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195-sEE sEE,  T .J .  :  HAVE THEORY 0F GRAVITATI0N ___ Desp i te  h ighrecommendat ion by Tesla and by psychic E. Cayce and others,  the , , [ . lave-
Theory  o f  the  Aether "  has  bben^ lu i te  comple te ly  ignored by  most  a i ls c i e n t i s t s .  T h e  n o t e d  a s t r o n o m e r  c a p t .  r . i . J .  s . .  e x p l a i n e d  g r a v i t i o n a l ,m a g n e t i c  a n d  e l e c t r o s t a t i c  f i e l d s  a s  t o n g i i u d i n a t  o r ; f f i ; ; ; ; i o n  w a v e s  i nthe  Ether ,  o f  approx imate ly  the  same magn i tude as  the  d is tances  over  wh ichthey  opera te-  L igh t ,  heat -and rad io  a r6  oe ic i ibed  as  t ransverse  or  shearb /aves  in  the  Ether .  - . l ' l hen  the  long i tud inu i - i tn " r  waves  tha t  rad ia te  f rommasses are coupled.,  . they produce a relat ive Ether vacuum between them, and
i l t  !9dies are.pushed.to letner.  Jh.  ippurent-r iass of  an aic. ierat ing bodyls caused by increasing-drag resistancb rror  in.  u iscous Ether.  I f  a bodyt s  ro ta ted  a t  a  cer ta in  speed,  an  assoc ia ted  Ether  vacuum is  p roduced wh ichprevents  t ransmi : : i9 l  o f  the  grav i ta t iona l  fo rce .  Th is  opens  the  way toa n t i - g r a v i t y  l e v i t a t i o n  . . . f t r e  t h e o r i e s  o f  c h .  B r u s h ,  D ; .  N i e p e r ,  p r o fN i p h e r  ( v ' i . )  a l l  f i n d  u n i f i c a t i o n  h e r e i n . . . I n c l u d e s  b i b l i o g r a p h y ,  r e v i e w ,
: : : - : _ : : : l : l : : _ : r  
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New Theory Suggests
: Universe ls Shrinking

1\ ' i l l  E ins te in  Theor l '  Fa l l?
- f  

H E  E i n s t e i n  t h e o r l ' o f  r e l a t i v t t "  s ' ' o n
r  t n a l ' f a l l .  a n d  w p  m a ] ' l s 1 ' o  1 r '  l r l o l

f o r  gne15p ;  exy r l ana t i on  rega rd i ng  t he
m1'ster ious tnovr,mel i ts  of  thr .  ur , iv t , rsr , .
P ro fesso r  E ins t r i n  h ims r . l f  has  j us t  ad -
m i t t ed  i t .  I f  r esu l t s  o l i l a i r ' . r j  r p ,  { , r j t l t '

y ,  i r 1 ' P r o f .  D a ; , ' t , r n  C .  . \ l r l l r . r  a t  - \ t o u n t
t y  \ \ ' i l son  O l r se r va tu r l ' a rp  r .On1 : rmed ,  h t '
.  : a ) ' s ,  i t  mea ru .  t ha t  t he  r r l a t i l i t ) . t h€ , : r )
F  , i , r r ' s  no t  ho ld .

d  Fo r  P ro fess t  r  l l i l l e r ' s  r L *u l t s  i nd i , . r t e
t he  ea r t h ' s  mo t i on  t h r , r ugh  t he  t . t he r .

' 1  l c co rd i ng  t o  t he  re i : r t i v i t ; '  t he , , 11 . ,  i t
,Y  shou ld  neve r  l , e  l r oss i b l e  f o r  an1 '  , ) r : e  on
" '  c r r t h  t o  de te r t  t h i s  mo t i on  I f  a l l  t h i nss
I  i r  t h e  n h o l e  u n i r e r s e - p l : r n t t s .  s t u r s . . r n d

nF* thp r -a re  mo r i ng  a t  t he  s : rme  ra te  and  i n-  
r he  same  d i r ec t i on ,  t he  r r : u l t s  o f  t 11 ;ey i -

m e n t s  o n  e r n h  B ' o u l d  L e  e r a c t l l ' t h e

same  as  i f  a l l  u ' e re  s t and inq  s t j l l .
Bu t  i f  t he  e l r t h  end  o the r  bod ies  se re

* ) , , \  r n R  t h r , , u g h  s t J t i r , r . t n ,  e t h p r .  , ) r  a t

' 
Tiniest Partble

. Mar Be Fslvron

different ratps. then thprr.
shou ld  be  a  d r i f t ing  o f  rhe
e t h e r  i n  t h r i r  p a t h s  t h a t  c o u i d
be ohsr rved f rom ear th .

,  .  Pro fessr ' r  J l i l l e r  f i r s t  made
nls expcrtrrrents from an under_
ground chamber .  jus t  as  p r r>
feqor  l \ l i che lson and pro fessor
G a l e  o f  t h e  L ' n i r . p r s i t l . o f  C h i -
cago havc .  heen do ing  in  tes ts
o I  the  Erns te in  theor5 . .  L ike
them,  he  eou ld  de tec t  no
mot ion  -  e i . idence suhs tan t i -
a t ing  the  E ins te in  ther ,n .
. -The i r  resu i ts .  horer .e i .  pos_

s i l , l - r ' r n i t n ,  l , e  e r l ; l a i n e d  b ) .
"e ther  t l rag  "  That  i s ,  i ;
some r.a)- hear1. bodies, such
as  the  ear th ,  d rag  a long a
cer ta ln  an lount  o f  e ther  in
the i r  mc, t io r . .  lear . lng  t  he  more
ots tan t  e tner  unaf fec ted

To test this, Profess,rr _\ l i i ier
repeated hrs cxperiment at
l loun t  \ \ - i i sun .  n .h ich  is  a l , r , ; t
a  mi ie  h rgh  And here  he
o b t a i n e d  t h e  s u r l , r i s i n g  r e s u l t s
t h a t  m a ] ' c o n t r a d i e t  t h e  r e l a -
t ivi ty theory He founrj a
marked effect that seemed to
t "n '  

" i th  
. l  , i , rd .  

_

Is  T l t t  uoRl j ,  kcoming I  ma l le r
plsc€ tc l l le ln ? To accounl tor receDt
drscoveries at Mt $'rtron Obrenatory
1o Cali fornia, Dr. E Sambursly, pbysr-
cist at Hebres l-rniversit l .  Jerugalem,
proposes th( Btart lrnt theorl that the
uniler6e and erert ' thlDt t !  i t  le r lon.l1.
sbri .DklDg, lr .rcludrng even our f  unda-
r)eDtal t taDdards ot lenFth and eDert) ' .

Just tbe opposite vie\r' s'as be)d a fes'
years !go. \t'ben astronomers oboen'ed
I puzzl iDt reddisi,  t iDgc iD l igbt from
distaDt oebule. thel '  tDterpreted tbe
pbenomeDoD er evideDce tbat the8e ce-
lestial bodies s'ere rushing a\r.a]' from
us aDd outs'ard lntc, space as fast as
25.0Oi) Ei l€s a recoDd-LD otber s'ords,
that tbe Iniverge u'as expandint at €x-
plosive rpeed. Tbe result s 'ould be to
lDr.rea-se tbe epparent n'ave len31b of
lr lrht from tbe r€treatiDg DebulE. lhi f t-
i rog tbeir color toq'ard the red eDd of tbe
sl,ectrum or raiDbo\r '  of bues by u'brich
scieDtifc observers classif ] '  l ight ral.s.

Mor€ r€ceDtl] .  i t  ba-c been discovered
that tbe "ted 8bift" ectual l)- observed
throuSib t.be big }tt Vl'rlson telescope
does Dot quite corresponC s' i tb t ie
amount cal led for bl sucb I tbeor] ' .  A6-
tronomers bsTe been castiDg ebout for
a Dew oDe, sbrcb Dr. Samburskl '  uou'
6upp1 ies .  A  " red  sh i f t '  cou ld  a l8o  be
produced, be points out. l f  €v€rytbiDt
b€t'A'eeD us aDd the nebule u'as grad-
ual l) '  gett iDt amaller. Substi tut iDg
matbematrcal factors based upon bis
Bhrrnking-univerB€ blpothesis tD tbe
same calrulatrons used to test tbe ex-
pandrDt-ul iverse idea, be obtai,os 69-
ures tbat appear to cbeck g-rtb tbe ob-
sen'ed facts.

As llsrtlrDg to pb]'sicists as tle Ei!-
EteiE tbeories of relativit)', tbe nes' con-
ceptioE i.urplies tbat tbelr basic ulits
are colrts.Dtll' drminisbiag iD lize lD-
stead of remailiDt coDstaDt. One of tbe
lbriDklDg qu8.Dtitres is tbe leugtb of
tbe radius of aD clectroD. rroallest par-
Ucle of loatter. ADotber ls "H." a unlt
of eDergf' upoD q'bieb EeasureEeDts of
pboto-electr ic cel ls, amoDg otber tbiDgs,
are based. Tbe ebrinkiag value of "H"
also provide6 Dr. Sambursky s'ltb a
neq matbematical exp)aDatioo for tbe
familiar but little-u-Dderstood pbeDotr|-
cDoD of g?avit]'.

S'hile tbe cheDges il tbe "meaauring
tods" of pb]'stcs are too rmsll to haTe
a direct beari-Dg oD aDyoDe'3 deily lUe,
Dr. Samburak)' uraiDtaias tbat tbey are
Deverlbeless appr€ciable cDougb to bc
detected [n tbe course of time. To prove
or dGprove his tbeory, be proposes
Eeasuri l t  tbe preseDt value of tbe
s'ave lenglb of a ra]' of ligbt aDd re-
peatiDg tbe te6t 350 yeara from Doq'.
Red hgbt from a cbemical cleEneDt
cal led c8dmium, s'hich caD b€ tDeBF-
ured in tbe laborator!' \r'ttb tTeat ec-
curacj ' ,  n'ould be suitable. At tbe eDd
of tbree aDd E balf ceDturies, l f  tbe new
tbeory 16 correct, tbe B'ave leDgtb of
tb€ red cadmjum l igbt Ehould be found
to  bave decreased in  leDgth  b1 'approx i -
matel) '  one tweDt! '- f i r 'e-thousandth of
aD lDc n

i ARE l-he electron end its
a A eonsort, t le protoD,
J I efter dl, tle ultimatr
lriniest units of matter? U
frt, then rhet fu f[q-;mll651

Df,i'i T' 
""nTH?,, 

noted
lritish Phvsicist, necentJl' de-
arr..d hir belief thet even thesr

.Lfinrtesimal eleetrifed parti-
E o rr" dirisible iDto ttill
Eropler pie<=s to be rcvealed
5r iurther rtudl'. Present tbe-
: in.holds thet eve4'rtom of
tprtter is <'omPosed of one ot

tore Protons, uouDd Thieh
rr.ol$e one or more electrons.
ite etom itsf,lf is ro rnrall
lbt it t^8ke-s rcven 66ures in
lpctions to mersure it. Tbe
dtrtron is 1800 tioes rt rmall
- tD atolD, rnd the protoD

rytu tinier. )'et even thesr, Thompson
' 

i*tr.r., rre iusu.fircient to crphin dl of
'lr rtom 6 beba\]of.

. t .tn ans*cr mel be found in tlre re-

. trkeble tleorl' just rdlanc.ed b1' Crpt.
'  i .  l .  L See , t  .  S. l t . ,  utbematicisn and

Dorner. From studjes of gperitation,
coDcludes t-het tbe rmdlest ttring is
infinit.sinal pertjcle of etber called
etheron. So frne rrc these et^ber par-

es that t.bey freell'penetntc tbe eart-h. R.t Q.."cr. ! ."U rtoms of co--on ges rucb ls
,dro3en, nitrogen or oxJ'8eD bc imagined

aize of lemons, or8,n8es or gnpefruit,"
erphiql: " llren on this.sme rce.te t-bg
tron is li.ke l oolrsf, grein of srnd, rnd
et-heron is,li\e e frne prrticle of emoLe

F,
r- t\\ , , , - \ .
- . , - .  \
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Y f L. s{:l;c-ely rldt.aihi-r [o
fi f-bt oot to t}le re-.rders
ll ol Prrcncrl Er:c;r<rcs

^  t bu t  a l t boucb  ge  hHre  hud
rcrny notrble iresdsei on
rncgnetlsm rhce tbe f rst gieat
r+-oiir ;rubllsbed la tie year.
l i [$ by Dr.  Gl l ter i  o l  Coi-
c i rester ,  pb; 's)c)nn to Queen
El izaber\  ter  h a l l  tbese
m()denf, rrerCs€s not e slagle
erpianatlon wortb_r of tbe
nar.ne has bten ofTered on the
cntLee r.tf rlalrletlsm I The re-
eult le a gr t De€d lor s.
working theory ol mag'r:etlsrl
whlcb e'lll elable us to s€e
wbet ls golog on ln Ll-re field
about I rna8are!.

Tbe Lbeory trereln eet lorth
wss deYeloped by tbe wrlter
h 1918, a!d nrst Jrnbllsbed ln a I
work entlUed ELettrodyttmic - '

W a a e - T h e o r g  o f  P h y t l c t l
F'orcet, Yol. I, 170 paceg BosLon-
aDd Parls, 1917; but bas re<.ently
telded ln a series ol pap€rs on

- 
. .  

-  
t rodynamiq sct lsa
- In the accoinpanflng flgtre 1 we have
oul l inrd the bod_r of  a s imir le bar r ragnel ,

':- 
,= :':-' ' wayes supposed to rec-ede aeal from the

l l : !s  is  tne for : : :n)a ior  g:zr-r
t l t l ' ,D ,  I . r i i  : j e J . r o  and  s : ] : ; l : r ;
f o r c$  \ \ ' h i . h  i o i l o r c  t _be  I : ; o i
I l : e  l r r i  r s r .  : , ; uh ;es .

_  \ ow  11  l s  r - e : y  i e r - r \ - : ) , l e
t hx t  t he  c l r l e f  f r . r i * . :  1 : ; : . : i : ; e
y i l r I  1! \ 'e . ! j i - r  aS t l te Sr jD: : ip
of  tbe dlsrr ,nce.  Frorn t \ is  fat :
we l'f3ore that Ll n.arrs h,e tire
cause ol  the force-s,  t ie q-ar . t=
have to har-e arnpl l t r :ds rzrr_,
lng bversely a_s tbe crist:lc,e,-
as  sho* ' r  l n  eq la t i on  )  : r l 4 vq_

To  deduce  t he  l aw  o i  t i r e
l ' n ve  an rp l i t u r ) e  ( 1 )  i _n  t , - j d i -
me,nsional sp!rce rr-e prr<>rd
as fo l io l 's :  l fbe d j -splac€, t : r r : . . .
o f  a -ny  p r r r t l c l e  o l  a  r r , : c i i : : r
due  t o  n ' ave  rDouon -  o i  & '
Fiven \ ! ' i lve leDg- ih,  Is  Lvl r ; ,=-
dent  0 l  tbe per i rd ic t1r-re ;  z ld
siDce the osdl letory o ib i i -s  o i
Lhe pert i r ' lcs are dusc.- i l<c l :
( { l r ) e l  t i r n e s ,  u D C e r  c u n . _ ! u ( , 3 s -

rrxres,  these or t r l ts  r r . i l l  t ,e.
t o  t he  d i sp l ace tnenLs  o r  ou re : .
l l n e s  p e r t . s l n l n g  t o  t t e ; r : i l - ,

q

l i
t /- - - - - t /

-;-j/}.?trO=+-=-

/ tu(:,
n

-  L Ttrc mtgrct ic 6eld of fore ud i t r  cf f<t uynr,  ard the. rrrct ion bctv*n
I t  e h d  D u r e B ; r d j a a n t  l o  l L  D e c r r a s d  a f t r e t ; o n  i n  t h e  i r f t  h u d  m a r e t ,
e n d  i n c r e r * d . t t r r l i o n  i n  1 L e  r i c h t  h a n d  o n e

London ant) li-3l-rL Ac-cordingi5, rrlr-r may not
bee.n e:- these sbort rFavej c\orresi'ond to parts of
ihe .h*al, -. tire longer rvaves of rnagnetism and of
, , -*:i-, gravitation?-Sgc! :ra-1 tbe ques--ilon rrhicir

- - .- : : l '  ha3 &t leD[i i-b led to tbe very reDrarkable
- t-l;1nerr ti:eory oi the ether, rrlti s-!rp)e a.ud
I'.-'.,,, dlrect erpia-oation ol roa!:De'Jsn aDd ele(-

I

, ' low oi  the
p ro l ) o f t l ona l
hon to l ogous

{  . . -

:  : . : ' ,1  . .
. . . , i : ! ' ;
: ' ' '  1 )

- roap.d. lD ti€ equatorial plane- It rrill
' - 

be remer:bered tbat alrborgb tle Freat- -: : :- -" roatbereafjcal pbysldg. J. CierL \farwell ry.'.''- - 5 :_-:".:,-1-:^";.^::-.i:-*^:;:i*':_:.:::'^:: r^,
t:,"::-:, - hbrsrd vicw of om of tbc ursmb wcd to vas ab{e to 

iiort,l-h-qt T.t*io 
stresses are /v ._;

-..-^:ji: b. lD r.hc ield ol fom- ..1-^T:tu rD;ti"; at sork b tbe elher about I mep.et, bI T1e orlrerma.Tet on an cnlarged acrlc,r -.-*-l.1--1. t-ti '" **^.Y- r-bovc tbc !cld- whiei tbe liles of forc.e tend to sborteD ro tt,r rigut ;ii.;-;;", inustririrr

: -- ,; The'rv ot Eth€ lng - appeaans i! rh1- *ffiffiiLl$ tHii"" ?f"'":tffJ: otlic paths oi tbe parricres. r,et rbe . eloc -
.-t-:. AttroTLornitche. Nochrichti, tbe lnrerne- _Ju 

-*,a 
l"t .Jougl:t oi waves oi ihrj lijes oi ihe moving plrlictes be r, and m;': 

--- gonal Jouroal oi a-stmDomJi at Klei, whtc| ,jr" ;; f*rg."e_ _ t-beii. rnass; then their LiDetic ereryies ;
---;- ts,Dow t-q lts hqpd-redth y€*.r Bnd 21!*.h 

-ii 
i.-""Jf1.[n-ga (cL Adror.. Itochr., rrill be represenied by 1p mr.. ln the,--::r 

-volume- As t-be |tet I:hq>ra ol the Ett,a- fo.'5[.{p.-{lfry, 193C) t}.at Li.te am- sptrerical erpaesioi oi tbe elbci rinies r
.i--l--t" a ter:i extensite work oi 

li;Ny-mathe'.. it;i"d"^Jta;;;o foliorrs tbe iaw bere there wit] be no loss o{ ener;r tn iree .-
' . ! ? { . m a t i c a ] . c . b a r a c t e r , . F . e ' r r e o b u g e d t o . l e _ : - _ i n d i e t g ]

: g l : : s 3 t c l  t b e - . d r s c u r s t - o D  t o . T e r t  - _ ^ . : ' ; : ' ; ' - -  j * " , , - t , , . , 1 ' , = - _ . . , ' - -  f a c . e s o f  t h i c l r e s s C r , t j r e o e r _ ;
- !A--= dmp)e oot l lnes rrh icb rr lu coD--  - . . - ' -  

z i . . ' / ,  
' ,4  

/  ,4 .  a pei-e: iequal ,  sotLate.eha'e:  r ,
i- i :*, _vey'e1""i ia-... t;;;;-ffd*"- -,_. . ' , ' : :,:--:t.:-, _, j_il,- -.-,., . t j  /,. ./ / Lr .^ .-

.'j.'":ti;;i"rb;;ilitf;;;?4"";A" 1gs .ar;o as tbe '-piit",ie i" -.i

-+;, H'J'J[;.'lffi,Ttf: #.fD- . -' '::'j:-." ,.-:-- -- i::,y'i:'. / ,4 ,4 ,4 / t "' a;e equa! so tlar q'e ha'e: .
. : ;-. ; i i ' ; i . ;" i^r."" i t i-"t tbasbeen ,,- ' . :{ :", . .- ' -=--- lA-.=fA 

A /;1 A h {::1'. i6;::4;r ' . lmr' (s;:: ' :
l;;1,=.::--uowa ti,oiau ro-att;;.*d";"t --. 'i -:::-..,-" - -'r ' ' . ,t'p: 

[9 t',9 , tW tp fY/ o]. - ,,-.^ -.:,- -, :i
.+:j : p*uUar.tnffumc-e or 7uc:o1 : i-a'._:lr-.' .. : /L'ri .tl, .. /{ -rrl' A, i,l "'..v.?:rzirl' {ri,J:
;.f+ #ilK: Jl'*"."ff"""t""r1il ' ,'.:,i1,',t',:.,, '' 

,{':Cl d 1,,<) (i) e , 'rhe kineri. *",s" or tne .,i-li:
: \ -  u*d;"  E-sr . - rsaac Nerston,s-  -  - : . . - ; - i i -  VJ- ;Y/  , 'J  U-  V V b:-at i l rs  nro)ecules raHes in- . i

i'st f,HtS;,'ff;;RJ?*H,- ...,,,I:=:' J'*,,'&,',* 
'd''x" ;iJ:31.."'o,if",oP.,Ht',+1* 1

..::.);l;i; '; hrdi;"-;;rh;;;i ';; GX \,A,1-^,r]-=t*r 
'.."4\ - /\ '/ ': '/ 

" " "\ simore barmonie roouon; ti:ere--;
-i ':,;,r ul.eo oo tu" trc*cdon-q of tl" \-/ V ., -.. i .., ' -.;,7*,". ,t---". ,,,1 -^\x,,.," 

-\, 
'3 t"F^i:l the smplitudes I'a-rd.-

' . j j - ' ! , - t * o b o o l e s , 1 t l r o u S b t h - B t l e , A ' . ' c o r r e s 1 . l o ; r d i I g t o . t b e r a - d i l ' - .

, I ' ' i - - 1 H i ; l - r ; ; e s d s . o ; l * " : - t j i : , '  A  r J - A  a ' \  A  n  * - " q l ' ' ' t s r u u t u e q u a u @ ( € ' ' - - :
='r:i= ur ,l.- gr6!.i"a.Fgtisb ere.-

'- i :  ;J r i"df i-*;; ; i"oGr"#.i '  ' :--, : . . .C\ 
J\.Cr C\ (>- (> \> Lulc r- '  n'e bire bv.drkj lg

-,1;' '- ri"i"', i ';;air", rhc1 sr.r bods . \t \. ' \i \j, \tf \t 
' i, 

^,:-I{ : Y (d) ;
,': '. are ma;:oetlq bEt ln rer-Fixs de- 

'.-... 
.t . 

\X. \f,l 
'fn 
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New Theory of the Aether. Ily T. /. /. See.
( l i ' i r s t  I ' apcr . )

I .  ' l ' h e  
l l c d i u n r  o f  t h e  A e t h c r  i s  n e c e s s a r v  f o r  I

t r t s R A j i ]

B a n d  2 l  I

c o n v c r - i n q  l ' h l s i c a l  A c t i o n  : t c r o s s  S p i t c e .

A supcrf inc nrcrl inr-r.r  associatcd n' i th the. stars and rvith
the  l i s l r t  o f  r la r ' ,  knorvn  as  the  A e ther  ( . / ie  iq ) ,  has  bccn
u n i v c r s a l l v  r e c o g n j z c r l  s i n c c  t ' h c  t i r n e  o f  l l o n t r t . ( l l i a d ,  X V . z o ,
a n d  \ \ ' 1 . : 6 5 ) .  I . r u r i n g  t h e  l a s t  t h r e e  c e n t u r i e s  t h e  g r c a t c s t
nattrral phi losophcrs and rnathenraticians, fronr / |ut, ,q.htn.c,
,\i'u,/otr, tnrl J,.tr/o' to ,4fa:cu,r//, Lord litluin and l,oitrarl,
h a l c  r c q n r r j c r l  t l r i s  e c t l r e r i : r l  r r c r l i r r m  a s  a  n e c c s s e r l ,  c o n r l i t i o n
for  thc  ac t io r r  o f - l lh ls ica l  fo rccs  across  space.  In  h is  l l r i -
can i t ; rc  C i l cs tc  4 . -5 .+  r ,  rS9( t ,  ? ' i ssn ' rzz r r . /  cx l r rcsscs  thc  (cncr i r l
o p i n i o n  t h u s :

> 'T ,cs  t l r t io r ies  l cs  l l l us  r r l ccn tes  dc  Ja  1rh1 's i r luc  r lonncr . r t
l i eu  c le  c ro i re  r luc  l cs  a t t rac t ions  c lcs  < :o r1 ts . , i l , , . t , , .  nc  pcuvcnt
s e  t r a n s n r e t t r c  i  c l r s t a n c c  ( l u c  l ) a r  l ' i n t c n u c t l i a i r c  t l ' u n  n t i l i c r r ,
sans  do t r te  I ' i ther .  I Ia is  o r r  nc  conna i t  r i cn  cncorc  sur  cc  rnor lc
d e  t r a n s r l i s s i o n .  I l  l r a r a i t  p r o b a l r l e  r l u c  l c  n r 0 r l c  n r i l i c u  s c r t
de  vch icu lc  i  c lcs  a r : t ions  c lcc t r i r lucs  ou  c lcc t ron t : tgnr . t i ( lucs f  .

