call a magnetic ficld around the wire, they
produce a disturbance in the surrounding cther.
To be exact, it is thropgh the cther surrounding
the wirc that the cnergy originated by the
electrons is transmitted. To set “clectrons
moving on a large scale we use a ** dynamo."
By means of the dynamo it is possible to trans-
form mechanical energy into clectrical energy.
The modern dynamo, as Professor Soddy puts
it, may be looked upon as an clectron pump,

‘We cannot go into the subject deeply here, we

'would only say that a large coil of copper wire,
is cnuscd to turn round mp:dly»bctwccn the

. poles of a powerful . magnet.

. That is the
essential construction. of the * dynamo,”
which is used for generating strongcurrents,
We shall see in a moment how magnetism
differs from electricity, and will say here only
that round the poles of a large magnet there
is a ficld of intense disturbance which will start
a flow of electrons in any copper that is intro-
duced into it. On account of the speed given
to the coil of wire its atoms enter suddenly this
magnetic ficld, and they give off crowds of
electrons in a flash.
It is found that a similar disturbance is

caused, though the flow is in the opposite
direction, when the coil of wire leaves the
magnetic ficld. And as the coil is revolving
very rapidly we get a powerful current of
electricity that runs in alternate directions—

n ‘alternating " current. Electricians have
apparatus for converting it into-a continiious
current where this is necessary,

A current, thercfore, means a steady flow of .

From * Scientific Ideas of To-day™

* AN ETHER DISTURBANCE AROUND AN ELECTRON CURRENT.
Ja thelefl huipholn(nphu electric current Is passing through the coll, thus producing a magnetic field and transforming the poker
iuto a magnet. The poker is then able to support a pairof scissors. As soon as the clectric current is broken o, as la the sccond photograph
the ether disturbance ceases, The poket loscs its magnetism, and the scissors fall,
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LIGIT WAVE3.

Light consists of woves transmitted through Lbe ether.  Waves of light difler in length.  The colour of the bgat
depends ou Lhe wave-lengih.  Derpred waves ithe longest) arc gidses loch and derprviolct waves gides loch.
The diagram shows Lwo wave-motions of different wuve.lengths. Irom crest to crest. of from Lrough Lo trough,

is the tenglh of the wuve.

the electrons from atom to atom. Somctimes,
however, a number of electrons rush violently
and explosively from one body to another, as in
the clectric spark or the occasional flash from an
clectric tram or train. The grandest and most
spectacular display of this phenomenon is the
thunder-storm, As we saw carlicr, a portentous
furnace like the sun is constantly pouring
floods of clectrons from its atoms into space,
The carth intercepts great numbers of these
clectrons. In the upper regions of the air the
strcam of solar electrons has the cffect of
scparating  positively-clectrified atoms {rom
negatively-clectrificdones,and the water-vapour,
which is constantly rising from the surface of
the sca, gathers more frecly round the posi-
tively-clectrified atoms, and brings them down,
as rain, to the carth, Thus the upper air loscs
a proportion of positive clectricity, or becomes
* negatively clectrified.” In the
thunderstorm we get both kinds of
clonds—some with large excesses of
clectrons, and some dcficient in
clectrons—and the tension grows
until at last it is relieved by a
sudden and violent discharge of
clectrons from one cloud to another
or to the carth—an clectric spark
on a prodigious scale.

§11
We have seen that an elcctric
current is rcally a flow of clectrons,

Magnetis.n Now an clectric current

efficct.  The surrounding SPacs i of e noin

cndowed with energy which we call clectro-
magnctic energy. A piece of magnetised iron
attracting other picces of iron toit is the popular
idca of a magnet. ]f we armrange a wire to pass
vertically through a picce of cardboard and then
sprinkle iron filings on the cardboard we shall
find that, on passing an clcctric current through
the wire, the iron filings arrange themselves in
circles round it. The magnetic force, due to
the clectric current, scems to exist in circles
round the wire, an ether disturbance bzing set
up. Evena single clectron, when in movement,
crcates a magnetic ' field,” as it is called,
round its path. There is no movement of
clectrons without this attendant ficld of cnergy,
and their motion is not stopped until that ficld
of cnergy disappears from the ether, The
modemn  theory of magnetism supposcs that
all magnetism is produced in this way. All

‘Lthmc c:qcu"

WAaGNETIC CIRCY, y

TIE MAGNETIC CIRCUIT OF AN ELECTRIC CURRENT.

. . . Tae elxtric current pawmsing. o the direction of the arrow, round the clectric
exhibits a magnetic clrouit genesates 1n the surrounding space circulyt magnctic clcuits as shown lo

It is this property which lles at the bise of Lhe eleciro-magnet and

of the electric dynwmo.
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magnetism is supposed to arise from the
small whirling motions of the electrons con-
tained in the ultimate atoms of matter. We
" cannot here go into the details of the theory
nor explain why, for instance, iron behaves so
differently from other substances, but it is
sufficient to say that here, also; the clectron
theory provides the key. This theory is not
yet definitely proved, but it furnishes a sufficient
theoretical basis for future research. The carth
itsclf is a gigantic magnet, a fact which makes
the compass possible, and it is well known that
the earth’s magnetism is affected by those great
outbreaks on the sun called sun-spots, Now it
has been recently shown that a sun-
spot is a vast whirlpool of electrons
and that it cxerts a strong magnetic
action. There is doubtless a con-
ncction between these outbreaks of
clectronic activity and the conse-
quent changes in the earth’s magne-
tism, The precise mechanism of the
connection, however, is still a matter
that is being investigated.

