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(Third Paper.)

. Two Remarkable Theoréms on the Physical
Constltutlon of the Aether.

In the year 1910 Professor E. 7. W/zzftaéer published,
‘under the auspices of the Dublin University Press, a valuable
»History of the Theories of Aether and Flectrlcny« from
the age of Descartes to the close of the 19 b century. The
title of this useful treatise and the general usage of science
recognizes that there -is some connection between aether
and electricity, yet in spite of the great learning shown in
Whittaker's work, the nature of that connection remains pro-
foundly obscure, and the modern investigator therefore Iabors
in vain to obtain any clear light upon the subject.

If we could prove, for example, that an electric current
is nothing but a series of waves of a certain type propagated
in the aether along and from the wire which bears the current,
and also connect these waves with magnetism and light,
by an extension of the reasoning thus laid down, it would
add so much to our understanding of the processes under-
lying the unseen operations of the physical universe, as to
be worthy of almost any effort. Indeed, it would be worth
hazarding any chance offered by the conscientious contem-
plation of known phenomena.. And thus I venture to add
some considerations, which, without exhausting the subject,
may open a new field to those who have the independence,
practical energy and firm resolution to pursue pioneer paths
in science.
important discoveries in the physical universe.

And first we must confirm a new and important theo-
rem on the velocity of wave-progagation in monatomic gases,
announced in the first paper, and also make known a new

These untrodden paths alone offer the hope of

and very remarkable method for determining the density of ‘
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the aether based on an extension of recognized processes
in the theory of sound. As the only method for attacking
the problem of the density of the aether heretofore known
is that invented by ITord Kelvinz in 1854, this new method
will prove extremely useful as an independent check on the
numerical values attained in these recondite researches; and
be found the more valuable because it is absolutely decisive
against the doctrine of a large density for the aether, which
has recently exerted in science an influence both baneful
and bewildering. :

(i) The new theorem v = 1,7 7, connecting the mean
molecular velocity of a monatomic gas with the velocity of wave-
propagation, by means of half the Archimedean number, exactly
confirmed by observation in case of oxygen and nitrous oxide.

Since finishing the first paper on the New Theory of
the Aether, Jan. 14, 1920, I have had occasion to discuss
the new theorem

(1)

connecting the mean molecular velocity of a monatomic gas
and the velocity of wave-propagation, by means of half the
Archimedean number 77, with the celebrated English physi-
cist Sir Oliver lLodee, on the occasion of a public address-
i at San Francisco, April 11, 1920. And as Sir Oliver Lodge
| kindly showed a great interest in this theorem, regarded it
as very important, and urged me to extend the use of the
theorem, I have searched for other gases to which it might
. be accurately applied.

The observed data given in the following supplemen-
. tary table are taken from [%/lner's Experimental-Physik,
| Band 1, p. 804, and were accidentally overlooked in the pre-
paration of my earlier table.

/ -
ve=="1,r [

'

-

) The last column gives the observed ratio 7/ V as cor-
rected for a monatomic constitution, or

T/ V-V {ky[by) = 1.58 (2)

which verifies with great accuracy the use of half the Archi-

~ medean number 77, in the theorem,

7 == 1/27'5 V.

connecting the mean molecular velocity with that of wave-

propagation in monatomic gases.

As this theorem is now minutely verified for the six

best determined’ gases, namely: _

1. Air - 4. Carbon dioxide CO,

2. Hydrogen 5. Oxygen

3. Carbon monoxide CO 6. Nitrous oxide VO,

|7/ ¥ (observed) | 7/ 17+ V(& [2,)

Gas !/ V(Air = 1) | 7 observed ‘ molecu]ar wt. Ay ‘
Oxygen, O o. 9524 (Dulong) = 316 2m l 461.0 m 32.0 = 1.402 ' 1.458 ; 1.5893
Nitrous-Oxide, VO, | 0.7865 (Dulong) = 281.1 | 393.0 ! 44.0 | 1.295 | 1.398 | 1.5858

all of which are of comparatively simple molecular consti-
tution, we may regard it as fully established by experiment
' that such a physical law governs the motions of waves in
| monatomic gases, and that the velocity of wave motion is
: solely dependent upon the mean velocity of the molecules:

! . But in addition to the argument thus built up, for a
‘ high wave velocity, where we have a rare gas of enormous
‘ molecular velocity, we may use the observed velocity of
- wave-propagation generally to throw light upon the molecular

. weights of all gases whatsoever. In the reference above given i
_to Wiillner's Experimental-Physik, Band 1, p. 8c4, we find
' that the velocity of sound in hydrogen was found by Dulong
“ to be 3.8123 times that in air, and by Regnau/t 3.801 times
| that in air. The mean of the two values is 3.80665. Now
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the velocity of sound in oxygen found by Duwlong was o.9524
times that in air; and on multiplying this by 4, we get
3.8096 for the theoretical velocity of sound in hydrogen.

But since oxygen is supposed to have only 15.98 times
the molecular weight of hydrogen, we should use the square
root of this number, or 3.9975, instead of 4, for the multi-
plier, which gives 3.8072; an almost exact agreement with
the mean of the velocities of sound in hydrogen found by
Didong and Regnaull.

It follows, from ‘these considerations, that the velocity
of wave motion in similar gases varies inversely as the square
roots of their densities. The fourfold increase in the velocity
of sound in hydrogen compared to that in oxygen gives
us a definite law which may be applied directly to all com-
parable gases, and even to monatomic gases by the use of
the faktor 1V/(4/4,).

(ii) New method for determining the density of the
acther from the velocity of light and electric waves com-
pared to that of sound in terrestrial gases.

Up to the present time only one general method has
been available for calculating the density of the aether,
namely, that devised by l.ord Aelvn for determining the
mechanical value of a cubic mile of sunlight, and first
published in the Transactions of the Royal Society of Kdin-
burgh- for May, 1854 (cf. Baltimore Lectures, 1904, p. 260).
This method was somewhat improved by the subsequent
researches of Lord Kelvin, Maxwell, and the present writer,
as duly set forth in the first paper on the New Theory of
the Aether (AN 5044, 211.49), yet the principle underlying
it remains largely unchanged.

As it would be very desirable to have a second in-
dependent method for determining the density of the aether,
I have held in mind this great desideratum while occupied
with the researches on the wave-theory, and finally it occurred
to me to attack the problem from the point of view of the
velocity of sound in gases. For we have now shown that
the aether is a gas, with particles traveling 1.57 times swifter
than light; and this general theory is again confirmed by
the discussion -above given for waves of sound in oxygen
and nitrous oxide.

Owing to its extreme rarity, the aether is the one ab-
solutely perfect gas of the universe; and we may even use
the velocity of light in the aether to calculate the density
of this medium. It will be shown, especially in the fourth
paper, that there is much less difference between the waves
of sound and light than we have long believed. In his lumi-
nous but neglected memoir of 1830, the celebrated French
geometer Foisson, showed and thrice repeated, in spite of
the earlier repeated objections of Fresnel, that in elastic media
the motions of the molecules, at a great distance from the
source of disturbance, are always normal to the wave front,
as in the theory of sound. And we shall show later how
* optical and magnetic phenomena are to be reconciled with
this incontestible result of Poisson's analysis.

From the data given in the first paper on the New
Theory of the Aether it follows that the velocity of light
1s 904268 times swifter than that of sound in air. As sound
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in hydrogen has a velocity 3.80665 times greater than in
air, this is equivalent to 237550 times the velocity of sound
in hydrogen. But hydrogen is a biatomic gas with the ratio
/&y == 1.401, while aether is monatomic, with the ratio
4y == 1.6606; and therefore to reduce the motion in hydrogen
to the basis of a monatomic gas, we have to divide this
number by V'(4/%) == 1.090477, which leads to the num-
ber 217839. This is the ratio of the velocity of light in a
monatomic aether to that of sound in a hypothetical mona-
tomic hydrogen, yet with density 0.00008¢g6.

This result 1s based on the wave theory of sound as
given by Sir /saac Newton in the Principia, 1686 (Lib. II,
Prop. XLVII), which was corrected by Laplace in 1816
{cf. Mécanique Céleste, T. V. Liv, XII, p. 96, and Ann. Phys.
et Chim., T. III, p. 288), to take account of the augmentation
of speed due to the ratio of the specific heat of a gas under
constant pressure to that under constant volume. As above
used the formula for the propagation of sound is further
corrected to take account of the increase in velocity in a
monatomic gas, first inferred theoretically by Clawsius about
sixty years ago, but since verified experimentally for mercury
vapor, argon, helium, neon, xenon, and krypton. The formula
thus becomes for aether and hydrogen, as reduced to a
monatomic elasticity:

Lon v, = V(E16y] Byoy) = 217839. (3)

Under identical physical conditions at the surface of the
earth, &y == £,, and thus

|V, = Vie/a)

217839

or

Ny = 1 V? = afa = (217839)* = 47453880000 (4)

which 1s the density of hydrogen in units of that of aether.
To get the density of water in units of that of aether,

we take

Ny = N,/0.0000896 == 52¢619000000000 .

(s)

Accordingly the absolute density of the aether at the
earth’s surface becomes:
1/A, = o= 1888.15- 10713, (6)
It should be noted that Lord Ke/vin's method of 1854,
which we used in the first paper on the New Theory of the
Aether, is not strictly valid, because although it gives the
density at the earth’s mean distance, in units of the assumed
density at the sun, this latter value itself cannot be found
by AKelvin's method,  because of the decrease in the aether
density near the earth, not heretofore taken account of.

Let gy be the density at the neutral distance, g3, where
the sun’s gravitational intensity is just equal to that of the
earth. Then, since at the solar surface the mean gravity is
27.86555 times terrestrial gravity (ci. AN 3992), we have:

27.86555/(219)* = 1/p* (7)
where g3 == distance at which solar and terrestrial gravity
will just balance. This gives by calculation g3 = 41.4868

terrestrial radii, about 2/; of the moons distance. The
following table gives the results of similar calculations for
the absolute density of the aether at the surfaces of the sun
and principal planets of the solar system.




237

5079

238

Table of the Absolute Density of the Aether near the Principal Bodies of Solar System.

Mo . Mean gravity Mean distance Absolute density of Distance at which gravity .Of Absolute density of
_Body 7 Mean radius at surface . of planet . aether atorbit of planet planet and sun are equal, in the aether at surface
R in solar radii mean radii of the planet
| 8t 7 % oi = »: V{gi/ep) 05 = m/gi
The Sun o| 696098 kms|273.016 m 1 — — 357.6865 10718
Mercury 1 2178.31 1.87944 84.7746 30322.74 1018 7.0337 4311.1- 10718
Venus 2 60g0.86 8.7537 158.4125 56661.04- 10718 28.365 1997.56- 1018
The Earth |3 6370.521 9.79762| 219.000 78333.34 10718 41.4868 1888.15- 10718
Mars 4 3365.87 3.7714 333.687 119355.g- 1018 39.219 3043.3 10718
Jupiter 51 69449 26.21704| 1139.414 407553.1- 10718 .353.085 1154.26 10718
Saturn 6 57635 11.4423 | 2089.006 747209.5 10718 427.664 1746.19- 107 1%
Uranus 7 21101 13.0400 | 4202.894 1503319 1018 729.620 1636.65- 10718
Neptune 8| 21643 14.6460 | 6585.450 2355527 - 10718 1525.288 1544.32 10718

Accordingly for reasons already indicated we reach |

the following conclusions.

1.. Whatever be the density of the aether at 41.4868
terrestrial radii, where the sun's and earth’s attractions are
equal, the aether density, from that point, must decrease
towards the earth, by the divisor 41.4868, and towards the
sun by the divisor 21g9.

2. That is at the earth's surface

Tys == 03/41.4868. (8)

3. Owing to this decrease of ¢ near the earth, where |

observations are made, Kelvin's method of 1854 is not valid, |

even for the calculation of the density at the sun’s surface,
because it rests on the hypothesis of homogeneity throughout
interplanetary and interstellar space.
4. At earth’s surface the new method shows
Tas = 1888.15 10715,

At' sun’s surface therefore

. 0s=(1888.15-107"1/219) 41.4868=357.6865- 1o !". (9)

This is about 178.84 times greater than was obtained
by A¢lvin’s method, which, as above shown, is not applicable
without modification. But as the aether density always is
excessively small, this latter experimental-theoretical value for
the solar surface may be accepted without question as the
true value of the absolute density of the aether.

Accordingly at the sun, @5 = 357.686¢5- 10718
: at the carth, oys = 1888.15 10718

(10)

'which fulfills the laws of wave action:

Amplitude, 4 = &/r
Force, S= A=}
in accordance with the observed force of gravitation.
For upon trial we may verify the above calculations:

O35/ 0s == 1888.15/357.6865 = 5.27788 = V(go/ey) (12)

or  (o3s/ans)’ = go/gs == 273.016/9.79762 = 27.86555 .

The accompanying table for the absolute density of
the aether may be extended to any binary system among the
fixed stars in which the masses and dimensions are known,
and thus the new theory of the aether has all the accuracy
of the theory of universal gravitation.

(iii) The new method based on the velocity of wave-
propagation, as in the theory of sound, definitely excludes
a large value for the density of the aether.

(r1)

Since it is an observed fact that hydrogen propagates
sound 3.9975 times faster than oxygen, and is 15.98 times
lighter, we know that the rapidity of the wave-propagation
in the aether can only point to n gas of extremely small
density. No other hypothesis is admissible. And adopting
this experimental method, the result for the density of the
aether at the earth’s surface becomes

° o35 = 1888.15- 1018
in approximate agreement with the density derived from the
energy of the sun’s radiation, namely:
7= 438-1071"
which however is no longer valid, as already pointed out.

The question may properly be raised as to how far

this approximate agreement of the density of the aether,

438-107', and 1888.15- 1018, derived from the theory of

the sun's radiation, and the theory of sound respectively, is
accidental or brought about by systematic tendencies involving
constant bias due to unknown and unsuspected causes.

It always is difficult to affirm the total absence of such
systematic errors, or causes which bias judgement, but in
view of the directness and simplicity of the above reasoning,
[ cannot see any ground for doubting the accuracy of the
new method, which is based on MNewtor’s formula of 1686,
as corrected by ZLaplace, 1816, and now further corrected to
take account of a gas of monatomic constitution, as experi-*
mentally shown to exist in the cases of mercury vapor, argon,
helium, neon, xenon, krypton.

For when we have two similar gases, such as oxygen
and hydrogen, both biatomic, with the ratio of the specific
heat under constant pressure to that under constant volume,
%y == 1.401, we may connect their velocities at the same
temperature and pressure by the formula: -

VVy = V(Eay/ Eyo) . (13)

And, since the physical condition of the two gases is
identical, we may put X = £,, and thus, in accordance
with experiment, :

VIVe = Vie/o) = 1/3.80665 (14)
as already pointed out. _

And when the gases are dissimilar in molecular con-
stitution, as in the case of the aether and hydrogen, but the
ratio of the specific heat under constant pressure to that
under constant volume is known, we may still calculate their

16*
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theoretical value of wave propagation from the use of the
ratio V/(4/&). And if the velocity of ‘the wave-propagation
‘be observed in both cases, and we desire to determine the
relative density of one of the gases, we may effect this as
in the above case of the aether, which absolutely excludes
the possibility of a large density. As the aether is a gas of
excessively small density, it is therefore compressible, as
previously inferred, but only by powerful, quick-acting forces.

The study of the aether as a gas, in accordance with
the views entertained by Newifon in 1721, and approved by
Maxuwell in 1877, thus opens new possibilities, and introduces
criteria of the utmost value to physical science.

2. Geometrical and Physical Outline of the

Relationship between lLight, Magnetism and the
Electrodynamic Action of a Current.

In the 3™ edition of the celebrated Treatise on Op-
tics, 1721, Query 28, Sir Zsaac Newlon treats of Huyghens'
theory of double refraction in Iceland spar, on the hypo-
thesis of two several vibrating mediums within that crystal,
for refracting the ordinary and extraordinary rays, but says
that Huyghens was at a loss to explain them.
or motions, propagated from a shining body through. an
uniform medium, must be on' all sides alike; whereas by

these experiments it appears, that the rays of light have dif- '

ferent properties on their different sides.«

In proof of this confession of failure,
Newton cites from the ‘I'raité de la Lumicre, 1690, p. g1,
the words: »Mais pour dire comment cela se fait, je n'ay
rien trouvé jusqu'ici qui me satisfasse.«

by Huyghens,

Newton then argues effectively against the explanation
of Huyghens, and points out the improbability of two aethereal
media filling the celestial spaces, which bas been emphasized
in recent times by Maxwell, who declared it unphilosophical
to invent a new acther every time a new phenomenon was
to be explained.

In the early days of the modern wave theory of light,
the properties of polarized rays were carefully investigated
by Fresnel and Arago, and subsequently verified by Sir Fokn
" Herschel and Airy, who fully confirmed Newtor's conclusion
that such rays have sides with dissimilar properties on op-
posite sides. The account of Fresnel's progress given by
Arago in his Eloge Historique, July 26, 1830, is very in-
structive, since Arago was associated with many of Fresnel's
discoveries. Besides the able analysis in the celebrated and
comprehensive article Light, Encyclopedia Metropolitana, 1849,
Sir Sohsn Herschel's Familiar Lectures on Scientific Subjects,
1867, are valuable, in showing his mature conclusions.

It being thus recognized that a ray of polarized light
has sides, with dissimilar properties on opposite sides, it
remains for us to form a clear image of such a ray of light,
and to examine the phenomena of magnetism and electricity,
to ascertain if a relationship to light can be established.

The late Professor Paul Drude's comprehensive Lehr-
buch der Opfik, Leipzig, 1goo, may be consulted for a modern
analysis of purely optical problems; but, as our object is to
outline relationships not heretofore developed, we shall make
the optical treatment very brief. ~

»For pressions |
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Let # denote the displacement of the aether particle
from its vertical position of equilibrium, as on the surface
of still water, Then we have for a flat wave in the plane
xy the wellknown equation

u = asin{2m-tfr+p) = asin(zmn- A/; +p) (15)
where « represents the displacement at right angles to the
x-axis, @ is the amplitude, 4 the wave length, .and 2 the
phase angle, from which the revolving vector of radius @ is
weasured. Such a flat wave represents motion like that pro-
pagated along the surface of" still water, and the movements
are given in detail by figure 1, Plate 4, which is slightly
modified from that used by A#y in his great treatise on
Tides and Waves, 1845.

It will be noticed that each particle of water undergoes

i an oscillation about a mean position, shown by the centres

S our

i light,

of the circles, in this very accurate figure, while the wave
form moves on, in a direction corresponding to the axis of
x in equation (15). ‘Thus the particles undergo not only a
vertical oscillation, as the wave passes, but also a longnudmal
oscillation. This is typical of all waves in water.

Now it is usual to take (15) as the equation of the
motion of the aether in light, and to call # the light vector,
and to describe this light vector as revolving, when the wave
advances. The motion # in (15}, however, is simply a side
displacement normal to the x-axis, which may be produced
by the revolution of the radius @ in the circles,
figure modified from Aay’s analysis of water
motion. T'he real motion of the aether particles should be
somewhat elliptical, but much like those of the water par-
ticles, about a mean position of radius . Equation {15} then
will give only the side displacement, normal to the x-axis;
and to get the whole motion of the particles we have to
take the components » and w normal to the y-axis and z-axis
respectively. Then the three components of the directed
magnitude, which represents the oscillation of the particle
about its mean position, will be

as in
wave-

= acos(2m-t/c+p)
= bcos(z‘t tr+g)

w = ccos(2m-tfr+7)
(«/a)*+(0/8)* +(w]e)* = 1 (r7)
V(i +vi+w?). (18) ,
It will be proved hereafter that there is a fundamental
error in the wave-theory of light, as handed down by tra-
dition from the days of Yowung and Fresnel; and that in a
ray of common light the aether particle not only has trans-
verse motion, but also a corresponding longitudinal motion,
depending on the small ratio of the amplitude @ to the wave
length 1. After polarization these natural free motions of the
aether are restricted, by the resistance impressed upon natural
in. the surface action of reflection, or transmission
through transparent bodies, crystals, etc., and by unsymmetrical
transparency in different directions, as in tourmaline, which
forces half the light into one plane and destroys the other
half. Originally the general path of the aetheron was elliptical,
and although now transformed into oscillations near one plane
the vibrations in most cases still are narrow ellipses, because
it is proved by the reflection of plane polarized light from

12

(x6)
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a silver surface that an almost circular polarization results,
whereas that reflected from galena has very narrow ellipses.
This could not well result unless the polarized light before
reflection from these metals described narrow ellipses, which
are not exactly straight lines.

Now the elliptical paths established by equations (16),
(17), (18), are similar to those analysed by Herschel in
Section 618 of his great article Light, 1849. Suppose we
consider the part of these waves which in a polarized ray
have only right-handed rotations. Then if such a selected
beam traveling along the x-axis be looked at flat on, from
a point on the z-axis, the paths of the aetherons would
resemble the motions of the particles of water in A7i7y's figure
given as fig. 1, except that the aetherons may have paths more
highly elliptical than are shown by A7»y. This is the simplest

form of the oscillations in the new wave-theory of light, -

which will be developed in the fourth paper: and we shall now
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see if it is possible to find corresponding oscillations in the -

field of a magnet and of an electric current.

In the year 1845 ZJuaraday made a celebrated experi-
ment in which he passed a beam of plane polarized light
along the lines of force; and discovered that when the light
travels in a material medium such as heavy lead glass, carbon-
disulphide, etc., the plane of polarization is twisted by the
action of the magnetic field. Not only is the plane of
polarization rotated, but the rotation increases in direct pro-
portion to the length of path traversed; and even when the
light is reflected back and forth many times the twisting of
the plane of polarization is always in the same direction
like the helix of a circular winding stairs, as was long ago
noted by’ Sir Fokn Herschel.

In the article Wave-Theory, Encyclopedia Britannica,

o™ edition; Lord Raeyleigh describes this rotation of the plane |
. that he concurred in the present writer's views — we must

of polarization by magnetism as follows:
»The possibility of inducing the rotatory property
in bodies otherwise free from it was one of the finest of
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Faraday's- discoveries. He found that, if heavy glass, bisul-
phide of carbon, etc., are placed in a magnetic field, a ray
of polarized light, propagated along the lines of magnetic
force, suffers rotation. The laws of the phenomenon were
carefully studied by Ferdet, whose conclusions may be summed
up by saying-that in a given medium the rotation of the
plane for a ray proceeding in any direction is proportional
to the difference of magnetic potential at the initial and
final points. In bisulphide of carbon, at 18° and for a
difference of potential equal to unit C.G.S., the rotation of
the plane of polarization of a ray of soda light is o.o0402
minute of angle.«

»A very important distinction should be noted between
the magnetic rotation and that natural to quartz, syrup, etc.
In the latter the rotation is always right handed or always
left handed with respect to the direction of the ray. Hehce
when the ray 1is reversed the absolute direction of rotation
is reversed also. A ray which traverses a plate of quartz
in one direction, and then after reflexion traverses the same
thickness again in the opposite dircction, recovers its original
plane of polarization. It is quite otherwise with the rotation
under magnetic force. In this case the rotation is in the
same absolute direction even though the ray be reversed.
Hence, if a ray be reflected backwards and forwards any
number of times along a line of magnetic force, the rotations
due to the several passages are all accumulated. The non-
reversibility of light in a magnetized medium proves the
case to be of a very exceptional character, and (as was
argued by Sir I Thomsen) indicated that the magnetized.
medium is itself in rotatory motion independently of the
propagation of light through it.«

Now if I understand this subject aright — and my per-
sonal correspondence with the late Lord Rayleigh shows

conceive a line of force, circling around between the poles
of a magnet, to be the axis of rotation in magnetic wave-
motion, as shown by figure 2, repeated
from the first paper on the New Theory
of the Aether.

