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New Theory of the Aether. By T. J. J. See. 
(First Paper.) 

I .  T h e  Med ium of  t h e  A e t h e r  is  n e c e s s a r y  f o r  
convey ing  P h y s i c a l  A c t i o n  a c r o s s  Space .  

-4 superfine medium associated with the stars and with 
the light of day, known as the A e t h e r  (AlO$e), has been 
universally recognized since the time of Homey (Iliad, XV.zo, 
and XVI.365). During the last three centuries the greatest 
natural philosophers and mathematicians, from Nzlyghens, 
Newton, and Euler to Maxwell, Lord Kelvzn and Paincad, 
have regarded this aetherial medium as a necessary condition 
for the action of physical forces across space. In his Me- 
canique Celeste 4.54 I, 1896, Tisserand expresses the general 
opinion thus : 

sLes theories les plus rCcentes de la physique donnent 
lieu de croire que les attractions des corps celestes ne peuvent 
se transmettre A distance. que par l'intermediaire d'un milieu, 
sans doute l'ether. Mais on ne connait rien encore sur ce mode 
de transmission. I1 parait probable que le mCme milieu sert 
de vehicule A des actions Clectriques ou electromagnCtiquesc(. 

Notwithstanding the very secure foundation for a valid 
theory of the aether erected by the labors of the most eminent 
geometers and natural philosophers since the age of Newton, 
a strange tendency has arisen within recent years, for aban- 
doning the aether as an unnecessary hypothesis. Whether 
this reactionary tendency is based upon adequate grasp of 
the geometkieal and physical considerations involved may be 
doubted by the more experienced natural philosophers of 
today. At any rate we leave this to the judgement of those 
investigators who follow the argument here developed. 

In their treatise on Magnetism and Electricity, London, 
191 2, Brooks and Poyser, who were inspired by the electronic 
theories emanating from Cambridge, express themselves thus : 

,)In this book, we have implicitly assumed the existence 
of a medium, which is the seat of the phenomena denoted 
by the terms electric and magnetic lines of force. I t  may, 
however, be mentioned that at the present moment the various 
questions associated with the ether give rise to problems of 
great complexity and difficulty. The experimental kpowledge 
acquired during the last twenty years, taken in conjunction 
with recently acquired knowledge regarding the ,electron' 
and the constitution of matter, leads to apparently irrecon- 
cilable results, and the r e a l  n a t u r e  of t h e  e t h e r  - if it 
exists at all in the old sense of the word - must be regarded 
as a b s o l u t e l y  unknown.  For instance, if the ether is in- 
compressible, as it is usually assumed to be, we are driven, 
by one line of argument, to the conclusion that it is 2000 
million times denser ') than lead and possesses enormous 
energy of intehal motion. On the other hand, if it is com- 
pressiQe, it may be much rarer than the rarest gas. T h e r e  

') I n  a future paper a conclusive criterion will be given for 

i s  n o  i n t r i n s i c  d i f f i cu l ty  i n  e i t h e r  view, b u t  a t  p resenf  
n o  m e t h o d  i s  known  b y  w h i c h  we m a y  h o p e  t o  dis- 
c r i m i n a t e  b e t w e e n  them.  The  whole subject of the ether 
is in that state of uncertainty and apparent confusion, which 
in other branches of science has usually preceded some great 
advance in knowledge<. 

Such an attitude as the above, by physicists of recognized 
authoritative connections, is confusing enough ; but an even 
more bewildering doctrine has been put forth by Emsfem,  
and quite widely adopted in England, though it generally 
is rejected in America. The english observers of the total 
solar eclipse of May 29, 1919, found some evidences of a 
deflection of the light of stars by  the field of the sun, but 
it was by no means conclusive, and the weakness of the 
whole Theory of Relativity was impressively pointed out by 
Dr. Silberstem, (Observatory, November 1919, p. 396-7), who 
showed that Einsfezn's theory will not account for the re- 
finement of moving perihelia, and would even permit a planet 
or comet to move in a straight line, under the gravitative 
action of the sun. In view of these facts Dr. Silbersfem justly 
says that the Eznsfein theory stands or falls by the Eveyshfd 
and Styohn spectral observations, which are ample, yet do 
not confirm the theory. 

In an interview at Chicago, Dec. 19, 1919, Professor 
A. A. Mzchelson, the eminent authority on light, openly rejects 
Eznsfezn's theory, because it does away with the idea of light 
traveling by means of vibrations, in the aether which is sup- 
posed to fill all space. ~Eznstczn thinks there is no such thing 
as aethercc, remarked MzcheZson. ))He does not attempt to 
account for the transmission of light, but holds that the aether 
should be thrown overboard<(. 

In view of the confusion of thought introduced by 
the electronists, on the one hand, and by the Xinsfein pure 
mathematicians, on the other, - both extremes leading to 
ideas not appropriate to the facts, which Dr. WheweZZ, History 
of the Inductive Sciences, 1847, 1.81, showed was  the cause 
of the failure of the physical sciences among the greeks - 
it seems highly important to enter upon an account of certain 
unpublished researches on the aether made by the present 
writer during the past six years, omitting so far as possible 
the results already available in volume I of the Electrodynamic 
Wave-Theory of Physical Forces, Boston, London and Paris, 
1917. 

And first we shall show that the aether is necessary 
for holding the planets in their orbits, from the established 
law of the centrifugal force. This centrifugal motion must 
be counteracted, otherwise a planet can not be made to 
curve the path at every point and thus revolve in a Keplerian 
ellipse with the sun in the focus. 

ejecting this claim of a large density for the aether. 
4 
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It is well known that the centrifugal force is given 
by the expression, 

where m is the revolving mass, v is the instantaneous velocity, 
and e the radius of curvature of the orbit. As the planetary 
orbits and the orbit of the moon are not far from circular, 
we may with sufficient approximation calculate the centrifugal 
force for circular orbits. In the case of the earth’s attraction 
for the moon, it suffices to take the earth’s weight in metric 
tons, the moon’s mass = 1/81.45, and the distance of the 
moon 60 terrestrial radii, so that the weight at the earth’s 
surface is to be reduced by the divisor 3600. Then, as 
gravity balances this centrifugal force, we have for the at- 
traction of the earth on the moon: 

f = mvz/e (1) 

f= (5.956292x 1 0 ~ ~ ) / ( 8 1 . 4 5 X 3 6 0 0 )  
= 20.3137 x I O ~ ’  metric tons. ( 2 )  

This enormous tension would require for its support the 
full breaking strength of a weightless solid circular column of 
steel 645 kms in diameter, when the steel has the tensile 
strength of over 30 metric tons to the square inch = 6.4 
sq. crns, and such a small bar of steel would thus about lift 
a modern battleship of the largest type. The tensile strength 
of the above single column, 645 kms in diameter, would 
be equivalent to about 5000000000000 columns of such 
weightless steel, each of one square foot cross section, 922 
sq. crns, or about one such column to each area r6 X 16 = 
256 sq. feet of a hemispherical cross section of the earth. 
So much for the stresses which control the moon’s motion. 

But the gravitational attraction of the sun upon the 
earth is very much more powerful than that of the moon. 
The attraction of the sun upon the earth is of course equal 
to that of the earth upon the sun, which is easily seen to be 

f = 33 2 7  501b 3445)’x 5.9 5 6 2 9 2 x I O Z 1  

where the number 3 3 2 7 5 0  represents the sun’s mass, in units 
of the earth’s mass, and 23445 is the sun’s mean distance, 
in units of the earths radius. 

This attraction of the sun on the earth is equivalent 
to the tensile strength of I ooo ooo ooo ooo weightless cir- 
cular pillars of steel, like that discussed above, but each 
having a diameter of 30 feet, about 9 metres. This is 
equivalent to the tensile strength of a forest of weightless 
steel pillars, each I 1 inches or 28 crns in diameter, on 
each square foot of a hemispherical cross section of the earth; 
so that the surface of the globe would be almost covered 
with these cables of steel. 

Such calculations of the enormous gravitative power 
of the heavenly bodies were first brought to my attention 
by Professor yosejh PicHin, of the University of Missouri, 
about 3 3  years ago, and have never been overlooked in my 
subsequent studies of the cause of gravitation. Now with 
these concrete figures before us, we see that the cause as- 
signed for gravitation must be adequate to sustain these tre- 
mendous forces, miraculously pulling like stupendous cables 
of steel, imagined as weightless as spider webs, yet stretched 
to the utmost limits of their tensile strength across the 
celestial spaces, for holding the planets in their orbits. 

Accordingly Ei?zstein’s proposal to do away with the 
aether is chiefly remarkable for the lack of understanding of 

= 3 . 6 0 5 7 2 X 1 0 ~ ~  metric tons (3) 

the physical universe which it displays. Sir Isaac Netclton 
himself denounced those who believed action could occur 
across empty space as not having a competent faculty of 
thinking in philosophical matters. In his letter to Bentley, 
1692-3, Febr. 2 5 ,  he says: 

))That gravity should be innate, inherent and essential 
to matter, so that one body may act upon another at a 
distance through a vacuum, without the mediation of anything 
else, by and through which their action and force may be 
conveyed from one to another, is to me so great an absurdity, 
that I believe no man who has in philosophical matters a 
competent faculty of thinking, can ever fall into it. Gravity 
must be caused by an agent acting constantly according to 
certain laws; but whether this agent be material or immaterial, 
I have left to the consideration of my readers((. 

In a paragraph cited below, Maclawin tells us that 
Newton held gravitation to be due to impdies of the aether, 
but could not make out exactly how they arose; and this 
passage shows that Newton did not regard this medium as 
ordinary material. 

a )  It is shown below that the elasticity of the aether 
is 689 3 2  I 600 ooo times greater than that of our air in pro- 
portion to its density: it has therefore enormous power of 
contraction, if any natural process be at work to cause it 
to collapse. 

b) It is shown in the Electrodynamic Wave-Theory of 
Phys. Forc. I ,  1917, that between any two sources, as the 
sun and earth, the waves so interpenetrate, with rotations 
in opposite directions, as to decrease the stress and cause 
collapse of the medium between the sun and the earth; and 
this therefore develops an enormous tension, with maximum 
stress in the right line between the bodies, while beyond 
them there is corresponding increase of stress and thus an 
external pressure also overcoming the effects of the centri- 
fugal force, and compelling the planet to follow the Keplerian 
ellipse about the sun in the focus. 

c) It is shown in section 7 below, that the potential 
is simply an expression for the to t a l  a c c u m u l a t e d  s t r e s s ,  
due to the waves from all the individual atoms of a body, - 
each wave following the law of amplitude, 

and giving an element of force, as in gravitation, 

Accordingly we see that LnpZnce’s definition of the potential, 
I 7 8 2 , points directly to the wave-theory : 
Y = S S ~ { ~ / C ’ [ ( . . - . . ’ ) Z + ( y - y ’ ) 2 ~ ( z - ~ ’ ) z ] }  dxd-ydz . (6) 

d) Therefore it is natural to hold that gravitation is 
a wave phenomenon in the aether, and to dismiss all other 
hypotheses as not fulfilling conditions essential to IL true 
physical cause. This wave-theory of gravitation will give a 
new ground for the deflection of the light of stars when the 
paths of their rays pass through the gravitational field of 
the sun, as indicated in the eclipse of May 29, and reported 
at the meetings of the Royal Society and Royal Astronomical 
Society, Nov. 6, 1919. 

e) It will be shown below that both the density and 
rigidity of the aether increases as we go outward from the 
sun, according to the laws 

A = k/Y (4) 

f = k 2 / Y 2 .  ( 5 )  
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D = V Y  E = v ’ r .  ( 7 )  
Accordingly the velocity of the waves remains approximately 
constant, (Electrodynamic Wave - Theory of Physical Forces 
1.14-1 5 7 I 19 1 7 

I/’= c V ( E / D )  y c V(Y’7qVY)  . ( 8 )  
But experience alone can determine whether this condition 
holds with geometrical rigor, or whether along the actual path, 
containing diffuse coronal matter, the stationary condition, 

d f d s =  o (9) 
may not lead to a small deflection of the original path of light. 

f )  Such an increase of density in the aether, as we 
recede from the sun was suspected by Newton in 1 7 2 1 ,  

(31d edition of Optics, p. 3 2 5 ) .  It is of authentic record that 
Newton believed gravitation arises from the impulses of a 
subtile aethereal medium, but he ))was not able, from ex- 
periment and observation, to give a satisfactory account of 
this medium, and the manner of its operation, in producing 
the chief phenomena of nature((, (Maclauvin, Account of 
LVex~to~z’s Philosophical Discoveries, London, 1748, p. I I I ) ,  

and thus he left the problem of the cause of gravitation to 
future investigators. 