ETHER AND WAVES

The whole material universe is
supposed to be embedded in a vast
medium called the ether,
It is true that the notion
of the ether has been
abandoned by some modern phy-
sicists, but, whether or not it is
ultimately dispensed with, the con-
ception of the ether has entercd
so decply into the scicntific mind that the
science of physics cannot be understood un-
less we know something about the properties
attributed to the ether.” The ether was in-
vented to cxplain the phenomena of slight,
and to account for the flow of energy
across cmpty space. Light takes time to
travel. We do not see the sun risc until
eight minutes after it has risen. It has taken
that -eight minutes for the light from the
sun to travel that ¢3,000,000 miles odd which
separates it from our earth. Besides the fact
that light takes time to travel, it can be shown
that light travels in the form of waves. We

Ether and
Waves.

know that sound travels in waves; sound
consists of waves 'in the air, or water or wood
or whatever medium we hear it through. If an
electrie bell be put in a glass jar and the air be
pumped out of the jar, the sound of the bell
beccmes fecbler and feebler until, when cnough
air has been taken out, we do not hear the bell
at all. -Sound cannot travel in a vacuum. We
ccntinue to see the bell, however, so that
evidently light can travel in a vacuum. The
invisible medium through which the waves of
light travel is the cther, and this ether permeates
all space and all maiter. Between us and the
stars stretch vast regions empty of all matter,

TUHE MAGNET.

‘The illustration shows the lines of force between two magnets. The lines of force
proceed from the north. pole of one magnet to the south pole of the other. They
also proceed from the north to the south poles of the same magnet. These facls
are shown clearly in the dlagram, The north pole of a magnet Is that cnd of it
which turns to the north when the maguet Is freely suspended.

But we see the stars; their light reaches us,
even though it may take centuriestodoso, We
conceive, then, that it is the universal ether
which conveys that light. All the energy which
has reached the carth from the sun and which,
stored for ages in our coal-ficlds, is now used
to propel our trains and steamships, to hcat
and light our citics, to perform all the multi-
farious tasks of modern life, was conveyed by
the ether. Without that universal carrier of
energy we should have nothing but a'stagnant,
lifeless world, ,

We have said that light consists of ‘waves.
The cther may bz considered as resembling, in
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some respects, a jelly. It can transmit vibra-
tions. . The waves of light art really excessively
small ripples, measuring from crest to crest.
The distance from crest to crest of the Tipples
iin a pond is somctimes no more than an inch or
two. This distance is enormously great com-
pared to the longest of the wave-lengths that
constitute light. We say the longest," for the
waves of light differ in length; the colour
depends upon the length of the light. Red
light has the longest waves and violet the
shortest.
deep-red light, are seven two hundred and fifty
thousandths of an inch in length (o505
inch). This is ncarly twice the length of deep-
violet light-waves, which are zyypg inch.
But light-waves, the waves that affect the eye,
are not the only waves carricd by the cther.
Waves too short to affect the cye can
affcct the photographic plate, and we can
discover in this way the existence of waves

only half the length of the dccp-v:olct waves, -

Still shorter waves can be discovered, until
we come to those cxc&swcly minute rays,
the X-rays.

But we can extend our mveshgat:ons in the - -

other dircction ; we find that the ether carrics
Below the Many waves longer than light-waves,
Limits of  Special photographic emulsions can
Visibility.

Limes longer tlmn violet-light wavcs; Extending

reveal the existence .of waves five .

The longest waves, the waves of -

v

: and Light.

" surprisc none.

‘recognisc them.

as hcat are longer than light-waves. .There
arec longer waves still, but our senses do not
But we can detect them by
our instruments, These are the waves used in
wireless tclegraphy, and their length may be,
in some cases, measured in miles. These waves
are the so-called electro-magnetic waves. Light,
radiant heat, and clectro-magnetic waves are
all of the same nature; they differ only as
regards their wave-lengths.

- LIGHT—VISIBLE AND INVISIBLE

If Light, then, consists of waves transmitted
through the ether, what gives rise to the waves ?
Whatever scts up such wonderfully rapid series
of waves must be something with an enormous
vibration. We come back to the electron: all’
atoms of matter, as we have seen, arc made up
of clectrons revolving in a regular orbit round -
a nucleus. These electrons may be affected by
outside influences, they may be agitated and
their speed or vibratien incrcased.

The particles cven-of a piece of cold iron are
in a statc of vibration. No nerves of ours are
able to fcel and register the waves
they emit, but your cold poker is
really radiating, or sending out a
scries of wave-movements, on every side.  After
what we saw about the nature of matter, this will
Put your poker in the firc fora

Electrons

AANAN ANANNAN ANANA VWA

\A N

".dk-}x.,;‘.~"'L\‘"1"“ W,

WAVHE SHAFPES.

“avruwllom are often complex. The above llustration shows some fairly complicated wave
shapes. Al such wave-motions can be produced by superponing & numbet of simple wave forms,

below the limits of visibility are waves we
detect, as hpat-wnws. Radiant heat, like the
heat from a fire, is also a form of wave-motion
in the ether, but the waves our senses recognise

time. The particles of the glowing coal, which
are violently agitated, communicate some of
their energy to the particles of iron in the poker.
They move to and fro more rapidly, and the
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o waves which
they create
arc now able
to affect your
nerves and
cause a sensa-
tion of heat.
Put the poker
again in the
fire, until its

" temperature
rises to 500° C.
It begins to
glow with a
dull red. Its
particles are
now moving
very violently,
and the waves
they send out
are so short
and rapid that
they can be
picked up by
the eye—we
have visible
light,  They
would still not
affect a photo-
graphic plate,
Heat the iron
further, and
the crowds of
clectrons now
send  out
waves of
various
lengths which —
blend into
white light.
What is hap-
pening is the agitated electrons flying roundin
their orbits at a spced of billions of times a
second. Make the iron “ blue hot,” and it pours
out, in addition to light, the invisible waves
which alter the film on the photographic plate.
And beyond these there is a long range of still
shorter waves, culminating in the X-rays, which
will pass between the atoms of flesh or stone,

Nearly two hundred and fifty years ago it was
proved that light travelled at lcast 6oo,000

THE POWER OF A MAGNET.