" If this interpretation be admissible,
we see that just as plane polarized light
has sides, — with dissimilar properties on
the opposite sides, as remarked by Newton,
Fresnel, Arago and Siv Fohn Herschel, —
so also there are plane waves receding
from magnets with exactly the same sides,
with dissimilar properties on the opposite
sides. It is these sides with oppositely
directed rotations in the waves of the
aether which gives poles to magnets.!)

Magnetic polarity is. thus directly

connected by similarity of the rotations
in the plane waves with plane polarized

y HMatureof Plane Wave Matten Hiwrtensed in decas]

Fig. 2. The Wa\/e-theory of magnetism, which gives a direct and simple
explanation of both attraction and repulsion, and harmonizes the
known phenomena of magnetism, optics and electrodynamic action.

light. And just as the amplitude of light
waves decrease inversely as 7, the distance
from the radiating centre (cf. Drude,
Lehrbuch der Optik, 1900, Teil II, Kap. II)

1) » Newton came to the conclusion that each of the two rays (of polarized light) had two sidesIandffrom the analogy of this two-

sidedness with the[two-endedness of a magnet the term polarization arose« — Gage's Principles of Physics, 1897, p. 404. -
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so also in magnetism, the wave amplitudes follow the law:
A = k[r, giving the force f= £%/r%, as observed in the
actions of magnetism and universal gravitation (cf. Electrod.
Wave-Theory of Phys. Forc., Vol. 1, 1917). Accordingly,
‘the connection between magnetism and light is obvious, the
moment we do not restrict our conceptions of light to the
side displacement in (15)

u = asin{zm x/A+p) (19)
but regard light as a disturbance involving a circular or
elliptical displacement of the particles about a mean position,
as the vector @ representing this displacement in thé case
of a circle, revolves in a plane, which may be tilted at any
angle relative to the coordinate axes.

In his celebrated article Light, 1849, Sir Fokn Herschel
shows, by carefully considered reasoning, that in the elliptical
paths of the aethereal vibrations constituting light, the motion
of the aetheron is about the centre of the ellipses, just as
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is the path of a vibrating conical pendulum, which may also - ) : .
. electric. waves in such a way as to illuminate this relation-

change the path of its motion under the steady application
of small impulses.

Suppose the undisturbed position of an aetheron be
taken as origin, and let two radii vectores, drawn from the
centre of the elliptical path to the disturbed agtheron, be o
and g'; then we have the wellknown equations

()2 == x2+)r2+5‘3 ()"3 f— x,2+}'/2+2/2
00’ cos@ == ax’'~+yy 455’ {20)

cosf = cosa cosa’-+cosf cos @ +cosy cosy’ .
cos?a +cos?B+cos’y = cos?a’-+cos? B +cos?y = 1. (21)

The angle # measures the motion of the light vector
in the plane of the ellipse, while the angles e, 8, ¥, ¢/, 8/, 7

are fixed by the direction cosines of the revolving radius = 4
o " sistence since 1744.

vector at any time.
It now remains to examine the disturbances taking

’

place about a wire bearing an electric current flowing from °

south to north, as in Qersted's experiment of 181g. Here
we notice that if the needle be suspended beneath the wire,
the north pole is deflected to the west by the action of the
current. If the needle be suspended above the wire, under
like conditions, the north pole is deflected to the east.

It thus appears that just as magnets have plane waves .

— like those of plane polarized light rotating in one direction, i

and thus having dissimilar properties on opposite sides —
so also an electric current has plane waves with sides, and

with dissimilar properties on opposite sides, as shown by

the study of Oersted’s experiment of 1819. This follows
also from the production of magnets from common steel
under the electrodynamic action of a solenoid, as in Ampére's
experiment of 1822,

made up of plane waves, flat in the plane through the axis
of the wire, as shown in figure 12, section VI, and more fully
in figure 18 (Pl 6), section IX, below.

In his celebrated address on the relations between
light and electricity, Sept. 20, 1890, Hertz tried to illu-
minate the connection previously recognized by Maxwell, and
distinctly referred both light and electricity to the aether.
»] am here«, he says, »to support the assertion that light of
every kind is itself an electrical phenomenon ~— the light

- misdirected Thought in
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of the sun, the light of a candle, the light of a glow-worm.
Take away from the world electricity, and light disappears;
remove from the world the luminiferous ether, and electric
and magnetic actions can no longer traverse space« (cf. Hertz,
Miscellaneous papers, p. 313).

Hertz was not able to make out the details of the
relationship sought, but the experiments which he devised to
show that clectric waves are refracted, reflected and interfere,
like light waves, marked an epoch in the development of
radiotelegraphy, and have long since become classic. Yet
when others took up the work, after Aerzs’s premature death,
whilst they verified and used his results, they did not add
to the theory of the aether, which Hertz considered essential
to scientific progress. Hence the need still remained to tra-
verse the lofty summits not yet explored {Hersz, 1. c., p. 327),
and to make out geometrically the nature of the displace-
ments involved in these waves.

Accordingly we have gone into the nature of light and

ship. Z/ertz remarks that to many persons Maxwell’s electro-
magnetic theory is a book sealed with seven seals. Thus
the breaking of the seals, that we may read the details of
the illuminated pages, would alone give us a direct view ol .
nature’s secrets, and justify any treatment which would throw
light on this obscure subject and confirm the doctrine of
continuity in natural philosophy.

3. Luler's Defective Theory of Magnetism has.
Modern Science: Simple
Fxplanation of Induction, and of the Dynamo on
the Wave-Theory.

(i) Zuler's theory of aetherial circulation, and its per-

Nothing could better illustrate the unsatisfactory state
of the traditional doctrines of electricity and magnetism, than
the old conception of.a magnet, first outlined by ZEwler at
Berlin, 1744, and since handed down, with very slight
changes, and thus copied, with the original defects of sym-
metry, into hundreds of works on physics used by the prin-
cipal nations of the world.

It is authenticated, that in his university career at
Basel, Zuler had studied both anatomy and physiology. As.
an outcome of this anatomical research he was familiar with
the circulation of the blood in the human body. Thus he
understood the valvular structure in the arteries, which secures.
the flow of the blood in one direction only, as the heart
beats to expel the blood through the arterial system.

Accordingly when Euler attempted, twenty years later,.

, to develop a theory of magnetism, which should reconcile
The correct theory of an electric current is that it is

all the known facts, including the attraction of unlike and
the repulsion of like poles, he assumed a flux of the aether,
along the axis of the magnet, inward at the south pole and
outward at the north pole, as shown in figure 3 Plate 4
from Zuler's work (Dissertatio de Magnete, 1744, published
in Kuler's Opuscula, vol. 11I, Berlin, 1751, Plate I).

This remarkable figure has been handed down by tra-
dition for 176 years, and its validity apparently seldom or
never questioned, though it probably is less used of late
years than formerly. It appears in the physical treatises of.
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all countries, and has vitiated even the mathematical theory
of Maxwell (Treatise on Electricity and Magnetism, vol. 11,
P- 28, § 404).

Maxwell's reasoning is as follows:

»The magnetic force and the magnetic induction are
identical outside the magnet, but within the substance of the
magnet they must be carefully distinguished.«

»In a straight uniformly magnetized bar the magnetic
force due to the magnet itself is from the end which points
north, which we call the positive pole, towards the south

end or negative pole, both within the magnet and in the |

space without.« ]
The lack of symmetry and of appropriate physical
basis to this reasoning is so truly remarkable as to occasion
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genuine surprise that it should have been used by Maxwell.

He continues:
.»The magnetic induction, on the other hand, is from
the positive pole to the negative outside the magnet, and

from the negative pole to the positive within the magnet, -

so that the lines and tubes of induction are reentering or
cyclic figures. «

This artificial and unnatural theory is outlined in the
accompanying sketch, see Fig. 4 Pl 4. Fig. 5 PL 4 illu-
-strates the usage of Fuler's Circulation Theory of a Magnet
in various modern works. The figure above, on the left is
from Millikan and Gale's First Course in Physics, 1906; that
to the right is from Gazebrook's Electricity and Magnetism,
1903; the sphere below is from Crystall’s article on Magnetism,
Encycl. Brit,, 9 Ed., 1875; while the figure to the right, below,
is from Drude’'s Physik des Aethers, 1894.

It appears that Afaxwell adhered to Enler's conceptions
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To be sure that no injustice was done to Euler, 1 took
a small magnetic needle, suspended by a thread accurately
fastened to its centre, and found by actual trial how this
small magnet behaved when substituted for the soft iron wire -
described above.

We find by trial that the suspended needle also is
drawn from the equator of the magnet towards either pole,
exactly as in the case of the soft iron wire above used. The
deflection of the supporting thread from the vertical direction
of gravity, shown by the glass marble suspended in the
centre of the field, under actual trial, shows this clearly and
unmistakably,

It seems therefore absolutely certain that Lw/er's de-
fective theory of magnetism, with fatal lack of essential sym-
metry, yet copied in all the works on physics for the past
176 years, was an oversight due to the partial blindness of
that great mathematician, and thus excusable. But what shall
we say of the careless reasoning of physicists, which has
enabled this unsymmetrical and unnatural figure to be handed

~down unchanged through nearly two centuries, or else mended
" by strained reasoning like that used by Maxwell above?

so far as induction is concerned, but added to it to explain |

magnetic force.

The anomaly of imagining the magnetic force to oppose
the induction within the body of the magnet, but not with-
out, is striking, and probably due to the habit of referring
all actions to that of a unit north pole.

On the other hand the much simpler conceptions of

the Wave-theory, 1917, need no emphasis. We there imagine
the stress in the aether to be due to waves from all the
atoms, so that the lines of force — which are the axes of
rotation of the receding waves — tend to shorten themselves,
as Faraday had observed, and as we have explained me-
chanically in the second paper on the New Theory of the
Aether.

It is very difficult to account for the defective theory
of 1744 except by remembering that Zwuler had injured;
eyesight, which did not enable him to detect the true sym-
metrical nature of magnetism, by experiments with soft iron, :

or with smailer magnetic needles, as shown in the accom.
panying photograph, see Fig. 6 Pl. 4, of an experiment
made by the present writer, 1g14.

Soft iron paper fasteners freely suspended by threads
are used to indicate the pulling from the equator towards
either pole of the magnet. The lines of force thus visibly
tighten and shorten themselves by the aetherial suction into
either pole; and Euler's defective theory of an inward flow
at the south pole and an outward flow at the north pole is

disproved by observations which any-one can make for himself, |

i
I
i
i
|
|
|
|
!
;
I

It may perhaps be aliowed that the above experimental
result definitely establishes the electrod. wave -theory of
magnetism, set forth in the Electrod. Wave-Theory of Phys,
Forc,, vol. I, 1917. Accordingly, since we have attained a
natural point of view, based on recognized symmetry, for the
theories of electricity and magnetism, we shall see how fully
the new theory is confirmed by definite phenomena which
are simple and easily understood.

(i) Maxwell's difficulties overcome by the wave-theory.

But, first of all, we call attention to the fact that in his
paper On Physical Lines of Force (Scientific Papers, vol. I,
p. 468) Maxuell searched diligently but in vain for the answer
to the question: »what is an electric current ?«

»I have found great difficulty,« he says, »in conceiving
of the existence of vortices in a medium sjde by side, re-
volving in the same direction about parallel axes. The con-
tiguous portions of consecutive vortices must be moving in
opposite directions; and it is difficult to understand how the
motion of one part of the medium can coexist with, and even
produce, an opposite motion of a part in contact with it «

»The only conception which has at all aided me in
conceiving of this kind of motion is that' of the vortices
being separated by a laver of particles, revolving each on
its own axis in the opposite direction to that of the vortices,
so that the contiguous surfaces of the particles and of the
vortices have the same motion.«

-»In mechanism, when two wheels are intended to re-
volve in the same direction, a wheel is placed between them
0 as to be in gear with both, and this whel s called an
jidle wheel’. The hypothesis about the vortices which I have
to suggest is that a layer of particles, acting as idle wheels,
is interposed between each vortex and the next, so that each
vortex has a tendency to make the neighbouring vortices
revolve in the same direction with itself«

The difficulty here described by Maxwell is immediately
solved by the wave-theory, for when a continuous series of
waves are flowing, the rotatory motions of all the particles
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of the medium are in the same direction, as we see from
the above Fig. 1, Pl 4, from Asry, and no such antagonism
as Maxwell mentions can arise. Surely this removal of
Maxwell’s difficulty, along with the complicated structure of
»idle wheels¢, which he devised for the stationary aether
vortices, in default of wave-motion, must be considered a very
remarkable triumph of the wave-theory.

In 1914 I found by careful experiment that a suspended
magnetic needle is bodily attracted to a wire bearing a current,
owing to the interactions of the waves from the wire and the
needle. But it appears from Maxwell's address on Action
at a Distance, {Scientific Papers, vol. 1I, p. 317) that he did
not look upon an electric current as bodily attracting!) a
suspended magnetic needle.

»We have now arrived at the great discovery by Oersted
of the connection between electricity and magnetism. Oersted
found that an electric current acts on a magnetic pole, but
that it neither ‘attracts it nor repels it, but causes it to move
round the current.
electric conflict acts in a revolving manner‘.¢

»The most obvious deduction from this new fact was
that the action of the current on thé magnet is not a push-
and-pull force, but a rotatory force, and accordingly many

He expressed this by saying that the
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minds were set a-speculating on vortices and streams of aether

whirling round the current.«< .

And I have not been able to find any clear statement
of the proved attraction of needle to a wire bearing a current,
in later writers; they all evade it, by arguments as to the

behavior of a unit north pole, when no such single pole .

exists. In the theory of magnetism it is no more pertinent
to discuss the actions of half of a magnet than it would be

when the whole body is perfectly symmetrical, and not to
be split up into halves, and cannot act as such.
one arm, one side of the brain and spinal column performs
no functions alone and all such discussion is unscientific and
a very imperfect makeshift.

(iii) Induction due to motion of a .magnet explained
by the wave-theory.

In the year 1824 it was observed by Gambey that a
compass needle oscillating in its box came to rest sooner
if the bottom were made of metal than if of wood. What
is the reason of this dragging action of the metal? In the
Electrod. Wave-Theory of Phys. Forc.,, we have explained
induction by wave-action, and shown that when waves having,
say, positive rotation suddenly penetrate a metallic substance,
the effect of these positive whirls is to generate negative
metallic whirls, in virtue of the disturbances of the aether.

That is to say, no such permanent disturbances will
occur when both the magnet emitting waves and the non-

One leg, |
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magnetic metal is at relative rest, but the moment any relative
motion takes place, thé wave-field penetrating the non-magnetic
metal undergoes change, and this change of the wave-field
disturbs the equilibrium of the aether in the non-magnetic
metal, and the result is induction, or the generation of electric
waves in the metal, which becomes temporarily magnetic.
The metal therefore emits waves with whirls or rotations
opposite to that of the inducing magnet.

Now in ‘our demonstration of the cause of magnetism,
1917, it is shown that the reason why opposite poles attract,
is that the opposite rotations in the waves from such poles
cause an undoing of the stress of the medium, so that it
collapses, and this tendency to contract is what we call
attraction. In the same way the relative motion of a com-
pass needle over a metal plate induces in it opposite polarity,
with opposite rotations in the waves emitted therefrom; and
then the temporary magnetism induced in the plate by the
relative motion of the needle, calls forth attraction between
the needle and the metal. Accordingly, this induction acts
as a drag on the vibrations of the needle, and brings it to
rest sooner than would be the case if the vibrations were
over wood, which is almost devoid of inductive effect, because
it is non-metallic.

(iv) Arago’s rotations and the dynamo explained.

Soon after Gambey’s observation in 1824, the subject
was investigated by Arage, who found that a copper plate
under the needle was most effective in damping its vibrations.
On rotating the copper disc in its own plane beneath the
needle, he found that the needle was dragged around by

i an invisible friction; and when the magnet was rotated near

; . : . . the copper disc, the disc was dragged by the rotating magnet.
in human physiology to treat of one side of our bodies only,

This action was spoken of for a time, as a sort of magne~
tism of rotation, but in 1831, Faraday discovered induction,.
and showed that Arago’s rotations depend on this cause.
According to Faraday a magnet moved near a solid.
mass or plate of metal, induces in it disturbances which
result in currents when they are properly directed, as from
a dynamo. If they are not directed through a circuit, they

i flow from one point to another, and the energy is frittered

down into heat, but meanwhile the electromagnetic forces.
act as a drag on the rotations taking place. :
Yig. 7, PL 5, illustrates the eddy currents long re-
cognized in such experiments. But from our electrodynamic
wave-theory of magnetism, we recognize these whirls as the
elements of rotations in waves receding from the magnet.
If we spin the disc of copper as shown in fig. 7, and
lead off the disturbances by a circuit of wire connecting the.
points @ and & we get the current generated by a dynamo,.
which was also invented by ZFaraday. ’
The above explanation of the generation of a current

Y Whewell, History of the Inductive Sciences, 37¢ ed. 1857, vol, III, p. 73, expresses himself in about the same way: »On attempting

to analyse the electro-magnetic phenomena observed by Ocrsted and others into their simplest forms, they appeared, at least at first sight, to be
It seemed as if the conducting wire exerted on the pole of the magnet
a force which was not attractive or repulsive, but transverse; — not tending to draw the point acted on nearer, or to push it further off, in
the line which reached from the acting point, but urging it to move at right angles to this line. . The forces appeared to be such as Aepler
had dreamt of in the infancy of mechanical conceptions; rather than such as those of which MNewton had established the existence in the
solar system, and such as he, and all his successors, had supposed to be the only kinds of force which exist in nature. The north pole of the
needle moved as if it were impelled by a vortex revolving round the wire in one direction, while the south pole seemed to'be driven by an.

different from any mechanical actions which had yet been observed.

opposite vortex. The case seemed novel, and almost paradoxical.«
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. But we should look -into the history* of the subject
since the earliest experiments, eighty years ago, in order
to get-a connected view of the whole subject of electric
oscillations. . . o ' _

4. In 1842, Professor Foseph Henry was occupied with

the study of the discharge of a Leyden jar, and reached the

conclusion that what appears to the naked eye as a single
spark, »is not correctly represented by the single transfer of
‘an imponderable fluid from one side of the jar to the other.¢
»The phenomena,«¢ he adds, srequire us to admit the ex-
istence of a principle discharge in one direction and then
several reflex actions backward and forward, each more feeble
than the preceeding until equilibrium is obtained. »Henry's
conclusions were drawn from observations of the irregular
magetizations of steel needles when Leyden jar discharges
are directed through a coil, as in Savary’s experiments.

5. Henry's conclusions were mathematically confirmed
in g853 by Lord Kelvin, who reached the formula for the
time of these oscillations:

T = a5t/ V(1] KL~ R*4L%) (23)
where X is the capacity of the condenser, now usually ex-
pressed in Farads; Z the inductance, now usually expressed
in Henrys; and £ the resistance, in Ohms. If A = o.o1
Microfarad, L == o.ooco1 Henry, and R == o, the time of
‘an oscillation will be found to be 1:503000, or the fre-
quency of the oscillations go3ooo per second. They may be
made as rapid as 1ococooco per second, or even of higher
frequency; yet we cannot make them as rapid as the waves
of light, because our physical apparatus is not of atomic
dimensions.

6. When R%/4L% is so small as to be negligible com-
pared to 1/KLZ, the time of oscillation becomes like that of
undamped simple harmonic motion:

] 7= VKL. (24)

But if £2/4Z? is small, yet not wholly insensible, the discharge

is oscillatory, for under the damping due to resistance, the

period is altered, and the time of oscillation becomes of the

form used in radio telegraphy:

; =2V (n?+13) VKL, (25)
where 7 is the logarithmic decrement.

4. In 1858 Feddersen experimentally confirmed Lord

. Kelvin's theory of the oscillatory character of the Leyden jar

" discharge, by photographing the image of the spark in a

-rotating mirror, and found that the image of light was drawn’

out into a series of images, due to sparks following each
other in rapid succession. The illustration of this oscillatory.
discharge in Fig. 8, Plate 5, was obtained in 1904 by Zenneck,
who used a Braun tube as an oscillograph.

; 8. Now in the case of a steady electric current, the
conductor connects points having difference of potential:
this difference tends to adjust itself, by the electric contact,
resulting from the conductor, and thus the aether is set in

oscillation and the waves travel along the wire, just as water |

runs down hill from higher to lower gravitational potential,
and in this transfer some dissipation of energy results.

- Inductance is present in the wire, and as it has also
. capacity, the contact yields electric oscillations, when energy
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is released, as in the discharge of, a Leyden jar. If only
one of these factors, inductance or capacity, were present,
but not both, the disturbance would rise and fall according
to some exponential function of the time, yet without regular
oscillations. -

When both inductance and capacity are present, as in
all metallic systems, the disturbance calls forth both elasticity
and inertia, because the electric disturbance is physically
impeded and the aether is set into wave motion of the kind
above described. :

9. So long as difference of potential is maintained at
the two ends of a circuit this electric wave oscillation is
maintained along the wire. As in the case of the Leyden.
jar, so also for a battery; the oscillatory discharge begins
the moment the circuit is-complete, and continues to flow
as a steady current. Since there is finite but small loss of
wave energy through the body of the whire, owing to its
physical resistance to the free movements of the aether, the
wave disturbance envelopes the wire cylindrically, traveling
more rapidly in the free aether outside; but the wave front.
is continually bent inward towards the metallic cylinder, just
as the wireless wave is bent around the globe, by the greater

- resistance to the motion of the radio wave in the solid globe

of the earth. :

The above explanation of the waves propagated from
a conductor gives a very satisfactory account of the phe-
nomena {rom a physical standpoint. But it is advisable to
look into the matter also from the historical point of view,

| in order to perceive the drift of research during the past

sixty years.

1o. In the celebrated Treatise on Electricity and Magne-
tism, 1873, § 771 et seq., Maxwell first brought out the funda-
mental difference between electromagnetic and electrostatic
units, and showed that the ratio is always equal to L/ T=uv,a
velocity. Upon this basis Maxwell erected the foundation of
the electromagnetic theory of light, which has come into
general use, though the mystery of the connection between
light and electricity was not fully cleared up. TFor example,
Lord Kelvin never could see how it helped the wave-theory
of light (Baltimore Lectures, 1904, p. 9). .

As already pointed out, it will be seen from the table
given below, that the dimensions of resistance, in electro-
magnetic units, is L7, which represents a velocity. This
is a very remarkable fact, having profound physical signifi-
cance, which may well claim our attention. Is it possible
that the resistance felt in all conductors, and obeying Okm’s
law, is an indication of the motion of electromagnetic waves
along the wires, by which the resistance is generated? If
s0, the dimensions in electromagnetic units should be »® times
that in electrostatic units, as actually observed.

r1. In his celebrated discussion of the electric medium
Maxwell showed how »ve¢ could be determined experimen-
tally. In fact, Weber and Kohlrausch as early as 1856, 17
years before Maxwell's treatise appeared, had already carried
out a numerical determination, and obtained the approximate
value v = 310740000 metres per second (Poggendorff’s Ann., .
1856, Aug., pp. 10—25).
. This constant has since been determined by many
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investigators, working along lines indicated by Maxwell, with
very accordant results, the latest and no doubt the best being
that by Professor Z. B. Rosa and V. E. Dorsey of Washington,
1907, Bulletin of the Bureau of Standards, vol. 3, nos. 3
and 4, p. 6o1, namely:

o v == 2.997-1010,

12. As these publications are universally accessible,
we shall not go into the details of these electrical experi-

13. Table of the equivalent dimensions
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ments. It suffices to confine our attention to a physical
explanation of the results obtained, but apparently not’ yet
clearly understood by natural philosophers.