g) The observed deflection of the rays of stars passing 
near the sun, amounting to about 1!75, may be most na- 
turally explained by the action of the gravitational and mag- 
netic wave - fields, under the influence of coronal matter, 
varying as the inverse fourth power of distance, and the 
arrangement of the density and rigidity of the aether, near 
the sun. An arc of I” at the sun’s mean distance corresponds 
to an absolute space of 7 2 5  kms, 1!’75 to 1269 kms. In the 
presence of the sun’s strong gravitational and magnetic fields, 
and the magnetized faint coronal matter pervading that wave- 
agitated region, it is probable that a central refraction or 
deflection of the light, of this magnitude, somewhat analggous 
to an unsymmetrical Zeeman-effect, may be anticipated. The 
rotation of the beam of polarized light by magnetism, in 
Paraday’s experiment of 1845, would lead us to expect some 
action in the sun’s coronal wave-field. 

h) As Einstein’s predicted displacement of the spectral 
lines towards the red could not be confirmed by Eversked 
and Styohn, who had ample telescopic power to make this 
shift-effect at least 5 0  times the probable error of their 
measures, it cannot be presumed that the deflection of star- 
light passing near the sun is a confirmation of a purely 
mathematical theory. The deflection of the light must rather 
be explained by the physical properties of the aether, inter- 
spersed with faint coronal matter, varying as the inverse 
fourth power of the distance, in the region of intense wave- 
agitation about the sun. 

i) At the joint meeting of the Royal Society and Royal 
Astronomical Society, Nov. 6, 19 19, no one attempted to 
answer the weighty objections brought forward by Dr. SiZber- 
stein, who had made a careful study of Einstein’s theory, 
and thus pointed out the bizarre conclusions drawn by some 
pure mathematicians who are prone to forget that the de- 
flection of starlight near the sun is as purely a physical 
problem as the refraction of light in the earth’s atmosphere. 
Now the sun’s deflection of light is similar to refraction, but 

very minute, - half of it being oY875, as against 2000” in 
our atmosphere, or about 2300 times smaller. 

j )  Since, according to the report of the observers of 
the eclipse of May 29, I 9 19, this minute deflection disappears, 
when the sun moves out of the path of the light from the 
stars lying behind it, such a temporary effect cannot properly 
be attributed to ))a warp of space<, but only to the refractive 
action of the sun‘s envelope. When Newton observed the 
refraction of light by a prism he had no thought of attributing 
the effect to sa  warp of space(<; and one cannot but reflect 
how fortunate it is that the physical theory of astronomical 
refraction was perfected by Newton, Laplace and Bessel before 
such confusing terms as ))fourth -dimension. time - space- 
manifolds(( were introduced into science. 

k) It cannot be held that Eznstein’s theory enlightens 
us on the motion of mercury’s perihelion, because at least 
half a dozen explanations, some of them approved by Newton, 
Hall, Neummb and Seelzger, are already known; and another 
simple one, involving no mysticism and no rash assumptions, 
but following from definitely established physical laws, wil l  
be brought out in the present investigation. 

2 .  N e w  L a w  o f  t h e  D e n s i t y  a n d  R i g i d i t y  o f  
t h e  A e t h e r .  

To  deduce the law of the wave amplitude (4) in tri- 
dimensional space, we proceed as follows. The displacement 
of any particle of a medium due to wave motion,* of a ghen  
wave length, is independent of the periodic time, and since 
the oscillatory orbits of the particles are described in equal 
times, under continuous flow ‘of the waves, these orbits will 
be proportional to the displacements or other homologous 
lines pertaining to the periodic paths of the particles. Let 
the velocities of the moving particles be u, and m their mass ; 
then their kinetic energies will be represented by 1/2m>2. 
In the spherical expansion of the-aether waves, there will  
be no loss of energy in free space; henceon two successive 
sphere surfaces of thickness dr, the energies are equal, so 
that we have: 

4 z  r z -  ‘Izm v 2  = 4z Y ‘ ~ .  1/2ni v’2 

y2 : u’2 = y’2 : y 2 .  

The kinetic energy of the vibrating molecules varies 
inversely as the square of the distance. But the velocity 
varies also as the amplitude, in simple harmonic motion : 
therefore, for the amplitudes A’ and A”, corresponding to 
the radii r’ and r”, we have by taking the square root in 
equation ( I 0) 

(10) or 

(11) 

(12) 

A = K / Y .  ( 1 3 )  

At : Arr = ,.ti ~ rr 

At’ = yt,/yu = p / y t r  

Accordingly the amplitude or side displacement becomes, 

And Y =  M / Y  = 
= sss{ G/ 1/[ (x  - x’) ’+ ( y  -y’) ‘+ ( z  - z’) ’]} dx dy dz ( I 4) 

which is the law of the potential first used by Laplace in 
1782.  Thus it appears that if there be aether waves pro- 
pagated outwardly from any molecule of matter, the amplitude, 
or maximum displacement of the oscillating particles of the 
aether, will vary inversely as the radius of the spherical 
wave-surface. 

4* 
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A partial development somewhat like this is given in 
certain treatises on physics, such as Wullner’s Experimental 
Physik, 1.784, and Mitchie’s Elements of Wave Motion, p. 11, 

but no importance is attached to the result, as in my Electro- 
dynamic Wave-Theory of Physical Forces, 1. I 4- I 5 7 ,  I 9 I 7. 
So accurately is this true, that when 1. brought this simple 
formula for the wave amplitude, A = K/r, before the Aca- 
demy of Sciences of St. Louis, in a public address, Sept. 21, 
1917, great surprise at the simplicity of the formula was 
expressed by such experienced investigators as Professor I;. E. 
Nipher, and President E. A.  EngZeer. Thus it is necessary to 
develop the subject a little more fully in the present paper, 
since no adequate discussion of the problem appears to be 
available in existing works on physical science. 

Let us now consider the arrangement of the density 
of the aether about the sun. 

I )  Suppose we consider carefully the amplitude of the 
waves from the sun in any solar spectral line, such as that 
of sodium, D. It is evident that if we disregard all other 
radiations, and fix attention upon this sodium light alone, 
then as the waye amplitude varies inversely as the distance 
from the sun’s centre, this amplitude of our vibrations con- 
stituting sodium light will be z 19 times greater at the sun’s 
surface than at the surface of the earth - since the earth’s 
mean distance is 2 1 9  solar radii. 

2 )  Similar reasoning will hold for the waves of light 
of the spectrum of such elements as strontium, barium, boron, 
calcium, hydrogen, carbon, iron, nickel, cobalt, copper, ti- 
tanium, etc. Thus all the light. waves of all elements conform 
to the law: A = k/r. 

3) All these chemical-elements also radiate heat waves 
which follow the same law of amplitude. And for both light 
and heat the above,law holds rigorously true. If there be 
any,other type of waves- in the aether, the same law will 
hold for these undulations also. 

4) Now magnetism and gravitation have been referred 
to electrodynamic waves, in the author’s work on physical 
forces, 1917. If these waves exist, they also will follow the 
same law .-I = R/Y; and that they do exist is shown by a 
variety of phenomena, which admit of no other interpretation. 
For example, the electrodynamic action of a current of elec- 
tricity is due to waves: thus arise electrical forces: also mag- 
netic forces, gravitational- forces, etc. 

‘5)  Gravitation admits of no other explanation, while 
on this explanation we, have an immediate insight into the 
fluctuations of the moon’s mean motion, which so long proved 
utterly bewildering to astronomers. And there must be not 
only a cause of gravitation, but a simple one, harmonizing 
with e!ectrodynamic action, in the generation of electrical 
forces, magnetic forces, etc. The electrodynamic wave-theory 
alone fulfills this necessary and sufficient condition, for the 
following special reason. 

6) The aether is shown to have an elastic power 
689 3 2 1  600 ooo times greater than that of our air in pro- 
portion to its density. Hence it will have practically unlimited 
power of contraction, and thus be able to generate the 

stupendous forces required for hoIding the planets and stars 
in their orbits. 

7 )  But this will be possible only if the aether is 
arranged according to the law of density 6 = v Y; which 
in turn will follow, if electrodynamic waves recede from the 
sun, having amplitudes A = K / Y .  For the amplitudes in- 
creasing towards the sun’s centre insures a decrease of density 
of the aether about that centre, owing to the increasing wave- 
agitation near the sun’s surface. 

8) Now all these mutual arrangements, favorable to 
the wave-theory, would not exist, unless that theory repre- 
sented a law of nature. Because not only are all facts of 
the aether harmonized, but also all the forces brought under 
the principles of the conservation of energy, and of least 
action. Thus nature not only acts simply, but also by the 
most uniform processes throughout all space. I t  is not there- 
fore admissible to hold any theory of the aether other than 
that it is an infinite aeolotropic elastic solid, with the density 
arranged about the heavenly bodies to increase directly with 
the distance. And the wave amplitudes varying inversely as 
the ,radius, A = R / Y ,  supports this theory, by geometrical 
considerations, which exclude every other theory of the 
medium for the interpretation of the forces operating through- 
out the physical universe. 
, 9) In the course of the article Aether (Encyclopedia 
Britannica, 9th. ed., I 87 7 ) ,  Mamoell calculates the density 
as e = 1.07 X 1 0 - l ~ ~  thus implying homogeneity, and speaks 
of this medium as ,a vast homogeneous expanse of isotropic 
matter. (( 

But it is obvious on reflection that this medium cannot 
be homogeneous ’) ; for in that case there would be no stresses 
in the medium for generating the forces which govern the 
mutual interaction of bodies throughout space. The mutual 
actions between bodies is an observed fact. In motion the 
bodies are everywhere found to describe ellipses, parabolas 
or hyperbolas about one ‘another. ,Nothing but forces, due to 
tension between the bodies, and increase of pressure beyond 
them, could possibly produce this remarkable power for 
holding the planets in their orbits. 

10) Thus forces imply waves, and waves lead to forces, 
when the mutually interpenetrating waves are so directed as 
to undo one another, and cause the collapse of the medium 
in the right line between the bodies. As the gravitational 
forces are of enormous intensity, it follows that the elastic 
power of the aether has to be tremendous, in order to generate 
the forces actually observed. \ 

I I )  Accordingly, the existence of forces implies stresses 
in the aether: the stresses imply waves: the waves imply 
heterogeneous density in the medium, which must vary with 
the radius from any mass according to the law CT = VY. 
There is no other view of the aether which can be held. 
Homogeneity of density would imply no stresses ; no stresses 
would imply no forces; no forces would imply an inert 
universe; which is contrary to observation and thus wholly 
inadmissible. 

‘1 I n  the Baltimore Lectures, 1904, p. 265, under date of Nov. 16, 1899, Lord KeZuin says: >)We have strong reason to believe that 
the density of ether is constant throughout interplanetary and interstellar space*. This error is very widespread, and its persistence shipwrecks 
physical research ! 
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I 2 )  The aether is therefore arranged about the sun with 
the density following the law, ci = V Y ,  which results from 
wave-agitations having amplitudes, A = k / r  , The energy of 
the forces generated by these waves is proportional to the 
square of the amplitude, and therefore we have for the force, 

which explains all the observed effects of gravitation, mag- 
netism, etc. 

13) Now quite aside from tbe simplicity and continuity 
of the process of reasoning here outlined, it remains a ,fact 
that the wave-theory is adequate to explain all the  observed 
phenomena of nature. The simple law of density of the 
aether here imagined may therefore be admitted to really 
pervade the universe. So far from being homogeneous, the 
aether is really very heterogeneous. Indeed, it is a gas, 
behaving as an elastic solid - an infinite aeolotropic elastic 
solid - fulfilling the lav of density, 6 =  vr, and of wave 
amplitude, A = k/r ,  and therefore yielding forces following 
the Iaw, f = Kz/r2, as required by Newton in 1 7 2 ~ ~  for 
explaining the cause of universal gravitation. 

At the earth the density of the aether is 219 times 
what it is at the sun's surface, because the earth's mean 
distance is 2 19  times the-solar radius, But Newton's formula 

would give a change of velocity if the density alone increased, 
while the elasticity E remained constant. 

Now the veiocity of light across the planetary spaces 
was originally found by Ronier, 1675, from the eclipses of 
Jupiter's satellites, and subsequently confirmed by the elaborate 
researches of Delambre, on the motions of these satellites 
(cf. C. d. T. 1788, and Astronomie Theorique et Pratique, 
18 14). By discussing a thousand eclipses of the satellite 
Delambre fixed the constant of aberration at 201255,  while 
Mzchelson's velocity of light, near 300 ooo kms., and -the 
solar parallax 8!'80 makes the aberration about z0!'48. 

Thus Y is about the same for the aether across the 
diameter of the earth's orbit, and for the aether of the terres- 
trial atmosphere, in which the velocity has been investigated 
experimentally by Cmntc, Michelson, Newcomb aind others. 

f = P/r2 ( 1 5 )  

for the velocity, y= c g ( ~ / o )  (16) 

Fig. I .  Diagram showing graphically the decrease of the 
density of the aether towards the sun, owing to 
the asymptotic increase in wave amplitude. 