The illustration is that of a ** Pharnix ** electric magnet lifting scrap from railwdy trucks.
The magnet is 52 inches in dlameter and lufts a weight of 36 tons.  The same type of maguet,
63 inches in diameter, lifts a weight of 40 tons.

times faster
than sound.
Jupiter, as
we saw, has
moons,” which
circle round it.
They pass be-
hind the body
of the planet,
and reappear
at the other
side. But it
was noticed
that, when
Jupiter is at
its greatest
rqj;ta.pcc frorill
us, : the rc-
appearance of
the moon from
behind it is 16
minutes and
36 seconds
later than
when the
planct is
nearest to us.
Plainly this
was because
light took so
long to cover
the additional
distance, The
distance was
then imper-
fectly known,
and the speed
of light was
underrated.
We now know
the distance,
and we casily get the velocity of light.

No doubt it seems far more wonderful to
discover this within the walls of a laboratory,
but it was done as long ago as 1850. A
cogged wheel is so mounted that a ray of
light passes between two of the tecth and is
reflected back from a mirror. Now, slight as
is the fraction of a second which light takes
to travel that distance, it is possible: to give
such speed to the wheel that the next tooth
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catches the ray of light on its return and cuts-

it off; The speed is incrcascd still further
until the ray of light returns to the eye of the
abserver through the notch next to the one by
which it had passed to the mirror! The speed
. of the wheel was known, and it was thus possible
again to gather the velocity of light. If the
shortest waves are yybg3 of an inch in length,
and light travels at 186,000 miles a second, any
person can work out that about 8co billion waves
enter the eye in a second when we see ™ violet.,”
The waves sent out on every side by the
cnergetic clectrons become faintly visible to us
when they reach about 5545 of an
f_f;gﬂf,:,"e:-inch. As they become shorter and
more rapid, as the electrons increase

their spced, we get, in succession, the colours red,
orange, yellow, green, blue, indigo, and violet.
. Eachdistinct sensation of colour means a wave
of different length.  When they are all mingled
together, as in the light of the sun, we get

THE SPRED OF LIGHT.

A train travelling at the rate of sixty miles per hour would take rather more than seventeen and a quarter days to go round the earth at
tbe equalor, l.e, a distance of 23,000 miles, Light, which travels at the rate of 186,000 miles per second, would take between one-seventh
and one-elghth of a second {o go the same distance.

white light.  When this white light passes
through glass, the speed of the waves is
lesscned ; and, if the ray of light falls obliquely
on a ftriangular picce of glass, the waves of
different lengths part company as they travel
through it, and the light is sprecad out in
a band of rainbow-colour. The waves are
sorted out according to their lengths in the
‘‘ obstacle race’ through the glass. Anyone
may see this for himself by holding up a wedge-
shaped picce of crystal between the sunlight
and the eye; the prism separates the sunlight
into its constituent colours, and these various
colours will be seen quite readily. Or the
thing may be realised in another way, If the
seven colours are painted on a wheel as shown
on page 209 (in the proportion shown), and the
wheel rapidly revolved on a pivot, the wheel
will appear a dull white, the several ¢olours will
not be seen, But omit one of the colours, then
the wheel, when revolved, will not appear
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white, but will give the impression of one
colour, corresponding to what the union of six
colours gives. Another experiment will show
that some bodies held up between the eyc and
a white light will not permit all the rays to
pass through, but will intercept some; a body
that intercepts all the seven rays except red
will give the impression of red, or if all the rays
except violet, then violet will be the colour secn.

Professor Soddy has given an interesting
picture of what might hippen when thz sun's
light and hcat is no longer what
itis. The human eye ** has adapted
itsclf through the ages to th2 pecu-
-liarities of thr sun’s light, so as to make the
most of that wave-length of which there is
most. . . . Let us indulge for a moment in
these gloomy prognostications, as to the con-
seqquences to this carth of ths cooling of the
sun with the lapse of ages, which used to be in
vogue, but which radioactivity has so rudely
shaken.  Picture the fate of the world when the
sun has become a dull red hot ball, or even when
it has cooled so far that it would no longer emit
light to us. That does not all m=an that the
world would be in inky darkness, and that the
sun would not cmut light to th: people then
inhabiting this world, if any had survived and
could kecp themselves from freezing, To such,
if the eye continued to adapt itself to the chang-
ing conditions, our blucs and violets would be
ultra-violet and invisible, but our dark heat
would be light and hot bodies would be luminous
to them whicl. would be dark to us.”

The Fate
of the
World.

§12

We saw in a previous chapter how the
spectroscope splits up lhight-waves intou their
What the colout.'s. But. nature i§ co:?stantly
Blue » Sky " sphtting the light into its different-
means. lengthed waves, its colours. The
rainbow, where dense moisture in the air acts
as a speclroscope, is the most familiar example.
A picce of mother-of-pearl, or even a film of
oil on the street or on water, has the same
cfiect, owing to the fine inequalities in its
surface. The atmosphere all day long is sort-
ing out the waves. The bluc * sky ™ overhcad
means that the fine particles in the upper
atmosphere catch the shorter waves, the blue

waves, and scatlier them. We can make a
tubeful of blue sky in the laboratory at any
time. The beautiful pink-flush on the Alps at
sunrise, the red glory that lingers in the west at
sunset, mean that, as the sun’'s rays must
struggle through denser masses of air when
it is low on the horizon, the long red waves are
sifted out from the other shafts.

Then there is the varied face of nature which,
by absorbing some waves and reflecting others,
weaves its own beautiful robe of colour. Here
and there is a black patch, which absords all the
light. White surfaces reflect the whole of it.