On comparing the dimensions of the electromagnetic
units with those .of the electrostatic units, we find that there
is always a uniform difference depending on the common
factor Z/T=1v, or 22/ 7T? =12 as shown in the following
tables. ' . o

Ay

in the two theoretical systems of units, :7.

Electrostatic Electromagnetic

1. Charge of electricity ¢ MBLh Tt = prth s, . MMM

2. Density 0 MBL=Th =1 = prih p—h., M L=h

3. Electromotive force E - MBLE T == pr'h gt 2. 1y MBI -2

4. Electric intensity R(X, ¥,Z) MIMI=r7=1 — 1% /' T2ty Mbphp—2

5. Potential 124 MPLET= = ppth gt -2 Jv  Ar'h L T2

6. FEléctric polarization Pfigh) MBIt — gpn L™y, C M pth

. 7. Capacity C L = LTl 72,0 Lt

*8. Current _ 7 MPLAT™2 == prh A1y pph

9. Current per unit area (2, v,-10) - MM LT =2 = pph - I7Vv  Mhr-h -1
10. Resistance R L-ir = LTt 1y L7t ’
I1. Specific resistance T T = L2771 /2 L2 T _ o
12. Strength of magnetic pole m ML =MD T M 1 B
13. Magnetic force Hle, B y) MPNIBT~2 — jp'h - 770y A L= -1 .
14. Magnetic induction" B(a, b, ¢ M= =ML TRT Uy Jf p—h et S
15. Inductive . capacity - K o = LTy L—27? o
16. Magnetic permeability I3 L727? = r-1/0? 1

Table of practical units in the two systems,

Measure in

Quantity Name of Unit elegreoansll;rge. lunnits electrostalt(iyc u?i‘ts
(#=3-10"°CGS)
Charge of electricity Coulomb 10™! 3-10"
Electromotive force
Electric intensity Volt 108 1/(3-10?)
Potential :
Capacity Farad . 1079 - g-r10ll
Capacity Microfarad 10714 9-10°
- Current Ampére 101 3 10"
Resistance Ohm 10? 1/(g-101)

It will be seen from the element,; resistance, no. 10,
in the above table, that to establish equivalence, the electro-
static unit must be divided by (7272 or by 2 which is

. the square of the dimensions in electromagnetic units. This

indicates that electromagnetic waves resisted by a conductor
do work depending on the square of the velocity with which
they travel, which conforms to general experience in all
physical problems where energy is expended.

14. It thus appears that the ratio between the two
sets of units is uniformly L/T=1y, in the first or second
power, and thus » undoubtedly represents a velocity, as first
clearly®set forth by Maxwell, Treatise on Electricity and
Magnetism, § 771 et seq. Fortunately it happens ‘that this
ratio can also be determined experimentally, from a current
of electricity in motion, and from an identical electrostatic
charge, at rest: thus u admits of- electric measurement, in-
dependently of any theory of light. But as the value of » is the
same as the velocity of light, Maxwell naturally concluded
that the electric medium is identical with the luminiferous aether.
The following is an outline of the method of measurement.

For simplicity, suppose a condenser is charged with elec- -
tricity, and let its quantity, Q, be measured in electrostatic
units, by determining for instance the repulsion which a given
proportion of the total charge produces in a torsion balance
of known dimensions. o ' .

'Let the condenser be again charged to the same extent,
and let it be discharged through a galvanometer. By measuring _
the deflection produced, the constants of the instrument being
known, we may determine the quantity of electricity which
deflected the galvanometer. This gives by direct observation

Qle.m)/Q(e.s) = C 3.0- 101/C = 3.0- 1010

‘ == velocity of light.

16. The process may be numerically illustrated in the
following way. Thee.m.f. of a Daniell’s cell may be measured
by such an instrument as Lord Kelvin’s absolute electrometer,
and found to give in electrostatic units of potential say 0.0036.

The same difference of potential measured in electro- ..
magnetic units will be found to have the value cod

1.088 10% = 0.01088'1010-3/3 = 0.0036-(3.0-1610). B

Hence the ratio of the electromagnetic to the electrostatic .
units is 3.0- 101 == velocity of light. ) B
The electrostatic quantity Q (e.s.) is the quantity of
electricity which attracts or repels another equal quantity at
a distance of 1 cm, with a force of a dyne. The electro-
magnetic quantity Q (e.m.) is the quantity of electricity
which traverses the wire of the galvanometer in a second
when the current set up by the discharge has unit intensity,
17. The ratio between the units is always of the
dimensions of a velocity, and as it holds under the con- -
dition that the centimetre is the unit of length, and ‘the -
second the unit of time, we see by experiment . that the

. 7t




rauo is the actual velocity of light, 3.0- 10!9, which establishes
. the "identity of the electric medium with that of the lumxm-
erous aether. .
., This was also shown by Hertz in the celebrated ex-
’ perlments which led to the development of wireless telegraphy,
.and thus the subject requires no further treatment at present.
e merely call attention to the electrodynamic waves about
a wlre bearing a current as diagrammed in the author’s work
of 1917, Fig. 12, below, and now somewhat better represented
‘in :Fig. 18, Plate 6. .

< .18. This plcture shows clearly that an electric current
is nothing but a certain “type of aether waves propagated
-away from the wire. Accordmgly, when such a current is
"set up in the aether, through the waves generated and main-
", tained by the e.m.f. of the battery, it is obvious that the
. electromagnetic measure of this electric action should involve
* the. motion of the waves or veloc1ty, while in the case of
" the electrostatic action no velocity is involved, but only a
. stationary difference of potential.
This theory completely accounts for the difference v
in the units, and harmonizes all known electrical phenomena,
and is-an especxally satisfactory termination of a half century
of scientific discussion of the relation between electromag-
detics and electrostatics. - It is not by chance that only v
and v? appear in the above table. .
If the actions of the medium involved somethmg besides
‘ sa‘y ‘induction, where v appears, or resistance, where »? appears,
it: should be expected to .find » in perhaps the third or
fourth powers; but no such powers are established by obser-
vatlon, which confirms the above interpretation.

‘3~" §. The Geometrical and Physical Slgmflcan(_e
of Biot and Savarts Law for the Intensity of a'Cur-
,e‘nt on a Straight Wire, and of Okw's Law for the
Res:stance

e . The law of Biot and Savart for an electric current

" on (Biot et Savart, Ann.
vChxm Phys., 15 p. 222, 1820):

. ‘ .. . I='KHlr (26)
‘ where K is a- constant and /- the 1nten51ty of the ‘electric
: _actlon which varies mversely as the distance » from the wire,
2 and d\rectly as the current strength A.
' . . 2..We shall give a simple geometrical basis for Biot
~and . Savarfs law of the inverse. distance. In the Electrod.
. Wave-Theory of Physm Forc., we have shown that the action
.- of an electric current is due to flat waves, with "their planes
ooof rotatlon contammg the axis of the straight wire, the ro-
‘tation of the wave' elements’ bemg ‘around the lines of force,
which are circles about that axis. All points of the wire
emit waves, but the ‘waves are so conditioned as to expand
"in the form of a cylindrical surface, thus spreading as a
c1rcular cylmder around the wire, but not in the direction of
o the“ynre The element of cylindrical surface becomes:
o ds'= d/»dw {27)
where rdw is. an element of .the circles of expansion, in-
- creasmg as the radius 7, and d/ is constant along the length
- of: the cylinder. ) -
.3 Now since . the element of length d/ is constant, as

‘ .

ke o
n. a stralght wire has the simple form

il

!
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the wave spreads outward, and only rdwm varies, the cylin-

_drical sector thus increases like the circumference of a circle,

277, perpendicular to the axis of the wire. The expanswn
of the radius of the circle thus determines the increase in
the area of ds, the elementary area of the cylindrical sur-
face, in which the electrical waves.must expand.

4. Now the area of the circular cylindrical sector varies
as #dw or as the radius, dw being constant in a fixed element
of the sector. And as the waves thus become less crowded,
in the direct ratio. of the distance, 7, it follows that the in-
tensity of the wave action decreases, varying inversely as 7.
This is a direct and simple view of the geometrical basis
of Biot and Savart's law, heretofore apparently little studled
by natural phllosophers

c. This remarkable law of Biot and Savert thus has
the simplest of e\planatlons namely, the elementary cylin-
drical surface ds increases directly as 7, and the resulting
electrical action therefore decreases inversely as ». The law
thus follows at once from the restrlgted freedom of the waves
propagated from the wire: and as it was confirmed by experi-
ments of Biot and Savart, 1820, the law in turn establishes
the dependence of current action on electrodynamic waves.
No other agency than waves could produce this result, be-
cause waves involve expansion, and the agitation has to follow
the geometrical inverse law of the increase of space.

6. By extending the above reasoning, we see that if
the waves from a body can spread in all directions, they
will fill a sphere surface, s == 47177 and hence the law of
decrease of the intensity for the action varies inversely as 77,
namely: f == m/r? which holds for universal gravitation,
magnetism, and other ‘physical forces of nature.

7. As the coincidence between the requirements of
waves and the space expansmn is rigorous, from x == o to
x == 00, the chances against such a mere accidental con-
formity, without physical cause, are infinity to one. Accor-
dingly, Biot and Savarfs law furnishes direct proof of the
utmost rigor that waves underlie electrodynamic action, as
well as gravitation, magnetism, etc. g

There has been such a bewildering confusion of thoughtA
connected. with- the whole subject of physical action across
space that it is necessary to bear in mind clearly the fun- -
damental principles of natural philosophy. To this end we
need obvious proofs of the causes underlying physical action,
under the simplest of nature's laws. The simple laws exclude
the larger number of complicating circumstances, and enable
the cause involved to stand out in such a way that we may
recognize it. ' oo

Very different indeed is the confusion’ of thought carried
on in certain scientific circles. At a discussion of the Theory
of Relativity, as reported in.the Monthly Natices for De-
cember, 1919, Sir Oliver Lodge justly complains that Professor-
FEddington thinks he understands it all. »To dispense with
a straight line as the shortest distance between two points,
and to be satisfied with a crazy geodesic that is the longest
distance between two points, is very puzzlirg.¢ -»The
whole relativity trouble arises from giving up the ether:as
the standard of reference — ignoring absolute: motion through

the ether —, rejecting the ether as our standard of reference,
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Fig. 1. Airy's illustration of the motion of the particles in a wave of water. Each particle moves
about a mean position, which is shown by the centre of the circles; and the radius vector
drawn from the centre, shows the water vector at various phases of the oscillation.

; ; T » > I -
: Ly .
E ' 1} Fig. 3. ,
| - ? f<uler’s Theory of Magne- ! . '
AE' tism, 1744, which conc.ei- _ ("“F:’;c‘e§\\\‘&
i ved a magnet as having L . TN
valves in the »Arteries« J AR
along its axis, permitting AN . ]
the acther to flow in one ‘);““4-— —————— D - .
direction only, from the . P (G B
South to the North Pole, T\ v
A5, This misleading prin- “ . ) ‘
ciple hasbeen used innear- AN - & :
Iy all works on magnetism ™ Indyction. -~ .
for the past 176 vears, r ’ . ' Lohd
though it sometimes is a- - ) R
dapted to modern thought i
by the round about and .
complicated processes of Iig. 4. Diagram showing the adaptation of Euler’s thec
Maxorell. : of 1744 made by Jlaxwell, Treatise on Elec
i city and Magnetism, 1873, vol. I[, § 404.

Fig. 5. Hlustrations of the usage of Fwler's Circulation Theory of a Magnet, 1744, in Fig. 6. Experimental confirmation of the Electrodynafnic Theory

various madern works, : the attraction of soft iron to magnetic poles.
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Fig. 7. Diagram of the Eddy Currents induced in a disc of
metal by motion relative to a magnet, and thence the
generation of a current, as in a dynamo.

Fig. 9. Illustration of the restricted amplitudes of the waves
receding from a straight wire, under Aot and Sarart's
s law, which permits space expansion, and thus decrease
of amplitude, varying inversely as the square root of

the distance 7.

Fig. 8. Photograph of the oscillatory character of the dis-
charge of a Leyden jar, taken in 1904 by Zenneck,
who used a Braun tube as an oscillograph.

. h! . “
C Cuwve fox Ohnis Luw, fou Conrtant
Disbance but veuying Rasistancs R, 1824

Fig. 10. Mustration of 2ot and Savart's law, 1820, where
we measure the intensity /as the distance » varies;
and of O/m's law, 1826, in which at a constant
distance and with uniform electromotive force we
measure the resistance A, or current strength /.

- ———*N“ M AR T2 2T T

Fig. 11. Illustration of a magnetic whirl about a wire, with Wave-theory of this whirl,
on the right. Each little picce of iron filing becomes a small magnet, and
they are draswn togethef hy tha sitrastiung nf thejr Sppiistis jles,
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Magnetic
Noxthy Bole

Fig. 14. Mlustration of the Wave-theory of the Farth's magnetism, showing the magnetic forces directed
towards cither pole. The annexed dingram on the right shows the rotations taking place in the
fiecld as the magnetic waves recede, while above it is the ficure of a small magnetie needle
pointing along the line of force, which iz the rotation-axis of the waves. The wmagnetic bield is
found by Gaswss to depend on about 1113801 part of the atoms, while the remaining 1379 1380ths

of the atoms, under haphazard orientation, give the central action of gravitition.

oA skl ik
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Fig.18. Illustration of the Wawe-field about a wire bearing a steady current. The oscillatory discharge diagrams on the left are
from Fleming’s Principles of Electric Wave Telegraphy and Telephony, 1916. As the wire has both inductance and
capacity, the discharge along it is osciliatory, and the wave-ficld develops as drawn. It is illustrated in Oersteds experi-
ment of 1810, and in Jeages's experinent with eajyicr wire, 1X30,
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Iig. 1. Mllustration of the effect of orthogonal pro/Accli()n, by which molecular motions, in Zoisson's
elongated ellipses normal 1o the wave front, at different parts of a sphere surface, brcome
mainly transverse to the direction of the ray, at a great distance from the source. The outer
circle is magnified to distinct visibility, so as to render the canse of the transverse vibrations
in light more obvious to the imagination, as shown also by the darkened areas of the enlarged
ray at the centre of the figure.
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I

R

Fig. 3. Graphical illustration, by means of the shaded portion, of the enormous

concentration of light

vibrations in the periphery of a beam, under orthogonal projection of the sphere, with Pozsson's
elliptical paths for the molecular oscillations along the radii from the centre, and, by means
of the small factor 4/A, thus making nearly all the vibrations transverse to the direction of

the ray.

C. Schaidt, Inhaber Georg Oheim, Kiel.
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Iig. 5. General view of the magnetic fiecld about the carth, with a specimen of the waves to which the

field is due, shown on the right.

The magnetic needle lies in the hollow of the waves, and

thus we see why it points to the north, Gamss Theory of the Earth’s magnetism corresponds to

the wave-theory for the part ol the

atoms which are lined up in parallel, to produce the carth's

magnetic field, aboat 1 1380t of the whole. The rest of the atoms, 1379/1380ths of the whole,
give the central action called gravitation, but the gravitational wave field is too complex to be

shown in the diagram.

Fig. 6.
Hustration of the restriction of free vibra-
tions when the wave motion is suddenly
resisted at the boundary of a solid body.
Owing to the resistance to one side of
the ray the beam of light is fattened
like a reflected stream of water, and
thenceforth becomes polarized, vibrating
with greatest freedom and largest ampli-
tude in the plane perpendicular to the
plane of polarization, as held by Zresned,

C. Schaidt, lohaber Georg Oheim, Kiel.

Tafel 8.
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Tafel g,

Fig. 7.
Iustration of light polari-
zed by reflection from the
blue sky. The vibrations
are normal to the plane
of  polarization passing
through the sun and the
zenith, and the polarization
attains a maximum at a
point equally distant from

the zenith,

Telawized Lighe

Interfavence,

b 1% & S,

e
Amplitud- Devbla,
Rhuset Comnur, |

Fig. 8.
Undulatory explanation of the interference
of polarized light, when the paths of the
actherons are circles. It will hold for
ellipses, and even for straight lines, but
such restrictions are not necessary. In
the upper part of the figure the wave
phases differ by '/,A; in the lower part
the phases concur, and give double in-
tensity. The light and dark bands above
correspond to the present position of the
wave, indicated by the heavy line, while
the arrows show the advanced position
of the wave when it has moved to the
right after an interval ds

C.Schaidt, Inhaber Georg Oheim, Kiel.

. Fig. 10.
Hlustration of the diffraction fringes due
to a rectangular aperture, with the corre-
sponding visibility curve above it, on
slightly different scale (Iichelsor). The
central band of light is nine times more
intense than the first secondary maxi-
mum, while the higher orders of bands,
all parallel to the sides of the rectan-
gular slit, are still fainter.
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and replacing it by the observer. By putting the observer investigators,” who  thus exhibit .a feeble grasp of the/mdst:
in the forefront and taking him as the standard of reference | essential conditions of geometrical and physical research. .-
you get complexity. If you describe a landscape in terms
of a man in a train looking out of the window, the descrip-
tion is necessarily complicated. The surprising thing is that
this theory has arrived at verifiable results.« ... »The theory
is not dynamical.” There is no apparent aim at real truth,

It is regarded as a convenient mode of expression. Relativists temporary journals and the transactions of learned societies

seem just as ready to say you are rising up and hitting the | is 4 bizarre performance, in vague and chxmencal reasoning, ¥
apple as that the apple is falling on you. It is not common little to the credit of our time. ) i

sense, but equations can be worked that way.< 12. We have now to consider the geomemcal and phy+ *

8. It is quite remarkable that heretofore the law of | gjca] significance of the law of electric resistance discovered

| Bz'o'{ and Saevart should ha've t?e.en so little st}ldied by in- by Dr. George Simon Ohm (Ann. d. Phys. VI, 1826, p. 459):

. vestigators. A law of such simplicity (compare Fig. 9, DPlate x) 7= HIR (30) ~
1 has enormous advantages over any complex law, especially o -3

| when it comes to searching for the causes which produce the where R is the resistance, /7 the electromotive force, and ’

phenomena observed in nature. Thus it is preeminently these | € intensity, as measured at any point by a suitable appa-

| simple laws, which admit of one interpretation and only one, | T34 such as a galvanometer. This law of Okm likewise is <

: that should claim the attention of natural philosophers. remarkably simple, and quite similar to that of Bfo# and Sauart'

above explained. Accordingly let us see what connection, . if

| any, exists between OAm's law and that of Biot and Savart.

Accordingly, since this Gerder formula is invalid, when
applied to a homogeneous sphere, or a spherical mass made : ¢,
up of concentric layers of uniform density like the sun, its
general admissibility must be wholly denied. In fact it has
neither geometrical nor physical validity; and its use in con-

| - 9. In the closest analogy with what Biot and Savart's
i law puts before us, for the intensity of an electric current, :
| on a straight wire, the Newtonian gravitational potential, for l'ﬁ a) In Biot and Savarfs law we vary the distance, thh “‘f
! . 2 homogeneous sphere or a heterogeneous sphere made of xed electromotive force, and observe the change in the. m; :~
\ concentric layers of uniform density, presents to us the ex- tensity : the observed result confirms the wave-theory. "i‘-,
cessively simple formula: ' b) In Om's law we also deal with a current in a wxre,: ¥
. V= Mlr , (28) | or wires, and when the electromotive force is fixed, we study )
: the law of resistance (X), or intensity of action .(7), .at'a’
fixed distance, where the needle of the galvanometer may,
be located

which we have already interpreted in terms of waves freely
expanding in tridimensional space.

Any other interpretation than that given for the New-
tonian potential function in thes® simple cases seems abso-
lutely excluded, by virtue of the ‘simplicity and directness of | current, serves for calculatmg the varymg intensity at- ‘mY.1 ,,;,
the most obvious special relations, as when the waves expand | distance, in accordance with the requirements of: the; wave- |
outwardly from a spherical mass such as the sun. theory. In the same way, Okm's law, when A is constant,’

but with varying Tesistance, R, serves for calculating the.in- .
tensity at a fixed distance. ~ s

10. Any modification which renders these formulae
complicated or non-homogeneous is to be viewed with pro- ;
found suspicion. Thus the substitution of Gerder's formula: 13. Accordingly it appears that these'two laws ste

. V= Mr(x—1]c-dr]dt)° (29) mutually sxlpPlelnentar§'. For a.ll the effec.ts, in the field <°€

electrodynamic waves about.a wire, should include both those
occurring at a fixed distance, as calculated by O/mzs law,”
and those occurring at a varying distance, as calculated by "

for Newton's as cited in equation (28) above, is unjustifiable
and indefensible; yet in the perverse search for complexity

instead of simplicity, such bewildering confusion goes on. the law of Moz and Savart. The two laws are thus brought

‘ Dr. 2. Gerber first published this unauthorized formula | into immediate and necessary relationship, and both conform
in the Zeitschrift fir Mathematische Physik, Band XLIII, | ¢ the wave-theory. .

1898, p. 93-104, and the exploitation of it since made by
Einstern -and his followers ignores the fundamental fact that

' N 'l X H\
We may write Biof and Savart's law in the form;.

by introducing the second power factor, 7i={(1—1/c-dr/ds)? ’ . I=KHlr . .. .. 5 k'(si;
in the diyisor, the dimensions of the equation are changed, | and O/’s law in the form: .
which is phy51ca]ly inadmissible and equivalent to violating : I=HIR. - ‘ (32)&‘

the essential mathematical condition of homogeneity for the Accordingly on combining the two expressions whlch

equation for the potential. Such an objection is fatall), since | ywe may do by equating the identical intensity at any point,
it rests upon 'both geometrical and physical grounds; and | we obtain

thus we witness the adoption of a mere convenience, in KH/7=H/R or K=r7r[R.. R 33)
“violation of recognized scientific principles. Therefore, we find on substituting for X its value, for |

_ 11. The fact that the Einstein speculations involve this | any value /7 and 7, o
fatal contradiction seems to have been overlooked by previous /= rH|Rr = H|R -

)

PN
1) Thls may be made a llttle clearer by noticing what would happen if the exactly analogous formula for the velocity, ¥ = L/T'.
had ‘s factor 7* introduced into the divisor 7. Such an arbitrary modification of the expression for the potenual is purely a change de con-,
. *venance, and not permissible on mathematical or physical grounds ) ; Ry
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which again yields O/4m’s law, in the form which holds for
‘any fixed distance. :

14. These two laws therefore confirm the wave-theory
of the entire field about a wire bearing a steady current.
Okm's law implies a cylindrical.wave field — the resistance
and intensity being the axes of a rectangular hyperbola
referred to its assymptotes — Biot and Sawverfs law also
represents a rectangular hyperbola of the same type, but with
# varying instead of R (compare Fig. 10, Plate 5).

These two laws give the complete theory of the electro-
dynamic wave-action, in the whole field about a wire bearing
a steady or variable current, and thus greatly simplify the
theory of the electromagnetic field.

6. Oersted’s Experiment, xng,AmgosExperlment
with copper wire, 1820, and the Magnetic whirl
shown by iron filings near a conducting wire all
confirm the wave-theory, which also agrees with
Ampere's theory of elementary electric currents cir-
culating about the atoms.

