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PREFACE

NVESTIGATION of the nature and proper-

ties of the Ether of Space has long been for
me the most fascinating branch of Physics, and
I welcome the opportunity of attempting to
make generally known the conclusions to which
I have so far been led on this great and perhaps
inexhaustible subject.

OLIVER LODGE.

UniversiTyY oF BiRMINGHAM,
March, 1909.
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INTRODUCTION

“Jo THER or ZEther (aiffp probably from

aifw I burn,) a material substance of a
more subtle kind than visible bodies, supposed
to exist in those parts of space which are ap-
parently empty.”

So begins the article, * Ether,”” written for the
ninth edition of the Encyclopedia Britannica, by
James Clerk-Maxwell.

The derivation of the word seems to indicate
some connection in men's minds with the idea of
Fire: the other three “*elements," Earth, Water,
Air, representing the solid, liquid, and gaseous
conditions of ordinary matter respectively. The
name [Ether suggests a far more subtle or pene-
trating and ultra-material kind of substance.

Newton employs the term for the medium
which fills space—not only space which appears
to be empty, but space also which appears to be

full; for the luminiferous ether must undoubtedly
xv



INTRODUCTION

penctrate between the atoms—must exist in the
pores so to speak—of every transparent sub-
stance, else light could not travel through it.
The following is an extract from Newton's
surmises concerning this medium :—

“Qu. 18. If in two large tall cylindrical
Vessels of Glass inverted, two little Thermo-
meters be suspended so as not to touch the
Vessels, and the Air be drawn out of one of
these Vessels, and these Vessels thus pre-
pared be carried out of a cold place into a
warm one; the Thermometer i vacue will
grow warm as much and almost as soon as
the Thermometer which is not in vacuo.
And when the Vessels are carried back into
the cold place, the Thermometer in vacuo
will grow cold almost as soon as the other
Thermometer. Is not the Heat of the warm
Room conveyed through the Vacuum by the
Vibrations of a much subtiler Medium than
Air, which after the Air was drawn out re-
mained in the Vacuum? And is not this
Medium the same with that Medium by
which Light is [transmitted], and by whose
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INTRODUCTION

resistance would be above foooooooo times
less than that of Water. And so small a
resistance would scarce make any sensible
alteration in the Motions of the Planets in
ten thousand Vears."

That the ether, if there be such a thing in
space, can pass readily into or through matter is
often held proven by tilting a mercury barom-
eter; when the mercury rises to fill the trans-
parent vacuum. Everything points to its uni-
versal permeance, if it exist at all.

But these, after all, are antique thoughts.
Electric and Magnetic information has led us
beyond them into a region of greater certainty
and knowledge; so that now I am able to advo-
cate a view of the Ether which makes it not only
uniformly present and all-pervading, but also
massive and substantial beyond conception. It
is turning out to be by far the most substantial
thing—perhaps the only substantial thing—in
the material universe. Compared to ether the
densest matter, such as lead or gold, is a filmy
gossamer structure; like a comet's tail or a milky
way, or like a salt in very dilute solution,
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INTRODUCTION

To lead up to and justify the idea of the real-
ity and substantiality, and vast though as yet
largely unrecognized importance, of the Ether of
Space, the following chapters have been written.
Some of them represent the expanded notes of
lectures which have been given in various places
—chiefly the Royal Institution; while the first
chapter represents a lecture before the Ashmo-
lean Society of the University of Oxford in June,
1889. Une chapter (viz., Chap. II) has already
been printed as part of an appendix to the third
edition of Moders Views of Eleciricity, as well as
in the Fortnightly and North American Reviews;
but no other chapters have yet been published,
though parts appear in more elaborate form in
Proceedings or Transactions of learned societies.

The problem of the constitution of the Ether,
and of the way in which portions of it are modi-
fied to form the atoms or other constituent units
of ordinary matter, has not yet been solved.
Much work has been done in this direction by
various mathematicians, but much more re-
mains to be done. And until it is done, some
scepticism is reasonable—perhaps laudable.
Meanwhile there are few physicists who will
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INTRODUCTION

dissent from Clerk-Maxwell's penultimate sen-
tence in the article ** Ether,"” of which the be-
ginning has already been quoted:—

“Whatever difficulties we may have in
forming a consistent idea of the constitution
of the ®ther, there can be no doubt that the
interplanetary and interstellar spaces are
not empty, but are cccupied by a material
substance or body, which is certainly the
largest, and probably the most uniform
body of which we have any knowledge.”
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THE ETHER OF SPACE

THE LUMINIFEROUS ETHER AND THE
MODERN THEORY OF LIGHT

HE oldest and best known function for an

ether is the conveyance of light, and hence
the name “luminiferous” was applied to it;
though at the present day many more functions
are known, and more will almost certainly be
discovered.

To begin with, it is best to learn what we can
concerning the properties of the Intersiellar
Ether from the phenomena of Light.

For now well-nigh a century we have had
a wave theory of light; and a wave theory of
light is quite certainly true. It 1s directly
demonstrable that light consists of waves of some
kind or other, and that these waves travel at a
certain well-known velocity, achieving a distance
equal to seven times the circumference of the
earth every second; from New York to London
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THE ETHER OF SPACE

The old and familiar operation of charging a
Leyden jar— the storing up of energy in a
strained dielectric—any electrostatic charging
whatever—is quite analogous to the drawing
aside of our flexible spring. It is making use of
the elasticity of the ether to produce a tendency
to recoil. Letting go the spring is analogous to
permitting a discharge of the jar—permitting
the strained dielectric to recover itself—the
electrostatic disturbance to subside.

In nearly all the experiments of electrostatics
etherial elasticity is manifest,

Next consider inertia. How would one illus-
trate the fact that water, for instance, possesses
inertia—the power of persisting in motion
apaingt obstacles—the power of possessing
kinetic energy? The most direct way would
be to take a stream of water and try suddenly
to stop it. Open a water-tap freely and then
suddenly shut it. The impetus or momentum
of the stopped water makes itself manifest by a
violent shock to the pipe, with which everybody
must be familiar. This momentum of water is
utilised by engineers in the “water-ram."

A precisely analogous experiment in Electricity
is what Paradauy caled "“the extra current.”
Send a current through a coil of wire round a
piece of iron, or take any other arrangement for
developing powerful magnetism, and then sud-
denly stop the current by breaking the circuit.
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A CONNECTING MEDIUM

statement of a fact or law in terms of something
with which daily life has made us familiar. We
are all chiefly familiar, from our youth up, with
two apparently simple things, motion and force.
We have a direct zense for both these thinga. We
do not understand them in any deep way, prob-
ably we do not understand them at all, but we
are accustomed to them. Motion and force are
our primary objects of experience and con-
sciousness; and in terms of them all other less
familiar cccurrences may conceivably be stated
and grasped. Whenever a thing can be so
clearly and definitely stated, it is said to be ex-
plained, or understood, we are said to have “a
dynamical theory™ of it. Anything short of
this may be a provisional or partial theory, an
explanation of the less known in terms of the more
known, but Motion and Force are postulated in
physics as the completely known: and no at-
tempt is made to press the terms of an explana-
tion further than that. A dynamical theory is
recognized as being at once necessary and
sufficient.

Now, it must be admitted at once that of very
few things have we at present such a dynamical
explanation. We have no such explanation of
matter, for instance, or of gravitation, or of
electricity, or ether, or light. It is always con-
ceivable that of some such things no purely
dynamical explanation will ever be forthcoming,
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A CONNECTING MEDIUM

and other or foreign lumps of matter; and we
use the first portion as a measure of the extent
of the second. The human body is our standard
of size. We proceed also to subdivide our idea
of matter—according to the varieties of resist-
ance with which it appeals to our muscular
sense—into four different states, or “elements, "
as the ancients called them-—uiz., the solid, the
liquid, the gaseous, and the ethereal. The
registance experienced when we encounter one
or other of these forms of material existence
varies from something very impressive—the
solid ; through something nearly impalpable—
the gaseous ; up to something entirely imagina-
tive, fanciful, or inferential—wiz., the ether.
The ether does not in any way affect our sense
of touch (i.., of force); it does not resist motion
in the slightest degree. Not only can our bodies
move through it, but much larger bodies, planets
and comets, can rush through it at what we are
pleased to call a prodigious speed (being far
greater than that of an athlete) without showing
the least sign of friction. I myself, indeed, have
designed and carried out a series of delicate
experiments to see whether a whirling mass of
iron could to the smallest extent grip the ether
and carry it round, with so much as a thousandth
part of its own velocity. These shall be de-
scribed further on, but meanwhile the result
arrived at is distinct. The answer is, no; I

Ig



THE ETHER OF SPACE

cannot find a trace of mechanical connection
between matter and ether, of the kind known
as viscosity or friction.

