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195-SEE SEE,  T.J.: WAVE THEORY OF GRAVITATION --- Despite  high
recommendation by Tesla and by psychic E. Cayce and others, the "Wave-
Theory of the Aether" has been quite completely ignored by most all
scientists. The noted astronomer Capt. T.J.J. See explained gravitional,
magnetic and electrostatic fields as longitudinal or compression waves in
the Ether, of approximately the same magnitude as the distances over which
they operate. Light, heat and radio are described as transverse or shear
waves in the Ether...When the longitudinal Ether waves that radiate from
masses are coupled, they produce a relative Ether vacuum between them, and
the bodies are pushed together. The apparent mass of an accelerating body
Is caused by Increasing drag resistance from the viscous Ether. If a body
is rotated at a certain speed, an associated Ether vacuum is produced which
prevents transmission of the gravitational force. This opens the way to
anti-gravity levitation ...The theories of Ch. Brush, Dr. Nieper, Prof
Nipher (v.i.) all find unification herein...Includes bibliography, review,
and 2 articles by See introducing his ideas ...30 pp...
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New Theory Suggests
Universe Is Shrinking

Is THE WORLD becoming a smaller
place te live in? ‘To account for recent
discoveries at Mt Wilson Observatory
in California. Dr. 8§ SBambursky, pbysi-
cist at Hebrew University, Jerusalem,
proposes the startling theory that the
universe and everything in it is slowly
shrinking. including even our funda-
mental standards of length and energy.

Just the opposite view was held a few
vears ago. When astropomers observed
a puzzling reddish tinge in light from
distant bpebule. they interpreted the
phenomenon as evidence that these ce-
lestial bodies were rushing away from
us and outward intc space as fast as
25.000 miles a second—in other words,
that the universe was expanding at ex-
plosive speed. The result would be to
increase the apparent wave length of
hzbht from the retreating nebulz. shift-
iog their color toward the red end of the
spectrum or rainbow of hues by which

scientific observers classify light rays.
More recently. it hac been discovered '

that the “red shift” actually observed ;
through the big Mt. Wilson telescope °

does mnot

tronomers have been casting about for
8 pew one, which Dr. Sambursky now
supplies. A “red shift” could also be
produced, he points out, if everything
between us and the nebul® was grad-
ually pgetting smaller.  Substituting
mathematical factors based upon his
shrinking-universe hypothesis in the
same calculations used to test the ex-
panding-universe jdea, be obtains fig-
ures that appear to check with the ob-
served facts.

As startling to phyvsicists as the Ein-
steir theories of relativity, the new con-
ception implies that their basic units
are constantly diuminishing ip mize in-
stead of remeaining constant. One of the
shrinking quantities is the length of
the radius of an electron. smallest par-
ticle of matter. Another is “H.,” a unit
of energy upon which measurements of
photo-electric cells, among other things,
are based. The shrinking value of “H"
also provides Dr. Sambursky with a
new mathematical explanation for the
familiar but little-understood pbenom-
enon of gravity.

While the changes in tbe “measuring
rods” of physics are too small to have
8 direct bearing on anvone's daily life,

" Dr. Sambursky maintains that they are

nevertheless appreciable enough to be
detected in the course of time. To prove
or disprove his theory, be proposes
meaguring the present value of the
wave length of a ray of light and re-
peating the test 850 years from now.
Red light from & chemical element
called cadmium, which can be meas-
ured in the laborastory with great ac-
curacy, would be suitable. At the end
of three and a half centuries, if the new
theory is correct, the wave length of
the red cadmium light should be found
to have decreased in lengtt by approxi-
mately one twenty-five-thousandth of
8D inch

quite corresponéd with the °
amount called for by such a theory. As- |

Will Einstein Theory Fall?

HE Einstein theory of relativity soon

may fall, and we may have to ook
for another explanation regurding the
mysterious movements of the universe.
Professor Einstein himself has just ad-
mitted it. If results obtuired recently
by Prof. Dayton C. Miller at Mount
Wilson Observatory are confirmed, he
says, it means that the relutivity theory
dnes not hold.

For Professor Miller's results indicate
the earth’'s motion through the ether.
According tn the relativity theory, it
should never be possible for any one on
carth to detect this motion.  If all things
in the whole universe—planets, stars, and

o’ ~ther—are moving at the sume rate and in

the same direction, the results of evperi-
ments on earth would be exactly the
same as if all were standirg still.

But if the earth and other bodies were
moving through statinrary ether. or at

Tiniest Particle
< May Be Etheron

i ARE the electron and its

consort, the proton,

after all, the ultimate

.giniest units of matter? If

pot, then what is the smallest

‘abing in the universe?

¢ &ir J. J. Thompson, noted

“British physicist, recently de.

dared his belief that even these

. itesimal electrified parti-

are divisible into still

impler pieces to be revealed

« further study. Present the-

gy holds that every atom of

~gatter is composed of one or

gore protons, around which

gevolve one or more electrons.

Toe atom itsell is so small

ghst it takes seven figures in

fractions to measure it. The

ahectron is 1800 times as smal)

os an atom, and the proton

gven tinier. Yet even these, Thompson
declares, are insufficient to explain all of
“ghe stom’s behavior.

: An answer may be found in the re-
markable theory just advanced by Capt.

(3

- 4 .3.).See, U.S. N., mathematician and

v

pomer. From studies of gravitation,
concludes that the smallest thing is
infinitesima! particle of ether called
etheron. So fine are these ether par-
es that they freely penetrate the earth.
“If atoms of common gas such as
rogen, nitrogen or oxygen be imagined
size of Jemons, oranges or grapefruit,”
explains, * then on this same scale the
tron is like & coarse grain of sand, and
etheron 1s like a fine particle of smoke

mscigar” porccl dec. 23

®
different rates. then there
should be a drifting of the
ether in their paths that could
be observed from earth.

Professor Miller first made
his experiments from an under-
ground chamber, just as Pro-
fessor Michelson and Professor
Gale of the University of Chi-
cago have heen doirg in tests
of the Einstein theory. Like
them, he could detect no
motion — evidence suhstanti-
ating the Einstein theory.

) Their resuits, however, pos-
sibly might he explained by
“ether drag” That is, in
some way heavy bodies, such
as tne earth, drag along a
certain amount of ether in
their motior, leaving the more
distant ether unaflected.

To test this, Professor Miller
repeated his cxperiment at
Mount Wiison, which is about
a miie high. And here he
obtained the surprising results
that may contradict the rela-
tivity theory. He found a
marked effect that seemed to
vary with altitude.

—_—
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T 13 scurcely neceszary to
polnt out to the readers
of PracTicar Errcrrics
that altbough we have had
many notsble rtreatises on
wmewmetism rince the first great
work publlshed in the year
1530 by Dr. Glibert, of Col-
chester, physician to Queen
Elizabeth, yet in =all these
modern tfreatises not £ single
explanation worthy of the
name has been offered on the
ceuse of magnetism! The re-
. sBult I8 & great need for a
" working theory of magnpetism
which will ensble us to see &
T7._ what Is golng on in the fleld £
- about a magnet. .
S The theory hereln set forth
was developed by the writer -
in 1818, and first published in a
work entitled FElectrodynamic.
Wave-Theory of Phyasicel
Forces, Vol. I, 170 pages, Boston, London ~ and light. Accordmvly, why may not
- and Parls, 1917; but bas recently been ex- these short waves correspond to parts of
~ tended In & Qerx% of papers on the hew ‘the longer waves of magnetism and of
: : grawtanon7 Soch was the question which
has at lepgth led to the very remarkable
“new theory of the ether, with slmple and
- direct expiapation of magnetism and elec-
tro(h pamic acton.
In the accompapylng figure 1 we have
) outhned the body of a simple bar magnet,
:~and ~also traced’ in detail the type of
waves snpposed to recede away from the
magnet in the eguatorial plape. It will
-~ be remembered that althongh the great
" mathematical physicist J. Cierk AMaxyvell
was ghie to show that certasin stresses are
at worx in the ether about & megnet, by
which the lines of force tend to shorten
- themselvex he was unable to concelve of
Theory of Zther Just appearing in the apy physical cause for the mcton. Alax-
o Astronomische Nachrichien, the interns- well hsd pot thougnt of waves of the
. tornal Journal of astronomy at Klel, which vpe here imagined. .
s now in Its bundredth year and 21%th It is e:asll}' shown (cf Astron. Nachr,
- volume. As the New Theory of the ther XNo. 504, p. 54, May, 1820) that the am-
“1s 8 very extensive work of highly mathe-
< matical character, we are obljged to-re--
. strict the discussion to very
- slmple ovtlines which will con-- -
vey clear ideas to our minds, -. . -:
For a -long time it bas been.
known that all matter sends out *
a pecullar infinence or fluz of. °
energy, which. acts on other-.
bodies; and ever since the pub-
= Hcatjon of Sir Isaac Newton's . .
Principia, 1687, it has  been .
shown that 21l actions are mu-- -

Enlarged view of one of the magnets wasumed to
be in the field of force, ahown in the upper illus
T tretion unmedxlub' above the field .-

pr ude of the wav% fo Hows the iaw here
D =L

1. The magnetic field of [urm and its eflect upor, and U\e reaction between
it and magpets adjarent to it. Ddecreased attraction in the Jeft hand magnet,
. and 1n:rc:»cd attraction in the nxhl hand one. -

This is the fortnnla for v-dh_
tation, macmetism and =iy Har
forees which follow the law
the inverse squsares,
Now {t 1= very T oremns

arkahile
that the chief forees in LaIure
vary inversely 23 the souure

of the disisnce. From this fac
we know that if waves be the
cause of the forces, the waves
have to have ampllmd:s YEry-
ing inversely as the ¢istance,
as shown In equation 1 nhwove
To deduce the law of the
wave amplitude (1) in trid;-
mensional spuace we proceed
as follows: The displacerncat.
of any particle of & Imedivm
due to wave motion. of &
given wave length, is indejwn-.
- dent of the periodic time: zu4d
slnce the oscillatory orzms o?
the particles are descrileg LA
equal times, under contivuons.

flow of the waves, the@e orbits will te:
proportional to the displacements or ot}le-v

homologous lines pertsining to the ;x

1%

Y s

The other magnet on un enlarged scale, xs &‘x.wn
to the right in the upper illustration.

odic paths of the particles. Let the \doc'-lr
1ties of the moving particles be v, and m £

their

mass,;

then their kipetic epergies -

will be represented by 1/2 mv>. Ir the : :

spherical expansion of the ether

WRYES ¥

there will be no loss ¢f cpergr In free --
space; hence on two successive sphere <ur»v

- towal. Thus any infivence exerted
by one body on another will be
‘based on the interactions of the

two bodies,-through the Ethe- .
‘rial Mﬂdlum (—mveloplnv both .
masses. .- _._-~'_..
Abont 1850 It wes d,-zcovered
~~ by the celebrated English elec-
- trician, Faraday, that all bodies
are magnetic, but In varying de-

. grees. Iron, steel and nickel are
 typleal metels with stropgly
magnetie properties, and as far -
;back as 1822 "the celebrated

‘ French physicist, Ampére, ex-
lained magnetism by elementary electnc .
-currents cirenlating about the atoms. In’ - . . BT )
the year.1817 the writer was able to show -~ - S : .

that this Ampere theory is 1dentical with~ ©F VAries loversely es the distance.

the modern ~wave-theory, in- which the. And it is provedIn works on physics
_atoms are supposed to be vibrating and. P2t the energy of the waves is propor-

tional to the sguare of the ampliiude, and
“Incessantly sending out waves throuvh the- R
s snrroundmv aetber .o N thns the force they exgrt becomes simply:

- P . AR S e

ziving in dxamm the efiect upon toe cr.her,

)

2 The field of force sarrvanding & wire througk which a current is passing,

. Taces of thickness @r,

the ener-
gies ere equal, so that we ha\e:,

4*1" jmrt = 4717 Am ’ (3‘

The kmetlc e_nerg’ ~of the ¥
"brating molecules varies ip-- ¢
versely as the sguare of the -
distance. But the velodty va-
ries also as the amplitnde, in. =
simple barmonic motion; there-
- fore, for the amplitudes A’ and- -
AY correspondmg to the radii -
r’ and r", we have by taking - -
the square root in eqnat)on (4)-

A k'_—r {3
A'r’ k' - -

r’ 1t ©

A=

Accordingly the z{mblitude o:: =
side displacement becomes -
.A='15 o

I

w1
v

as shown in the accompanying figere 1. -
To understand the mechanism of waz- -

netism,

from the larger magnet,

fmagine waves receding away -

as shown in the

diagram, and let the smaller magnet (D)

present opposite poles.
to the case of attraction.
the smnall m

This corresponds |
The waves from
arnet (B) rotate in the onpo-



! ne nnollier As far
=very point of the wave-

waves tend to onlizpse
ves run through
or contraction
neh & oniraciinm
2 »g—;n the bodlex Is what
A1 eflruction. The sction when the
© contracts is like that of @ stretched
of Tecia rubler—it pulls the bodies
her, bxr forces depending on the two
tizir size and power, or degree
oz oL meonetization.