Notu ' i ths ta r - r r l ing  the  vcry  sccr r re  foLrndat ion  fo r  a  va l i c l
theorv  o f . thc  ac thcr  c rcc tc< l  l ry  the  la l ro rs  o f  thc  n ros t  cn . r iner . r t
gcor ) rc tc rs  anr l  na turn l  ph i loso l thcrs  s ince  thc  agc  o1 '  , \ i . t t , /o t t ,
a  s t r a n g e  t c n r l c n r ; r ' h a s  a r i s e n ' w i t l t i r r  r c c c n t  I ' c a r s ,  t 0 r  : r l r : r n -
don ing  the  ac thcr  as  l ln  ru l te (  css i r r ) ,  hv Io thcs is .  \ \ ' hc thcr
th is  rear : t ionar l - tcnr lenr : f  i s  l>ascc l  upon ac lc r lua tc  g ras l )  o f
the  qcornc t r i ca l  rn r l  Phys ica l  < :ons i r l c ra t ions  invo lvc< l  n ra f  i rg
dou l r te r l  l r v  thc  n rorc  expcr icnccr l  n : r t r t ra l  ph i losophcrs  o f
toda l ' .  . \ t  any  r : r tc  \ \ ' e  leavc  th is  to  thc  judcenrent  o f  thosc
invcs t iga tors  rvho fo l lo l '  thc  a rgunrcn t  hcre  c levc lopcc l .

In  thc i r  t rca t isc  on  l \ lagnc t ism and I i l cc t r i c i t l ' ,  Lonc lon ,
r9t z, l j roolts rutcl /1,_t ' .ro, r 'ho l 'crc inspircrl  l ry thc clcr:tronir:
theor ics  cnr i rna t ing  1 ' ronr  ( la rn l r r idgc ,  cxprcss  the  nrsc l r .cs  thus :

,  
r  I r r  1 l1 ic  l rook ,  r i  c  hnr .c  in rpJ ic i t i v  assur .ncc l  thc .  ex is tcnr :c

o f  a  n r e d i u n r ,  r v h i c l r  i s  t h c  s c a t  o l - t h c  p l i c n o r . n e n a  c l c n o t c c l
by  the  tenrs  e lcc t r i c  and nr : rqnc t ic  l incs  o f  fo rce .  I t  n r : r1 ' ,
hos 'ever ,  l rc  n rcn t ioncc l  tha t  t t  thc  l ) rcscn t  l t )o lnc l t t  thc  var ious
r lucs t io r . rs  asso t : i l t c r l  s , i th  thc  c t l rc r  g i l c  r i sc  to  l t ro l r l cnrs  o l
c rea t  coml ) lcx i t l '  anc l  c l i f l i cu l ty . ' l ' hc  cxpcr in ren ta ' l  knorv lec is r , .
ac r lu i rec l  r lL r r ing  thc  las t  t \ \ ' en t ] '  1 'cars ,  takcn  i r t  r  on j r rn r . l io r r
r v i t h  r c c c n t l l '  a c q u i r e d  k n o s ' l e d g e  r c c a r d i n g  t h e , e l c c : t r o n '
and thc  cons t i tu t ion  o f  n ra t tc r ,  Ieac ls  to  npparent )y  i r recon-
c i l a b l c  r c s u l t s ,  a n c l  t h e  r c a l  n a t r l r e  o f  t h c  e t h c r  -  i f  i t
ex is ts  a t  a l l  i r l  the  o ld  sense o f  the  u 'o rc l  -  nurs t  be  regarded
a s  a b s o l u t e l l '  u i k n o r r ' n .  I i o r  i n s t a n c c ,  i f  t h c  e t h e r  i s  i n -
cornpressi l ; lc, as i t  is usuall l '  assunrecl to bc, .rve are driver),
b .v  one l ine  o f  a rgunten t )  to  the  conc lus ion  t l rn t  i t  i s  zooo
mi l l ion  t imes dcnser  1 )  than lead and I )ossesses  enonrous
enersv  o f  in tc rna l  n to t ion .  On thc  o ther  hand,  i f  i t  i s  conr -
press ib le ,  i t  n ra l '  be  n tuch  ra rc r  t i tan  the  ra res t  gas .  ' l ' here
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i s  n o  i n t r i n s i c  d i f f i c u l t y  i n  e i t h e r  v i e r v ,  b u t a t p r e s e n r
n o  m e t h o d  i s  k n o r v n  b y  r v h i c h  r v e  n l a y  h o p e  t o  d i s -
c r i n r i n a t c  b e t l ' e c n  t h e r n .  ' I h e  

r v h o l e  s u b j e c t  o f  t h e  e t h e r
is  in  tha t  s ta tc  o f  uncer ta in ty  and apparent  confus ion ,  rvh ich
in  o thcr  b ranchcs  o f  sc ience has  t rsua l l y  p receded son)e  grea t
advance i r r  knorv lcc lgc<.

Suc l r  en  a t t i tu r l c  as  thc  above,  by  phys ic is ts  o f  recogn ized
author i ta t i v r :  cor . rner : t ions ,  i s  con fus ing  enough;  bu t  an  even
nrore lrcu' i ldcring r loctr inc has been put forth by Einstt i t t ,
anr l  r lu i t c  u  i c ic l l .  : r r lop tcc l  in  F)ng land,  though i t  genera l l y
is  re jcc tcc l  in  Ar r rc r i r :a .  ' l -hc  

cng l i sh  observers  o f  the  to ta l
so)ar  e r : l ipsc  o f  t r lay  29 ,  t9  rg ,  found some ev idences  o f  a
de l l cc t ion  o f  the  l iqh t  o f  s ta rs  by  the  f ie ld  o f  the  s r rn ,  bu t
i t  u 'as  b1 '  no  rncans  conc lus ive ,  and the  rveakness  o f  the
rvho lc  ' l ' hcory  

o f  l ie la t i v i t ) '  r 'as  in tp ress ive ly  po in ted  ou t  by
I ) r .  S i11 , r r -s l t t z r ,  ( ( ) l rserva tory ,  Novenrber  rg  r9 ,  p .  3g6-7) ,  rvho
shon'ct l  lhrt l i i t ts/r i t t 's t l rcorl '  rvi l l  not account for the re-
f incnrcn t  o l  n rov ing  pcr ihc l ia ,  and rvou ld  even pcrmi t  a  p lanet
or  conrc t  to  l ) rove  in  a .  s t ra igh t  l ine ,  under  the  grav i ta t i vg
ar:t ion of t l r t  sun. In vicrv of these facts I)r.  ,Si/ l t t 's/ein iust lv
savs t lr :r t  thc I i ins/r in thcorl '  stands or fal ls lry t \e Et, irshrr l
tnc l  . \ i /  J 'n l t  s l )c (  t ra l  o l rsc r r ' : r t ions ,  wh ich  arc  ample ,  ye t  do
I t r r t  c l t t l - r r t r r  t l r c  t i t t  n r r .

I n  a n  i n t c r l i c n ' a t  C h i c a g o ,  D e c .  r 9 ,  r g r g ,  p r o f e s s o r
,4. '1. l / i r /rr / .ron, rhc crr inent authority on I ight, openly rejects
Ji in,r/r in s thcory',  l rccausc i t  does arvay rvith the idea of l ight
t ra r '6 l j r rg  b r .  n tcans  o f  v i l> ra t ions  in  the  ae ther  n 'h ich  is  sup-
lrosccl to f i l )  al l  spacc. >Ji inslr i t t  t l r inks thcre is no such thins
:rs rct lrcr<,, rcnri tr l icd t l / icht/-eon. >He cloes rrot attenrnt to
a( 'count  lb r  t i r c  t ransn l i ss ion  o f  l igh t ,  bu t  ho lc ls  tha t  the  ae t l re r
shou lc l  l r c  t l r ro rvn  ovcr i roard<.

In  v ics '  o f  t l r c  r :on l i rs ion  o f  thought  in t roduced by
thc clcctronists, on the onc hand, and lry the Einstt i t i  pure
nra thcn ta t i r : iuns ,  o l t  the  o thcr ,  -  l ro th  ex t re lnes  lead ing  to
i r l c r rs  no t  : ry rp royr r ia tc  to  thc ' fac ts ,  rvh ich  l : ) r .  L t 'h tu , r l / ,  H is io ry
o f  t h c  I n r l u c t i v c  S c i c n < : c s ,  r t 3 4 7 ,  I . 8 r ,  s h o q , e d  r v a s  t h e  c a r r s c
o l '  t l r c  l tL i l r r r  r :  o1  t i rc  p l r l ' s i cz r l  sc icnccs  a l -nong the  greeks  - -
i t  sccn ts  h ig l r l r .  in rpor tun t  to  en ter  u l )on  rn  accor ln t  o f  cer ta in
unpr r l r i i shcr l  rcscar r :hcs  on  thc  ac ther  made by  the  present
u ' r i t c r  c lL t r ins  the  pas t  s ix  1 'c r rs ,  onr i t t inq  so  fa r  as  poss ib )e
the  rcsu l ts  a l rendv  av l i la i r le  in  vo lume I  o f  the  E lec t rodynamic
\ \ rayc- ' l ' hcor ] 'o f  I ' h1 ,s ica l  I .o rces ,  J : |os ton ,  London and Par is ,
r c ) r 7 .

.  And f i rs t  l ve  sha l l  shorv  tha t  the  ae ther  i s  necessar l ,
fo r  ho ld ing  the  p la r re ts  in  the i r  o rb i ts ,  f rom the  es tab l i shed
la l '  o f  the  r :cn t r i lL tga l  fo rcc .  Th is  cent r i fuga l  mot ion  nus t
be  countc rac tcd ,  o ther l ' i se  a  p lanet  can no t  be  rnade to
cun 'e  the  pa th  a t  ever1 .  y ro in t  and thus  revo l le  in  a  Kep ler iah
e l l ipse  i l ' i th  t l r c  sun  in  the  focus .

, r t ; l
\N - /

-  

t l ;  , ,  ' 1 * r "  , t , , p " ,  "  
co r t c l us i vc ' c r i t c r i on  r v i l l  b c  g i vcn  f o r  r c j c c t i ng  t h i s  c l r i r n  o f  a  l a rgc  r l cns i t y  f o r  t he  ac the r .
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It is rvell known
by the expression,

. that the centr i fugal force is given

f  :  r , r2 lQ ( t )

rvhere z,,r is the revolving lnass, 'z is the instantaneolts velocity,

and g  the  rad ius  o f  curva ture  o f  the  orb i t .  As  thc  p lenetary

orbits and the orbit  o[ the uroon are not far l l 'orn circular,

we may with suff icient approximation calculate the ccntr i fugal

force for circular orbits..  In the case of the earth's attract ion

for the moon, i t  snff ices to take the earth's rveight in Ir letr ic

t o n s ,  t h e  m o o n ' s  m a s s  :  r / 8 r . a 5 ,  a n d  t h e  d i s t a n c e  o f  t h e

moon 6o terrestr ial radi i ,  so that the rveight at the earth's

sur face  is  to  be  reduced by  the  d iv isor  36oo.  
' I ' hen ,  rs

gravity balances this centr i fugal force, rve have for the rt-

tract ion of the earth on t l ic lnoon :

1 :  ( 5 . g 5 6 2 9 2  x  r o : 1 ) / ( 8 r . 4 5  x  3 6 o o )
-  2 0 . 3 1 3 7  x  r o 1 5  m e t r i c  t o r ) s . \ 2 )

This enormous tension rvould ret luire for i ts suJ)l)ort the

ful l  Lrreaking strength of a rveightless sol id circr.t lar coluntn of

s tee l  645 kms in  d ian te te r ,  * ' l ten  the  s te t l  has  t l rc  tcns i le

s t rength  o f  over  3o  I re t r i c  tons  to  the  s t luare  inc l i  :  6 .4

s(1 .  cnrs ,  and such a  sn ta l l  b i r r  o f  s tee l  rvoLr ld  th t l s  a l rou t  l i l t

a  modern  ba t t lesh ip  o f  the  la rges t  t1 '1 . re  .  ' l ' he  te  ns i le  s t re  ng th

o f  the  above s ing le  co l t tmt r ,  645 k rus  in  c l ia t t re te r ,  rvo t t l c l

be  er lu iva len t  to  about  5  ooo ooo ooo ooo co l t t t t t t rs  o f  suc l t

rveightless steel,  each of one s(l t l . Ire lbot cross se ct iol l ,  9 z:

s (1 .  cms,  o r  about  o t re  s t tch  co lu tnn  to  each r t r t :e  I6 ;4  1 [  ._

z  5  6  sq .  fee t  o f  a  hemisp i rc r icn l  c ross  sec t ion  o l -  t l r c  car th .

So much for the stresses rvhich control t l te tnoc>tr 's t trot iotr.

l l u t  the  grav i t l t iona l  a t t rac t ion  o f  t l re  s t ln  r . l l )on  t l )c

earth is very much ntore porverft t l  tharr that ol- t l le rI)ool l .
' l 'he attract ion of the sun l l l )or1 thc crtrt l r  is ot '  cortrse ct l t ' t :LI

to  tha t  o f  the  ear th  upnn the  s r t r t ,  s 'h ic l l  i s  e r rs i l v  s ten  to  l )e

- f  :  S s r t  S " l G s + + S ) ' x  5 . 9 5 6 : 9 :  x  r o : 1
:  3 . 6 o 5 7  z  x r o l b  n t e t r i c  t o n s  ( S )

rvhere  the  nu tnber  3327 5o  reJ) rcseuts  the  su t r ' s  t t tess ,  in  r t l r i t s

o f  the  ear th 's  mass ,  and 23445 is  the  sLru 's  t t tear t  t l i s tance,

in  un i ts  o f  the  ear ths  rad ius .
' l ' i r i s  a t t rac t ion  o f  the  sun o l l  the  e l r t l r  i s  e t l t l i va lcn t

to  the  tens i le  s t rength  o f  r  ooo ooo ooo ooo rve ig l l t l css  c i r -

cu la r  p i l la rs  o f  s tee l ,  I i ke  tha t  d iscussed above,  l - , t t t  cach

hav ing  a  d iameter  o f  3o  fee t ,  aUout  9  n )e t rcs .  
' l ' h is  i s

erluivalent to the tensi le strength of a forcst ol '  rr  e ightle'ss

s tee l  p i l la rs ,  each r  r  inches  or  z  8  c tns  i t r  t l i a t r te  te r ,  on

erch  square  foo t  o f  a  he tn ispher ica l  c ross .  sec t io t r  o ( '  thc  car th ;

so that the surlace of the globe rvould lre alt trost covercd

s' i th these cables of steel.
Such ca lcu la t ions  o f  the  enor tuo t ts  g r ' : t v i t . r t i vc -  l ro rvcr

o f  the  heaven ly  bod ies  rvere  I i rs t  b rong l r t  to  t r ry  u t tc t t t ion

by Professor joscp/t l i ic l l in, of the Universit l '  oi '  Xl issouri,

about  33  years  ago,  and have never  bce l i  over i r - roked in  r t t y

subsequent  s tud ies  o f  the  cause o f  g r l rv i ta t ion .  Norv  rv i th

,these concrete f igures before us, we see that t l le cl t lse as-

signed for gravitat ion must be adetl .rate to st lslxir) t l tese tre-

mendous forces, miracul.ously pul l ing l ike stupcnrlotts cables

of steel,  i rnagined as rveightless as spider rvebs, 1'et stretched

to  the  u tmost  l im i ts  o f  .  the i r  tens i le  s t rength  across  the

celestial spaces, for holding the planets in their orbits.

Accordingly Einstciris proposal to do awlr)' rvith the

aether is chief ly remarkable for the lack of understanding of
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the plrysical universe u'hich i t  displays. Str fsaac t\ ieu'ton

h i rnse l f  denounced those * 'bo  be l ieved ac t ion  co t l ld  occur

a c r o s s  e n r p t y  s p r c e ; r s  n o t  h a v i n g  a  c o n l l ) e t e n t  l l c u l t l ' o f
thinking in lrhi losophical uratters. In his Ietter to l let/ / t1' ,
t  6 g z  -  3 ,  l " e  b r .  z  5 ,  h c  s a 1 ' s  :

> ' I ' i i a t  g rav i tv  shr . , r . r ld  be  innate ,  in l t c ren t  and essent ia l
t o  n r a t t e r ,  s o  t h a t  o n e  b o d l ' l ) l x ) ' a c t  u l ) o n  a l l o t h e r  l l t  a

d is tance tb rough a  vacut ln t ,  u ' i tho t r t  the  r t ted ia t ion  o f  any th ing

e lse ,  by  and th rough rv i r i ch  the i r  ac t ion  and fb rce  t r tay  be

conveyed froni one to anotl ter, is to r lre so grett an absurci i t l ' ,

tha t  I  be l ieve  no  r r ra l r  rvho  has  in  p i t i l osoph ica l  mat te rs  a

conrpeten t  fac r . r l t y  o f '  th ink ing ,  cen  ever  la l l  in to  i t .  ( i ra l i t y

l l i l . r s t  be  caused b i '  a t l  ege t r t  t t c t i l l .q  co t ts t i ln t l l ' accord ing  to
cer ta in  la rvs ;  bu t  rv l te ther  th is  agcr t t  be  u te te r ia l  o r  in t t r ta te r ia l ,
I  have le f t  to  the  cons ic le r r t io r t  o f '  n r1 '  readers< ' .

In a parauraph cited 'oelow, tl[ttr/uurit tel\s tts that

, t \ r t : tu lot t  held gravi tat ion to be dt tc to i t t tpLt lses of  the aet i rer ,

bu t  cou l r l  no t  t nake  o t t t  c xac t ' l 1 '  l t r J t i '  t h c i '  l r ose ;  and  t h i s

l ) r r ssa {c  s l r o r vs  t l t a t  , t \ i eu l o t t  d i d  no t  r t . qa rd  t } t i s  u red iun i  as

o rd i na ry  n ra t c r i a l .

a )  I t  i s  sho rvn  be lo r r '  t h l t  t he  c l as t i c i t l '  o f  t he  ae the r

i s  6 t i g  1 ; z  l  6oo  ooo  t i t r t c s  g r ca te  r  t han  t l r l t t  o l  o t t r  u i r  i n  1 , r c l '

l r o r t i on  t o  i t s  dcns i l y :  i t  has  t l t e re tb re  e  r ) o rn )ous  po le r  b f

con t rac t i o r . r ,  i f  any  l l a t t l r a l  I ) r ocess  be  a t  r vo r k  t o  ca t l se  i t

t o  c o l l l l r s c .

b )  l t  i s  sho rvn  i n  t he  l ! l e c t r od l ' na t r t i c  \ \ / ave - ' l ' heo rv  o f

I ) l r y ' s . . l , ' o r c .  | ,  r 9 | 7 ,  t ha t  behvee I l  any  t \ \ ' o  sou rces ,  as  t he

s r u r  : r r r , l  t ' : r r t l r ,  t l r t  t v l r v e s  s o  i l l t r ' r l ) L l l c t t  r t e ,  *  i t l r  r o t e t i o n s

i r i  oppos i t r  r l i r e r : t i t t t t s ,  as  t o  c l c c re l t se  t l l c  s t r css  l t nd  c l t l se

r ' o l l apsc  o t '  t l r c  r ncc l i r t t t t  bc t r vee  n  t l r c  s r t t r  l t n r i  t l t c  ea r t h ;  and

t l r i s  t he  r c l b r c  c l c vc l o l r s  a r l  c l ) o r l r t u t l s  t r  I r : i u l t ,  u  i t l t  I t t ax i r num

s t r css  i r )  t l r c  r i gh t  l i t t e  l r c t * ' ee t r  t l r c  l ; oc l i c s ,  r vh i l e  beyo r l d

t l r e ru  t l r c r c  i s  co r r cspo t i d i ng  i r t t : r cas t  o l ' s t r css  and  t hus  a t r

cx te r r r a l  l ) r c ssu re  l l so  ove rco t t r i ng  t hc  c l l c t : t s  o f  t he  cen t r i -

l i r ga l  { b r ce ,  and  co rn l r c i l i ng  t he  p l anc t  t o  l i r l l o r r '  t he  Kep l c r i an

e l l i l r se  abo t r t  t l t e  s t t t r  i n  t l r e  l bc t r s .

c )  I t  i s  sho r r  n  i r t  sec t i cn  7  1 . r c l t - r * ' ,  t ha t  t hc  po ten t i a l

i s  s i r n p l i ' a n  e x p r c s s i o n  f b r  t l r e  t o t t l  a c ( r u t r t u l a t e d  s t r e s s ,

due  t o  t l r e  s ' avcs  I } om a l i  t hc  i nd i v i t l ua l  a t ou rs  o f  a  body ,  -

cach  r v r ve  f o l l o r v i ng  t he  l au '  o f  a rnp l i t t r de ,

,J : klr
and giving an elernctrt  r .r1- fbr<:e, as i t t  grui ' i t rr t ic.rrt ,

/  ' r l  i

J  
-  / c - l r - .

(+)

(s )
Accord ing ly  we sce  t \1 f t  Lu l lu , t ' s  de f in i t ion  o t '  the  po ten t ia l ,

r 7 8 2 ,  l r o i n t s  c l i r e c t l y  t o  t l l e  \ \ ' a v c - t h c o r l ' :  t .
r  =:  J ' ) 'J ' \ , r /  t . ' l ( , r  -r ' ) rr-( , r , --r ' ' ) ' ' i -  ( ' '  ' ' ) ' ) ) t i . i  d.r ' ,1:  .  (o)

d)  
' I ' herc lo re  i t  i s  na t r . r ra l  to  ho lc l  th r r t  g rev i te t io r t  i s

a  wrvc  phenomcnon in  the  ae ther ,  and to  c l i s rn iss  a l l  o ther

hypot l reses  rs  no t  l i r l l r l l i ng  cond i t io r ts  csse l l t ia l  to  a  t rue

phys ica l  car tse .  
' I ' h is  u ' l ve- thcory  o f  g r r tv i t r t ion  rv i l l  g ive .a

nerv  g rour td  f  o r  the  c lc l lec t ion  o f  the  l i r lh t  o l  s t l rs  * 'hen  the

paths  o f  t l te i r  ra t ' s  l )ass  th rough the  erav i ta t iona l  f ie ld  o f

the  sun,  as  ind ica tcd  in  the  ec l ipsC o f  X lay  u  9 ,  a r tc l  repor ted

at  the  meet ings  o f  the  I ioya l  Soc ie ty  and l ioya l  As t ronont ica l
S o c i e t y ,  N o v . 6 ,  r g r g .

e )  I t  w i l l  be  shorvn  be lo rv  tha t  bo th  the  dens i ty  and

rigidity of the aether increases as we go otttrvard f ronr the

sun,  accord ing  to  t l le  l rws
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/ ) -  ! ' ^ '  n ' - , " ^ ' ( z )
Accord ing l l '  the  le loc i t l  o f  the  rvaves  rcmains  approx imatc ly
cons tan t ,  (F , l cc t ro r lvnnnr ic  \ \ ' r vc - ' I ' hcor t '  o f  l ' l r ys ioa l  T io rccs
I  .  r  4 -  r  5  7 ,  r  o  r  7  )

I ' :  c r  ( n l D ) :  c t , . j l r l t ' r ) .  ( s )
I lu t  exper ience n lonc  r :an  dc tc rnr ine  rvhethcr  th is  cond i t ion
h o l d s  u  i t h  g c o n c t r i r : a l  r i q o r ,  o r  s ' h c t h c r  a l o n g  t h e  a c t u a l  p a t l r ,
con ta in inq  r l i l i i r sc  c :o rona l  n la t tc r ,  thc  s ta t ionar l '  conc l i t ion ,

, ) . f  a r :  "  ( q )
r h a l  n o t  l c a c i  t o  a  s n r a l l  d c f l e c t i o n  o f t h e  o r i q i n r l  p a t h  o f l i e h t .

i )  Such : rn  inc rease o f  dens i ty  in  the  ae ther ,  as  \ve
re cerle fronr thc sun \\ 'as sttspectecl t t .1, -\- tu, lott  in I  i  2 r,
( 3 " i  c d i t i o n  o f  (  ) 1 r t i c s ,  l i .  3  r  5 ) .  I t  i s  o 1 -  a u t h c n t i r ;  r e c o r d  t h a t
1\-t t l lott  bel icyccl gravitat ion arises fronr the iurpulses of a
subt i l c  ac thcrca l  n rcc l iunr ,  bu t  he  >rvas  no t  ab le ,  f ro r -n  cx -
p c r i n - r c n t  a n r l  o l r s c r r ' ; r t i o n ,  t o  g i v c  a  s a t i s f a c t o r l ' a c c o u n t  o f
t h i s  n r c r l i u m ,  r t n r l  t h c  l l i u l l ( ' r  o f  i t s  o P c r a t i o n ,  i n  p r o r l r t c i n q
thc  r :h ic f  y rhcnorncna o f  na turc<( ,  ( ' l h t r la t t r in , . r \ccoLtn t  o f
' \ ' e  n , lo t i s  l )h i losoph i r ' ; r l  I ) i scovcr ics ,  London,  I  7  48 ,  p .  r  r  r  ) ,
and thus  hc  lc l t  t i r c  p lob lcnr  o f  thc  t :euse o f  g rav i ta t ion  to
[u tu re  invcs t isa tors .

e )  
' t ' hc  

o l rsc rvc< l  r le { l cc t ion  o f  the  ra1 's  o f  s ta rs  pass ing
near  the  sun,  anrou l r t ing  to  a l rou t  r17  5 ,  n ra ,v  be  nros t  na-
t n r a l l r  c x p ) a i n c r l  i r v  t h c  a c t i o n  o f  t h e  g r a v i t a t i o n a l  a n d  n r a g -
net ic  s - : rve  -  l l c lds ,  undcr  the  in f lucnce o f  corona l  lna t tc r ,
var r - ing  as  the  inverse  fo r r r th  porvcr  o f  d is tancc ,  anc l  thc
a r r a n g e n r c n t  o f  t h c  c l c n s i t l ' a r r d  r i t i d i t . v  o f  t h c  a c t h e r ,  n c e r
the  s t rn .  An arc  o f  r "  a t  the  s r tn 's  n rcnn r l i s tance cor rcsponc ls
t o  a n  a b s o l u t c  s J ) a c e  o f  7  z  < ,  k r n s ,  r  1 7  q  t o  r  z 6 g  k r n s .  I n  t h c
presence o f  thc  sun 's  s t rong grnv i ta t iona l  anc l  magnct ic  f rc l r l s ,
and- the  nragnet izc ( l  fa in t  corona l  mat tc r  pcrvad ing  tha t  s 'ave-
ag i ta ted  rcq ion ,  i t  i s  p robab le  tha t  a  ccn t ra l  rc f rnc t ion  or
de f lcc t ion  o f - the  l ieh t ,  o f  th is  r laqn i tn r le ,  sonrcwhat  an l losous
to ' i rn  tn rsJ-nrnrc t r i r :a l  Z r tnan-c f fc< : t ,  n ray  bc  an t ic i l ra tec l . ' l ' he
r o t n t i o n  o f  t h c  l > c a n r  o f  p o l a r i z c d  l i t h t  l 1 1 ' n r e s n e t i s n r ,  i n
1 , -a rodo- r ' s  e rpcr imcr r t  o f  r845,  n 'ou ld  lead us  to  cx l )cc t  so l re
ac t ion  in  the  sun 's  corona l  u 'uvc- f i c ld .