Accordingly, this observational fact requires us to hold 
:hat B increases in about the same ratio as D, so that our 
law of Y for the heavenly spaces becomes, 

snd therefore E = v'r. Thus both the elasticity and rigidity 
Df the aether increase directly as the radius from the sun, 
3r other heavenly bodies. 

The reason for this remarkable law is this: namely, 
the viscosity of a gas depends upon the friction of the mole- 
cules projected from one layer of gas into the adjacent layer, 
and vice versa. In the case of the aether the viscosity 
becomes rigidity. And with the increase of the density of 
the aether particles there should be more molecules projected 
into the adjacent layers mutually, by the ordinary kinetic 
Exchange, in strict proportion to the density, Thus the 
rigidity of the aether increases directly as the density, as in 
the above formula. 

It may be noted that by the formula of Newton, an 
increase of the density by the  factor 219, without change 
in 3, would lead to a redueed velocity of only about l/ljth 

of the original. No such enormous difference, in the velocity 
of light as determined by observations of Jupiter's satellites, 
and that found by terrestrial experiments, is admissible; and 
thus the above law of rigidity of the aether is approximately 
verified by the comparison of celestial and terrestrial obser- 
vations. But a more exact test of the value of Y,  from 
eclipse observations of Jupiter's satellites, taken as directly 
as possible across the diameter of the earth's orbit, for com- 
parison with the experimental value found by Michelson, is 
highly desirable. 

3. T h e .  ReIation'  b e t w e e n  t h e  M e a n  Molecu la r  
Ve loc i ty  of a G a s  a n d  t h a t  of a Wave  t r a n s m i t t e d  i n  
such  a Medium.  

The Philosophical Magazine for June and September, 
1877, contains two important articles on the theory of gases 
by Dr. S. Tober Preston, and also notes on the conclusions 
then reached by the celebrated Professor y. Clerk Maxwell, 
with whom Preston was in correspondence. In the first of 
these papers, p. 452, s 19, Presfoe reaches the following re- 
markable conclusion: ))That the velocity of propagation of a 
wave (such as a wave of sound) in a gas is solely determined 
by, and proportional to, the velocity of the molecules of the 
gas; that this velocity of propagation of the wave is not affected 
by density, pressure, or by the specific gravity of a gas, or by 
anything else excepting the velocity of its molecules((. 

In the second Postscript, p. 453, Bestan states MaxwelZ's 
conclusion as follows: 

*Professor ClerkMaxwell, to whom this paper was com- 
municated, and who has taken a kindly interest in the subject, 
has worked out mathematically the velocity for \a wa've or 
impulse propagated by a system of particles moving among 
each other according to the conditions of equilibrium in- 
vestigated in the first part of this paper - the diameter of 
the particles being assumed so small as to be negligible 
compared with their mean distance, and the particles being 
further assumed spherical, so that there is no movement of 
rotation developed at the encounters (which would involve 
loss of velocity)<. 

Y = c V ( Y ' Y / Y Y )  ( 1 7 )  
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found to be 1/3 V15 (or 0.745) into the mean velocity of the 
particles. In most gases tbe velocity of sound is slightly 
less than this. This is referable to the movements of rotation 
developed at the encounters of the molecules (which cal- 
culably would delay the wave to a certain extent), In vapour 
of mercury, according to the determinations of Kundt and 
Warburg, the velocity of sound is exactly ’ I3  1’5 into the 
molecular velocity((: 

According to these announcements, the corpuscles of 
the aether, viewed as a monatomic gas, should have a mean 
molecular velocity of 3/1,”5. V = 1.34 b: where Y = 
3X ~ o ~ ~ c m s ,  the velocity of light. A conclusion of such 
great importance, which received the approval of the 1umi’- 
nous mind of Maxwell, is entitled to profound attention. 
Thus I have had it before me for some five years, but only 

this Preston-Maxwell theorem quite recently; and, as my 
results differ slightly from those of Preston and Maxwell, I 
will give the process of test and verification employed, 

In order to confirm this theory I have compared the 
observed velocity of sound for the four leading gases which 
are best determined, with their mean molecular velocities, 
and find the following indications ‘of experiment, without 
regard to the Preston-MaxuIeZl theory. In the experimental 
dat? there remains a little uncertainty. For the older values 
of 2’ and Kz the table yields for the corrected ratio a mean 
of 1.64, which is 0 .07  above the theoretical value of 1 .57 .  
The newer data, preferred by ’jfeans, Dynamical Theory of 
Gases, znd edition 1916, p. 9-131, give a mean value of 
1.57, though the discordance between the results for the 
individual gases is somewhat increased. 

It thus appears from the most reliable data available 
that the ratio should be larger than Maxuiell indicated by 
about 1 7  o/o. His processes of calculation are riot known, but 
a theoretical ground for the above result may be deduced 
as follows. Consider the p a r t i c l e s  of a monatomic gas to 
move with the velocity F,  as in the reference circle, in simple 
harmonic motion, while the wave  advances across the di- 
ameter of the circle with the velocity V. Then it is evident 
that the two motions are ih the ratio of to 2,  which gives 
1.5707963, in exact agreement with the above value as cor- 
rected for a monatomic gas. 

This theoretical and practical conclusion is confirmed 
also by the profound researches of Airy on Tides and Waves, 
Encyclopedia Metropolitana, 1845. In Plate I, fig. 2 7 ,  we 
find a very exact representation of the motions of the elements 
which go to make up the form of ,a wave in water. As the 
wave advances these elements describe small circles about 
a mean position, while the forward and backward motion 
incident to the passing of the wave is over two diameters of 
the elementary circles, giving the obvious ratio 21614 = 1.57, 
as before. It was from the study of Airy’s researches that 
I becime doubtful of the numerical accuracy of Maxwell’s 
result, and was led to subject the theory to a practical as 
well as a theoretical test. 

If therefore light be observed to have a velocity of 
300000 kms per second, the particles of the aether will have 
an average molecular velocity of 47 I 239 kms per second. 
This is a very important result, and it confirms the general 
theory outlined by Preston and Maxuwll, though the details 
of their processes are altered. 

Gas 

___ ~- 

Air 

4. E x a c t  C a l c u l a t i o n  shows  t h e  e l a s t i c  power  
o f  t h e  a e t h e r  t o  b e  6 8 9 3 2 ~ 6 0 0 0 0 0  t i m e s  g r e a t e r  t h a n  
t h a t  of  o u r  a i r  i n  propor t ‘ ion  t o  i t s  d e n s i t y :  T h u s  
i t  c a n n o t  b e  d i s r u p t e d  by  a n y  k n o w n  f o r c e ,  a n d  
o n l y  t h e  q u i c k  a c t i o n  of d y n a m i t e  wi l l  g e n e r a t e  
waves  i n  it.  

In the ))Electrodynamic Wave Theory of Phys. Fort.((, I ,  
19 I 7, the writer has referred the chief forces of nature to 
wave action, and explained the mode of wave action for 
gravitation, magnetism, electrodynamic action, etc. As the 
aether was taken to be corpuscular, yet known to behave 
like an elastic solid, owing to the enormous velocity of the 
particles, the elasticity was recognized to be adequate to 
produce the postulated dynamics! effects, but it is highly 
desirable to have this working hypothesis for so important 
a constant verified by exact calculation. 

In the passage above cited from the Optics, I 7 2 I ,  p. 3 2 5, 
Neuu’on gave the first outlines of a correct theory of the 
elasticity of the aether. I t  was subsequently rediscussed 
by Sir yokin Herschel, in the well known address on light, 
(Familiar Lectures on Scientific Subjects, London, I 867, 
p. 282); yet owing to the importance of an understanding 
of the elasticity of the medium for the Electrod. Wave-Theory 
of Phys. Forc., I have reexamined the -whole subject. The 
present results establish beyond doubt the almost infinite 
power of expansion and contraction always operating in the 
aether for generating the stupendous physical forces observed 
throughout nature. 

It is therefore certain that wave action in such an 
elastic medium is adequate to account for all the varied 

Mean molecular Observed Ratio F/  I‘ Correction factor’ Corrected ratio 

‘ T d e r  ~ newer igz:?: 7 d e r  newer 1 older newer ‘T1de:”;ewer 

velocity i’ Of without correct. for y(k, /k , )  *) 

values values 1 values , 1  values- __ values values 

332.orn 1.50 1.38 1.09 1.09 1.63 1.51 
Hydrogen 1859 1694 1265.0 
co 497 1 493 
co2 11 396 1 393 259.4 

1.47 1.34 I 1.09 1.09 1.60 1.46 
1.50 1.46 1.10 ~ 1.09 1.65 1 1.59 
1.52 1 . 5 1  1.10 1 1.13 1.67 1 1.71  
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operations of the physical universe. Moreover, since light, 
heat, chemical affinity, etc., have long been referred to such 
waves in the aether, the more general electrodynamic wave- 
theory thus gives complete continuity to our theories of 
physics, thereby confirming the correlation of all natural 
forces, and giving new physical grounds for the doctrine of 
the conservation of energy. 

In the closing paragraph to his celebrated Treatise on 
Electricity and Magnetism, 187 3, Maxwell justly says that 
))whenever energy is transmitted from one body to another 
in time, there must be a medium or substance in which the 
energy exists after it leaves one body and before it reaches 
the other((. This also points to wave action, such as Gazcss 
was considering in 1835, and of which Webev gave the 
fundamental law in 1846, Newton’s law of 1686 being a 
special case corresponding to circular orbits. 

In the Principia, Lib. 2 ,  Prop. 48, Sir Isaac Newton 
deduces the formula for the velocity of waves or pulses 
propagated in an elastic medium, such as waves of sound 

This is now written 

in the air, Y = c 1/(E/D) . 

P7 = l . ‘((kgh6/D) * ( I  t a t ) )  
= 331.76m 1/(1+0.003665t) (18) 

where t is the temperature; a is a coefficient, 0.003665; 
g = acceleration of gravity, 981 cm; h = normal barometric 
pressure, 76 cm; (i = 13.6, density of Mercury; D = the 
density of air, 0 . 0 0 1 ~ 9 3 ;  and k = 1.4050 (cf.-bVuZlner’s 
Experimental Physik, 3 . 5 5 2 )  is the ratio of the specific heat 
of air under constant pressure to that under constant volume, 
introduced by Laplace for harmonizing Newton’s theoretical 
formula with the observed velocity of sound in air. 

In many investigations it is possible to determine the 
velocity with which waves are propagated, but it is not always 
possible to determine independently the elasticity or density 
of the medium - we can only find the ratio E/D. This is 
partly true of the aether, for example, which transmits light 
waves or electrodynamic waves with the speed of 300000 kms 
per second, but gives no process of fixing the elasticity of 
this medium except by an independent calculation of the 
density, which, however, may be made by the process first 
used by Lord Kelvi?z in 1854, (Baltimore Lectures, 1904, 
p. 26 I-263), and afterwards adopted by Maxwell, Scientific 
Papers, 2 . 7  6 7 .  

In section 5 below we find, by the process here de- 
scribed, that at the sun’s surface the density of the aether 
is e = 2 X 1 0 - l ~  and the rigidity 1800. Using these con- 
stants in ATeu&w’s formula, we may verify the observed velocity 
of wave propagation : 
Y= I/(n/D) = g{  1800 / (2X10-~~)}  = ~ o o o o o o o o o o c m s  

= 3 X IO”, the velocity of light. 

To  compare a perfect monatomic gas like the aether 
with diatomic gases like the air, we use the formula for the 
velocity of sound: 

Y = T’{ (gh a / ~ )  . k  * ( I  +at) ) = 
= 1/[(9.808X0.76X 13.59/0.001293) (1.405) (I+at)] 
= 331.8m 1/(1+0.003665t) at to  C. (19) 
I’his shows that the velocity of light is 904268 times swifter 
han sound. Squaring this number, and dividing the result 
3y 1.666/1.405 = 1.18624 we get the immense number 
589 32 1600 000; which shows how much the elasticity of the 
€ether, regarded as a monatomic gas, exceeds that of the air 
n proportion to its density1). In the Optics, 3‘dedition, 1721 ,  

p. 326, Newt& makes this number ~ ~ o o o o o o o o o o ,  which 
IS 7 1  per cent correct. 

In  view of this excessive elasticity of the aether, in 
x-oportion to its very small density, compared to that of air, 
we can understand the almost inconceivable velocity of light. 
[t is also necessary to bear in mind this enormous elasticity 
in order to understand why the aether is practically incom- 
pressible. When a wave begins to be generated, the distur- 
bance is propagated away so rapidly that the wave amplitude 
necessarily is small compared to the wave length. In the 
calculations of section 5 we have taken the wave length as 
I o I .  2 3 times its amplitude, which Maxwell, Lord Kelvin and 
Larmor consider a safe basis in all numerical determinations. 