2is s ba Weve-Theary (AL N

- p. \3) thar the Iight travels 804 (-JO
-zrs faster than sound, fromm which it

;w8 the: the sether is 689.521,-
400 timex mwore elastic than alr
1 zropostica to its, density. This
<nber 1s enormous, snd 8s the
w1es trevel In free space with the . .
Aodty of light, and sccumulate
eyt by Toere superposition, In pro- -
c¢7m to ihe mess, or the number -

7 woms frem which the waves pro-
wd,- we parceive that the acton 7
377 uepe:ld dirertly on the mass, as “_ -
2 \cwmns law of gravitation. |

Tarcpver, the Intensity of the force

nts,

Tast discovered the ez

erion. It thus apprars as 1f we b ne ’t

and fina

aniversal Shs

An exp t by Teothear (falter
Flher arnd tion, D r'x ISPE L U
throws great dig ht on e 1) cyoof
“zraday’'s Hoes of ‘u.«e to shorien them-
seives

“If a dozen disks five or slx inches in
diameter are set Joosely an lnch apart
upon a spindle a foot long, so that they
may be rotated fast, yet left free to move
tongitudinally upon the spindie, they will
all crowd up clase tegether &s the pres-
sure is less hetween them than outside.

If one can imagine the spindle to be flex-

i

Magnetic -

- Souih Poif:’f_«i R

set 1s an

wiont. The

rent, which mesns that the wave rota-

tions are flat in the planes passing
throvgh the exis of the wire. This ar-
rangesent 18 shown In Soure 2. And w8’
the naynet slso souds ot waves 8at in -

the eyuastorial plene, at rlght aogles to
the magnetic nxis, we sce why a mag-
netic needle sets it=elf st right angles to
the axis of the wire bearing- the
current, &s first not)ced bv Oersted

above are opposite to the ones bes
low, ' Hence, when two currents

the wires causes-the wires to at-
“tract, which conforms™ to observa-

tion. - YWhen the” currents “flow in
opposite direction: the rotations: of

:II vary Ipversely as the square of
-2 Zistance. This glves, therefore,
- L>:’:fect explanstion of the attrac-- —
2 6f magrets which present oppo--

e poles
L-f us now cunsider the cause of
sraZzion, when like poles are pre-
ai1zd, which is exhiblied in the
~nd ense aa the right, in the seme
“zagmm. In this =econd case the
ams {rom (B) rotate In the mame
.zs» as these from the Jarger mag-
=z #A). Yher such waves inter-
.aeTate, with the superposed rota-
“wmz at every [«int in the same direction,
e set of waves zdds to the amplitndes
s f1e other =er: and the result is in-
sesagd agitrtion of the =ther, whick thus
1Gr to expind this medium berween the
#o bodies. This expansive tendencyr- of
=2 =ther thas gives rise to repulsion, end
2 magpers tend to push ope apother
=+7. Thuns we have a simple explanaton
T repulsion when ke poles are presented.
Accordingty, we have a simple explana-
-~ of botkk arttractior and repuision,
‘x4 no oxe h=s heen able to devise
=¢isforee An  explapation based on
=ves which is simple and direct has so
‘ack to commend it that we may pro-
senree. it tb° troe cause of the pbenom-

?‘}:‘RH’L}S TABLE-TAP” is the name
‘A civen o z nevw eleciical eppliance
‘2e manufscorer clalms that with this
ez any bresuseholder cen wire his own
mimre in a2 few minures. It consists
T2 "locA of strozc, black fireproo! corm-
=ity n, .md carties three beveied tee

Ar{nz Mn-bk-ck for mse upon = table, so

iz & plaming such block upon the tzble or fas
:212r 3t to anx part thereof, connections xre sap-
Hed fur three &feren: articles

Tex e Y T e L P ol A BPoYS

3. }Izgnetlc field of the earth,
pares with the ether waves already illostrated and described

Maqoeﬂc
North Pole

/ )/
ible and the ends brought opposite each
other whlie rotating, It will be seen that

the ends wounld exhibit an apparent at-
traction for each other, and, if free to

approach, would close up, thus meking a
vortex ring, with the sections of the disks._

If the exis of the disks were shrinkable,
the whole tbirg would contract to & inini-
mum size that would be determined by
the rapidity of the rotary movement, in
which cazse pot only would it be plain
why the ring form was maintaiped, but
why .the diemeter of the ring 2s & whole
shonld shrink.  So long as it is roiated it

would keep up 2 stress In the air about
it. So far as the experimental evidence

goes, 1t ap'»ears that 1 vortex rmg m the

countersunk bo]es ‘at tbe ends. The deﬂee o

is sold, completelr wired, with eight feet

of silk covered cord, & motor pleg, and .

& seperable sattachment plug which fits
any lemp socket or convenience outlet

This Triplex Teble-Tep is backed with -
green balze snd may alsc be used as 3

portable outiet. on tea wagons, side-boards
end serving tables; or on the work bench,
eround the car, or wherever & convenient
tee-siot electrical connection might be re-
quired.

AKIE an old discarded switch (A).
Remove tne shuft and the contact
spring. With sirong scicsors cut {wo strips
of thin sheet brass and bend these with
pliers as showr.
Insert these curved springs between the
,mrce]am huse and brass contact, and

Sralle cn antor bl fooa le cnirnpe 1o hal

showm: how exactly i{ com-

' the same direction, end by the in-
crease of amplitvde thus arising,
the ether expands- itself,” so that
the wires repvel1 fn accord&nce vrith
observation. -~ X

Accordingly, wsves are the cause

remains to add figure B, to Illus-
trate the wave field of the earth's
magnetism.- It should be noted, as

parallel planes—the other 1378/1380ths
being srrenged with their planes lying
haphezard, end producing the central ac
tion of gravitation.” -. -

_With- the rotstions of tbelr waves dI-
recied so0 as to harmonize mutuslly, the
compass needle lies {n the hollow of the

.receding earth waves, and thue polnting
steadily to the Pole, guides the masariper -

safely over the trackless sea. - This gives
a very dClrect ané simple explanation of

the earth's magnetic field. The wave field:

about the globe is8 s0 very beautiful to b
hold that we canpot but regret It was not

" made known to us long agn.. But who

»wll show lt to us?

oy oe-th ey,

s i B losrs axpert- -
ines ot force ln the form of-
circies surround & wire beuring s cur-.

flow In the same direction the col-:
lapse- of the ether waves between -

the waves between the wires are in-

of electrodynamic action. It only:

.shown by Gauss, 1838, tbat the:
waves receding from the earth de- -
pend on 1/13%0th part of the atoms

. Of our globe. These atoms sre lined up in’

"(A) is the old switeh: (B) 1s-thé fose
when finished; (C) is the porcelain cover
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New Theory of the Aether. By

(First

. . i
I. The Medium of the Aether is necessary for
conveving Physical Action across Space.

A superfine medium associated with the stars and with
the light of day, known as the Aether (/I:'Hl/'g), has been
universally recognized since the time of ZZomer (lliad, XV.zo,
and XV1.365). During the last three centuries the greatest
natural philosophers and mathematicians, from Hwyghens,
Newton, and Liuler to Maxwell, Tord Kelvin and LPoincaré,
have regarded this actherial medium as a necessary condition
for the action of physical forces across space. In his M-
canique Céleste 4.5.41, 1896, 7Zisserand expresses the gencral
opinion thus:

»T.es théortes les plus récentes de la physique donnent
lieu de croire que les attractions des corps célestes ne peuvent
se transmettre & distance que par U'intermdédiaire d'un milicu,
sans doute I'éther. Mlais on ne connait ricn encore sur ce mode
de transmission. Il parait probable que le- méme milieu sert
de vchicule 4 des actions électriques ou dlectromagndtiques«,

Notwithstanding the very secure foundation for a valid
theory ofthe aether erected by the labors of the most eminent
geometers and natural philosophers since the age of Newison,
a strange tendency has arisen within recent years, for aban-
doning the acther as an unnecessary hypothesis.  Whether
this reactionary tendency is based upon adequate grasp of
the geometrical and physical considerations involved may be
doubted Dby 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,
1912, Hrooks and Jevser, 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. It 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 knowledge
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 real nature of the ether if it
exists at all 111 the old sense of the word must be regarded
as absolutely 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 internal motion. On the other hand, if it is com-
presslbl , it may be much rarer than the rarest gas. There

) In a futurc paper a concluslve criterion will be given for

7. 7. F. See.

Paper.)

| is nointrinsic difficulty in either view, but atpresent
no method is known by which we may hope to dis-
criminate between them. The whole subject of the ether
is in that statc of uncertainty and apparent confusion, which
in other branches of science has usually preceded some great
advance in knowledgecc«.

Such an attitude as the above, by physicists of recognized
authoritative connections, is confusing enough; but an even
more Dbewildering doctrine has been put forth by Eiustein,
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 Dby no mecans conclusive, and the weakness of the
whole "Theory of Relativity was impressively pointed out by
Dr. Silberstein, (Observatory, November 1919) p. 396-7), who
showed that Jiustein’s theory will not account for the re-
finement of moving perihelia, and would even permit a planet
or comct to move in a. straight line, under the gravitative
action of the sun.  In view of these facts Dr. Silberstein justly
says that the fonssein theory stands or falls by the Zvershed
and 87 Fein spectral observations, which are ample, yet do
not confirm the theory.

In an interview at Chicago, Dec. 19, 1919, Professor
A. . Michelson, the eminent authority on light, openly rejects
Jinstern'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. » /4nstein thinks there is no such thing
as acther«, remarked Alichelson. »He does not attempt to
account for the transmission of light, but holds that the aether
should he thrown overboarde,

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

rejecting this claim of a large density for the acther.

¢
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It is well known that the centrifugal force is given
by the expression, — mv?/g (x)

where  is the revolving mass, v is the instantaneous velocity,
and ¢ 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 6o 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= (5.956292 1o*)/(81.45% 3600)

‘== 20.3137 % 10 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 3o metric tons to the square inch == 6.4
sq. cms, 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 scction, gz2
sq. cms, or about one such column to each area 16X 16 ==
256 sq. feet of a hemispherical cross section of the carth.
So much for the stresses which control the moon’s motion.

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

/= 332750/(23445)*><5.956292 < 10*
== 3.60572 10" metric tons (3)
where the number 332750 represents the sun’s mass, in units
of the earth’s mass, and 23445 1s the sun’s meuan distance,
in units of the earths radius.