Why, then, if it is so impalpable, should we
assert its existence? May it not be a mere
fanciful speculation, to be extruded from physics
as soon as possible? If we were limited for our
knowledge of matter to our sense of touch, the
question would never even have presented itself;
we should have been simply ignorant of the
ether, as ignorant as we are of any life or mind
in the universe not associated with some kind
of material body. But our senses have attained
a higher stage of development than that. We
are conscious of matter by means other than its
resisting force. Matter acts on one small por-
tion of our body in a totally different way, and
we are said to laste it. Even from a distance it
ig able to fling off small particles of itself sufficient
to affect another delicate sense. Or again, if it
is vibrating with an appropriate frequency, an-
other part of our body responds; and the uni-
verse is discovered to be not silent but eloquent
to those who have ears to hear. Are there any
more discoveries to be made? VYes; and already
some have been made. All the senses hitherto
mentioned speak to us of the presence of or-
dinary matter—gross matter, as it is sometimes
called—though when appealing to our sense of
smell, and more especially to a dog's sense of
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A CONNECTING MEDIUM

But it is transmitted; for it takes time on the
journey, travelling at a well-known and definite
speed; and it is a quivering or periodic disturb-
ance, falling under the general category of
wave-motion. Nothing is more certain than
that. No physicist disputes it. Newton him-
self, who is commonly and truly asserted to
have promulgated a rival theory, felt the ne-
cessity of an ethereal medium, and knew that
light consisted essentially of waves.

Sight.

A small digression here, to avoid any possible
confusion due to the fact that I have purposely
associated together temperature nerves and sight
nerves. They are admittedly not the same,
but they are alike in this, that they both afford
evidence of radiation; and, were we blind, we
might still know a good deal about the sun, and
if our temperature nerves were immensely in-
creased in delicacy (not all over, for that would
be merely painful, but in some protected region),
we might even learn about the moon, planets,
and stars. In fact, an eye, consisting of a pupil
(preferably a lens) and a sunken cavity lined
with a surface sensitive to heat, could readily be
imagined, and might be somewhat singularly
effective. It would be more than a light recorder;
it could detect all the ethereal quiverings caused
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THE ETHER OF SPACE

by surrounding objects, and hence would see
perfectly well in what we call " the dark.” But
it would probably see far too much for con-
venience, since it would necessarily be affected
by every kind of radiation in simple proportion
to its energy; unless, indeed, it were provided
with a supply of screens with suitably selected
absorbing powers. But whatever might be the
advantage or disadvantage of such a sense-
organ, we as yet do not possess one. Our eye
does not act by detecting heat; in other words,
it is not affected by the whole range of ethereal
quiverings, but only by a very minute and
apparently insignificant portion. It wholly
ignores the ether waves whose frequency is
comparable with that of sound; and, for thirty
or forty octaves above this, nothing about us
responds; but high up, in a range of vibration
of the inconceivably high pitch of four to seven
hundred million million per second-—a range
which extremely few accessible bodies are able
to emit, and which it requires some knowledge
and skill artificially to produce—to those waves
the eye is acutely, surpassingly, and most in-
telligently sensitive.

This little fragment of total radiation is in
itself trivial and negligible. Were it not for
men, and glow-worms, and a few other forms of
life, hardly any of it would ever occur, on such a
moderate-sized lump of matter as the earth.
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THE ETHER OF SPACE

readily admit that to hit a squatting rabbit from
a moving train you must aim behind it.

These are examples of what may be called
“aberration’ from the sender’s point of view,
from the point of view of the source. And the
aberration, or needful divergence, between the
point aimed at and the thing hit has opposite
sign in the two cases—the case when receiver is
moving, and the case when source is moving.
Hence, if both be moving, it is possible for the
two aberrations to neutralize each other. So to
hit a rabbit running alongside the train you must
aim straight at it.

If there were no air, that is all simple enough.
But every rifleman lnows to his cost that
though he fixes both himself and his target
tightly to the ground, so as to destroy all
aberration proper, yet a current of air is very
competent to introduce a kind of spurious
aberration of its own, which may be called wind-
age; and that he must not aim at the target if
he wants to hit it, but must aim a little in the
eye of the wind.

S0 much from the shooter's point of view.
Now attend to the point of view of the target.

Consider it made of soft enough material to be
completely penetrated by the bullet, leaving a
longish hole wherever struck. A person behind
the target, whom we may call a marker, by
applying his eve to the hole immediately after
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INFLUENCE OF MOTION

the hit, may be able to look through it at the
shooter, and thereby to spot the successful man,
I know that this is not precisely the function of
an ordinary marker, but it is more complete
than his ordinary function. All he does usually
is to signal an impersonal hit; some one else has to
record the identity of the shooter. 1 am rather
assuming a volley of shots, and that the marker
has to allocate the hits to their respective sources
by means of the holes made in the target.

Well, will he do it correctly? Assuming, of
course, that he can do so if everything is station-
ary, and ignoring all curvature of path, whether
vertical or horizontal curvature. TIf you think
it over you will perceive that a wind will not
prevent higs doing it correctly; the line of hole
will point to the shooter along the path of his
bullet, though it will not point along his line
of aim. Also, if the shots are fired from a mov-
ing ship, the line of hole in a stationary target
will point to the position the gun occupied at the
instant the shot was fired, though it may have
moved since then. In neither of these cases
(moving medium and moving source) will there
be any error.

But if the farget is in motion, on an armoured
train for instance, then the marker will be at
fault. The hole will not point to the man who
fired the shot, but to an individual ahead of him.
The source will appear io be displaced n the
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THE ETHER OF SPACE

direction of the observer's mofion. This is com-
mon aberration. It is the simplest thing in
the world. The easiest illustration of it is that
when you run through a vertical shower, you tilt
your umbrella forward; or, if you have not got
one, the drops hit you in the face; more ac-
curately, your face as you run forward hits the
drops. So the shower appears to come from a
cloud ahead of you, instead of from one over-
head.

We have thus three motions to consider, that
of the source, of the receiver, and of the medium;
and, of these, only motion of receiver is able to
cause an aberrational error in fixing the position
of the source.

So far we have attended to the case of pro-
jectiles, with the object of leading up to light.
But light does not consist of projectiles, it con-
gists of waves; and with waves matters are a
little different. Waves crawl through a medium
at their own definite pace; they cannot be flung
forward or sideways by a moving source; they
do not move by reason of an initial momentum
which they are gradually expending, as shots
do; their motion is more analogous to that of a
bird or other self-propelling animal, than it is to
that of a shot. The motion of a wave in a
moving medium may be likened to that of
‘a trowing-boat on a river. It crawls forward
with the water, and it drifts with the water;
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INFLUENCE OF MOTION

which in the projectile case (Fig. 1) it did
not.

The case of a revolving lighthouse, emitting
long parallel beams of light and brandishing
them rapidly round, is rather interesting. Fig. 3
may assist the thinking out of this case. Suc-
cessive disturbances A, B, C, D, lie along a spiral
curve, the spiral of Archimedes; and this is the
shape of the beams, as seen illuminating the dust
particles, though the pitch of the spiral is too
gigantic to be distinguished from a straight line.
At first sight it might seem as if an eye looking
along those curved beams would see the light-
house slightly out of its true position:; but it is
not 8o. The true rays or actual paths of each
disturbance are truly radial; they do not coincide
with the apparent beam. An eve looking at
the source will not look tangentially along the
beam, but will look along A 8, and will see the
source in its true position. It would be other-
wise for the case of projectiles from a revolving
turret.

Thus, neither translation of star nor rotation
of sun can affect direction. There is no aberra-
tion so long as the receiver is stationary.

But what about a wind, or streaming of the
medium past source and receiver, both station-
ary? Look at Fip. 1 again, Suppose a row
of stationary cannon firing shots, which get
blown by a cross wind along the slant 1 A Y
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THE ETHER OF SPACE

(neglecting the curvature of path which would
really exist): still the hole in the target fixes the
gun's true position, the marker looking along
Y A sees the gun which fired the shot. There is
no true deviation from the point of view of the
receiver, provided the drift is uniform every-
where, although the shots are blown aside and
the target is not hit by the particular gun aimed
at it.

With a moving cannon combined with an op-
posing wind, Fig. 1 would become very like Fig. a.

(N.B.—The actual case, even without com-
plication of spinning, etc., but merely with the
curved path caused by steady wind-pressure, is
not so simple, and there would really be an
aberration or apparent displacement of the
source toward the wind's eye: an apparent
exaggeration of the effect of wind shown in the
diagram.)

In Fig. 2 the result of a wind is much the same,
though the details are rather different. The
medium is supposed to be drifting downward,
across the field. The source may be taken as
stationary at 8. The horizontal arrows show the
direction of waves #n the medium; the dotted
slant line shows their resultant direction. A
wave centre drifts from D to 1 in the same time
as the disturbance reaches A, travelling down
the slant line D A. The angle between dotted
and full lines is the angle between ray and wave

40












THE ETHER OF SPACE

aberration angle, which in Chap. X we denote

E.

Fig. 6 shows normal reflection for the case of
a moving medium. The mirror M reflects light
received from 5, to a point 5, just in time to
catch the source there if that is moving with the
medium,

Parenthetically, I may gay that the time taken
on the double journey, 5; M 5;, when the medium
15 moving, is not quite tht: same as the double
]Durney 5 M 5, when all is stationary; and that
this is the principle of Michelson's great experi-
ment; which must be referred to later.

Fic. 6.—Normal Reflection in Moving Medium.