The incompressibility of the aether is due to the very 
high mean velocity of the aether corpuscles, 47 I 239 kms per 
second, and their enormously long free path, 572959 kms: 
which makes the medium behave as an elastic solid for quick 
acting forces, but enables the corpuscles to move out of the 
way of the swiftest planets with a roooo-fold greater speed. 
Owing to its enormous elasticity, the aether instantly adjusts 
itself to any state of steady motion, and thus this medium 
offers no resistance whatever to uniform celestial motions. 

This circumstanAe fully explains a grave difficulty which 
has been felt from the age of Newton, and hitherto appeared 
utterly bewildering to natural philosophers. In connection 
with such extraordinary physical conditions in the medium, 
it may be useful to recall an account of the interior con- 
stitution of the sun given by Professor Reuvomb in the En- 
cyclopedia Americana, I 904 : 

’ ))Yet another unknown factor is the temperature of the 
interior, . . . it may be I O O O O O O  degrees. As the highest 
temperature which it is possible to produce artificially pro- 
bably does not amount to 10000 degrees, it is impossible to 
say what effect such a temperature would have upon matter. 
Thus we have two opposing causes, the one an inconceivable 
degree of heat, such that were matter exposed to it on the 
surface oft the earth, it would explode with a power to which 
nothing within our experience can be compared, and a 
pressure thousands of times any we can produce, tending to 
condense and solidify this intensely heated matter. One thing 
which we can say with confidence as to the effect of these 
causes is that no chemical combinations can take place in 
matter so circumstanced. The distinction between liquid and 
gaseous matter is lost under such conditions. Whether the 
central portions are compressed into a solid, or remain liquid, 
it is impossible to say.(< 

’) In his thoughtful Familiar Lectures on Scientific Subjects, 1867, p. 282, Sir yohn Heischel gives this figure as I 148000000000; 
but he omits altogether the ratio 1.66 which applies to the aether as a monatomic gas. This correction is verified both by theory and by 
observation on such monatomic gases as Mercuryvapor, Helium, Argon, Krypton, Neon, Xenon. 
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In the writer’s Researches on the Physical Constitution 
and Rigidity of the Heavenly Bodies, 1904-5, he reached 
the conclusion that the confined solar matter must necessarily 
be gaseous, tliough acquiring the property of a highly rigid 
solid under the enormous pressure and high temperature to 
which the matter is subjected. In fact it was found by cal- 
culation that the layers of the sun’s globe have an average 
rigidity of over 2 0 0 0  times that of steel, (AN 4104, equa- 
tion 2 2 ,  p. 384), while the average rigidity of the matter, 
accumulated with increasing density in the terior layers, 
may be 6000 times that of Nickel steel (A x 4104, equa- 
tion 38, p. 392). 

Such a globe must be viewed as bursting internally 
with pent up explosive energy, yet kept in equilibrium by 
the accumulating pressure of the surrounding layers : the 
confined matter is gaseous, yet rigid to the highest degree, 
and in such confinement must have the property of a solid 
of enormous rigidity. 

Now the rigidity of the aether is variable with the 
radius vector drawn to the sun’s centre, but generally less 
than that of solids such as glass, which is about 10”. Yet 
with such high elasticity, due to the enormous molecular 
velocity 47 I 239 kms, we see that it cannot be rent or 
cracked, as Lord Kelvzn once suggested, (Popular Lectures 
and Addresses, 1.336), by any forces at work in nature. 
The only artificial forces yet found capable of setting up 
waves in the aether were the extremely quick explosions of 
dynamite used by Professor Prancts E. N$her of St. Louis. 

5. T a b l e  o f  t h e  P h y s i c a l  C o n s t a n t s  o f  t h e  
A e t h e r .  

The general method employed for determining the 
physical constants of the aether is based on the process for 
calculating the mechanical value of a cubic mile of sunlight 
devised by Lord Kelvin, 1854, and first published in the 
Transactions of the Royal Society of Edinburgh, (cf. ))Me- 
chanical Energies of the Solar System(, 1854, and Baltimore 
Lectures, 1904, p. 261-265). This method was adopted and 
somewhat improved by Maxwell, 1875, in the Article Aether, 
Ency. Brit. gth ed. Some further improvements have been 
introduced by the present writer, especially in those constants 
of the kinetic theory of the aether, which were never calculated 
by Kelvtiz or Maxwell. These are due entirely to the recent 
investigations, and are here outlined for the first time. 

We adopt the constant of solar radiation recently found 
by Bigelow, namely, 3.98 ca., 1919. (Supplement No. I to 
the Treatises on the atmospheres of the sun and the earth. 
Four fundamental formulas for discussing the observations 
made with various types of pyrheliometers, I;. H. Bigelow, 
John Wiley & Sons Inc., New York, I 9 I 9, p. 4). 

A certain factor in the kinetic theory of the energy 
of the aether waves coming from the sun was taken by Lord 
Kelvin as between ‘/2 and I ,  (Baltimore Lectures, p. 263, s 5), and by Maxwell as ‘la. Working out the problem 
somewhat more fully than Lord Kelvin has done, thus taking 
account of thk inclinations of $1 the wave elements in plane, 
circularly and elliptically polarized light, I find that this 
factor for the total energy should be a little greater than 
one half, namely : 

‘ IP 
y =  1/(1/,m).Jcosede = 2/7t = 0.63662. 

0 

4ccordingly we thus arrive at the following 
T a b l e  of C o n s t a n t s  of  t h e  A e t h e r :  

I.  Constant of solar radiation, found by Bigelow from ob- 
servations, R = 3.98 ca. 

2 .  Assumed ratio of amplitude to wave length All. = 
1/101.23, which is nearly the same as was used by 
Maxwell, so that d p  = 2z/101.23 = 1/16.115. 

3. Energy per cubic centimetre at the sun’s surface = 
(0.63662) e Y z  

4. Greatest tangential stress per sq. c m  at the sun’s surface 
= e Y2(Ap) = 111.1713 dynes. 

5.  Coefficient of rigidity of the aether: 

= 4.41455 ergs. 

at the sun’s surface = q V g  = 1800, 
at the earth’sOsurface 2 19 e Y 2  = 394 zoo. 

6. Density of the aether at the sun’s surface 4 = z X 1 0 - l ~ .  

7 .  Density of the aether at the earth’s surface e’ = 2 19 e 
= 438X 10-l~.  

8. Mean velocity of the aetheron, 2. = 47 1 .~3900000  cms. 
9. Molecular weight of the aetheron, ( H =  I )  

= 1 5 . 5 6 X 1 0 - ~ ~ .  
10. Average length of mean free path, at the sun’s surface, 

2=‘572 959 kms. 
I I .  Number of corpuscular collisions per second, at the 

sun’s surface, C = 0.82246. 
1 2 .  Radius of aether corpuscle = 3.346X1o-l2, or 1/4oo5 

of the radius of a Hydrogen molecule. 

The radius of a molecule of Hydrogen is taken as 
1.34x10-’, and the density assumed equal. In computing 
the molecular weight of the aetheron in 9 above, we dis- 
regard the so-called ,Electrical mass‘ because Professor Sir 
y. 7. Thornson, (Electricity and Magnetism, 4th ed., 1909, 
p. 521), and Crourther, (Molecular Physics, 1914, p. 70), and 
other authorities, admit that this ,Electrical mass‘ resides in 
the aethereal medium itself, which we are investigating. This 
subject will be more fully discussed in a future paper. 

It may be noticed that the aether gas, is endowed with 
enormously high molecular velocities and excessively long 
fange, of mean free path, so that the highly elastic aether 
is very different from the ordinary terrestrial gases. This is 
forcibly brought out in the following table; yet the similarity 
with the other gases is also notable, even for such an extreme 
case as the aether. It is this enormous mean molecular 
velocity and the long free path which causes the aether to 
vibrate as an elastic solid for rapidly acting forces, but easily 
gives way to slow motions. It is worthy of notice that the 
particles of the aether move out of the way ten thousand times 
more rapidly than the swiftest planets revolve in their orbits. 

The constants for the tables assembled below were 
drawn originally from 0. E. Meyer’s Kinetic Theory of Gases, 
but in the final revision I have adopted the mean of the 
values cited by Yeans, Kinetic Theory of Gases, znd ed. 19x6. 
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T a b l e  f o r  C o m p a r i n g  t h e  P h y s i c a l  P r o p e r t i e s  of  t h e  A e t h e r  w.ith well k n o w n  T e r r e s t r i a l  Gases .  

:oIlision rebound 
Gas 

cesses, except in the 

A<ther 

Air 
Hydrogen 
Helium 
Oxygen 
Nitrogen 
Argon 
co 
co2 
Chlorine 
Steam Z.0 

Mean velocity of 
molecule 2, 

47 123 900000 cnis 

49.800 2 

185900 )) 

132113 )) 

46100 2 

49200 )) 

41527 
49 7 0 0  )) 

39600 )) 

31262 )) 

62000 )) 

Molecular wt. 
( H =  1) 

I 5 . 5  6X I o-I2 

14.43 

1.98 
I 

16 
14 

14 
'9.96 

35.36 
2 2  

9 

Coefficient of 
viscosity x at oo C. 

1800 

0.0,OO I 7 2 4 
0.0000867 
0.0001889 
0.000 I 896 
0.0001 660 

0.000 I 626 
0.000 14 10 
0.0001 2 8 7  
0.00009 I 2 

0.000210 , 

As was first clearly shown by Maxwell, viscosity is 
due to the molecular resistance developed when one layer 
of gas slides over another. In the case of such a superfine 
gas as the aether the viscosity passes int9 rigidity; the pro- 
cesses for establishing this transition of viscosity into rigidity 
is explained in Daniell's Principles of Physics, 3'd ed., 1895, 
p. 2 2 7 ,  and the theoretical basis of Maxwell's theory of 
viscosity is notably improved by * yeans, Dynamical Theory 
of Gases, znd ed., 191.6. 

As the aethe; is a gas made up of corpuscles 4000 
times smaller in diameter than a hydrogen molecule, and 
having only 1 5 . 5 6  millionths of a millionth of the mass of 
the hydrogen molecule, we readily see why this superfine 
medium pervades all gross bodies. But as the aether his the 
ultimate medium of the universe, and is not underlaid by 
anything finer, we also perceive that energy carried in such 
a medium cannot be dissipated, because there is no finer 
medium to which wave energy might be given up. Thus it 
follows that Lamor's argument (in the article Aether, Encyc. 
Brit. I ed., 19 I I ) ,  to the effect that aether is not.molecular, 
is ,not well founded. There is no valid objection to a corpus- 
cular aether, such as was conceived by Newton, 1 7 2 1 ,  and 
approved by Preston and Maxwell, I 8 7 7.  The kinetic theory 
of this superfine gas is here worked out in somewhat greater 
detail, and we see that quite unexpectedly it affords the 
most substantial physical ground ever developed for the' most 
fundamental of all physical doctrines, namely, the conser- 
vation bf energy. 

Somewhat more detailed explanation of the processes 
of calculation used to derive the high molecular velocity of 
the aetheron are given in section 6 below. At present we 
need only point out the qbvibus advantages of having before 
our minds definite numerical results which show what manner 
of gas the aether is. 

6. T h e  excess ive ly  h i g h  m o l e c u l a r  v e l o c i t y  of  
t h e  a e t h e r o n ,  i t s  l q n g  f r e e  p a t h ,  a n d  s m a l l  m a s s ,  
wi th  r a d i u s  on ly  o n e  f o u r - t h o u s a n d t h  of  t h a t  of a 
H y d r o g e n  m o l e c u l e ,  e n s u r e s  b o t h  g r e a t  e l a s t i c i t y  
a n d  g r e a t  power  of p e n e t r a t i o n  to  t h e  ae the r .  

The extraordinary elastic properties of the aether are 
due mainly to the excessively high velocity of the aetheron, 

Mean fr.ee path 
i = 3 x 1 ~ 1 ~  

57 295 900000 cms 
= 572,959 kms 

o.ooooo5g cms 
o.oooo116 )) 

0.000017 I )' 

0.0000063 2 

0.0000057 )) 

0.0000063 v 

0.0000058 )) 

0.0000040 D 

0.0000029 )) 

0.0000040 )) 

its long free path, and small mass, with a radius of only one 
four-thousandth of that of a Hydrogen molecule. As far back 
as 1845, @tokes recognized (Trans. Camb. Phil. SOC., 8.287), 
that the aether is similar to well known solids, but has their 
physical properties in an accentuated degree. Thus ice, 
treacle, pitch, beeswax, molasses pulled for candy, and other 
substances are fluid for slowly acting forces, allowing hard 
bodies pressed into them to pass through without any fracture, 
by a gentle yielding or flow of the substance; but yet when 
struck violent blows these bodies vibrate like elastic solids, 
and may be fractured like glass or other brittle substances. 