! \h)  ' \ s  | , , i t t s luz 's  p rec l i c tcd  d isp)acenrcn t  o f  the  s l )cc t ra l
' l ines tori 'arcls the recl could not lre confirnred by /: . t ,r t 'shtt l
an(l  Sl7o/t,1, rvho hacl ample telescopic porver to nrakc this
sh i f t -c f fcc t  a t  l cas t  -5o  t in )es  the  pro l rab le  e r ro r  o f  thc j r
rncasures ,  i t  cann; t  l r c  p rcsur rcc l  tha t  thc  dc f lc r : t ion  o f  s tu r -
l i g h t  p a s s i n g  n c n r  t l r c  s u r . r  i s  t  c o n f i n n a t i o n  o l - a  p u r c l y
nra thcnr r t i c i r l  thcor l ' .  ' l ' hc  

< ' l c l l cc t ion  o f  t l r c  l igh t  n rus t  ra thcr
b e  e x p l a i n c c l  l r 1 '  , U "  l r h v s i c a l  p r o p c r t i c s  o l - t h c  i r c t h c r ,  i n t e r -
sperser i  * ' i th  fa in t  coron l I l  n )a t tc r ,  r 'a rv ing  as  thc  in \ ' c rsc
four th  por le r  o f  thc  d is t lncc ,  in  the  reg ion  o f  in tcnse x 'avc-
ag i ta t ion  abor r t  thc  sun.

i )  A t  the  jo in t  n ree t ing  o f  the  Roya l  Soc ic ty  and Royn l
As t ronomica l  Soc ic t l ' ,  Nor ' .  6 ,  r  g  r  9 ,  no  one a t tc rx l ) tc ( i  to
ans\\ 'er the rveightl  objcct ions brought forrvarcl by 1)r.  Si11,rr-
.r /rr)r,  n'ho had nracle a careful study of -L, inslt i t is theorl ' ,
anc l  thus  po in ted  ou t  the  b izar rc  conc lus ions  drarvn  b1 'somc
purc  mathenra t ic ians  rvho arc  l ) ronc  to  fo rge t  tha t  the  c . le -
t l e c t i o n  o f  s t e r l i e h t  n e a r  t h e  s u n  i s  a s  p u r e l l ' a  p h 1 ' s i c a l
p ro l ) lem xs  the  re f rac t ion  o f  l igh t  in  the  car th 's  a t tnosphcre .
Norv  the  s r ln 's  de f lcc t ion  o f  l i sh t  i s  s im i la r  to  re f rac t ion ,  Ln t t

very  minr tc ,  -  ha l f  o f  i t  be ing  o i875,  as  aga ins t  zooo"  in
our  a tmosphere ,  o r  abo\ r t  z3oo t imes smal le r . .

j )  S ince ,  accord ing  to  t l ' re  repor t  o f  the  observers  o f
t l rc  ec l ipsc  o f '  t r {a1 '  2g ,  1gr  g ,  th is  In inu te  de f lec t ion  d isappears ,
l 'hen  t l rc  s l rn  rnovcs  ou t  o f  the  pa th  o f  the  l igh t  f rom, the
stars l1, ine bchind i t ,  such a tenrporary effect cannot properly
l )c  a t t r i l )L r tcd  to  )x  l varp  o fspace<,  bu t  on ly  to  the  re f rac t i ve
action of thc sun's envelope. \ \hen .t \r tut loz observed the
rc f rac t ion  o f  l igh t  by  a  p r i -sm he had no  thought  o f  a t t r ibu t ing
thc  e f fcc t  to  )a  \1 'a rp  o f  space<;  and one cannot  bu t  re f lec t
hon '  fo r tunate  i t  i s  tha t  the  phys ica l  theory  o f  as t rononr ica l
re fraction was perfected by Aiezalon, Lay'lare and Besscl before
suc l i  < :on l r rs ing  te rms as  ) ) four th  -  d imens ion  -  t ime -  space-
man i fo lc ls , ,  rvc re  in t rodnced in to  sc ience.

k) l t  cannot be held tha.t Dinsiein's theory enl ightens
rus  on  thc  n ro t ion  o f  rnercury 's  per ihe l ion ,  becanse a t  leas t
ha l f  a  dozcn cxp)anat ions ,  some o f  them approved by  h l ru ton ,
I la// ,  i \ -ru,rr, tn/ '  ancl Srr/ i .qcr, are alread] '  knov'n; and another
-s i rnp lc  onc ,  invo lv ing  no  rnys t ic is rn  and no  rash  assr rmpt ions ,
br r t  fo l lo* ' ing  f ronr  de f in i te ly  cs tab l i sbed phys ica l  la rvs ,  u i l l
l r e  l r r o r r g l r t  o u t  i n  t l r c  l ) r c s e n t  i n v c s t i g a t i o n .

2 .  N c u .  L a r v  o f  t h e  I ) e  n s i t y  a n d  R i g i d i t y  o f
t h e  i \ c t h c r .

' l ' o  
r l cducc  the  la rv  o f  the  wave ampl i tude (a )  in  t r i -

cl inrensionrl  sl)acc, \ \ 'e procee(l as fol lorvs. .  ' Ihe 
displacement

o f  a n r ' p a r t i r : ) c  o f  a  n c d i u n t  d u e  t o  w a v e  m o t i o n ,  o f  a  g i l e n
rvavc  Ienqt l r ,  i s  indcpcndcnt  o f  the  per iod ic  t ime,  and s ince
thc  osc i l la to r l '  o r l r i t s  o l - the  par t i c les  a re  descr ibed in  equa i
t in rcs ,  rn r lc r  con t inuous  f lo rv  o f  the  l 'aves ,  these orb i ts  rv i l l
l , c  P r o I o r  t i o n a l  t o  t h c  d i s P l a c e m e n t s  o r  o t h e r  h o m o l o g o u s
l incs  l rc r ta in ins  to  thc  pcr iod ic  pa ths  o f  the  par t i c les .  Le t
t h c  l c l o c i t i c s  o f - t h c  n r o v i n g  p a r t i c ) e s  b e  u ,  a n d  z r  t h e i r  m a s s ;
thcn  thc i r  k inc t i< :  cncrs ies  rv i l l  be  represented  by  r f2nu2.

In  the  sphcr icn l  cxpans ion  o f  the  ae ther  l ' aves ,  there  s ' i l l
l r c  no  loss  o f  cncr t f  in  f rce  space;  hence on  two success ive
sphcrc  s r r r l ; rccs  o f  th i< :kncss  dr - ,  thc  energ ies  are  equa l ,  so
tha t  s  c  l r l r  vc  :

4 ; r  t ' 2 ' 1 I ' n  1 1 2 :  4 7 r t ' ' 2 ' r f 2 n u ' 2
or  ' .  11 '2  :  , t2  :  12  ( t  

" )' l  
hc  k rnc t r< :  cnergy  o f  the  v ib ra t ing  molecu les  var ies

invcrsc)1 'as  the  s ( luare  o f  the  d is tance.  But  the  ve loc i ty
var ics  l l so  as  thc  anrp l i tuc le ,  in  s imp le  harmon ic  mot ion :
thcrcforc, lbr the anrpi i tudes ,4'  and A", corresponding to
thc racl i i  /  ancl /",  vc halc by taking the srprrre root in
c r l u a t i o n  ( r  o )  

, 4 '  :  t l , ,  :  7 , .  ' t  ( r  r )

l l t '  :  , t l t1 r f  7 t '  :  l t t t f  / r  ( t r )

According)v thc anrp l i t r rc lc  or  s ide d isplacement  becomes,
z1 :  I l r .  ( t . l )

A n d  ,  I / : l { f r ' :
F f .  t .:  . l . l . l  \o l  r ' l ( . r  . t ' ' )2 -r(1 '-1r)2-+(z- z ' )2))  ac a,vaz (ra)

n,hich is the lal,  of the potential.  f i rst used by Laplace in
t  7  82 .  

' l ' hus  i t  a f  pears  tha t  i f  there  be  ae ther  waves  pro-
pagated outr ' iarcl l) '  l iorr any nrolecuie of matter, the ampli tude,
or  max imurn  c l i sp l rcenrent  o f  thc  osc i l la t ing  par t i c les  o f  the
aether ,  rv i i l  r 'a ry  invcrse ly  as  the  rad i r ts  o f  the  spher ica l
u'ave-surl  a ce.

i  1 /
i l

; ,

. ' , '  t . .  
" 1: , ' i ;

Li, i*,r
i  ! " : : : )  l  

/ :

l: ".:' :?t'
\ ' . r . ; -  : t . r i
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the  p lanets  and s ta rsA par t ia l  deve lopment  somervhat  l i ke  th is  i s  g iven  in

certain treatises on pbysics, such as Wii/ /ne/s !)xperimental
Phys ik ,  I .784,  and t l f i t ch i t ' s  E lements  o f  Wave X lo t ion ,  p .  r  r ,
but no importance is attached to the result,  as in tn,v } l lectro-
d y n a m i c  W a v e - T h e o r y  o f  l ' h y s i c a l  F o r c e s ,  I . r 4 - I 5 i ,  r 9 r 7 .

So accura te ly  i s  th is  t rue ,  tha t  rvhen I  b rought  th is  s in rp le
fo rnru la  fo r  the  rvave aml t l i tude ,  . / :  I , l  r ,  l :e fo re  the  Aca-
demy o f  Sc iences  o f  .S t .  Lou is ,  in  a  pLrb l i c  address ,  Sept .  z  r ,
r  q  r  7 ,  g rea t  surpr ise  a t  the  s imp l ic i t y  o f  the  lb r r t r t t l l  r v r rs

expressed by  such exper ienced inves t iga tors  ns  Pro lcssor  .1 i  /1 .
t \ t ipher, and Presider* L. A. / :u.ghr. 

' l ' i rLrs i t  is tr tcussur) '  t()
develop the subject a I i t t le n-rore ful ly in the present I) t [)er,
s ince  no  adequate  d iscuss ion  o f  the  prob len  appcars  to  be
ava i lab le  in  ex is t ing  rvorks  on  phys ica l  sc ic t rce .

l ,e t  us  norv  cons ider  the  ar rangerncnt  o f  thc  < lcns i ty
o f  the  ae ther  about  the  sun.

r )  Suppose we cons ider  care fu l l y  the  arup l i tL rc lc  o f ' the
rvaves  f ronr  the  sun in  any  so l i r r  s l tec t r l l  l i nc ,  s t r r :h  us  t i ra t
o i -  sod iunr ,  -1 ) .  I t  i s  ev idcn t  tha t  i i ' * 'e  r l i s regur ' ,1  a l l  o ther
r l c l ia t ions ,  and f i x  a t ten t ion  u l ron  th is  so t l iu ru  l ig l r t  l l one ,
thcn  as  the  rvave aurp l i tude  v i l r i cs  invers t '11 ' l s  t l re  < j i s tun<:e
l iom the  sun 's  cent rc ,  th is  unrp l i tu t l c  o l -  o t t r  v i l r l rL t i t>ns  t :on-
s t i tu t ing  soc l iu r r " r  I igh t  rv i l l  l . re  :  r  c1  t i rne  s  g re  r r te r  u t  the  sun 's
sur face  th tn  a t  t l te  sL t r f i rce  o f  the  c r r th  -  s in r :e  thc  eer t l r ' s
u r e a n  d i s t a n c e  i s  z r g  s o l a r  r a c i i i .

z )  S imi la r  reason ing  rv i l l  l ro lc l  lb r  t i re  l  rLvcs  o f -  l rg l r t
o f  the  spec t ru ln  o f  suc l l  e le t len ts  as  s t r t . rn t iL t t t t ,  i r t r iu t t t ,  l ;o ro t t ,
ca lc ium,  hydrogen,  carbon,  i ron ,  n ickc l ,  co i rL l t ,  ( r ( )J ) l )e  r ,  t i -
tan ium,  e tc .  

' l h t ts  
a l l  the  l ig l r t  rv lLves  o l - rL l l  c le rncr r l s  t :on l -o r ru

to t lre larv: A : /r lr .

3 )  e t t  t i i ese  chemica l  e lenreu ts  a lso  r rL t i i i L te  l rc r t t  wuvcs
which  lo l lo rv  the  saute  la rv  o f  ampl i tL rdc .  , ' \n t l  l i r r  l ro t i t  i i g l r t
and heat  the  i rbove la rv  ho lds  r igoro t rs iy  t rue .  l l - t l re re  l re
any  o ther  type  o f  rv i t ves  in  t l te  ae thcr ,  t l t c  sa lne  Ia rv  l ' i l l
ho ld  lo r  thcse  undu l l t ions  a lso .

+)  Norv  n r lgnet ism and grav i t r t ion  l ra r ,c  l r r :en  rc le r rcd
to  c lec t rodynr ru ic  rvuves ,  in  thc  u t t t l ro r ' s  rvo lk  o r t  ph l .s i r ; lL I
l b r c c s ,  r g r 7 .  l t ' t h e s e  r v a v e s  e x i s t ,  t h r y  r L ) s o  r v i l l  l i r l l o r v  t l r c
sar re  la rv  . l  :  / t l r ;  a r td ,  t l ra t  thcy  r lo  c r is t  i s  s ) to r i 'n  l ry  a
v u r i c t y  o I  l r l r c n o t r t c t t e ,  r v l r i t  l t  l L d r r r i t  o l  t i  r  o t l r c r  i r r [ ,  t  l , r e  t u t i o r t .
I . ' o r  example ,  the  e lec t roc lynarn ic  z rc t ion  o f  u  cur re  n t  o t  e  lec -
t r i c i t y  i s  due to  rvaves :  thus  l r i se  e lec t r i ca l  lb rces :  a lso  u iag-
ne t ic  fo rces ,  g rav i ta t iona l  fo rces ,  e tc .

5 )  Grav i ta t ion  adn i i t s  o f  no  o ther  exp lenrL t ion ,  rvh i le
on th is  exp lanat ion  rve  have ln  in iu red iu tc  ins ig l r t  in to  the
{ luc tua t ions  o f  the  moon 's  n rern  mot io r . t ,  rv l t i r : l t  so  lo r tg  y r rovcd
ut te r ly  berv i lder ing  to  as t rononrers .  , \nc l  thc rc  i l i us t  be  no t
on ly  a  cause o f  g rav i ta t ion ,  bu t  a  s in ip lc  one,  hur rnon iz ing
rv i th  e lec t roc lynamic  ac t ion ,  in  the  genera t ion  o l  e lcc t r i ca l
fo rces ,  nagnet ic  fo rces ,  e tc .  ' fhe  e lec t roc lynanr ic :  r i  r i vs -111g9ry
a lone fu l { i l l s  th is  necessary  and su l ' l i c ien t  coud i t ion ,  lo r  the
fo l lo rv ing  spec ia l  reason.

O)  1 -  ne  ae ther  i s  shown to  have i in  c las t i c  porvcr
6 8 9  3 z r  6 o o  o o o  i i m e s  g r e a t e r  t h a n  t h a t  o f  o u r  a i r  i n  p r o '
por t ion  to  i t s  dens i ty .  Hence i t  rv i l l  have l ) rac t i cu l i y  un l im i tcd
pr,I1"f_."9".ryTnd thus be able to .qencrate the

t )  In  the  Ba l t imore  Lec tures ,  r9o+,  p .265,  L rnder  < la te  o f  Nov .  r6 ,  IE99,  l ,o rd  r {L /u in  s tys :  , \Vc  have s t rong re r isor r  to  Le l i t ve  tha t

the  dens i ty  o f  e ther  i s  cons tan t  th roughout  in tc rp lanetar ; 'an t l  in te rs te l la r  spaccn.  
' l ' h is  

c r ro r  i s  vc r ; '  rv id r :sprcad,  an t l  i l s  pcr t i s tence sh ip* recks

ohvs ica l  research  !  '
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s tu l )endous lo rces  re , lu i red  fo r  l to td i , tg
in  the i r  o rb i ts .

7  )  But  th is  rv i l l  be  poss ib le  on l f  i f  the  ae ther  i s
ar ranged accord i r - rg  to  the  Ia rv  o f  de  ns i ty  6  :  ) '  r - ;  rvh ich
in  tu rn  rv i l l  fo l lo rv  i f  e lec t rody 'namic  r i ' avcs  recede l - rou t  the
sr rn ,  hav ing  arnp l i tudes  , l  :  l ' ,  v .  l Jor  t l i c  aur l . r l i tudes  in -
c rcas ing  towards  the  sun 's  cent re  insurcs  a  t l cc rease o l '  t lens i ty
o f  the  ae the  r  aboLr t  t l ta t  cen t re ,  o r r ' ing  to  the  inc rcas i t . tg  \ r 'ave-
ag i ta t ion  near  the  s l tn 's  s l r r face .

f i )  No rv  u l l  t l r c sc  t t r t t t t t u i  a rnu rgo r ) l c r l t s ,  l ; r vo r i L l r l e  t o

t hc  r vave - t l r eo r y ,  * ' ou l d  r ) o t  c \ i s t ,  t u r l c ss  t l t e t  t hco ry  r e l r r e -

s e n t e d  a  i a * ' o l - n a t t l r e .  l l e c a u s e  t r o t  o n l l - a r c  a l l  i a c t s  r - , f

t hc  ac thc r  ha r rnon i z r c l ,  l r u t  a l so  a l l  t he  l o r ces  l r r o t t g l t t  u t r t l e r

t h e  p r i n < : i p l e s  o i  t h e  < : o n s c n ' t t i o n  o t - c r t e r { y ,  l n d  o 1 ' I e a s t

: Lc t i on .  
' l ' hus  

n i r t u re  no t  on l y  ac t s  s i n r i r l l ' ,  bu t  a l so  l r l  t he

n ros t  r . l n i l o rn r  l ) r o ( i esses  t l t r oL te i r ou t  a l l  s y r l ce .  l t  i s  no t  t he re '

l b r c  a t l u r i s s i l . , l c  t o  h o l d  a n v  t h e o r y  o l ' t l r e  a c t l t e r  o t h e r  t h a r r

t l r a t  i c  i s  a n  i n l r n i t e  a e o l o t r o l r i c  e l r L s t i c  s o l i t l ,  u ' i t h  t h e  t l e n s i t v

e rn rng r r - l  a I r ou t  t l t e  ] r ceven l l '  l t o t l i c s  t o  i t r c r c r t sc  d i r cc t l t '  l  i t l r

t h c  r l i s t a r r c e .  , \ n r l  t l t e  r r ' a v c  u t u p l i t u t l e s  v r L r f i t t g  i t r v e r s e l v  a s

t l r e  r r r i l i t r s ,  , I  :  / : l r  ,  s r . l l ) l ) o r t s  t h i s  t i r t o r l ' ,  l r y  ge  o r l c t r i ca l

t : ons i t i t r a t i o r r s ,  r i ' i r i c l r  e  xc i r . t t l e  t v c r v  o t l t c r  t i r eo r l '  o f  t he

r r r ec i i un r  l i r r  t l r e  i r t t e r l r r e tu t i on  o f  t he  l o r ces  ope re t i r r g  t l l r o r . r gh -

ou t  t hc  ph1 ' s i < :e l  un iVe rs t .

9 )  l n  t h e  t  o u r s e  o 1 -  t l r e  a r t i c l r  r \ ( ' t l l e r  ( l ' ) n c v c l o p c d i a

l i r i t e t t r i i c : r t ,  9 t h .  ed . ,  r 37  i ) ,  ' l 1 t t . t z z , z1 l  t  a l r : L t l + t t s  t l t c '  c l cns i t . v

t s  o  -  r . o 7  X  r  o  
-  l s ,  t l r t r s  i r n l r l y ' i t r u  I t o r u o g t n c i t l ' ,  l n c l  s l t c a k s

o l ' t l r i s  r u c r l i u r r r  r . s  ) i r  v a s t  l r o r n o g r n t o r t s  r ' \ l ) i l n s e  o f  i s o t r o p r i c

l l l l l t t t r .  (

l i L r t  i t  i s  o l r v i ous  on  r c l l c c t i on  t l r l r t  t l r i s  u ted i r t t n  can l ) o t

l r c  l r o rnogc r rec - r r r s  L )  
;  t b r  i n  t l r a t  c rLsc  t l r e r c  r i < - r u l t l  be  I i o  s t r csscs

in  t l r c  n r cd iu rn  l i r r  genc r r r t i n r {  t l t c  i i r r c cs  r vh i ch  g t t ve rn  t i t e

r n u t u a l  i r r t c r u c t i o r r  o l '  [ r o t l i e s  t l t r o u g ] t < , r u t  s p a c c . ' I ' h e  t n t t t t t a l

r uc t i o r t s  l l e t t , c c t r  l - r od ies  i s  an  o I r sc r vc t l  l u c t .  l n  t t t r t t i o l t  t he

l r od ies  a re  cve ry r vhe re  i i . r un t l  t o  < l esc r i be  t : l l i l r s cs ,  pa rabo las

o r  hy ' l r e rbo las  r l - i ou t  one  ano the r .  No th i ng  b r t t  f r . r r t : c s ,  due  t o

t r ns i on  i r c t * ' cen  t hc  l r o r l i e s .  l t r t t l  i n r : r e : r se  o f ' l r r c ss t t r e  beyond

t l r c ru ,  c r - r u l t l  l r oss i b l l '  p ro t l uce  t h i s  r c ru l r kab le  pos ' e r  f o r

h o l t l i n g  t h e  1 r ) a r r c t s  i n  t l r e i r  r - r r i r i t s .

r  o )  
' l ' i r us  

l i r r ce  s  i r np l l '  t ' e ve  s ,  en t l  r vuves  l ead  t o  f o r ces ,

r vhe  n  t he  u )u tu r l l ) '  i n t L ' r l ) cnL ' t r u t i n . g  r v r r  r s  l r e  so  d i r cc ted  as

to  undo  one  ano thc r ,  and  cause  t l t c  co l i r L l r se  o f  t he ' n ted iu rn

i n  t he  r i g l i t  I i ne  l - r e t l , ce t r  t he  l r od ies .  . \ s  t i r e  g rS r ' i t a t i ona l

f o r ccs  a re  o f  eno rn rous ' i n t ens i t l ' ,  i t  l b l l o r r ' s  t h l t  t he  e l as t i c

po r i , c r  o l - t l r e  ac t l r e r  ] r r r s  t o  bc  t r cn renc loL rs ,  i n  o r t l c r  t o  gene ra te

t l r e  l b r ces  ac tua l l v  obse rved .

r  r  )  ' \ c co rc l i ng l l ' ,  t l r c  cx i s t cnce  o i  l i - r r ce  s  i r np l i c s  s t r esses

in  t he  ac the r :  t he  s t r esses  i r n l r l y  r vaves :  t l r c  u ' l L vcs  i n t l t l i '

l l e t c roge  ncous  t l e  ns i t y  i t r  t he  n red iun r ,  $  h i ch  t r l t i : t  va r l '  r i  i t h

t l r c  r ad i r . r s  l ' r o r r t  l Ln l '  r nass  l t c co rc l i ng  t o  t hc  l r L r v  6  :  v  t ' .
' I ' he re  

i s  no  o the  r  v i c r v  o f  t hc  ae the r  l  i r i ch  c l t t r  i r e  hc l c l .

