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The Mystery ¢ of the Ether.

By Sir OLIVER LDDGE.

[Sir Oliver Lodge is broadeasting from Lnndnn
a course lectures on “ Ether and Reality.
These lectures are of remarkable general mteru‘t
im that t challenge many popular and some
scientific theories. ** The Radio Times"™ has
acquired the exclusive serial rights and will publish
four of Sir Oliver’s lectures in their broadcast
form. The frst appears below. Subsequently
all seven lectures hﬁfcbe published as one of the
vnltlrrn:l nf Mrﬂﬁ Hodﬂ:r n_nﬂ Stou.gl:lnn 5
“ Broadcast Library.”]|

HAT fills empty space ¥ What is there
between the worlde? Not air: the
atmosphers soom stops, and beyond the
nothing—nothing appreciable, only intense cold.

Ll thE

“The wind thiat blows tween the worlds, it

ettt him like
says Rudyard Kipling, concerning one Tom.
lingon., Well, that is the ether ; it is ;i1|.’-l'\]II.11-E_'.'
cold. We on the comfortable earth are five
hundred Fahrenhgit degrees warmer, Five
hundred degrees hotter would be red-hot : five
hundred degeees colder is the temperature of
space.

o knife,"”

Space is full, not of matter, but of ether.
The ether is other than matter; and it fills all
space in the most thorough manner: there is
nothing so omnipresent and so efficient in the
physical universe,

We employ the ether every day and every
mintite of our lives ; it is the very breath of our
material existence ; but it escapes what are
called our five senses, and s0 we usually know
littleaboutit. Somefew even deny its existenoce.
This ie ungrateful and should be remedied.

# ] L #

The first thing to realize about the ether is
ite abaolute continoity., Let me explain.
Matter is discontinuous ; it consists of portions
with gaps between. You see this elearly
enough in the stars ; they are bodies separated
by wide, empty spaces, they are not massed
There must be & reason for this; the

1

reason {3 partly known, but is not easy: we
will be satisficd with the fact that it is so,
# . & &
Matter is full of discontinoity. The universe
sl mostly of ompty space : the portions of
mintter in space are all well separated fsom each
other in propgrtion to their size. Fire an
infinitely long.-range projectile into the sky
the chances are it will not hit anythi
KRelvin reckoned that the chance of hJHn
_'lll:\-'llll."l__‘: hl‘.' snch a |'-l'|_5¢|1!|-.- wiia about the
same fs the chanee of hitting a bird if you fired
& pun at random. That @ one of the first
things to realize about matter: there are great
gaps between its particles,
" ¥ " ¥

You may say that is all very well for the sky
and the stars and planets ; but what about the
earth ? What about a piece of roock, or furni.
ture, or any solid object ¥ Do you mean to say
that the particles of a body like that are widely
separated, with great spaces between them in
proportion to their size, and that a straight line
might penetrate them deeply withont encoun-
tering a particle 1

Yes, I do: that is what I mean by the dis-
continuity of matter. It is discontinuous on a
small scale a3 well as .on a large scale. It
does not appear so, but that is only becanse
our senses are not fine enough to tell na aboot
things on o small scale ; we can only see things
on & big scale.

. . - L ]

A microseope i# of some assistance, ‘hut
nothing like sufficient : no microscope, however
powerful, can show us an atom, etill less can it
show us how an atom is composed and how far
apart its ultimate particles are: we knaw this
otherwise and indirectly. It i, however,
common knowledge, now, that matter is built
up of minute electric charges, both negative and
positive, which are called electrons and protons.
It is also known that these electric units are so
extremely minate that they are separated from

(Continued overlealf.)
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one another like the planets in the solar system :
the greater part of the atom iz empty space, just
like tha HEJ' on a small gcale.  Or, more elearly,
if we could take a solid body and magnify it
sufficiently (which is impossible), we should see
it somoething like the night =ky.

Since the particles of matter are thus separated
from each other and never in contact, it wonld
eeem to follow that they were all independent of
cach other, disconnected, nothing waiting them
—the particles completely separated by emply
space, I there were nothing existent but
matter, that would be go: there would ba no
unification, no binding force, no family relation-
ship, nothing but separats, independent par-
ticles : that is what would happen if Bpace were
really empty, and the universe would not be a
cogmos, but a chaos,

The Force Between the Stars.