In the Electrod. Wave-Theory' of Phys. Forc we have
given a simple and direct explanation of.the deflection of
the magnetic needle first observed by Oersted in 1819, the
adherence of iron filings to copper wire conducting a cur-
rent, first observed by Arago in 1820. We also explained

. the circular whirl assumed by iron filings near a conducting
wire, and finally were enabled to harmonize the wave-theory

with Ampére's theory of elementary electric currents about |

the atoms (comp. Fig. 11, Plate g).

~*Such’ an illumination of the obscure subject of the
magnetlc field is too remarkable to rest on mere chance;
and thus we shall describe the argument briefly, as the best
means of unfolding the true order of nature. The electro-
dynarmc waves propagated from the wire. bearing the current
lie in planes through the axis of the wire, and are of the type

s == asin(2mx/l-+p) (35)

e » . == asin(2mwy/A+p)

-~ where x and y are interchangeable, owing to the symmetry
of the waves about the z axis, which is taken as the axis
of the wire. Owing to cylindrical symmetry the axes of «
and y might be rotated about that of z without any change
in the expressions for the waves receding from the wire
under the action of the current.

. But as we have already pointed out the amplitude &

decreases as in Bio¢ and Savart's law, inversely as

) r= 1V {a?+3?.

(i) Oersted’s Experiment of 1819.

In the experiment of 1819, it was observed by Oersted
that if the magnetic needle be below the wire, and the current
from the copper positive pole of the battery directed north,
the deflection of the north pole would be to the west.

If the needle be above the wire, but the other circum-
stances unchanged, the deflection of the north pole was ob-
" served to be towards the east. The needle might thus be
~revolved in a circle about the wire, without any change of
the relative position in relation to the axis of the wire.
Accordingly it appears that the axis of the needle, sets itself
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wire, and to the east when above the wiré.
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tangential to the lines of force, which are circles normal to
the axis of the wire.

If now, without other circumstances bemg altered, the
direction of the current be changed, the two poles of the
needle immediately interchange at all points about the wire:
The south pole is deflected to the west when beneath the
And in general
every point in the orientation is exactly reversed.

What can be the meaning of this phenomenon in which
the current acts as if it has sides, when reacting on the
magnetic needle? We shall see that just as the magnet has
two poles of opposite properties, so also the current has two
sides, due to waves which appear to be righthanded rotations
when viewed from the opposite point.

Consider the case first cited above, with the current
from the ‘positive copper plate of the battery flowing north
and the needle suspended beneath the wire, but with the
north pole deflected to the west when the current flows.
This means that the waves descending below the wire have
vortices rotating righthanded, as shown in the followmg figure,
from the writer's work of

1917.

IFig. 12. New theory of Oersted's and Arugo’s

experiments, 1819-20, and of induction.

It means also that the rotations of the waves receding
from the south pole of the needle have the opposite direction
of rotation, as shown in the figure.

1. For it is found by experiment that the needle is
bodily attracted to the wire, by the action of the current,
and hence the waves from the wire must undo the opposite
rotations in the waves from the needle. Accordingly the
medium tends to collapse, and by this contraction of the
volume of the medium the needle is drawn to the wire.

2. In all the works on electricity and magnetism which
1 have seen including Maxwell's great treatise, this question is.
somewhat evaded by the claim that the north pole-tends to wrap
itself around the wire, in one direction, while the south pole
tends to wrap itself around the wire in the opposite direction;
and that this actual bending of the needle would occur if
the needle were flexible. I proved by direct expenment in
1914, that the needle is bodily attracted. to.the wire. in
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every possible position it may take, but I cannot find so
simple a statement of this essential fact in any earlier work

on electricity and magnetism. . - .

3. The usual discussion about the tendency of the unit
north pole is very unsatisfactory, because while the tendency
thus outlined is fairly accurate, it conveys the impression
that all power is centred in the pole, rather than in all the
particles, — notwithstanding the fact that if we break the
magnet we get as many separate magnets as we have frag-
ments, and since this subdivision may be extended to mole-
cular dimensions, we know that the theory of pole action
is altogether misleading, yet such vague teaching continues
to be handed down from generation to generation, and
eminent scholars have often remarked how difficult it is to
. get rid of the most obviods errors, when entrenched in
authority by the lapse of time.

4. Further ‘proof of the above theory of the action of

an electric current ‘upon a magnetic needle might be deduced
from the fact that in nature physical actions always are
mutual. Thus if the needle is attracted to the wire, the
conducting wire obviously is equally attracted to the needle
— otherwise action and reaction would not be equal, as
proved by universal experience. Accordingly, no other con-
clusion can® be held than that waves of the kind outlined
proceed from the needle and also from the wire, and by
their interpenetration develop forces of the kind observed in
nature. It is not enough that waves proceed from one body,
but not from the other: there undulations must proceed from
both bodies incessantly, and-travel with the velocity of light.
This is proved by observation, for the wave actions pro-
pagated along the wire, and thence inferred also for the
waves of a magnet itself, though the velocity of the waves
from a natural magnet have never been directly measured.
Yet since magnets are- made by the action of a current upon
a bar of steel inserted in a solenoid!), it follows that the
velocity of the two classes of waves, one from the current
and the other from the magnet, must be the same, and in

both cases identical with the velocity of light, v=="3.0 - 10'%cms.

(ii)" drago's Exp‘eriment of 1820.
. 5. As to Arago's experiment of 1820, it is obvious
that copper wire conducting a current will give a wave field
about it similar to any other wire. If iron filings be near
such a conducting wire, it is obvious that
they should adhere to it, since each filing
will become a temporary magnet, the. ends
having opposite poles, owing to the nature of
the whirl of magnetic waves about the wire.
Accordingly Arago’s experiment is simply a
verification of Oersted’s experiment, but ren-
dered more general by the use of a copper
wire, and soft iron filings, which therefore
fall off when the current stops, and the wave
field about the copper wire disappears.

1) As far back as 1820 Ampére showed that if a wire be wound into a solenoid,
passed through it, it behaved as a magnet, with a north and south pole.

and imagined that the elementary currents about the atoms
surface layer of the magnet, which was thus viewed as a shell.
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mutually destroyed each other within the body,
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6. It is worthy of note that since the lines of force
about a magnet are rentrant vortices, — the filaments within
the axis of the magnet rotating in exactly the opposite direc-
tion to those in the magnetic equator, for example, — the
waves emitted by the conducting wire in Oersted’s and Arago's
experiments, described above, will have their elements rotating
in perfect agreement with ‘the vortices inside the body of
the magnetic reedle. The waves from the wire thus support
the physical oscillations within the more resisting body of
the needle, and by rendering the sum total of the mutual
actions a minimum, the balanced needle is in equilibrium in
the position observed by Oersted, 1819.

7. It is now easy tq reconcile Ampire's theory of
elementary electric currents about the atoms of a magnet
with the wave-theory. The formula for a plane wave is

s == asin(2mx/l-+p). {36)

And as we may shift the point of the revolving vector,
by altering the phase angle p, we see that by changing #
from o®to 27, we should have a complete oscillation of the
wave. This would correspond to the movement of the electrie
current once about the atom; and also to the advance of'
the wave along the x-axis by one periodic oscillation. The
wave-theory is therefore in perfect accord with "Ampére’s
theory of elementary electric currents about the atoms of
matter.

8. If it be imagined that the atoms probably have a
smaller circumference than a wave length 1 of the wave
emitted from the atom, all we need to do is to point out
that we do not know the mechanism by which waves originate,
and it does not follow that the wave length in the aether
should correspond to that of the atom. An undetermined
multiplier. probably is involved here, but at present we cannot
fix it with any accuracy. '

(iii) Nature of atomic vibrations considered.

For in the case of sound, the dimension of the Helm-
holtz resonators is not closely related to the length of the
corresponding sound waves received and emitted by the
elastic oscillation of the resonator. And even if this could
be found in air, it would not be the same in hydrogen,.
oxygen, nitrogen, or other gases, but depend on the pro-
perties of these media, as well as on the physical properties
of the resonator, its shape, mass, elasticity, rigidity, ctc.

Fig. 13. Ampére's theory of elementary electric currents about atoms
reconciled with the wave-theory.. o

delicately pivoted in mercury contacts, and a current.
Hence Ampére was impressed with the solenoidal character of magnets;
and remained effective only in the

But “dmpére’s reasoning is equally useful for proving that there are waves pro-
ceeding. from tMre wires bearing the current, and that they are flat in the plane through the axis of the wire. .
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" So also within -the aether, the vibrations of the atoms
are determined by causes which at present are but little
understood; and we can only infer that the atomic dimensions

. are not directly related to the wave length, or wave lengths -

. emitted, though there probably is. some correspondence which
- may be made out in time. :

9. It appears from the researches in spectroscopy
‘heretofore made that the atom of a single element may
emit'a complicated series of spectral lines, which means
.a very complicated series of vibrations, some of which are
connected by the formulae of Balmer and other investigators.
Now most of the vibrations of the visible spectrum are below
the resolving power of the microscope, and thus the waves
are so short that such vibrations do not penetrate solid or
even transparent fluid bodies to any appreciable depth. But
we know by the transmission of the sun's rays through such
a medium as the terrestrial atmosphere that longer waves
have increased penetrating power. And since Langley extended
~the length of the solar spectrum tg some 2o times that ob-
served by Aewton, without finding any indication of an end,
it is natural to hold that the waves upon which gravitation,
magnetism, electrodynamic action, etc., depend must be of
comparatively great length, otherwise they would not penetrate
solid masses as they are ‘observed to do in actual nature.

1o. It thus appears that the shorter atomic waves there-
fore do not produce forces acting across sensible spaces, and
in dealing with the long range forces of the universe we must

look to waves of considerable length, which have the required |
penetrating ~ power, and are least delayed in propagation .

through solid masses. Such waves will explain gravitation,
magnetism, electrodynamic action, and are the only means
of thaking intelligible the correlation of forces and the con-
servation of energy, since light and heat certainly are due
to waves in the aether. Unless the other energies be due
to waves also there would be violation of the doctrine of
continuity, which 'is so fundamental in natural philosophy.

(iv) The wave-theory establishes the attraction of currents
flowing in the same direction, and the repulsion of currents
flowing in opposite directions, and therefore” assigns the true
physical cause of these electrodynamic phenomena.

1. From the foregoing discussion it follows that when

from the east of the meridian we look at a positive current:

flowing to the north {from the copper terminal of a battery) we
find the elements of the waves propagated away to be rotating
righthanded (clockwise) beneath the wire, but- lefthanded
(counterclockwise) above the wire (cf.'Fig. 18, Plate 6). This
follows also from the relative positions taken by the freely
pivoted magnetic needle, which presents to us a south pole
when beneath the wire, but a north pole when above the wire.

-~ 2. Now suppose we have two such independent currents
flowing north: what will be the mechanical effects of the
mutual interactions of their waves? If we imagine one wire
above the other, for conformity to the wave picture just
outlined in paragraph v, we perceive that between the wires,
Ithe wave elements from the two conductors will rotate in
opposite directions: which will cause the undoing -of the

separate wave stresses, and a collapse of the medium, and

the result of this contraction will be attraction.
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3. Onthe outside of the two wires, on the other hand,
the rotations of the wave elements will be in the same
direttion, the stress or agitation of the medium will there-
fore be increased, so that it expands: which will tend to
press the wires together from the outside. Hence the wires
will be made to attract both from the internal and the ex-
ternal wave actions, Accordingly, we have a simple and
natural explanation of the mutual attraction of currents flowing
in the same direction. And it is based upon the same con-
ceptions as are involved in the attraction af magnets pre-
senting unlike magnetic poles. In fact by the suspension
of magnetic needles close to the two conducting wires, the
same conclusions follow: for unlike poles are presented in
proximity, which means attraction.-

4. Now let the direction of one of the currents be
reversed. It is easy to see that between the wires the ro-
tations of the wave elements will appear to be in the same
direction, as viewed from the east of the meridian; and thus
the agitation of the medium will be increased, the medium
will expand, and the wires be forced apart, so that the action
leads to repulsion, just as when like po]es are presented by
two magnets

5. On the outside of the two wires, howeve{, the ro-
tations of the waves, flowing in opposite directions, will each
tend to undo the other: in the external region the medium
will tend to collapse, which will allow the wires to be forced
apart, so that repulsion from the region between the wires
will be accentuated by this external tendency of the medium
to collapse. Accordingly mutual repulsion will be  observed
whenever two currents flow in opposite directions.

6. This is equivalent to the mutual repulsion of two
magnets which present like poles: the interpenetration from
opposite directions of waves with like rotations caused the
medium to expand between the bodies, and to collapse beyond
them, so that repulsion immediately follows. Accordingly
the whole theory of the attraction and repulsion of electric
currents flowing in the same and in opposite directions re-
spectively, is analogous to the mutual actions of two magnets,
and the causes are one and the same. And as the outcome
greatly simplifies our theory of electrodynamic action, so also
we are correspondingly assured that the results conform.to
the true laws of nature. The harmony of so many distinct
phenomena would not be possible unless based upon the true
causes involved: for the probability of such an accidental
outcome approaches zero. '

7. Weber's Law indicates that Gravitational,
Magnetic, and Electrodynamic Actions are all due
to Waves traveling with the Velocity of Light; thus
explaining the Semidiurnal Tide in the Earth's
Magnetism depending on the Moon, which Newton's
Law will not account for.

As we have previously pointed out, Weber's funda-
mental law of electrodynamic action, published in 1846,
has the form: '

f = (mw’[r3) {1 = (1/) (dr[d2)>+(27/c*) - d?[dr*} . (37)
. The first termi of the second member is identical with
Newton’s law of gravitation, 1686, and of cotirse gives the

e
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principal® parte of the -force which regulates the motions of
the heavenly bodies. But there are slight effects resulting
from the second and third terms, which were first numerically
investigated by Zisserand in 1873 (cf. Zisserand’s Mécanique
Céleste, Tome 1V, last chapter), but the theory was rendered
more complete in the present writer's Electrodynamic Wave-
Theory of Phys. Forc,, vol. I, 1917, where tabular data will
be found for the planets, satellites, comets and binary stars.

The chief effect of the minor terms of equation {37)
is to give the perihelion a small progressive motion, which
in the case of the planet Mercury amounts to 0@ == -+ 14751
in a Julian century. This reduces the anomaly in the out-
standing motion of that perihelion to about two-thirds of its
value, namely from 0@ = + 42" 95 to 0% == + 28744, but
does not obliterate the anomaly, which is more exhaustively
investigated in the second paper on the new theory of the
aether.

It was in his ce]ebrated paper of 1864, A Dynamical .
that Maxwell reached |

Theory of the Electromagnectic Field,
the conclusion that the velocity of electrodynamic action is
identical with that of light, as already indicated by Avklrawnsch's
experimental determination of », in 1856. But although such
a conclusion followed from Avklrausch’s experiments, and
from Aaxwell’s theory of the electromagnetic ficld,
necessary to form a more definite conception of the nature
of the action, than was then available, before the use of »
could be introduced as a working hypothesis.

Maxwell's electromagnetic theory of light was put in
such shape that the existence of electric waves was rendered
probable, but not directly verified by any tangible experiment,
till Herrz's discovery of the electric waves (1887-94) which
.bear his name, along with a method for investigating their
properties, including an experimental demonstration that they
travel with the velocity of light.

This practical development of ‘the theory of electric
‘oscillations, with experimental determination that the velocity
of the electric waves is identical with that of light, left no
doubt of the identity of the electric medium with the tumini-
fer8us aether. Otherwise it is inconceivable that the two
velocities should be identical. The previous and subsequent
determinations of » have confirined -this conclusion, so that
such a result has now been accepted for about a quarter of
a century. It remained, however, to form some demonstrable
physical conception. of magnetism and of gravitation, which
would justify the claim not only that electric waves travel
with. the speed of light, but _also that magnetic and gravi-
tational forces are due to a similar cause, which was the
aim of the writer's researches, 1914~1917.

‘1. First, it was necessary to show that a physical theory
of magnetism may be based on the mutual action of waves?),
and to disclose the nature of these waves, which must meet
certain requirements in electrodynamics, and cosmical. mag-
netism, so as to be adaptable to- the more hidden problem
of universal gravitation. This requirement was met by the
theory of waves from atoms, shown to conform to Ampére's
theory of .elementary electric currents about these particles,

it was .
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but of such length that they may be propagated through
sohd masses without very great loss of energy.

. The wave is taken to be flat in the equator of the
atom, so that in this plane, the waves are perfectly plane
waves, while in the two hemispheres of the atom the rotations
give righthanded or lefthanded helices, as -actually observed
in polarized light when propagated. through certain crystals,"
This specification fulfilled .the most necessary optical re-
quirements, and thus presented no difficulty from the point
of view of light or electricity. '

3. The magnetic requirement, that common steel should
be capable of magnetization by the action of an electric
current, was met by the theory of dmpire that before mag-
netization the planes of the atoms lie haphazard, with their
equatorial planes tilted indifferently in all directions. The
action of the electric current, with waves flat in the planes
through the axis of the conducting wire, will yield electric
oscillations in the form of plane waves, oriented at right
angles to the axis of a bar of steel under magnetization in
a solenoid. Hence these electric oscillations or plane waves
due to the current, will force the atoms of the steel bar to
tilt around, so as to make their vibrations conform to those
due to the current in the solenoid; and when the magnetized
steel bar is cooled suddenly, by plunging into water or oil,
the result will be a permanent electromagnet of the type
first made by Ampére about 1822. Thus the atoms of the

magnet are set in planes at right angles to the axis through
the poles, and all vibrate in concert. :

4. Accordingly, we find a direct relation between mag-
netism and electrodynamic action, and as dynamic electricity
is found by experiment to travel on wires with nearly the
velocity of light, it is impossible to doubt that the waves .
emitted by natural and artificial magnets travel also with the
same speed. In fact it follows that before magnetization the
steel emitted waves of the same type as after action by the
electric current, yet prior to the action of the current through
the solenoid the orientation of the. atoms was a haphazard
one. The act of magnetization consists in forcing the equators
of the atoms into paraliel planes, so that they may vibrate
in concert, which explains the great strength of magnetism -
in comparison with the feeble force of gravitation.

5. This brings us directly to the problem of cosmical
magnetism and of gravitation. In steel magnets of good
quality all or nearly all the atoms are forced into parallelism
by the agitations of the current through the solenoid. Now
the heavenly bodies contain some iron, nickel and other
magnetic elements, but much of their matter, of a stony or
glassy character, exhibits magnetic properties in a very feeble
degree.- Moreover, the planets are subjected to no. very
strong solenoidal action other than that due to the sun’s
magnetic field. It is not remarkable therefore that they are
only partially magnetic. ‘Their magnetism may have been
acquired or considerably modified by the secular action of
the sun since the formation of the solar system. '

6. Accordingly, Faraday's great discovery that under
current action all bodies are more or less magnetic, while

!} The fact that waves will explain the attraction and repulsion of magnets, under the observed laws of magnetism, must be regarded

as a very notable triumph. As no other explanation is known, the simple cause thus assigned must be held to be the true cause.

18
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nickel, iron, steel, etc., are the most perfectly -adaptable to
the process of magnetization, would lead us to expect cos-
mical magnetism to be a very general phenomenon, but
always somewhat feebly developed, in accordance with actual
observation. Herein lies the connection with universal gra-
vitation, which Maxwell found so difficult to conceive. When
"the equators of the atoms are not lined up in parallel planes,
s0 as-to oscillate in concert, they naturally are tilted hap-
hazard, and do not lead to poles, — as in a magnet, which
Airy describes as exhibiting a dyality of powers, — but to
the central action called gravitation. As the heavenly bodies
are partially magnetic, this means that they have feeble
~magnetic poles, in addition to the powerful central gravitational
action, and thus two independent wave fields are developed.
about them, one due to the atoms lined up and acting in
concert, called magnetism, and the other to gravitation (cf.
Fig. 14, Plate 6).

7. It is impossible to hold any other view of the
interlocked magnetic and gravitational fields observed about
a planet. In the case of the earth Gawss found' that about
1:1380™ part of the matter acts as if it were magnetized
(Allgemeine Theorie des Krdmagnetismus, 1838, p. 46), while
. the remainder, 1379: 1380 should give the central action
of gravitation. By the observations taken at Mt. Wilson
Solar Observatory the sun's magnetic field appears to be
some 8o times stronger than that of our earth. Whether this
is due to the heat -of the sun, and the resulting greater con-
ductivity of wave action through its matter, so that the
action on the planets: produce a larger secular effect upon
their atoms, or to some unknown cause, cannot at present
be determined. The strength of the sun's magnetic field has
‘no doubt added to the cosmical magnetism of the planets
though the changes are excessively slow.

8. It is more than probable that the secular chanoes
in the earth’s magnetism should be ascribed to the working
of the sun’s strong magnetic field, which is not equally power-
ful at all times, but varies appreciably with the sunspot cycle,
the relative position, and seasonal tilt of the earth’s axis,
etc. As the maguetic storms are definitely shown to be
related to the cycles of the sunspots, as is also the aurora,
and the earth currents, these related phenomena deserve a
more detailed investigation than they have yet received. The
periodic phenomena all appear to depend on the sunspots,
with their magnetic fields uncovered, and thus are more active
with the maximum of the spot cycle. :

9. For many years a great difficulty existéd in accounting
for the semidiurnal tide in the magnetism of the earth,
depending on the action of the moon. This was first detected
by K7reil at Prague in 1841, but independently discovered
by Fokn Allan Broun, 1845. A very accurate analysis of the
observations at Dublin was published by Dr. Zisyd about
1858, which showed that the magnetism of the earth had
the same semidiurnal period as the- tides of our seas. Acr
cordingly Airy declared that there is »a true lunar tide of
magnetism, occurring twice in the lunar day, and showing

V = (3/yma?[r®) {!/yc0s?L cos?d cos 2(k, — I} +sin 24 sin d cos & cos (4, —0)+3/,(Y5 —sin?d)}
== 0 V]acosAdl == 3y(m| M) a/r)?{cosA cos?d sin 2(h, —I)+sinld sin 20 sin(k — 7))}
3a(m/ 2 )(a[r)? {sin24 cos? 6 cos 2(/iy—?) — zcos 24 sin 20 cos(y — ) +sin 24(1 — 3 sin?d)}.

Westw. Comp.

Southw. Comp. == — 0 V/adA =
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magnetic attraction backward and forward ime the line from
the Red Sea to Hudson's Bay«¢ (Treatise on Magnetism,
1870, p. 206). b

ro. This semidiurnal tide in the earth’s magnetism
depending on the moon’s action is shown to be coperiodic
with that of gravitation (cf. Electrod. Wave-Theory of Phys.
Forc., 1917, pp. 50—53). And on examining Zloyd's analysis
in the Philosophical Magazine for March, 1858, I have shown
it to be vitiated by a subtile error, in that he retained the
hour  angle # instead of the 28 which occurs in the ex-
pressions for the tide-generating potential. Apparently he did
not suspect that there could be such a thing as a magnetic
tide, and thus his node of analysis simply begs the question,
and the resulting error is repeating in many later works.
For example, in_his Mathematical Theory of Electricity and
Magnetism, 1916, p. 402, Feans asserts that the daily vari-
ation of the earth’s magnetism is not such as the heavenly
bodies could produce — thus repeating Z/loyd's error of 1858.
Of course this is not true, for a careful examination of the
problem shows that the larger part of the terrestrial mag-
netism is constant, as depending on the arrangement of
1/1380™ of the atoms of the globe, whilst the variable effects
are superposed by the actions of the sun and moon. Thus

-all the known periods of the terrestrial magnetism are shown

to follow from those of the heavenly bodies.