This- attraction of the sun on the earth is equivalent
to the tensile strength of 1ooooocooocoooo weightless cir-
cular pillars of steel, like that discussed above, but each
having a diameter of 3o féqt, about ¢ metres.  This s
equivalent to the tensile strength of a forest of weightless

steel pillars, each 11 inches or 28 cms 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 uttention
by Professor Foseph Ficklin, of the University of Missouri,
about 33 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 stupcndous 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 Einstein's proposal to do away with the
aether is chiefly remarkable for the lack of understanding of
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the physical universe which it displays. Sir /seac Newton
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. 25, 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 readerse<. :

In a paragraph cited below, Alaclaurin tells us that
Newton held gravitation to be due to impulses of the aether,
but could not make out exactly hdtv 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 689321600000 times greater than that of our air in pro-
portion to its density: it has therefore enormous power bf
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
collupse 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.
¢) It is shown in section 7 below, that the potential

is simply an expression for the total accumuluted stress,
due to the waves {rom all the individual atoms of a body, —
cach wave following the law of amplitude,

A= kfr (4)
and giving an element of force, as in gravitation,

S (5)
Accordingly we see that Laplace’s definition of the potential,
1782, points directly to the wave-theory:

(o *
o= (SJJ {(r/ Vo —a)2 4y — )2+ {s— )2} dady ds (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 a 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 eclips¢ 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
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D=ypr FL="r. (7)
Accordingly the velocity of the waves remains approximately
constant, (Flectrodynamic Wave-Theory of Physical Forces
I.14—-157, 1017) » :
7= CVI(E/D) = CVirfir). (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,

(Sj'd =0 (9)

mayv not lead to a small deflection of the original path of light.

f) Such an increase of density in the acther, as we
recede from the sun was suspected by Newifon in 1721,
(37 edition of Optics, p. 325). 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 natures, (Maclawrin, Account of
Newtor's Philosophical Discoveries, London, 1748, p. 111),
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-
turaily explained by the action of the gravitational and mag-
netic wave - fields, under the influence of coronal matter,
varving as the inverse fourth power of distance, and the
arrangement of the density and rigidity of the acther, near
the sun. An arc of 17 at the sun’s mean distance corresponds
to an absolute space of 725 kms, 1775 to 1269 kms. In the
presence of the sun's strong gravitational and magnetic ficlds,
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 analogous
to ‘an unsymmetrical Zeeman-effect, may be anticipated. The
rotation of the beam of polarized light by magnetism, in
Faraday's experiment of 1845, would lead us to cxpect some
action in the sun's coronal wave-field.

h) As Zinstein's predicted displacement of the spectral
lines towards the red could not be confirmed by Zfwershed
and 57 Fo/n, who had ample telescopic power to make this
shift-cffect at least 5o times the probable error of their
measures, it cannat be presumed that the deflection of star-
light passing necar the sun is a eonfirmation of a purely
mathematical theory. The deflection of the light must rather
be explained by the physical propertics of the acther, 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 Socicty, Nov. 6, 1919, no one attcmpted to
answer the weighty objections brought forward by Dr. Si/ber-
steiiz, who had made a careful study of Zinstein'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 carth’s atmosphere.
Now the sun’s deflection of hght is similar to refraction, but

very minute, — half of it being o875, as against 2000” in
our atmosphere, or about 2300 times smaller..

j) Since, according to the report of the observers of
the eclipsc of May 29, 1919, 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 ANewton observed the
refraction of light by a prism he had no thought of attributing
the effect to »a 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 Zinsicin's theory enlightens
us on the motion of mercury's perihelion, because at least
half a dozen explanations, some of them approved by Newion,
Ilall, Newcomb and Sceliger, are already known; and another
simple one, involving no mysticism and no rash assumptions,
but following from definitely established physical laws, will
be brought out in the present investigation.

2. New LLaw of the Density and Rigidity of
the Aether.

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 given
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. ILet
the velocitics of the moving particles be », and m their mass;
then their kinetic energies will be represented by Yym 22
In the spherical expansion of the aether waves, there will
be no loss of energy in free space; hence on two successive
sphere surfaces of thickness d7, the energies are equal, so
that we have:

qrr 12 Yo v® = 4w 2 ymo?
or vl =t ' (10)

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:
thercfore, for the amplitudes 4" and A4”, corresponding to
the radii 77 and »”, we have Dy taking the square root in

cquation {10) P A, (11)

AT == A = R - (12)
Accordingly the amplitude or side displacement becomes,
= kfr. (r3)
And . V= Mr== o
= [§iel v lle ey (=) dxdyds (r4)

which is the law of the potential. first used by ZLaplace 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. <

2t
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A partial development somewhat like this is given in
certain treatises on physics, such as Willner’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, 1.14~157, 1917.
So accurately is this true, that when I brought this simple
formula for the wave amplitude, 4 = %/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 /. /1.
Nipher, and President £. 4. Lugler. ‘T'hus 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.

1) Suppose we consider carefully the amplitude of the
waves {rom the sun in any solar spectral line, such as that
of sodium, 2. [t is evident that if we disregard all other
radiations, and fix attention upon this sodium light alone,
then as the wave amplitude varies inversely as the distance
from the sun’s centre, this amplitude of our vibrations con-
stituting sodium light will be 219 times greater at the sun’s
surface than at the surface of the earth — since the carth's
mean distance is 219 solar radil.

2) Similar reasoning will hold for the waves of light
of the spectrum of such elements as strontium, bharium, boron,
calcium, hydrogen, carbon, iron, nickel, cobualt, copper, ti-
tanium, etc. Thus all the light waves of all elements conform
to the law: 4 = 4/r.

3} All these chemical elements also rudiate 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 aecther, the smme law will
hold for these undulations also.

4) Now magnetism and gravitation have been referred
to electrodynamic waves, 1n the author's work on physical
forces, rg17. [t these waves exist, they also will follow the
same law . == 4[r; 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 forees: also mag-
netic forces, gravitational forces, etc.

5} Gravitation admits of no other explunution, 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 electrodynamic action, in the generation of clectrical
forces, magnetic forces, etc. The electrodynamic wuve-theory
alone fulfills this necessary and sufficient condition, for the
following special reason.

6) The aether is shown to have an clastic power
689 321 600 000 times greater than -that of our air in pro-
portion to its density. Hence it will have practically unlimited
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power- of contraction, and thus be able to gencrate the

") In the Baltimore Lectures, 1904, p. 265, under date of Nov.

stupendous forces required for holding 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 ¢ == »»; which
in turn will follow if electrodynamic waves recede from the
sun, having amphtudes .f Alr. 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. k

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 acther harmonized, but also all the forces brought under
the principles of the conscrvation of cnergy, and of least
action. Thus nature not only acts simply, but also by the
most uniform processes throughout all space. It 1s not there:
fore admissible to hold any theory of the aether other than
that it is an infinite aeolotropic elustic solid, with the density
arranged about the heavenly bodies to increase directly with
the distance. And the wave amplitudes varying inversely as
the radius, 1 == £4/r, 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 Acther (Encyclopedia
Britannica, gth. ed., 1877), Mavwel/ calealytes the density
as ¢ == 1.07 X 10 "1 thus implying homogencity, and speaks
of this medium as »a vast homogeneous expanse of 1sotropic
matter. «

But it 1s obvious on retlection that this medium cannot
he homogeneous 1) ; for in that case there would be no stresses
in the medium for generating the forces which govern the
mutual interaction ot 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 for
holding the plancts in their orbits.

power

10) Thus forces imply waves, and waves lead to forces,
when the mutually interpenctrating waves are so directed as
to undo one another, and cause the collupse 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 acther has to be tremendous, in order to generate
the forces actually observed.

11) Accordingly, the existence of forces implies stresses
in the aecther: the stresses lmply waves: the waves imply
heterogeneous density in the medium, which must vary with
the radius from any mass according to the law ¢ = v
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.

16, 1899, lLord Av/vin says: »\We have strong reason to believe that

the density of ether is constant throughout interplanetary aund interstellar space<. This error is very widespread, and its persistence shipwrecks

physical research!




12) The aether is therefore arranged about the sun with
the density following the law, ¢ == »7», which results from

wave-agitations having amplitudes, 4 == %/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,

= (rs)

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

13) Now quite aside from the simplicity and continuity

of the process of reasoning here outlined, it remains a fact

that the wave-theory is adequate to explain all the obscrved’

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 recally very heterogeneous. Indeed, it is a gas,
behaving as an elastic solid — an infinite aeolotropic clastic
solid — fulfilling the law of density, ¢ == p», and of wave
amplitude, .7 == 27, and therefore yvielding forces following
the law, /= #% as required by Avwton in 1721, for
explaining the cause of universal gravitation.

At the carth the density of the aether is 219 times
what 1t 1s at the sun's surface, because the carth’s mean
distance 1s 219 times the solar radius.  But Aewrson's formula

for the veloatty, 17 == CV'(2]D) {16)
would give a change of velocity'if the density alone increased

while the elasticity /7 remained constant,
Now the velocity of light across the planctary spaces

1

was originally found by Admer, 1675, from the eclipses of

Jupiter's satellites, and subsequently confirmed by the claborate
rescarches of Delambre, on the motions of these satellites
(ef. C.d. T 1788, and Astronomie Théorique ct Pratique,
1814). Dy discussing a thousand eclipses of the 1 satellite
Delambre fixed the constant of aberration at 207255, while
Michelson's velocity of light, near 300000 kms., and the
solar paraillax 878o makes the aberration about 20748.
Thus J71s about the same for the aecther across the
diameter of the earth's orbit, and for the acther of the terres-
trial atmosphere, in which the velocity has been investigated
experimentally by Cernu, Mickelson, Newcomtd and others.

Fig. 1. Diagram showing graphically the decrease of the
density of the acther towards the sun, owing to
_the asymptotic increase in wave amplitude.
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Accordingly, this observational fact requires us to hold
that Z increases in about the same ratio as [, so that our
law of /7 for the heavenly spaces becomes, '

V= CV{¥rlvr) (r7)
and therefore 7 »'7. Thus both the elasticity and rigidity
of the acther increase directly as the radius from the sun,
or 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 acther ‘increases directly as the density, as in
the above formula.

It may be noted that by the formula of Newfon, an
increase of the density by the factor 219, without change

in 7, would lead to a reduced velocity of only about 1/;;th .

of the original.  No such enormous difference, in the velocity
of light as determined by obscrvations 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 ¥, from
cclipse 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 Mickelson, is
highly desirable.

3. The Relation between the Mean Molecular
Velocity of a Gas and that of’a Wave transmitted in
such a Mcdium.

The Philosophical Magazine for June and September,
1877, contains two important articles on the theory of gases
by Dr. .S, Zolver Dreston, and also notes on the conclusions
then rcached by the celebrated Professor ¥. Clerk Maxwell,
with whom /Zrestonn was in correspondence. In the first of
these papers, p. 452, § 19, Preston 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 clse excepting the velocity of ifs moleculess.

In the sccond Postscript, p. 453, /reston states Maxwell’s
conclusion as follows:

» Professor Clerk Maxioell, 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 wave 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)«.

‘QO
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»Under these premises, the velocity of the wave was
found to be /31 s (or 0.745) into the mean velocity of the
particles. In most gases the 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). [n vapour
of mercury, according to the determinations of Awudt and
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Warburg, the velocity of sound is exactly !/;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/V's- ¥ = 1.34 V, where J =
3X101%cms, the velocity of light. A conclusion of such

-data there remains a littie uncertainty.