We know better than that ; we know that the
stars are not independent of cach other; they
are bound together into systoma: thero is a
unifying and conneeting foree between them
which ia called Gravitation, though it is not
understood, Hence the space between them
cannot be really empty ; the interspaces must
be filled up sommehow @ there must be something
which is without gaps, something really con-
tinuong, gomething which combines the whole
together, welding all the separate bodies into a

he samo thing is trog inside any solid body :
the separafed purtnlr'ﬁ mhr\ng1 Ih:\}r are unt
independent of each other ; there is no chaos to
be found anywhere. The solid has & definite
eize and shape ; and if it is o crystal, its shape
may ho beautiful and very definite.

There is evidently daw and- order reigning
among the particles: however great the inter-
stices between them, they must be full of aome-
thing : space is not really emply, thoogh it is
empty of matter. Matter cxists as separate
particles, here one, there another. But the
wniting ** something "' is not compoged of par-
ticles at all; it is confinuous: it unites the
particles with a force which ie known as Ceo-
kresion.

An Addition fo the Elements.

What you choose to call this unifying ** some-
thing ™ is of no copsequence. The Ancients
sametimes spoke of the * Ether,” possibly as an
addition to the uwsual four elements, and Sir
Isane Newton adopted this term for the officially
conneeting  medinm.  Tho optical medium
connects the partioles together into a solid or a
liguid, and the same modium connecta the
Heavenly Bodies together into systema and
plusters and constellations and neluls awd
the Milky Way.

All pieces of matler and all particles are
eonnected together by the ether and by nothing
vlee, In it they move [reely, and of it they
may be F‘ﬂll'Lpﬂu-(‘d We muat stody the kind of
ronnection between matter and sther,

An Unzalved Problem.

The particles cmbedded in the ether are not
independent of it, they are closely connected
with it, it is probahle that they are formed out
of it : they are not like graina of zand suspended
in water ; they secm more like minuto erystals
in a mother liquor. The mode of eonmection
between the particles oo the ether is not known ;
it is eamestly being eought: but the fact
that there is a ponvection has Been known a
long time. We know it, beeanse a particle
cannot quiver, or move, without disturbing the
medinm in which it iz, A bdat canmot escillate
on the surface of water withont sending off
waves or ripples; a bell cannot vibrate in air
withoot sending out waves of sound ; & particle
eanmot vibrate in ether without eending out
waves of light,

I|u o 1l
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Ho the secoud thing to learn about the ether
ia ita property of conmveying light. Tt eeems
curious to eall it & * second " property, becanse
historically it wae the first—the first discovered,
and the first on which attempts were made at
elaboration. The Physiczs of the early part
of the nineteenth eentury was almost wholly
occupied with it: the highest genius was
devoted to the theory of ether waves, and the
climax waa reached by Clerk Maxwell. The
whole of the immense Sciemea of Optica is
involved, and grew out of jt; but as with
everything else it is difficult completely to
underetand and to realize clearly what is
happening ; certain things ean be stated with
apparent simplieity, but the full explanation is
not yet attained,

The first and most definite fact, on which
there is conplete agrecment, is the rate at which
ether waves tmvel, the thing ordinarily called
* the velocity of light," This speed ia the most
fundamental and abeolute thing in the physical
universe, and it is evidently related to some
fundamental or con-
stitutional  velocity, i
the full meaning of
which haa =till to b
discovered, Mennwhili
we can make elemen-
tary statements aboul
whnt has heenobseryed
in conmection with it.

The speed s mess
ured by timing the
interval reguired by
light to travel a certain
easnred distance
whether it he
distanee measzured on
the carth or a yreater
distance measurnd in
the heavens, Tho resulte all and
there is mo doubt that all cther waves,
howaver elsa they differ, all travel at the same
pace, The apeed of light iz not enly the speed
of that by which we see things, but it is the
gpeed with which every disturbance travels in
the ether of space.

Such disturbances may be the great wavea
(akin, as it were, to Atlnntic rollers) which we
employ in radio telegraphy ; or they may be the
small ripples which, when they break upon the
ghore of matter, excite heat: or they may be the
minuter tremors which in enormous numbers
enter the eye and operate the curious receiving
mechanisgm there, =0 aa to disturh the nerves
and give us the sense of sight, or, by rearranging
the chemicals on a glass plate or film, ean
reproduce the likeness of the objects which have
emitted them ; or they may be the still minuter
tremors—small almost beyond imagination,
and beyond the power of any microscope to
utilize—fearfully rapid tremors ar ether vibra-
tions which can bo excited clectrically, in a
form which we know as X-rays. Bul whether
hig or small; they all iravel at the sume pace,
with a speed far beyond anything in our experi-
euce, & speed which it seems bnpossible even
for the ether to over-top.