QOREEN

YELLOW BLVE

ORANGE INDIGO

RED VIOLET

NOTATING DISC OF SIR ISAAC NEWTON FOR
MINING COLOURS.

Tte Bpeciroscope sorts out Lhe nbove seven coloun [rom
sualight (whikh 18 compouaded of these seven colours). I
patnted bn proper [roportions on @ wheel, as sbown in the coloured
Illustration, and the wheel tumed rupidly on a pivot through
{ls centre, only a dull white nil) be perceived. 1 one onlour be
omitied, the tesult will be one colour —the result of the union of
the remaining six,

What is reflected depends on- the period of
vihrationt of the electrons in the particular kind
of matter. Generally, as the electrons reccive
the fluod of billions of waves, they absorb either
the long or the medium or the short, and they
give us the wonderful colour-scheme of nature,
In some cases the elections continue to radiate
long after the sunlight has ccased to fall upon
them. We get {rom them ** black "' or invisible
light, and we can take photographs by it.
Other bodies, like glass, vibrate in unison
with the period of the light-waves and let them
stream through,
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There are substances—'* phosphorescent
things we call them—which give out a mysteri-
Light ous cold light of their own. It is
without one of the problems of scicnce, and
Hf“‘ one of profound practical intercst.
1f we could produce light without heat our
**gas bill " would shrink amazingly. So much
cnergy is wasted in the production of hcat-
wavee and ultra-viclet waves which we do not
want, that go per cent. or more of the power
used in illumination is wasted. Would that
the glow-worm, or cven the dead herning,
would yicld us its secrct | Phosphorus is the
onc thing we know as yct that suits the pur-
pose, and—it smells! Indeed, our artificial
‘light is not only extravagant in cost, but often
poor in colour. The unwary person often buys
a garment by artificial light, and is disgusted
next moming to find in it a colour which is not
wanted. The colour disclosed by the sun was
not in the waves of the artificial light.

Beyond the waves of violet light are the still
shorter and more rapid waves—the " ultra-
violet * waves—which are precious to the
photographer. As cvery amatcur knows, his
plate may safely be exposcd to light that comes
through a red or an orange screen. Such a
screen means ' no thoroughfare ™ for the bloe
and ** beyond-blue ** waves, and it is these which

arrange the little grains of silver on the plate.
It is the same waves which supply the energy
1o the little green grains of matter (chlorophyll)
in the plant, preparing our food and timber for
us, as will be scen later.  The tree struggles up-
ward and spreads out its leaves fanwisc fo the
blue sky to reccive them. Inour coal-measures,
the mighty dead forests of long ago, are vast stores
of sunlight which we are prodigally using up,

The X-rays are the extreme end, the highest
octave, of the scries of waves, Their power of
penetration implics that they are excessively
minute, but even these have not held their secret
from the modern physicist. From a serics of
beautiful experiments, in which they were
made to pass amongst the atoms of a crystal,
we learned their length. It is about the ten-
millionth of a millimetre, and a millimetre is
about the ¢ of aninch!

Onc of the most recent discoveries, made
during a recent cchpse of the sun, is that hight
is subjcct to gravitation. A ray of light from
a star is bent out of its straight path when it
passcs near the mass of the sun., Professor
Eddington tclls us that we have as much right
to speak of a pound of hght as of a pound of
sugar, Professor LEddington cven calculates
that the carth reccives 100 tons of light from the
sun every year |

ENERGY: HOW ALL LIFE DEPENDS ON IT

As we have scen in an  carlier chapter,
onc of the fundamental entitics of the uni-
verse is matter. A sccond, not less important,
is called energy. Encrgy is indispensable
if the world is to continuc to exist, since all
phenomena, including life, depend on it
Just as it is humanly impossible to create or to
destroy a particle of matter, so is it impossible
to create or to destroy cnergy.  This statement
will bc more readily understeod when we have
considered what energy is.

Energy, like matter,. is indestructible, and
just as matter exists in various forms so does
energy. And we may add, just as we are
ignorant of what the ncgative and positive
particles of electricity which constitute matter
really are, so we are ignorant of the true nature
~ of energy. At the same time, encrgy is not so

‘completely mysterious as it once was. It is

another of nature’s mysteries which the advance
of modern science has in some measure un-
veilled. It was only during thc nincteenth
century that cnergy came to be known as some-
thing as distinct and permancnt as mattes
itself.

The existence of various forms of cnergy had
been known, of course, for ages ; there was the
energy of a falling stone, the encrgy
produced by burning wood or coal
or any other substance, but the
essential sdentity of all these forms of cnergy
had not been suspected.  The conception
of cnergy as something which, like matter,
was constant in amount, which could not be
created nor destroyed, was onc of the great
scientific acquisitions of the past century.

It is not possible to enter decply into this
subject here. It is sufficient if we briefly out-

Forms of
Energy.



NIAGARA FALIS.

The encrgy of this falling water is prodigious. It Is used to generate thousands of horse power in great elcctrical installafions. The power Is-used to drive electric trams

in clities 150 to 250 miles anay.