60

undertook the mathematical verification and physical test of
this Freston- Maxwell theorem quite recently; and, as my
results differ slightly from those of Preston and Maxwell, 1
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 Freston-Maxwell theory. In the experimental
For the older values
of 7 and 4y the table yields for the corrected ratio a mean
of 1.64, which is o0.07 above the theoretical value of 1.57.
The newer data, preferred by Feans, Dynamical Theory of

great importance, which received the approval of the lumi- | Gases, 2™ edition 1916, p. 9—131, give a mean value of
.nous mind of Maxwell, is entitled to profound attention. | 1.57, though the discordance between the results for the
Thus I have had it before me for some five years, but only | individual gases is somewhat increased.
Mean moleeular || Observed | pa, o ll(o”““m‘ huor\ Corrected ratio
. . vclocity e velocity °1| without correct. 1 for 1/(, /1 L) ) \‘ ol 1
Gas N I sound in § B ) B
“older | newer gas ato” Cl older [ newer “ older ! newer 1 older | newer
R ~values Lﬁvaluca 1" i values ‘ vxlucs l VV\luw -~ values “ values | values -
Air 498111’ 459m| 332.0m|| 1.50 | 1.38 10() | 1.09 | 1.63 | I.51 i
9 s \‘ . i3
Hydrogen {1859 | 1694 | 1265.0 1.47 | 1.34 1.09 | 1.09 ' .60 | 1.46 &
co 497 | .493 337.1 1.50 | 1.46 1.10 | 1.09 i’ 1.65 | 1.59 ¥
COy 396 | 393 | 250.4 152 | tse | rro | raz || 167 | 1 3
. ) Mean value for a monatomic gas: 1.04 | 1.57 5
*) & = 1.66 for 'a monatomic gas; 4, = 1.40 for a biatomic gas like the air or hydrogen; 4, = 1.36 for ('O and 0, in the older b
values. But in the newer values air, hydrogen and CO have 4, = 1.40, and €O, has %, = 1.30, from the data given by Feans. il
It thus appears from the most reliable data available | 4. Exact Calculation shows the clastic power z
that the ratio should be larger than Afavwell indicated by | of the aether to be 689321600000 times greater than z ‘
about 17 °/,. His processes of calculation are not known, but | that of our air in pxuportion to its density: Thus
a theoretical ground for ‘the above result may be deduced | it cannot be disrupted by any known force, and = &
as follows. Consider the particles of a monatomic gas to | only the quick action of dynamite will generate

- move with the velocity 7, as in the reference circle, in simple
harmonic motion, while the wave advances across the di-
ameter of the circle with the velocity . Then it is evident
that the two motions are in the ratio of st 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 A7y on Tides and Waves,
. Encyclopedia Metropolitana, 1845. In Plate I, fig. 27, 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 27/q = 1.g7,
as before. It was from the study of Airp's rescurches that
I became doubtful of the numerical accuracy of Alavwell’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 471239 kms per second.
This is a very important result, and it confirms the general
theory outlined by Freston and Maxwell, though the details
of their processes are altered.

waves in it
In the »Electrodynamic Wave Theory of Phys. Fore.«,
the writer has referred the chiel

L,

1917, forces of nature to

wave action, and explained the mode of wave action for
gravitation, magnetism, electrodynamic action, etc. As the

acther was taken to be corpuscular,
like an elastic solid, owing to the enormmous velocity of the
particles, the elasticity was recognized to be adequate to
produce the postuluted dynamical effects, but it is highly
desirable to have this working hypothesis for so important
a constant verified by exact cidlculation.

In the passage above cited from the Optics, 1721, p. 325,
guve the first outlines ol a correct theory of the
clasticity of the acther. It was subsequently rediscussed
by Sir Joku ferschel, in the well known address on light,
(Familiar Lectures on  Scientific Subjects, London, 1867,
p. 282); yet owing to the importance of an understanding
of the elasticity of the medium for the Electrod. Wave-Theory
of Phys. Forc,, 1 have reexamined the whole subject. The
present results establish beyond doubt the almost infinite
power of expansion and contraction always operating in the
acther 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

yet known to behave

Newton
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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 corrclation of all natural
forces, and giving new physical grounds for the doctrine of
the conservation of cnergy.

In the closing paragraph to his celebrated Treatise on
Electricity and Magnetism, 1873, Maxwell justly says that
»whenever encrgy is transmitted from one body to another
in time, therc must be a medium or substance in which the
energy exists after it lecaves one body and before it reaches

. the other«, This also points to wave action, such as Gauss

was considering in 1835, and of which Teber gave the
fundamental law in 1846, Newton's law of 1686 being a
special case corresponding to circular orbits.

In the Principia, 1ib. 2, Prop. 48, Sir 7Zseac Newton
deduces the formula for the velocity of waves or pulses
propagated in an elastic medium, such as waves of sound
in the air, = Cc1v(xED).

This is now written
17 = l/{(/.jg/m‘//))‘(l—+—a/)}
= 331.76m V' (1+0.0036657)

(18)

where ¢ is the temperature; « is a cocfficient, 0.003665%;

£ == acceleration of gravity, 981 cm; /4 == normal barometric
pressure, 76 cm; o = 13.6, density of Mercury; /) = the
density of air, o.0co1293; and %4 == 1.4050 (cf. IFillner's

Experimental Physik, 3.552) is the ratio of the specific heat
of air under constant pressure to that under constant volume,
introduced by Laplace for harmonizing Avswiton's theoretical
formula with the obscrved velocity of sound in air.

In man¥y investigations it is possible to determine the
velocity with which waves are propagated, but it is not always
possible to determine independently the clasticity or density
of the medium — we can only find the ratio A/, This is
partly true of the acther, 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 calcilation of the
density, which, however, may be made by the process first

~used by lLord Ae/vin in 1854, (Baltimore ILectures, 1goq,

p. 261-263), and afterwards adopted by AMaxwell, Scientific
Papers, 2.767.

In section g5 below we find, by the process here de-
scribed, that at the sun’s surface the density of the aether
is g == 2X10 " and the rigidity 1800. Using these con-
stants in Newfon's formula, we may verify the observed velocity
of wave propagation:

V=1{n]D)

l{ 1800/(2 X Io*“)} == 30000000000 CMS

= 3X 10" the velocity of light.

To compare a perfect monatomic gas like the acther
with diatomic gases like the air, we use the formula for the
velocity of sound:
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V=1{(gho/D)- k- (1+af} = ‘
V{(0.808 X 0.76X 13.59/0.001293) (1.405) (1-+a )]
= 331.8m 1 (1+0.0036657) at. £ C.

-
= , (19)
This shows that the velocity of light is go4268 times swifter
than sound. Squaring this number, and dividing the result
by 1.666/1.405 = 1.18624 .we get the immense number
689321 600000; which shows how much the elasticity of the
aether, regarded as a monatomic gas, exceeds that of the air
in proportion to its density ). In the Optics, 3" edition, 1721,
p. 3206, Newton makes this number 490000000000, which
i1s 71 per cent correct. 5
In view of this excessive elasticity of the aether, in
proportion to its very small density, compared to that of air,
we can understand the almost inconceivable velocity of light.
It is also nccessary to bear in mind this enormous elasticity®
in order to understand why the acther'is practically incom-
pressible.  When a wave begins to be generated, the distur-
bance is propagated away so rapidly that the wave amplitude
necessarily iIs small compared to the wave length. In the
calculations of sectipn § we have taken the wave length. as
To1.23 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, 471239 kms per
sccond, and their cnormously 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 1coo0-fold greater speed.
Owing to its cnormous clasticity, the aether instantly adjusts
itself to any state of steady motion, and thus this medium
offers no resistance whatever to uniform celestial motions.
This circumstance 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 Dbe uvseful to recall an account of the interior con-
stitution of the sun given by Professor Newcomb in the En-
cyclopedia Americana, 1904: . . '
»Yet another unkno;vn factor is the temperature of the
interior, it may lic 1000000 degrees. As the highest
temperature which it js possible to produce artificially pro-
bably does not amount to 1oooo degrees, it is impossible to
say what effcct 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 of 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
gascous 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 Fokhn Ierschel gives this figure as I 148000000000;
but he omits altogether the ratio 1.66 which applies to the acther 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, though 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 2000 times that of steel, (AN 4104, Cqua-
tion 22, p. 384), while the average rigidity of the matter,
accumulated with increasing density in the interior layers,
may be Gooo times that of Nickel steel {AN ji104, 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 471239 kms, we see that it cannot be rent or
cracked, as Lord Aelvin once suggested, (Popular lLectures
and Addresses, 1.336), by any forces at work in nature.
The only artificial forces yet found capable of sctting up

waves in the aether were the extremcly quick explosions of

dynamite used by Professor Zrancis I Nepler of St Louis.

~ 5. Table of the Physical Constants of the
Aether.

The general method employed for determining  the
physical constants of the aether is bused on the process for
calculating the mechanical value of a cubic mile of sunlight
devised by Lord Aelvin, 1854, and first published in the
Transactions of the Royal Society of Edinburgh, (cf. »Me-
chanical Energies of the Solar Systems, 1854, and Baltimore
Lectures, 1goy4, p. 261—265). "This method was wdopted and
somewhat improved Ly Aaxwell, 18753, in the Article Acther,
Ency. Brit. ot ed.
introduced by the present writer, especially in those constants
of the kinetic theory of the aether, which were never caleulated
by Kelvin or Maxwell. These are due entirely to the recent
investigations, and are here outlined for the first time.

We adopt the constant of solar rudiation recently found
by Kigelow, namely, 3.98 ca., 1g1g9. (Supplement No. 1 to
the Treatises on the atmospheres of the sun and the carth.
Four fundamental formulas for discussing the observations
made with various types ol pyrheliometers, 2. /7. Bivelow,
John Wiley & Sons Inc., New York, 1910, P o).

A certain factor in the kinetic theory of the cnergy
of the aether waves coming from the sun was taken by Lord
Kelvin as between !/, and 1, (Baltimore Lecturces, p. 263,
§ 5), and by Maxwell as 1/3. Working out the problem
somewhat more fully than Lord Ae/viz has done, thus taking
account of the inclinations of all 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:

Some further lmprovements have been
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o
¥ = 1/(‘/275)-50056 d6 = 2/n =

[¢]

0.63662.

Accordingly we thus. arrive at the follo?ving
Table of Constants of the Aether:
1. Constant of solar radiation, found by Bigelow from ob-
servations, A = 3.98 ca.
2. Assumed ratio of amplitude to wave length A/l =
1/101.23, which is nearly the same as was used by
1/16.1 15.
3. Energy per cubic centimetre at the sun’s surface
(0.63662) 0 V2 (p)? == 441455 ergs.
4. Greatest tangential stress per sq. ¢ at the sun's surface

Maxwell, so that Ap — 2;’[/101.23

= o V?(dp) = 111.1713 dynes.
5. Coellicient of rigidity of the aether:
at the sun's surface == ¢ J* = 1800,
at the carth’s surface 219 9 /2 = 394 200.
6. Density of the acther at the sun’s surface 0= 2X107 1
7- Density of the aether at the earth's surface o = 2199
= 438X 1071,
8. Mean velocity of the acetheron, @ == 47 123900000 cins.
9. Molecular weight of the actheron, (// == 1)
= 15.56X 107"

ro. Average length of mean free path, at the sun’s surface,
/= 572959 kms.
11, Number of corpuscular collisions per second, at the

sun's surface, C 0.82246.
12, Radius of acther corpuscle = 3.346X10712, or 1/4005
of the radius of a Hvdrogen molecule.

The radius of a molecule of Hydrogen is taken as
1.34X107 " and the density assumed equal.  In computing
the molecular weight of the aetheron in g above, we. dis-
regard the so-called Electrical mass' Lecuuse Professor Sir
T Thomsen, {Electricity and Magnetism, 4% ed., 1909,
pe 521), and Crowther, {Molecular Physics, 1914, p. 70), and
other authorities, admit that this Electrical mass® resides in
the acthereal medium itself, which we arce investiguting. This
subject will be more fully discussed in a future paper.

It may be noticed that the aether gus, is endowed with
enormously high olecular velocities and excessively long
range of mean free path, so that the highly elastic aether
is very different from the ordinary terrestrial guses. This s
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 c¢normous mean molecular
velocity and the long free path which causes the aether to
vibrate as an elustic solid for rapidly acting forces, but eustly
gives way to slow motions. [t 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 fromy O. £ Mever’s Kinetic Theory of Gases,
but in the final revision [ have adopted the mean of the
values cited by Feans, Kinetic Theory of Gases, 2" ed. 1916.
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Table for Comparing the Physical Properties of the Aether with well known Terrestrial Gases.

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 into rigidity; the pro-
cesses for establishing this transition of viscosity into rigidity
is explained in Dauiell’s Principles of Physics, 37 ed., 1895,
p- 227, and the theoretical basis of Aaxweil’s theory of
viscosity is notably improved by Feans, Dynamical Theory
of Gases, 2" ed., 1916.

As the acther is a gas made up of corpuscles 4000
times smaller in diameter than a hydrogen molecule, and
having only 15.56 millionths of a millionth of the mass of
the hydrogen molecule, we readily see why this superfint
medium pervades all gross bodies. But as the acther is 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 Zarmer's argument (in the article Acther, Encye.
rit. 11t ed,, 1911), to the effect that aether is not molccular,
is not well founded. There is no valid objection to a corpus-
cular acther, such as was conceived by Newton, 1723
approved by Zrestonr and Maxwell, 1877.

’

The kinetic theory

-of this superfine gas is here worked out in somewhat greater

detail, and we sce that quite unexpectedly it affords the
most substantial physical ground ever developed for the most
fundamental of all physical doctrines, namely, the conser-
vation of encrgy.

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 obvious advantages of having before
our minds definite numerical results which show what manner
of gas the acther is.