Imagine a thread wrapped round the equator
of the world, crossing all the continents and
vecans and going right round the earth ; streteh
euch a thread out into & straight line, that iz the
distance which light can travel in the seventh
part of a second. To get the distance traversed
by light in one second, the thread would have to
be wrapped round the world seven times and
then stretehed out ; such o thread would reach
nenrly to the moon,

The light of the moon takes s second and a
quarter to reach the earth ; from the sn it takes
eight minutes ; frome the stars, even the bright
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stars, it takes yoars or even centuries;
some of the dim and distant objects reveal
in o lorge telegeope we see only as they were a
bundred thousand years ago. So immense is
tha sealo of the Universe !

All this is well and even popularly known ¢ the
difficulties do not lie here; they lie in deter-
mining the exact nature of the waves and the way
in which they are produced.  We have to work
by analogies for the most part,  As a vibrating
hell or string or tuning-fork exeites waves in the
wir, so o vibrating elsctron excites waves in the
eiher. The processes . are analogous, not
identical, and if we tried to enter into more
detail, we should get beyond our depth.

The Vehicle of Lighi.

Meanwhile, if ripplea sse travelling from di
tant cohjects, there must be something which is
rippling. You ocannot imagine space being
thrown inta vibration ; there must be qome lh:n_
in space which vibrates, and that * somethin
extends to the furthest visible object. This was
our firat ides of the ether of space: it is mor
than @ century old, and the argument was as
valid in 1825 aa it is to.day., The ether was
therefore called * the lnminiferous ether,” the
light-earrier, the vehiele of light. Not of light
only, but of every other link hetween the waorlds
and between the atoms ; the veliele of Gravita-
tion, as Sir [saad Nowton suspected ; the viehicle
of Cohesion too, as we now kpow ; the unifying
and eonnecting mechanism which  welds to-
gother tho disconnected atoms of matter and
makes cosmos ot of chaos,

However evagive the ethor is to our senses,
it is 4 great reality, and we alréady know some
thing definite about it.

These waves that we are now using will get 1o
the Antipodes, say, New Zealand, in the L14th
part of a second. How far will sound waves
travel i the same time & Bound i air takes
five seconds to go a mile. Consequently, in the
1-14th part of a second they go the 1-70th part
of a mile, which ia 25 yarda—that ia, to the back
of the hallin which I might be speaking.

Appalling Magnitudes,

Ether waves travel just about a million times
aa quickly as sound waves : consequently, if the
waved are of the same length, the vibrations
would be & million times aarapid.  But the ether
waves by which we see arc oot of the same
length : sound weves are a few feet in length,
whereas, & row of ten thousand lght waves is
only an inch long. Consequently, the rate of
vibration which the eye perceives is 5040 million
million per aeeond-—a guite incredible nomber

But in dealing with the Universe we must not
be afraid of large numbers: the magnitudes we
deal with are many of them appalling, some of
them appalling for size, others for smallness,
some for rapidity, othera for unknown and
mysterions properties, We have as yet but
!i[l[L'uuquLlill.lllJ'l.l,'r-w'li h the Universe:; sometimes
we seem to know a great deal, at other times w
realize that we hardly know anything.

The Mystery Which Surrounds Us.

Meanwhile, we grope along as hest we
can, and he is wisest who deniea leagt of the
mystery which swrreunds us and the possi-
bilities ahead.

To assert, requires knowledge ; to deny, re-
quires much mors k11nwfﬂ‘|ge. Let us be satie
fivd with positive knowledge, so far na it has hoen
vouchsafed to us, and lenve negations to the sclf-
sufficing and the omniscient. We can deny
the self-contradictory and the absurd, but in the
unkoown and the mysterious, denials have po
Jegitimata place ; owr huginess is carefully and
cantiously to ascertain what is. Weo are sur-
rounded by infinity, and the wealth of existence
is such a8 to justify & faith in our highest oon-
ceptiong, a hope in the possibilities which L
before us, and & chasity which enahles us to
do our daily work and fa love our fellow-men.