It thus appears that a solid is one which does not 
yield readily to the forces applied to it, and the resistance 
to change of shape with time measures the rigidity. All 
bodies, however, yield to forces in some degree. Now in the 
case of the aether'the corpuscles have the enormous veloclty 
of 471 239 kilonietres per second, as already pointed out: 
and in comparison with such tremendous speed, all earthly 
velocities are trivial. Even the velocities of our swiftest 
planets, like Mercury and Venus, are exceeded roooo-fold 
by the extreme swiftness of the aetherons. In addition to 
their rapid motion, they have the immensely long free path 
of 573000 kms, nearly one and a half times the moon's 
distance. 

The enormous velocity of the aetheron and the great 
length of the mean free path makes the aether unique among 
all physical bodies. For rapidly acting forces it vibrates and 
transmits waves with a velocity of 300000 kms per second, 
and is capable of exerting the most tremendous stresses, 
such as are required for holding the planets in their orbits; 
but for slowly acting forces yields without resistance, because 
its own molecular motions are so rapid. The particles, 
travelling with such extrsme velocity, get out of the way of all 
moving bodies -- absolutely without hindrance, when the bodies 
move uniformly; and offer but slight resistance for changing 
velocity of movement due to acceleration or retardation. 

It is recognized that the viscosity of gases, as deter- 
mined by the diffusion experiments of Loschmidt, 0. B. Meyer, 
Maxwell and others, depends on the molecular friction of 
the moving molecules projected from one layer of gas into 
another adjacent layer, when two layers are slid relatively 

5 
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past each other. 
have given us the viscosity of air and other gases. 

In  this way, the experiments on diffusion 

T h e  mean free path, for example, follows quite accu- 

where x is the viscosity of the gas, and 2' the mean velocity 
of the molecule in  cms per second, and e the absolute density. 

It is important to  notice that i n  the case of the aether, 
viscosity passes into rigidity, by a process of reasoning fully 
explained in  BanieZZ's Principles of Physics, 3'd ed., 1895, 
p. 2 2 7 .  In calculating the mean free path of the aetheron, 
we use the rigidity of the aether a t  the solar surface, 1800, 
because both the density and rigidity of the aether vary with 
t h e  distance from the sun, as already explained in  section 2 .  

Thus for the aetheron the mean free path is I =  572959 kms. 
It is a fundamental doctrine in  the kioetic theory of 

gases that all gases have an equal number of molecules in  unit 
volume, under like conditions of temperature and  pressure; but 
it is not yet possible to  decide on the absolute value of this 
number, different estimates being indicated by various eminent 
authorities: N =  19 X 10" (Maxwell), N =  1600 X 10'' 

(Cyook~s), N =  6000X 10" (Kelvin). 
About all we can say is that the number of molecules 

i n  a cubic centimetre of gas  a t  the ordinary temperature and 
pressure probably is not smaller than that assigned by Maxulell, 
N= 19 X IO~', the latest determination being 2 7  X lol$ (cf. 
Crowther, Molecular Physics, Phila., 1914, p. 3). 

ratelf; the law: I = 3 x J p  (2.1 

Using the balue for the aether, 
7'2 = 471239000 m 

and for Hydrogen, 2'1 = 1859 m 
we have by the principle first enunciated by Maxuxll (Scient. 
Pap. 2 . 3 6 ~ ) ~  that ))on the average every molecule great or 
small will have the same energy of motions, the equation. 

which gives 
m? =7721(1859 *))2/(471239000)2= 15.56232X I O - ~ ' .  ( 2 2 )  

Thus it follows that an aetheron has a mass of 15.56 millionths 
of a millibnth of the mass of a Hydrogen molecule. This  is 
equivalent to 2.7389 X IO-' of an electron, or about one 
thirty-six millionth of a n  electron. 

If we take the density of the aetheron as equal to that 
of the Hydrogen molecule, we find by calculation that the 
radius of the aetheron is equivalent to 

or one four-thousand-and-fifth of the radius of a Hydrogen 
n~olecule. This  explains why the aether so readily penetrates 
all bodies, even the most solid. It makes the size of a n  
aetheron to  a molecule of Hydrogen as  a globe two miles 
in  diameter is to  the earth. Between masses as large as our 
terrestrial globe or larger, globes two miles in diameter would 
freely penetrate in great numbers, even i f  the larger globes 
were in  contact, which of course is not the case with any 
solid or liquid, and still less is this true of a gas, in which 
the  mplecules are separated by distances relatively immense 
in  comparison with the diameters of the molecules. 

'I2 ml p12 = 'Iz m2 ( 2 1 )  

r = 1 /4005 .36*H (23) 

-~ 

If the molecule of Hydrogen be taken to  have a radius 

r = I . ~ ~ X I O - ~ / ~ O O O  = 3.346X 10-12, nearly. (24) 
T o  form a convenient picture of the small size of the 

ietheron compared to  the Hydrogen molecule, we may recall 
.he trifling height of a mountain a mile high compared to 
.he immense radius of the earth. If other molecules be larger 
:han Hydrogen, as is generally supposed to b e  true, then the 
ietheron will lie a small globe of the size of a moderate 
mountain peak 10000 feet high; so that the various molecules 
will resemble Venus and the earth, Uranus and Neptune, Jupiter 
and Saturn. 

To fix upon a more familiar everyday image of this 
world structure, we may imagine a box filled with large 
xanges,  and the finest Hust, like that of lime, or smoke 
from a cigar, penetrating the relatively vast spaces between 
the oranges, which however should not be in  contact, but 
in rapid motion. If now the cigar smoke, or  the particles 
of lime dust, be  imagined to  have stupendous velocity, flying 
hither and thither with inconceivable speed, and thus moving 
with the utmost freedom in the open spaces between the 
oranges, as  well as outside of them, we shall have a very 
good image of the behavior of the aether in  respect to  matter. 

T h e  aether not only penetrates all matter freely, but 
even waves in  it pass through all physical bodies, with only 
the hindrance incident to  refraction and dispersion such as 
we see in light. T h e  refraction is due to the unequal re- 
sistance offered by matter to the advance of the wave front, 
and the dispersion to  unequal resistance to various wave 
lengths. Shorter waves encounter relatively more resistance, 
because their oscillations are more rapid, and thus the aether 
yields and adapts itself less easily to  the resisting molecules 
in the path of the waves, when the waves are short, and 
the changes, due to their advance, extremely rapid. 

i f  1.34 X TO-', that of the aetheron becomes 

7. T h e  g e o m e t r i c a l  a n d  p h y s i c a l  s i g n i f i c a n c e  
o f  t h e  p o t e n t i a l .  

In  the Memoires of the Paris Academy of Sciences for 
1 7 8 2 ,  p. I 13, LapZace introduces the use of the analytical 
expression since known as  the potential, from the designation 
first used in  I 8 2 8 by the  English mathematician Gewge Green 
(Essay on  the application of mathematical analysis to the 
theories of electricity and magnetism, Nottingham, 1828). 
T h e  potential is defined thus: 

v= M / Y  = 
= IJJ{ 61 ? ' [ ( X - X ' ) ~ +  (y--y')2+ ( z  - z ' ) ~ ] }  d x  d-v dz . ( 2  5) 

This  expression has come into the most extensive use in all 
the  physical sciences, and been of the highest service in the 
mathematical theory of gravitational attraction, magnetism, 
electrodynamic action, and also in theory of static electricity. 

But it is very remarkable that up to  the present time 
an expression of such universal use has not been given a 
clear geometrical o r  physical interpretation. The difficulty 
doubtless arose originally from beliefs like that expressed by 
Laplace, in  the opening paragraph of the Mec. ce1. I ,  1799, 
that the ,nature of force is now and always will be unknown<. 

") 7ouZe's value of molecular velocity of Hydrogen, which makes the aetheron perhaps a little too large. 
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In the state of darkness, relative to the invisible aethereal 
medium, existing a t  the close of the 1 8 ‘ ~  century, Laplace 
doubtless considered it sufficient to deal with expressions 
which give the forces acting on the planets, without inquiring 
into the geometrical nature and physical mechanism inyolved 
in the generation of these forces, which were then believed 
to lie beyond the reach of the investigator. 

After the development of Paraday’s Experimental. Re- 
searches in Electricity, and Maxuwll’s mathematical inter- 
pretation of these results, very different views came to be 
entertained by geometers and natural philosophers. Yet it 
was only the developments brought out in the ))Electrod. 
Wave-Theory of Phys. Forc.c, which seemed to justify definite 
expectations of forming clear geometrical and physical con- 
ceptions of the mechanism involved in the action of the 
magnetic and the planetary fofces across space. Recently 
these conceptions have been verified and extended, and 
therefore we shall here attempt to give a geometrical and 
physical interpretation of the potential which so long proved 
bewildering to the physical mathematician. 

In the ))Electrod. Wave-Theory of Phys. Forc.c(, 1917,  
p. 134, it is pointed out that if waves be the basis of physical 
action across space, then the amplitude of such waves when 
propagated spherically and without resistance, in tridimensional 
space, will be given by the equation: 

A = K/Y  . (26)  
In an address to the Academy of Sciences of St. Louis, 

Sept. z I ;  I 91 7 ,  I gave this simple formula and pointed out 
its geometricaL a n d  physical significance. Professors 3. X. 
Nipher, B. A. Englev and other physicists were present and 
showed great interest in the results announced, from which 
it would appear that this law had largely or entirely escaped 
the notice of earlier investigators. 

Now by comparing this expression (26) with that in 
( 2  5) above, we notice that the wave amplitude has the same 
form as the potential defined by Laplace in 1782. The 
question thus arises: CaA the coincidence in form be due 
to chance, or is the.potentia1 in fact an analytical expression 
for the total aether stress due to the superposition of waves 
from all the atoms, each of the waves being of the average 
wave amplitude, appropriate to the coordinates in the field 
of force about an attracting mass? To  get at the truth in 
this interesting inquiry, we notice that Laplace’s formula of 
I 782 integrates the mass of every particle of the attracting 
body, divided by its distance, which corresponds to a sum- 
mation of the effects due to the superposed wave amplitudes 
and thus increases directly as the mass, each set of waves 
superposed from the atoms in any element c rdxdydz/~ ,  
being independent of all the rest, but the triple integral 
including the accumulated wave action of the whole mass: 

= sSs{ cr/ 1/[ (x - x’)’+ ( y  -y’)’+ (2 -Y) ’ ] }  dx dy dz . ( 2  5) 
The elements under the integral signs represent the 

individual potentials of every particle, and thus the potential 
increases directly as the mass whose wave-effects are inte- 
grated. This conforms rigorously to our conceptions of the 
Newtonian law of attraction, and involves no approximation, 

t7= M J Y  = 

since the element of mass dnz = o dx d-78 dz can be made so 
small as to apply to every single particle or atotn. 

At first sight the mere fact that the potential V a s  thus 
defiped follows the law of wave amplitude in tridimensional 
space strikingly suggests that the wave-theory represents the 
order of nature. T o  find out by exact calculation what is 
the probability of such a coincidence occurring by mere 
chance, we may proceed as follows. 

Taking the expressions for two independept curves, 
the amplitude and the potential, we have: 

It will be noticed that they belong to the same geometrical 
species - both being rectangular hyperbolas referred to their 
asymptotes - and can be made identical throughout, from 
x = o to x = CO, by introducing a summation 2, such 
that P k  = M. 

Accordingly it appears that by the mere variation of 
a parameter the curves are made to coincide rigorously, point 
by point, from x = o to x = a. Therefore the chances 
against such a rigorous coincidence accidentally occurring 
throughout infinite space, x = o to x = 00, becomes in- 

A =)’= KJx, V= y = M I X .  (27) 

finity to one, or, m 

C = J d x = a  (28)  
0 

and thus its actual occurrence points unmistakably to a true 
law of nature. 

It seems therefore certain and incontestible that the 
potential represents geometrically and physically the total 
accumulated stress due to the whole mass under the average 
wave amplitude of the field about the attracting body in question. 

It is to be noticed also that physically our definition 
of the potential confirms this conclusion. In free space there 
is no cause to alter the spherical distribution of the waves, 
as they expand with increase of Y.  But in or near the shadows 
of the earth, as shown in the *Electrod. Wave-Theory of 
Phys. Fort.((, a circular refraction of the sun’s waves will 
necessarily occur. The sun’s potential varies, even at a 
constant distance, near the shadow of the earth; and owing 
to this refraction, fluctuations of the moon’s motion should 
arise near the time of lunar eclipses, as fully explained in 
this work of 1917.  This circular refraction of the electro- 
dynamic waves in passing through the earth’s mass changes 
the potential or total accumulated stress due to the integration 
of the waves from all the atoms, under the*average wave 
amplitude and distribution of the waves in the space near 
the shadow of the earth: and therefore also the sun’s forces 
acting on the moon. 

Partially released from the sun’s control, by the inter- 
position of the body of the earth, with its refractions of the 
sun’s wave-field, the moon tends to fly the tangent while 
traversing the region of the shadow cone, and thus arise 
the fluctuations of the moon’s mean motion, connected with 
lunar eclipses, which long perplexed Laplace, Haasen, Newconib, 
ZfZlZ, Byown and other astronomers. 