11. Now .it is found that Newfon's law will explain all
gravitational phenomena, but not the phenomena of the
magnetic tide depending on such a body as the moon. For
as Ay points out, this implies attraction backward and for-
ward, in the line from the Red Sea to Hudson's Bay, which
is along the line of force of the earth's magnetism. The
intensity of the earth’s magnetism thus varies in semidiurnal’
periods, just as the direction of the vertical varies under
the gravitational attraction of the moon, and in similar
periods. - )
12. Accordingly, the attraction to the earth’s magnetic
pole is subjected to a true tide in the earth’s magnetism,
anid can only be explained by IHber's law, which takes
account of induction under the changing distance of the
partially magnetized matter of the globe, the lines of force
towards the magnetic pole being subjected to the same ebb
and flow as the central forces called gravitation. This con-
nects magnetism with gravitation, by direct observation: for
the earth has feeble polarity, with magnetic lines of force
directed to the magnetic poles, as well as the much more
powerful central lines of force producing the phenomenon
of gravitation. Now the phenomenon of local gravitational
change, due to the moon’s action, is indicated by the os-
cillations of the sea, while that due to the moon's magnetic
action is felt only by magnetic instruments which ‘show the
variation of the northward component of the earth’s magnetism.

- 13. When the tide-generating potential is developed in
hour angle /4, (westward), -longitude / and latitude 1 of the
place of observation, declination of the moon d, the com-
ponents of the gravitational attraction are shown to be:

(
(39
(
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~ It will be noticed that the westward component is made
up of two penodlc terms, one going through its variations
twice and the other once a day, while the southward com-
ponent undergoes like periodic oscillations, as illustrated by
the following figure, from Sir George Darwin’s Tides and
Kindred Phenomena of the -Solar System, 1899.

N
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Fig. 15. Darwin’s Diagram of the semidiurnal
movements of a pendulum.

14. As Newion's law will explain the periodic variations
of gravitation depending on the heavenly bodies but not the
observed magnetic tides due to these bodies, it follows that
Newton's law is only a first approximation, though accurate
enough for two centuriés of astronomical science. The universe
is governed by electrodynamic laws, and Weder's fundamental
law of 1846 is the chief law of nature. This is another
reason why we must use Weber's law in calculating the motion
of Mercury’s perihelion, which therefore should progress
0@ = + 14751 per century, instead of the arbitrary and
accidental amount of 43", as inferred by FEzustein, without
first taking account of the time of progagation of gravitation.
By connecting magnetism with electrodynamic action and
with ‘gravitation we know all these actions take place with
the velocity of light.

15. Since magnetism is thus connected with electro-
dynamic action, and shown to travel with the velocity of
light, and on the other hand directly connected with gravi-
tation through the semidiurnal magnetic tide depending on
the moon, we perceive that gravitation must be propagated
with the velocity of light, and thgrefore all these forces
necessarily depend on waves.

It is not wonderful therefore that in the earth’s mag-
netism the main dependence .is on the orientation of the
atoms of the globe, at the same time we have minor terms
depending on the following periods:

(1) A semidiurnal magnetic tide depending on the sun;
also a smaller but very definite semidiurnal magnetic tide
depending on the moon, discovered by K7ei/ at Prague in 1841,
but independently detected by Fokn Allan Broun in 1845.

(b) A solar diurnal variation of the magnetic decli-
nation, changing slowly through the year.

(2) A fluctuation in 25.93 days depending on the sun’s
mean rotation period. .

(3) A fluctuation in 29.53 days, which is the synodic
month.

(4) A yearly period depending on the motion of the sun.
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(5) An r11-year fluctuation depending on the sun
spot cycle.

{6) A period of 18.6 years — which is the cycle of
the revolution of the moon's nodes.

16. This result confirms Fokn Allan Brousn's discovery
that the diurnal variation depending on the moon follows
very accurately the law of the inverse cube of the moon’s
distance.
distance from the earth in the half orbit about apogee is to
that in the half orbit about perigee as 1.07 to 1; as the
cube of 1.07 is 1.23 nearly, we see that the mean range
of the curves for the two distances are in the ratio of the
inverse cubes of the moon’s distance from the earth, as in
the theory of the tides.« (Sfewarfs Article Meteorology,
Encyc. Brit. ¢t ed., p. 179). .

As Brazm had observed the lunar magnetic effects to
be as 1 to 1.24, and Sabine had found similar results, he
naturally regarded the verification of this tidal law in the
lunar semidiurnal variation as very important. With the above
correction of Lloyd's error of analysis, this result of Broun
shows conclusively that all the diurnal effects observed can
be explained by the magnetism of the sun and moon.

It is not strange therefore that in his celebrated article
on Terrestrial Magnetism, § 139, Balfour Stewart recognized
that as the moon’s magnetic influence follows as nearly as
possible Broun's law of the inverse cube of the distance from
the earth, it is impossible to refrain from associating this
magnetic influence either directly or indirectly with something
having the type of tidal action. Sfewar: points out that Airy
found a similar semidiurnal inequality depending on the sun
in the Greenwich records, and 4. Adams found corresponding
»Earth Currents« to be induced in the crust of the globe
at the corresponding hours, :

8. Plane Waves propagated from the Equators
of the Atoms of a Magnet fulfill Poisson’s Equation
of Wave Motion 8’@/02 = 2?C*®, and yield the
Law of Amplitude required to produce the Forces

‘observed in Magnetism.

The oscillatory motion in a plane wave propagated

along the x-axis may be defined by the well known equation:

£ = acos(2mx/l—+p) (41)

where the zero of the angle (2mx/A~+p) is reckoned from

the parallel to the y-axis.

But in plane wave motion the partxcles not only undergo

a periodic side displacement like that exhibited in a curve

of sines, but also a longitudinal motion, supplementing the
above, which may be expressed in the form:

(42)

7 = Bsin(2mx/A+p).
In general the particles thus undergo elliptical motion
defined by the equation:

} £a+n?/g2 = (43)

This may become circular motion for surface waves

in still water, as illustrated graphically in the foregoing

figure 1, Plate 4, from A#ry's celebrated Treatise on Tldes
and Waves, Encyc. Metrop., 1845,

In the electrodynamic wave-theory of magnetism it is

held that when the magnetism is imperfect the atoms may

18*%

Broun remarks that »the ratio of the moon's mean
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- It will be noticed that the westward component is made
up of two periodic terms, one going through its variations
twice and the other once a day, while the southward com-
ponent undergoes like periodic oscillations, as illustrated by
the following figure, from Sir George Darwin’s Tides and
Kindred Phenomena of the Solar System, 18¢q.
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Fig. 15. Darwin’s Diagram of the semidiurnal
movements of a pendulum.

14. As Newton's law will explain the periodic variations
of gravitation depending on the heavenly bodies but not the
observed magnetic tides due to these bodies, it follows that
Newton's law is only a first approximation, though accurate
enough for two centuries of astronomical science. The universe
is governed by electrodynamic laws, and Weber's fundamental
law of 1846 is the chief law of nature. This is another
reason why we must use Weber’s law in calculating the motion
of Mercury's perihelion, which therefore should progress
0@ == ~+ 14751 per century, instead of the arbitrary and
accidental amount of 43", as inferred by Zinstein, without
first taking account of the time of progagation of gravitation.
By connecting magnetism with electrodynamic action and
with ‘gravitation we know all these actions take place with
the velocity of light.

15. Since magnetism is thus connected with electro-
dynamic action, and shown to travel with the velocity of
light, and on the other hand directly connected with gravi-
tation through the semidiurnal magnetic tide depending on
the moon, we perceive that gravitation must be propagated
with the velocity of light, and therefore all these forces
necessarily depend on waves.

It is not wonderful therefore that in the earth’s mag-
netism the main dependence .is on the orientation of the
atoms of the globe, at the same time we have minor terms
dependmg on the following periods:

(1) A semidiurnal magnetic tide depending on the sun;
also a smaller but very definite semidiurnal magnetic tide
depending on the moon, discovered by A7eil at Prague in 1841,
but independently detected by Fokn Allan Broun in 1845.

(b) A solar diurnal variation of the magnetic decli-
nation, changing slowly through the year.

(2) A fluctuation in 25.93 days depending on the sun’s

mean rotation period.

(3) A fluctuation in z9.53 days, which is the synodic
month. :

(4) A yearly period depending on the motion of the sun.
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(5} An 1r1-year fluctuation depending on the sun
spot cycle.

(6) A period of 18.6 years — which is the cycle of
the revolution of the moon’s nodes.

16. This result confirms Fo/kn Allan Broun's discovery
that the diurnal variation depending on the moon follows
very accurately the law of the inverse cube of the moon's
distance. JBrowun remarks that »the ratio of the moon’s mean
distance from the earth in the half orbit about apogee is to
that in the half orbit about perigee as r1.07 to 1; as the
cube of 1.07 is 1.23 nearly, we see that the mean range
of the curves for the two distances are in the ratio of the
inverse cubes of the moon’s distance from the earth, as in
the theory of the tides.« (Stewarfs Article Meteorology,
Encye. Brit. ¢™ ed., p. 179). -

As Brozm had observed the lunar magnetic effects to
be as 1 to r1.24, and Saedine had found similar results, he
naturally regarded the verification of this tidal law in the
lunar semidiurnal variation as very important. With the above
correction of Lloyd’s error of analysis, this result of Broun
shows conclusively that all the diurnal effects observed can
be explained by the magnetism of the sun and moon.

It is not strange therefore that in his celebrated article
on Terrestrial Magnetism, § 139, Balfour Stewart recognized
that as the moon’s magnetic influence follows as nearly as
possible Zroun's law of the inverse cube of the distance from
the earth, it is impossible to refrain from associating this
magnetic influence either directly or indirectly with something
‘having the type of tidal action. Stewarf points out that Airy
found a similar semidiurnal inequality depending on the sun
in the Greenwich records, and 4. 4dams found corresponding
»EKarth Currents« to be induced in the crust of the globe
at the corresponding hours,

8. Plane Waves propagated from the Equators
of the Atoms of a Magnet fulfill Foisson’s Equation
of Wave Motion 0°®/0s2 = 2>V’ ®, and yield the
Law of Amplitude required to produce the Forces
‘observed in Magnetism. _

The oscillatory motion in a plane wave propagated
along the x-axis may be defined by the well known equation:

& = acos(2mx/A+p) (41)
where the zero of the ang]e (27tx/A~+p) is reckoned from
the parallel to the y-axis.

But in plane wave motion the partlcles not only undergo
a periodic side displacement like that exhibited in a curve
of sines, but also a longitudinal motion, supplementing the
above, which may be expressed in the form:

(42)

7 = Bsin(2mwx/A+p).
In general the particles thus undergo elliptical motion
defined by the equation:

; Ea?+n°/ = 1 (43)

This may become circular motion for surface waves

in still water, as illustrated graphically in the foregoing

figure 1, Plate 4, from Asry’s celebrated Treatise on Tldes
and Waves Encyc. Metrop., 1845.

In the electrodynamic wave-theory of magnetism it is

held that when the magnetism is imperfect the atoms may
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have their equatorial planes tilted at any angles in respect to
the coordinate axes: The plane waves above outlined would
apply to the midplane of a perfect magnet, but it is necessary
to consider the most general case.

Now the equatlon of a plane passing through the origin
of coordinates is (44)

If the wave Dbe flat in this plane it will travel with the
" velocity @ and at the end of the time # will have spread
to a distance @f Accordingly, the argument

lx+my-+ns==o,

(45)
will represent the motion of the disturbance with velocity a.

But s is the equation.of a plane whose normal has
the direction cosines ¢, m, 7, and whose distance from the
origin is @s+s. It is inferred. that the plane is therefore
traveling in the direction of its normal with the velocity @
but it is equally logical to say that a wave originating in
the plane is traveling in all directions with this velocity, and
“at the end of time ¢ the sphere surface (@f)? = x?+p?+3*
would -be this distance (@#+s) from the original centre of
disturbance. Thus instead of cousidering the plane to travel,
we may consider the wave to travel and carry a plane
s+at == [x+my-+nz, with it parallel to the plane in {45).
,The directions cosines of the plane fulfill the law

Pm?+n? =1,

s=lx+my+nz—at

(40)

Now with the value of s in (43), we may take the
.gquation D= QUx+my+nz—at) . (47)
aﬂ_d derive the following results by simple differentiation :
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0P[ox = [ V' (s) OOy = m @ (s)
0[O0z = 4 W (s) 0ot = —a'd'(s) l474)
8‘—’(1)/8;;'—’ = Q" (s5) O[Oy = ju? (1)’( ) (471)
20)0:2 = 2 07 (s) 20for=a (). V7
Therefore, by addition of these terms we find:
DD [0x2 02D [0y 020052 =
V0 = (Pt 00 () = (). (470)

And hence by the last of the above second dlffcren i

tials we obtam 02(1)/;3[_ = 2?20 (48)

whlch is Poisson's celebrated equation of wave motion. (Sur
Pintégration de quelques €équations linéaires aux différences
partielles, et particuliérement de I'équation générale du mouve-
ment des fluides élastiques,« Mémoires de 'Académie Royale
des Sciences, Tome Ill, Juillet 19, 1819.)

If 2 represents the displacement of the particles above
considered, in the direction of the x-axis, we may derive a
less general .but more obvious forin of /[vissex’s equation,
which was applied by Zuler to the theory of sound.

" Put % == sin{nt—kx) b= 2mfl.

And then we may derive immediately:

- n = 2maf} {49)

0ul0t == n cos(nt—kx) ufbx = —kcos(nt—ix) (50)
8%/6;‘-’ = —nly a2u/ax2 = +4u (51)
whence %[0 = — (n*[4?) 0%[0a . (52)

" In the use of Pvisson’s equation of wave motion
W02 = 22 V20 (48)

we may ‘multiply both sides of the equation by the element

B[t =02 00> — 2 0 [OuBy+ 02 00> (6

272

of volume dz ='dx dy dz, and mtegrate throughout the volume
bounded by a closed surface .S

j’jj 22w[0r)dr=a*{ [ [(220/0x? +8"(D/ay +02(/05? )df~’

= —a*f [(e/on) as. (53)

If the surface S is a sphere of radius » with its
centre at the point 2, we may proceed as follows:

—Sf oM/on) dS=J;j 0 /0r) 7*de = r2(8/0r) ‘fj(l) do (54)
where @, denotes the value of @ at points on the surface of
the sphere of radius », about the centre 2.

When we introduce polar coordinates
member of (53) we obtain:

(02/3r2 jfjmdz—— (02/272) j’j’dm(jw rdr) (s5)

into the first

On differentiating the right member relative to », we
get from the original equation (48) by means of (53):
r(02/er) [ [ @ do = a*(8/0r) (2(0/0r) [ [, dw) . (s6)

Yet the surface integral @, dw which appears -in

both members of (56) is 477 times the mean value of the

function @, on the surface of a sphere of radius ». Suppose
this mean value. be denoted by (I),, then since f‘f(l),dw
= 47 (I)r we have ’

HOD,[0r2) = a*(0/r) (r2-CD,[0r). (s7)

On differentiating and dividing by », we may put

*-| this in the form:

02 r@,)[0r2 = a20%(»®,)[0r? (58)

We may now introduce two new variables # und v,

as fO”O\\'SZ w == aqt+r v = ql—7r. (59)
Fig. 16. Illustrating the Wave Theory of Jessson,
as in reflected lLight.
Then if, for brevity, we put »@, == ¥ we have for

the derivatives:-
002 — D4 BBl Bup O Do)t —  (BupfPu+-Bu58) (60)
Oup[0r ==01p[0u - OuefOr 401y [0y - OvfOr == 01p[0u—B1p [0 (61)
82(’[;/3/‘-’:”‘-’[521/;/8”2—9—282¢/81¢8y+a?¢p/8u?] (62)
3)

By equation {58} we have through the addition of the
terms of the right of (62) and 63

Oy/0udy = o (64)




where J1.and f, are perfectly arbitrary functions of their
-arguments. o -
If » = o, the left member vanishes: ‘

o =f{a)+f{at). - (66)

And as this holds for all values of £, it follows that

the functions £ and /; are not independent, but one is the
negative of the other, namely ‘

On differentiating (6g) relative to » and 7, we get
successively: )

(0/0r) (r ;) = f{at+7) 47" (at 1) )

(0/0) (r®,) = a {/at+7)~f ' (at—7) )

Accordingly, by addition, we obtain

1
J-

8(7'(1),)/37‘—%—(1/@) -5(7-(5,)/814 = 2/ (at+7). (53)
And for z==o, = .

[B(r®,)/0r+(1/a) 8(-@,)[34, __ = 27(). " (76)
When we usc the original value of D, = ( 1/4,7)’5‘5(1), dm

it ‘thus. appears that we obtain:

27 (7) == (2/or) {;‘/47r~j1~r»(0, dow} |
+(tfa) {rfare- [ (@m0 do], . (77) ]

Now suppose that at the initial instant, 7 = o, the |

values of @ and its time derivative 0®/0¢ are given in func- |
tions of the coordinates of a point in space: |

(@), =7 (v 5,2 PO, _ =f(x1r2:. (19
Then by (77) we have o ’ -
2/ () = (000) {(rfa0) [ Feco) (o) o, (30)

But when 7 == az, we have by (72) 2/'(at) = ®p at.
the centre, and thus. finally we obtain:

m‘é S (1/47r) [(8/5111) (alfjﬁatd(0+fjjfald(ﬂ)]' . (80)

which is Poisson’s general solutidn -o
wave motion.

From this solution, it follows that the value of @ may
be computed for every point 2 if we know the mean value
of 0[O at a time earlier by the interval a#, for all points
on the surface of a sphere of radius a# about 2 as well as
the rate of the variation of the mean value of @ as the
radius of the sphere changes. - This is the typical condition
specified in wave motion. :

|
|

f the equation (48), for

e

B R AT T

VT Rnrate

|

o Ala) =~ (o) (61)
by (66), whatever be the wvalue of the argument a?.
Accordingly we now put
S N=F  fA=—f (68)
and then we have
PO, = flat+7)—flat—7). (69) |
. When we differentiate relative fo 7, we get: ‘
Dr+18D,[0r = 1" (at-+7)+1"(at—7r) . (70)
And on putting . == o, this leads to
Or = 2/ (al) (71)
= ®p, when » ==o. (72) .

t which yields:

.
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e This equation yields the general‘solution: - Suppose, for examplé, ‘that initially. ® and 0D/or are

: ' Y =f1(zz)+fg(v) (65) both zero, except for a certain region &, whose nearest point

is at a distance »; from
a distance 7,. ) .

Then so long as 4 <7 /a the mean value of @ on
the sphere of radius @z, is zero, because the waves from the
nearest point have not yet reached 2. After an interval
| ty>ry/a there will be no more waves and 00/0r will again
be zero at 2P, : : :

£, while the remotest point lies at

Fig. 17. Tustrating Poisson’s Theory of Waves.

Accordingly disturbances will prevail only in the time
rja<t<rja and the power of disturbance, . or velocity po-
tential @, is propagated in all directions with the velocity a.
By using polar coordinates | Poisson has obtajned a more
direct solution, because @ then becomes independent of the
angular coordinates. Equation (48) becomes:

OW[er = o (°®[0r2+ 2 /- 0W/3r) (81)

or O rd)[or = a?-0%r®)/0r? . (82)
A solution of this equation is ~ ‘
‘ 0 = f(ar—) (83)
D = flat—7)[r. (84)

Thus for all points of space, and all times for which
af—r has -the same particular value we have the same value
7@, as the particular value of @ travels outward with the
velocity a. :

It should be noted that the value of @ is - inversely
proportional to the distance 7 traversed. And although the
“analytical form {84) makes @ infinite when » == o, yet in
reality this condition does not occur, because physical - limi-
tations imposed by the structure of matter excludes the valge
r = o0, and @ is always finite. o '

Following the method of Poisson, Lord Rayleigh' and
other writers on sound are accustomed to take the velocity

potential: 4 __ ¢ (v, 8) = Acos(2r/A-(x—at)] " (85)
which fulfills the irrotational condition of hydrodynamics:
Id(D = I(udx—ﬁvdy—f—wdz) = o0. (86)

But it is a fact of great importance, whichéwiI‘l be .
discussed at length in the fourth paper on the new theory; .
of the aether, that Poisson never concurred in the theory o
transverse vibrations for light.. Poisson’s dissent from Fresnel's
‘assumptions was based on the mathematical theory of waves
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in an elastic fluid. Besides the celebrated memoir of 1819,
already cited, Foésson treated the matter in another able paper,
presented to the Academy of Sciences, March 24, 1823,
Mémoire sur la Propagation du Mouvement dans les Fluides
Elastiques, finally published under the title: Sur le Mouve-
ment de Deux Fluides Elastiques Superposés (Mémoires de
Institut, Tome X) in which this celebrated geometer con-
firmed the conclusions previously reached, namely, that
whatever be the direction of the original disturbance, the
vibratory motions of the particles finally become normal to
the wave front.

When Fresnel and his followers objected to Poisson's
processes as founded on mathematical abstraction, though
deduced from the assumption of contiguous elements, the
celebrated geometer returned to the subject in a series of
later memoirs, as follows:

1. Mémoire sur 'Equilibre et le. Mouvement des Corps
Elastiques; Avril 14, 1828. Mémoires de VInstitut, Tome VIII,
Pp- 357-627. ’

2. Mémoire sur 'Equilibre des Fluides, Nov. 24, 1828.
Tome 1IX, 1-88.

les Milieux Elastiques, Oct. 11, 1830, Tome X, pp. 549—605.

4. Mémoire sur 'Equilibre et le Mouvement des Corps
Crystallisés, Tome XVIII, pPp. 3—152.

In all of these memoirs the earlier conclusions of
1823 are confirmed and emphasized, that whatever the pri-
mitive disturbance may have been, at a great distance the
motion of the molecules finally becomes perpendicular to
the wave surface. This is deduced in the memoir of 1830,
Pp. 570—571, by an argument which cannot well be evaded,
and announced jn these words:

»1l en résulte donc qu'a mesure que l'on s'éloigne du
centre de I'ébranlement primitif, la vitesse du point 47 approche
de plus en plus d'étre dirigée suivant son rayon vecteur 7,
et qu'a une trés-grande distance, ou I'onde mobile peut étre
regardée comme sensiblement plane dans une grande étendue,
on doit, en méme temps, considérer le mouvement des molé-
cules qui la composent, comme perpendiculaire 2 sa surface,
quel qu'ait été I'ébranlement primitif.« »

On pages 574-5 of the same memoir of 1830, Poisson
+ deduces the formula @ = 1/r- Y (r—at, u, 4) and passes to
the case at> r+e,

: Q= 1/r-W(y1)
where we should have

: s = 12?000t = o. (88)

- »1l résulte de cette discussion que dans le cas ou la
formule #dx—+wvdy + wdz ne satisfait pas a°la condition
d'intégrabilité, les lois de la propagation du mouvement, 2
- une grande distance de I'ébranlement, ne différent pas essen-
tiellement de celles qui ont lieu, lorsque cette condition est
remplie, ainsi que je I'avais supposé dans mon ancien mémoire
sur la théorie du son.« :

»Le mouvement imprimé arbitrairement 4 une portion
limitée d’un fluide homogéne se propage toujours en ondes
sphériques autour du lieu de cet ébranlement. A une grande

(87)
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distance, ces ondes sont sensiblement planes dans chaque
partie, d’une petite étendue par rapport A leur surface entiére;
et alors, la vitesse propre des molécules est, dans tous les
cas, sensiblement normale 4 leur plan tangent. Mais on peut
aussi considérer directement la propagation du mouvement
par des ondes infinies et planes dans toute leur. étendue.
Or, on va voir que.la vitesse des molécules sera encore
perpendiculaire 4 ces sortes d'ondes en mouvement. ¢

Accordingly, in his most mature memoirs, after re-
searches on the theory of waves extending over zg years,
Loisson confirmed the conclusion that in elastic media, of
the type of a gas, the motion of the molecules is always
like that of sound. This result will be found to have great
significance when we come to deal with a fundamental error
in the wave-theory of light, in the fourth paper on the New
Theory of the Aether.