212

THE OUTLINE OF

SCIENCE

linc its salient aspects.  Encrgy is rccognised in
two forms, kinetic and potential. The form of
cnergy which is most apparcnt to us is the
energy of motion ; for example, a rolling stone,
- running water, a falling body, and so on. We
call the energy of motion kinetic energy. Poten-
tial energy is the cnergy a body has in virtuc of
its position—it is its capacity, in other words,
to acquire kinctic cnergy, as in the casc of a
stone resting on the cdge of a cliff,
Energy may assume diffcrent forms; onc
kind of energy may be converted directly or
indircctly into some other form. The energy
of buming coal, for examplc, is converted into
heat, and from heat cnergy we have mechanical
" encrgy, such as that manifested by the stcam-
cngine. In this way we can transfer energy
from onc body to another. Therc is the encrgy
of the great waterfalls of Niagara, for instance,
which arc uscd to supply the encrgy of huge
clectric power stations. 7

An important fact about encrgy is, that all
cnergy lends lo take the form of heat energy. The
impact of a falling stonc gencrates
heat; a waterfall is hotter at the
bottom than at the top—the falling
particles of water, on striking the ground,
generate heat; and most chemical changes
are attended by heat changes. Lnergy may
remain latent indefinitely in a lump of wood,
but in combustion it is liberated, and we
have hcat as a result. The atom of radium or
of any other radip-active substance, as it
disintegrates, gencrates heat.  * LEvery hour
radium generates sufficient heat to raise the
temperature of its own weight of watcer, from
the freezing point to the boiling point.” And
what is heat ?  Heat is molecular motion. The
molecules of every substance, as we have scen
on a previous page, arc in a state of continual
motion, and the more vigorous the motion the
hotter the body. As wood or coal burns, the
invisible molecules of these substances are
violently agitated, and give risc to cther waves
which our senses interpret as light and heat.
In this constant movement of the molecules,
then, we have a manifestation of the cnrergy of
motion and of heat.

That energy which disappears in one form
rcappears’ in another has been found to be

_universally true. It was Joule who, by chum-

What
Heat is.

ing water, first showed that a measurabk
quantity of mechanical encrgy could be trans
formed into a mcasurable quantity of heal
cnergy. By causing an apparatus to stir wate:
vigorously, that apparatus bcing driven by
falling weights or a rotating flywheel or by any
other mechanical means, the water becamc
heated. A certain amount of mechanical energy
had bcen used up and a certain amount of
hecat had appeared. The relation betweer
these twe things was found to be invariable
Every physical change in nature involves ¢
transformation of encrgy, but the total quantity
of cnergy in the universe remains unaltcred
This is the great doctrine of the Conservatior
of Encrgy.
§13

Consider the source of ncarly all the encrgy
which is uwsed in modem civilisation— cnal
The great forests of the Carboni:
ferous epoch now cxist as beds of
coal. By the buming of coal—:
chemical transformation—the heat cnergy i
produced on which at present our wholc
civilization depends.  \Whence is the energy
locked up in the coal derived? From the
sun. [For millions of ycars the encrgy of the
sun’'s rays had gonc to form the vast vegeta:
tion of the Carboniferous era and had been
transformed, by various subtle processes, intc
the potential cnergy that slumbers in those
immense fossilized forests,

The exhaustion of our coal deposits would
mcan, so far as our knowledge extends at
present, the end of the world's civilisation.
There are other known sources of energy, it is
truc. There is the cnergy of falling water ;
the great falls of Niagara are used to supply
the energy of huge clectric power stations,
Perhaps, also, something could be done 1c
utilise the encrgy of the tides—another instance
of the cnergy of moving water.  And attempts
have been made to utilise directly the cnergy
of the sun’s rays. But all these sources of
energy are small compared with the energy of
coal. A suggestion was made at a recent British
Association mccting that decp borings might
be sunk in order to utiise the internal heat of
the earth, but this is not, perhaps, a very prac-
tical proposal. By far the most effective sub-
stitutes for coal would be found in the interios

Substit;;!es
for Coal.
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energy of the atom, a source of energy which,
as we have scen, is practically illimitable, If
the immense electrical encrgy in the interior of
the atom can ever be liberated and controlled,
then our steadily decreasing coal supply will no

longer be the bugbear it now is to all thoughtful’

men,

The stored-up encrgy of the grcat coal-fields
can be used up, but we cannot replace it or
create fresh supplies. As we have seen, energy
cannot be destroved, but it can become wunx-

where we cannot follow it,

to the temperature of surrounding bodies. As
it docs so, where-does its previous energy go ?
In some measure it may pass to other bodies in
contact with the picce of iron, but ultlmatcl}
the heat bocomes radiated away in spacc
It has been added
to the vast reservoir of unavailable heat energy
of uniform temperature, It is sufficient here to
say that if all bodies had a uniform temperature
we should experience no such thing as heat,
because heat only travels from one body to

Ploto : Stephen Critb,

TRANSFORMATION OF ENERGY.

An {llustration of Energy, Thbe chemical energy brought into existence by firing the aplaslve manifesting itsclf as mechanical energy,
sufficient to impart violent motion Lo tons of waler.

available. Let us consider what this important
fact mecans.
§ 14

Encrgy may becoms dissipated.  Where docs
it go ? since if it is indestructible it must still
exist. It is casicr to ask the ques-
tion than to give a final answer,
and it is not possible in this QuTLINE,
where an advanced knowledge of physics
is not assumed on the part of the reader, to
go fully into the somewhat difficult theories
put forward by physicists and chemists. We
may raise the temperature, say, of iron, until it
is whitc-hot, If we stop the process the tem-
perature of the iron will gradually scttle down

Dissipation
of Energy.

another, having the cficct of cooling the one
and warming the other. In time the two bodies
acquire the same temperature. The sum-total
of the heat in any body is mecasured in terms
of the kinetic energy of its moving molecules,
There must come a time, so far as we can see
at present, when, even if all the heat energy of
the universe is not radiated away into empty
infinite space, yet a uniform temperature will
prevail. If one body is hotter than another it
radiates heat to that body until both are at the
same temperature, Each body may still possess
a considerable quantity of heat energy, which
it has absorbed, but that energy, 'so far as
reactions betwcen those two bodies are con-
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Underwood & Underoood,

I'hote :
"' BOILING ™

A KETTLE ON ICE.