The angle M 5 X is the angle @ in the theory of Michelson's
experiment described in Chapter IV,

The ether stream we speak of is always to be
considered merely as one relative to matter. Ab-
solute velocity of matter means veloeity through
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INFLUENCE OF MOTION

the ether—which is stationary. If there were
no such physi¢al standard of rest as the ether—
if all motion were relative to matter alone—then
the contention of Copernicus and Galileo would
have had no real meaning.
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EXPERIMENTS ON THE ETHER

ether, no plane of slip, no quicker motion even
in some regions than in others. For (referring
back to the remarks preceding Fig. 4) if the ether
in receiver is stagnant while outside it is moving,
a wave which has advanced and drifted as far ag
the telescope will cease to drift as soon as it gets
inside, but will advance simply along the wave
normal. And in general, at the boundary of
any such change of motion a ray will be bent,
and an observer looking along the ray will
see the source not in its true position, not
even in the apparent position appropriate to
his own motion, but lagging behind that po-
sition,

Such an aberration as this, a lag or negative
aberration, has never yet been observed; but if
there is any slip between layers of ether, if the
earth carries any ether with it, or if the ether,
being in motion at all, is not equally in motion
everywhere throughout every transparent sub-
stance, then such a lag or negative aberration
must occur: in precise proportion to the amount
of the carriage of ether by moving bodies
icf. p. 63).

On the other hand, if the ether behaves as a
perfectly frictionless inviscid fluid, or if for any
other reason there iz no rub between it and
moving matter, so that the earth carries no
ether with it at all, then all rays will be straight,
aberration will have its simple and well-known
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(2) Change or apparent change in frequency;
observed by spectroscope, and called Doppler
effect.

(3) Change or apparent change in time of
journey; observed by lag of phase or shift of
interference fringes.

(4) Change or apparent change in intensity;
observed by energy received by thermopile.

What we have arrived at so far is the fol-
lowing .—

Motion of either source or receiver can alter
frequency; motion of receiver can alter apparent
direction ; motion of the medium can do neither.

But the gquestion must be asked, can it not
hurry a wave so as to make it arrive out of phase
with another wave arriving by a different path,
and thus produce or modify interference effects?

Or again, may it not carry the waves down
streamn more plentifully than up stream, and
thus act on a pair of thermopiles, arranged fore
and aft at equal distances from a source, with
unequal intensity ?

And once more, perhaps the laws of reflection
and refraction in a moving medium are not the
game as they are if it be at rest. Then, more-
over, there is double refraction, coloirs of thin
plates and thick plates, polarisation angle, ro-
tation of the plane of polarisation; all sorts of
optical phenomena that need consideration.
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It may have to be admitted, perhaps, that in
empty space the effect of an ether drift is dif-
ficult to detect, but will not the presence of
dense matter—especially the passage through
dense transparent matter—make the detection
easier? So a great number of questions arise,
all of which have been, from time to time, seri-
ously discussed.

Interference.

As an instance of such discussion, consider
No. 3 of the phenomena tabulated above. I
expect that every reader understands inter-
ference, but I may just briefly say that two
similar sets of waves "interfere” whenever and
wherever the crests of one set coincide with and
obliterate the troughs of the other set. Light
advances in any given direction when crests in
that direction are able to remain crests, and
troughs to remain troughs. But if we contrive
to split a beam of light into two halves, to send
them round by different paths, and make them
meet again, there is no guarantee that crest will
meet crest and trough trough; it may be just
the other way in some places, and wherever that
opposition of phase occurs there there will be
local obliteration or *'interference.”” Two re-
united half-beams of light may thus produce
local stripes of darkmess, and these stripes are
called interference bands.
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THE ETHER OF SPACE

It is not to be supposed that there is any
destruction of light, or any dissipation of energy:
it is merely a case of redistribution,

The bright parts are brighter just in propor-
tion as the dark parts are darker. The screen is
illuminated in stripes and no longer uniformly,
but its total illumination is the same as if there
were no interference.

ProjecTioN 0P INTERFERENCE BANDS.

It is not easy to project these interference
bands on a screen so as to make them visible
to an audience, partly because the bands or
stripes of darkness are exceedingly narrow,;
indeed, I had not previously seen the experiment
attempted. But by means of what I call an
interference kaleidoscope, consisting of two
mirrors set at an angle with a third semi-trans-
parent mirror between them, it is possible to
get the bands remarkably clear and bright, so
that they can readily be projected: and I showed
these at a lecture to the Royal Institution of
Great Britain in 18ga.

Each mirror is mounted on a tripod with
adjustable screw feet, which stand on a thick
iron slab, which again rests on hollow india-
rubber balls. Looking down on the mirrors the
plan is as in the diagram Fig. %, which indicates
sufficiently the geometry of the arrangement,
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A parallel beam from an electric lantern, when
thus treated, depicts bright and broad inter-
ference bands on a screen.  And the arrangement
is very little sensitive to disturbance, because
the paths of the two halves of the beam are
identical, and because of the mounting. A
piece of good glass can be interposed without
disturbance, and the table can be struck a heavy
blow without confusing the bands.

The only regular and orderly way of causing a
shift of the bands is to accelerate one half of the
beam and to retard the other half by moving a
transparent substance along the contour. For
instance, let the sides of the triangle A B C, or
one of them, consist of a tube of water in which
a tapid stream is maintained; then the stream
has a chance of accelerating one half the beam
and retarding the other half, thereby shifting
the fringes from their normal position by a
measurable amount. This is the experiment
made in 1850 by Fizeau. (Appendix 3.)

Now that most interesting and important, and
I think now well-known, experiment of Fizeau
proves quite simply and definitely that if light
be sent along a stream of water, travelling inside
the water as a transparent medium, it will go
quicker with the current than against it

You may say that is only natural; a wind
assists sound one way and retards it the opposite
way. Yes, but then sound travels in air; and
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EXPERIMENTE ON THE ETHER

wind is a bodily transfer of air; hence, of course,
gives the sound a ride. Whereas light does not
really travel in water, but always in ether; and
it iz by no means obvious whether a stream of
water can help or hinder it. Experiment decides,
however, and answers in the affirmative. It
helps it along with just about half the speed of
the water; not with the whole speed, which is
curious and important, and really means that
the moving water has no effect whatever on
the ether of space, though we must defer ex-
plaining how this comes about. Suffice for
present purposes the fact that the wvelocity
of light inside moving water, and therefore
presumably inside all transparent matter, is
altered to some extent by motion of that
matter.

Does not this fact afford an easy way of de-
tecting a motion of the earth through the ether?
Every vessel of stagnant water is really travel-
ling along through the ether at the rate of nine-
teen miles a second. Send a beam of light
through it one way, and it will be hurried; its
velocity, instead of being 140,000 miles a second,
will be 140,000 miles. Send a beam of light the
other way, and its velocity will be 139,901; just
as much less. Bring these two beams together;
surely some of their wave-lengths will interfere.
M. Hoek, Astronomer at Utrecht, tried the ex-
periment in this very form; here is a diagram of
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his apparatus (Fig. 8). Babinet had tried an-
other form of the experiment previously. Hoek
expected to see interference bands from the two
half-beams which had traversed the water, one

4
E
Fio. 8.—Hoek's arrangement.
ﬁalhht!mmmmtﬂumﬂmmdmumtﬂvﬂhﬂthmgh

i water and half throogh sir on its direct joormey, the path
m‘n verted on the return journey, after wheh it mrerl'r.h: eye,

in the direction of the earth’'s motion and the
other against it. But no interference bands
were seen. The experiment gave a negative
result.

An experiment, however, in which nothing is
seen is never a very satisfactory form of a nega-
tive experiment ; it is, as Mascart calls it, * doubly
negative,” and we require some guarantee that
the conditions were right for seeing what might
really have been in some sort there. Hence
Mascart and Jamin's modification of the experi-
ment is preferable (Fig. g). The thing now
looked for is a shift of already existing inter-
ference bands, when the above apparatus is
turned so as to have different aspects with re-
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treating all wave-lengths alike; he looked at the
deviated image of a star, not at its dispersed
image or spectrum—else he might have detected
the change-of-frequency-effect due to motion of
source or receiver first actually seen by Sir W.
Huggins. I do not think Arago would have seen
it, because I do not suppose his arrangements
were delicate encugh for that very small effect;
but there is no error in the conception of his
experiment, as Professor Mascart has inadver-
tently supgested there was,

Then Maxwell repeated the attempt in a much
more powerful manner, a method which could
have detected a very minute effect indeed, and
Mascart has also repeated it in a simple form.
All are absolutely negative.

Well, then, what about aberration? If one
looks through a moving stratum, say a spinning
glass disk, there ought to be a shift caused by
the motion (see Fig. 4). That particular ex-
periment has not been tried, but I entertain no
doubt about its result, though a high speed and
considerable thickness of glass or other medium
would be necessary to produce even a microscopic
apparent displacement of objects seen through it.

But the speed of the earth is available, and the
whole length of a telescope tube may be filled
with water; surely that is enough to displace
rays of light appreciably.

Sir George Airy tried it at Greenwich on a star,
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with an appropriate zenith-sector full of water,
Stars were seen through the water-telescope
precisely as through an air telescope. A nega-
tive result again! (The theory is fully dealt
with in Chapter X and Appendix 3.)

Stellar observations, however, are un-
necessarily difficult. Fresnel had pointed out
that a terrestrial source of light would do just
as well. He had also (being a man of excesding
genius) predicted that nothing would happen.
Hoek has now tried it in a perfect manner and
nothing did happen.