9. Rejection of Zlomson's Corpuscular Theory
of an Electric Current, because of the Small Velo-
city thus attainable: Theory of a Magneton also
rejected because of its Inconsistency with Electro-

3. Mémoire sur la Progagation du Mouvement dans | dynamic Action: observed High Velocity of Electron

under Charge explained by Acceleration due to
Aether Waves. :

(i) Zhomson and other electronists hold that an electric

current 1s due to the motion of electrons.

In his Corpuscular Theory of Matter, 1907, Sir ¥ ¥
Thomson put forth the view that an electric current consists
in. the motion of the electrons.  »On the corpuscular theory
of electric conduction through metals the electric current is
carried by the drifting of negatively electrified corpuscles
against the current.« .., »The corpuscles we consider are
thus those whose freedom is of long duration. On this view
the drift of the corpuscles which forms the current is brought
about by the direct action of the electric field on the free
corpuscles.« (p. 49.) :

»As, however, the mass of a corpuscle is only about
1/1700 of that of an atom of hydrogen, and therefore only
about 1/3400 of that of a molecule of hydrogen, the mean
value of the square of the velocity of a corpuscle must be
3400 times that of the same quantity for the molecule of
hydrogen at the same temperature. Thus the average
velocity of the corpuscle must be about 58 times
that of a molecule of hydrogen at the temperature
of the metal in which the molecules are situated?!).
At o° C. the mean velocity of the hydrogen molecule is.
about 1.7-10° cm/sec, hence the average velocity of the
corpuscles in a metal at this temperature is about 107 cm/sec,
or approximately 6o miles per sec. Though these corpuscles
are charged, yet since as many are moving in one direction
as in the opposite, there will be on the average no flow of’
electricity in the metal. Although the chinge produced in
the velocity of the corpuscles by this force is, in general,

| very small compared with the average velocity of translation

of the corpuscles, yet it is in the same direction for all of
them, and produces a kind of wind causing the corpuscles
to flow in the opposite direction to the electric force (since:

') The spacing-out of the concluding sentence is mine — not in the original.
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the charge on the corpuscle is negatlve) the velocxty of the
wind being the velocny imparted to the torpuscles by the
electric forcel).«

Thomson’s calculations of the velocity of 6o miles per
second are based upon the formulae cited in Section 12,
below, which I had made before I found the above state-
ment. Z/omson does not dwell on the inadequacy of this
velocity of 6o miles per second to explain the transmission
of electric signals on- wires, which have a velocity only
slightly less than that of light.

On page 68, however, he points out that in a Réntgen-
ray-bulb giving out hard rays the veloc:ty of the corpuscles
in air may be about 10'® cm/sec, or 103 times the velocity
of those in the metals.

It is held in the theory of ijonization of gases by
X-rays, that the positive and negative parts of the atoms are
separated. »The positive ions are attracted to the negative
electrode and the negative ions to the positive electrode,
and the movement of these electric charges constitutes a
current,« says Duffs, Text Book of Physics, (ed. 1916,
p. 498). This is used at the University of California, and
this discussion was written by Prof. R. K. McClung of the
University of Manitoba, who is a Doctor of Science. of the
University of (,ambndge England, and thus speaks with
_authority.

Likewise, Crowther says on p. 139 of his Molecular
Physics: »We have now come to connect electricity with
electrons, and hence an electric current is a flow of electrons
from a place of high to a place of low potential. We may
regard a conductor, then, as a substance containing electrons
which are free to move under the action of an electric field,
while in non-conductors the electrons are fixed and unable
to follow the impulse of the field.«

Observed V' Authority

463133Km.  Wheatstone, Phil. Trans., 1834

310475 Kirchhoff, Ganot's Physics § 796
179890 Zizean and Gounelle

99938 =

230500 Siemens and Frolich, Poggend.

256600 Ann. Bd. CLVIL

241800 » » »

; These measurements, which are of very unequal value,
B give 2 mean of 254618 Kms., which would not seem im-
E probable, in view of the fact that the Siemens- Frilick series,
3 apparently by far the best, give a mean 242966 Kms. for
electric waves on iron wires. As the electric disturbances
should travel with the velocity of light, 300000 Kws., except
for the resistance of the wires, it would thus appear that
the velocity is reduced about !/;™ or 1/;™ of the whole. The
resistance causes the disturbance to travel slower in the wire
and thus the waves around the wire envelope it, and ne-
cessarily follow it as a conductor.

A more modern investigation of the velocity of electric
waves on wires was made by -Prof. Jokn Trowbridge and

in accurately condensing into any briefer statements.
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Observations on Telegfaph Wires of Iron, 23372 Kms. long.
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Again, (p. 140) Crowther adds: »>TFhese electrons, if
no electric force be acting, will be moving in all directions,
so that if we.take any cross section of the metal the number
of electrons crossing it in one direction’ will be the same
as the number crossing it in the opposite direction, and so
the total transference of electricity across lthe section will
be zero.<

»If, however, we apply an electric field to the body ‘

there -will be a force on each electron urging it in the
direction of the field. Thus in addition to the irregular motion
due to the heat energy of the body, there will be asteady
drift of the electrons as a whole in the direction of the elec-
tric force.«

This discussion, like that of Zkomson, admits that an
electric field is necessary so set the electrons in motion, but
the nature of the electric field itself is not explained, beyond
the general phrase that difference of potential is involved.
This is almost as unsatisfactory as the failure of the elec-
tronists to account for the high velocity of electric signals
on wires.

(ii) Experimental tests of the velocity of electnc waves
on wires.

The problem of the velocity of the electric waves along
wires has been much discussed, and formulas given in such
works as Coken's » Calculation ofAlternatmg Current Problemse,
whilst the propagation of waves in metals has been treated
theoretically by Drude, Lehrbuch der Optlk 2, Chap Iv,
and by other authorities.

But when we come to deal with concrete -measure-
ments of actual velocities, such measurements do not seem
to be plentiful: yet we note a few values in the following
table. o

Remarks

Duration of Electric Spark Method. S
Theoretical Calculation from the Measurements of Constant Electric Currents.
Signals on Copper Wire.

Signals on Iron Wire.

Observations on Telegraph Wires 7352 Kms. long. ' S

W. Duane, and published in the Philosophical Magazine for
1895, vol. 40, p. 211. They used a pair of parallel short
wires, 538.6 metres long, but determined the duration of the
electric oscillation in the wire very accurate]y by photo-
graphy of the sparks in" a rapidly rotating mirror. The wave
length was 56.77 m, and the duration of the spark was found
to be 1.8907- 10“7 second. The mean value of the velocity

‘of the wave on the wire came out V== 3.003-101° cm/sec

which slightly exceeds the adopted velocity of light,

But a much more thorough direct comparison of the
veloc1ty of electric waves on wires with, light itself was
quite recently undertaken by the French phy51c1st C. Gutton,
Journal de Physique, 1912 (5),vol. 2, p. 41. This experiment

l) I quote at length from the chief authorities, in order to feel sure that the views of the electronists are correctly c1ted As I con-
sider the electron theory to be greatly overrated, this precaution is deemed necessary, in Justxce to theu' researches, which I might find difficulty
- . Coe
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“was arranged with great ingenuity, and the apparatus so
designed as to show a-small difference in the two velocities,
df such difference existed. The first observations showed that
the two' velocities' were nearly identical, yet not rigorously
the same.”
' Under the delicate and dependable means of adjust-
ment used Gutfon discovered that the velocity of the electric
wave on the wire was a little less than that of light. And
he found that the difference thus very accurately determined
amounted to about one-half of one percent. Accordingly for
!he velocity of electric waves on wires Guifon’s values would be:
V= 298500 Kms.
V.= 300000 Kms.

Electric waves
Light
This retardation of the electric waves by wires is small,

- 5079

280

therefore the dlsturbances are spread along in space, when
we deal with a wire on which the disturbance travels, so
that the oscillations diagrammed on the left are repeated
throughout the wire. - . '
The reflection of any element of the aether wave out-
side the wire is given double effect by the surge from the
opposite surface of the wire, as shown'in the diagram. And
thus the wave rotations take the reversed directions shown
above and below the wire.. This is the wave field we in-
vestigate in Oersted’s experiment, and find to follow Biof and,
Savart's law, as already explained in Section 5.
Accordingly the delay in propagation through the wire
causes a slight whirling.of the aether particles against the

. wire, then a rebound, with rotations in the opposite direction

but fortunately the experiment of Gutlon was so well de- |

signed that no doubt can attach to the reality of the difference.
We must therefore admit that the electric waves on wires
are slightly retarded by the resistance in the wires. This
has been probable on general principles, and indicated by
the older experiments, and it now takes its place as an
established fact of observation.

The result is similar to that reached in the first paper
on the New Theory of the Aether, where we showed that
wireless wawes travel more slowly through the solid mass
of the earth,_and the wave front is thus bent around the
globe, — which explains the observed fact that the wireless
wave travels around the earth.
wireless wave around the globe had proved very mysterious,
and no satisfactory explanation of it had been forthcoming.

As we have now definite proof of the retardation of

electric waves by the resistance encountered within a metallic |

‘wire, we see that the wire is surrounded by an envelope of
_waves in the. free aether tending to proceed with the velocity
of light, yet held back by the resistance within the wire,
" and thus the advancing wave envelopes and is made to follow
the wire. Is it not probable that we have here the true
explanation of the nature of a conductor?

Of course a conductor must be metal, which has both
the power of inductance and capacity, — otherwise the electric
disturbances . would not take the form of waves, thus expen-
ding the energy due to difference of potential. Yet, there
must be another physical cause at work to make the distur-
bance follow the wire. It is this, that the wave in the free
aether’ travels more rapidly than within the dense resisting
-wire, and owing to this resistance, the waves follow the wire,
being bent towards it on all sides,. as shown in the inner
part of the Fig. 18, Plate 6.

The discharge spark of a Leyden jar is due to the
oscillations of the invisible aether, rendering partlclts of air
luminous by the agitation; and when this spark is photo-
graphed in a rapidly revolvmg mirror, the oscillations are
shown as indicated on the axis -of the wire to the left. We
must therefore assume electric surges from one side of the wire

. to the other, just as in a Leyden jar. Moreover, as the aether
- is compressible, this compressibility contributes to the develop-
ment of waves.

It is to be noted that the oscillations photoorraphed
in the mirrof have their phases spread along in time, and

This propagation of the

- in waves which are. propagated away ds shown in the
diagram of the wave field. In regard to such reflection from
metallic surfaces, Prof. Fleming says: »This electrical radia-
tion (waves of length approaching 4 cms.), penectrates easily
through dielectric bodies. It is completely reflected from
metallic surfaces, and is dlso more or less reflected from the
surfaces of insulators« (p. 4r1).

(iii) Rejection of the theory of a magneton as con-
trary to electrodynamics.

We now pass to the discussion of the so - called
magneton. ]

1. It appears that the existence of the so-called mag-
neton is purely hypothetical. It was at first admitted, with
some hesitation, as a possible corpuscle, in magnets, analogous
to the electron in the problems of electricity. This idea
seemed logical in terminology, and the name appeared in
certain papers of the Philosophical Transactions of the Royal
Society, and it has since come into more general use.

2. But the above described terminology apparently
overlooks the fact that magnets are produced by the action
of an electric current. 1f therefore electrons be active in
a current, and the current generates a marrnet it is more
natural to explain magnets by the effects of electrons, and -
to do away with the magneton as superfluous.

3. In the present author’s work, however, “waves are
made the basis of the generation of a magnet out of steel
by the lining-up action of an electric current. It is thus
illogical to introduce fictitious corpuscles imagined to have
rotatory propertics, when simple waves in the aether suffice
for all practical purposes.

4. In the Principia, Lib. III, 1686, Aewfon lays down
as the first rule of philosophy: »We are to admit no more
causes’ of natural things than such as are both true and suf-
ficient to explain their appearances.« »To this purpose the
philosophers say that nature does nothing in vain, and more
is in vain when less will serve; for nature is pleased with
simplicity, and affects not the pomp of superfluous causes. <

5.. Under the circumstances, there is no need for ‘the
hypothesis of a magneton, and thus we reject ‘it because its
use in inconsistent with electrodynamic phenomena as ex-
plained by the wave-theory.

(iv) Velocity of the electron made to approximate that
of light by the action of electric waves.

In his later researches on the ratio of the charge to-
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the mass of cathode ray particle, Z%omson devised -a method -

for exactly balancing the electric and magnetic forces, and
was able to determine the ratio ¢/m, and get V' from the
ratio of the strength of the electric field X to the strength
of the magnetic field A, both of which could be measured.
In this way he found ¥ == 2.8-10% cms. per second, or
about one-eleventh of the velocity. of light.

This value was found to be not quite constant, but to
vary somewhat with the potential in the tube, yet the value
¢/m was found to be 1.7-107 and shown to be independent
of the nature of the gas used in the tube. . The greatest
value of e/m known in electrolysis is for the hydrogen ion,
and comes out 10% whence it was concluded that the value
for the cathode particle is 1700 times that for the hydrogen
ion. As the charge ¢ carried by the cathode particle was
found to be the same as for the hydrogen ion, it was held
that the mass of the cathode particle is 1/1700 of the
hydrogen ion or atom,.

It will be seen that notwithstanding the great ingenuity
displayed by Zhomson and his pupils, this whole subject is
involved in considerable uncertainty. Perhaps it may fairly
be asked whether any of these phenomena are yet inter-
preted on their final basis. No doubt the experiment as
described supports the result found, but it is always difficult
to feel sure that some entirely different view of these matters
may not develop hereafter, owing to further experimentation,
or improvement in the theory of the aether.

The net result is therefore as follows:

1. Viewing the electron as a corpuscle of a gas, it
would attain a velocity of only about 98 kms. {60 miles)
per second, or 1:3000™ of the velocity of light. This is
very insignificant compared to the velocities observed in light
and electric waves.

2. Under the action of impulses in the tube not yet
fully understood, but generated under considerable electric
tension, the velocity of the charged particle may be augmented
nearly 300 fold, so as to become a little less than a tenth
of the velocity of light and electric waves.

3. The mass of the corpuscle is considered to be due
wholly to the charge, but too little is yet known to justify
this claim, and it cannot be admitted. Apparently wave
action alone could produce the velocity of the electron,
2.8-10% approaching one tenth that of light, because the
aetherons move 1.57 times faster yet.

4. In his work on Molecular Phy51cs p- 18, Crowther
describes how much energy may be given to a small mass by
increasing its speed to about 1/15™ of the velocity of light.

»Such particles, however, actually exist, and it is the
discovery of these particles and the measurements made upon
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them that have led to the great advances in molecular physics
which we are about to describe. Particles having this velo-
city are shot out in large numbers from radioactive bodies.
To anticipate a little we may say that the a-particles from
radium consist of atoms of helium shot out with a speed of
this order of magnitude, and bearing a positive charge.
Thus it is that a single e-particle is able to cause a flash
of light when it strikes upon a screen covered thh a smtable
material. ¢

The view that the hlgh velocity attainable by the elec-
tron is due to the action of electric waves is suggested by
Crowther's further remarks:

»The o-particles consist of hehum atoms only. Velo-
cities approaching that of the a-particles can be given to
atoms and molecules of other substances by passing .an
electric discharge through them in the gaseous state at very
low pressures. The phenomena of the discharge tube have
indeed afforded the best means of investigating the properties
of moving electrified particles, and we shall proceed to their
consideration immediately.«

Accordingly it seems that the electron researches strongly
support the wave-theory as the only means of generating the
velocity of the electron found by observation!). If helium
atoms or e-particles can be given such. high velocities by
electric charges, still more may electrons, in view of their
very small size, be given the high velocities approaching
1/1o™ that of light. For as helium gas is monatomic but
twice as heavy as hydrogen, the electron is about 6800 times
lighter than helium, and under gaseous laws a velocity of
over 8o times that of a helium atom might be expected for
the electron, if equal energy were concentrated in a single -
corpuscle. This gives ample power to account for the ob-
served velocity of projection of the electron, and the high
velocity therefore is naturally attributed to wave-action.

It is worthy of note that, with Crowtkér's estimate that
the electrons attain a velocity of 1:15™ of the speed of
light, the aetherons have a speed 15-1.57 == 23.55 times
that of the swiftest corpuscle heretofore recognized. The
New Theory of the Aether thus bids fair to give quite an
impetus to the study of high velocities.

10. The Identity of the Velocity of Electric
Waves with that of Light shows that the Aether.
underlies both Classes of Phenomena: the Formal
Public Discussions on doing away with the Aether
recently held before the Royal Societies in London
striking Evidence of the General Bewilderment.

(i) The physical significance of the identity of the
velocity of electric waves with that of light.

¢

) In his History of the Inductive Sciences, Whemwell bestows high praise on Roemer, — who lived about a century in advance of
his contemporaries, so that his discovery of the velocity of light was accepted by very few, chiefly by Newton and Huyghens, — because this
celebrated discoverer noticed that the eclipses of Jupiter's satellites were delayed in time in proportion to the distance of the earth from Jupiter.
Thus when Jupiter was near opposition, the eclipses came about 16 minutes earlier than when the earth was on the opposite side of the sun;
- and. Whewell remarks on the highly philosophic character of Aoemer’s argument for the gradual propagation of light across space, which no

one before him had suspected from the earliest ages.

Now in our time the researches of the electronists have occupled great prominence, but without any inquiry, so far as I know, being

instituted by them to account for the known velocity of electric waves on wires and radio waves across free space.

This neglect greatly weakens

the position of the electronists, and when they propose to do away with the aether, without accounting for the propagation of light and elec-
tricity, they add presumption to carelessness; and therefore if Roemer's course was highly philosophic the course adopted by the electronists

has been just the reverse — unphilosophic and indefensible!

\ ‘ 19
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The early evidence deduced by Maxwell, in 1864, and
his successors during the next quarter of a century, to the
effect that electrical actions travel sensibly with the velocity
of light, received a remarkable confirmation from the physical
discoveries of Hertz, who devised methods for investigating
electrical waves of the type since used in radio-telegraphy.
And the.progress of radio-telegraphy has been such that the
velocity of these waves between Paris and other parts of
France, and between Paris and Washington, has been measured
as accurately as is humanly possible in the determination of
intervals of time less than a fiftieth of a second.

We cannot say indeed that the measurements between
Paris and Washington give incontrovertible experimental proof
that the electrical waves travel with exactly the velocity of
light, Perhaps the velocity of propagation is involved in say
tive percent of uncertainty; yet all the observations are con-
sistent with the speed of light” And in view of the accuracy
of the determinations of ¥, by such methods as were employed
by the American Bureau of Standards in 1907, we must hold
that the radio-waves between Washington and Paris travel
with the observed laboratory velocity, which appears to be
exactly identical with that of light. :

The fact that approximately the same speed is attained
by light and radio-electric waves, reduces us to the necessity
of admitting: )

1. Kither the two classes of waves travel with precisely
the same velocity.

) 2. Or we must assume the existence of two media with
slightly different elastic powers, yet giving waves of practi-
cally the same velocity.

) Maxwell long ago protested against the unphilosophic
habit of inventing a new medium every time we have a new
phenomenon to explain; and fortunately in this case measure-
ment supports Maxwell's contention, by showing more and
more conclusively that the two velocities are identical. The
difference between the velocity of electric waves in free
aether and light is now so small as to be within the probable
error of the separate determinations; and it is difficult to
decide which method affords the greater accuracy of measure-
ment. We must therefore wholly reject any claim for two
media, and acknowledge that light and dynamic electricity
depend on one and the same medium -- the aether. And
we have discussed the physical character of ‘that medium,
and fixed the constants with such great accuracy that when
the density is calculated by a new method, in the present
paper, it is found to be

1888.15- 10718
as against the other value, now no longer admissible, as
shown above in section I,

== 438-10718
yet found in the first paper by the method invented by
Lotd Kelvin in 1854 and since improved by Kelvin, Maxwell
and the present writer.

The physical significance of the identity of the velocity
of light and electricity is therefore unmistakable; namely,
electricity in motion consists of waves in the aether, and
as they travel with the same velocity as light, we know that
electricity and light both depend on the aether, and are

/
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simply waves of different length and type in this all-per-
vading medium.

(i) Accordingly, as Sir Oliver Lodge correctly says,
Einstein has not done away with the aether, but simply
ignored it, and thereby shown a remarkable lack of under-
standing of the physical universe.

In a public address at San Francisco, April 31, 1920,
Sit Oliver Lodge dealt with the physical properties of the
acther, as the vehicle of energy, and emphasized the view
that although totally invisible, the aether is capable of exerting
the most stupendous power throughout space, and thus is
the medium or vehicle which transmits the forces which
govern the motions of the planets and stars in their orbits.

Not only is the aether necessary for conveying the
light of the sun and stars across space, but also for con-
veying the stresses to generate the planetary forces, which
are equivalent to the breaking strength of gigantic cables
of steel stretched between the sun and planets. These stu-
pendous gravitative mechanisms are wholly invisible, and yet
from the observed operation of centrifugal force, we know
that the gravitative forces for balancing them do really exist.
Under the circumstances, as Sir Oliver Lodge pointed out,
we cannot hold that appearances correspond to reality. We
know of the aether chiefly from its transmission of wave
action, which in free space travels with the velocity of light.

Accordingly, after tracing the physical properties of
the aether, Sir Oliver Lodge justly exclaimed: »You have
heard of Zustein, and probably know that he has o use
for the aether. He has, however, not done. away with the
aether, but simply ignored it.«

_ This concise statement covers the case exactly; but in
view of the fact that Ziustein shuts his eyes to the unseen
operations of the physical universe, which Newfon attribated
to impulses in the aethereal medium, it is not remarkable
that the many sagacious investigators of natural phenomena
are obliged to reject the mystical and misleading doctrines
of Lnstein.

To turn away from a mechanical explanation of the
world, and attempt to account for phenomena by mere
formulae reposing on the supposition of action at a distance,
and to further complicate the reasoning by the assumption
of the curvature of space, — when such an hypothesis is
unnecessary and purely fictitious, — is not a sign of pene-
tration, but of lack of experiencé in natural philosophy.

It is just such unwarranted procedure which Newron
denounces as resting on »vain fictions«, in the second sentence
of the discussion following the statement of Third Rule of
Reasoning in Philosophy: »We are certainly not to relinquish
the evidence of experiments for the sake of dreams and
vain fictions of our own devising; nor are we to recede
from the analogy of nature, which uses to be simple and
always consonant to itself« (Principia, Lib, III).

It appears from Newfton's discussion that electrical actions
conveyed along wires and across space, as in radio-telegraphy,
and found by actual experimental measurements to be trans-

mitted with the velocity of light, are the very kind of »evi-

dence of experiments¢ which that great philosopher says we
are not to relinquish for the sake of dreams and vain fictions
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of our own devising; yet Kinstein and his followers have
thus plainly violated MNewton's Third Rule of Philosophy, in
proposing to do away with the aether. Without this medium
the phenomena here cited are not explainable, so that even
a child can see the necessity for the aether. The sun and
stars are the perpetual witnesses to the existence of the aether,
and all who live and behold the light, as Homer says, thereby
recognize this superfine medium (.4£264g). '

(ili) The formal discussions on the theory of relativity
before the Royal Astronomical Society, Dec., 1919, and Royal
Society, Feb. 5, 1920, wholly unprofitable, in default.of a
kinetic theory of the aether.