_When a keitle contalning liquid alr 1s placed on Ice §t * boils,” because the lce h
lntcnxly hot when compired wilh the very low lemperalure of the liguid air,

cerned, is now uuava:lable. The same principle
applies whatever number of bodics we consider.
" Before heat energy can be utilised we must have
bodics with diffcrent temperatures.  1f the whole
universe were at some uniform temperature, then,
although it might possess an enormous amount
of heat energy, this energy would be unavailable,
And what does this imply? It implies a
great deal: for if all the encrgy in the world
What a  became unavailable, the universe,
}rlmhm: as it now is, would ccasc to be. It
ture would is possible that, by the constant
mean. interchange of lheat radiations, the
whole universe is tending to some uniform
temperature, in which case, although all mole-
cular motion would not have ceased, it would
have become unavailable. In this sense it may
be said that the universe is running down.

If all the molccules of a substance were
brought to a’ standstill, that substance would
be at the absolute zero of temperature, There
could be nothing ‘colder. The temperature at
which all ‘mdlecular motions would cease is
known: itis —27%" C. Nobody could possibly

attain a lower temperature than this: a lower
temperature could not exist. Unless there
cxists in naturc some process, of which wekiow
nothing at present, whereby cnergy is renewed,
our solar system must one day sink to this
absolute zcro of temperature. The sun, the
carth, and every other body in the universe is
steadily radiating heat, and this radiation
cannot go on for cver, because heat continually
tends to diffuse and to equalise temperatures,

But we can sce, theoretically, that there is a
way of evading this law, If the chaotic mole-
cular motions which constitute heat could be
regulaled, then the heat energy of a body could
be utilised directly. Some authorities think
that some of the processes which go on in the
living body do not involve any waste energy,
that the chemical energy of food is transformed
dircctly into work without any of it being
dissipated as uscless heat energy. It may be,
therefore, that man will finally discover some
way of escape from the natural law that, while
energy cannot be destroyed, it has a tendency
to become unavailable.
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The primary rescrvoir of cnergy is the atom;

it is the energy of the atom, the atom of clements
in the sun, the stars, the earth, from which
nature draws for all her supply of cnergy.  Shall
we cever discover how we can replenish the
dwindling resources of energy, or find out how
we can call into being the at present unavailable
cnergy which is stored up in uniform tempera-
turc ? " It looks as if our successors would
witness an interesting race, between the progress
of science on the one hand and the depletion of
natural resources upon the other.  The natural
rate of tlow of energy from its primary atomic
reservoirs Lo the sca of waste heat encrgy of
uniforin temperature, allows life to proceed at
a complete pace sternly rcgulated by the in-
exorable laws of supply and demand, which the
biologists have recognised in their ficld as the
struggle for existence.” 3 .

It is certain that cnergy is an actual entity
just as much as matter, and that it cannot be
created or destroyed.  Matter and cther are
receptacles or vehicles of encrgy.  As we have
said, what these entities really are in themselves
we do not know, It may be that all forms of
encrgy are in some fundamental way aspects of
thc same primary centity which constitutes
matter . how all matter is constituted of par-
ticles of clectricity we have alrcady scen. The
qucstion to which we await an answeris © \What
is clectricity ?

§ 15
MATTER, ETHER, AND EINSTEIN

The supremc synthesis, the crown of all this
progressive conquest of nature, would be to
discover that the particles of positive and nega-
tive clectricity, which make up the atoms of
matter, are points or centres of disturbances of
some kind in a universal ether, and that all
our * cnergies ” (light, magnetism, gravitation,
ctc.) are waves or strains of some kind set up
in the ether by these clusters of clectrons,

Itis afascinating, tantahsing dream.  Larmor
suggested in 1900 that the clectron is a tiny
whirlpool, or ** vortex,” in ether ; and, as such
a vortex may turn in either of two opposite
ways, we seem to sce a possibility of explaining
positive and ncgative electricity.  But  the

3 Matter and Energy, by Professor Soddy.

difficulties have proved very serious, and the
nature of the electron is unknown. A recent
view is that it is ” a ring of negative electricity
rotating about its axis at a high speed,” though
that does not carry us very far. The unit of
pusitive clectricity is even less known. We
must be content to know the general lines on
which thought is moving toward the fina)
unification, .

We say " unification,” but it would be a
grave crror o think that cther is the only
possible basis for such unity, or to make it an
essential part of one’s philosophy of the universe,
Ether was never more than an imagined entity
to which we ascribed the most extraordinary
properties, and which scemed then to promise
considerable aid. It was conceived as an
clastic solid of very great density, stretching
from cnd to end of the universe, transmitting
waves {rom star to star at the rate of 186,000
miles a second ; yet it was belicved that the
most solid matter passed through it as if it did
not cxist.

Some years ago a dclicate cxperiment was
tricd for the purpose of detecting the ether.

‘Since the carth, in travelling round the sun,

must move through the ether if the ether
exists, there ought to be a strcam of ether
flowing through every laboratory ; just as the
motion of a ship through a still atmosphere
will make "a wind.” In 1887 Michelson
and Morley tricd to detect this.  Theo-
retically, a ray of light in the direction of
the strecam ought to travel at a different rate
from a ray of light against the stream or across
it. They found po dificrence, and scores of
other experiments have failed. This docs not
prove that there is no cther, as there is reason to
suppose that our instruments would appear to
shrink in precisely the same proportion as the
alteration of the light; but the fact remains
that we have no proof of the cxistence of ether.
J- H. Jeans says that *'nature acts as if no
such thing cxisted.” Even the phenomena of
light and magnetism, he says, do not imply
cther; and he thinks that the hypothesis may
be abandoned. The primary reason, of course,
for giving up the notion of the ether is that, as
Einstein has shown, there is no way of detecting
its existence. If there is an cther, *hen, since
the earth 1s moving through it, there should be
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"some way of dctecting this motion. The
experiment has been tried, as we have said,
but, although the method used was very sensi-
tive, no motion was discovered.. It is Eir'lstein
who, by rcvolutionising our conceptions of

space and time, showed that no such motion
cver could be discovered, whatever means were
cmployed, and that thc usual notion of the
ether must be abandoned., We shall explain
this theory more fully in a later section.