But these facts are not at all disconcerting;
they are just what ought to be anticipated, in the
light of true theory. The absence of all effect
caused by stagnant dense matter inserted in the
path of a beam of light, that is of dense transpar-
ent matter not artificially moved with reference
to the earth—or rather with reference to source
and receiver—is explicable on Fresnel's theory
concerning the behaviour of ether inside matter.

If the index of refraction of the matter is called
p, that means that the speed of light inside it is
ith of the speed outside or in vacuo. And that
135 only another way of saying that the virtual
etherial density inside it is represented by %
since the velocity of waves is inversely as the
square root of the density of the medium which
conveys them; the elasticity being reckoned as
constant, and the same inside as out.
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But then if the ether is imcompressible its
density must really be constant, so how can it
be denser inzide matter than it is outside? The
answer is that presumably the ether is not really
extra dense, but is, as it were, loaded by the
matter. The atoms of matter, or the constituent
electrons, must be presumed to be shaken by the
passage of the waves of light, as they obviously
are in fluorescent substances; and accordingly
the speed of propagation will be lessened by the
extra loading which the waves encounter. It
15 not a real increase of density, but a virtual
increase, which is really due to the addition of a
certain fraction of material inertia to the inertia
of the ether itself. The density of ether out-
gide being 1, and that of the loaded ether inside
being p*, the effect of the load is expressible as
p*—1,while the free ether isthe sameinside as out.

Suppose now that the matter is moved along.
The extra loading, being part of the matter, of
course travels with it, and thereby affects the
speed of light to the extent of the load—that is
to say, by an amount proportional to p*—1 as
contrasted with u

Th.is.1 is Fresnel's predicted ratio (u'—1): 4%,
or 1—_,?; and in Pizeau's experiment with run-
ning water—especially as repeated later, with
modern accuracy, by Michelson—this represents
exactly the amount of observed effect upon the
light.
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But if, instead of running water, stagnant
water iz used—that is stationary with respect
to the earth, though still moving wviolently
through the ether—then the (p"—1) effect of
the load will be fixed to the matter, and can pro-
duce no extra or motile effect. The only part
that could produce an effect of that kind would
be the free ether, of density 1. But then this—
on the above view—is absolutely stationary, not
being carried along by the earth at all; hence this
can give no effect either. Consequently the
whole effect of an ether-drift past the earth is
zero, on optical experiments, according to the
theory of Fresnel; and that is exactly what all
the experiments just described have confirmed.

Since then Professor Mascart, with great per-
tinacity, has attacked the phenomena of thick
plates, Newton's rings, double refraction, and
the rotatory phenomenon of quartz; but he has
found absolutely nothing attributable to a
stream of ether past the earth.

The only positive result ever supposed to be
attained was in a wvery difficult polarisation
observation by Fizeau in 1859. Unless this has
been repeated, it is safest to ignore it; but I
believe that Lord Rayleigh has repeated it, and
obtained a negative result.

Fizeau alzo sugpested, but did not attempt,
what seems an easier experiment, with fore and
aft thermopiles and a source between them, to
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obeerve the drift of a medium by its convection
of energy; but arguments based on the law of
exchanges' tend to show, and do show as I think,
that a probable alteration of radiating power
due to motion through a medium would just
compensate the effect otherwise to be expected.

We may summarise most of these statements
as follows:—

Summary.

A real and apparent change of

wave-length.
Source  alone 1A real but not apparent error

moving pro- / in direction.
duces . . . |No lag of phase or change of
intensity, except that ap-
propriate to altered wave-

length,

No change of frequency.

No error in direction.

A real lag of phase, but un-
detectable without control
over the medium.

A change of intensity corre-
sponding to different dis-
tance, but compensated by
change of radiating power.

Medium  alone
moving, or
source and
Teceiver mov-
iﬂg tugﬂthﬂh
produces . . .

! Lord Rayleigh, * Nature,'" March a5, 18g2.
ba
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An apparent change of wave-
length,

Receiver alone }Anapparenterrorin direction.
moving pro- { No change of phase or of in-
duces . . . tensity, except that appro-

priate to different virtual
velocity of light.

I may say, then, that not a single optical phe-
nomenon is able to show the existence of an ether
stream near the earth. All optics go on precise-
ly as if the ether were stagnant with respect to
the earth.

Well, then, perhaps it 4s stagnant. The ex-
periments [ have quoted do not prove that it is
go. They are equally consistent with its perfect
freedom and with its absolute stagnation,
though they are not consistent with any in-
termediate position. Certainly, if the ether
were stagnant nothing could be simpler than
their explanation.

The only phenomena then difficult to explain
would be those depending on light coming from
distant regions through all the layers of more or
less dragged ether. The theory of astronomical
aberration would be seriously complicated; in its
present form it would be upset (p. 47). Butitis
never wise to control facts by a theory; it is bet-
ter to invent some experiment that will give a
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different result in stagnant and in free ether.
None of those experiments so far described are
really discriminative. They are, az [ say, con-
sistent with either hypothesis, though not very
obviously so.

B
—0

- ﬂc
A
L)
Fie. 10.—The course of the light and of the two half
beams in Michelson's most famous experiment.

t toward B
mthhtli?ltc“au;‘?ﬁ[lm wm lﬁidhckth-nﬂur

Michelson Experiment.

Mr. Michelson, however, of the United States,
invented a plan that looked as if it really would
discriminate; and, after overcoming many diffi-
culties, he carried it out. It is described in the
Philosophical Magazine for 1887.

Michelson's famous experiment consists in
looking for interference between two half beams
of light, of which one has been sent to and fro
across the line of ether drift, and the other has
been sent to and fro alemg the line of ether drift.
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Theory of Michelson Experiment.

The theory of the Michelson experiment can
be expressed thus: its optical diagram being the
same ag ig expressed geometrically in Fig. 6.

If a relatively fixed source and receiver move
through the ether with velocity %, such that
#/v=g the aberration constant; then the time
of any to-and-fro journey § M, inclined at angle
8 to the direction of the drift, is increased,
above what it would be if there were no drift,
in the ratio

¥ (1 — alsin’)

1=-a?

This follows from merely geometrical consider-
ations.

Hence if a ray is eplit, and half sent so that
=0 while the other half is sent so that #=go
(as in Fig. 10), the one will lag behind the other
by a distance 4a® times the distance travelled;
which, though very small, may be a perceptible
fraction of a wave-length, and therefore may
causa a perceptible shift of the bands.

But when the experiment is properly per-
formed, no such shift is observed.

The experiment thus seems to prove that
there is no motion through the ether at all, that
there is no etherial drift past the earth, that the
ether immediately in contact with the earth is
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with a space between. Mount the system on a
vertical axis, and spin it like a teetotum as fast
as it will stand without flying to pieces. Then
take a parallel beam of light, split it into two
by a semi-transparent mirror, M, a piece of glass
silvered so thinly that it lets half the light through
and reflects the other half, somewhat as in Fig.
7: and send the two halves of this split beam
round and round in opposite directions in the
space between the disks. They may thus travel
a distance of 20 or 3o or 4o feet. Ultimately
they are allowed to meet and enter a telescope.
If they have gone quite identical distances
they need not interfere, but usually the dis-
tances will differ by a hundred-thousandth of an
inch or so, which is quite enough to bring about
interference.

The mirrors which reflect the light round and
round between the disks are shown in Fig. 11,
If they form an accurate square the last two
images will coincide, but if the mirrors are the
least inclined to one another at any unaliquot
part of 360° the last image splits into two, as in
the kaleidoscope is well known, and the in-
terference bands may be regarded as resulting
from those two sources. The central white band
bisects normally the distance between them, and
their amount of separation determines the width
of the bands. There are many interesting op-
tical details here, but T shall not go into them.

7I


















SPECIAL EXPERIMENT

The conclusion at which I arrived in 18g2 and
1893 is thus expressed (p. 7499 of vol. 184 Philo-
sophical Transactions of the Royal Society):
"I feel confident either that the ether between
the disks is quite unaffected by their motion,
or, if affected at all, by something less than
the thousandth part. At the same time, so far
as rigorous proof is concerned, I should prefer
to assert that the velocity of light between two steel
plates moving together in their oum plane an inch
apart is not increased or diminished by so much as
the wth part of their velocity.

That was the conclusion in 18g3; but since
then observations have been continued, and it is
now quite safe to change the sth into geth.
The spin was sometimes continued for three
hours to see if an effect developed with time;
and many other precautions were taken, as briefly
narrated in the Philosophical Transactions for
18g7.

The following illustrations give an idea of the
apparatus employed :

Fig. 12 shows a photograph of the whirling
machine before being bolted down to its stone
pier; with the pair of disks at top ready to be
whirled by an armature on the shaft, which iz
supplied with a current sometimes of nine horse-
power. The armature winding was of low re-
sistance, and was specially braced, so as to give
high speed without flying out, and without
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generating too much back-E M F. The ampere-
meter and volt-meter and the carbon rheostat
(in armature circuit), for regulating the speed,
are plainly seen. The smooth pulley on the
shaft is for applying a brake. The small disk
above it is perforated to act as a syren for es-
timation of speed; but other arrangements for
this purpose were subsequently added. The
two large disks at top were of the best circular-
saw steel; they are somewhat thicker at middle
than at edge, and are strongly bolted up be-
tween iron cheeks, which are attached to the
shaft. The lower end of the shaft is a step-
bearing of hardened steel in a vessel of oil. The
upper collar is elastic, 50 as to allow for a steady-
ing teetotum action at high speeds.