I ' I on rogene i t y  o f  dens i t y  r vou ld  i n rp l i '  no  s t r esscs  ;  no  s t r esscs

wou ld  imp l y  no  t b r ces  ;  no  f o r ces  r vou ld  i r np l y '  an  i t t e r t

t un i ve r se ;  r vh i c i r  i s  con t ra r y  t o  obse rva t i < - r t r  end  t h t r s  r vho l l y

i n a d m i s s i b I e .
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r 2) The aether is therefore arranged ir lroLrt the sun rr ' i th
t lre dcnsity fol loivinq the lau',  o :  ' t '  r ' ,  s 'hi t : i r  results frorn
n 'ave-ag i ta t ions  hav inq  an- rp l i tL rc les ,  A  :  I l r .  ' [ ' hc  

ene rgv  o1-
the  fo rccs  genera tcd  by  these rvaves  is  I ) rppor t iona l  to  the
sr luare  o f  the  ar r rp l i tuc ie ,  anr i  thc re fo re  u 'e  havc  fo r  the  fo rce  ,

. f :  / t 2 l r 2 t r 5 . ,
u 'h ich  exp la ins  a l l  thc  o l rscn 'cd  c f fec ts  o f  g r rv i ta t ion ,  rn : rg -
ne t isnr ,  e tc .

r i )  No\v  qu i tc  as ic le  f ronr  the  s imp l ic i t y  anc l  con t inLr i t l '
o f  the  proccss  o f  rc r tson iug  hcrc  ou t l incc l ,  i t  rc rna ins  a  f t rc t
tha t  the  s 'ave- thcorv  i s  ader lua te  to  exp la i r r  a l i  the  obscrve< l
p h e n o m e n a  o f  r r t r r r e .  

' l ' h e  
s i n r p l e  l a s ' o f  d e n s i t l ' o f  t h e

aether  here  in raq incd  nr : r r -  thc rc fo re  l rc  adr l i t t cc l  to  rca l l v
pervac le  the  nn i l c rsc .  So fa r  f rom bc ing  honroecneous,  the
ac ther  i s  rca l l v  vc r l '  he tc rogcneous.  Inc leed,  i t  i s  a  gas ,
behav ing  as  an  c las t i c  so l id  -  an  in f in i tc  aeo lo t rop ic  c las t i c
s o l i d  -  l j r l f r l l i n q  t h c  l : t r v  o f  < l c n s i t 1 ' ,  d :  t ,  r ' ,  a n d  o f  n ' a v c
anr l r l i tu r i c ,  .  |  :  I ,  . , ' ,  anc l  th r : rc fo re  f  i c lc l in l  f ' o rccs  lb l lon ' ing
th t :  las ,  - [  :  / l )  ' r -J ,  as  r1 ' , lL t i rcc l  l>y  ) ' ru ' lo t t  in  r7  z r ,  f r> r
e x p l a i n i n g  t l r c  t ' u u s c  o l -  u n i v c r s n l  g r a v i t a t i o n .

, \ t  t h c  c a r t l r  t h c  < i c n s i t l  o f  t h c  a c t i t c r  i s  z  r  g  t i r n e s
rvh l t  i t  i s  a t  thc  sun s  sur f : rcc ,  bcr :ausc  thc  car th 's  n rcar r
d is tencc  is  z  r  r ;  t i r r rcs  thc  so la r  ra t l ius .  P , t t  . \ i ' r r ' /o t i s  fo rnru la
f o r  t l r c  v t l o ,  i t r ' , I ' -  c ' t  ( t ; l t ) ) ( r 6 )
woLr ' l d  q i vc  a  c l r : r nsc  o f  v c l oc i t y  i f  t hc  c l cns i t r , a l one  i nc reased ,

r vh i l e  t hc  c l t s t i r : i t r -  1 ' .  r en ra i ncd  cons tan t .

N o r v  t h c  v c l o r : i t 1 '  o t - l i g h t  a t : r o s s  t h e  p l a n c t a r y  s l t a c c s

n'as or iq inal l ) .  [ount ]  | t . t ,  / r ' i in t r r ,  r  ( r7 -5,  f ror l  t l rc  cc l ipscs ol '

Jup i t e r ' s  sa t c )  l  i t c s ,  : r  n r l  subsc r  l  uen  t l  r '  < - - on f i  r n r cd  l r v  t he  c l abo ra te

r csca rchcs  c t l ' / ) r l r u t t / , t ' r ,  o l )  t hc  r ) r o t i ons  o f  t i t c se  sa t c i l i t c s

( c f .  C .  d .  
' l ' .  

r  7  83 ,  anc l  . . \ s t r o r . r on r i e  
' l ' h co r i r l ue  

c t  I ) r a t i ( l ue ,

r  8  r  4 ) .  1 )1 .  < l i s cuss inq  a  t housan< l  ec l i y r scs  o f  t l i c  r ' t  sa t c l l i t e

D r l o tn l , r r  f i r c c l  t i r c  cons tan t  o I  a l r c r r a t i on  a , l  zo !  2 .5  5 ,  u ' h i l c

, l / t i / t t / son  s  l c l o r : i t v  o i  I i gh t ,  nca r  i oo  ooo  kn rs . ,  and  t he

s o l a r  p a n t l l n r  S 1 ' S o  t n a k c s  t h c  a l r c r r a t i o n  a b o u t  z o 1 4  8 .
' l ' hus  

/ -  i s  a l r ou t  t hc  san rc  f o r  t he  ac thc r  a< ; ross  t he

d i a r r r c t c r  o 1 ' t h c  c : r r t i r ' s  o r l r i t ,  a n r l  f b r  t h c  a c t h c r  o f  t h c  t c r r c s -
t r ia l  a t r losphcrc ,  in  s  h i< :h  thc  vc loc i tv  has  bccn inves t ig : r tcc l
exlrerinre nte)1.s'  by Corntr,  , t l [ icht lsott,  : \ 'ctt ,conI anci othcrs.

I i i g .  I .  I ) iagranr  shorv ing  graph ica l l y  thc  decreasc  o f  the
dens i ty  o f  the  ac ther  tos 'a r r l s  the  sun,  owing  to

,  the  a-<ympto ' , ; c  jnc rease in  l ' ave  ampl i t r r t le .

Accordingl l ' ,  this observational fact requires us to hold
tha t  - I l  in< : rcases  in  abont  the  same ra t io  as  2 .  so  tha t  our
la rv  o f  / ' l ' o r  the  heaven ly  spaccs  becomes,

I r :  C1 / (1 / r l r r ) ( r 7 l

and thcrefbrc J; :  j r  r ' .  ' l 'hus 
botl"r the elast ici ty and r igidity

o f  thc  ac thcr  inc rease d i rec t l y  as  the  rad ius  f rom the  sun,
o r  o t h e r  h c r r v c n l y  l r o d i e s .

' l ' hc  reason fo r  th is  remarkab le  law is  th is :  namely ,
the  v iscos i tJ 'o f  a  gas  depends upon the  f r i c t ion  o [  the  mole-
culbs projct: tccl frorr one layer of gas into the adjacent layer,
and v icc  l c rsa .  In  the  case o f  the  ae ther  the  v iscos i ty
beconrcs  r i c id i t . v .  r \nd  rv i th  the  inc rcase o f  tbe  dens i ty  o f
the  ae ther  par t i c les  there  shou ld  be  more  molecu les  pro jec ted
in to  the  a( l jaccn t  lavers  mntu . l l y ,  by  the  ord inary  k ine t ic
exchange,  in  s t r i c t  p ropor t ion  to  the  dens i ty .  Thus  the
r is ic l i t . v  o f  thc  ac thcr  inc reases  d i rec t l l ' as  the  dens i ty ,  as  in
thc  a l rovc  [onnu la .

It  rrrrv lre notcd tbat by the fornrula of Nrulon, an
incrcnsc  o l '  the  r l cns i t l .  by  the  f^c to r  2  r  g ,  rv i thout  change
in  / i - ,  l ' ou l r l  l cad  to  a  rcduced ve loc i ty  o f  on ly  about  1 /15 ,h

o f  thc  o r ig ina l .  No such enorn tous  d i f fe rence,  in  the  ve loc i ty
o f  l igh t  : rs  c lc te rnr incd  by  obscrva t ions  o f  Jup i te r ' s  sa te l l i tes ,
:u rc l  th : r t  lou l t r l  bv  tc r res t r ia l  ex l )e r imcnts ,  i s  adnt iss ib le ;  and
thus  the  : r l rovc  la rv  o f  r ig id i ty  o f  the 'ae ther  i s  approx imate ly
vcr i f i cc l  l r l  thc  comyrar ison  o f  ce lcs t ia l  anc l  te r res t r ia l  obser -
virt ions. I ' ]ut a rnore exact test of the value of I / ,  l iot l)
cc l ipsc  o l rs r : r la t ions  o f  Jup i te r ' s  sa te l l i tes ,  taken as  d i rec t l y
as  poss i l r l c  : rc ross  the  d ianrc te r  o f  the  ear th 's  o rb i t ,  fo r  com-
lrarisorr rvi t l r  t ' l rc cxpcrinrental valuc found by Micfulson, is
l r i q h ) y  r l c ' i r r l ' l c .

3 .  
' l ' h c  

l i c l a t i o n  b e t n ' e e n  t h e  N I e a n  M o l e c u l a r
V e l o c i [ 1 '  o f  a  ( ] a s  a n d  t h a t  o f ' a  \ \ I a v e  t r a n s m i t t e d  i n
s u c h  a  X l c c l i u n t .

' l ' he  I 'h i losoyrh ica l  r \ laqaz ine  fo r  June and September ,
r ,S  7  7 ,  con ta ins  t \ \ ' o  in rpor tan t  a r t i c les  on  the  theory  o f  gases
lr1. I)r.  S. 'J 'ol trr 1' t ' tslott ,  and also notes on the conclusions
tlrcn rcachcrl l r l '  thc r:clcbratcd l)rofessor J. Clcrfr i . faxuc//,
n' i th * 'honr /)rts/ott  * 'ns in corresltondence, In the f irst of
these lralrcrs ,  p. 452, \  r  g, Pt 'rslott  reaches the fol lorving re-
nrarka l r le  conc lus ion :  ) ' l ' ha t  the  ve loc i ty  o f  p ropagat ion  o f  a
rvavc  (such as  a  \ \ ' r ve  o f  sound)  in  a  gas  is  so le ly  de termined
i r1 ' ,  and l t ropor t iona l  to ,  the  ve loc i ty  o f  the  molecu les  o f  the
sas ;  tha t  th is  vc lo< : i t1 'o f  p ropaeat ion  o f  the  rvave is  no t  a f fec ted
l ry  c lcns i ty ,  I ) rcssurc ,  o r  l r1 '  the  spec i f i c  g rav i ty  o f  a  gas ,  o r  by
an) ' th inc  c lsc  exccpt inq  thc  le )oc i ty  o f  i i s  mo lecu les<.

lrr tht' scconcl l)ostscrilrt, p. 4 5 3, J'reslott states,lfartue//'s
conc lus io r . r  as  {b l lo rvs :

>l)rol issor C/rr/ :  t l {aru,r( to whom this paper was com-
munica tec l ,  rnc l  u ,ho  has  taken a  k ind ly  in te res t  in  the  sub jec t ,
has l 'orkcd out l) ]athetnatical ly the velocity for a ryave or
i r rpu lse  pro l )asa tec l  by  a  sys tern  o f  par t i c les  mov ing  among
each o ther  accorc l ing  to  the  cond i t ions  o f  equ i l ib r ium in -
ves t iqa tcc l  in  the  f i rs t  par t  o f  tb is  papcr  -  the  d iameter  o f
t l re  n : r r t i c lcs  l re in r  rssur led  so  snr : r l l  as  to  be  nes l i s ib le. . , " 1 ' * . . . \ j . . . " . ' . . s . . " ' , ' . . . .

comparcd  u ' i th  thc i r  mean d is tance,  and the  par t i c les  be ing
fur ther  assunred spher ica l ,  so  tha t  there  is  no  movement  o f
ro ta t ion  c leve loped a t  the  encounters  ( r r 'h ich  rvou ld  invo lve
l o s s  o t  Y c l ( ) c r t \ ' l ( ( .

q
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>Under these premises, the velocity of the rvave s'as

found to  be  1 f  
sy '5  (o r  o .7a5)  in to  the  mean ve loc i i y  o l ' thc

part icles. In most gases the velocity of sound is sl iglrt ly
iess than this, This is referable to the movemer)ts of rotarion
deve loped a t  the  encounters  o f  the  n to lecu les  (sh ic l i  cu l -
cu lab ly  wou ld  de lay  the  rvave to  a  cer ta in  ex ten t ) .  In  vapour
of mercury, according to the deterr-ninations of Ktttdl and
H/arburg, the velocity of sound is exactly r/ . ,  l '5 into thc
molecu la r  ve loc i ty< , .

Accord ing  to  these announcements ,  the  cor l rusc les  o f
the  ae ther ,  v iewed as  a  monatomic  gas ,  shou ld  have I  mean
molecular velocity of 3l t /5'  I /  :  t .  j+ trt ,  rvherc [, '  :

3  X  ro r0cms,  the  ve loc i ty  o f  l igh t .  A  conc lus ion  o1-  such
great irnportance, rvhich received the alrproval of the lumi-
nous mind o{ Maxwell ,  is enti t led to profbr-rnd attention.
' l 'hus I have had i t  before me for sonre hve years, but onlv

under took  the  rna themat ica l  ver ihca t ion  and phys ica l  tes t  o f
this ?rtslon- -iJfarutcll theoreru tluite recently; and, as niy
results differ slightly from those csl Prtslou a.nd 'l,[aru,e//, I
t v i l l  g ive  the  process  o f  tes t  and ver ihca t ion  ernp lo l 'ec1 .

In order to conflrnr this theory I have compared t lre
observed veiocity of sonnd for the four leading guses rvhich
are  bes t  de ternr ined,  rv i th  the i r  rnean molecu ia r  ve loc i t i rs ,
and f ind  the  fb l lo* ' ing  ind ica t ions  o f  expe r i rnent ,  u , i thou t
regard to the Prtstott-, l f t t . tu' t1/ t l reorl ' .  ln the experimental
da ta  there  re rna i r . rs  a  l i t t le  uncer ta in ty .  For  the  o lc le r  va iues
of  z '  a r rd  /2  the  tab le  I ' i e lds  fo r  the  cor rec tcd  ra t io  a  mean
o f  r . 6 4 ,  r v h i c h  i s  o . o 7  a b o v e  t h e  t h c o r e t i t : e l  v a l u e  o l  r . 5 7 .
' I ' he  nerver  c la ta ,  p re fe r red  by  J ta t ts ,  l )1 'nunr ica l ' l ' heory  o f
( i a s e s ,  z " ' r  e d i t i o n  t c l r 6 ,  1 t .  9 - 1 3  r ,  g i v e  a  r t r e a n  v a l u e  o i
r . 5 7 ,  t l t o u g h  t h e  d i s c o r d a n c e  b e t * e e n  t h e  r e s u l t s  l b r  t h c
inc i i v idua l  gases  is  sonreu 'ha t  inc rcascd.

l ]  N I " , , , r  r , , o l . ' . , 1 1 , ,  
( ) l ' ' r 1 1 1 g 1 1  

l i a r i r  r / / '  ( ' u r r c ( t i o r t  t r r c t o r  ( o r r c c t c i l  r ' : r r r o

Cias  ]  
vc l "c i ry  . ,  ' j " l l , i l t , ' r i ,  * i r l ,o , , r  cor recr .  iu r  l  . t . r  t . - )  ' )  i . , '  l '

l l  - f , r " r ' - ' u " * " .  g a s a t o " c ] l - o t a " .  i n " , " " . ] i  c , l , l e r  , n e * e r  r l . l . .  l " . r r " .
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a Inonaton t ic  gas ;  * "  :  t .4o  fo r  a  b i r to r r r i c  gas  l i ke  thc  a i r  . r r  l r ) ' r l r r , {en ;  l ' ,  :  r . : j6  I -o r  ( ' ( )  an t l  (  ( ) .  i r r  t i re  o l t i c r
va lues  a i r ,  hy t i rogcn and C ' ( )  h r rve  l ,  -  t . . lo ,  and C0"  has  / , ' " :  t .3o ,  l ronr  t l re  < la ta  g iven l ry  7 .a r r .

D
. $) ir : r..66 lbr

values.  But  in the nerver

I t  thus appears from the nrost rel ial .r le data ar.ai l lblc
that the rat io should be larger than .tr fa:tu,t , /1 inci ir :atcd b1'
about r 7 

0/6. I l is proccsses of calculat ion : lre not knot,rr,  i tur
a  theore t ica l  g round fo r ' the  above resu l t  ruay  bc  dcduced
as fo l lows.  Cons ider  the  par t i c les  o f  a  rno t ra to rn ic  [Jas  to
move rvith the velocity i i ,  as in the rel-erence circlc, in sinrplc
harmon ic  rno t ion ,  wh i le  the  rvave advances  across  the  d i -
an)eter of the qircle with the velocity Z. ' I 'hen 

i t  is evident
that the t lvo nrot ions are in the rat io ol- 7r to 2, rvlr ich gives
t .57o7g63,  in  exac t  agreement  rv i th  the  above va l r re  as  cor -
rected for a monatomic gas.

' l 'his theoretical and practical conclusion is t :onl lrured
also by t lre profound researches of zl iry on'I ' ides :rncl \ \ ' rves,
Encyc loped ia  Met ropo l i tana,  r845.  . In  P lu te  I ,  t rq .27 ,  rve
find a very exact reltresentation of the nrotions oIthc elenents
which go to make up the forrn of I  \r .ave in s,ater. As the
rvave irdvances these eiements describe sntelI  circlcs al-rout
a  mea l i  pos i t ion ,  rvh i le  the .  fo r rvard  and buckrv l r t i  n ro t ion
incident to the passing of the tvave is over two dianretcrs of
the  e lenren tary  c i rc ies ,  g iv ing  the  obv ious  r ' , t t io  z rc f  .1  :  , .5? ,
as before. I t  was from the study of : /z)-r, 's reseurt:hcs that
I becanre doubtful of the numerical o..u.".y ol . l /att t ,e// 's
result,  and was led to subject the thcory to l  pr lct ical ls
well  as a theoretical test.

I f  there fore  l igh t  be  observed to  have a  ve loc i ty  o f

3ooooo kms per  second,  the  pnr t i c les  o f ' the  ae ther  rv i l l  havc
an average molecr i la r  ve loc i ty  o l  47 tz3g knrs  pcr  sccond.
' I 'his is a very important result,  and i t  con{lrms thc general
theory outl ined by Preston and' l farue//,  though the detai ls
of their processes are altered.

4 .  I ' l x a r : t  C a l c u l a t i < - r n  s h o r v s  t l r r :  c l a s t i c  l ) o \ \ ' e r
o l ' t h e  a e t h c r  t o  l r c  6 5 9 3 : r 6 o o o o o  t i t n c s  g r ( , a t e r  t h a n
t i r i r t  o f  o u r  a i r  i n  p r c i p o r t i o n  t o  i t s  t l c n s i t l ' : ' l ' h u s
i t  c a n t r o t  b e  d i s r u l l t c d  1 . , 1 '  l n \ '  l i n o * r r  I - o r c e ,  a n c l
o n l l  t h e  q u i c k  a c t i o n  o f  d y n a r l i t r  u ' i l l  g e n e r a t e
u ' a v e s  i n  i t .

ln thc > l i lcctrorl l 'namic \\ Iavc ' l ' l re 
orl '  c.r l '  l 'h1's. l ic.rrc. <<, l ,

r  g  r  7 ,  t l re  u  r i t c r  has  re ' l c r red  thc  ch ic i '  ib rccs  o f  na ture  to
* 'ave  lc t ion ,  anc l  r rp la ined the  rnoc le  o f  * 'uve  ac t ion  lo r
grav i ta t ion ,  n ragnet isnr ,  e lec t rodynar r r i r :  nc t ion ,  e tc .  r \s  the
ac thc l rvas  takcn  to  be  t 'o r l tus t :u la r ,  i c t  knos 'n  . to  behat 'e
l i k e  a n  e l a s t i c  s o l i d ,  o r v i n g  t o  t l r c  e n o r n r o u s  v c l o c i t l '  o t ' t h e
par t i c les ,  the  e las t i c i t y  rvas  recogn iz .ed  to  l re  ac lc t lua te  to

1 , l roc luce  thc  pos tu la tcd  dy ,nr rn t i c r r )  c l - l ce ts ,  l ru t  i t  i s  h igh ly
c les i rab le  to  have th is  rvork ins  hypothcs is  l ' o r  so  in iPor tnn t
a  cons t ln t  vc r i f i cd  by  exac t  c i l c r . r la t ion .

l n  t l r c  y r a s s a g c  a b o v e  c i t c r i  l l o t r i  t h e  ( ) 1 r t i c s ,  r  j 2 l , p .  i 2 S ,
j \ ; t i l t1 ( ) ) /  gavc  t l re  l r rs t  ou t l ines  o1-a  cor rcc t  theory  o f  the
c las t ic i t y  o l '  the  ac t i te r .  I t  u 'as  subsc t lucn t iy  red iscussed
l.ry Sir Johtt .11trsr/t t ' {  in t}re rvel l  kno* n arldrcss on l ig}rt ,
(1 , 'anr i l ia r  l , cc tL r rcs  on  Sc ien t i t l c  Sub jc 'c ts ,  London,  r867,
p .  z8z) ;  ) ' c t  ow ing  to  the  in tpor tance o1-  an  ur rc lc rs taud ing
o1 ' the  c las t i c i t y  o l  thc  n rcd iu r .n  lb r  the  I . ) lec t rod .  \ \ Ia i ,e -1 'heory
o f  l ' hys .  l io rc . ,  I  have leexanr ined the  rvho le  su l r jec t .  ' l ' he

I ) rescn t  resn l ts  es tab l i sh  beyond doubt  t l r c  a lmost  in f in i te
porver  o f  exyrans ion  and cont rac t ion  a ls ,uvs  opera t ing  i r i  the
aether  lb r  genera t ing  t l ie  s tupendous phy ,s ica l  lo rces  observed
throughout natr lre.

I t  i s  there fore  cer ta in  tha t  rvave ac t ion  in  such an
e las t ic  rned ium , i s  adet lua te  to  account  lb r  .  a l l  the  var ied

i ' ; i . , . : j .
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opera t ions  o i , i .  phys ica l  un iverse .  l lo . .o ' r ,e r ,  s ince  I igh t ,
heat, chemical aff ini t l ' ,  etc.,  have long been referred to such
l 'aves  in  the  ae ther ,  the  more  genera l  e iec t rodynamic  tvave-
theon ' th t rs  g i . ' cs  contp le te  cont inu i ty  to  our  theor ies  o f
p h y s i c s ,  t h e r c l ; i ' c o n l i r n r i n s  t h c  c o r r c i n t i o n  o f  a l l  n a t u r a l
fo rces ,  and g iv ing  nen '  ph1 's ica l  c round-s  fo r  the  doc t r inc  o f
the  conserva t ion  o f  cners \ ' .