'INFLUENCE OF THE TIDES: ORIGIN OF THE MOON:
- THE EARTH SLOWING DOWN

. §16

Until comparatively recent times, until, in
fact, the full dawn of modem science, the tides
ranked amongst the greatest of nature’s mys-
teries. And, indced, what agency could be
invoked to cxplain this mysteriously regular
flux and reflux of the waters of thc ocean? It
is not surprising.that that steady, rhythmical
risc and fall suggested to somc imaginative
minds the breathing of a mighty animal. And
cven when man first became aware of the fact
that this rcgular movement was somehow
associated with the moon, was he much necarer
an ecxplanation ?
between the movements of that distant world
and the diumal variation of the waters of the
carth ? It is reported that an ancient astrono-
mer, despairing of ever resolving the mystery,
drowned himself in the sca,

But it was part of the merit of Newton's

What bond could exist

mighty theory of gravitation that it furnished
an cxplanation cven of this age-old mys-
The Eartp  terY- We can see, in broad outlines
pulled by  at any rate, that the theory of uni-
the Moon. .r<a] attraction can be applied to
this case. For thc moon, Newton taught us,
pulls every particle of matter ihroughout the
carth, - If we imagine that part of the earth's
surface which comprises the Pacific Ocean, for
instance, to be turmned towards the moon, we
scc that the moon's pull, acting on the loose and
mobile water, would tend to heap it up into a
sort of mound, The whole earth is pulled by
the moon, but the water is more frce to obey
this pull than is the solid earth, although small
tides are also caused in the carth’s solid crust.
It can be shown also that a corresponding
hump would tend to be produced on the other
side of the earth, owing, in this case, to the
tendency of the water, being more loosely

a TUE CAUSE OF TIDES.

The Uides of Lhe sea are due to the pull of the moon, and, in lesser degree, of the sun. The whole earth is pulied by the moon, but the
loose and moblle water |5 mote free to obey tals pull than is the salid earh, although small tides arc also caused in Lhe earth's solid crust,
The effect which Lhe tides have on slowing down the rotation of the earth Is explained in the text.
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WONDERS OF THE MICROSCOPE

1. Male Orange-tip Butterfly (Euchlve cardamines} uncoiling its proboscis. 2. Egg of Orange-tip Butterfly.
magnified 25 diameters. 3. Eggs of Pamted Lady Butterfly, magnified 25 diameters. 4. Painted Lady Butterfly
(Pyrameis cardu), just emerged from its chrysalis; the broken pupa skin is seen beneath. 5. Transverse section of
young twig of Bzech (Fagus syivatica) with tissues artificially stained to aid in their identification, e.g. innermost
the pith (grezn), thz wood (bluz), magnified 40 diameters. 6. Siliceous shells which enclose the microscopic
plants called Diatoms, magnified 100 diameters. 7. Siliceous skeletons of the unicellular animals knowi. as Radio-
laria, magnified 100 diameters.
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connected, to lag behind the solid earth. 1f the
scarth’s surface were entirely fluid the rotation
of the earth would give the impression that
these two humps were continually travelling
round the world, once every day. At any given
part of the earth's surface, therefore, there
- would be two humps daily, i.e. two periods of
high water. Such is the simplest possible out-
line of the gravitational theory of the tides.
The actually observed phenomena are vastly
more complicated, and the complete theory bears
very little resemblance to the simple form we
have just outlined. Everyone who lives in the
neighbourhood of a port knows, for instance,
that high water seldom coincides with the time
when the moon crosses the meridian. It may
be several hours early or late. High water at
London Bridge, for instance, occurs about one
and a half hours after the moon has passed the
meridian, while at Dublin high water occurs

"about one and a half hours belore the moon

crosses the meridian. The actually observed
phenomena, then, are far from simple; they
have, necvertheless, been very completely
worked ,out, and the times of high water for
every port in the world can now be prophesied
for a considerable time ahead. '

It would be beyond our scope to attempt to
explain the complete theory, but we may men-
The Action tiOn one obvious factor which must
of Sun and be taken into account. Since the
Moon. moon, by its gravitational attrac-
tion, produces tides, we should expcct that
the sun, whose gravitational attraction is so
much stronger, should also produce tides and,
we would suppose at first sight, more power-
ful tides than the moon. But while it is
true that the sun produces tides, it is not true
that they are morec powerful than those pro-
duced by the moon. The sun’s tide-producing

~. 8 W e

Pholo : G. Brockiehurst,

THE AEGIR ON THE TRENT.

An exceptionally smooth formation due to petfect weather conditions. The wall-like formation of these tidal waves (sce also page 219}
will be noticed. The reasoa for this is that the downward cursent in the river heads the sca-water back, and thus helps Lo exaggerate the
advancing slope of the wave, The exceptional spring tides arc caused by the combined operation of the moon and the sun, as ls explaloed

in the text.

17
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power is, as a matter of fact, less than half that
of the moon. The reason of this is that distance
plays an enormous téle in the production of
tides. The mass of the sun is 26,000,000 times
that of the moon ; on the other hand it is 386
times as far off as the moon. This greater
distance more than countcrbalances its greater
mass, and the result, as we have said, is that the
moon is more than twice as powerful. Some-
times the sun and moon act together, and we
have what are called spring tides; somctimes
they act against one another, and we have neap
tides. Thesc cffects are further complicated by
a number of other factors, and the tides, at
various places, -vary enormously. Thus at
St. Hcelena the sea riscs and falls about three
fect, whereas in the Bay of Fundy it rises and
falls more than fifty feet. DBut here, again,
the rcasons are complicated.