Fig. 13 is a photograph of the optical square,
which was ultimately to be placed in position
surrounding the disks. The slit and collimator
are shown; the micrometer end of the observing
telescope is out of the picture,

The mirrors on the sides of the square are
accurately plane; they are adjustable on geo-
metric principles, and are pressed against their
bearings by strong spiral springs. They were
made by Hilger.

A drawing of the arrangement is given in Fig.
14, and here the double micrometer eyepiece is
vigible,

In Fig. 15 the whole apparatus is shown
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SPECIAL EXPERIMENT

is really caused in the ether by a magnetic field;
but if so, the ether must be regarded as o ex-
cessively dense that the amount of such a drift
for any practicable magnetic field seems almost
hopelessly beyond experimental means of de-
tection.
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VI

ETHERIAL DENSITY

HIS leads us to enter upon the gquestion of

whether it is possible to determine with any
approach to accuracy the actual density or mas-
siveness of the ether of space, compared with
those forms of matter to which our senses have
made us accustomed.

The arguments on which an estimate may be
made of the density or massiveness of the ether
as compared with that of matter depend on the
following considerations, the validity of which
again is dependent upon an electrical theory of
matter. In this theory, or working hypothesis,
an assumption has to be made: but it is one for
which there is a large amount of justification, and
the reasons for it are given in many books—
among others in my book on Electrons, and like-
wise at the end of the new edition of Modern
Views of Electricity, also in my Romanes Lecture,
published by the Clarendon Press in 1g9o03. Put
briefly, the assumption is that matter is com-
posed, in some way or other, of electrons; which
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But without repeating arguments here, it will
suffice to say that although the estimates may
be made in various ways, differing entirely from
each other, yet the resulting differences are only
slight; the calculated densities come out all of
the same order of magnitude—namely, some-
thing comparable to 10" c.g.5. units; that is to
say, a million million grammes per cubic centi-
meter, or, in other words, a thousand toms to
the cubic millimeter,

But, throughout, we have seen reason to assert
that the ether is incompressible; arguments for
this are given in Modern Views of Electricity,
Chapter 1. And, indeed, the fundamental
medium filling all space, if there be such, must,
in my judgment, be ultimately incompressible;
otherwise it would be composed of parts, and
we should have to seek for something still more
fundamental to fill the interstices.

The ether being incompressible, and an elec-
tron being supposed composed simply and solely
of ether, it follows that it cannot be either a con-
densation or a rarefaction of that matenial, but
must be some singularity of structure, or some
portion otherwise differentiated. It might, for
instance, be something analogous to a vortex
ring, differentiated kinetically—i.e,, by reason of
its rotational motion, from the remainder of the
ether; or it might be differentiated statically,
and be something which would have to be called
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a strain-centre or a region of twist, or something
which cannot be very clearly at present imagined
with any security; though warious suggestions
have been made in that direction.

The simplest plan for us is to think of it some-
what as we think of a knot on a piece of string.
The knot differs in no respect from the rest of the
string, except in its tied-up structure; it is of the
same density with the rest, and yet it is differ-
entiated from the rest; and, in order to cease to
be a lmot, would have to be untied—a process
which as yet we have not yet learned how to
apply to an electron. If ever such a procedure
becomes possible, then electrons will thereby be
resolved into the general body of the undif-
ferentlated ether of space—that part which is
independent of what we call “ matter."

The important notion for present purposes is
merely this: that the density of the undiffer-
entiated or simple ether, and the density of
the tied-up or beknotted or otherwise modified
ether constituting an electron, are one and the
same. Hence the argument above given, at
least, when properly worked out, tends to es-
tablish the etherial density as of the order 10"
times that of water.

There ought to be nothing surprising (though
I admit that there is something very surprising)
in such an estimate; inasmuch as many converg-
ing lines of argument tend to show that ordinary
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VII

FURTHER EXPLANATIONS CONCERNING
THE DENSITY AND ENERGY OF THE ETHER

READER may suppose that in speaking of

the immense density or massiveness of
ether, and the absurdly small density or specific
gravity of gross matter by comparison, I intend
to signify that matter is ararefactionof the ether,
That, however, is not my intention. The view
I advocate is that the ether is a perfect con-
tinuum, an absclute plenwm, and that, therefore,
no rarefaction is possible. The ether inside
matter is just as dense as the ether outside, and
no denser. A material unit—say, an electron—
is only a peculiarity or singularity of some kind
in the ether itself, which is of perfectly uniform
density everywhere. What we “sense' as mat-
ter is an aggregate or grouping of an enormous
number of such units.

How, then, can we say that matter is millions
of times rarer or less substantial than the ether
of which it is essentially composed? Those wha
feel any difficulty here, should bethink them-
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selves of what they mean by the average or ag-
gregate density of any discontinuous system,
such as a powder, or a gas, or a precipitate, or a
snow-storm, or a cloud, or a milky way.

If it be urged that it is unfair to compare an
obwviously discrete assemblage like the stars, with
an apparently continuous substance like air or
lead, the answer is that it is entirely and accu-
rately fair; since air, and every other known
form of matter, is essentially an aggregate of
particles, and since it is always their average
density that we mean. We do not even know
for certain their individual atomic density.

The phrase “specific gravity or density of a
powder” is ambiguous. It may mean the
specific gravity of the dry powder as it lies, like
snow; or it may mean the specific gravity of the
particles of which it is composed, like ice.

S0 also with regard to the density of matter;
we might mean the density of the fundamental
material of which its units are made—which
would be ether; or we might, and in practice do,
mean the density of the aggregate lump which
we can see and handle; that is to say, of water or
iron or lead, as the case may be.

In saying that the density of matter is small—
I mean, of course, in the last, the usual, sense.
In saying that the density of ether is great—I
mean that the actual stuff of which these highly
porous aggregates are composed is of immense, of
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unit, but is only a subsidiary ingredient; where-
as the main mass is the more bulky positive
charge. That last hypothesis, however, is at
present too vague to be useful. Moreover, the
mass of such a charge would in that case be un-
explained, and would need a further step; which
would probably land us in much the same sort of
etherial density as is involved in the estimate
which I have based on the more familiar and
tractable negative electron. (Se¢ Appendix 2.)

It may be said, Why assume any definite density
for the ether at all? Why not assume that, as it
is infinitely continuous, so it is infinitely dense
—whatever that may mean—and that all its
properties are infinite? This might be possible
were it not for the velocity of light. By trans-
mitting waves at a finite and measurable speed,
the ether has given itself away, and has let in
all the possibilities of calculation and numerical
statement. Its properties are thereby exhibited
as essentially finite—however infinite the whole
extent of it may turn out to be. Parenthetically,
we may remark that “gravitation” has not yet
exhibited any similar kind of finite property;
and that is why we know so little about it.

EtnERIAL ENERGY.

Instead, then, of saying that the density of the
ether is preat, the clearest mode of expression
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is to say that the density of matter is small,
Just as we can say that the density of the visible
cosmos is small, although in individual lumps
its density is comparable to that of iron or
rock.

At the risk of repetition, I have explained this
over again, because it is a matter on which con-
fusion may easily arise. The really important
thing about ether is not so much its density,
considered in itself, as the energy which that
density necessarily involves, on any lkinetic
theory of its elasticity., For it is not impossible
—however hopeless it may seem now—that a
modicum of that energy may some day be par-
tially utilised.

Lord Kelvin's incipient kinetic theory of elas-
ticity is a complicated matter, and I will only
briefly enter upon it. But before doing so,
1 want to remove an objection which is some-
times felt, as to the fluid and easily permeable
character of a medium of this great density—
that is to say, as to the absence of friction or
viscosity—the absence of resistance to bodies
moving through it. As a matter of fact there
is no necessary connection whatever between
density and viscosity.

“Density ™ and “Viscosity " are entirely dif-
ferent things; and, if there is no fluid friction, a
fluid may have any density you please without
interposing any obstacle to constant velocity.

101



THE ETHER OF SPACE

To acceleration it does indeed oppose an obstacle,
but that appears as essentially a part of the in-
ertia or massiveness of the moving body. It
contributes to its momentum; and, if the fluid is
everywhere present, it is impossible to dis-
criminate between, or to treat separately, that
part of the inertia which belongs to the fluid
displaced, and that part which belongs to the
body moving through it—except by theory.

As for the elasticity of the ether, that is ascer-
tainable at once from the speed at which it trans.
mits waves. That speed—the velocity of light
—is accurately known, 3 X 10'® centimeters per
second. And the ratio of the elasticity or rigid-
ity to the density is equal to the square of this
gpeed; that is to say, the elasticity must be
g X 10" times the density; or, in other words,
o™ c.g.5. units. That is an immediate con-
sequence of the estimate of density and the fact
of the velocity of light; and if the density is ad-
mitted, the other cannot be contested.

But we must go on to ask, To what is this
rigidity due? If the ether does not consist of
parts, and if it is fluid, how can it possess the
rigidity appropriate to a solid, so as to transmit
transverse waves?! To answer this we must fall
back upon Lord Kelvin's kinetic theory of
elasticity: that it must be due to rotational
motion—intimate fine-grained motion through-
out the whole etherial region—motion not of
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the nature of locomotion, but circulation in
closed curves, returning upon itself—vortex
motion of a kind far more finely grained than
any waves of light or any atomic or even elec-
tronic structure.