In view of the above criticisms it is unnecessary to
emphasize the unprofitable character of the formal discussions
held before the Royal Astronomical Society, Dec., 1919,
and the Royal Society, Feb. 5, 1920. But the fact that two
of the oldest scientific societies in Europe did not refuse
to waste their time and resources of publication -on the vague
and chimerical theory of relativity — thereby still further
confusing the public mind, already bewildered by the mis-
application of mathematics which rests on no physical basis,
when the problem is primarily a physical one — may well
deserve our attention.

A report of these meetings will be found in the Monthly
Notices, and in the Proceedings of the Royal Society, and
other journals, such as the Journal of the British Astrono-
mical Association, for Nov., 1919, and Jan., 1920, which
appear a month or so late. We may condense the discussion
as an American physicist summarized a similar discussion
held in Washington about ten years ago:

»When we got through, we did not know any more
than when we started.« .

Now we submit that such methods are not those by
which science is advanced. And when the proceedings of
learned societies take the form of unprofitable debates, on
mere subtleties, or on reasoning which rests on false pre-
mises, — such as a mere mathematical foundation,
when a physical foundation is required, — it is a sign
of the mysticism which usually accompanies intellectual de-
cadence. There can be no defense for the policy of exploiting
Einstein’s theory without first considering the kinetic theory
of the aether, which renders such mystical doctrines unnecessary
and wholly inadmissible.

To cite an example of historic interest, the chimerical
character of Kepler's early speculations is judiciously pointed
out by Zaplace (Précis de I'Hist. d’Astron., p. 04):

»I1 est affligeant pour l'esprit humain de voir ce grand
homme, méme dans ses derniéres ouvrages, se complaire
avec délices dans ses chimériques spéculations, et les regarder
comme l'ime et la vie de l'astronomie.«

Delambre is even more severe, and subscribes to the
judgement of Bailly in regard to Kepler (Astron. du moyen
ige, 1819, p. 358):

»After this sublime effort (discovering the planetary
laws, is meant) Kepler replunges himself into the relations
of music to the motions, the distance, and the eccentricities
of the planets. In all these harmonic ratios there is not one
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true relation; in a crowd of ideas there is not one truth:
he becomes a man after being a spirit of light.«

The results brought out in the first and second papers
on the New Theory of the Aether, show the worthless cha-
racter of the whole theory of relativity. We are justified in
saying it is a foundation laid in quicksand, when a foundation
of granite was near at hand. And therefore the whole
theory of relativity, as heretofore taught, is now shaken to
its foundations, and thus no longer deserves the serious con-
sideration of natural philosophers.

As throwing some historical light upon the unprofitable
subtleties of the theory of relativity, and the vague and chi-
merical discussions which the Royal Astronomical Society
and the Royal Society have inflicted upon a bewildered and
long suffering public, we recommend an attentive reading ot
the latter part of the first volume of Whewell's History of
the Inductive Sciences. Wiewell dedicated this justly celebrated
work to Sir FoAn Hersckhel, and it ought to be familiar to
every modern investigator. )

Whewell's luminous discussion of the »Indistinctness of
Ideas in the Middle Ages«; »Collections of Opinions«; »In-
distinctness of Ideas in Mechanics«; »Indistinctness of Ideas
in Architecture«; »Indistinctness of Ideas in Astronomy«;
»Indistinctness of ‘Ideas shown by Skeptics«, (pp. 253-268)
is especially worthy of study.

In opening the treatment of »Indistinctness of Ideas
shown by Skeptics« Whewell remarks:

»The same unsteadiness of ideas which prevents men
from obtaining clear views, and steady and just convictions,
on special subjects, may lead them to despair of or deny
the possibility of acquiring certainty at all, and may thus
make them skeptics with regard to all knowledge. Such
skeptics are themselves men of indistinct views, for they
could not otherwise avoid assenting to the demonstrated
truths of science; and, so far as they may be taken as spe-
cimens of their contemporaries, they prove that indistinct
ideas prevail in the age in which they appear. In the sta-
tionary period, moreover, the indefinite speculations and un-
profitable subtleties of the schools might further impel a man
of bold and acute mind to this universal skepticism, because
they offezed nothing which could fix or satisfy him. And
thus the skeptical spirit may deserve our notice as indicative
of the defects of a system of doctrine too feeble in demon-
stration to control such resistance.«

Accordingly, from the considerations here advanced,
it follows that the recent formal discussions before the Royal
Society and Royal Astronomical Society of the theory of
relativity, which is both vague and chimerical, have confused
rather than clarified the subject in the public mind; and
thus in the cause of truth I have felt obliged to protest
against the misuse of the powers of these learned societies.

I1I. Rejection of the Theory of ,Electrical
Mass‘ except for Smail Particles of Common Matter
expelled under Electric Charges: theso-called ,Elec-
trical Mass‘ thus not applicable to the Aetherons,
or Corpuscles of which the Aether is made up.

(i) Description of the so-called ,electrical mass'’.

- Of late years a number of physicists occupied with
19*
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experiments involving the ejection of small charged particles,
in an electric field of very considerable intensity, have
laid much stress upon the so-called ,electrical mass’, and
even gone so far as to entertain the view that all mass is elec-
trical {cf. Crowther, Molecular Physics, 1914, pPp. 67-85).
It is true no doubt that under the charges involved in these
experiments there is an ,electrical mass’ because the small
mechanical mass is thereby thrown out of electric equilibrium
with its surrounding field.

But when we deal with the aether as an all-pervading
medium, we have to do with the motions of the aetherons
only, and as common matter is not involved, we have to
reject the ,electrical mass’ as applied to the aether, for
the reason that the aetherons make up the field, and nor-
mally are in kinetic equilibrium, so as not to be subjected
to any forces except those due to passing waves in the
aether, involving concerted displacement of neighboring
aetherons.

It is well known that NVewson was quite aware of the
effect of the resistance of a medium upon the motion of a
sphere or other body projected through it. In the Optics,
1721, pp. 342—3, Newlon discusses the very problem here
treated of in the following manner:

»The resistance of water arises principally and almost
entirely from the vis inertiae of its matter; and by conse-
quence, if the heavens were as dense as water, they would
not have much less resistance than water; if as dense as
quick-silver, they would not have much less resistance than
quick-silver; if absolutely dense, or full of matter without
any vacuum, let the matter be ever so subtile and fluid,
they would have a greater resistance than quick-silver. A
solid globe in such a medium would lose above
half its motion in moving three times the length
of its diameter, and a globe not solid (such as are
the planets) would be retarded sooner. And therefore
to make way for the regular and lasting motions of the planets
and comets, it's necessary to empty the heavens of all matter,
except perhaps some very thin vapours, steams or effluvia,
arising from the atmospheres of the earth, planets and comets,
and from such an exceedingly rare aethereal medium as we
described above. A dense fluid can be of no use for ex-
plaining the phenomena of nature, the motions of the planets
and comets being better explain’d without it.«

In this passage we have spaced the sentence especially
applicable to the problem of the ,electrical mass’, which
is explained as follows. Let » be the ordinary mechanical
mass of the moving particle; then the ordinary kinetic energy
due to its motion becomes

= Yomv?, (89)

But electrical experiments on small particles ejected
under considerable charge, show that there is in addition a
quantity of energy due to that charge. The total energy is
found to be made up of the two parts shown in the right

member of the following equation:

E = Yfym v+ e a = Yslm+>[sefa)s*  (g0)
the first term yielding the mechanical energy depending on
m, and the second that depending on the so-called ,elec-
trical mass’, */3¢%/a, where ¢ is the electrical charge borne
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by the particle, and @ is the radius of the spherical space
occupied by the charge. The ,electrical mass’ is not quite
constant for all velocities, but the above formula holds ap-
proximately for moderate speeds.

-(ii) The rejection of the theory of the so-called ,elec-
trical mass’, as an effect of the aether due to the systematic
arrangement .of the waves, justified by Zhomson's views of
the motion of a corpuscle through an electrical field.

In his Elements of Electricity and Magnetism, 4™ ed.,
1909, p. 521, Prof. Sir ¥ % Zlomson indicates that if m
be the mass of an uncharged sphere, the kinetic energy of
such a sphere with charge ¢, magnetic-permeability g, and
radius of action &, is

7= alm+?[ype?/a) vt {91)

The effect of the charge is to increase the mass of
the sphere by  %/gue?/a. This is a resistance called the
,electrical mass’, and the question arises whether it should be
regarded as an increase of mass, as described by ZVomson,
or an effect of the field in which the sphere moves, as de-
scribed by Newtor in the discussion above cited from the
Optics, 1721. ‘

Sir #. ¥ Zhomson compares the motion of a corpuscle
through an electrical field with that of a sphere through a
liquid, which he says leads to an increase in the effective
mass, because the moving sphere drags some of the liquid
along with it. ‘Thus when a sphere moves through a liquid it
behaves as if the mass were increased from m to m—+1/,m’,
where ' is the mass of the liquid displaced by the sphere.
Again, when a cylinder moves at right angles to its axis
through a liquid, its apparent mass is m~+»’, where »’ is the
mass of the liquid displaced by the cylinder.

»In the cdse of bodies moving through liquids«, says
Thomson, »the increase in mass is due to the motion of the
body setting in motion the liquid around it, the site of the
increased mass is not the body itself but the space around
it where the liquid is moving. In the electrical problem, we
may regard the increased mass as due to the Faraday tubes
setting in motion the ether as they move through it» (p. 522).

This reasoning concedes that the so-called ,electrical
mass‘ depends not on the sphere itself, but on the field about
it; in other words the ,electrical mass’ is an effect due to
the surrounding field, and not inherent in the body itself.
For that reason it is necessary to consider carefully whether
the ,electrical mass' in the larger mechanics, ought not to
be rejected altogether as fictitious, and due to disturbances
in the aether filled with waves and thus polarized, the ar-
rangement of the waves exerting the force called the ,elec-
trical mass’.

(iii) Theory of ¥ A. Crowther, 1914.

In his Molecular Physics, 1914, p. 70, (Philadelphia,
Blakiston’s Son & Co.), ¥. 4. Crowtker, also of the Cavendish
Physical Laboratory, Cambridge, points out that the extra or
,electrical’ mass is due to the fact that the particle carries
a charge. Crowther even says that if the ,mechanical’ mass
m be zero, the ,electrical’ mass will still persist. Analytically
this follows from the above formula (g91), but physically
there is no proof that such an ,electrical’ mass can exist
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independently of matter, and thus Crowther's claim cannot
be admitted.

Crowther announces his final conclusions thus (pp. 70 |
| aether, and the influence it exerts depends on the wave mo-

and 71): .

»Since this ,electrical’ mass is really that of
the magnetic field surrounding the particle, it
resides not in the particle itself but in the medium
surrounding it, that is, in that mysterious fluid
which we call the ether?!). As soon, however, as we
attempt to alter the motion of the particle this energy flows
into it from all sides, so that, as far as experiments upon
the particle itself are concerned, the results obtained are
precisely the same as if it resided permanently there.«

»To make this somewhat novel idea a little clearer
we may consider a close and very servicable analogy, where
the mechanism of the extra mass is a little clearer than in
the electrical case. If any body is moving through water,
or any viscous fluid, it carries with it a certain amount of
the liquid through which it is moving. In the case of a
sphere, for example, the quantity carried along by the motion
of the body amounts to half the volume of the sphere itself,
A long cylinder moving at right angles to its own length
will carry with it a quantity of fluid equal to its own volume.
On the other hand, if it moves in the direction of its own
length the fluid entangled is practically nil.. Thus, in order
to set the body in motion with a velocity », we have to
supply to it energy enough to give this velocity, not only
to the sphere itself, but also to the mass of fluid which it
carries with it. That is to say, if A/ is the mass of the
sphere itself, and A/’ the mass of the attached fluid, the
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work done in starting the body is Yo(M~+ M) 22 In other

words, the body will behave as if its mass were increased

by the mass of the fluid entangled by it. Just as in the ‘
electrical case, this extra mass resides in the sur- |

rounding medium.«

Accordingly, it clearly appears, from Zhomson's and
Crowther's arguments, that the ,electrical’ mass */3¢2/@ depends
wholly on the field in which the charged corpuscle is moving,
not upon the body itself, and changes when the motion
through the field is altered. All that the arguments can be
said to prove therefore is that the aether in a magnetié field,
exerts an influence on bodies moving through it. This shows
that the aether really exists, is polarized near magnets and
electric wires bearing currents, and acts physically according
to definite laws. .

This is a reason therefore why the theory of the aether
cannot be rejected, as some superficial writers have held.
The other reasons for admitting the aether are as convincing
as stupendous cables of steel would be if we could actually
see them stretched from the sun to the several planets for
holding these huge masses in their orbits. For the centri-
fugal force of the planets has to be balanced and the
aether is the medium which sustains the tremendous forces
required to curve the paths of the planets at every point,
and enable them to describe Keplerian Ellipses about the
sun as the focus.

') The spacing-out is mine. .
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(iv) We therefore conclude that the electrical mass
depends wholly upon the aether.

As the ,electrical’ mass admittedly depends on the

tion in this medium, it is better for most purposes to reject
the doctrine of a so-called ,electrical mass’ as fictitious, and
consider separately the common Newtonian mass », and the
influence exerted by the field in which » is moving.

In case of the ,electrical mass’:

‘ E = suc®v?/a (92)
where @ is the radius of the space occupied by the charge,
and g the magnetic-permeability of the medium, ¢ the charge,
it is thus obvious that £ becomes truly a drag exerted on
the moving mass m. It is evident that this effect ought to
depend. on ¢?, and v? since the induction due to the waves
is thus developed like ordinary mechanical work done.

For it must be remembered that there are waves in the
field, produced by the bodies and charges of the universe,
and also waves, or Faraday tubes of force, produced by the
moving corpuscle itself, with charge ¢. Since the charge ¢
is a measure of the electrification of the corpuscle, the field
about it necessarily will have a corresponding condition,. but
negative in character, and the interaction of the charged
corpuscle on the field will be measured by the product of
these charges, and thus by ¢2

This explains the nature of the formula (g92), except
the divisor @. And Crowther (pp. 162~3) shows that the
total energy in the field is the integral of the total magnetic
energy between two spheres of radius » and »-+dr, when
taken from the surface of the electron of radius @ to in-

finity, becomes:
oo

E="1u¢ zf“’j‘dr/r2 (93)
a

= Ysue?a.

From this line of investigation it appears that we are
justified in rejecting, and even required to reject, the elec-
trical mass‘ for the aetherons, which pervade the universe, and
by their vibrations render the aether the vehicle of energy.
Accordingly our conclusions are:

1. It appears that Prof. Sir ¥. ¥. ZJomson's argument
for the ,electrical mass’ is an extension of that given by
Newton, but is likely to be misapplied, unless the specific
condition of non-electric equilibrium underlying the experi-
ments with small particles is clearly borne in mind.

2. The doctrine of the ,electrical mass’ has therefore
a very limited field of validity. On page 81 of the work
above cited Crowther says that most physicists cherish the
belief at the bottom of their hearts that all mass is electrical
in origin, »but it cannot at present be said to be much more
than a pious hope.«

(v) The nature of the X-rays investigated.

It will be recalled that for a long time great mystery
attached to the nature of the X-rays. Soon after these rays
were discovered by Ronfgen, in the winter of 18956, three
different theories were formed of their nature: (1) Electrified
material particles projected with great speed from within the



291

bulb quite through the walls of the glass tube; (2) the Ultra-
violet theory, which supposes the energy to be aether-wave
motion of the same character as light, but of only about
1: 10000 part of the wave length of visible light; (3) the
longitudinal aether-wave theory, at first favored by Rintgen,
Faumann and others, which ascribed the observed effect to
longitudinal motion in the aether waves.

Probably something could still be said in favor of each
of these theories, and it is not yet certain that the nature
of the X-rays is understood. In the usage of men of science
however, the ultra-violet wave-theory has found most favor.

In 1912 the Swiss physicist Dr. Lawe first made use
of X-rays to investigate the structure of crystals, and from
this beginning has grown a resourceful method for attacking
the problem of molecular arrangement in crystals, which may
even throw light on the internal structure of the atoms them-
selves. An article on this subject by Prof. W. L. Bragg, on
»Crystal Structure«, will be found in Discovery, Feb., 1920;
and a review of the subject appears in the Journal of the
British Astronomical Association for March, 1920, pp. 199
till zoo0. '

The following table gives an outline of the different
types of waves, expressed in Ahgstrém units, or tenth-metres,

1 m- 1071 Duff’s Physics, p. 640:
Gamma rays o.1

X-rays 1

Shortest ultra-violet waves 600
Shortest visible ‘waves (violet), about 3800
Violet, about 4000
Blue 4500
Green 5200
Yellow 5700
Red 6500
Longest visible waves (red) 7500
Longest waves in solar spectrum, more than 53000
Longest waves transmitted by fluorite 95000
Longest waves by selective reflection

from rock salt 500000

from potassium chloride 61200q
Longest waves from mercury lamp 3140000

Shortest electric waves 40000000 == 4 mni.

It is very difficult to understand how such very short
waves as X-rays are supposed to be, on the ultra-violet theory,
could penetrate so easily through the human body and other
semi-solid substances, as they are found to do in practice.
The experiments of Lawe, Bragg and others in crystal photo-
graphy show the extreme fineness of the X-rays, and their
great penetrating power.

But it is perhaps possible that what appears to be a
passage of X-rays through resisting structures is rather a
general agitation of the aether by which the atoms emit
waves!) which can impress the photographic plate, than an
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actual passage of such short waves through these resisting
masses. If so, the facts of experience would lend a strong
support to the wave-theory since it might be much easier to.
evoke vibration of appropriate length than for such short waves.
to actually pass. The waves evoked by agitation of the aether
would show crystalline structure, and even the diffraction of
X-rays, quite as well as.the passage of X-rays waves.

In confirmation of this view that the X-rays observed
are waves evoked by agitation, we quote from Duf’s Text-
Book of Physics, 1916, p. 641:

»Glass is opaque to waves shorter than 3500 Angstrém:
units, and longer than about 30000 ;\ngstrdm units. Quartz
is transparent between the wave-lengths 1800 and 70000,
and for some longer waves; rock salt is transparent between
1800 and 18co000, and fluorite, one of the most transparent
substances, will transmit ultra-violet waves from about A ==
1000 to 4 == 95000.¢

A similar argument has also been adduced by Prof. Sir
F. & Thomson to the effect that X-rays depend on collisions
by negatively charged particles. They are evoked by the

! somewhat irregular agitation of the wave-field, the disturbance

produced being due not so much to regular continuous wave
motion, as to isolated wave impulses, which travel throughout

| the neighboring aether, and set free the corpuscles from the

atoms. Such X-rays could not well interfere, and their dif-
fraction, if observed, would be of the type photographed by
Lawe in crystals, corresponding to short waves, probably
produced by the degeneration and breaking up of longer

" aether impulses of no considerable regularity of movement.

This puts the ultra-violet theory in a new light, in line
with the wave-theory, and at the same time explains the
mechanically injurious effects of X-rays in surgery?®) as due
to the irregular wave impulses, which regular ultra-violet
waves could bardly produce. ‘And it explains also why cal-
cium tungstate may render the X-rays capable of casting
shadows visible to the eye. For the irregular impulses would
come with sufficient rapidity to give an effect which optically
is apparently continuous. When observing the X-ray through
calcium tungstate 1 have noted an  appearance of rapid
flickering, as in the case of rapid but irregular electric
sparks, or lightning flashes in quick succession but at un-
equal intervals.

In connection with this subject it is well to bear in
mind that magnetism, which in the -wave-theory depends on
polarized waves of perfect regularity, can penetrate thick
plates of glass or any other substance, but the action seems
to take a little time. Probably the polarized character of
magnetic waves and their length makes this penetration
possible, whereas it is possible for the confused waves of
light only within fixed limits, Thus we hold that the ir-
regular impulses in X-rays correspond to long waves, which
under degeneration call forth the very short ones used for
the newer investigations in crystals.

‘). This idea is suggested by Rinigen’s original experiment of cutting off all cathode rays with black card board, yet noting that some
crystals of barium platino-cyanide in the darkened room were rendered luminous by the general agitation in the aether.

*) A dispatch from Paris, May 26, quotes M. Daniel Berthelot as reporting, May 25, to the Academy of Sciences a new method for
protecting operators against the injurious effects of X-rays, which are neutralized by a simultaneous application of infra-red rays. This use of
infra-red rays to counteract the X-rays confirms. the theory here developed; unless the agitations underlying the X-.rays were long, the long
infra-red- rays could hardly afford the protection reported. — Note added, May 2§, 1920. :
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12. The acknowledged Failure of the Electron
Theory, which. represents a Subordinate Phase of
Scientific Progress: The Larger Problems of the
Universe can only be attacked through the Wave-
Theory based on the Kinetic Theory of the Aether.

(i) The acknowledged failure of the electron theory.

In his interesting but unconvincing work on Molecular
Physics, Philadelphia, 1914, Crowther treats of many mole-
cular phenomena from the point of view of the electron
theory. Including the effect of the electrical mass, 2/ye22%/a,
Crowther concludes (p. 81) that the mass of an electron is
8.8-107% gms., while the value of the charge it carries is
1.57- 107 % units. Thence he deduces for the radius of the
electron 1.87-1071 cms.1)

Calling attention to the conclusion that the radius of
an atom is of the order of 10713 cms, he adds a comparison
which I give spaced: '

»We may now say that small as the atom is,
the electron is so much smaller that the electron
bears to the atom which contains it very much the
same relation as a pea to a cathedral.«

*We have seen that the whole of the mass of the
electron is due to the charge which it carries. The thought
at once suggests itself: Are there indeed two kinds of mass
or is all mass electrical in its origin? Probably most physi-
cists cherish this belief at the bottom of their hearts, but
it cannot at present be said to be much more than a pious
hope. The mass of a negative electron is about /j;0, part

charge of the atom, of which we know practicaily nothing,
it would require 1700 electrons to make up the mass of

a single hydrogen atom. This of course is not a priori an |

impossible number considering the smallness of the electron;
and speculations along these lines were for a time freely
indulged in. In this case, however, experiment failed to con-
firm the bold conjecture. The number of electrons in the
atom has been determined at any rate approximately, and
affords no support for such a theory.«

Crowther then examines at some length the question
of the number of electrons in an atom, and after admitting
the obscurity of positive electrification, finally concludes,
pp.-83—-84 as follows: '

»Unfortunately, we are not yet acquainted with the
nature- of positive electricity. Prof. Sir ¥ F. Thomson's ex-
periments on the positive rays, brilliant as they have been,
have not at present thrown much light upon this exceedingly
. difficult problem. For the present the term ,positive electri-
fication‘ remains for the physicist very much what the term
,catalytic action’ is for the .chemist — a not too humiliating
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method of confessing ignorance. If we suppose that- the
positive electricity is distributed uniformly over a sphere of the
size of the atom (a hypothesis which lends itself very readily
to mathematical treatment), the author’s result would indicate
that the number of electrons in an atom is almost exactly
three times its atomic weight. That is to say, the number
of electrons in a hydrogen atom would be three.?)
If we go the other extreme, and suppose that the positive
electrification is a sort of nucleus at the centre of the atom,
and that the electrons revolve around it somewhat after the
manner of the rings of Saturn, the number of electrons in
a hydrogen atom works out at unity, the number in any
other atom being equal to its atomic weight. The assigning
of unit atomic weight to hydrogen would then have a very

definite physical significance, as it would be the lightest atom

which could possibly exist. In either case the number of
electrons in an atom is only a very small multiple of its

© atomic weight. We cannot, therefore, assign any appreciable

!
P
\

fraction of the mass of the atoms to the negative electrons
it contains.« L

»There still remains, of course, the possibility that the
mass is electrical, but that it resides in the positive portion
of the atom. If the formula for the electric mass be exami-
ned, it will be seen that for a given charge the mass is

. inversely proportional to the radius of the sphere upon which

|
|

it is concentrated. If we suppose the positive charge on

' the hydrogen atom to be concentrated upon a sphere of

1/i700 of the size of the negative electron, its mass would
1700 Of g

; be 1700 times as great, that is to say, equal to that of the
of the mass of a hydrogen atom. Neglecting the positive :

hydrogen atom. Our perfect ignorance of the nature .of
positive electricity renders the suggestion not untenable, though
evidence for it is sadly lacking.«

This is a very frank confession of a failure of the
electron theory, for two chief reasons. :

1. In size the electron bears to the atom about the
ratio of a pea to a cathedral.

2. The number of such electron peas to the atom
cathedral is very small, either 1 or 3 for hydrogen, and
always a small multiple of the atomic weight. Hence the
important conclusion: »We cannot, therefore, assign any ap-
preciable fraction of the mass of the atoms to the negative
electrons it contains.«

Accordingly it is not surprising that Crowther admits
that »for the present our belief in the electro-magnetic nature
of all mass remains an expression of our faith that all the
varied phenomena with which we have to deal are mani-
festations of some single principle or essence which under-
lies them all.«

Another important and much more elaborate work,
»The Electron Theory of matter«, by Prof. O. W. Richardson

') Another proof of the great uncertainty attaching to the theory of the electron is afforded by conflicting deductions as to the absolute

dimensions of this little mass.