§ 17

But there is another aspect of the tides which
is of vastly greater interest and importance than
the thcory we have just been dis-
cussing. In the hands of Sir George
H. Darwin, the son of Charles Dar-
win, the tides had been made to throw light
on the cvolution of our solar system. In
particular, they have illustrated the origin and
development of the system formed by our
earth and moon. It is quite certain that, long
ages ago, the earth was rotating immenscly
faster than it is now, and that the moon was so
near as to be actually in contact with the earth.
In that remote age the moon was just on the
point of scparating from the carth, of being
thrown off by the earth. Earth and moon were
once one body, but the high rate of rotation
caused this body to split up into two picees ;
one picce became the carth we now know, and
the other became the moon. Such is the con-
clusion to which we are led by an examination
of the tides. In the first place lct us consider
the energy produced by the tides. \We see
evidences of this encrgy all round the world's
coastlines. Estuaries are scooped out, great
rocks arc gradually reduced to rubble, in-
numerable tons of matter arc continualiy being
sct in movement. Whence is this energy de-
rived? Energy, like matter, cannot be

Origin of
the Moon.

‘created from nothing ; what, then, is the souwce

which makes this colossal expenditure possible.

The answer is simple, but startling. The
sonrce of tidal energy is the rotation of the earth.
The Earth 1 he massive bulk of the carth, tum-
slowing ing every twenty-four hours on its
down, axis, is like a gigantic flywheel. In
virtue of its rotation it possesses an enormous
store of cncrgy. But cven the heaviest and
swiftest flywheel, if it is doing work, or cven if
it is only working against the friction of its
bearings, cannot dispense energy for cver. It
must, gradually, slow down. Therc is no escape
from this rcasoning. It is the rotation of the
carth which supplies the encrgy of the tides, and,
as a consequence, the tides must be slowing
down the carth. The tides act as a kind of
brakec on the earth's rotation. These masscs
of water, held back by the moon, cxert a kind of
dragging cffect on the rotating carth. Doubt-
less this effect, mcasured by our ordinary
standards, is very small; it is, however, con-
tinuous, and in the course of the millions of
years dealt with in astronomy, this small but
constant cffect may produce very considerable
results,

But there is another cffect which can be
shown to be a nccessary mathematical con-
scquence of tidal action. It is the moon’'s
action on the carth which produces the tides,
but they also react on the moon. The tides are
slowing down the earth, and they are also driv-
ing the moon farther and farther away. This
result, strange as it may seem, does not penmit
of doubt, for it is the result of an indubitable
dynamical principle, which cannot be made clear
without a mathematical discussion. Some
intcresting conscquences {ollow,

Since the earth is slowing down, it follows
that it was once rotating faster. There was a
period, a long time ago, when the day comprised
only twently hours.  Going farther back still we
come to a day of ten hours, until, inconcecivable
ages ago, the carth must have becn rotating
on its axis in a period of from three to four
hours.

At this point lct us stop and inquire what
was happening to the moon.  We have seen
that at present the moon is getting farther
and farther away, It follows, therefore, that
when the day was shorter the moon was
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nearer. As we go farther back in time we
find the moon nearer and necarer to an carth
rotating faster and faster. When we reach the
period we have already mcntioned, the period
when the earth completed a revolution in three
or four hours, we find that the moon was so near
as to be almost grazing the earth. This fact
is very remarkable. Everybody knows that
there is a critical velocity for a rotating flywheel,
a velocity beyond which the flywheel would
fly into pieces, because the centrifugal foree
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At’ the ‘beginning, when the moon split off
from the earth, it obviously must have shared
The Day the carth’s rotation. It flew round
becoming  the earth in the same time that the
longes. carth rotated, that is to say, the
month and the day were of equal length, As
the moon began to get farther from the earth,
the month, becausc the moon, took longer to
rotate round the earth, began to get correspond-
ingly longer. The day also became longer,
because the earth was slowing down, taking

A BIG SPRING TIDE, THE AERGIR ON THE TRENT.

developed is so grecat as to overcome the
cohesion of the molecules of the flywheel. We
have alrcady likened our carth to a flywheel,
and we have traced its history back to the point
where it was rotating with immense velocity.
We have also scen that, at that moment, the
moon was barely separated from the carth.
The conclusion is irresistible. In an age more
remote the earth did fly in pieces, and one of
those pieces is the moon. Such, in brief out-
line, is the tidal theory of the origin of the earth—
moon system.

longer to rotate on its axis, but the month
increased at a greater rate than the day.
Presently the month became equal to two days,
then to three, and so on, It has been calcu-
lated that this process went on until there were
twenty-nine days in the month. After that the
number of days in the month began to decrcase
until it reached its present value or magnitude,
and will continue to decrecase until once more
the month and the day are equal. In that
age the earth will be rotating very slowly.
The ‘braking action of the tides will cause the
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carth always to keep the same face to the
moon ; it will rotate on its axis in the same
timz that the moon turns round the carth, If
nothing but the carth and moon were mvolved
this state of affairs would be final. Baut there is
also the cffect of the solar tides to be considered.
The moon makes the day equal to the month,
but the san has a tendency, by still further
slowing down the carth’s rotation on its axis,
to make the day equal to the ycar. It would
do this, of course, by making the earth take as
long to tum on its axis as to go round the
sun. It cannot succeed in this, owing to
the action of the moon, but it can succeed

in making the day rather longer than the
month. :

Surprising as it may scem, we alrcady have
an illustration of this possibility in the satellites
of Mars, The Martian day is about onc half-
hour longer than ours, but when the two minute
satellites of Mars were discovered it was noticed
that the inncr one of the two revolved round
Mars in about seven hours forty minutes.
In onc Martian day, thercfore, one of the moons
of Mars makes more than threec complete
rcvolutions round that planet, so that, to an
inhabitant of Mars, there would be more than
three months in a day.
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