In  the  c los ine  paragrap l i  to  h is  cc lebra ted  ' f rea t ise  
on

Electr ici t ,v ancl tr lacnctisrr,  r  E 7 3, i l fa.xn,r l /  just ly says that
>rvhenever  encrgv  is  t ransrn i t t cc l  f ronr  onc  body  to  another
in  t ime,  therc  rnus t  l ; c  a  med iunr  o r -  su l ts tanr :e  in  n ,h ich  the
energ) '  ex is ts  a f tc r  i t  l ca r .cs  onc  l roc l l '  anc l  l re fo rc  i t  reaches
thc other<. ' I 'his 

also l toints to \yave action, such as (,-rzzz.rs
rvas consir lcr ins in r S3.5, and of u.h. ich II :r Irr gate t l"rc
f i rndar ren ta l  la rv  in  r846,  ' \ r t t t , lo rz 's  la rv  o f  r  6E6 bc ine  a
spec ia l  casc  cor resJ)or rc l ing  to  c i rcu la r  o rb i ts .

In  the  l ' r inc ip i : r ,  L ib .  z ,  I ) rop .4S,  S j r  / - raa t  1 \ r ru , lo t t
deduces  the  fo rmuia  fo r  thc  vc loc . i t v  o f  rvaves  or  nu lscs
propaeated  in  an  c las t i c  mcr l iu r l ,  s iu .h  

" r . , , .a l ' cs  
o f  sor rn r l

i -  r L ^  ^ i . l :  :  (  t / ( L l D )
This is  nos '  ur i t tcn

7r  :  v ' t ( / :gn o l  n) .  (  r  - r  a  z) ]

3 3  r . 7 6  r n  l /  ( i + - o . o o i 6 6 . 5  / ) ( '  8 )
l vhere  I  i s  the  ten tpera ture ;  r r  i s  a  coc f f i c icn t ,  o .oo-166-5 ;
.g  :  acce le ra t ion  o f  g ra l i t t ' ,  g8r  cp t  i  / t  -  nor t la l  Ia ronrc t r i c :
p ressure ,  76  cnr ;  ( i :  r r .6 ,  c lcns i t l '  o f  X lc rcur1 , ;  . l )  :  thc
dens i tv  o f  a i r ,  o .oo  r  29- r ;  anc l  / . '  :  r .4o .5o  (c f .  I l t i i / /n l . s
I l xper imenta l  I 'h ls ik ,  3 .5 .5  r )  i s  the  ra t io  o l '  rhe  s l )cc i f i c  hca t
o f  a i r  under  cons t ln t  l ) rcssr t rc  to  tha t  unr lc r  cons tnn t  vo i r r r le ,
introrl t tccrl  b.t ,  l ,ay' lat lbr hannonizing t\ i . tr , /ot is thcorct ic:r l
fo rmula  s ' i th  thc  o l rsc rvcc l  vc loc i tv  o f  soun i l  in  a i r . .

In  n ran j ' invcs t isa t io r - rs  i t  i s  poss ib lc  to  c lc tcnn ine  the
ve loc i tv  rv i th  rvh ich  \ \ 'avcs : l rc  p ropagatc r l ,  l ru t  i t  i s  no t  a lu ,ays
poss ib le  to  dc tc rn t inc  in r lepcnc len t l r -  th r :  r : las t i c i t y  o r  r l cns i t l .
of t l re rncdium - \ \ 'c can onlr- f incl thc- rat io t i f  D. ' l 'his 

is
par t l v  t r t re  o l -  ihc  ac t l rc r ,  lo r  11 ;1111111c,  r r l r i c l i  t ransr -n i ts  l iqh t
w a v c s  o r  e l c < : t r o c l y ' n a n t i ,  * r r r c s  t r i t l r  t h e  s p c c r l  o f  3 o o o o o  k n r s
p e r  s c c o n d ,  b u t  q i v c s  n o  l ) r o c c s s  o f ' f i r i r r g  t l r e . e l a s t i c i t t ,  o f
th is  n te r l iu rn  cxccpt  b r .  an  inc lepcnc lcn t  < :a lcu la t ion  o f  the
dens i ty ,  s ' l t i t : l t ,  l to rvcvcr ,  l l : l ) '  l r c  r la t l c  l r t ' t I c  y t roccss  f i rs t
used l ry  7 ,o rd  / t ' r / t , i t t  in  r354,  ( l la l t in ro rc  Lcc tures ,  r9o4,
p .  z6r -z ( t3 ) ,  and a l i c r l ' a rds  ar iop ted  by  l l [a , t t l r / / ,  Sc icn t i f i c
P a p c r s ,  2 . 7  6 i  .

I n  s e c t i o n  5 l r c l o l - * ' c  l i r . r c i ,  l r y  t h c  l ) r o c c s s  h e r e  c l c -
scr ibcd ,  tha t  a t  thc  s r rn 's  sur f t r r :c  thc  dcns i t r .  o f  the  ac t l t c r
i5  p  :  z  X  r  o -1"  anr l  t l r c  r ig id i t r -  r  Soo.  L is in i r  these con-
stants in . \-rt t lot is forr lula, 1\ 'e l tay I 'er i fy the obscrt 'ed vclOcity
o f  w a v e  p r o p a e a t i o n :

6 z

r  :  / { (gholn) 'n .  ( r  - rar ) }  :  )
/ [ ( e . 8 o s  x  o . 7  6 x  r  3 . 5  9 / o . o o  r  2 9 3 )  (  r . a o 5 )  (  r  - + a r ) ]

3 3 r . 8 r n  J / ( r - + o . o o 3 6 6 5 t )  a t . t ' C .  ( r S )
This  shorvs  tha t  the  ve loc i ty  o f  l igh t  i s  go4z68 t imes swi f te r
than sor . rnd .  Squar ing  th is  nnrnber ,  and d iv id ing  the  resu l t
b y  r . 6 6 6 f  r . a o 5  :  r . r 8 6 z 4  , r v e  g e t  t h e  i m m e n s e  n u m b e r
689 3z  r  6ooooo;  rvh ich  shorvs  horv  rnuch the  e las t i c i t y  o f  the
ac thcr ,  regarc ied  as  a  n lonatomic  gas ,  exceeds tha t  o f  the  a i r
i n  p r o p o r t i o n  t o  i t s  d e n s i t y l ) .  I n  t h e  O p t i c s ,  3 . d e d i t i o n ,  r 7 z r ,
1 t .  326,  Ar tu , lo t t  makes  th is  number  49o ooo ooo ooo,  wh ich
rs  7  r  pcr  ccn t  cor rcc t .

In  r , ie rv  o f  th is  excess ive  e las t i c i t y  o f  the  ae ther ,  in
l ) ro l )o r t lon  to  l t s  vc ry  smal l  dens i ty ,  compared tO tha t  Of  a i r ,
. r \ ' c  can  unr lc rs tanc l  thc  a lmost  inconce ivab le  ve loc i ty  o f  l igh t .
I t  is also ncccssarlr to bear in rnind this enoimous elast ici ty\
in orcier to unr' lcrstancl rvhy the acther'  is practical ly in.oml
press i l rJc .  \ \ -hcn  a  rvavc  l rcg i r . rs  to  be  genera ted ,  the  d is tu r -
l rance is  p ropagatcd  a \ \ ,ay  so  rap id ly  tha t  the  rvave ampl i tude
necessar i l v  i s  s rna l l  conrpared to  the  n 'ave  length .  In  the
ca lcu la t ions  o f  scc t ign  -5  * ' c  havc  taken the  rvave length  as
ror .2 . l  t in rcs  i t s  n r r rp ) i t r rdc ,  w l t i c l t ' t , l faxur l l ,  Lord  l {e lu in  l ' nd
Lat 'no t '  cons idcr  a  sa fc  l ras is  in  a l l  nunrer ica l  de ter rn ina t ions .' l ' hc  incqrnprcss ib i l i t y  o f  t l . re  ae ther  i s  due to  the  very
lr igh mcart vciocit l '  of thc aetlrer. corpus'cles, 47 r239 knrs per
s e c o n d ,  a n c l  t h c i r  c n o r r n o u s l y  l o n g  f r e e  p a t h ,  5 7 2 9 5 g  k n r s :
* 'h ich  n iakcs  th r :  mcr l i r rn r  bchave as  an  e las t i c  so l id  fo r  r lu ick
: rc t ing  fo rccs ,  l ru t  ena l r l cs  t ) rc  corpusc les  to  n rove  ou t  o f  the
rvay  o f  thc  swi f tcs t '  l ) lanc ts  rv i th  a  r  oooo- fo ld  e rea ter  s lJced.
( ) rv inq  to  i t s  cnor rnor rs  c las t i c i t y ,  the  ae ther  ins tan t ly  a r i jus ts
i tse l f  to  a .n \ -s t i r t c  o f  s tcac ly  t ) to t ion ,  anr . l  thus  th is  med ium
of fc rs  no  rcs is tu r rcc  n ' l ta tcver  to  un i lb rm r :e les t ia l  mot ions .

' l ' l r is 
<: ir<:un.rst:rncc ful ly explains a gravc dif frculty rvhich

has l . ,ccn fcl t  l rom t lre age of t \rcrulon, ancl hitherto altpcarecl
u t te r l ] '  l r c rv i l r le r ing  to  na tura l  ph i losophcrs .  In .  connect ion
u ' i th  such c r t raor r l i r r : r11 '  phys ica l  conc l i t ions  i r r  the  med ium,
i t  n ray  l re  r rsc f r r l  to  rcca l l  an  account  o f  thc  in te r io r  co l r -
s t . i t r r t ion  o [ ' t l r c  sun  g ivcn  by  l , ro fcssor  t \Vu ,co t t l t  in  the  I . ]n -
c l c l o l r c < l i a  : \  r r c r i c a n : r ,  r  q o 4  :

) ' \ ' c t  xno thcr  r :nkno3 ' t r  fac : to r  i s  the  tcn) l )c ra tu re  o f  the
in tc r io r ,  .  .  .  i t  rnay  l j c  i  ooo  ooo degrees .  As ,  the  h ighe s t
tcnr l )c r r tu rc  l ;h i r :h  i t  i s  poss ib lc  to  p roduce ar t i f i c ia l l y  p ro-
ba l r l v  c loe  s  no t  an lount  to  r  o  ooo c lcgrees ,  i t  i s  imposs ib le  to
sav l 'hat cl lcr: t  such a tcl)t l )eratr lre rvould havc npon lnatter.' l ' h t ts  rvc  havc  t r ro  oppos ing  ca l l scs ,  thc  onc  an  inconcc ivab le
r ' l cqrcc  o f  hca t ,  sur :h  tha t  11 'c rc  n la t tc r  cxposec l  to  i t  on  the
sur facc  o f  thc  ear th ,  i t  u 'ou ld  cxp lode rv i th  a  power  to  wh ich '
n o t h i n g  r v i t j r i n  o u r  c x p c r i c n c e  c a n  b e  c o m p a r e d ,  a n d  a
l ) rcssure  thousands o I  t in rcs  an) ' \ \ ' e  can  produce,  tend. ing  to
r :onc icnse anc l  so l i r l i l - v  t l r i s  in tcnse ly  heatcd  mat te r .  One th ins
u' lr ich l 'c cen sey s' i th conficlelce as to the effect of ' thesc
causes  is  t l ra t  no  c l ie rn ica l  cornb ina t ions  can take  u lace  in
nra t tc r  so  c i rc :unrs tanced.  ' l ' he  

c l i s t inc t ion  be tween l iqu iQ anr l
gascous  nra t tc r  i s  los t  under  such cond i t ions .  \ \ /he the i  the
cent ra l  I )o r t ions  are  compressed in to  a  so l id ,  o r  remain  l iqu id ,
i t  i s  imposs i l r l c  to  say . .<

5044

t
I
t

&,
t '
Ir.r ,
f,

y:  1t \nlD) :  r , . {
: : J X

'l'o 
conrpare a

wi th  c l ia tomic  gases
ve loc i t l '  o f  sounr l :

r  8 o o / ( z  x  r  o - 1 t ) )  :  1 o  o o o  o o o  o o o  c m s
r  o1" ,  t l re  le loc i t ] '  o f  l igh t .

l , c r f c c t  n r o n a t o m i c  c r s  l i k c  t l r c  n c t h c r
l i ke  the  : r i r ,  s 'e  use  thc  fo rmula  lb r  the

7

' . )  In.h is thoughtf t r l  l i 'ami l iar  Lecturcs on .Scient i l lc  Subjects,  r867,  p.  z8z,  Sir  /o/ tn / /cr . rchc/  g ives th is 6gure as r  r48ooooooooo;
but  he omits a l togcther thc rat io r .66 ' 'h ich appl ics to the acther as a monatornio gas.  ' f l r is  

correct ion is  ver i f te i  both by theory and b1,
observat ion on such monatornic grses as r fcrcuryvapor,  I Ie l ium, Argon, I i rypton,  Ncor i , '  xenon.
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In the writer 's I lesearches on the Pht'sical Consti tut ion
and R ig id i ty  o f  the  Heaven ly  I3od ies ,  r9o4-5 ,  he  reached
the conclusion that the conl ined solar nt i l t ter must necessari ly
be  gaseous,  though acqu i r ing  the  proper ty  o f  a  h igh ly  r ig ic l
sol id under the enormons pressure ancl I i igh tentl)eri l ture to
rvhich the matter is subjected. In fhct i t  rvas found by cal-
cu la t ion  tha t  the  layers  o f  the  sun 's  g lobe have an  average
r ig id i ty  o f  over  zooo t imes tha t  o f  s tee l ,  ( r \N  4  r  o -1 ,  c ,1L ia -
t ton  zz ,  p .  S8+) ,  rvh i le  the  average r ig id i t l .  o f  the  nra i te r ,
accumula ted  rv i th  inc reas ing  dens i t ,v  in  the  in te r io r  la1 ,ers ,
may be  6ooo t imes tha t  o f  N icke l  s tee l  ( r \N  +  r  o .+ ,  c (p ra-
t i o n  3 8 ,  p . 3 9 2 ) .

Such a  g lobe rnus t  be  v ies 'ed  as  i lu rs t ins  in te rnr i l ; ,
rv i th  pent  up  exy i los ive  energy ,  ye t  kep t  in  ec lu i i i l r r iu rn  by
the  accurnu la t ing  pressure  o f  the  sur round in t l  la t ,c rs :  the
conf ined n ta t te r  i s ,gaseous,  ye t  r ig id  to  the  h ig l te ,s t  c lcv ree ,
and in  such conf inement  l t )us t  havc  the  l ) ro l )c r t ) ,o l 'a  so l i t l
o f  enormous r ig id i ty .

Now the  r ig id i ty  o f  the  ac t l re r  i s  var ia i r l c  w i th  th r :
rad ius  vec tor  d l 'awn to  the  sur r ' s  cL- l ) t re ,  l tu t  gcner lL l l l .  l css
than tha t  o f  so l ids  such as  g lass ,  rvh ich  is  a l . rou t  r  o t l .  \ , t t
rv i th  such h igh  e las t i c i t y ,  due to  the  e  nonnoLrs  u ro lccu l l r
ve ioc i ty  47rz39 kn ts ,  rvc  see tha t  i t  cunnot  bc  ren t  o r
cracked, as Lord l ieluin on(je sussested, ( lropulrLr Lr.cturr.s
and Addresses ,  I .336) ,  by  any  lo rccs  a t  u ,o rk  in  l l i r tL l re  .' I ' he  

on ly  a r t i t i c ia l  fo rces  ye t  fo r rnd  capa l r le  o l -  se t t ing  u1r
rvaves  in  t i re  ae ther  rvere  the  ex t re rnc ly ,  c lu i t : k  e r l r los ions  o l '
dynamite used by l,iofessor .,!;1'a2;is li. ,\:iro/ttt. ol St. Louis.

5 .  T a b l e  o I  t h e  I ' h y s i c a l  C o n s t r r r t s  o i ' t h L .
A e t h e r .

1 'he  genera l  n rc thod enrp loyec l  l i r r  c lc tc r . rn in i r rg  t l re
phys ica l  cons tan ts  o f  the  ae ther  i s  based on  t l re  l r ro r ;css  lo r
ca lcu la t ing  the  rnechan ica l  va lue  o f '  a  cLr l r i c  n r i l c  c . r l  sun l igh t
dev ised by  Lord  Kt / t , in ,  r854,  and l r rs t  PuL l is ) re . l  i r r  ihc
l ' ransac t io r . rs  o f  the  I {oya l  Soc ie ty  o l .  I , )c l i r r l l r rgh ,  ( r .1 .  r i le -
chan ica l  l inc rg ies  o f  thc  So ler  S1 's tenr< ,  r  8  5 .1 ,  anr i  l : j l l t i r r ro rc
I - e c t u r e s ,  . r g o 4 ,  I ) .  z 6 r z 6 5 ) .  ' l ' h i s  

r n e t l r o t l  l , u s  r L r l o l r t e c i  u n t l
sornervhat intproved by t l fa;rut/1, r E 7 5, in the r\rt i r . lc r\e the r,
I incy .  l l r i t .  g t "  ed .  Sonre  l i r r ther  i rn l r rovcnrents  havc  l rccn
in t rod .ced by  the  prese. t  i v r i te r ,  cs1 ,c . : i r r l l v  i r r  t l r ' s t ,  c ro r )s t r r r r ts
o f  the  k ine t ic  theory  o f  the  ae ther ,  rvh ich  u  c re  nevcr  ca lcu la te t l
by A'tluiu or llfasut//. 'I'hese 

are due entireiy to thc reccnt
inves t iga t ions ,  and are  here  ou t l inec l  lb r  the  i r rs t  t i rne .

\Ve adopt  ihe  cons tan t  o f  so la r  rad ia t io r r  recent l l .  lbunC
by -R ig 'e lou ,  nanre ly ,  r .gB ca . ,  r9 r9 .  (Su l rp )enrc r r t  No.  I  to
the ' I ' rea t ises  on  the  a tn rospheres  o l -  t i t c  s t rn  a t r r l  t l r c  car th .
Four  fundamenta l  fo rmulas  lb r  d iscuss ins  the  o l . rserva t ions
rnade rvith various tyl t t- .s of pyrhcl iorrrctr:r  s, I , ' .  .1.t .  Bi.gclt tu., ,
J o h n  W i l e y  &  S o n s  I n c . ,  N e u , Y o r k ,  r 9 r 9 ,  I ) .  - + ) .

A  cer ta in  tac to r  in  the  k ine t ic  theory  o l -  thc  encrg l .
of the aether tvaves conritrg lrom the surt l 'us tel icn l ,y Lor:cl

{e ( in  as  be t rveen 1 / ,  anc i  r ,  ( i la l t i , r ,o re  Lcc t r r r rs ,  i , . .6 . ; ,
\  5), and by .Lfaruel l  ur t /r .  Working out rhc lrroblcni
sorrervhat nrore ful ly than Lord , | icluit t  has dr_rne, t l tus takins
i l ccount  o f  the  inc l ina t ions  o f  a l l  the  * 'ave  e le . r t . r r ts  i r r  1 , l r r rc ,
c i rcu la r ly  and e l l ip t i ca l l y  po la r ized  l igh t ,  I  f lnd  thar  th is
lactor lor the total energy should be a I i t t le grcater than
o n e  h a l ( ,  n a m e l y :

504+

:  o . 6 3 6 6 2

Accord ing ly  rve  t l r r i s  a r r i ve  l t  the  fo l lo l , ing
' f a b l e  

o f  C o n s t a n t s  o f  t h e  A e t h e r :
r.  Constant of solar radiat ion, found by Rigt l t tu, from ob.

serva t ions ,  1 l  -  
3 .g t i  ca .

4 .

) .

Assumed r r t io  o f  anrp i i tude  to  wave length  .111,  :
t  f  ro t . ,  z ,  rvh ich  is  near ly  the  same as  rvns  used b i ,
t l . f o : t u , c 1 / ,  s o  t [ u t  t l p  :  

" . ; r l r o t . 2 : ]  
:  r f  t 6 . r r 5 .

l )nergv  y tc r  c r rb ic  ccn t in re t re  a t  the  ss l11 's  5111 l lsg  :
(  /  . ,  \  ' , ,  /  .  \ ,  a

f o . u . J o u 2 / , !  t  -  
\ . t l ) - :  - . 1 . . + r . + 5 5  ( . r g s .

( l rca tcs t  t ln .qcn t ie l  s t ress  per  s (1 .  c rn  a t  the  sun 's  sur iuce
:  g  f t l . l f ) :  t t t . r T  r i  ( l y n e s .

Coc l l l c icn t  o1 '  r ig i t i i t l ,  o f '  t l i e  ae ther :
A t  t | e  S 1 1 ' s  S i t r f l c C  :  0  I . :  :  r S o o ,
a t  t h c  c a r t l r ' s  s r r r l a c e  z t 9  g  l / ) :  : j ( _ ) : + 2 o o .

I ) e n s i t y  o l - t l r c  u c t i r e r  l r t  t l ) e  s u t i ' s  s u r i : r c e  4 :  a 1 l s - 1 . .

l ) e n s i t l ' r r t ' t h c  u c t h e r  a t  t l r c  e a r t h ' s  s u r i u c c  d :  z t c ) t t
:  , + : j S X  r o - 1 " .

t r l ca r r  ve  l oc i t l '  o l -  t i r e  l t c t i l c r o r ) ,  i i  :  - l  7  r  ?  - i  goo  ooo  cn l s .
r \ l o l c c r r l a r .  r v c i { l r t  o l -  t l r c  l c t l r c r o r r ,  ( / 1  :  r )
:  1 5 . 5 0 X  r o - r r .

r  o .  ' \ ve ra t l c  I cng th  o l -  n reen  l i e  e  pa t l r ,  u t  t he  sun , s  su r l ace  ,
/  :  S j  z  9 5 9  k r u s .

N u r n b c r  o f  c o r l r u s c u l a r  c o l l i s i o n s  J ) e  r  s c (
s t u i  s  s t t r l l c e  ,  ( ' :  o . 3 u : . 1 6 .

l { l L c l i us  o l '  r Lc t . } r e  r  c< ; r ' y ; t r s c l c  :  3 .  
- i 46 )<  r  o -

o f  t he  rud i r - r s  o l '  u  I  I v r l r oge  u  r no l c t . u l e  .
' l ' l r c  

r l t l i r rs  o1 '  u  n ro le  cu le  o l -  I  l v r l rogcn is  taken as
r . 3 . 1 X r o  t ,  a n r i  t i r e  c l c n s i t y  

" r . u , r , c d , - i  1 , , , , 1 .  l n  c o n r l , i u t i n g
the  nro l r .cu le r  rv r ig l r t  o l '  t l re  le  t l re  ron  i t r  g  : rbove,  l  e  d is -
r t 'g : t r t l  the  s r . r - t :aL lc t l  , l , ) l cc : t r i< : : r l  rn rLss '  l r c i  lLuse l , ro lessor  S i r
J .  j .  7 ' lo r tsaz ,  ( l ' ) lec t r i c i r l  rLnr i  , \ lagnc t isnr ,  -1 ,1 ,  cc l . ,  r  9o9,
1 r . 5 : r ) ,  n t t l  ( ; r t t t t , / l r z . ,  ( . \ l o l c c r r l r L r  l , l r r : s i c . s ,  r 9 r + )  I ) . 7 o ) , - " n J
o t h r r  x . t l ) o r i t i e s ,  u t i r r r i t  t l i a t  t l r i s , 1 . ) l e c t r i c r L l  r ' r L s s '  r c s i c l c s  i '
t i te  uc t l ie reu l  r r rcc l iu r r r  i t sc l l ,  u ' l t i t . I r  \ \ ' c  a re  inv rs t ig l t ing .  ' l . i r i s

su l ) jec t  l ' i l i  be  l t ro l 'e  l i l l l v  d iscLrsse t i  in  u  l i r tu rc  lnpcr .
l t  n ray  bc  no t i t : cd  t l r r t  t l re  u r ther  gus ,  i s  cn t lo l .c r l  rv i th

euornrous ly '  h igh  r r ro lecu lu r  vc lo t . i t i cs  l rn t i  c r t : css ive l r .  long
mnge o f -  ruc ln  l iec  l ) iL t i t ,  so  t l ra t  t l re  l r i ! -h lv  t ias t i c  ae t l rc . r
i s  ver1 ,  c i i l l c r i : r r t  l i onr  rh r  o rd in : r rv  tc r rcs t r iu i  g r rscs .  . l ' h is  i s
lb rc ib l l '  b rousht  oL l t  in  t l )e  lbJ los . ing  te l r l c ;  1 ,c t  the  s i ru i la r i t v
r v i t l r  t h e  o t h c r  g l s c s  i s  a i s o ' o t a b l e ,  c ' e .  r b r  s r r t . l r  , , n  c x t r e r , r "
c a s e  r r s  t h c . c t l r e r .  l t  i s  t l r i s  e . ( ) r l ) l o . s  r r c r r D ' r o l e c u l a r
v e l o c i t ) ' a n d  t h c  l o n g  l i c e  p a t h  l . l r i t ; l r  ( . i r u s r s  r ] ) e  r l c t h c r  t o
' i l r r u t e  u s  u n  e l u s t i r :  s o l r d  l i r r  r l l i i t l l v  a t ' t i r q  i i ; r r . c s ,  l r u t  c r r s i l y
g ive  s  rva l '  to  s lo l '  n to t io r )s .  l t  i s  u  o r t l rv  o i  n r . r t i cc  th rL t  t l r c
p a r t i c l c s  o f ' t h e  a e t l r e r  r r o ' L ' o u r  o i  t l r c  * : r l  r c n  t h o r . r s u n c l  t i u r e s
more  ra l t i c i l y  t l r ln  t l i c  s rv i l ies t  p lanr ts  rcvo lve  in  the i r  o rb i ts .