Now if the elasticity of any medium is to be
thus explained kinetically, it follows, as a neces-
sary consequence, that the speed of this internal
motion must be comparable to the speed of wave
propagation; that is to say that the internal
squirming circulation, to which every part of the
ether iz subject, must be carried on with a
velocity of the same order of magnitude as the
velocity of light.

This is the theory then—this theory of elas-
ticity as dependent on motion—which, in combi-
nation with the estimate of density, makes the
internal energy of the ether so gigantic. For in
every cubic millimeter of space we have, accord-
ing to this view, a mass equivalent to what, if it
were matter, we should call a thousand toms,
circulating internally, every part of it, with a
veloeity comparable to the velocity of light, and
therefore containing—stored away in that small
region of space—an amount of energy of the
order 10™ ergs, or, what is the same thing, 3x
1o kilowatt centuries; which is otherwise ex-
pressible as equal to the energy of a million horse-
power station working continuously for forty
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SuMMARISED BRrier STATEMENTS CONCERNING
THE ETHER

(As communicated by the author to the British
Associalion af Leicester, 1907.)

i. The theory that an electric charge must
possess the equivalent of inertia was clearly
established by J. J. Thomson in the Philo-
sophical Magasine for April, 1881.

2. The discovery of masses smaller than
atoms was made experimentally by J. J. Thom-
son, and communicated to Section A at Dover
in 18gg.

3. The thesis that the corpuscles so discovered
consisted wholly of electric charges was sustained
by many people, and was clinched by the ex-
periments of Kaufmann in 190z,

4. The concentration of the ionic charge, re-
quired to give the observed corpuscular iner-
tia, can be easily calculated; and consequently
the size of the electric nucleus, or electron, is
known.

5. The old perception that a magnetic field is
kinetic has been developed by Kelvin, Heaviside,
PFitzGerald, Hicks, and Larmor, most of whom
have treated it as a flow along magnetic lines;
though it may also, perhaps equally well, be
regarded as a flow perpendicular to them and
along the Poynting vector. The former doctrine
is sustained by Larmor, as in accordance with the
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Conclusion.—Thus every cubic millitheter of
the universal ether of space must possess the
equivalent of a thousand tons, and every part
of it must be sguirming internally with the
velocity of light.
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VIII
ETHER AND MATTER

THE MECHANICAL NECESSITY FOR A CONTINUDUS
MEDIUM FILLING BFACE

N this chapter I propose to summarise in

gimple and consecutive form most of the
arguments already used. Thirty vears ago
Clerk-Maxwell gave to the Royal Institution of
Great Britain a remarkable address on * Action
at g Distance,”” It is reported in the Journal
R.I, Val. VII, and to it [ would direct atten-
tion. Most natural philosophers hold, and have
held, that action at a distance across empty
space is impossible; in other words, that matter
cannot act where it is not, but only where it is,
The question “ Where is it?"’ is a further ques-
tion that may demand attention and require
more than a superficial answer. For it can he
argued on the hydro-dynamic or vortex theory
of matter, as well as on the electrical theory,
that every atom of matter has a universal though
nearly infinitesimal prevalence, and extends
everywhere; since there is no definite sharp
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boundary or limiting periphery to the region
disturbed by its existence. The lines of force
of an isolated electric charge extend throughout
illimitable space. And though a charge of op-
posite sign will curve and concentrate them,
yet it is possible to deal with both charges, by
the method of superposition, as if they each
existed separately without the other.

In that case, therefore, however far they reach,
such nuclei clearly exert no “action at a dis-
tance" in the technical sense.

Some philosophers have reason to suppose
that mind can act directly on mind without in-
tervening mechanism—and sometimes that has
been spoken of as genuine action at a distance;
but no proper conception or physical model can
be made of such a process, nor is it clear that
“zpace” and “‘distance” have any particular
meaning in the region of psychology. The links
between mind and mind may be something quite
other than physcal proximity; and in denying
action at a distance across empty space I am not
denying telepathy or other activities of a non-
physical kind. For although brain disturbance
is certainly physical, and is an essential con-
comitant of mental action whether of the send-
ing or receiving variety, yet we know from the
case of heat that a material movement can be
excited in one place at the expense of correspond-
ing movement in another, without any similar
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really distortion of the ether. All stress exists
inn the ether. Matter can only be moved. Con-
tact does not exist between the dtoms of matter
as we know them: it is doubtful if a piece of
rhatter ever touches dnother plece, any more
than 4 comet touches the sun when it appears to
rebound from it; but the atoms are connected, as
the comet and the sun are connected, by a con-
tinuous plenume without break or discontinuity
of any kind. Matter acts on matter only
through the ether. But whether matter is a
thing utterly distinct and separate from the
ether, or whether it is a specifically modified
portion of it—modified in such a wayas to be
stisceptible of locomotioh and yet continuous
with all the rest of the ether, which can be sald
to extehd everywhere far beyond the bounds of
the modified and tangible portion—are ques-
tions detnanding, and I may say in process of
receiving, anawers.

Every such answer involves some view of
the universal and possibly infinite uniform om-
nipresent connecting medium, the Ether of
Space.

It has been said, soiiewhat sarcastically, that
the ether was made in England. The statement
is only an exaggeration of the truth. I might
even urge that it has been largely constructed in
the Royal Institution; for, I will summarise
now the chief lines of evidence on which its
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existence iz believed in, and our knowledge of
it is based.

First of all, Newton recognised the need of a
medium for explaining gravitation. In his
“Optical Queries” he shows that if the pressure
of this medium is less in the neighbotrhood of
dense bodies than at great distances from them,
dense bodies will be driven toward each ather;
and that if the diminution of pressure is inversely
as the distance from the dense body, the law of
force will be the inverse square law of gravita-
tion.

All that is required, therefore, to explain
gravity, is a diminutipn of pressure, or increasg
of tension, caused by the formation of a matter
upit—that is to say of an electron or corpuscle.
And although we do not yet know what an elec-
tron is—whether it be a strain centre, or what
kind of singularity in the ether it may be—there
is no difficulty in supposing that a slight, almost
infinitesimal, strain or attempted rarefaction
should be produced in the ether whenever an
electran comes into being—to be relaxed again
only on its resolution and destruction. Strictly
speaking it is not a real strain, but only a
“gtress”; since there can be no actual yield, but
only a pull or tension, extending in all directions
toward infinity,

The tension required per unit of matter is
almost ludicrously small, and yet in the aggre-

IIl






ETHER AND MATTER

tension would be a maximum in the interior of
such a mass; and, if it rose to the value 16%
dynes per square centimeter, something would
have to happen. I do not suppose that this can
be the reason, but one would think there must
be some reason, for the scattered condition of
gravitative matter.

Too little is known, however, about the
mechanism of gravitation to enable us to adduce
it as the strongest argument in support of the
existence of an ether. The oldest valid and
conclusive requisition of an ethereous medium
depends on the wave theory of light, one of the
founders of which was the Royal Institution
Professor of Natural Philosophy at the be-
ginning of last century, Dr. Thomas Young.

No ordinary matter is capable of transmitting
the undulations or tremors that we call light.
The speed at which they go, the kind of undula-
tion, and the facility with which they go through
vacuum, forbid this.

So clearly and universally has it been per-
ceived that waves must be waves of something
—something distinet from ordinary matter—
that Lord Salisbury, in his presidential address
to the British Association at Oxford, criticised
the ether as little more than a nominative case
to the verb to undulate. It is truly that, though
it Is also truly more than that; but to illustrate
that luminiferous aspect of it, T will quote a
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quotation from the writings of Faraday, whose
whole life may be said to have been directed tow-
ard a better understanding of these ethereous
phenomena, Indeed, the statue in the entrance
hall of the Royal Institution, Albemarle Street,
may be considered as the statue of the discoverer
of the electric and magnetic properties of the
Ether of Space.

Faraday conjectured that the same medium
which is concerned in the propagation of light
might also be the agent in electromagnetic phe-
nomena. “‘For my own part,” he says, “con-
sidering the relation of a vacuum to the magnetic
force, and the general character of magnetic
phenomena external to the magnet, I am much
more inclined to the notion that in the trans-
mission of the force there i1s such an action, ex-
ternal to the magnet, than that the effects are
merely attraction and repulsion at a distahce.
Such an action may be a function of the sther;
for it is not unlikely that, if there be an =ther,
it should have other uses than simply the con-
veyance of radiation.”

This conjecture has been amply strengthened
by subsequent investigations.

One more function is now being discovered;
the ether is being found to constitute matter—
an immensely interesting topic, on which there
are many active workers at the present time.
1 will make a brief quotation from Prof. Sir J. J.
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confidence as the result of a great part of Lord
Kelvin's work.

It may be illustrated by a few experiments,

A wheel of spokes, transparent or permeable
when stationary, becomes opaque when revolv-
ing, so that a ball thrown against it does not go
through, but rebounds, The motion only
affects permeability to matter; transparency
to light is unaffected.