8. E x p l a n a t i o n  of t h e  P r o p a g a t i o n  of t h e  Wire- 
l e s s  W a v e s  a r o u n d  t h e  E a r t h .  

Id the unpublished manuscript sent by the writer to 
the Royal Society in November, 1914, which was the first 

5* 
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outline of the ,Electrod. Wave-Theory of Phys. Fort.(( the 
following figure was used to illustrate the propagation of wire- 
less waves around the earth. 

Fig. 2. Illustration of the refraction of the wireless wave about the 
earth, and of light in a prism, owing to slower propagation 
of waves in  dense masses. 

It .is a sufficient ewlanation of this figure to say that 
it corresponds exactly with the propagation of light through 
a glass prism, as shown in the figure of the prism above. 
The wireless waves travel faster in air than through the solid 
earth. The enormous elasticity of the aether, as set forth 
in section 4, prevents bodily rupture of the medium; and 
this secures continuity of the wave front, by bending the 
surface backward near the globe, to correspond to the slower 
propagation in that dense mass. The retardation of the waves 
propagated straight through, the earth causes the wave front 
to be bent and' held back near the curved surface of the 
earth, and thus the wireless wave is refracted around the 
earth by the much greater resistance encountered in that 
solid mass. 

The correct theory of the bending of the wireless wave 
about the globe is thus the same as that of a ray of light 
by a prism, as shown in the accompanying figure. The speed 
in the air is 4, but in the glass only 3, and thus there is 
a bending of the wave fropt through the angle 6 when the 
light enters the glass, and also when it leaves the glass, as 
long recognized by physical investigators. 

is directly confirmed by FoucauZt's celebrated experini nt on 
the relative velocity of light in air and in water, (Annales de 
Chim. et de Phys. Ser. 3 ,  t. 41, 1854), which has always been 
recognized as a crucial test of the wave theory of light, and 
which finally led to the total rejection of the emission theory. 

The simplicity of the above explanation of the propa- 
gation of wireless waves about the globe is thus remarkable. 
But it is also confirmed experimentally by observations made 
by officers of. the American Navy, upon wireless waves sent 
from Mare Island to San Diego, California, and received by 
submarines lying on the bed of the sea, through a depth of 
some 30 metres of sea water. In some experiments with the 
receiving apparatus underground the same effect was observed. 

fkprism 
The explanation of ' the  refraction of light in 

It  appears that the earth also conducts the signals, so that 
wireless apparatus may be installed and used in deep mines, 
which would enormously increase the power of signalling in 
case of accidents interrupting communication by the shafts 
and tunnels. 

I t  is probable, however, that the irregularity in the 
structure and conducting power of the earth's strata would 
soniewhat handicap such underground signalling, yet not 
prevent the successful development of the method of signalling 
through the earth to the litnited depths at whichiminers work. 

The problem of explaining the propagation of wireless 
waves about the earth -has hitherto challenged the ingenuity 
of the foremost mathematicians. It has been unsuccessfully 
attacked by Professor H. M. Mucdoizafd (Proc. Roy. SOC. 1903 
and Phil. Trans. I ~ I O ) ,  Lord Rayfeigh and Prof. N. Poincart 
(Proe. Roy. SOC. 1903). See'also Poincare's Lectures of 1908 
(La Lumiere Electrique, vol. 4, znd series, Nov. 28 ,  Dec. 5,  
12, 19, 1908, especially p. 3 2 3 ) .  Professor A. Somme$e/d 
(Ann, der Phys., vol. i8, p. 665, 1909) has shown that a 
surface wave should exist; and Professor J, lV. iVicholson 
(in the Phil. Mag.., March, April, May, 19 10) has dealt with 
certain problems of the exponential factor of the wave am- 
plitude, but none of these eminent mathematicians arrived at 
any satisfactory theory of wave propagation about the globe. 

In his well known work on the Principles of Electric 
Wave Telegraphy and Telephony, London, 3rd edition, I 9 16, 
p. 8 26-8 5 I ,  Professor 7. ,4. FZeeming gives a full and accurate 
account of the difficulty experienced by these and other 
mathematicians.. In this revised edition of 1916, FZeming 
gives the following: ))General conclusions as to the mode 
of propagation of long electric waves' round the earth((. 

)Summing up the conclusions so far reached by radio- 
telegraphists we may say that the effect prod.uced by a radio- 
telegraphic transmitter at a great distance, say 2000 or 6000 
miles over the surface of the earth, is a complex one in 
which, several different actions play a part<. 

))There is, first, a propagation through the aether of 
a true space electromagnetic wave which is diffracted round 
the'earth. The extent to which this contributes to the whole 
effect is, perhaps, greater than was formerly supposed, but 
is yet an undetermined quantity. Some mathematicians are 
now inclined to attribute to it the major portion of the 
transmission .by day((. 

))Then in the next place there is undoubtedly a con- 
tribution made to the effect by waves which have suffered 
a refraction equivalent to a reflection by ionized air at high 
altitudes, and a very small effect due to the decrease in 
refractive index of air as we ascend upwards((. 

))These causes tend to make the ray follow round the 
curvature of the earth and so assist as it were diffraction. 
It is to this variable ionic refraction that we must attribute 
the diurnal and annual variations in signal strength, .and also 
the greater signalling distance by- night as well as the irre- 
gularities attending the transition times of sunrise and sunset(<. 

,Then in addition we may inquire how far any con- 
tribution is made by a surface wave of the type investigated 
by Sommerfeeld, which is equivalent to an electric'wave pro- 
pagated through or along the earth((. 
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,It has been definitely proved that we can receive 
signals from stations hundreds of miles away without any 
high receiving aerial, but merely by connecting one terminal 
of the receiving circuit to earth, and the other terminal to 
any large well-insulated mass of metal, whether inside Or 
outside of a house does not matter<. 

If I understand the difficulties so lucidly outlined by 
F/emi.vg, they will be found to have proceeded from the 
inadequate theory of the aether heretofore in use, the dis- 
cussion being based upon diffraction around the earth, in- 
stead of upon refraction and dispersion within the denser 
mass of the earth, and thus a bending of the wave front. 
This will sufficiently justify this quotation, since it is essential 
that the difficulties heretofore encountered should be autho- 
ritatively described. The reader can then judge as to whether 
a simpler and more practicable solution of this problem has 
been obtained. 

As to the feebleness of wireless transmission by day, 
I have reached the settled conviction that it results from 
the magnetic wqve field of the sun. When this storm of 
waves fills our air by day, the wireless waves have great 
difficulty in getting through, - just as any system of regular 
water waves in ,a lake, used for signalling across .it, would 
be almost lost in distinctness, owing to the surface churning 
of the lake under the violence of a wing storm. The trans- 
mission is more difficult with the distance, and, after a certain 
distance, entirely fails. At night the sun's magnetic wave field 
is largely absent, and thus wireless transmission is much better. 

It only remains to add that the celebrated argument 
of Cazlchy, to the effect that refractive dispersion of light 
necessarily implies a granular structure in the transparent 
matter, is equally valid for showing that the aethereal medium 
itself is corpuscular. In his Popular Lectures and Addresses 
I .  I 90, Lord Ke/vin has modified Cauchy's theory of refractive 
dispersion in his usual lucid manner. It is believed that the 
considerations adduced in this paper will render the arguments 
of both Cauchy and Kelvin somewhat more definite and 
interesting. 

When the aetheron is so small, and  moving so rapidly, 
he generation and propagation of waves in the aether is 
ntelligible. The refractive dispersion, by the resistance to 
he waves from the much larger molecules of ordinary matter, 
s easily understood; and thus refractive dispersion implies 
n,common matter; coarser granules than those of the medium 
tself, but yet points to t%he moving aetherons as easily deranged 
i y  the resistance of the waves dispersed. 

It will be shown hereafter that resistance soon changes 
he form of the wave, and causes it to break up into two 
jistinct parts, the larger having increased amplitude, and 
shorter ,length, hence encountering more resistance than the 
Iriginal wave. l t  is certain therefore that we not only have 
retardation in the propagation through the earth, but also 
dispersion of the fragmentary waves, and absorption of some 
3f their energy as heat. 

9. q u t l i n e s  of t h e  W a v e - T h e o r y  o f  Magne t i sm,  
with e x p l a n a t i o n  of t h e  m e c h a n i s m  of A t t r a c t i o n  
a n d  R e p u l s i b n .  

For the sake of completeness the present investigation 
requires a brief notice of the cause of attraction and repulsion 
[n magnets, and in electrodynamic action, as first outlined 
In the vol. I ,  Electrod. Wave-Theory of Phys. Forc., 1917. 
Accordingly we begin with magnetism, which the celebrated 
English physicist Maxu~ell had been so long engaged upon, 
but had failed to solve at the time of his death 40 years ago. 

The accompanying figure from the work of 1 9 1 7  will 
illustrate to the eye the essential character of a magnet, as 
conceived in the wave-theory of physical forces. A large 
magnet A is exhibited in the same field with two smaller 
magnets, B. In the first case unlike poles are presented, and 
we have mutual attraction. In the second case the poles 
presented are like, with the well known result of mutual 
repulsion. But how does this attraction and repukion come 
about? What mechanism is involved, and in what medium 
does it work? Obviously the medium is the aether, because 
an electric current produces a magnet from a piece of steel 
wound in a solenoid, and because also the electrodynamic 

action of a current travels with the ve- 
locity of light, as was first inferred by 
Maxwell, and afterwards proved by ex- 
periment. 

A) In the case of attraction, it will 
be seen that the waves from the small 

Fig. 3. Electrodynamic wave-theory of magnetic attraction and repulsion ; I /  

magnet B have the elements-of the aether 
rotating in the opposite direction to the 
rotations in the more fully outlined waves 
from the magnet A. The plane waves 
from A are to be imagined, for the sake 
of shplicity, in the central plane, or 
equator, and travelling away with the ve- 
locity of light, - for the reason just as- 
signed in electrodynamic action, by which 
magfiets are produced. 

As shown graphically by the curve 
traced just above the heavy waves in the 
figure, the amplitude of these receding 
wares decreases according to the law: 
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A = k/Y (29) 

( 3 0 )  

and as the force due to wave action is shown, in works on 
physics, to be proportional to the square of the amplitude, 
we have for the force: 

f= p l r 2  

which is the form of law for gravitation, magnetism, and all 
similar forces of nature obeying the law of the inverse squares. 

Now let the waves from magnet B interpenetrate the 
waves from magnet A. It  will be seen that at  every point 
of space the rotations of the elements of the two sets of 
waves are exactly opposite : the result is that the rotations 
from magnet B undo as far as possible the opposite rotations 
from magnet A. Accordingly the stresses in the medium due 
to rotations of the aether, in the field between A and B, 
and also beyond A and B, are reduced: the medium is thus 
everywhere less agitated than before, and shrinks, so as to 
collapse or contract between A and B. But a collapse of 
the aether is equivalent to a contraction, and thus the two 
bodies attract as if held together by a stretched mass of 
india rubber. This is a simple and direct explanation of 
attraction. Nothing is postulated except waves like those 
known to exist in light and heat, but here seen to be ex- 
actly parallel and somewhat differently directed from those 
of light and heat, which usually have their planes tilted in 
haphazard fashion. 

B) The cause of repulsion is similar to that of at- 
traction, but in this case the poles presented are like; and 
if we examine the above diagram, we discover that when 
the waves from magnet B, znd case, interpenetrate the waves 
from magnet A, the rotations at every point wilP be con- 
formable and in the same direction. The medium therefore 
at every point is more agitated than before. The amplitudes 
of the disturbed waves are thereby increased, and hence 
there is an increase of stress; and under the elasticity of 
the aether the result is an expansion of the medium, which 
gives a mutual repulsion of the two bodies. 

This is a simple explanation of repulsion, and it had 
never been worked out prior to the researches published by 
the writer in 19 I 7 .  Maxwell was unable to conceive of any 
mechanism for the explanation of attraction and repulsion 
of magnets, though he found that mathematical stresses of 
a certain type, yielding tension along the lines of force and 
pressure at right angles thereto, thus dynamically equivalent 
to those outlined above, would account for the phenomena 
of magnetism. 

It is true that Maxwell believed that there are rotations 
around the liaraday lines of force, as Lord Kelvin had also 
rendered probable as early as 1856;  but neither Kelvin nor 
Maxwell had seen that this would arise from the type of 
waves here outlined, though Faraday's experiment of I 84 5, 
on the rotation. of the plane of a beam of polarized light, 
- when passed along the line of force, through a dense 
medium such as lead glass, - should have suggested the 
correct theory of the mggnetic waves to Keluin and Maxuwll, 
as it did to me in 1916. 