' l : n

' l c o s 0 d 6 :

o

, ) .

i;l
i . 1

6

7

D .

( J .

: o n d ,  a t  t h e

r r ,  o r  r  / 4  o  o ,5

' l ' h e  
c o n s t l n t s  l b r  t h e  t l b l e s  a s s r r r r l r l e r l  L e l o l . r v e r e

c l ra rvn  or ig i r i l l l v  i io r r ;  ( ) .  l i .  t l f r , y t r ' s  I i i nc t i c ' l ' l r cor l .  o l '  Oases ,
bu t  in  the  l lne l  re r . i s ion  I  have adoptcd  t l t c  mean o f  the
va lues  c i ted  by  J taus , I i ine t ic  

' I ' heory  
o l ' ( iases ,  z ' ,d  ed .  r9  r6 .

i)
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As l 'as f irst clcar ' ly '  shos'n br. ,) lo,t  utr/ / ,  r ' iscosity is
due to  thc  rno lcc r r la r  res is tance c lcve lo Icc l  s 'hcn  onc  ja t ,e r
o f  gas  s l idcs  ovcr  : rno thcr .  In  thc  r :asc  o f  suc i r  a  su l rc r f ine
gas  as  thc  ee thcr  the  v iscos i t l '  1>asses  in to  r ig ic l i t \ .  ;  the  pro-
cesses  fo r  cs ta l r l i sh ine  th is  t rans i t io r r  o f  r . i scos i t f  in to  r i c id i ty
is  cx l r l r inc r l  in  / )o t t i r / / ' s  I , r inc ip lcs  o f  I 'hvs i r :s ,  3 . ,1  cc l . ,  r  S9 .5 ,
p .  227,  an t l  thc  t l rcorc t i ca l  bas is  o f '  t l fa . tu , r / /  s  t l r cor l '  o f
v iscos i t r -  i s  no ta l r l l  i t rp rovcc l  b . t ,  / ron . r ,  I  )vnanr i r :a l  ' l ' heorv

o f  ( iasc .s ,  z " ' l  e r l . ,  l  g  r  ( r .

r \ s  the  ac thcr  i s  a  qas  nrac le  u l )  o l  cor l )usc les  4ooo
t imcs  s r t r r r l l r r  in  d ian tc te r  than a  hydrogcn nro lccu le ,  anc l
h a v i n s  o n ) v  r  . 5 . . 5  ( r  m i l l i o n t h s  o f  a  m i l l i o n t h  o f  t h c  r n a s s  o [ -
thc  h t ' r l rogcn n to)ecr r1e ,  u .c  rcad i l l ' scc t  r lh l '  t l r i s  supcr f in 'c
r red iu rn  pcrvadcs  a l l  g ross  bod ics .  I lu t  as  the  ac thcr  i s  thc
u l t i n r a t c  n r c r l i u n t  o 1 ' t h c  u t r i v c r s c ,  a n t l  i s  n o t  u n c l c r l a i d  l r 1 ,
an l th ing  f iner ,  l ' c  a lso  pcr r :c ivc  tha t  encrg t ' car r ie< l  in  s r t r : l . r
a  n red iu rn  ( ' : r l rno t  l rc  < i i ss iy r t tcc l ,  l r c< ;ausc  therc  i s  no  f i r rc r -
mer l iu rn  to  rvh ich  \ \ - l vc  encrgy  rn iqh t  bc  g ivcn  up .  ' l ' h r rs  

i t
fo l lon 's  th t l  Larno /s  n rq l ln rc r ) t  ( in  thc  a r t i r : l c  Ac thcr ,  I , )n r :1 . r . .
I : i r i t .  l  r t "  cd . ,  r  g  I  r  ) ,  to  thc  c f1 -cc t  t l i a t  t rc thcr  i s  lo t  n to lccu l : r r .
i s  t ro t  we l l  lbunc lc r l .  ' l ' l t c rc  

i s  no  i  a l i< l  o l r j c r : t ion  to  a  cor l )us-
c t r la r  ac thcr ,  su t 'h  as  u .as  conr -c i l cc l  i r t '  . , \7 r r , /a )1 ,  I  i  21 ,  an t l
alr lrrovccl by /-rrs/ott  untl  ,11'o.rt ' t / / ,  r  ,S 7 7. 

' l ' i rc kinct i<: t l rcorl .
o f  th is  super f inc  gas  is  herc  s 'o r l<cc l  ou t  in  sourcs ,ha t  g rea tc r
de ta i l ,  and  \ \ 'e  scc  tha t  r lu i te  uncxpr .c tcd ly  i t  a f fo rc ls  the
most  sub,s t :u t t ia l  phvs i r :a l  q round c r .c r  dcvc lopec l  fo r  the  nros t
func lanrenta l  o f  a l l  p l r l ' s i t :a l  c lo r : t r incs ,  r r : rmc l r ' ,  thc  conscr -
la t ion  o f  cncrg ] ' .

Sor -nc \ Ih : r t  n to rc  dc ta i l cc l  e rp lanat ion  o f  the  l ) roccsscs
of  ca lc r r la t ion  uscd to  der ive  thc  h ig l i  mo lccu la r  le loc i t l '  o f
the  ae theror - r  a re  g iven i r r  sec t ion  6  bc los ' .  'A t  p rcsent  rvc
need on l l '  po in t  ou t  the  obv ious  advantascs  o f  hav ing  l ;e fo re
our  n l inds  de f in i te  n r rmer ica l  rcsu l ts  wh ich  s l ro rv  rvhat  r ) ran l tc r
o f  gas  thc  ac thcr  i s .

6 . ' l ' h e  e x c e s s i v e l y  h i g h  r n o l c c u l a r  y c l o c i t l ,  o f
t h e  a e t h e r o n ,  i t s  l o n g  f r e e  p a t h ,  a n t l  s r n a l l  m a s s ,
s ' i t h  r a d i u s  o n l y  o n e  f o n r - t h o n s a n c l t h  o f  t h a t  o f  a
H y d r o g e n  m o l c c u l e ,  e n s u r e s  l - r o t h  g r e a t  e l a s t i c i t i ,
a n d  g r e a t  p o w e r  o f  p e n e t r a t i o n  t o  t h e  a c t h e r .

' l ' he  
ex t raord inary  e las t i c  p roper t ies  o f  the  ae the . r  a re

due main ly  to  t l . re  excess ive ly  h igh  ve loc i ty  o f  the  ae theron,

i t s  lons  f rcc  pa th ,  and snra l l  r lass ,  w i th  a  rad ius  o f  on ly  one
four - thousandth  o f  tha t  o f  a  F lydrogen nro iecu le .  As  fa r  back
as  r34-5 ,  S /o / r rs  rec ,o t ln izec l  ( ' l ' rans .  Camb.  I rh i l .  Soc . ,  8 .2g7) ,
tha t  the  ac thr : r  i s  s in r i la r  to  u 'c l l  knorv r . r  so l i c ls ,  bu t  has  the i r
y rh ls i r :a1  propcr t i cs  in  an  acccntua ted  degree.  Th t rs  i ce ,
t rca t : l c ,  p i tc l r ,  bccsrvnx ,  n ro lasses  pu l led  fo r  candy ,  and o ther
s r r l rs t rnccs  arc  l lu id  fo r  s lo r r '11 ' tc t ing  fo rcss ,  a l lo rv ing  hard
l rod ics  p rcss t ' r l  in to  thcm to  pass  th ror :gh  w i thout  any  f rac tu re ,
l ry  a  {cn t lc  l i c l r l ing  or  l lo * '  o f  the  subs tance;  bu t  ye t  when
st ruck  v io lcn t  l r lo l ' s  thcsc  i rod ics  v ib ra te  l i ke  e las t i c  so l ids ,
and nra !  l r r :  l ' r : r t : tu rc< l  l i kc  g lass  or  o ther  l r r i t t le  subs tances .

I t  th r rs  : r l ) l ) cars  th : r t  a  so l i< l  i s  one rvh ich  does  no t
l i c l r l  rc ; r t l i l l  to  t l re  lb r< :cs  app i ied  to  i t ,  and  the  reg is tan .ce
to  r :hanqr :  o f  sha i rc  x ' i th  t i rne  nreasures  the  r ig id i ty .  A l l
l ro< l i cs ,  horvcvcr ,  f  i c ld  to  fo rces  in  sonre  degree.  Norv  in  the
casc  o f  t l r c  :Lc tbcr  the  corpusc lcs  have the  enornrous  ve loc i ty
o f  47  r  z  1c .y  k i lonrc t rcs  l )e r  seconc l ,  as  a l read l ,  po in tc ( l  o r l t :
an t l  jn  < :onrpr r i son  s ' i th  such t renrendous speec l ,  a l l  ear th ly
vc lo r : i t i cs  e rc  t r i v ia l .  l , , r ' cn  thc  vc l6c i t ies  o f  our  s rv i f tes t
p lanc ts ,  l i kc  l l c r r : r r r r .  anc l  \ / cnns ,  a rc  cxceeded r  o  ooo- fo lc l
l rv  t l r c  c \ t rcnrc  ss i l tnc -ss  o l -  thc  ae therons .  In  add i t ion  to
t ) rc i r  r r r l r id  n ro t ion ,  t l re r -  hevc  the  in rmcnse l l ,  Iong  f ree  pa th
o f  -5  7  iooo knrs ,  ncar lv  onc  anc l  a  ha l f  t imes the  nroon 's
cl i  stan <: c.

' l ' l t c  
c t ro r r ro r ls  vc loc i t ) '  o l ' the  ae thero l  and the  s rea t

lcng th  o1-  t l rc  mean f rce  Path  nrakcs  the  ae ther  un iq \e  ^^ong
a l l  ph t ' s i r : ; r l  l ro r l i cs .  l , ' o r  rap ic l l y  rc t ing  fo rccs  i t  v ib ra tes  anc l
t r a n s r n i t s  s ; r v c s  u  i t l r  a  v c l o c i t y  o f  l o o o o o  k n t s  p e r  s e c o n d ,
anc l  i s  cap ; r l r l c  o l -c .xc r t ing  thc  r . r . ros t  t remendous s t resses ,
such : rs  r ru  rc r lu i rcd  f i r r  l ro ld ing  the  p lanets  in  the i r  o rb i ts ;
bu t  fo r  s lon ' l v  e< : t inq  l i r rccs  f i c i r l s  l ' i thou t  res is tance,  l tecause
i ts  o* 'n  n ro lc r :u l l r r  n ro t ions  are  so  rap ic l .  ' l he  

par t i c les ,
t ravc l l i r rq  i r  j t i r  sur :h  cx t rc r ) l c  ve loc i ty ,  ge t  ou t  o f  the  way o f  a l l
n to r ' ins  l ro r l i cs  - -  a l rso lL r tc l l ' r v i thout  h indrance,  l ,hen  th 'c  bod ies
ntolc uniforrnl.v; anci offcr l tut sl ieht rcsistance for chaneing
ve loc i t ) '  o l '  tuovcrnent  duc  to  acce le ra t ion  or  re ta rda t ion .

It  is rccognizccl that the viscositv of gases, as deter-
rninerl  l )y t l re dif fusion exl)cr intents of Loschmirl t ,  O. E. t l f tyr,
.4Iaxruc1/ an(l  othcrs, depends on the molecular fr ict ion of
thc r.novins rrolecules projected from one layer of gas into
anothcr acl jacent laver, rvhen ttvo layers are sl id relat ively
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past  each o ther .  In  th is  rvay ,  t l ' re  ex l te r iments  on  d i t f l s io r r
have g iver - r  ns . the  t , i scos i t l '  o f  a i r  and o ther  gases .

' l ' he  mean f ree  pa th ,  lo r  exantp le ,  fo l lo r r .s  , lu i t r  l (  cu-
t he  l a r v : t  -  ^ " . / . . . ,I -  r 4 l ! ' \ 2 0 . /

z  is  the  v iscos i ty  o f  the  gas ,  anc l  z t  the  rncrLn  ve loc i ty
urolecule in cms y. ier se concl, ancl g thc irbsol,t i te cle nsit l ' .
I t  i s  impor tan t  to  no t ice  tha t  jn  t i te  case o f  the  ac ther ,

v iscos i ty  passes  in to  r ig id i ty ,  by  a  p rocess  o f  rc lson ins  l i r l l y
ex l r la ined in  Dat r t / / ' s  Pr inc ip les  o f  Ph1 's ics ,  - i , ,1  e  r l . ,  r  Sg  5 ,
p .  227.  In  ca lcu la t ing  the  n tean l iee  pa t i r  o f  thc  tLc t ] rc ron ,
w e  u s e  t h e  r i g i d i t y  o f  t h e  a e t h e r  a t  t h e  s o l a r  s u r l a c c ,  r 8 o o ,
l - recause bo th  the  c lens i ty  and r ig id i ty  o f ' the  ae the  r .  r ,a ry  rv i th
the  d is tance f rom the  sun,  as  aJread l '  cxp la inec l  in  scc t io r r  z .
T h u s  f o r  t h e  a e t h e r o n  t h e  m e a n  f r e e  p a t h  i s  1 : , 5 7 : 9 . 5 9 k n r s .

I t  i s  a  func ian ten ta l  doc t r ine  in  t l te  k ine t i ( j  thcor ) ,  o f
gases  tha t  a l l  gases  have an  equa l  nuntber .o l -  n ro lccu les  in  un i t
vo lunre ,  under  l i ke  cond i t ions  o f  tenrpera turc  anc l  ; r rcssurc ;  bu t
i t  i s  n o t  y e t  p o s s i b l e  t o  d e c i d e  o n  t h c  a b s o l u t e  v u l u c  o l  t l r i s
nu t r i t re r ,  d i f fe ren t  es t i rna tes  be ing  ind icu tc t l  I i r .  r 'u r io r rs  c r r r i r run t
a u t h o r i t i e s :  N  -  t g X  r o t r  ( , l h t ' u , t 1 / ) ,  , \ ' - -  r o o o  X  r o r s
(CrooLes), |1 :  [se6 X r or" (Keh,iz).

About  a l l  we ca l l  say  is  t l tL t  the  n t r r r t l r c r  o l ' r r to lccu les
in  a  cub ic  cent in te t re  o f  gas  a t  the  ord inary  teml )er t t r l re  an( l
pressure probably is not srnal ier than thtLt assignecl l t5, , l /1t: t : t t ,L// ,
i / -  r g  X  r o l s ,  t i r e  l a t e s t  d c t e r r n i n a t i o n  b e i n g  : 7  X  r o r "  ( c f .
A'orulher, I t lolecular Physics, Phi la.,  r  g r4, I) .  : l ) .

Using the ralue for the aether,
z " :  4 7  I 2 - 1 9 o o o  D i

and fo r  F lydrogen,  z r ,  . :  r85g 11

rve  ha{e  l ry  the  pr inc ip le  h rs t  cnunc ia ted  b \ ,  lL t , t t t , t / /  (Sr : i cn t .
P a p . 2 . 3 6 5 ) ,  t h a t  ) o n  t h e  a v e r a q e  e v e r y  n r o l e c r l l e  q r e a t  o r
sn ta l l  w i l l  have the  sa l re  energy  o f  mot ion<, ,  the  c t lua t ion :

ri'here
o t . t h e

' l " D t 1 ? ' 1 2 . :  r f  
2 u 2 z ' r 2

rvhich gives

t , t r  :  r t 1  ( r 8 5 9 ' ) ) : / ( a 7  r e 3 g o o o ) ?  :  r 5 . 5 6 . : 3 :  x  r o  1 J

\ 2 r  )

\ 2 2 )
' . 1 'hus  

i t  fo l lo rvs  tha t  an  ae theron has  a  n rass  o f  r  5 .56  nr i l l i on t l rs
o f  a  n r i l l i on th  o f  the  nrass  o f  a  Hydrogen rno le t :u lc .  ' I ' h is  

i s
e t lu iva len t  to  2 .7  38 t1X ro-s  o f  an  e lec t ro r ) ,  o r  abor r t  one
th i r ty -s ix  mi l l ion th  o f  an  e lec t ron .

l f  we take  the  dens i ty  o f  the  ae theron as  er l ru r l  t ( )  th r t
o f  the  Hydrogen molc .cu le ,  rve  f inc l  by  ca lcu le t ion  tha t  the
rad ius  o f  the  ae theron is  e t r r . r i va len t  to

r : r f 4 o o 5 . 3 6 . 1 1 ( r :  )
or one four-thousand-and-hl ih of the radius c_rl- a l . l  ydrogrn
nro lecu le .  1 'h is  ex l r la ins  rvhy  the  ae ther  so  rcuc l i i l '  l )enc t ra tcs
a l l  bod ies ,  even the  rnos t  so l id .  l t  n rakes  the  s izc  o f  an
aetheron to  a  molecu le  o f  Hydrogen rs  a  g lobe t rvo  nr i l cs
in diameter is to the earth. I letrveen uti lsses as large as our
te r res t r ia l  g lobe or  la rger ,  g lobes  t rvo  mi les  in  d ian te  te r  rvou ld
f ree ly  penet ra te  in  g rea t  numbers ,  even i1 -  the  la rgcr  g lobes
tvere  in  contac t ,  wh ich  o f  course  is  no t  the  case rv i th  any
so l id  o r  l iqu id ,  and s t i l l  l ess  i s  th is  rn re  o f  a  gas ,  in  rv l i i ch
the  molecu les  are  separa ted  b i '  d is tanccs  rc )a t i vc l1 .  i rnurense
in conrparison rvith the diameters ol the nrolecules.

T \ '
;l{rd;- .

' )  
/ou. Ie 's value of  tnolecular  veloci ty  of  I lydrogen, rvhich nrakes the aetheron perhaps a l i t t le  too Iargc.

t l 1 r| \-'

5 0 4 4

l f  the  nro lecu le  o f  I - I ydrogen be  t i t l i en  to  have a  rad ius
o f  r . 3 4 X  r o - s ,  t h a t  o f  t h e  a e t h e r o n  l r e c o n r e s

r  -  r . j - 1 X r o - - , / - 1 o o o  -  . 3 . 3 . 1 6 X  r o  1 i . ,  n e a r l y .  ( r + )
' l l o  fo r r r  a  conven ien t  p ic tu re  o f  the  snre l l  s ize  o f  the

aetheron corn l ra red  to  the  I  I vc j rogen nro le  c r - t le ,  * 'e  rnav  reca l l
t h e  t r i i l i n g  h c i g h t  o i '  u  n r o u n t r i n  a  u r r l e  h i g h  c o n r p a r e d  t o
the  i r . r . r rnc 'nse  rad ius  o l '  thc  e lL r t l r .  I l '  o the  r  rno lecu lcs  L re  la rger '
than l l l ' c i roqen,  us  i s  ge  ncr l l l y '  sLrp l rosec l  to  be  t rue ,  t l i c 'n  the
a e t h e r o n  r i ' i l l  b e  a  s n l r l l  g l o l r e  o f ' t l t e  s i z c  o i  l  n r o c l e r a t e
n tounta in  l te tk  Ioooo 1cet  h igh ;  so  tha t  the  var ions  n to lecu les
* ' i l l  resern l i le  Venus: i r r r . i  thc  c r r th ,  [ . i runus  l t rd  Neptune,  - f  uy r i te r
a n d  S a t u r n .

' l ' o  I l x  u l )on  l  rnore  i i rn r i l i a r  everv r lav  i ruagc  o f  th is
ryor l r l  s t ruc t r l re ,  \ \ ' e  n rLy  in lg ine  u  l ro r  i l l l ec l  rv i th  la ree
o r x l ) g c s ,  a n d  t h e  l r n c s t  t l u s t ,  l i k e  t h a t  o f ' l i r n e ,  o r  s r u o k e
l io r r r  u  c igar ,  I re  l te  t l -e t ing  thc  re l rL t i r , c l l ,  \ .us t  s l ) i t ce  s  be  t r i  e  e r r
the  onLnges,  u l r i< : l r  l ro* ' cver  s l roLr l r l  no t  l re  in  cont l rc t ,  l ru t
i n  r i r l i i d  u r o t i o n .  I l  n o r v  t ] r C  t : i g a r  s n t o k c ,  o r  t h e  I ) l r r t i c l d s
o l - l i r r r c  t i u : t ,  l r e  i r n l s i n t r i  t o  h a r . e  s t u l t e n r l o u s  v c l o c i t v ,  l l t . i n g
h i t l r e  r  a n r l  t l i i t l r t ' r  l  i r  l r  i r r t . o r r t : c i r  l b l e  s p e  e  t l ,  a n d  t h u s  n r o v i n g
rv i th  thc  u tn )os t  l l  c t t lonr  in  the  o l )e  l t  s l ) l rce  s  bc t r i ' een  the
o r a n q e s ,  a s  r r ' e l l  a s  o u t s i t l e  o l - t h e n r ,  l e  s h a l l  h a v e  I  v e r v
g o o d  i r n a g c  o l ' t h e  i ; c l r a r , i o r  o 1 - t l t e  r e t h e r  i n  r e s l ) e c t  t o  n ) t t t e r .

' l ' h e  
a e t h c r  n o t  o r ) i \ ' p r : t r e t r a t e s  a l l  t r n t t e r  l i . c c l v ,  b u t

cvc l r t  \ \ ' a vcs  i n  i t  puss  t h rou r1h  a l l  ph r . s i ca l  l r o r l i e  s ,  n  i t h  on l r .
t he  h i nd rance  i nc i c l cn t  t o  r r l i a c t i on  un r i  t l i sp r : r s i on  such  l s
we  sce  i n  l i sh t .  

' l ' i t e  
r e l i ac t i on  i s  c l L re  tO  t hc  u t ) e ( l ua l  r e -

s i s t ancc  o f l ? red  Lv  l ) r a t t e r  t o  t he  a t i vance  o l ' t he  l , ave  l i on t ,
enc l  t l r c  d i spe rs i on  t ( )  u l t e ( l ux l  r c s i s t au t : e  t o  r  u r i c rus  u .a r . e
l en { t hs .  Sho r t c r  \ \ ' l r v cs  e r } ( : o l l n t e r  r c l a t i v c l \ .  l ) t ( ) r c  r cs i s t a r t t : e ,
l r c t : l Lusc  t hc i r  os r : i l l a t i ons  a r c  r no re  r e l t i t l ,  ; r nc l  t hus  t he  ae the r
y i c l t l s  un t l  ac i l l r t s  i t s c l l '  l c ss  cus i l y  t o  t l r e  r es i s t i ng  n ro l ecu les
i r r  t i t e  pa th  o f  t l t e  * ' uves ,  * ' l t en  t he  \ \ ' a ves  i l r e  sho r t ,  a l t d
t l r e  c l r anges ,  d t t e  t o  t l i c i r  ad i , an t : e ,  ex t r c r l c l y  r aP id .

7 . ' l ' h c  g e o u r e t r i t : a l  e r r c l  p h l , . s i c a l  s i g n i t ' i c a n c e
o l  t l i c  p o t e n t i a l .

l n  t he  t r l e rno i r cs  o f '  r l r c  l , a r i s  . \ cadcn r l '  o l -  Sc i ences  l - d r
r  7  S  z ,  1 r .  r  r  i ,  Luy ' / o r t .  i n t r odu t : cs  t hc  use  o l -  t l i e  ana l y , t i ca l
c . xp ress ion  s i nce  kno rvn  as  t he  I ) o t cn t i l L l ,  l i . r . r n i  t he  des igna t i on
l l rs t  t rse d i r r  r  8 z E by thc I , )nul ish nrat l rcnrat ic i t t r - r  ( i ror ,g. t ,  ( i r tcn
( I i s sey  on  t he  app l i ca t i on  o f  n ra then ra t i ca l  ana )ys i s  t o  t he
theo r i es  o1 -  e l cc t r i c i t i r  a l l d  l l ) i l gne t i s rn ,  No t t i nshan r ,  r 8zg ) .
' . 1 ' he  

po ten t i u l  i s  dc l l ned  t hus :

( - , | [ f r -
:  J'  . \ '  J '  l , t  t  t '  l ( .r --.r ')  I  -+ (.r,  ---r, ' ) ,+- (, - r ') ,)) d.r '  cl l  t i :

' l ' h i s  
cxprcss ion  l ras  cornc  in to  the  n ios t  e \ te l l s ivc  use  in  a l l

t h c  p h y s i c a l  s c i e n c c s ,  a n d  b c e n  o l ' r l i e  h i g h c s t  s c r v i c e  i l l  t l i e
nra thcrnu t ice l  theory  o l '  q r i rv i ta t iona l  rL t t r rc t i . )n ,  n t rgnc t is r r r ,
e lec t rod) ,n r " lu t i c  ac t ion ,  and l l so  in  theor l '  o l ' s ta t i c  c lec t r i c i t v .