A silk cord hanging from a pulley becomes
rigid and viscous when put into rapid motion;
and pulses or waves which may be penerated
on the cord travel along it with a speed equal to
its own velocity, whatever that velocity may be,
so that they appear to stand still. This is a
genuine case of kinetic rigidity; and the fact that
the wave-transmission wvelocity is equal to the
rotatory speed of the material, is typical and
important, for in all cases of kinetic elasticity
these two wvelocities are of the same order of
magnitude.

A flexible chain, set spinning, can stand up on
end while the motion continues.

A jet of water at sufficient speed can be struck
with a hammer, and resists being cut with a sword.

A spinning disk of paper becomes elastic like
flexible metal, and can act like a circular saw.
Bir William White tells me that in naval construc-
tion steel plates are cut by a rapidly revolving
disk of soft iron.
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matter called imerfia, which can, to a certain
extent, be explained electromagnetically, pro-
vided the ethereous density is granted as of the
order 10'? grammes per cubic centimeter. The
elasticity of the ether would then have to be of
the order 107%¢.g.s.; and if this is due to intrinsic
turbulence, the speed of the whirling or rotation-
al elasticity must be of the same order as the
velocity of light. This follows hydrodynamic-
ally; in the same sort of way as the speed at
which a pulse travels on a flexible running end-
less cord, whose tension iz entirely due to the
centrifugal force of the motion, is precisely
equal to the velocity of the cord itself. And
g0, on our present view, the intrinsic energy
of constitution of the ether is incredibly and
portentously great; every cubic millimeter of
space possessing what, if it were matter, would
be a mass of a thousand tons, and an energy
equivalent to the output of a million-horse-
power-station for 4o million years.

The universe we are living in is an extraor-
dinary one; and our investigation of it has only
just begun. We know that matter has a psy-
chical significance, since it can constitute brain,
which links together the physical and the
psychical worlds. If any one thinks that the
ether, with all its massiveness and energy, has
probably no psychical significance, I find my-
self unable to agree with him,
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STRENGTH OF THE ETHER

show that the ether cannot be the slight
and rarefied substance which at one time,
and indeed until quite lately, it was thought to
be, it is useful to remember that not only has it to
be the vehicle of light and the medium of all elec-
tric and magnetic influence, but also that it has
to transmit the tremendous forces of gravitation,
Among small bodies gravitational forces are
glight, and are altogether exceeded by magnetic
and electric or chemical forces. Indeed, gravita-
tional attraction between bodies of a certain
smallness can be more than counterbalanced even
by the pressure which their mutual radiation
exerts—almost infinitesimal though that is; so
that, as a matter of fact, small enough bodies of
any warmth will repel each other unless they are
in an enclosure of constant temperature—ie.,
unless the radiation pressure upon them is uni-
form all round.
The size at which radiation repulsion over-
balances gravitational attraction, for equal
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spheres, depends on the temperature of the
spheres and on their density; but at the ordinary
temperature to which we are accustomed, say
tio® Fahrenheit or thereabouts, equality between
the two forces will obtain for two wooden
spheres in space if each is about a foot in
diameter; according to Professor Poynting's
data (Philosophical Trawsactions, Vol. 202, p.
541). For gmaller or hotter bodies, radiation-
repulsion overpowers mutual gpravitation; and it
increases with the fourth power of their absolute
temperature. The gravitational attractive force
between particles is exceedingly small; and that
between two atoms or two electrons is negligibly
small, even though they be within molecular
distance of each other.

For instance, two atoms of, say, gold, at
molecular distance, attract each other gravita-
tionally with a force of the order

10-2%% 12t 144 -7 35 .
Y E g M= 16T Ay

which would cause no perceptible acceleration
at all.

The gravitational attraction of two electrons
at the same distance is the forty-thousand-
millionth part of this, and so one would think
must be entirely negligible. And yet it is to the
aggregate attraction of myriads of such bodies
that the resultant force of attraction is due—
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a force which is felt over millions of miles. The
force is not only felt indeed, but must be reck-
oned as one of prodigious magnitude.

When dealing with bodies of astronomical size,
the force of gravitation overpowers all other
forces; and all electric and magnetic attractions
sink by comparison into insignificance.

These immense forces must be transmitted by
the ether, and it is instructive to consider their
amount.

SoME AsTRONOMICAL FoRCES WHICH THE ETHER
HAS TO TrANSMIT.

Arithmetical Calculation of the Pull of the Earth
on the Moon.

The mass of the earth is fooo trillion (6 % 10*)
tons. The mass of the moon is yth that of the
earth, Terrestrial gravity at the moon's dis-
tance (which is 6o earth radii) must be reduced
in the ratio 1:60%; that is, it must be wygth of
what it is here.

Consequently the pull of the earth on the

moon is

6 ® roil
8o x 3600 'OUS Weight.

A pillar of steel which could transmit this force,
provided it could sustain a tension of 40 tons to
the square inch, would have a diameter of about
400 miles; as stated in the text, page 112.

136



STRENGTH OF THE ETHER

If this force were to be transmitted by a forest
of weightless pillars each a square foot in cross-
section, with a tension of jo tons to the sguare
inch throughout, there would have to be 3
million million of them.

Arithmetical Caloulation of the Pull of the Sun
on the Earth,

The mass of the earth is 6 x 10* tons. The
intensity of solar gravity at the sun’s surface is
25 times ordinary terrestrial gravity.

At the earth's distance, which is nearly 2co
solar radii, solar gravity will be reduced in the
ratio of 1: 200 squared.

Hence the force exerted by the sun on the

earth is
ag ¥ 6 x ol .
laoss tons weight.

That is to say, it is approximately equal to the
weight of 37 % 10" ordinary tons upon the earth's
surface.

Now steel may readily be found which can
stand a load of 37 tons to every square inch of
cross-section. ‘The cross-section of a bar of such
steel, competent to transmit the sun's pull to the
earth, would therefors have to be

10'7 square inches;
or, say, joo X 1o square feet,
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It is easily found by dividing 20 times the
sun's pull by the squared ratio of 24 years to 8
minutes; and it comes out as 3o million tons
weight.

Such a force is able to produce no perceptible
effect. The acceleration it causes in the earth
and the whole solar system, at its present speed
through space, i3 only able to curve the path
with a radius of curvature of length thirty
thousand times the distance of the star,

Force reguired o hold together the Componenis
of some Double Stars.

But it is not to be supposed that the trans-
mission of any of these forces gives the ether the
slightest trouble, or strains it to anywhere near
the limits of its capacity. Such forces must be
transmitted with perfect ease, for there are plenty
of cases where the force of gravitation is vastly
greater than that. In the case of double stars,
for instance, two suns are whirling round each
other; and some of them are whirling remark-
ably fast. In such cases the force holding the
components together must be enormous.

Perhaps the most striking case, im' which we
have substantially accurate data, is the star
B Aurige; which, during the general spectro-
scopic survey of the heavens undertaken by
Professor Pickering, of Harvard, in connection
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equal bodies, revolving about a common centre
of gravity midway between them, in nearly
circular orbits.

The speed and period together easily give the
radius of the circular orbit as about 8 million
miles.

Equating centrifugal and centripetal forces

me?_
¥ 'fl[zr}‘

and comparing the value of 4r%/T? so obtained
with the r*/T? of the earth, we find the mass of
each body must be about jo,coo times that of
the earth, or about Y¢th that of the sun.

(This is treating them as spheres, though they
must really be pulled into decidedly prolate
gshapes. Indeed it may seem surprising that the
further portions can keep up with the nearer
portions as they revolve. If they are of some-
thing like solar density their diameter will be
comparable to half a million miles, and the
natural periods of their near and far portions
will differ in the ratio (4})"s = 1.1 approximate-
ly. Tenacity could not hold the parts together,
but gravitational coherence would.)

This, however, is a digression. Let us con-
tinue the calculation of the gravitative pull.
We have masses of 3 10' % 6% 10™ tons, re-
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volving with angular velmt;r 2x = 4 days, in a
circle of radius 8 10® miles.
Consequently the centripetal acceleration is
4wV Bx ot
16

miles per day per day; which comes

2
out -f_-—;fh per sec. per sec., or nearly half or-
dinary terrestrial gravity.
Consequently the pull between the two com-
ponents of the double star 8 Aurige is

;EEHIEXIG"M,

or equal to the weight of
8o =% 1o™ tons on the earth,

which is more than twenty million times as great
as is the pull between the earth and our sun.

Simple calculations such as these could have
been made at any time; there is nothing novel
about them, as there is about the estimate of the
ether's density and wast intrinsic energy, in
Chapters VI and VII. But then there is noth-
ing hypothetical or uncertain about them either;
they are certain and definite: whereas it may be
thought there iz something doubtful about the
newer contentions which involve consideration
of the mass and size of electrons and of the uni-
form and incompressible character of ethereal
constitution. Even the idea of " massiveness"
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as applied to the ether involves an element of un-
certainty or of figurativeness; because until we
know more about ether’s peculiar nature (if it is
peculiar), we have to deal with it in accordance
with material analogies, and must specify its
massiveness as that which would have to be
possessed by it if it fulfilled its functions and yet
were anything like ordinary matter. [t cannot
really be ordinary matter, because ordinary
matter is definitely differentiated from it, and
is presumably composed of it; but the inertia of
ordinary matter, however it be electrically or
magnetically explained, must in the last resort
depend on something parentally alin to inertia
in the fundamental substance which fills space.
And this it is which we have attempted in
Chapters VI and VII to evaluate and to express
in the soberest terms possible,
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X

GENERAL THEORY OF ABERRATION

N Chapter III the subject of Aberration was

treated in a simple and peometrical manner,
but it is now time to deal with it more generally.
And to do this compactly T must be content in
the greater part of this chapter to appeal chiefly
to physicists.