6. The excessively high molecular velocity of

" the aetheron, its long free path, and small mass,

with radius only one four-thousandth of that of a
Hydrogen moleccule, ensures both great clasticity
and great power of penetration to the acther.

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

and ¢

j A Collisions per Radii pf molecules
. 3 Mean velocity of Molecular wt. Coefficient of Mean free path sccond ¢ = [/ cg.]culated by four
Gas | y e independent pro-
" ‘ molecule 7 (/7= 1) viscosity x at 0°C. /= 3%[p7 — 8 percent, for P P
i . .. cesses, except in the
! collision rebound
— . . | = . case of the acther
Aether i 47123900000 cms | 15.56X10~ 2] 1800 57205 Q00000 CMS 0.82 2.537X 10712
! = 572959 kms (== 1/4005 of /)
Air 49800 » 14.43 0.0001724 0.0000059 CMS 7765><Io“ 1.86X 1078
Hydrogen 185900 » 1 0.0000867 0.00001106 » 14743%X 10" 1.34X 1078
Helium ‘ 132113 » 1.98 0.0001889 0.0000171 » 7108X 10" 1.11X10”8
Oxygen ! 46100 » 16 0.0001896 0.00000063 » 6732X10" .81 X108
Nitrogen | 49200 » 14 0.0001660 0.0000057 » 7941X 10", 1.goX108
Argon | 418527 9 19.96 0.000210 0.0000063 6o64X10° 1.81 X107 8
co 49700 » 14 0.0001626 0.0000058 » 7901 X 10" 1.88X 1078
CO, 39600 » 22 0.0001410 |  0.0000040 » 9108X10° 2.28X 107"
Chlorine | 31262 » 35.36 0.0001287 0.0000029 » | ¢874X10° 2.68X107°
Steam /7,0 62000 » 0.0000G 12 0.0000040 » i 14260X10° 2.27X 1078
. ) 9 9 7%
As was first clearly shown by Aexwel/, viscosity is | 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, Stokes recognized (Trans..Camb. Phil. Soc., 8.287),
that the acther 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 actif)g forces, allowing hard
bodics pressed into them to pass through without any fracture,
by a gentle yielding or flow of the substance; but yet when

i struck violent blows these bodies vibrate 'like elastic solids,

and mav be fractured like glass or other brittle substances.

It thus appears that a solid is one which does not
vield readily to the forces applied to it, and the resistance
to change of shape with time measures the rigidity. All
bodies, however, yicld to forces in some degree. Now in the
case of the acther the corpuscles have the enormous velocity -
of 471230 kilometres 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 cxceeded 10000-fold
by the extreme swiftness of the aetherons. In addition to
their rapid motion, they have the immensely long free path
of 573000 kms, ncarly 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 3ooooo 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 yiclds without resistance, because
its own molecular motions are so rapid. The particles,
travelling with such extreme 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.

[t is rccognized that the viscosity of gases, as deter-
mined by the diffusion experiments of Loschmidt, O. E. 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. In this way, the experiments on diffusion
have given us the viscosity of air and other gases.

The mean free path, for example, follows quite accu-
rately the law: ! == 32/0? (20)
where # is the viscosity of the gas, and 7 the mean velocity
of the molecule in cms per second, and o the absolute density.

It is important to notice that in the case of the acther,
viscosity passes into rigidity, by a process of reasoning fully
explained in Danzell’s Principles of Physics, 3™ ed., 1895,
p- 227. In calculating the mean free path of the aetheron,
we use the rigidity of the aether at the solar surface, 1800,
because both the density and rigidity of the aether vary with
the distance from the sun, as already explained in section 2.
Thus for the aetheron the mean free path is /== 57259 kms.

It is a fundamental doctrine in the kinetic 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 == 19X 10" (Maxwell),
(Crookes), N = 6oooX 10" (Kelvin).

About all we can sa); 15 that the number of molecules
In a cubic centimetre of gas at the ordinary temperature and
pressure probably is not smaller than that assigned by Aaxwell,
N==19X 10", the latest determination being 27 X 10"~ (cf,

N = 1000X 10!

Crowther, Molecular Physics, Phila,, 1914, p. 3).

Using the value for the aether,
7y == 471239000 M
and for Hydrogen, @ = 1859 m
we have by the principle first enunciated by Maviwel! (Scient.
Pap. 2.365), that »on the average every molecule great or

_small will have the same energy of motion¢, the equation:

Yomy vy = 1ym, 7, (21)
which gives
Wiy == M (1859 N2 (a7 1239000)% == 15.56232 X 10 12 (22)

Thus it follows that an aetheron has a mass of 15.56 millionths
of a millionth of the mass of a Hydrogen molccule. This is
equivalent to 2.738¢9X 107" of an electron, or about one
thirty-six millionth of an 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

r = 1/4005.36 - H (23)
or one four-thousand-and-fifth of the radius of a Iydrogen
molecule. This explains why the aether so readily penetrates
all bodies, even the most solid. It makes the size of an
aetheron to a molecule of Hydrogen as a globe two miles
in diameter is to the earth. Between masscs as large as our
terrestrial globe or larger, globes two miles in diameter would
freely penetrate in great numbers, even if 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 molecules are separated by distances relatively immense
in comparison with the diameters of the molecules.

If the molecule of Hydrogen be taken to have a radius
of 1.34X 1073 that of the aetheron becomes

r = I.34><Io*“/4ooo = 3.340 X 10712 nearly. (24)

To form a convenient picture of the small size of the
aetheron compured to the Hydrogen molecule, we may recall
the trifling height of @ mountain a mile high compared to
the immense radius of the earth. If other molecules be larger*
than Hydrogen, as is generally supposed to be true, then the
actheron will be a smull globe of the size of a moderate
mountain peak roooo 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 evervday image of this
world structure, we may imagine a box filled with large
oranges, and the tinest dust, like that of lime, or smoke
from a cigar, penctrating the relatively vast spaces between
the oranges, which however should not be in contact, but
in rapid motion.  If now thé 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.

The aether not only penetrates all matter freely, but
even waves in it pass through all physical -bodics, with only
the hindrance incident to refraction and dispersion such as
we see In light.  The 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 wuave
lengths. Shorter waves encounter relatively more resistance,
because their osciflations are more rapid, and thus the aether
yiclds and adapts itself less casily to the resisting molecules
in the path of the waves, when the waves are short, and
the changes, due to their advance, extremely rapid.

7. The geometrical and physical significance
of the potential. .
In the Mdémoires of the Paris Academy of Sciences for
1782, o113, Laplace introduces the use of the analytical
expression since known as the potential, from the designation
first used in 1828 by the Knglish mathematician George Green
(Essay on the application of mathematical analysis to the
theories of electricity and magnetism, Nottingham, 1828).
The potential 15 defined thus:
Vo= AM/r =
= JU{“/ V=P ) (o 22} dvdyds . (23)
This expression has come nto the most extensive use in all
the physical sciences, and been of the highest service in the
mathematical theory of gravitational uttraction, muagnetism,
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 or physical interpretation. The difficulty
doubtless arose originally from beliefs like that expressed by
Laplace, in the opening paragraph of the Mdce. cel. 1, 1790,
that the »nature of force is now and always will be unknown«.

*) Soule's value of molecular velocity of Hydrogen, which makes the aetheron perhaps a little too large.
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entertained Dy geometers and natural philosophers.
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In the state of darkness, relative to the invisible aethereal
meditm, existing at the close of the 18" century, Laplace
doubtless considered it sufficient to deal with expressions
which give the forces acting on the plancts, without inquiring
into the geometrical nature and physical mechanism involved
in the generation of these forces, which were then believed
to liec bevond the rcach of the investigator.

After the development of Zuradar’s Fxperimental Re-
searches n Flectricity, and Maxwe/l’s mathematical inter-
pretation of these results, very different views came to be

was only the developments brought out in the »Tlectrod.
Wave-Theory of Phys. I'orc.«, which scemed to justify definite
expectations of forming clear geometrical and physical con-
ceptions of the mechanism involved in the action of the
magnetic and the planctary forces 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 »Flectrod. Wave-Theory of Phys. Fore.«, 1917,
p. 134, itis 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= J/r. {206)

In an address to the Academy of Sciences of St. Louis,
Sept. 21, 1917, I gave this simple formula and pointed out
TORVON
Nopher, £ A Lngler and other physicists were present and
showed great intcrest in the results announced, from which
it would appear that this law had largely or entircly escaped
the notice of carlier investigators.

its geometrical and physical significance.  Professors

Now by comparing this expression {26) with that in
(z5) above, we notice that the wave amplitude has the same
form "as the potential defined by Laplace in 1782, The
question thus arises: Can the coincidence form be due
to chance, or is the pPotential in fact an analytical expression
for the total aether stress due to the superposition of waves
from all the atoms, cach of the waves being of the average
wave amplitude, appropriate to the coordinates in the ficld
of force about an attracting mass? To get at the truth in

n

this interesting inquiry, we notice that Zaplace's formula of

1782 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, cach set of waves
superposed from the atoms in any element odxdyds/r,
being. independent of all the rest, but the triple integral
including the accumulated wave action of the whole mass:

V= Mjr =
= fff{“/ Vi{{e—a) (=124 (— )} da drds. (23)

The eclements 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,
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since the element of mass dm = ¢dxdyds can be made so
small as to apply to every single particle or atom.

At first sight the mere fact that the potential I"as thus
defined follows the law of wave amplitude in tridimensional
space strikingly suggests that the wave-theory represents thie
order of nature. To 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 independent curves,
the amplitude and the potential, we have:

Ele, V==yp= Mx. (27)
It will be noticed that they belong to the same geometrical
specics = both being rectangular hyperbolas referred to their
asymptotes and can be made identical throughout, from
x == o to x==0¢ by introducing a summation X
that X7 . _

Accordingly it appears that by the mere variation of
a parameter the curves are made to coincide rigorously, point
by point, from & == o to x == 20, Therefore the chances
against such a rigorous coincidence accidentally occurring
throughout infinite space, & == o to a == 00, becomes in-
finity to one, or,

A=

(28)

0o
C = f da = o0
0

and thus s actual occurrence points unmistakably to a true

law of naturc. - .

It scems 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 ficld 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 7. But in or near the shadows
of the carth, as shown in the »Electrod. Wave-Theory of
Phys. Fore.«, a circular refraction of the sun’s waves will
necessarily occur.  The sun’s potential varics, even at a
constant distance, near the shadow of the ecarth; and owing
to this refraction, fluctuations of the moon’s motion should
arisc near the time of lunar eclipses, as fully explained in
this work of 1gr7. 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
amplittde and distribution of the waves in the space ncar
the shadow of the carth: 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 Zaplace, Hansen, Newcomd,
I1ill, Brown and other astronomers.

8. Txplanation of the Propagation of the Wire-
less Waves around the Earth.

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

S#
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outline of the »Electrod. Wave-Theory of Phys. Forc.« the
following figure was used to illustrate the propagation of wire-
less waves around the earth.

[

RNy,

7 1T 11X

1llustration of the refraction of the wircless wave about the
earth, and of light in a prism, owing to slower propagation
of waves in dense masses.

¥ig. 2.

It is a sufficient explanation 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 prisim 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 corréspond 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 surfuce of the |
.earth, and thus the wireless wave 1s refracted around the
earth by the much greater resistance encountered in that
solid mass. '

The correct theory of the bending of the wircless wave
about the globe is thus the same as that of a ray of hght
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 front through the angle # when the
light enters the glass, and also when it leaves the glass, as
long recognized by physical investigators.

The explanation of the refraction of light in a prism
is directly confirmed by Zvwcauit's celebrated experiment on
the relative velocity of light in air and in water, (Annuales de
Chim. et de Phys. Sér. 3, t. 41, 1854), which has always been
recognized as a crucial test of the wave theory of light, and
which ﬁn\ally 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 3o metres of sea water. In some experiments with the
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It appears that the earth also conducts the signals, so that
wireless apparatus may be instalied and used in deep mines,
which would enormously increase the power of signalling in
case of accidents interrupting communication by the shafts
and tunnels.

It is probable, however, that the irregularity in the
structure and conducting power of the earth’s strata would
somewhat handicap such underground signalling, yet not
prevent the successful development of the method of signalling
through the earth to the limited depths at which miners work.