Dut  i t  i s  ver l '  ren tarkeb le  tha t  r . l l )  to  rhe  present  t in re
an express ion  o f  sLrch  un iversa l  use  h ls  r lo t  been g iven a
c le r r  seonte t r i ce l  o r  l . r i r vs ica l  in te rpre te t ion .  ' t ' he  

d i i t i cu l ry
dou i r t less  arose or ig in l l l y '  f io rn  be l i c fs  l i kc  tha t  expresser l  by
, [ .ay ' lu t t ,  in  the  o l rcn ing  l t l ra { rap} r  o l -  t } re  t \ l c t : .  c t i l .  I  ,  I  j  gg ,
tha t  the  )n i l tu re  o f ' lo rce  is  norv  and a l * ' iL ! ' s  u , i1 l  L_ ,e  unknorvn<.

( 2 5 1
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l n  t he  s ta te  o f  c l a r kness ,  r e l a t i l e  t o  t he  i nv i s i b l e  ae the rea l
n red i i r r n ,  e r i s t i r r q  a t  t he  c l osc  o f  t he  r  8 r l ,  c cn tu r l ' ,  F .ay ' l a r c
dou l - r t l c ss  r : ons i r l c rec i  i t  su f l l r ; i cn t  t o  c l ea l  u ' i t h  exp ress ions
u 'h i ch  e i vc  t he  f o r ces  ac t i ng  on  t he  I ) l anc t s ,  r l i t hou t  i nc l u i r i ng
i n to  t hc  gcon re r r i r ; a l  l t r t u r c  an ( l  ph l s i ca l  n t ech ln i s r - r . r  i n vo i i , e r j
i n  t he  (enc ra t j on  o l -  t hcsc  l b r ccs ,  l ' j r i ch  s ' c r c  t hcn  l ; e i i c vcc l
t o  l i c  b c v o n r l  t l t c  r c a c h  o 1 - t h c  i n r . c s t i g a t o r .

- ' \  l icr  thc r lcvelopt t rct i t  t t I  J iorodo-r 's  I lx l ter i ' rental  Rc-
sea rc l r es  i n  I . , l c< : t r i c i t r ' ,  a r r d  l / a . r  z , r / 1 ' s  n ra thcn ra t i ca l  i n t c r -
p re t i r t i on  o f  t hcsc  r csu l t s ,  r ' e r l  d i f l ' c r cn t  r . i cws  can t c  t o  l ) c
e n t e r t i l i n c d  l r r - g c o n t c t c r s  a n c l  n a t u r n l  p l t i l o s o p h c t . s .  \ ' c t  i t
l ' a s  on l t '  t h c  r l c ve loPn ten t s  l t r ough t  ou t  ; n  t l t c  ; I , l l c c t r oc l .
\ \ ' a ve - ' l ' heo rJ '  o l ' I ' l r r - s .  I i o r c . , < ,  l , ] r i c i r  s ccn rcd  t o  j us t i l ' r ,  r l c l i n i t c
ex l )CC ta t i o l r s  o1 -  f o rn t i nq  r : lCa r  qcon rc t r i c i l l  an r l  l r l r | s i r : a l  con -
c e p t i o n s  o 1 - t h c  n r c c l r e n i s r t r  i n r . o l v c r l  i n  t l t c  a r : t i o n  o l ' t h r :
n r r q n c t i r :  a n r l  t h c  p l r r n c t e r r - l b r c c s  a c r o - s s  s l t a c c .  I i . c c c n t l t .
t hese  con r : c l r t i o r t s  hnvc  l r c cn  l c r i l r c r i  : r nd  cx t cn r l c r l ,  anc l
t h c r c l o r e  s ' c  s l l r l l  1 t r . r c  l t t c n t l t t  t o  q i v c : r  q c o n r c t r . i c l i  a n r l
p h l s i c a i  i n t c r ' p r c t ; r t i o n  o f - t h c  p o t c n t i a l  r i . l r i < : l r  s o  l o n q  p r o v c < l
b c s ' i l t l c r i n q  t o  t l r c  p h v s i r : a l  n t a t l r c n r a t i r ; i a n .

I n  t h e  > I , . l c < ' t r o r j .  \ \ ' a v c - ' l ' h t : o r v  o f  I , l r r . s .  I ; ' o r c . ( 1 ,  r g  l 7 ,
p .  r  j . 1 ,  i t  i s  p o i n t c r l  o u t  t l ) : r t  i f - s a r . c s  i r c  t l r c  l r a s i s  o l -  l r i n . s i c a l
a r : t i o n  a c r o s s  s p a r : c ,  t h c n  t l r c  a n t l t l i t u t l c  o l ' s t r c h  l ' u v c s  u ' h c n
p ropaca t cc l  s l t hc r i r ' : r I I y  a r r c l  l r . i t l r o r r t  r c s i s t u r r ce  ,  i n  t r i r l i r ncns iona l
s l r a c e ,  * ' i l J  l r r :  ( i l t ' r r  l r v  t l r t '  c r q u r t i o n :

. 1  -  t ' l r .  ( ' c )
I n  a n  a c l r l r c s s  t o  t h c  r \ c . : r t l e r n l  o l ' S r : i c n r : c s  o f  S t .  L o r r i s ,

S c p t .  z  r ,  r  g  l 7 ,  I  q r r v c  t l r i s  s i n t p ) c  { b r r l r r l e  : r r t r l  p o i r r t r . r i  o u t
i t s  t {c< ln rc t r i ca l  i rn r l  I r l r l s i r : : r l  s i {n i f i cancc .  I ' ro l i ' ssors  / .  / ' . .
. \- i1hrr, / ' , .  , ! .  l i t t ,g' / t t '  :rnrl  ot lrcr plrt .sir : ists l .crc prcsr:nt rrrr l
shor r ' cd  q rca t  in tc rcs t  i r r  t l r c  rcsu l ts  : r r rnour . tcc r i ,  f ronr  s . l r i r : l r
i t  r v o r r l d  a l ) l ) c a r  t l r r t  t l r i s  i l s . h : r r l  l a r . g c l l ' o r  c n t i r c l l  c s c a p t : r l
the  no t ice  o1-  car l i c r  inves t ige t r t rs .

N o l ' b y  r : o r r l x r r i n s  t h i s  c x p r c s s i o n  ( 2 6 )  l ' i t h  t h l t  i n
( z  5 )  a b o v e ,  s ' e  n o t i c c  t i r a t  t h c  l , a v e  : r n r p l i t u r l c  l r : r s  t h c  s : r m c
for tn  

'as  
t l re  po tcn t i l l  dc l lncd  br  Lo f  / t t t r  in  r  7S2.  

' l ' hc r

( l u c s t i o n  t l r u s  a r i s c s :  C a n  t h c  c o i r r c i t l c n t . t  i n  f o r n r  l r c  r l r r c
t o  c h a n r : e ,  o r  i s  t l r c  l f t r t c n t i a l  i n  l h c t  a n  a n e l r . t i r . l r l  c r l r r c s s i o l t
lb r  thc  to ta l  ac th t ' r  s t rcss  c l r rc  to  t l l c  su l )c r l ros i t io r r  o l  u . l vcs
f r o n r  a i l  t h c  a t o n t s ,  c a c h  o l -  t h c  u ' l v c s  l r c . i n r t  o { - t h e : r v c r e { c
r lave  anr l t l i tuc ic ,  approyr r i r te  to  the  c ;oorc l ina tcs  in  the  l rc l r l
o f  f o r c c  a l r o u t  a n : r t t r e r : t i n g  n t a s s i  ' l ' o  

c c t  a t  t h c  t r u t h  i n
th is  in te res t ins  in r l r r i r ] ' ,  l  e  no t ice  tha t  i ,a1 ln r r ' s  fo r r lu la  o l '
l  7  8  2  in tcc ra tcs  thc  n t : rss  o l -  c t ' c r r '  par t i c lc  o l '  thc  a t t rac t i t . r (
bodv ,  d iv ic led  b f  i t s  r l i s tan<:c ,  l ' h i r :h  cor rcsponds to  i [  su l r -
n ra t jon  o f  the  c f l ' ec ts  c luc  to  the  supcrposcd n 'a . r .e  a r lp ) i tu r lcs
and thrrs increascs direct l_v as thc rr. t : tss, cach sct of \ \ . i rvcs
superposed front the atouts in anv clcntcr.rt  c d:r dt,clsf r ,
b e i n g .  i n d e p e n d c n t  o f  a l l  t h e  r c s t ,  b u t  t h e  t r i p l e , i n t e s r a l
i n c l u d i n g  t h e  a c c L r n t u l a t e d  u ' a v e  a c t i o n  o { ' t h e  r v h o l e  n t a s s :

( .  ( .  t r .  
! '  :  ) / ' t '  :

:  J . l J  i ' l t  l ( r -  r . ' ) r - p ( y ' - r , ' ) : - + - ( z - : ' ) : l )  d r c l l , c t z .  ( r s )
' l ' he  

e ien ten ts  unc le r  the  in teera l  s igns  represent  the
ind iv idua l  po ten t ia ls  o f  ever ) '  par t i< : l c ,  and thus  the  po ten t ia l
inc rcases  d i rec t l y  as  the  nr rss  s ,hose rvavc-e f fcc ts  a re  in te -
gra ted .  ' l h is  

conforms r igorous l ) ,  to  our  concept ions  o f  the
]-ru' lnnian las' of attract ion, and involvcs no ayr;rroxin-rat ion,

s ince  th .c  e lenren t  o f  n rass  dn  -  6  dx  d1 ,dz  can be  made so
snra l l  r rs  to  a l ) l ) l v  to  every .s ine le  par t i c le  o r  a to rn .

At  l r rs t  s igh t  the  mere  fac t  tha t  the  po ten t ia l  I , ' ' as  thus
dc f inec i  fo l lo l ' s  the  las '  o f  * 'avc  anrp l i tude  in  t r id i ruens iona l
spacc  s t r i k inq l ) '  sug(cs ts  tha t  the  rvavc- theory  represents  t l ie
or r j c r  o l -  l t x tu re .  ' l ' o  

f inc l  ou t  by  exac t  ca lcu la t ion  rvhat  i s
t h c  p r o l r a l r i l i t v  o l ' s u r : h  i L  c o i n c i c l e n c e  o c c u r r i n g  b y  m e r e
t:hancc, \ \ 'c rnrL\ '  l t ro<:ccd as fol lorvs.

' l ' ak ing  
the  express ions  fo r  tn 'o  independent  cur lcs ,

thc  anrp l i t r t r l c  anr l  thc  po ten t ia l ,  rve  havc :
/ !  :  |  :  / : 1 . t ,  J ' :  - 1 . :  , 4 1 1 . t  . \ z l  )

I t  w i l l  l ) c  no t i r : cc i  tha t  thcy  l rc long to  the  sanre  geonre t r i ca l
spcc ics  -  l io th  l rc ing  rc r : tangu lar  h1 'pcrbo las  rc fc r rec l  to  thc i r
i rs ) , ln l ) to tcs  r r t r l  .  can  l re  n ta r lc  i c len t ica l  th roughout ,  f rom
.1' :  o to ,r :  o<-, l) ] '  introclucing a srrmrtrat ion ),  srrcl-r
t l r r t  ) 1 ' :  . l / .

r \ r : r 'o r r i ing ly  i t  a l tpears  tha t  by  the  mcre  var ia t ion  o f
a  p r r : l l t ) c t r . r  thc  r  r r r l cs  a re  n l r r l c  to  co inc idc  r igoro ls l l ' ,  l ro in t
l rv  po in t ,  f ronr  . r : . :  o  to  . { ' :  co .  ' l ' hc rc fo rc  

the  chances
agr t i t t s t  s t t r :h  a  r iqoro ls  co inc idcncc  acc ic lcn ta l l l .  occur r inq
throug l ro r r t  in l ln i t c  s l ) : rcc ,  .x  :  o  to  . r  . :  oo ,  be<:omes in -
I t t r t t I  t r '  r l l r c ,  o r ,

( : 1 1 1 . 1 . : - \ . _ r

o

l r t r l  t l r r r s  i t :  : r c l u l l  o c c u n . c l t c c  p o i n t s  u n n t i s t a k a b l l ,  t o  a
I l r r  o l  l t . l l r l r L .

I t  s r ' c r l s  t i r c r c l o r c  c c r t a i n  a n r l  i n c o n t e s t i b l e  t h a t  t h c
I o t c r r t i l l  r ( ' l ) r c s L l r l s  t t : o r t r c t r i c a l l l '  a n < l  p h y s i c a l l y  t h c .  t o t a l
; r c r : l r n r u l : r l c r l  s t r t  s s  r l r r c  t o  t l t c  s ' h o l c  r n a s s  t t n d c r  t h c  a v c r a g c
N ' : r V c  a r r r l r l i t r r r l c  o l  t l r c  l l t . l r l  : r l r o r r t  t l r c  a t t r r r r : t i n g  b o r l y  i n  r l U e s t i o n .

I t  i s  t o  l r c  n o t i c c r l  u l s o  t h a t  p h v s i c a i l y  o u r  c l c f i n i t j o n
o f  thc  po tcn t ia l  r : r>n i j r rns  th is  r .on<: lus ion .  I r - r  f ree  s l )uce  thcrc
is  no  causc  to  : r l t c r  t l r r - .  sphcr ica l  c l i s t r ibu t ion  o f  ihe . ,u lvcs ,
as  t i rc r -  c ' rpanc i  l  i t l t  inc rcasc  o l '  z - .  l Ju t  in  o r  ngar  the  shac lo rvs
o l -  t l r c  c r r  th ,  l s  shor ln  i r r  t l r c  >>I i l cc t ro r i .  \ \ Ia lc - ' l ' heor ) ,  o f '
I ' h ls .  l ro l r . . r , ,  : r  r : i r c :u la r  rc f r : r r ; t ion  o f  the  s r tn 's  rvaves  u . i l l
n c r : c s s : r r i l r  o c c u r .  ' l ' h c  

s r r n ' s  p o t c n t i a l  r . a r i c s ,  c v e n  a t  i r
(  ons t ln t  r l t s t : rn r : r ' ,  ncar  thc  s l rec lo* '  o f  the  car th ;  and or r , ing
t o  t h i s  r c l i ' l c t i o n ,  l l u < : t r r e t i o n s  o [ ' t l t e  n r o o n ' s  n t o t i o n  s h o u l c i
a r i s c  n c : r r  t h c  t i n r c  o l ' l u n r r  c c l i J r s e s ,  a s  f u l l y  e x p l a i n e c l  i n
t l r i s  rvork  o f '  r  g  r  7 .  

' l ' h is  
c i rcu la r  re f rac t ion  o f  the  e lec t ro -

c l r -nanr i r :  \ \ ' l vcs  in  l )ass ing  th rough the  ear t 'h 's  n rass  chanqes
t l r c  l , o t c r r t i : r l  o r  t o t a l  a c c r r r n r r l a t c r l  s t r c s s  d u e  t o  t h e  i n t c g r e t i o n
of  thc  r i ' r rvcs  t ro r . r . r  a l l  the  a tonrs ,  under  the  averag" ,u r r "
anrpJ i tudc  r rnd  c l i s t r ibu t ion  o f  the  rvaves  in  the  space ncar
thc  shac lou  o f  thc  c l r r th :  and there fore  a lso  the  sun 's  fo rces
e c t i n q  o r r  l l r c  r r r o o n .

I )a r t ia l l l '  r c lcasec l  f ron t  the  sun 's  cont ro l ,  by  the  in te r -
posit ion cl l-  thc i)odv of t l ie earth, rvi th i ts refract ions of the
sur . r ' s  s 'a lc - f ie ld ,  the  moon tends  to  f l y  the  iangent  wh i le
traversin( the rcqion of the shadorv cone, and thus arise
the  l luc tu r t ions  o f  the  moon 's  n rean mot ion ,  connected  w i th
It tnar ccl ipscs, l 'hich lone perplexed Lay' larc, I{ansen, Aie tt ,contb,
,I{i//, Jirou'n ancl other astronorrers.

B .  ) i x p l a n a t i o n  o f  t h e  P r o p a g a t i o n  o f  t h e  l \ / i r e -
l e s s  \ \ I a v e s  a r o u n d  t h e  E a r t h . -

In thc unl)ubl ished manuscript sent b), the rvri ter to
the  l {oya l  Soc ie ty  in  November ,  rg r4 ,  . rv l r i ch  rvas  the  f i rs t

1 i
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out l ine  o f  the  >E lec t rod .  \Vnve- ' l ' l reory
fol. lorvir-rg f igure was used to i l lustrate the
less rvaves around the earth.

o f  l ' l r ys .  I io rc .<  the
propagat ion  o f  w i re '

l . ' i g .  z .  l l l us t ra t ion  o f  the  re f rac t ion  o{  t l t c  rv i rc lcss  wrve  a i )ou t  l l l e

e a r t h ,  a n t l  o f  l i g h t  i n  a  p r i s r u ,  o r v i n g  L o  s l o \ \ ( r  I ' r ( ' l , x g i i t i ( , r r
o f  rvaves  in  dense I I tasses .

I t  i s  a  su f f i c ien t  exp lanat ion  o f  th is  l rgurc  to  say  tha t

i t  corresponds exactly rvi th the l)ropagation ol- l iglr t  t l rrough

a g lass  pr ism,  as  sho ivn  in  the  f igure  o f  the  pr is t t l  above.
' I 'he rvireless waves travel lastcr ir-r air than throLtglt  thc sol i t l

earth. The enortnous elast ici ty ol the actl tcr,  rrs st ' t  l -ort lr

in  sec t ion  4 ,  I ) revents  boc l i l y  rup turc  o f  the  t t te t i iL r t r l ;  a t rc l

th is  secures  cont inu i ty  o f  t l re  rvave l ron t ,  i l v  l - rc r r r l ing  t l rc

sur face  backrvard  near  the  g lobe,  to  cor respond to  t l l c  s lo \ \ ' c r

p ropagat ion  in  tha t  dense tnass .  
' l ' he  re ta rda t ion  o l '  t l te  rvavcs

prol)agated straight through thc earth caltses t l tc rvrLvc front

to be bent and held brtck near t l te curvccl srtr l-acc of thc

ear th ,  and thus  the  w i re iess  wave is  rc l i l c tec l  a round the

earth by the much grerter rcsistarlcc t : l l ( l ()ul)tere(i  in that

so l id  n russ .
' I 'he correct t l reory of '  the lrentl ing o{ '  t l tc * ircle s: j  wrtvc

a b o n t  t h e  g l o b e  i s  t h u s  t h e  s a r l t e  a s  t l l i l t  o i ' : L  r r t v  o l - l i s l r t

by  a  p r ism,  as  shown in  the  accot t tpar l f  inu  l r tL r rc .  ' l ' l r c  s l rced

in  the  a i r  i s  4 ,  bu t  in  the  g lass  on ly . ; ,  iL I t t l  t l t t t s  t l r t rc  i s

a bending of the rvave front throush thc angle l /  rvhen the

l ight enters the glass, and also r i ' l t t^rr i t  lcrLvcs t l te glrtss, as

long recogn ized by  phys ica l  inves t isa tors .

1 'he  exp lanat ion  o l :  the  re l iac t io r r  o1 '  l igh t  i t r  r t  l r r i s t t r
is direct ly con6rued by I ioucttu/t 's celebrrrtet l  c-x1.ict ' i t t tctt t  on

the  re la t i ve  ve loc i ty  o f  l igh t  in .a i r  and in  rva ter ,  ( . \ r r r r r t l cs  t l c

C h i m .  e t  d e  P h y s .  S e r . 3 ,  t . 4 r ,  r i i 5 a ) ,  r v h i t : l r  l r t s  r t l t v i r l ' s  i ; e e r t

recogn ized as ,  a  c ruc ia l  tes t  o f  the  rvave thcory  o t '  I ig l r t ,  anc l

which f ir ial ly led to the total reject iorl  of t l rc entission theorl ' '
' l he  s i rnp l i c i t y  o f  the  above exp lanat ion  o f  the  propa-

gation of rvireless rvaves about the globe is thus rctnarkalr le.

I lut i t  is also con6rmed experimental ly Lry ol-rservatiorls tr tade

by off icers of the Arnericatr Navy, upon rvirelcss \vr lvcs sel l t

from N{are Island to San Diego, Crl i lornia, artcl  rccei i 'ed by

submarines lying on the bed of the sea, through a depth of.

sorne 30 metres of sea water. In some experiDlel l ts rvi th the

receiving apparatus underground the sarne effect rvas observed.

.
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signals, so that
in cleep nrines,

o l -  s ign l l l i ng  in

I t  appears  tha t  the  ear th  a lso  cor lduc ts  the

wi re less  a l ) l )a ra tus  Iua l ' l l e  ins ta l l cd  and used
rvhich woulcl enornrotlsl l r  increase the 1lo*'er
case o f  acc idents  in te r rnp t ing  comrnun ica t ion  by  the  shaf ts
and tunne ls .

.  l t  i s  1>robab le ,  l to rvevcr ,  tha t  the  i r regu la r i t y  in  the

stnlcture and condttct ing porver of t l re earth's strxtr \ \ 'ould

sourervhat  hand icap such unc le rground s iunr l l ing ,  ye t  no t

l ) revent  the  success fu l  t1eve lop t t ten t  o f  the  n)c thod o f  s igna l l ing

thror rgh  the  ear th  to  the  l in l i ted  depths  a t  rvh ich  n iners  work .
' fhe  prob le ru  o f  c , r l . , la in i t rg  the  propaeat ion  o f  rv i re less

waves about  the  ear t l t  has  h i ther to  cha l l t :ngcc l  the  ingenu i t i '

o f  the  lb remost  n )a ther ) l r l t i c ians .  I t  h ts  i reer t  L rnsuccess fu l l y

a t tackcd by  Pro fcssor  11 . ,11 .  - l [ r r lo ta l t l  l l ' r c , '  . I ioy .  Soc .  rgo3

arrd l 'hi l .  
' I ' rrr ts. rg to), Lord 1(tt ; ' lc ig/t  and Prof ' .  I I .  'Poitrurc

( l ' roc .  I toy .  Soc .  r9o3) .  Sce a lso  ' lb i tmr l ' s  Lec t r t res  o f  r9o8
( l ,e  l , r . rm iere  l i l ec t r i t lL rc ,  r 'o1 . .+ ,  z " ' i  ser ies ,  Nov .  z t i ,  I )ec .  5 ,
r 2 ,  r 9 ,  r g o 8 ,  c s p c < : i a l l v  1 r . . 3 2 3 ) .  l ' r o f c s s o r  . 1 .  ' S o n n e r f t / l
( A n n .  d e r  I ' h y s . ,  r ' o l .  2 5 ,  I , . 4 , 6 5 ,  r g o o )  i r a s  s h o r v t r  t h a t  a

surlhce n'ar-c shott ld e xist;  and I ' rolcssor J. I I / .  ; \ t ic/tolsott
( in  thc  Ph i l .  I lag . ,  t r [ r r r th ,  r \1 , r i l ,  t r l l y ,  r  9  r  o )  h ls  c lea l t  u ' i th

cer ta in  l ) rob len is  o f  the  expor )e l l t ie l  fac to r  o l -  the  rvave ' l t l t -

p l i tuc le ,  bu t  nonc  o f  thcsc  c t r t incn t  mat l tc t r ta t i c ians  r t r r i vc t l  a t

an)'  sat ist 'acrtor) '  the or) '  o1' rvr lve . l l rolr lrgatiort about the glol-rc.