As Maxwell was unable to unlock the secret of mag- 
netism, with both attraction and repulsion, it will not greatly 
surprise us to learn that he was utterly bewildered by the 

mystery of gravitation, and could not make a successful attack 
upon this most difficult problem. 

In fact no considerable progress as to the cause of 
gravitation has been made by other investigators since the 
time of Newton. As the subject of gravitation is immense, 
we must not enter upon it here, except to say that the evidence 
is most condusive that it is a wave-phenomenon, closely allied 
to that of magnetism, but differing from magnetism which 
has a parallel arrangement of the atoms and what Airy calls 
(Treatise on Magnetism, 1870, p. 10) a duality of powers - 
two poles - while gravitation is a central action only, owing 
to the haphazard arrangement of the planes of the atoms. 

It is well known that about 1822 AmpPre first made 
electro-magnets out of common steel, by means of an electric 
current sent through a solenoid. The way in which the wire 
is wound about the bar being magnetized suggests, and, in 
fact, proves that the wire bearing the current has a wave-field 
about it. There is proof that the waves are flat in the planes 
through the axis of the wire: this conception harmonizes ail 
the known phenomena of magnetism, in relation to electro- 
dynamic action, and also harmonizes Amp2re's theory of ele- 
mentary electric currents about the atoms with the wave-theory 
of magnetism above set forth. 

The wave-theory of magnetism explains all the phe- 
nomena of terrestrial magnetism, in relation to the periodic 
influences of the sun and moon, such as magnetic storms, 
earth currents, the aurora, and the semi-diurnal magnetic tide 
depending on the moon, of which no other explanation is 
known. For the dependence of magnetic storms on sunspots 
consult a paper by the author, in the Bulletin Societe Astr. 
de France, November, I 9 I 8. 

There has been such a bewildering confusion of thought 
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. In  the well known 
article on attraction, (Scientific Papers, vol. 2.487)) MaxwelZ 
points out .that in the Optical Queries 'included in the third 
edition of the Optics, I 7 2 I , Newton shows that if the pressure 
of the aethereal medium is less in the neighborhood of dense 
bodies than at great distances from them dense bodies will 
be drawn towards each other, and if the diminution of 
pressure is inversely as the distance from the dense body, 
the law will be that of gravitation. Maxwell considers that 
Newton's conception rests largely on the idea of hydrostatic 
pressure, as in incompressible liquids. But we have shown that 
the amplitude of the waves, A = k/r ,  with forces f = kz/r2,  
fulfills the condition which Nezuton held to be essential. 

1 0 .  I n t e g r a t i o n  o f  t h e  G e n e r a l  D i f f e r e n t i a l  
E q u a t i o n s  of a n  E l a s t i c  S o l i d ,  wh ich  a p p l i e s  t o  t h e  
A e t h e r ,  when  t h i s  Med ium i s  v i ewed  a s  a n  I n f i n i t e  
A e o l o t r o p i c  E l a s t i c  S o l i d  p r o p a g a t i n g  Waves.  

As is usual in the theory of an elastic solid, let m 
denote a function of the bulk modulus R, and of the rigidity n, 
such that 
Then R = m-- ' /3n ,  and this bulk modulus measures the 
elastic force called out by, or the elastic resistance against, 
change of volume. On the other hand the *compressibility((. 
is measured by = I / ( m - l / 3 n ) .  

m = k+l/,n. ( 3  1) 

( 3 2 )  
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Let a, ,6, y be the component displacements experienced by a particle, so that when undisturbed the coordinates 
are x, y, z ,  and when disturbed x+a, y+B, z+y. Then a strain of any magnitude is specified by six elements: 

,4 = (; +I)2+(g)2+(g)z 
3 = ($y+,(;; + 1)2+($)2 

c = (g)"(g)'-(:. + I ) 2  

(33) 

All particles in an unstrained state, which lie on a spherical surface: 

712 = & Z + q 1 2 + [ 1 2  (34) 

A z2+B q2+  Cc2+ 2a 9 [+ z b  [ z+ 2c rj = . (35)  

will, in a strained state, lie on an ellipsoidal surface: 

Accordingly, if the external forces at P (x y s) along the axes of x, y, z, be -I7, 1; 2, per unit of mass, and the 
internal stresses be : 

(x d T +  dy + g )  dz dxdydz  

Then the equilibrium of all the forces, internal and external, leads to' the following equation: 

These are the general equations of equilibrium of an elastic solid, when subjected to strain by any system of 
forces, internal and external. 

For an isotropic solid, the equations become much simplified. Using m = K+'/,n, as in (31), we find the well 
known formulae for an elastic solid, of density e per unit volume, (cf. Thornson and Tait, Treatise on Natural Philosophy, 
edition 1883, s 698) 

+ q X = o  

When an elastic substance is strained, as in the pro- 
pagation of waves, its different elements undergo changes 
both of form and of volume. 

denote the amount of dilatation in volume experienced by 
a n  element of the substance and put 

for the Laplacian operation: then we shall be able to reduce 
these expressions (38 )  to the very simple form: 

m - d d / d x + n V 2 a + e X =  o 

m.dd/dz+nV2y+gZ = 0 .  
Now when the solid is isotropic, the density may be 

omitted in these formulae, or taken as unity. Accordingly 
if we differentiate these successive equations with respect to 

Let 6 = a,pX + a,qaY + a,jaz (39) 

(40) V2 = \d '/dx2 + d2/dy2+ d '/dz2 

m.d6/dy+nV2,!3+e Y =  o (41) 

x, y ,  z respectively, and add the results, we shall get the 
equation for an Isotropic Solid: 

(rn+n)V3d+(dX7/dx+dY/dy+dZ/dz) = 0 .  (42)  

11. I d e n t i t y  o f  t h e  D i l a t a t i o n  
6 = aa/ax+agjay+ay/az 

wi th  t h e  P o t e n t i a l  Y f o r  a n  I n f i n i t e  E l a s t i c  S o l i d :  
C o n f i r m a t i o n  o f  t h e  W a v e - T h e o r y  b y  1,ord Krluin's 
I n t e g r a l s  of 1848. 

It is remarkable that under certain conditions, to be 
more fully discussed hereafter, the equations of an infinite 
elastic solid admit of a very simple interpretation. This 
amounts to admitting the identity of the dilatation 6 with 
the potential Y,  in the case of an infinite elastic solid. 
Indeed it was upon this tacit assumption, seventy two years 
ago, that Lord Kelvin obtained his celebrated integrals for 
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an infinite elastic solid (cf. Cambridge and Dublin Mathe- 
matical Journal, I 848). 

It may be noted that the density of an isotropic solid, 
which does not variy with the coordinates ( x , y , z ) ,  is expressed 
by the ratio, 

e = [(%+a) V2d]/(dX/dx+dE~dy+d2/dz). (43)  
But by Poisson’s equation we have 

v’V+~ZQ = o e = - ~ ‘ ~ / 4 7 6  (44) 
or . e = - ( 1 / 4 z )  (az v/ax2+a2 v/ay+a2 v/azz) . ( 4 5 )  

By comparing (43)  and (45) ,  we find that if a mass 
of density, 

e = 1 / [ 4 x ( m + n ) ] . ( ~ +  =+ ”) (46)  dx dy dz 
be distributed throughout space, we may conclude that its 
potential at (x, y ,  z)  will be identical with the dilatation of 
the elastic solid substance : 

6 = aa/ax+ag/ay+a,/az. (47) 
For if we divide (42) by (m+n), and subtract from 

it the first of (44) ,  we get: 
V ’ 6 + (dX/dx + d Vdy + dZ/dz)/(m + n) + 

- V 2 V - 4 z @  = 0 (48) 
which gives V2(6-- v) = 0 (49)  

f o o  +oo +oo 

if d,7i/dx+dY/dv+dZ/d8--xe (m+n) = o (50)  
or the density is defined by the expression: 

e = 1 / [ 4 z  (mi-n)]  -(dX/dx+d E?dy+dZ/dz) . (5 .1 )  
This specifies the density throughout space of the infinite 
isotropic solid, that of the finite solid body in ( 4 r )  being 
unity per unit of volume. 

TO reach Lord Kelvin’s result most directly, we let R 
denote the resultant of the forces, X ,  Y, 2, at any point 
(x, y ,  z ) ,  at the distance r = 1.”(x2+ty2+z2) from the origin, 
whether discontinuous and vanishing in ail points outside 
some finite closed silrface, or continuous and vanishing at all 
infinitely distant points with sufficient convergency to make 
RY converge to o as Y increases to 00. Then the con- 
vergency of XY, Yr, ZY to zero, when Y is infinite, clearly 
makes F7= 0’ for all infinitely distant points. Accordingly, 
if S be any closed surface round the origin of coordinates, 
everywhere infinitely distant from it, the function (a- F7) is 
zero for all points of it, ‘and satisfies the equation V2 (6- F’) 
= o for a11 points within it. Therefore d = V throughout 
the infinite isotropic solid. 

Now let X’, Y’, 2’ denote the values of XI Y,  Z at any 
point (x,y, z ) ,  and by a triple integration throughout all space, 
we shall have for, the potential Y or dilatation 6: 

d = I/[ 4 n  (m+n)] * s 
For the element of the mass is 
and the mutual distances of the elements of mass filling the element of space dx dy dz is 

s s (dX’/dx’+ d Y’/dy’ + dZ’/dzf)/ V‘ [ (.x - x’)’+ ( y  --y’)?-t- ( z  - c’)’] . dx’ d-y’ dz’ . ( 5  2 )  
--M --3c) --oo 

e = 1 / [ 4 z  (m+n)] .(dX‘/dx‘+dY‘/dy‘+dZ‘/dz‘) (53)  

Y = 1.’[[(x-x’)’+(y--y’)2+(z-z’)’] * (54) 
These expressions may. be rendered more convenient by integrating by parts, and noticing the prescribed cqn- 

dition of convergence, according to which when x’ is infinite, 
+oo -too 

~X’/b’[(x-x’)’+(y---y’)’+(z-z’)’].dy’ds’ = o . ( 5 5 )  
-oo -oo 

And, therefore, for the three components of finite value, resolved along the coordinate axes, and integrated throughout 
all space, we have: +oo +a +co 

6 = I / [  4 7 ~  (m f a ) ]  * s 5’ ‘ 1 [X‘ (x - x’) + E” ( y  -y’) +Z’ (: - z’)]/ 1/[ (x - x’) ’+ ( y -J ’ )~+ ( 2  - $)‘I * dx’ dy’ dz’. ( 5 6 )  

displacements is : a = u + u  g = v + v  y = w + w  ( 5 7 )  

(ml4zn)  adla, asla, (m/&n) aspz ~ / 4 n n  Y/4mn Z/qnn . (58)  

(59)  

--oo --M -oo 

We may integrate each of the equations (38) in the same way, for a, j9, y respectively. The result for these 

where u, v, w, V,  Y ,  ?V denote the potentials at (x, y ,  z )  of distributions of matter through all space of densities respectively 

In other words the functions are such that throughout all space 
v%+(m/n) adfax = v ~ u + ~ Y / ~  = V’v+(m/n) ad/a-y = ~2v+ yin = 

V2w+(m/n) ad/& = o V’FV+Z/n = o . 
Accordingly, if X”, Y”, 2” denote the values of X, k; Z for a point (x”,-~”, z”), we find 

+oo+oo+a 

a = ( I / 4 x n )  s 
,d = ( 1 / 4 n n )  s ~ ( m * a d ” / 8 y ” +  ~”)/~~[(.~-~“)~+(y-3;”’)~+(~-z”)’]~dx”d~’’d~’’ 

y = ( 1 / 4 n n )  s s (m - ad”/az”+Z”)/ V - [ ( s  -x”)’+ ( y  - y”)’+ ( z  - z”)’] . dx” dy” dz” . 

f (m * aP/ax”+ X”)/ b’ [ (x - x”) ’+ ( y -y”) ’+ ( 2  - 2“) ‘1 . dx” dy” dz“ 
- ~ - o o - o o  

+oo f O O  fco 

- - 0 0 - - - 0 0 - ~  

+a+-M+w 

s 
-oo--M-oo 
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By substituting for d” its value in ( 5 6 ) ,  we obtain expressions for a, #, y depending on the sums of a sextuple 
integral and a triple integral, the integrations having to be performed from --OO to +CO: 

Lord Kelvin shows how to simplify these sextuple integrals, and obtains the following general solution for the 
displacements produced by any distribution of force through an infinite elastic solid filling all space (limits of integration 
as before --OO and +GO): 

_ _ ~  2 (2112 + 3n) X’ 
\ I” [ (x + (4’ --”’) ’+ (‘ - “1 ‘1 

d -y’ (,lC - + 17 (-~, + 2 ( x” - 

1 dx [ (. - x f )  2+  (-), -3.”) 2+  (c - z’) 2I3/a 
- [(x - x’) ’+ (?, -3,’)2+ ,I } dx’ dy’ dz’ 2 - ____ 

I 
OL = 

z;lmn(liz+n) 

d X’(X-X’)+ Y’ ( ~ - - Y ’ ) + ~ ’ ( z - - z ’ )  (62) 
/J = --I- 

2 4 x n ( m + n )  
- m [ (.r - x’)2 + ( y -y’)2+ (2 - z’) 21 - - 

dy 
-__ 1 dx’ dy’ dz’ [ (x - x‘) + ( y -y’)’ + (2 - 2’) yS 

This whole investigation is based upon the integration 
of the general equations for an infinite isotropic elastic solid : 
which implies that the density throughout all space shall be 
equal to e as defined by ( 4 6 ) .  