1. Crowtker, pp. 81-165, gives for the radius of the electron 1.87-107'% ¢cm, and for the radius of a hydrogen atom 1.21-10~% cm.
Thus the hydrogen atom has about 66000 times greater diameter, yet it has only 1700 times the mass of the electron, which makes the electron
relatively very heavy for its small diameter. If of equal density with the hydrogen, this mass would make the'hydrogen atom have a diameter

11.93 times that of the electron,

) 2. But the diameter of the electron itself must be very uncertain. In Phys. Rev. vol. 114,
who had previously estimated the diameter to' be 2-107'° cms, now finds it to be (1.8510.005) 10—

Pp- 2477259, Sept. 1919, A. H. Compton,
1% cms, ‘or #=0.925-10*° em. This is

about 2000 times larger than Crowther’s value; so that apparently no confidence whatever can be put in these results.

*) The spacing-out is mine.
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of King's College, London, appeared under the auspjces of
the University Press, at Cambridge, 1914, pPp. 1-612. We
cannot attempt to describe the treatment, except to say that
it is similar to Crowther's work, but less experimental, and
sets forth the mathematical theory in greater detail.

In spite of the elaborateness of this treatise, Richardson
is obliged to admit the short-comings of the electron theory.
On page 592z the author admits that »we cannot be sure
that the mass of the electrons is not appreciably different
in different substances.« Accordingly it would appear that
the mass of the electron is definitely fixed only in particular
substances which have been experimentally investigated. It
is acknowledged that nearly all the atomic problems are
clouded in great obscurity.

Under the head of General Conclusions, p. 600, we read:

»A review of the preceding discussion shows that the
electron theory is not in a position to make very definite
assertions about the nature of gravitational attraction. It
seems likely that the Newtonian law of attraction between
elements of matter is one between elements of mass or con-
fined energy and that it is of a very fundamental character.
1t is doubtfull) if it can be replaced by a modified
law of electrostatic force between electrons or
elements of electric charge, unless the modified
law includes the associated mass explicitly. Even
so, the case does not appear very simple.«

In closing Rickardson concurs in the opinion of Lorents
that gravitation may be an electrodynamic effect propagated
with the velocity of light, like that since developed in’ greater
detail by the present writer.

(i} The electrons usually assumed to be more or less
,bound’ to atoms, and set free chiefly in metals (conduc-
‘tors), to make up an electric current: but this will not
explain the propagation of electric disturbances with the
velocity of light, and thus the electrons cannot replace the
aether. ‘

It is well known that the electrons usually are taken
" to be more or less ,bound‘ to the atoms, with which they
are associated. A vast amount of discussion has arisen as

to the setting free of the electrons, by heat and electric

disturbances. It will be noted therefore:

1. The electrons are not taken to be entirely free,
to pervade all space and all bodies, like the aetherons, which
travel with a velocity 1.57 times that of light, 471238 kms.

2. The speed of the electrons is not taken to be in
any case greater than one third that of light. As the mass
of the electron is considerable, though only about Y 700
of that of a hydrogen atom, this smaller velocity, of say
100000 kms. is very intelligible,

The hypothesis of Crowther, and others, (Molecular
Physics, p. 139), that »an electric current is a flow of electrons
from a place of high to a place of low potential« cannot
be admitted, because the observed velocity of 300000 kms.
for light and electricity could not be attained by such heavy
masses as electrons.

Crowther states this electron theory as follows:

»We may regard a conductor, then, as a substance

') The spacing-out is mine.
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containing electrons which are free to move under the action
of an electric field, while in non-conductors the electrons are
fixed and unable to follow the impulse of the field. «

»How are these electrons set free? In the first place
it may be noticed that the only good conductors of elec-
tricity are metallic, that is to say, electro-positive in character,
substances which we know from other phenomena readily
part with an electron under the slightest provocation. Now
in a solid such provocation may well be supplied by the
close propinquity of the neighbouripg molecules. It is well
known that a charged body will attract light uncharged sub-
stances. The attraction of a well-rubbed stick of sealing wax
for small pieces of paper is generally our first introduction
to the science of electricity. The attraction is of course
mutual, the force on the charged body being equal to that
on the uncharged paper. Hence an electron in one atom
is attracted by a neighbouring uncharged atom, and under
favourable circumstances, and especially in the case of an
atom only too ready to part with its electrons, the attraction
may well be sufficient to enable it to make its escape.«

It is obvious without further discussion that this theory
is so very defective that it cannot be seriously entertained
by investigators who are familiar with the propagation of
electric and radio-telegraphic waves and light across free
space. For, in the first place, it claims to account for dis-
turbances along conductors, which cannot be done with
electrons of the recognized mass. And, in the second place,
the electron theory gives no explanation of light and radio-
telegraphic waves across free space, where the aether alone
is involved.

Accordingly the electron theory cannot explain the
phenomena of the aether, and it must be admitted that the
subject of the electron is still involved in great obscurity.
So far as we can judge it can only be cleared up by the
further development of the wave-theory, deduced from the
new kinetic theory of the aether.

For although the mass of the aetheron given in the
first paper on the New Theory of the Aether, will have to be
multiplied by about 4.31 to take account of the increased
absolute density of the aether, found by the new method
of section I above, after Lord Kelvin's method was shown
to be invalid: yet the total change in the mass of the
aetheron is comparatively slight, namely: molecular weight
= 67.077 10712

Accordingly the general mass and dimensions of the
aetheron are but slightly altered, yet the size of this corpuscle
is somewhat increased and becomes:

I. The radius of the aetheron == /5,4, of that of a
hydrogen molecule. ) .

2. This radius is equivalent to 5.-44°1071% cms,, that
of“hydrogen being taken as 1.34* 1078 cms.

(ili) The electron theory like that of radio-activity is
a subordinate phase of scientific progress.

The electron theory developed during the last quarter
of a century by a considerable group of experimental physi-
cists led by Prof. Sir 3 % Thomson and others, has now
acquired such definite form and shows such defects, that we..
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are safe in considering. it a subordinate phase in scientific
progress. If it should prove to be an ultimate development,
apparently this can only be owing to the more fundamental
wave-theory, which underlies the electron-theory and gives a
physical basis for the phenomena of electrons.

_ 1. The alpha-, beta-, gamma-rays, recently so much
observed, are held to give experimental proof that small
particles, under electric charges of greater or less intensity,
are- ejected from certain bodies with velocities which may
be one third that of light.

2. It is very difficult to understand how alpha-, beta-,

gamma-particles can be ejected with this enormous speed
unless commotions incident to wave action underlie the
ejections. For electrodynamic waves travel with the velocity
of light, and material particles caught up by a combination
of such waves might travel more slowly than light, but yet
with so great a speed as to approach that speed or a large
fraction of it.

3- It is inconceivable that velocities approximating one
third that of light could be generated without some asso-
ciation with the release of elastic action in the aether, which
speeds on with the enormous velocity of 3oocoo kms per
second. Even in solid bodies the aether waves advance at
a rate which is a large fraction of that in free space. a

4. Now molecular and atomic velocities are very small
indeed compared to that of light. Hence it is apparent that
no ordinary molecular collisions or disturbances could eject
particles with these enormous speeds. But if invisible electro-
dynamic waves underlie these ejections their speeds are easily
accounted for. Under oscillating electric charges the par-
ticles might be carried along from the surface or even into the
interior of a solid anode or cathode, or similar terminals.

5. In the author’s work of 1917, p. 20, we have ex-
plained the nature of an electric current, and illustrated the
waves about a conducting wire by a figure (cf. fig. 12, p. 260,
above) showing the rotations which make up the waves. The
waves act in concert, the elements whirling everywhere in
the same direction. If therefore, there be a particle small
enough to be ejected, yet observable, it might be carried
away with great speed.

6. But in a Geissler-tube, or similar rarified gaseous
medium, we have rarified gas itself for the conductor or
discharge of the electric strain at the terminals. In such a
good conducting partial vacuum, it apparently would be much
easier for a small particle to be ejected with great speed
than from any conductor of metallic constitution.

7. Thus, in all the phenomena of electric discharges
through rarified gases, on which Prof. Sir . ¥. Thomson has
experimented for so many years, the indications are that the
observed velocities of the ejected particles are attained under
wave influences or releases of electric stresses, by commotions
in the aether traveling with the velocity of light.

8. Since the rarified gas acts as a conductor — Prof.
Fohn Trowbridge of Harvard University having found that
rare air is a more perfect electric conductor than even copper
wire —, we should in fact expect certain solid particles to
be transported along with a large fraction of the velocity of
light. Thus the electron phenomena are not remarkable, but
naturally follow from the wave-theory.

‘of light, 300000 kms.

9. Accordingly, it hardiy seems possible that the alpha-,

beta-, gamma-particles, so much studied in the electron theory,

can be other than a temporary phase in the progress of
science. Important as the results attained are, they do not
disclose to us any workable theory of the universe. Even
the ejectigns of small charged bodies must rest on the wave-
theory: there is no other possible way in which we can
explain the ejection of these corpuscles, and their enormous
velocities, whereas the wave-theory makes their ejection na-
tural and requires it to be at high speed.

10. Incidently, the electron theory renders the corpus-
cular theory of the aether more probable than it otherwise
would be. It all implies excessively rapid motion for very
small bodies. Unless there be waves ‘traveling with the
velocity of light, it is impossible to explain the phenomena
of radio-activity.

To show the difficulty of reconciling these results, we
add a few calculations. Iet us assume in the first case that
the free electrons behave as a gas, and thus follow the law
announced by Maxwell, that all molecules have equal kinetic
energy, which is verified by experience for many actual gases.
Then, if m and v denote respectively the mass and the ve-
locity of a molecule of hydrogen, while »’ and ¢’ denote
corresponding quantities for an electron, we have:

Yomv® = Yym''? (94)

Accordingly if v = 1696 ms, and w = /4,5 of a

hydrogen molecule, which contains two atoms, we find
v/ == V3400 v = 58.31- 1696 ms == 98.893 kms. (g5)

This is a comparatively small velocity, a little over
60 miles per second; and thus we find the electron as a gas
particle could not attain a sensible fraction of the velocity
Different authorities give different
velocities for charged particles: Crowther (p. 76) considers a
particle moving with one tenth of the velocity of light, and
Millikan has asserted «the probability of a speed of one-third
that of light. Such high velocities are wholly impossible, on
the kinetic theory of gases; but as expelled under electric
charges they might be possible, if carried along by the
wave action traveling at 300000 kms per second. But the
acceleration of the velocity appropriate to a gas, under the
kinetic theory, would have to be very great.

For the above value ¢8.893 kms is less than /50,th
that of light; and if we take Millikan's estimate of 1/ the
velocity of light for the swiftest charged particles, ejected,
the above kinetic velocity will have to be accelerated a
thousand times its calculated value, or receive energy aug-
mented by the factor (1000)% == 1000000 fold.

Now in view of our ignorance of molecular physics,
it is difficult to say upon what forces such an acceleration
may depend; but I know of nothing adequate except waves

traveling with the higher velocity of 300000 kms per second.

A particle having a speed of /3 ¥, would have only
/4t of the energy of a particle traveling with the velocity 7.
It looks therefore as if waves passing by with much greater
velocity might have given the particle a velocity which is
a considerable fraction of the velocity of light.

On p. 81, Crowther attributes the whole mass of the
electron* to the charge which it carries. We can not admit
. 20
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such a supposition, for reasons already given; yet if the

charge exerts a drag on the aether in which the waves

are traveling, the velocity attained will be reduced to a
fraction of that of light, in accordance with observations.
No other hypothesis than that here adopted will explain the
phenomena; and it seems certain that the electron pheno-
mena are explicable by means of the aether, but not without
this much finer medium.

(iv) Explanation of inertia, momentum,
motion and of static electricity. '

Ever since the formulation of the Newtonian philosophy
in the Principia, 1686, the problem of inertia, momentum
 and the laws of motion have appeared to natural philosophers
as phenomena requiring elucidation; yet for a long time no
solid progress could be made in this inquiry, because there
was no adequate theory of the aether. Now that a kinetic
theory of the aether is outlined, and the properties of the
medium somewhat understood, we consider it advisable to
suggest an explanation of the chief mechanical actions which
underlie natural philosophy.

the laws of"
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1. Since the aether is filled with waves and presses |

symmetrically upon bodies at rest, or in uniform motion, —
and all bodies carry their wave fields with them, — whatever
their state of rest or motion, we perceive that the high elasti-

city of the aether makes it impossible to move a body at

rest, or alter the velocity of a body in motion, without ex-
pending energy upon it. For in every case the wave-field
about the body must be readjusted, and under the elastic
power of the aether, this involves work, — just as the aether

in their motion at the surface of the earth. The kinetic

theory of the aether therefore accounts for inertia, which .

represents the energy to be overcome in readjusting the
wave-field about any body. :

2. To make this a little clearer we recall a remark
of Tyndall in his work on sound, 3™ ed., 1896, p. 73:

»A certain sharpness of shock, or rapidity of vibration,
is needed for the production of sonorous waves in air. It
is still more necessary in hydrogen, because the greater mo-
bility of this gas tends to prevent the formation of con-
densations and rarefactions.«

In further proof of Zyndall’s remark as to the increased
difficuity of starting waves in hydrogen compared to air, we
cite the fact that hexetofore Prof. . E. Nipher of St. Louis
is the only experimenter who has been able to generate
waves in the aether by mechanical means. To this end Nipher
used dynamite, which generates tremendous forces acting
with extreme quickness — exactly as Zyndall points out should
be the case for a gas having very great mobility of its
molecules. This confirms the kinetic theory of the aether
and the cause assigned for inertia by an experimentum crucis.

3. In the case of momentum, the physical cause in-
volved is the same as that assigned for inertia, for very
obvious reasons. For momentum is the product of mass by
velocity, mv, and as the mass does not change, the change
can only occur in v,
inertia are identical as to physical cause.

We may even go a little further, and say that all

the velocity, and thus momentum and
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kinetic energy depends on the aethex, for the formula for

the kinetic energy
=1

[omu? Homd2s/ds? {96)
involves only mass »2, which is constant, and the velocity v,
any chafge in which is resisted by the moving wave-field
about the body, exactly as in the case of inertia.

4. As Newton’s laws of motion, Principia, Lib. 1, are
concerned with motion, which involve chiefly changes of
velocity, we perceive that these laws have their recognized
form in virtue of the kinetic medium of the aether; and
that all changes of motion involve.changes in the aether
wave-fields about bodies, and are thus proportional to the
forces acting, and produce effects in the direction of these
forces, or stresses, in the aether.

5. It only remains to point out that as we ascribe
dynamic electrkity, or electric currents, to waves of the
aether in motion, so also we ascribe static electricity to a
non-equilibrium of the wave-field of the aether due to the
escape of certain waves, under friction or other disturbing
causes, which facilitates the escape faster than restoration
takes place, and. thus leads to the development of charges
of static electricity. Thus it is easy to throw the universe
out of electric equilibrium, and develop electric stresses.

6. As a charge of static electricity is not permanent,
but accompanied by a gradual discharge, it is natural to hold
that the insulators on which the electric stress accumulates
do not allow of an adequate flow of aether waves to main-
tain the electric equilibrium in the local field of the universe.
Hence static charges accumulate, and may be discharged by

L. * various causes.
waves of solar radiation, for example, do work when arrested |

This may involve gradual restoration of the equilibrium,
by wave dissipation through the air or other media, or a
sudden restoration, when metallic contact is made by a con-
ductor connecting the so-called positive and negative charges,
and a motion of aether waves along the wire restores com-
plete equilibrium.

It will be seen that the views set forth in this paper
and maintained with vigor are very different from those
previously current among investigators. In the search fof
truth we do not enter upon such new paths from any mere
love of novelty, but only from the hope of finding a way out
of the general confusion heretofore recognized to exist.

If it be -thought somewhat audacious to depart from
these old ways of thinking, in extenuation thereof I must
point to the triumph of the theory of a very small density
for the aether, after a density of 2000 million times that of
lead had been held by the electronists, as outlined in the
first paper. The small density now appears to be established
on an unshakable basis, by the discovery of the new method
for determining the absolute density of the aether. And in
general when nothing is hazarded in the hope of the dis-
covery of new truth, hlstory shows that important dxscoverles
cannot be made.

Thus I think it infinitely better to venture upon paths
which promise progress rather than to hold to lines of mere
conservatism, which return to some part of the old dark
labyrinth, without leading out to real light under a clearer
and brighter sky. If others are able to add to the develop-
ment here brought forth 1 shall heartily welcome their ad-
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vance; and I ask no ‘more of others, in respect to following
the new path here struck out in the hope of discovery, than I
voluntarily exact of myself, in the search for light, more light!

As this paper is somewhat lengthy I shall defer going
into further details of static electricity, till we come to deal
with the phenomenon of lightning and the molecular forces.

I am indebted to Mr. £. L. Middleton, Mr. G. L. Haley,
and especially Mr. W. S. Zrankle, for facilitating the com-
pletion of this paper.

Starlight on Loutre, Montgomery City, Missouri,
1920 May 8. T. F F. See.

Postscript:

Since this paper was finished, I have just received
Science Abstracts, No. 270, June 30, 1920, with notice of
the Theoretical and Experimental Researches on Gravita-
tion by Prof. Q. Majorana, of Rome (Phil. Mag., vol. 39,
pp. 488—504. May, 1920), who raises the question as to
the absorption by a dense medium of the encrgetical flux
which is supposed to proceed from all matter and cause
gravitative attraction.

Mr. 2. E. Shaw gives the following account of Majo-
rana's researches:

»A particle of mass dm would put forth a flux &dm. If
this flux passes through distance x of a dense medium, having
quenching factor /7, the flux at the end would be Adm-e—Hx,
Here A is proportional to the density of the medium = /9,.
Now, suppose the particle of mass dm to be a particle inside

a sphere, the author finds that the total flux emerging from .

all points in the sphere is -

F =m0, R®(1/p—1]2p>+e 7 (1/p2+ 1/ 2p3)]
where 0, == density of the sphere, £ = radius of the sphere,
and 2= RH. Let M, = the apparent mass of the sphere.
This is less than the true mass M, on account of this abt
sorption effect. Let M, = My = 4/375 6,,](31//, where

fl/p—=1/2pP+e (1 [p+1/2p7)).

The relation of p to ¥ is shown graphically. The case of
. the sun is specially considered. The astronomical density of
the sun is 1.41. This is the apparent density. On certain
hypotheses we can arrive at a value for the true density, and
from this deduce the, values of Y, p, and H successively.
"The values of ¥, p, and A the author draws up in a table,
giving a range of hypothetical density from 1.41 to zo0.0.
For a material of density 1.0 the value of A is 4. This
factor % is supposed to be a universal constant of value
between 1071% and 1071l«

»In order to find the value of £,
formed the following experiment. From a delicate balance
in vacuo hangs a lead sphere, counterpoised. by a similar
sphere. One lead sphere is hung in a chamber surrounded
by one which can be used empty or filled with mercury, so
as to surround the lead symmetrically. The lead has mass
1274 gm, the mercury has mass 104 kg. By means of a
mirror, the balance, and a distant scale it is possible to
estimate the mass to /i700 mgm on each reading. On trying
the expenment the author finds that in all cases the weight
of the lead is reduced when it is surrounded by mercury.
This indicates an absorptxon effect by the mercury. The
observed decrease in weight is (0.0020940.00007) mgm.

the author has per- :
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But various corrections must be applied. These include the
attraction of the mercury on the counterpoise, and on the
beam, and on other parts used. The greatest admissible
error for asymmetry of the mercury is =+ o0.00009 mgm.
The net effect after the application of these corrections is
(0.00098+-0.00016) mgm. The author next considers other
possible causes of error, such as electrostatic or magnetic
action, radiometric or electromagnetic action, heat effects, and
mechanical perturbation. He considers these effects negligible. «

»The value found for % is 6.73-10712. On applymg
these results to the sun, the author considers the sun’s true
density to be 4.27, which is three times as great as that
believed in by astronomers.<

This remarkable result seems so striking as to be worthy
of careful attention. It may be recalled that in the Electrod.
Wave-Theory of Phys. Forc., vol. 1, 1917, p. 155, para-
graph 18, I pointed out that »up to the present time the
researches of astronomers throw but little light on the amount
of matter within the heavenly bodies. They have simply
calculated thegamount of matter within these masses which
may make itself effective’ by external attraction; and the
amount of matter actually there may be considerably larger
than we have heretofore believed.«

Perhaps it may appear premature to claim that my
prediction of 1917 is already definitely verified by Majorana’s
researches, but as his experiments were well' planned, and
executed with such care as to command approval in the
highest sc1ent1ﬁc circles, the evidence certainly indicates the
detection by délicate physical experiment of a screening effect
in the action of universal gravitation which I first discovered
from the fluctuations of the moon’s mean motion, Dec. 10,
1916, as recurring with the eclipse cycles, and thus depending
on the interposition of the solid globe of the earth in the
path of the sun’s gravitative action on the moon.

The course of this celestial-terrestrial progress is the
more remarkable, because Prof. Z. W. Brown, the leading
lunar theorist, had pronounced against the theory, after Boss
linger and Seeliger had been unable to confirm the interception
of part of the sun's gravitation near the time of eclipses.
It would now seem that Majorana's experiments open a new
line of attack on the nature of gravitation, which can scarcely
be interpreted except in terms of the wave-theory.

If so, it will no longer be admissible to speak of
action at a distance, when the sun’s action on the moon
is 'shown to ‘be partly cut off by the interposition of the
earth’s mass near the time of lunar eclipses, while terrestrial
gravitation can be sensibly reduced by the layer of mercury
made to surround one of two delicately balanced lead spheres,
in Majorana’s laboratory experiments.

It may be noted also that the explanation of the pro-
gression of the perihelion or mercury given by me in AN
5048, p. 143, seems to be triumphantly verified, and that too
without resorting to relativity or the theories of Zinstzin, which
I believe to depart from the laws of nature, because they
are both lacking in physical basis. It is not by accident
that Majorana’s experiments confirm my lunar researches of
1916, and the simple explanation of the outstanding motion
of Mercury’s perihelion given in AN 5048.

»
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