The problem of explaining the propagation of wireless
waves about the eurth has hitherto chailenged the ingenuity
of the foremost mathematicians. It has been unsuccessfully
attacked by Professor /7. M. Macdonald (Proc. Roy. Soc. 1903
and Phil. Trans. 1g10), Lord Rayleigh and Prof. H. Poincaré
(Proc. Roy. Soc. 1903). See also Poincaré’s lectures of 1908
(La Lumicre Electrique, vol. 4, 2™ series, Nov. 28, Dec. s,
12, 19, 1908, especially p. 323). Professor A. Sommerfeld
(Ann. der Phys., vol. 28, p. 6065, 19og) has shown that a
surface wave should exist; and Professor F. V. Nicholson
(in the Phil. Mag., March, April, May, 1910) has dealt with
certain problems of the exponential factor of the wave am-
plitude, but nonc of these eminent mathematicians arrived at
any satisfactory theory of wave.propagation about the globe.

In his well known work on the Principles of Klectric
Wave Telegraphy and ‘Telephony, London, 3™ edition, 1910,
p. 826—=851, Professor F. oL fdeming gives a tull and sccurate
account of the difficulty experienced by these and other
mathematicians.  In this revised edition of 1916, Feming
gives the following: »General conclusions as to the mode
of propagation of long electric wavey, round the earthe,

»Summing up the conclusions so fur reached by radio-
telegraphists we may say that the effect produced by a radio-
telegraphic transmitter at a great distance, suy 2000 or 6000
miles over the surfuce of the earth, is 'a complex one in
which several different actions play a parte. .

, first, @ propagation through the aether of

» There 1s

a true space electromagnetic wave which is diffracted yound

the carth. The extent to which this contributes to the whole
elfect 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 @ con-
tribution made to the effect by waves which have suttered
a refraction equivalent to a reflection by iomized air at high
altitudes, and a very small effect due “to the decrease in
refractive index of air as ‘we ascend upwardse,

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

»Then in addition we may inquire how fur any con-
tribution is. made by a surface wave of the type investigated
by Sommerfeld, which is equivalent to an electric wave pro-

receiving apparatus underground the same effect was observed.

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 acrial, but merely by connecting one terminal
of the receiving circuit to carth, and the other terminal to
any large well-insulated mass of metal, whether inside or
outside of a house does not matter«,

If T understand the difficulties so lucidly outlined by
Lleming, they will be found to have proceeded from the
inadequate thcory of the acther 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 carth, and thus a bending of the wave front.
This will sufficiently justify this quotation, since it is essential
that the difficultics herctofore 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 rcached the scttled conviction that it results from
the magnetic wave field of the sun. When this storm of
waves fills our air by day, the wircless 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 wind 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
1s largely absent, and thus wircless transmission is much better.

It only remains to add thag the celebrated argument
of Cawchy, to the cffect that refractive dispersion of light
nceessarily implies a granular structure in the transparent
matter, is equally valid for showing that the acthereal medium
itself is corpuscular. In his Popular Lectures and Addresses
I.190, Lord Ac/vin has modified CawcZiv's theory of refractive
dispersion in his usual lucid manner. It is belicved that the
considerations adduced in this paper will render the arguments
of both Cawuciiy and  Aeloin somewhat more definite and
Interesting.

.q/
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When the aetheron is so small, and moving so rapidly,
the generation and propagation of waves in the aether is
intelligible.  The refractive dispersion, by the resistance. to
the waves from the much larger molecules of ordinary matter;
is easily understood; and thus refractive dispersion implies
in common matter, coarser granules than those of the medium
itself, but yet points to the moving aetherons as easily deranged
by the resistance of the waves dispersed.

It will be shown hereafter that resistance soon changes
the form of the wave, and causes it to break up into two
distinct parts, the larger having increased amplitude,  and
shorter length, hence encountering more resistance than the
original wave. Tt is certain- therefore that we not only have
retarcdation in the propagation through the earth, but also
dispersion of the fragmentary waves, and absorption of some
of their encrgy as heat. .

9. Outlines of the Wave-Theory of Magnetism,
with. explanation of the mechanism of Attraction
and Repulsion.

For the sake of completeness the present investigation
requires a brief notice of the cause of attraction and repulsion
in magnets, and in clectrodynamic action, as first outlined
in the vol. 1, Electrod. Wave-Theory of Phys. Forc,, 1917.
Accordingly we begin with magnetism, which the celebrated
Fnglish physicist Afaxwell had been 50 long engaged upon,
bug had failed to solve at the time of his death 40 years ago.

The accompanying figure from the work of rgry will
illustrate to the cye the essential character of a magnet, as
conceived in the wave-theory of physical forces. A large
magnet A/ exhibited in the same field with two smaller
magnets, /. 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 repulsion come
about? What mechanism is involved, and in, what medium
does it work?  Obviously the medium is the aether, because
an clectric current produces a magnetf from a piece of steel
wound in a solenoid, and becanse 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.

18

A) In the case of attraction, it will
be seen that the waves from the small
magnet /3 have the elements of the aether
rotating in the opposite direction to the
“rotations in the more fully outlined waves
from the magnet .. The plane waves
from A arc to be imagined, for the sake
of simplicity, in the central plane, or
cquator, and travelling away with the ve-
locity of light, — for the reason just as-
signed in electrodynamic action, by which

ore trcmenged,

Repcteton.,

Fig. 3.

Electrodynamic wave-theory of magnetic attraction and repulsion.

magnets are produced.

As shown graphically by the curve
traced just above the heavy waves in the
figure, the amplitude of these receding
waves decreases according to the law:




A= ir
and as the force due to wave action is shown, in works on
physics, to be ‘proportional to the square of the amplitude,

e have for the fi : 2/ 9
we ha or the force f=/c'/7'“ (30

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 /5 interpenetrate the
waves from magnet 4. 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 & undo as far as possible the opposite rotations
from magnet 4. Accordingly the stresses in the medium due
to rotations of ~the aether, in the field between of and /4,
and also beyond A and &, are reduced: the medium is thus
everywhere less agitated than before, and shrinks, so as to
collapse or contract between « and /. But a collupse of
the aether 1s equivalent to a contraction, and thus the two
bodies attract as if held together by w 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 thetr 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 5, 2" case, interpenetrate the waves
from magnet 4, the rotations at every point will be con-
formable and in the same direction. The medinm therefore

.at every point is more agitated than before. The amplitudes
of the disturbed waves are thereby increased, and hence
" there 1s 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 bodics.

This is a simple explanation of repulsion, and it had
never been worked out prior to the researches pubhished by
the writer in 1917. 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, ylelding tension along the lines of force and

pressure at right angles thereto, thus dynwmnically equivalent |

to those outlined above, would account for the phenomena
of magnetism.

It is true that Mawxwell believed that there are rotations
around the Faraday lines of force, as Lord Aelvin had also
rendered probable as early as 1856; but neither A'e/v/n nor
Maxwell had seen that this would arise from the type of
waves here outlined, though /Furaday’s experiment of 1845,
on the rotation of the plane of a beam of polarized light,
— when passed along the line of force, through u dense
medium such as lead glass, — should have suggested the
correct theory of the magnetic waves to Aelvin and I axwell,
as it did to me in 1916.

As Maxwell was unable to unlock the secret ol mug-
netism, with both attraction and repulsion, it will not greatly
surprise us to learn that he was utterly bewildered by the
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(29) \ mystery of gravitation, and could not make a successful attack

. pressure, as in incompressible liquids.
the amplitude of the waves, ./ = /c/r, with forces /= P22

i Then 4
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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 Newlon. As the subject of gravitation is immense,
we must not enter upon it here, except to say that the evidence
1s most conclusive that it is a wave-phenomenon, closely allied
to that of magnetisiy, but differing from magnetism which
has a parallel arrangement of the atoms and what firy 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 15 well known that about 1822 dmpere first made
electro-magnets out of comumon steel, by means of an electric
current sent through a solenoid. The way in which the wire
15 wound about the bar being magnetized suggests, and, in
fact, proves that the wire bearing the current has a wave-field
about it. There 1s proof that the waves are flat in the planes
through the axis of the wire: this conception harmonizes all
the known 1)hcn(hncnu of magnetism, in relation to electro-
dynwinic action, and also harmonizes Ampdre’s theory of ele-
mentary clectrie currents about the atoms with the wave-theory
of magnetism above set forth.

T'he wave-theory of mug}lclism explains all the phe-
nomena of terrestrial magnetism, in relation to the periodic
influences of the sun and moon, such as magnetic storms,

carth currents, the aurora, and the senn-diurnal magnetic tide
depending on the moon, of which no other explanation is
known. For the dependence of magnetic storms on sunspots
consult @ paper by the author, in the Bulletin Socidté Astr.
de France, November, 1g18. .
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), daxwell
points out that in the Optical Querles .in('ludcd in the third
edition of the Optics, 1721, Newson shows that if the pressure
of the aethereal medium is less in the neighborhood of dense
bodies than at great distunces from them dense bodies will
be drawn towards each other, and it the diminution ot
pressure is inversely as the distunce from the dense body,
the law will be that of gravitation. Maexwell considers that
Newion's conception rests largely on the idea of hydrostatie
But we have shown that
which Newton

fulfills the condition held to be essential.

10. Integration of the General Differential
Fquations of an Elastic Solid, which applies to the
Aether,»when this Medium 1s viewed as an Intinite
Aeolotropict Elastic Solid propagating Waves.

As is usual in the theory of an elastic solid, let wm
denote a function of the butk modulus 4, and of the rigidity »,
such that mo==f+1u. (31)
//I*"/;;?I, and this bulk modulus measures the
elastic force called out by, or the elastic resistunce against,
change of volume. On the other hand the »compressibility«
15 measured by 1/4 (=13 (32)
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Tet «, 8, y be the component displacements experienced by a particle, so that when ‘undisturbed the coordmates
are x, 3, 5, and when disturbed x+e, y+48, s+y. Then a strain of any magnitude is specified by six elements

{0 >~-7 (8/9) < >? ' - Oee Ot (8,3 >5ﬂ 5;/ (3)/ )
A = (ax -+ 1 I -+ aA’ a = a}" Bs -+ @) 3, 81' 35 4

8(¢>‘3 <8,9 )‘-’ (8)/)-’ Oce <@a > 98 08 (8;’ )8,/
5= (8 -+ o +1) + 81 b= 0. \ox —+1 +8~ B -+ B -+ B {(33)

= )G ) Goe Ve ~en G )2 gy

°“<ag e/ ey Y c=Naw "o Tac\ey T 0w 0y

All particles in an unstrained state, which lie on a spherical surface: .
=g g ) (34)
will, in a strained state, lie on an ellipsoidal surface: ‘

AL+ R+ C 0 2an{+20LE+2c5y = r7. (33)

Accordingly, if the external forces at /2 (xw ¢} along the axes of x, y, 5 be X, }, Z, per unit of mass, and the

internal stresses be: - o
1P xx 1p:x 47  d{ 17
<( P de AP:x dvdrds; = <( -+ ‘ > dydyrds
dx dy ds / ; dx dr ds '
dPyy 1Py 10y : 10 10 dS
( p"‘+(p"’\+(p">dxd)‘d:= (( +((+ >dxdyds _ (36)
dx dr ds de  dr ds ‘ :
1xr 1p, 1,; 17 1.S 17 '
<(p,.+(p, S >(1\(1( :<( e \>d.\'dvdz.
dv dy dz dx dy dz -

Then the equilibrium of all the t"orres internal and external, leads to the following equation:

¥ xx X : 1/ 107 17
<( P dby +01\>(lr(1'd~: <( + +( ~—+—()X> dxdyrds = o .
du d}a ds dx dy ds E - .
dpey  dpyy p: ) (d ¢ dQ ds ) '
L Wy € + oV )dvdrds = e -+ 4oV }drdyds =
( dx dv ds dvdre d.x dr ds er)ere ° (37)
1Pys py:  dp.: 177 dS dRr .
(‘ b +(D, L ,,/>d\(1], — <( -+ 4- o0 —+—nl>d.xdydz-= o.
dx dr dx dr ds N ’