The following general statements concerning
aberration can be made —

1. A ray of light in clear space is straight, what-
ever the motion of the medium, unless eddies
exist; in other words, no irrotational disturbance
of ether can deflect a ray.

2. But if the observer is in motion, the ap-
parent ray will not be the true ray, and his line of
vision will not truly indicate the direction of an
object.

3. In a stationary ether the ray coincides with
wave-normal. In a moving ether the ray and
wave-normal enclose an aberration angle &, such
that sin e=v/V, the ratio of the ether speed to
the light speed.
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4. In all cases the line of vision depends on
motion of the observer, and on that alone. If
the observer is stationary, his line of vision is a
ray. If he moves at the same rate as the ether,
his line of vision is a wave-normal.

5. Line of vision depends not at all on the
motion of the ether, so long as it has a velocity-
potential. Hence, if this condition is satisfied
the theory of aberration is quite simple.

Creneral Statement as lo Nepative Resulls in the
Subject.

It is noteworthy that almost all the observa-
tions which have been made with negative
results as to the effect of the earth's orbital
motion on the ether are equally consistent with
complete connection and complete indepen-
dence between ether and matter. If there is
complete connection, the ether near the earth
is relatively stagnant, and negative terrestrial
results are natural. If there is complete inde-
pendence, the ether is either absolutely station-
ary or has a velocity-potential, and the negative
results are, as has been shown, thereby explained.
Direct experiment on the subject of etherial
viscosity proves that that is either really or
approximately zero, and substantiates the “in-
dependence" explanation,
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Definition of a Ray.

A ray signifies the path of a definite or iden-
tical portion of radiation energy—the direction
of energy-flux. In other words, it may be con-
sidered as the path of a labelled disturbance; for
it iz some special feature which enables an eye to
fix direction: it is that which determines the line
of collimation of a telescope.

Now in order that a disturbance from A may
reach B, it is necessary that adjacent elements
of a wave front at A shall arrive at B in the
same phase; hence, the path by which a disturb-
ance travels must satisfy this condition from
point to point, This condition will be sat-
isfied if the time of journey down a ray and
down all infinitesimally differing paths is the
game.

The equation to a ray is therefore contained in
the statement that the time taken by light to
traverse it is a minimum; or

B
[d.s =
= minimum

A

If the medium, instead of being stationary, is
drifting with the velocity v, at angle 8 to the
ray, we must substitute for V the modified
velocity V cos ¢+v cos 8; and so the function
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that has to be a minimum, in order to give the
path of a ray in a moving medium, is

B
Time of _ ds
Journey = 1V (cos ¢ + a cos #)
A

where a iz the ratio v/V.

Path of Ray, and Time of Journey, through an
Irrotationally Moving Medium.
Writing a velocity - potential ¢ in the above
equation to a ray, that is putting

i

o cos 8=,
és

and ignoring possible variations in the minute
correction factor 1—a® between the points A
and B, it becomes

= minimum.

B
Time of _| cose. ds $8 — gA
journey = V- V-4

Now the second term depends only on end
points, and therefore has no effect on path, The
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electrical, they must be affected by motion, to a
known and calculable amount, depending on the
square of the ratio of the speed to the velocity of
light. (See end of Chap. IV))

The theory of Prof. H. A. Lorentz, accord-
ingly, shows that the shape of Michelson's stone
supporting block will be distorted by the mo-
tion; its dimensions across and along the line
of ether drift being affected differently. And
the amount of the change will be such as pre-
cisely to compensate and neutralise the optical
effect of motion which might otherwise be per-
ceived. This theory is now generally accepted.

It is this neutralising or compensatory effect—
which acts equally on to and fro motion of light,
to and fro motion of electric currents, and on
the shape of material bodies—that renders any
positive result in experiments on ether-drift so
difficult or impossible to obtain; so that, in spite
of the speed with which we are rushing through
space, no perceptible influence is felt on either
electrical or optical phenomena, except those
which are due to relative motion of source and
observer.

Some Details in the Theory of the Doppler Effect,
or Effect of Motion om Dispersion
by Prism or (rating.
When light is analysed by a prism or grating
into a spectrum, the course of each ray is de-
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source of light, it may be as well to record the
result here.

The following are the diffracted rays which
require attention—with the inclination of each to
the grating-normal specified:—

The diffracted ray if all were stationary, f;;

The real diffracted ray when grating is

advancing, 9,
The ray as perceived, allowing for aberration, §;
The equivalent diffracted ray if all were

stationary and the wave-length really

shortened, 8,.

Asan au:.tliar}r we use the aberration angle e,
such that sin e=a sin 8, where a=v/V,

Among these four angles the following relations
hold; so that, given one of them, all are known.

{aingl; I:n} ain

gilg = (1= a Vers ¢) sin 6,

Whence 8 and 8, are very nearly but not ab-
solutely the same. @, is the ray observed by
an instrument depending primarly on fre-
quency, like a prism; @ is the ray observed by
an instrument depending primarily on wave-
length, like a grating,

Prism Theorsy.

Now let a prism be used to analyse the light;
its dispersive power is in most theories held to
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So the equivalent air thickness, instead of being
I:,'l T I}Fb is

pz —p— {Bpoo8e—acos @
a i ayd et O
cos 4 +—cos @ (1_.-)
» I

or, to the first order of minutize,

(p—1)f—as con 8;

f being the angle between ray and ether drift
inside the medium.

So the extra equivalent air layer due fo the
motion is approximately £a z cos 8, a quantity
independent of .

Hence, no plan for detecting this first order
effect of motion is in any way assisted by the use
of dense stationary substances; their extra ether,
being stationary, does not affect the lag caused
by motion, except indeed in the second order of
small quantities, as shown above.

Direct experiments made by Hoek! and by
Mascart, on the effect of introducing tubes of
water into the path of half beams of light, are in
entire accord with this negative conclusion,

Thus, then, we find that no general motion of
the entire medium can be detected by changes in
direction, or in frequency, or in phase; for on

¥ Archives Néerlandaises (186g), Val. IV, p. 443, or
Nature, Vol. XXVI, p. sea. Also Chapter IV, above.
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none of them has it any appreciable (f.e., first
order) effect, even when assisted by dense
matter.

Another mode of stating the matter is to say
that the behaviour of ether inside matter is such
as to enable a potential-funection,

fp‘n cos 8ds,

to exist throughout all transparent space, so far
as motion of ether alone is concerned (see Ap-
pendix 3).

The existence of this potential function readily
accounts for the absence of all effect on direction
due to the general drift of the medium, whether
in the presence of dense matter (such as water-
filled telescopes) or otherwise. Whatever may
be the path of a ray by reason of reflection or
refraction in a stationary ether, it is precisely
the same in a moving one if this condition is
satisfied, although the wave-normals and wave-
fronts are definitely shifted.

However matter affects or loads the ether in-
side it, it cannot on this theory be said either
to hold it still, or to carry it with it. The
general ether stream must remain unaffected,
not only near, but inside matter, if rays are to
retain precisely the same course as if it were
relatively stationary,
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But 1t must be understood that the etherial
motion here contemplated is the general drifi of
the entire medivm; ot its correlative, the uniform
motion of all the matter concerned. There is
nothing to be said apgainsgt aberration effects
being producible or modifiable by motion of
parts of the medium, or by the artificial motion
of transparent bodies and other partitioned-off
regions, Artificial motion of matter may readily
alter both the time of journey and the path of a
ray, for it has no potential conditions to satisfy,
it may easily describe a closed contour, and may
take part in conveying light.

But T must repeat that this conveyance of
light by moving matter is an effect due to the
material load only, it represents no disturbance
of the ether of space. Fresnel's law, in fact,
definitely means that moving transparent matter
does not appreciably disturb the ether of space,
Direct experiment, as recorded in Chapter V,
shows that close to rapidly moving opaque
matter there is no disturbance either.

I regard the non-disturbance of the ether of
space by moving matter as established.

SUMMARY.

The estimates of this book, and of Modern
Views of Electricity, are that the ether of space
is a continuous, incompressible, stationary,
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Consequently r comes out ¥ = (p'- 1} /p'; which
is Fresnel's incontrovertible law for the convec-
tive effect of moving transparent matter on light
inside it.

‘The whole subject, however, may be treated more
generally, and for every direction of the ray, on the
lines of Chapter X, thus:—

Inside a transparent body light travels at a
speed V /u; and the ether, which cutside drifts at
velocity v, making an angle ¢ with the ray, inside
may be drifting with velocity v and angle ¢.

Hence the equation to a ray inside such matter is

ds .
Y S

8in &

where v = v—*"'
This may be written

T'_f cos ¢ ds veosfds
S G= ) WE -y

the second term alone involves the first power of the
motion, and assuming that p%’ cos & =dp'/ds, and
treating a’ as a quantity too small for its possible
variations to need attention, the expression becomes

cos £ p'B-¢'a
T= FT[ ot Vili—g s

T being the time of travel through the same space
when empty. Now, if the time of journey and
course of ray, however they be affected by the dense
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