Lord Kelvin’s definition of &Y, 1; Z as any arbitrary 
functions whatever of ( x ,  y ,  c), either discontinuous and va- 
nishing at all points outside some finite closed surface, or 
continuous and vanishing at all infinitely distant points with 
sufficient convergency to make the product of their resultant 
R = b’(X2+ Y’+Z2), by the distance 

namely RY, converge to zero as Y approaches infinity, implies 
that the density may vary through changes in the differential 

as shown below. 
But no other changes than those in V2?v  the Laplacian 

operation on the potential can occur; and even this is chiefly 
at the boundaries of solid bodies. Accordingly it becomes 
advisable to investigate these possible changes a little more 
closely. 

12. G e o m e t r i c a l  a n d  P h y s i c a l  C o n d i t i o n s  wh ich  
t h e  Forces  g e n e r a t e d  mus t  sa t i s fy .  

Suppose XI 1; Z to denote the components of the forces 
acting on an element of the solid dm = e dx  d-7 dz, temporarily 
imagined to be fluid at (x, y ,  z ) ,  reckoned per unit of the 
mass. Then the difference of the pressures on the two faces 
d j d z  of the rectangular parallelopiped of the fluid is 

and this fluid element will be in equilibrium when the 

Y = 5” ( x  - x’)’+ ( y -y’)2+ ( z  - 2’)2] 

elements dX/d.x+d Y/dy+dZ/dz = V2?V ( 6 3 )  

8y dz (dp/dx) dx  (64) 

following equations are satisfied : 
d-v 82 (dp/dx) d,l~--S6x 8-v 6z = o 

dxdy((dp/dz) ~ z - Z ~ X ~ Y Y Z  = 0 ;  

6~ d~ (dp/dy) 8’ - 1‘6s d?/ 8, = o ( 6 5 )  

which give the necessary and sufficient condition for the 
equilibrium of any fluid mass: 

d@/dx = X dp1d-v = Y dp/dz = Z . (66) 
From these equations we obtain immediately 

dp = dp/dx.d.~+dp/d-v.dv+dp/ds.dz 

This equation shows that X d x +  Y d y t Z d z  is the completed 
differential of a function p ( x , ~ ,  z )  of three independent va- 
riables, or may be made so by a factor. Physically this is 
equivalent to concluding that the pressure in the fluid is along 
the lines of force, and thus a series of surfaces exists which cuts 
the lines of force at right angles. If the forces belong to 
a conservative system, say when a gravitational mass has 
attained a state of internal equilibrium, as in the theory of the 
figures of the heavenly bodies, no factor is required to render 
the differential complete, and we may put 

= p (Xdx+  Y d y t Z d z )  . ( 6 7 )  

X d x +  Ydy+Zdz = - d V  ( 6 8 )  
or by (67 )  dp = -g d V .  (69) 

e = -dp/d V ( 7 0 )  

‘This expression shows that the pressure $.I is constant over 
the equipotential surfaces, 

and the density also is a function of the potential 61: This 
condition arises when the density of the body is uniform, 
over the equipotential surfaces, for the distribution of force 

6 
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Ijisplacement or amplitude A = k / r  
Density of the aether (r = vr, 2' = r/k 
Potential = V = M/r. 
Y = d = A .  

to which the components (8 Q, R) belong - corresponding 
to a homogeneous elastic solid, or a mass of incompressible 
liquid held in a rigid vessel, with the density so distributed 
as to be in equilibrium. The second equation of (67) is 
satisfied by this condition, and we have, 

Accordingly by ( 4 2 )  w e  have the original equation of an 

which is satisfied by the assumption d = - W/(m-t-n). 

dX/d.y.+d Y/dv+dZ/dz = V 2 W .  ( 7  I )  

elastic solid: (,+.) v2 8 + ~ 2 ~ + - =  (7  2 )  

T h e  A e t h e r  a s  a n  I n f i n i t e  E l a s t i c  Sol id .  

Hence if this analysis applies to the aether, as an 
infinite elastic solid, the density of the medium must be 
arranged so a5 to give a potential augmenting about each 
mass of matter embedded in it, as shown in my Dynamical 
Theory of Globular Clusters, 19 I 2 .  This latter condition of 
the potential is described analytically as follows : 

f= k 2 / r 2  = A' = d2 
= a V/aY = -M/r2 

the potential V. This gives a geometrical and physical sig- 
nificance to the potential, which hitherto has been entirely 
lacking, and long proved bewildering to the geometer and 
the natural philosopher. 

2. If this were not true, the general equations for an 
infinite elastic solid could hot have been integrated by Lord 
Kelvin as outlined above (cf. Cambridge and Dublin Mathe- 
matical Journal, 1848). But as this celebrated geometer ef- 
fected such an integration for the general equations of an 
infinite isotropic elastic solid, without giving a physical inter- 
pretation to the solution found, we see that Lord Kelvin's 
mathematical genius builded better than he knew, and natural 
philosophers are now enabled for the first time to interpret 
physically one of the sublimest results in the whole range 
of mathematical science. 

Neudon surmised that if the density of the aether varied 
directly as the distance from the centre, it would press towards 
the centre so as to develop the force of grivitation. MaxuleZZ 
holds that Newton conceived this action as analogous to 
hydrostatic pressure, but we have shown that the reaction of 
the waves with amplitudes A'= k / r  produces this arrangement 
of density and would generate an effect similar to mere 
hydrostatic pressure (cf. Electrod. Wave-Theory of Phys. Forc., 

Why t h e  F o r c e s  b e t w e e n  t h e  Sun  a n d  P l a n e t s  
O p e r a t e  i n  R i g h t  L i n e s :  W e i e r s t r a s s i a n  T h e o r y  of  
t h e  R e s u l t i n g  L e a s t  Ac t ion .  

a) Imagine waves propagated from the sun and earth 
as shown in the accompanying diagram: and let the velocities 
of the mutually interpenetrating waves from the centres S 
and E be V, and $5. 

1.134, ' 9 7 7 ) .  

Fig. 4. Illustration of the interpenetration of waves between the sun and 
earth, which gives maximum tension along the line SE, where 
the interpenetration is with double the velocity of light. 

The  problem arises as to the effect of the relative inter- 
penetration of the waves, the velocities V, and V, being 
equal, but the amplitude and direction of propagation different 
at every point of space. 

*) By referring to fig. I ,  section 2, we see the physical meaning of this equation : the aether has dilatation, 6 = I.: near the sun, 
owing to the increasing amplitude of the waves. This dilatation and decreased density of the medium exists about every star and planet. 
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8) It is obvious that between the bodies in the right 
line S E ,  we shall have for the relative velocity of the wave 

Rut on either side of the line S E  the value of Si will be 
less than in that line, where S: becomes a maximum, double 
the velocity of light. For the two radii vectores el and e2 
meet at an angle 4 and the relative velocity of the inter- 
penetration in general will be : 

interpenetration ni = K +  fi = 2 7. (76) 

91 = v1 + I$ C O S I .  (77) 
7) It is only between the bodies in the line S B  that 

COST = I ,  and the velocity of the relative interpenetration 
is a maximum. When the radii vectores meet at right angles, 
the angle I = go0, and c o s I =  0, so that Si = Vl, only, 
or V, only, as the case may be. If the angle I exceeds 90°, 
the addition in (77) becomes negative, and the value of 52; 
is.less than Vl, or f7* separately. And when c o s I =  18oO, 
the addition gives Q~ = ,c; - 1: = o .  (7s) 

8) From this reasoning it follows that: 
a) If the medium contracts owing to the mutual interpene- 

tration of waves, the contraction will be a maximum in 
the right line S B  where .fQi is a maximum. 

b) The  contraction will be zero when I= i80a, and thus 
the tension in the medium is wholly between the bodies, 
or on either side of the line connecting them. It is zero 
in the line SE prolonged, but as the waves here superpose, 
the pressure or stress will increase externally. 

E )  This accords with experience in gravitational, mag- 
netic, and electrodynamic forces, etc. And as the theory of 
least action is recognized to hold generally in nature, this 
geometrical plan of the contraction of the medium, under 
mutual wave interpenetration, must be held to conforin to 
the rigorous criterion of least action or maximum wave inter- 
penetration. This function attains the maximum with least 
action of the forces thereby developed; and according to the 
geometrical methods of tVeihfrass, this points to a rigorous 
mathematical law. 

5)  It is not accidental that the mutual wave inter- 
penetration should be a maximum between the bodies, in the 
line SB, a minimum in the line S B  prolonged. For as the 
aether is under an elastic power of 698 3 z I 600 ooo times 
greater than that of air in proportion to its density, the 
medium will always contract to the maximum extent possible, 
and thus pull in the right line connecting the two bodies SE. 
Hence if the postulated waves exist, the waves superposed 
being accumulated with the mass, they will fully explain the 
stupendous gravitational forces which govern the motions of 
the planets. 

7) That the waves exist is obvious from several con- 
siderations : 
1) Forces can only result from maximum tension in the 

line SB, and this implies interpenetration of waves; for 
no  other cause could produce this effect, whereas waves 
certainly would do so. 

b) Waves also make gravitational forces conform to other 
physical forces, according to the recognized law of con- 
servation of energy. 

c) When a known general cause exists, it must be held to 
be the true cause, in default of any other known cause. 

d) The probability is infinity to one that no cause other 
than a true one could fulfill all the geometrical conditions 
of gravitational forces without resting on the true laws 
of nature. 

6) As the wave-theory harmonized all gravitational 
phenomena under the recognized criteria of least action, and 
without the introduction of any mystical hypothesis, it must, 
from geometrical and physical laws, be held to represent the 
true order of nature. 

In closing this first paper it remains to add that the 
second paper will deal with the Fourier solutions of the cele- 
brated equation of Poisson (Traite de Mecanique, 2.697, 1833) .  

d 2  @/at2 = a2 VZ@ 
where (D is a scalar quantity, and a the velocity of wave 
propagation. This applies to wave motion in normal gases, 
the aether, and an elastic solid. As the aether is a gas, but 
under such elastic forces, that it behaves as an elastic solid 
for quick acting forces, and is of infinite extent, while on 
the other hand Lord KeZvzn’s integration of the general equa- 
tions of an infinite elastic solid likewise confirms this con- 
clusion, the deductions thus brought out will establish the 
wave-theory with the required geometrical rigor. The out- 
standing motion of the perihelion of Mercury, and of the 
lunar perigee, together with the lunar fluctuations, under the 
Newtonian law, as generalized by Weber in 1846, will har- 
monize every known celestial phenomena without the intro- 
duction of any mystical hypothesis. 

In the third and fourth papers I hope to give a sim- 
plified view of certain outstanding electrical problems and 
of Mtrhelson and Lodgt’s experiments, and throw a very 
unexpected, but searching light on -the nature of molecular 
forces. Thus the several fields covered will lead us to apply 
the wave-theory to such varied phenomena of nature, that 
it may not be without interest to both the geometer and the 
natural philosopher. 

I am indebted to Mr. W. S. Trankle, for efficient aid 
in completing these researches. 

(D (x, y,  s, t)  

Starlight on Loutre, Montgomery City, Missouri, 1920- Jan. 14. T. y. J. See. 

2 u s a t  z. Am 2 5 .  April sandte Herr Prof. See telegraphisch folgende Nachricht : ,Have discovered from wave 
theory new method for determining density of aether, only advance since Lord Kelvin’s method 1854. Now find density 
472 X 10-l~ against 438X I O - ~ ~  by KeZvin’s method. See.(( 

Zum Nordlicht 1920 M5rz 22. Zu Riksenburg (y  = + 5 3 ”  46‘, 1 = 19’ 12’ ostl. Gr.) hat Herr Cad Fea‘tke 
das Phanomen in besonderer Starke und Schonheit beobachtet, mit doppeltem Lichtbogen und Draperien, sowie mit deutlicher 
Beleuchtung der Hauser. Sollte sich ein Bearbeiter fur das in den A.N.  und anderwarts veroffentlichte Material finden, 
so ware ich gern bereit, ihm den ausfuhrlichen Bericht aus Riesenburg sowie sonstige bei der V.A.P .  einlaufende Mit- 
teilungen zur Verfiigung zu stellen. 

__ ~~ 

Munster, 1920 April 19. J. Plassmann. 