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 = £ , as in (31), we find the well
known formulae for an elastic solid, of density o per unit volume, {cf. Thomsen and Taut, Treatise on Natural Philosophy,

edition 13883, § ()QS) d <8(¢ 8/3 a)’> (63“ D2 v{()
: -+ —+ )+ —+ —+ XN =
iz dv \ox 8_;' B2 7 B2 3 , X o

¢

o

G 2 0 02 0 0
d <(“4 /g+ )>+/1< A (/9+8

- ~+ + 9} =
" \ay oy 6 T 0y sf) ey =o | (38)
d (aa o8 ay> (8 Y 2y 5-’y>
m- N A -+ -+ -+ A
" s \Ox oy 0z "\oar 0y? 052 ¢ e
When an elastic substance is strained, as in the pro- | x, y, s respectively, and add the results, we shall get the-
pagation of waves, its different elements undergo changes | equation for an Isotropic Solid:
both of form and of volume. (m—42) T2 0-+(dX/dx+d ¥/dy+dZ/dz) = o. (42)
Let 0 == Ce/Ca+08/0p+0y/05 )
d e} ¢ 1“1/ 1, '8/) ' 4 o (39) 11. Identity of the Dilatation
enote the anfmox;nt ol dilatation in volume experienced by O == e [0x+080y~+0y/05
an element of the substance and put with the Potential ¥ for an Infinite Elastic Solid:
U2 = d¥/da?+d?¥/dy*+d?/ds? (40)

Confirmation of the Wave-Theory by Lord Kelvin's
for the Laplacian operation: then we shall be able to reduce | Integrals of 1848.

these expressions (38) to the very simple form:

‘ It is remarkable that under certain conditions, to be
m-ddfda+nVia+oN = o

{ more fully discussed hereafter, the equations of an infinite
m-dd/dy+nV?B+o V=0 e (41) | elastic solid admit of a very simple interpretation. This
m-dd/dz +nV y+oZ = o. amounts to admitting the identity of the dilatation d with

Now when the solid is isotropic, the density may be | the potential ¥, in the case of an infinite elastic solid.
omitted in these formulae, or taken as unity. Accordingly | Indeed it was upon this tacit assumption, seventy two years
if we differentiate these successive equations with respect to | ago, that Lord A%/zzz obtained his celebrated integrals for

=
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an infinite. elastic solid (cf. Cambridge and Dublin Mathe-
matical Journal, 1848).

It may be noted that the density of an isotropic solid,
which does not vary with the coordinates (x, 3, 2), is expressed

" by the ratio, ‘

¢ = [(m—+2) v?8)/(dX/dx+d V/dy+dZ/dz) (43)

But by AFeisson’s equation we have
ViV+4mo = o 0= —V*Vym (44)
or 0 = —(1/4m) (*V[0x?+02 P[0y + 02 1[052) . (45)

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

of density,

v I )] <dX+dY_+_dZ> (46)
= 1/[47 (m+n - - ,
¢= 4 dx dy ds 4
" 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—i—aﬂ/ﬁy—f—a}//as_ (47)
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if AdX/dx+d¥V/dy+dZ/ds — 49 (m-+1) = o
or the density is defined by the expression:
(dX/dx+d Y/dy+dZ/ds) . (s1)

This specifies the density throughout space of the infinite
isotropic solid, that of the finite solid body in (41) being
unity per unit of volume.

To reach Lord Avlvin's result most directly, we let £
denote the resultant of the forces, .\, Y, Z, at any point
(x, 3, 2), at the distance » == 17 (&2~ 2422} from the origin,
whether discontinuous and vanishing in all points outside
some finite closed surface, or continuous and vanishing at all
infinitely distant points with sufficient convergency to make
K r converge to o as » Increases to ©o. ‘Then the con-
vergency of X, Yr, Zr to zero, when 7 s infinite, clearly
makes V= o for all infinitely . distunt points. Accordingly,
it § be any closed surface round the origin of Loordmatea,
everywhere infinitely distant from it, the function (0~ J7) is
zero for all points of it, and satisfies the equation T2 (0 - - 1')

(50)

0 == I/ 47T (1/1—0—/1

¥

. For if we divide (42? by {m+x), und subtract from == o for all points within it. Thereforc ¢ = ¥ throughout
it the first Olf (44), we get: X ) ‘ the infinite isotropic solid.
V‘d—k(d:\’/dx—i—dY/d};/—f-d[/dz)/(m-f—//)—f— Now let X’, ¥, Z' denote the values of X, ¥, Z at any
v “fVZV_47‘9 =o (48 point {x, », 5), and by a triple integration throughout all space,
which gives V- V) =0 (4 we shall have for the potential }~ or dilatation ¢
+ 00 +TO 00
4 cl ?
0= 1/[4n (”l"*'?l)]"f J (dX"Jdw +d ¥ /dy +dz'fas WV (v — a2+ (v — ) (s — )] - da’ dy'ds’. (52)
! ——OO — PO OO
For the element of the mass is = o == 1/[4ir (m=+u)]- (d\/da’+d Y'/dy -+ dsrfds) (53)
and the mutual distances of the elements of mass filling the clement of space dx dy ds is
r= =) (e — =) (54

These expressions may be rendered more convenient by integrating by parts, and notlcmg the prescribed con-
dition of convergence, according to which when a’ is infinite,

400 ~+00
J J XV (v =) (=) (-5 dy' ds = o . ' : (53)
o —

And, therefore, for the three components of linite
all space we lmve +00 400 00

= l/ 47 )Il+71 j 5 J,

—O0 — 00 — 00

value, resolved along the coordinate axes, and integrated throughout

(=) 37 )+ 2 (e V=P (= ) (=] dy ds (56)

We may integrate each ‘of the cquations (38) in the same way, for «, 3, y respectively. The result for these

displacements is: @ = u—+ U/ 8= v+ V yo= w- ¥ (57)
“where «, v, w, U, V, W denote the potentials at {x, y, z) of distributions of matter through all spuace of densities respectively
(] g7e2) 00/0x (m]aicn) 04/ay (mif q2e0) 08/02 XN ynn Y/qnn Zlann . (58)
In other words the functions are such that throughout all space
. V2ll.'f‘(lll/7l) aJ/ax =o0 VU4 \//z = ‘V;’z/-*—(m//z) at)’/’av =0 V/+ Y/'/z B ( )
V2w -+ m/zz) 8()/5'* =0 V‘“’I’V—FZ/U = 0. 59
Accordingly, if X”, ¥, Z” denote the values of X, ¥, Z for a point (&, ", 5”), we find
OO0 - OO +4-O0
o« = (I/4Tl’ﬂ)j 5 J (//l'al)w/a;\‘”"f‘X”)/ V{{a=a")2+(y- —y ) +{z—35")?] da” dv” dz"
— 00 — OO 0O )
, + 00 40O 400
(1/q7c0) f 5 } m 8" [0y = ¥V (v =) (=) (5 — 7)) - do dy’ ds” (60)
—_— 000 =0 —
+ 00 + 00 + 00 /

1/47cn 5 J j e ad/’/az”—%é”)/l/ [(xv—a7)?

—_00 —O0 — OO

.= + (=) (s =52 da” dy” s .
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its valué in (56), we obtain
the integrations having to be

3y substituting for d”
integral and a triple intcgral,
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expressions for «, 8, y depending on the sums of a sextuple
performed from —o0 to +00:

) 25—

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 ¢ as defined by (46).

Lord Avlvin's definition of X, }, Z as any arbitrary
functions whatever of (x, 1, 5}, either discontinuous and va-
nishing at all points outside some finite closed surface, or
continuous and vanishing at all infinitely distant points with
mfﬁ(icnt convergency to make the product of their resultant
R V(A24 ¥+ 7%, by the distance
1 [(v— )24 (v — )+ (5= 2)7]
namely X7, converge to zero as » approaches infinity, tmplics
that the density may vary through changes in the differential

clements AXN/drv+d ¥/dyv+dZ/ds = TV (63)
as shown below.

But no other changes than those in V2717 the Laplacian
operation on the potential can occur; and even this is chicfly
at the boundarics of solid bodics. Accordingly it becomes
advisable to investigate these possible changes a little more
closely.

) ==

12. Geometricaland Physical Conditions which
the Forces generated must satisfy.

Suppose A, ¥, £ to denote the components of the forces
acting on an element of the solid dm = g dv dr ds, temporarily
imagined to be fluid at (x, 1, 2), reckoned per unit of the
mass. Then the difference of the pressures on the two faces
01 dz of the rectangular parallelopiped of the fluid is

dr dz (dp/da) dv (64)

and this fluid element will be in equilibrium when the

Vil =) (=0 (5 =57

¢« == e /// m 74117/;;—7/7 /// (" — )+
yn«f«)
= dv *”;;w J /,f ;;7
“:“n////m (”W”///'“Lj+gfh+“ 5)2)
V=) () (s — 5)?

/) 1
dx’ dy do 4+X"Vdx" dy” dg”
+(1,7 - ) (Z” ] xda) [dx dy” ds

- 57— )"
A+ (=2 (5 =5}
Yo (3 ) 2

S (=) (Zif ”/H,

)] da’ dy ds’' + Y”ldx” dy” dz”

)+ 215" =)
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Lord Avlrin 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 clastic solid filling all space (limits of integration
as before --~0 and +00):

T : y 2 (2m+ 32
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{ e Nt (5— ) d XN{a—2)+ V' {y—y)+Z(s— ’)]d o do z)
= [{v =)y —) + (5 —2)* Ty 3 x
i o O o
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following cquations are satisfied:

dr ds (dp/dy) dx— X dx dy 0z

=o0
ds dx dp/(ll )y — Ydxdydz = o (65)
dx v (dp/dz) 0z —Z dx dy 0z == o;

which give the necessary and sufficient

condition for the
cquilibrium of any tluid mass: '

dp/de = X dp/dy =¥ | dp/dz=2Z. (66)
IFrom these equations we obtain immediately
dp = dp/dx-da+dp/dr-dy+dp/dz-ds
= o (XNda+ Ydr+2Zds) . (67)

"This equation shows that Xdx~+ ¥Ydy—+Zdz is the completed
differential of a function P (x, y, z) of three independent va-
riables, or may be made so by a factor. Physically this is
cquivalent to concluding that the pressure in the fluid is along
the lines of force, and thus a scries of surfaces exists which cuts
the lines of force at right angles. If the forces belong to
a conscrvative svstem, say when a gravitational mass bas
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 completc and we may put

dy+¥Vdr+Zdz = —dV (68)

or by (67) dp = —pd V. {69) .
This expression shows that the pressure p is constant over
the equipotential surfaces, :
(70)

o == —dp/dV
and the density also is a function of the potential V. 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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to which the components (£ Q, £) 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,

dX/dx-+d Y/dy+dZ/ds = VI, {(71)
Accordingly by (42) we have the original equation of an
elastic solid: (m+2) 92+ = o (72)
which is satisfied by the assumption & = — II7{u+n).

The Aether as an Infinite Klastic Solid.

Hence if this analysis applies to the aether, as an
infinite elastic solid, the density of the medium must be
arranged so as to give a potential augmenting about each
mass of matter embedded in it, as shown in my Dynamical
Theory of Globular Clusters, 1912.
the potential is described analytically as follows:

'/. S o dvdrds *dm (73)
w — - T v Y AR = *
L/J Vile—a)P2+(y—)i 4+ (s —2)7 (/ 4 "

and the inference, from Dynamical Theory, that the potential
1s greater towards the centres of matter, finds obvious physical
illustration in the accumulated arrangement ot globular clusters,
with the starlight increasing in brightness tll it attaing a
perfect blaze near the centre, in such splendid globular clusters
as 47 Tucani and @ Centauri.

This increase in potential towards the centres occupied
by matter can only be attributed to centripetal stresses in
the aether: the medium is thus filled with waves receding
_from these masses, and the density in the agitated medium
1s inversely as the wave amplitude or directly us the radius
(cf. Electrod. Wave-Theory of Phys. Forc. 1.134, 157-8, 1917).

Since the dilatation

8 = B/ +08/0y-+0y [0 (74)
is required to fulfil the equation
VHE— V) = o) (75)

where 7 is the potential, we sce at once that the dilatation
throughout the aether is similar to the potential. “I'he potential
is merely an expression for the total accumulated stress based
on average amplitude of the waves, o/ == 4/, and the density
=7, and the attractive force f==4*/r*=010r = — M/r*
This proves the Electrod. Wave-Theory of Phys. Forc. to
represent -the true order of nature.
Accordingly, we have the following table for the dis-
placement or wave amplitude, density, potentiul and force:
;’/:/‘_’/l.: == 2= 2

Displacement or amplitude 4 == 4/r

Density of the acther ¢ = wr, v == 1/k: =010y = — 1//+?
Potential = V = A//r !
r=J30=4. |

Since the direction of the force always 1s central, and

the waves react towards the origin at the centre of gravity,

we conclude from

1. That the aether behaves as an infinite acolotropic
elastic solid, with displacements ecverywhere identical with
the electrodynamic wave amplitude ¢ and also identical with

this whole investigation:

5044

This latter condition of
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the potential /. 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 not have been integrated by lord
Aclvin 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
mfinite 1sotropic elastic solid, without giving a physical inter-
pretation to the solution found, we sce that Lord Avlein's
mathematical genius bullded 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.

Newtonr 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 gravitation. Javweell
holds that Newzon concetved this action as analogous to
hydrostatic pressure, but we have shown that the reaction of
the waves with amplitudes o/ == £/7 produces this arrangement
of density and would generate an effect siimilar to mere
hydrostatic pressure (cf. Electrod. Wave-Theory of Phys. Fore.,
gy, 1g17). '

Why the Forces between the Sun and Planets
Operate in Right Lines: Welerstrassian Theory of
the Resulting Least Action.

«) Imagine waves propagated {rom the sun and earth
as shown n the accompanying diagram: and let the velocities
of the mutually interpenetrating waves from the centres S
and /0 be Vo oand 1.

Hlustration of the interpenctration of waves between the sun and
carth, which gives maximum tension along the line 577, where

Fig. 4.
the Interpenetration is with double the velocity ot light

The problem arises as to the effect of the relauve inter-

penetration ol the waves, the velocities /7 and 15 being

equal, but the amphitude and direction of propagation different

at every point of space.

*) By referring to fig. 1, section 2, we see the physical meaning of this equation: the acther has dilatation, ¢ = I  near the sun,
owing to the increasing amplitude of the waves. This dilutation and decreased density of the medium exists about every star and planet.
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WAVE - THEORY! -
DISCOVERY OF THE CAUSE OF GRAVITATION! T. J. J. SEE,

MAGNETISM, ELECTRODYNAMICS. AND OTHER FORCES OF NATURE
OBEYING THE GEOMETRICAL LAW OF THE INVERSE SQUARES:
WITH COMPLETE MATHEMATICAL and PHYSICAL ANALYSIS.

Based on + 0
Fourier's Wave-Theorem of 1802, %fﬂ%ﬁigzl,
-— o0

In spite of high recommendations by Nikola Tesla (who rejected
Einstein's Theory of Relativity) and by the psychic Edgar Cayce and others,
the "Wave-Theory of the Aether' developed in the 1920's by noted astronomer
Capt. T.J.J. See has been completely ignored by modern physicists,

In summary, See explained gravitational, magnetic and electrostatic
fields as longitudinal or compression waves in the aether, of approximately
the same magnitude as the di stances over which they operate, Light, heat
and radio are described as transverse or shear waves in the aether. When
the longitudinal aether waves radiating from masses couple, thev produce
a relative aether vacuum between them, and the bodies are pushed together
(not pulled) by external aether pressure. The apparent increase of mass
of an accelerating body is caused by increasing drag resistance from the
viscous aether.

If 2 body is rotated at a certain speed, an associated aether vacuum
is produced which prevents transmission of the gravitational force, This
opens the way to anti-gravity levitation as demonstrated by John Searl,
T.T. Brown, and laithwaite. The theories and experiments by Charles Brush,
Dr. Hans Nieper, Prof, Nipher and others also find unification in T.J.J.
See's 'Wave Theory of the Aether.'

In an article written by Nikola Tesla and published in Telepraph &
Telephone Age (Oct, 16, 1522), the great inventor described his Magnifying
Transmitter and Earth resonance, Tesla mentioned Capt. See's theory and
expressed his agreement with it:

"The law of motion can be expressed by stating that the waves on the
terrestrial surface sweep in equal intervals over equal areas, but it must
be understood that the current penetrates deep into the Barth and the effects
produced on the receivers are the same as if the whole flow was confined to
the Earth's axis joining the tramsmitter and the antipode, The mean surface
speed is thus about 471,200 kilometers per second --- 57% greater than that
of the so-called Hertz waves --- which should propagate with the velocity
of light if they exist, The same constant was found by the noted American
astronomer Capt. T.J.J. See in his mathematical investigations, for the
stellest particles of the ether which he fittingly designates as 'aetherons'."

T.J.J. See published @& 13-volume set of books titled "Wave-Theory:
Discovery of the Cause of Molecular Forces (Magnetism, Electrodynamics, and
Other Forces of Nature Obeying the Geometrical law of Inverse Squares...)'
which is exceedingly rare today., He also published & series of eight papers
in the journal 'Astronomische Nachrichten' which are more accessable, These
have been retrieved by and are available today from Rex lesearch,



T.J.J. SEE's W.VL-TnEORY OF THL AETITK

Papers #1-8 from Astronomische Nachrichten, circz 1920

First Paper (h.N, #5044, Vol. 211): '"New Theory of the hether'

The Medium of the Aether is necessary for conveying Physical Action
across Space...New law of the Density & Rigidity of the fLether,..,Relation
between Mean Molecular Velocity of a Gas & that of & Wave Transmitted in
such a Medium...Elastic Power of the Aether,..Ilable of Physical Constants
of the Aether...The Aetherion...Explanation of the Propagation of the
Wireless Waves around the Earth.,.Outline of the lave Theory for Magnetism,
Attraction & Repulsion.,.The Aether a&s an Infinite feolotropic Elastic Solid
propagating Waves,..Confirmation of Wave Theory by Lord Kelvin's Integrals
of 1848...Geometric and Physical Conditions which the Forces generated

must SatisfyI..'.‘I..O......‘....l.....'...O.'.........00..........0!.0..‘..

Second Paper (A.N. #5048, Vol, 211):

Gravitatiomal Action propagated with the Velocity of Light...Electro-
dymamic Wave-Theory of Physical Forces explains Motion of Perihelion of
Mercury...Modification of Newtonian law...Outline of the Cause of the
Fluctuations of the Moon's Mean Motion...Gravitation2l Action is propagated
by Stresses due to Waves in the Aether...Geometrical Conditions fulfilled by
the Velocity-Potential @...The Kinetic Theory of the Aether accords with the
Views of Newton & Maxwell...New Theory of Stellar iberration based on the
Motion of Light relatively to the moving Earth...Sir Oliver Lodge's Exper-
iments for detecting the Viscosity of the Aether, & Fitzgerald's Hypothesis,

.....0.0..0..0'.'.0.0.'000.0.0‘.0...‘c.o...ono‘.o.la.-o.o-ono-ooo..u.o.o..ll

Third Paper (A.N. #5079, Vol. 212):

Two Remgrkable Theorems on the Physical Constitution of the Aether...
Geometric & Physical Outline of the Relationship between Light, Magnetism
and the Electrodymamic Lction of a Current,..Plane Waves of Magnets & the
1aw of Amplitude...High Velocity of the Electron under Charge explained
by Acceleration due to fether Waves....ietherial Identity of the Velocity
of Electric Waves with that of Light...hetherions & '"Electrical Mass'....
Kinetic Weve Theory of Aether and the larger Probleas of the Universe.......

.000.00.0.00000000Do.looo.l..ol.o..ooo.o..cooo...coodo'aocconola..no.o.n.on.

Fourth Paper (A.N, #5048, Vol, 213):

Isotropic Aether & Redial Motion...Maxwell's ZlectroMagnetic Theory
of Light is incomplete,,.Geometrical Reasons why the Vibrations of Ordimary
Light are minly Transverse...Fundamental Objections to Fresnel's Theory of
Linear Polarization of Reflected Light...Undulatory Lxplamation of the
Phenomenon of Interference in Polarized Light...New Wave-Theory of Light :
accounts for all known Optical Phenomend...Wave-Theory of Gravity & Geometrical
Theory of ConfocAl ConiCSceesssssesceccnsscrccesscscecsccccosccsrcscesscscssssvcs

Fifth Paper (A.N. #5130, Vol. 214):

Outlines of Wave-Action Theory of Molecular Forces.,.The Rainbow in
light of the Wave-Theory...New Theory of Surface Tension & of Capillarity
tased on Wave-Action,..New Theory of Lightning...Droplets & Bubbles...
Capillarity...Rave-Theory in Relation to Planck's Quantum Theory...Postscript.

..l‘...I......‘..I....O....'....O.....I...OD0.0BO....G...OO.DOD'...OCOQ...‘..I



Sixth Paper (/..N. #5140, Vol., 217):

Wave-Theory of Chemical, Explosive, & Vital Forces,..Development of
Heat in Chemical Reactions as & Proof of the wave-Theory...Geometric Basis
of the Atomic Arrangement in the Wave-Theory & the Source of Power irn lligh
Explosives,..Radicactivity & Orgainc Growth,..Direct Evidence of Wave Theory...
Conclusion...Part Two: Discovery of the Cause of Universal Gravitation,..
igorous Geometric Amalysis confirms Tension in the ~ether between 2 Stars...
The Cause of Universal Gravitation...Summary of Chief Results of the New
Theory of the Aether...The Tension of the Aether: Wave-Theory & the Newtonian
Theory of Central Force directed to the Focus of the Conic Section...Postscript...

2000 0000 008000000 0600606060060 000000000080 0000060000080 0000000060006000008R000s0000sc0sdscse

Seventh Paper (A.N., Vol, 217, Oct, 22, 1922):

Discovery of the Cause of Magnetism & of @ Rem@rkable Connection
between Magnetism & Universal Gravitation...New General Formulae for the
Intensity of the Ponderomotive Force in the Magnetic Field...Verification
of Biot's law: an Experimentum Crucis 2s to the Nature of Magnetism...
Investipation of the Supposed Motion of the Magnetic Poles in the Earth...
Theory of Earth's Magnetic Moment,..Gauss' General Theory of Earth's Magnetism
+e+The Mutual Potential Energy ani the Mutwel Action of Two Magretic Systems...
Velocity of the Propagation of Universal Gravitation,..Explamation of the
Periodic and Secular Changes in Earth's Magnetism...ConclusioN.esesecessescecss

0 000 000000080600 8000000006000 000060 000008000000 0060600005000000000808008000068004080000

Eighth Paper (A.N., Vol, 226, Feb 27, 1926):

A Supplement of the Discovery of the Cause of Gravitation ---Part One:
Lnalysis of the Progress of the Problem...Ain Investigation of the Physical
Cause underlying the Forces of Nature which follow the 12w of Inverse Squares...
Part Two: Geometrical & Physical Explan@tion of the law of Inverse Squares...
Observational proof of the Existence of Electrodynamic Waves from the Sun,

Moon & Planets,..Geometrical & Physical Significance of laplace's Potentizl
Function V: lagrange's Force Function U, for Newton's 1aw of Mutwal Lttraction...
Explained by Wave-fction...Wave-Eifect of Tension between and Pressure behind

2 Centres of Disturbance...Confirmation of Wave-Theory of Universal Gravitation
by Definite laboratory Experiments.,.Part Three: Velocity Potential of §

with the Solution of the Fourier-Poisson Potentizal for Waves in the fether.,.
Some Geometrical & Physical Grounds for Wave-Theory representation oI the

True Order of Nature,..Investigation of an Infinite Integral arising in the
Wave-Theory of the hether as applied to the Stars... Numerical Example of

an Analogous Method of Integration by Successive LppronimAtionS.cesececcsccss
Part Four: Theorems of laplace & Poisson on the Invariability of the Mz jor

Axes & Mean Motion of the Planets generalized for &ll the Higher Powers

of the Masses,..Brief Criticism of Certain Traditional Theories,..Concluding
Note on the Lundr TheOrYiecaeeessesccccscascocccccsvsccsocsvcscecssssvaccacens
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