I n  h i s  s ' e l l  kno t v t r  r vo r l i  on  t i r e  l ' r i r r c i l . r l e s  o f  I ' l l e c t r i c

\V l vc  
' l ' e  

l cg rap i r y  anc l  
' l ' c l e  

l t ho r r l ' ,  l . on t i o t r ,  . 3 " r  ec l i t i on ,  r  9  r  6 ,

1 r .  3 : 6 - t i 5  r ,  l ' r o i c sso r  
' / .  , 1 .  1 ' ' / t t t t i t t g  g i ves  a  l i r i l  en t l  r ( l ( l L I r r t t c

i r . ocou l ) t  o1 '  t hc  t l i l - t r t : u l t y  t xpe r i en t : cc l  l i v  t he  sc  l t ud  o t l t e  r

r r uL t l r c r r r a t i r : i a t r s .  l r r  t l r i s  r ev i s t t l  c r i i t i on  o l -  r  9  I  6 ,  f i / t u t i t t . g

g i vcs  t i r e  l i r l l o s ' i n . q :  , , ( l e r t t ' n t l  c c r t t : l t t s i o t r s  as  t o  t l ) e  n tode

o l '  p ro l r r g l t i o r r  c . r 1 -  l o t t g  c l c t : t r i c  s ' avc1  ro t t t i d  t l t r :  ee r t l t < .

, suu r rn i ng  up  t l r e  t  c . , n r : l t t s i c l t s  so  l u r  r cachcd  by  rad io -

t c l c t r aph i s t s  \ \ ' c  n l i t ) '  s r 1 '  t h r r t  t l r r :  c l j e  c t  p ro t l t t t : c t l  b1 '  a  r ad io -

t c l eg l i Lp l r i c  t r uns l ) t i t t c r  i t t  l t  I j r e  a t  t l i s t l t l l t ' e ,  s l l y  2  ooo  r l r  6ooo

n r i l e s  o v e r  t h e  s r t r l l L c e  o 1 -  t l i e  c l r r t l r ,  i s ' l t  c o t r t l t l e x  o n e  i n

rvhir:h sclcral di l lbrcnt ect iotrs l) la1' " t ," . ,  o

> ' [ ' h c re  i s ,  l r r s t ,  u  l r r o l r t g l t t i on  t l l r o t t g ] )  t hc  l t c t hc r  o l

: r  t r uc  s l ) i . r ce  c l e  c t r o t t u t g t t t t i t :  * ' i L vc  u  h i t : h  i s  c i i l i i a c te t l vo r t nd

t l r c  r r L r t l t .  
' l ' he  

ex t cn t  t o  l r l i i t : l t  t l r i s  con t r i l , r t t t es  t o  t l l c  \ \ ' ho l c

e l l c c t  i s ,  pc rhaps ,  g rea te r  t l t a t r  n ' as  l b rn t c r l y  s t l l . r posed ,  b r t t

i s  1 ,e t  l r n  r t n t l c t e r t r t i ued  t l t t l t n t i t l ' .  So t r t e  n ta t l i e t r l a t i c i ans  a re

no rv  i nc l i ncc l  t o  a t t r i bu te  t o  i t  t l r e  n ra j o r  po r t i o r l  o f  t he

t rans tn i ss i on  by  daY  < .

>> ' l ' h cn  i n  t he  r t c x t  l r l a t : t :  t hc re  i s  t t n t l o t t b t cc l l l '  l L  t : o r r -

t r i l r r t t i on  n l r l ( l e  t o  t l r c  c f l c t : t  b1 ' u ' evcs  r vh i c i t  l t a vc  su l i e r c t l

a  r c l r r c t i cu t  e t l t r i t ' aLcn t  t o  a  r e l l c c t i on  l r f  i r - r n i zcd  r t i r  a t  h i gh

a l t i t u r l c s ,  a t i d  a  ve r y  sn ta l l  c i l l c t  t i l t e  ' t o  t hc  t l ec re l se  i n

re  l l ' a< : t i v c  i r r dcx  o l '  r t i r  es  u ' e  escc t r t l  r t l r t t  a r c l ; r ' .

> ' l ' hesc  cu r t scs  t e t r t l  t o  t r t l t l i c  t i t e  r l r l ' l b l l t - r s ' r o t r nd  t he

cury i r tu re  o1- t l rc  ear th  lL r td  so  r tss is t  r ts  i t  rverc  c l i l l tac t io r l .

I t  is to this variable ton1,, ,  cl iar.rt ion thet \ \ 'e l l )Llst i r t tr ibutc

the  d iunre l  anc l  ennt ta l  v r t r ia t i t ins  i r l  s ig r la l  s t rcng t l t ,  a l td  a lso

t l )e  g rea te  r  s igna l l in t  d is tance l ry  n igh t  as  u  c l l  i l s  the  i r r t :  -

gu la r i t ies  a t ten( i ing  t i re  t ra t rs i t io r l  t i l l l es  o l ' s t i t l r i s t :  : l l i ( l  su l l se t ( ( .

, > ' I ' h e n  i n  a d c l i t i o n  w e  l l ) a v  i r t r l L t i r c  l t o l r ' { l r  a l l } ' ( l o n '

t r ibu t ion  is  n iac le  by  a  sur iace  rvave o f  thc  t1 'pc  inves t ig l r tec l

by Sonutufe@ rvhich is ecluivalent to an elcctr ic \ \ 'ave l)ro-
pagated  th rough or  a long the  ear th<<.

z
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>I t  has  bcen de l in i te ly  n .ou .O tha t  we can rece ive
s igna ls  l ro r -n  s ta t ions  hunc l rec ls  o f  m i les  au 'ay  rv i thout  anv
h i q h  r c c c i l i n g  a c r i n l ,  l , u t  n r c r c l ) '  l r 1 ' c o n n c c t i n g  o n e  t c r n t i n a l
o f  the  re .c iv inq  c i rc r r i t  to  car th ,  and thc  o ther  te rmina l  to
anv  la rgc  rve l l - insu la tec l  n rass  o f  n rc ta l ,  u 'hc ther  ins ide  or
ou ts ide  b f  a  housc  ( loes  no t  rna t te r ( ( .

I f  I  n r rdcrs tanr l  the  r l i f f i cu l t i cs  so  Iuc id ly  ou t l incc l  l ry
I;hnin.g, thcl 'rvi l l  bc foun<i to l ' rave proceedcd from thc
inader lua te  thcor l  o f  thc  ac thcr  hcre to fo rc  in  use ,  thc  d is -
cuss ion  bc ing  bascd uJron  d i l - f rac t ion  arounc l  the  car th ,  in -
s tead o f  upon rc l iac t ion  anc l  c l i spcrs ion  rv i th in  the  c lenscr
nra,ss of thc carth, and t lrus e bencl ing of thc rvnve {-ront.
' l ' h is  rv i l i  su l f i c icn t l1 ' jus t i f y  th is  r luo ta t ion ,  s incc  i t  i s  csscnt i r l
tha t  the  d i f l l cu l t i cs  hcrc to lb re  encountc rcd  s i rou lc l  l re  au tho-
r i ta t i vc l l '  c lcs r : r ibcd .  ' l ' hc  

reader  can thcn  juc lgc  : rs  to  rvhc thcr
a  s imp ler  i in r l  n ro re  p rac t i r :ab le .  so lu t ion  o f  th is  p rob lenr  has
b e c n  o b t a i n c d .

As  to  thc  feeb lcncss  o f  rv i rc lcss  t ransnt iss ion  l t y  c lay ,
I  l ravc  rcachet l  the  sc t t led  cor tv i r : t io r r  tha t  i t  rcsu l ts  f rour
the  magnet ic  l ' ave  f i c l r l  o f  the  sun.  \ \ :hen th is  s to rm o f
rvavcs  f r i l s  our  a i r  by  day ,  thc  rv i rc lcss  s ' : rvcs  havc  grea t
d i f6cu l t ,v  in  ee t t ing  th rouq l r ,  -  jus t  : rs  : rny  s ) ' s tc ln  o f  resL l la r
water  \ \ ' evcs  in  a  lakc ,  uscc l  fo r  s igna l l i r r t1  across  i t ,  s 'ou lc l
be  a lmost  los t  i r r  c l i s t inc tncss ,  o rv inq  to  t l t c  sur facc  < :hurn i l . rg
o f  the  lakc  r tnc le r  thc  v io lencc  o f  a  *  in r i  s to rm.  ' l ' he  

t rans-
miss ion  is  rnorc  < l i f f i cu l t  u ' i th  thc  r l i s tancc ,  anr l ,  a l i c r  a  r :e r ta in
d is tance,  en t i rc l r ' fa i l s .  , \ t  n iqh t  the  sun 's  n r rqnc t ic  rvavc  l l c ld
is  la rgc)y  a l rs t :n t ,  nnc l  th r rs  u ' i rc lcss  t ransnt iss ion  is  n ruch  l t c t tc r .

I t  on ly  rc r r r i t ins  to  a r l r l  thaJ  t i t c  ce lcbra tcd  argu l l c t ) t
o f  Cauch. r ,  to  t i rc  c l l cc t  tha t  rc f r -ac t i vc  r l i s l , c rs ion  o f  l iqh t
n c r ; c s s : r r i l v  i r r r p l i c s  l  1 1 n r r r t r l ; r r  s t r u c t l l t c  i n  t l r c  t r : u l s l ) i l r c n t
n ra t te r ,  i s  e r lua l l v  va l i r l  lb r  s l tou ' ing  t l ra t  thc  ac thcre l l  n rc< j iu r r r
i t - . c l f  i s  corpr rs r :u la r .  In  l r i s  I 'opu l l r  Lc r : tu rcs  enc l  r \ t l t i r csscs
I. r  go, Lorcl Jt ' r / t , i t t  has nrorl i l rer l  C'aurh.y's thcory of rel iact i lc
d i s p e r s i o n  i n  l r i s  u s u a l  l u r : i c l  r n u n n c r .  l t  i s  l r c l i c v c d  t h u t  t h c
cons ic lc ra t ions  ac lc l r rccc l  in  th is  i r : rpcr  rv i l l  r c r r r l c r  the  argurncr . r ts
of botlr  Cour/t . . t '  nt ' t<\ . / t- t l t , i t t  sonrcn lr l t  nrorc de f ini tc an(l
i  n te res t in  s .

\ \ /hen the aetheron is so smail ,  and moving so rapidly,
the  senera t ion  and propagat ion  o f  waves  in  the  ae ther  i s
in tc l l ig i l> lc .  ' l ' hc  rc f rac t i ve  d ispcrs ion ,  by  the  res is tance.  to
the rvavcs from thc much larger molecules of ordinary ntatter;
i s  eas i l y  unders tood;  and thns  re f rac t i ve  d ispers ion  imp l ies
in cornrnon nratter, coarser granules than those of the medium
itself ,  but yet l)oints to the moving aetherons as easi ly deranged
by the  res is tancc  o f  the  waves  d ispersed.

It  \ \ ' i l l  be shon'n hereafter that resisiance soon changes
thc forrn of thc rvave, arrd causes i t  to break up into two
r l i s t inc l  p ; r r ts ,  the  la rger  hav ing  inc reased ampl i tude,  .  and
shor te r  l cn t th ,  hcnce encounter ing  more  res is tance than the
or ig ina l  u 'evc .  T t  i s  cer ta in  thcre lo re  tha t  we no t  on ly  have
rc ta r r la t ion  in  the  propara t ion  th rough the  e .a r th ,  bu t  a lso
d ispcrs ion  o f  thc  f rasnrentary  wavcs ,  and absorp t ion  o f  some
of  thc i r  c r l c rsy  as  heat .

9 .  ( ) u t l i n c s  o l  t h e  \ \ r a v e - ' l . h e o r y  o f  N I a g n e t i s m ,
r r ' i t h  c r p ) : r n a t i o n  o f  t h c  n e c h a n i s m  o f  A t t r a c t i o n
l n r ' l  l { c p t r l s i o n .

l io r  thc  sakc  o l -comp)c tcness  the  present  invcs t iga t ion
rc t lu i rcs  a  l r r i c l -no t icc  o f  thc  causc  o f  a t t rac t ion  and repu ls ion
in nt irgr.rcts, ancl in clectroclynarnic act ion, as f irst outl ined
' i r - r  thc  io l .  r ,  I i l cc t roc l .  \Vave- ' l ' heory  o f  [ ,hys .  Forc . ,  rg r7 .
.. \ccorr l i rr{ ly rr.c lrcgin rvith magnetisrn, which the celetrrated
I, lncl islr  yr lrr-sicist Llfa.tu'r11 had bccn !o long eng:igecl upon,
l ;u (  had l l i l c r l  to  so lvc  a t  thc  t imc o f  h is  dcr th  40  ) 'ears  ago.

' l 'hc :rr;conrpany' ing l ieure fronr t lrc rvork of r 9 r 7 rvi l l
i l l us t rn tc  to  t l rc  c1 'c  t l rc  csscnt ia l  charac ter  o f  a  magnct ,  as
concc ivc r l  in  thc  s t l c - thcory  o f  ph l .s ica l  fo rces .  A  la rge
n r a g n c t . . /  i s  c r l r i l r i t c r l  i n  t h c  s a n r c  f i c l c l  s ' i t h  t r v o  s r n t l l c r
t t t : tg t tc ts ,  / i .  ln  t l t t :  l r rs t  < :asc  t tp l i kc  1 t6 lcs  a rc  l l r cscn tec l ,  a 'c l
* ' c  havc  nr t r tua l  a t t ruc t ion .  In  the  scconc l  casc  thc  uo les
prcscr . r tcc l : r rc  l i kc ,  * i th  the  l ,e l l  knou,n  resr r l t  o f  n r i r tua l
rcpu ls io r - r .  l r lu t  hou.  c locs  th is  a t t rac t ion  and repu ls ion  conte
iL l rou t?  \ \ rha t  n rc r : i ran is r . r r  i s  invo lved,  anc l  in ,  rvha t  n rcd i r rn r
t locs  i t  r r 'o rk  i  ( ) l rv ious ly  the  urc r l iu rn  i s  tbc  : te ther ,  because
In  c lcc t r i c  cur rc l ) t  p roc l r r r ;cs  a  rnagnef  f ron t  a  l t iece  o f  s tee l
r i ' ounr l  in  u  so lcno i r i ,  ln r l  bccar rsc  a lso  the  € lec t rod l 'nx6 . i6 ;

a r ; t ion  o f  a  cur rcn t  t ravc ls  rv i th  the  ve-
lo r : i t r ,o f  l i sh t ,  as  I 'as  f i rs t  in fe r red  by
lfa.r u,c//, and afte rrvards proved by ex-
pcr in rcn t .

, \ )  In  thc  cuse o f  a t t rac t ion ,  i t  \ r , i l l
be secn that the l 'aves lrom the smali
n ) 0 q l l c t  / ?  l r r v c  t l l c  c l e t r ) e n t s  o f  t l r c  r r c t l t c r
ro t r t ins  in  the  oppos i tc  d i rec t ion  to  thc
rotat ions in t lrc nrorc f ir l ly outl ined rvaves
1l 'orn t lre nta{l tet , / .  ' l 'he 

plane rvaves
l-ron zl arc to lrc imagined, for the sakc
of  s in rp l i c i t l ' ,  i n  t l re  cent ra l  p lane,  o r
c(luator, ancl trar.el l ing arvay rvith thc ve-
loc i ty  o f  l ieh t ,  -  fo r  the  reason jus t  as-
signcd in elcctrodl '11x6ic action, by s'hich
magnets  a rc  p roduced.

As shos'n graphical ly by the curve
traced just above the heavy rvaves in the
fiqure, the ampli tude of these receding
rvaves decreases according to the larv:
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I " ig .  3 .  E lcc t ro r l l ' narn ic  \ r rve- theory  o f  mrgnc t ic  a t t rac t ion  and re l t r r l s ion .
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and as the force due to lvave uction is shorvn, iu rvorks on
physics, to be proport ional to the square of the nnrpl i tude,
rve have for the force : 

- f  :  l rr lr ,  \3ol

rvhich is the fornr of larv for gravitat iotr,  uregnetistrr,  ancl lLl l
s i ln i la r  fo rces  o f  na ture  obey ing  the  Ia rv  o f  thc  inversc  s , lu i r rcs .

Norv let the rvaves frour tnagnet 1i interpettctrete t l le
rvaves  f rom rnagnet  ,4 .  l t  rv i l l  be  seen thu t  u t  c i 'e ty '  1 ,o in t
of space the rotat ions of the elemcnts of t i re t \r 'o sc'ts oi-
waves  are  exac t ly  oppos i te :  thc  resu l t  i s  the t  thc  ro tL l t ions
f r o m  n t a g n e t . l J  u n d o  a s  f a r  a s  p o s s i b l e  t h e  o l r l r o s i t t ' f o t u t i u U s
f rom magnet  z / .  , \ ccord ing ly  the  s t resscs  in  the  nrc t l ium duc
to  ro ta t ions  o f  . . the  ae ther ,  in  the  l re lc l  bc t leen . -1  lnc l  / i ,
and also beyond .1 a,nd /, i ,  are rcdttcct l  :  the rrtei l iLrru is tbtts
everyrvhere less agitated than before, and si)r inks, so as tc)
col lapse or contract betrveen r ' l  and Ji.  I iLrt u r:ol lrrpsc of
the  ee ther  i s  e r lu iva len t  to  l r  cc rn t r r r  t i r ,n ,  ru t r l  t l rus  t l ie  tu  o
boc l ies  a t t rac t  as  i f  he ld  toget l re r  l - ,1 '  l  s t rc t t  l tec i  r r russ  r ) l '
i n d i a  r u b b e r .  ' I ' h i s  i s  a  s i n r p l e  a n d  t l i r t t : t  e r l r ) l t t r r t i o t r  o l '
a t t rac t ion .  Noth ing  is  pos tu la ted  e \cc l ) t  \ \ ' avcs  l i ke  t l rosc
knorvn  to  ex is t  in  l igh t  and heat ,  bu t  here  seen to  l ie  e r -
ac t ly  para l le l  and son. reu 'ha t  d i t fe ren t ly  d i rec tcd  l l ' o r r r  t l rosc
o f  l igh t  and heat ,  rvh ich  usu l l l y  h : rvc  thc i r  p lanes  t i l t c r l  in
haphazard fashion.

I t )  ' l ' h e  c a t r s e  o 1 ' r e p u l s i o n  i s  s i n r i l e r  t o  t l r i L t  o l  a t -
t rac t ion ,  bu t  in  th is  case the  po les  preser t tec l  a rc  l i kc ;  enr l
i f  rve  examine the  above d iagra l ) r ,  \ \ ' e  t i i scover  t lmt  * i rcn
the  ' rvaves  f rom nragnet  / i ,  z "d  c i rs r ,  in tu r l )e  n r tn r lc  t l r t '  l  l t l t s
frorn magnet 21 , rhe rotat ions ir t  cvcr) '  1- ioint * i1 l  i - ,r  c 'on-
tb rmab le  and in  the  saute  t l i rec t ion .  

' l ' he  t t t c t i iu r r t  t l r t rc lb rc
. .a t  every  po in t  i s  more  ag i ta ted  than bc lb rc .  ' l ' he  e r r l r l i tL rdcs

of  the  d is tu rbed waves  are  thereby  inc rcased,  : rn t l  hcnce
'  

there  is  an  inc rease o l '  s t ress ;  and unr le r  t l re  c l rLs t i c i t y  o l '
the  ae ther  the  resu l t  i s  an  exyrans ion  o1 ' t l re  n rec l iu r r ,  r i ' l r i c :h
gives a rnutual repulsion of the trvo bocl ic".

'  ' I ' h is  i s  a  s imp le  exp lanat ion  c r f  repLrJs ion ,  anr l  i t  ha t l
never  been rvorked ou t  p r io r  to  the  researchcs  pr . r ) r l i shcr l  l r1 '
the  rv r i te r  in  rg  r  7 .  Matu , t / /  rvas  tu ru l r l t  t r t  t ' r tn t ' c i r  t '  o l '  i u t t '
mechan is rn  fo r  the  exp lanat ion  o l -  a t t rac t io l l  a t r r l  rcpu ls ion
of magnets, though he found t l tat Ir tathenrati t :al  stresses ol
a  cer ta in  type ,  y ie ld ing  tens ion  a long thc  I ines  o f  lb r r :c  a r tc l
p ressure  a t  r igh t  ang les  there to ,  thus  c lyn l rn i< :a l l1 'c t l t r i va len t
to those outl ined above, rvoulcl account for t l re lrhenornenrt
o f  magnet ism.

It  is true thtt  t l .Luut//  bel ieved thrLt t l rcrc are fotat ions
around the -Fbrarlay lines of lbrce, as Lorcl l{e/t,1n lrrd also
rendered probable as early as r 8 5 6 ; l rut ne i ther / t1lut:u nor

, Maxutel l  had seen that this rvould arise l ionr the tytre of
rvuves  here  ou t l ined ,  though .Fura , la l ts  c \ l , c r in ) r 'n t  , , r '  i  .Sa  5 ,
on  the  ro ta t ion  o f  the  p lane o f  a  beanr  o f '  po la r izc r l  l i u l r t ,
-  rvhen passed a long the  l ine  o f  lo rce ,  th roush r r  dense
medium such as  lead g lass ,  -  shou ld  have suggcs tec l  the
correct theory of the nragnetic waves to Kc/uitr rrttl ,lfo,vu,L//,
a s  i t  d i d  t o  m e  i n  r q r 6 .

As  i ' l fa rue l l  rvas  unab le  to  un lock  thc  secre t  o { ' t rag-
ne t ism,  rv i th  bo th  a t t rac t ion  and repu ls ion ,  i t  w i l l  no t  g rea t ly
surprise us to learn that he \vas utterly bervi lderecl by the

ln l ,s te ry  o l  g raY i ta t ion ,  a l ld  cou ld  no t  tuake a
ul)on this nrost dif- i l (rult  prol. .r lent.

In  lac t  no  cons iderab le  p rogrcss  as  to  the  cause o f
grav i t l t ion  has  becn nradc  by  o ther  inves t iga tors  s ince  the
tinre ol t \ te u, lott .  As thc subject ot- gravitat ion is inrmense,
\ \ 'e  n l r l s t  no t  en ter  upon i t  hc rc ,  except  to  sa .v  tha t  the  ev idence
is  rnos t  c :onc lus ive  the t  i t  i s  a  rvave-pheno l l lenon,  c lose ly  a l i ied
to  tha t  o f '  rnaqnet is ru ,  l l r t  d i i - le r ing  f i -onr  magnet is rn  rvh ich
I r rs  a  l ra ra l le ' i  a r rangenrent  o f  t l l e  a tonrs  anr l  rvhu t  -  1 i ) - r ,  ca l l s
( ' l ' re"t i ie or.r XI.. ,gnetis, l ,  r  87 o, p. r o) e clual i ty ol- 1,. . , ,r :ers 

-

t t ' o  po lcs  -  * ' i r i l e  g rav i ta t ion  is  e  t :en t ra l  uc t ion  on l l ' ,  ou ' ing
t o  t h e  h u p h u z r r r l  a r r a n g c n r c n t  o l - t l r e  1 > l l i n e s  o l ' t h e  a t o r u s .

I t  i s  * ' c l l  k r to rvn  t l ra t  lL l ro l t t  rSzz . l t t t ! i t r  l l r s t  n r l i l e
e l cc t r o -n r l g r . r e t s  ( ) u t  o l - co r r r non  s t t : e l ,  l J v  n reuns  o l '  : Ln  c l cc t r i c

cL l r r e l l t  sen t  t h l ough  a  so le  no i c i .  
' l ' he  

s  av  i r r  wh i ch  t he  u  i r e

i s  r r ' ounc l  abo r r t  t l t c  ba r  i , r e i ng  rnugnc t i ze r l  s r . r { q r s t s ,  u r t t l ,  i r t

l l < : t ,  p roves  t ha t  t hc  s ' i r e  i r c l r r i ng  t hc  t : u r r cn t  has  a  u ' ave - l i e l d

l r i r o u t  i t .  
' l ' h e r e  

i s  l i r o r > 1 - t h u t  t h c  u a v e s  l L r e  l l u t  i n  t l r c  p l a n e s

th roL rgh  t l r c  a r i s  . o l '  t l i r  l  i r c  :  t l r i s  r : once  p t i on  hu r l r r . n i zes  a l l

t he  kno l ' n  l r l r enon rcnu  o l  r nugnc t i su r ,  r n  r c ' l r L t i on  t o  c l ec t r o -

t i vn r r r n i c  l i r : t i o r t ,  r i r t d  l L l so  ] r a l t non i zes  , 1 t t f i ' t ' t ' s  t hc< ; r1  o1 ' e l e -

n ) c l r t l . t r ) ' c l c c t r i t :  cL l r r r n t s  a i r ou t  t l r c  u tOu rs  $ ' i t h  t he  $ ' l LVe - t l t eo r v

o f  r nagnc t i s t n  a l r o r , c  sc t  l i r r t l r .
' l ' h e  

r v e v c - t l t e o r i . o l  r r a g l c t i s r n  c r p l a i n s  r r l l  t h c  p h e -

l r ( ) n l r nu  o f  t e r r es t r i a l  r r ug r r t ' t i s r r r ,  r n  r c l a t i on  t o  t he  l r c r i oc l i r :
i r r l l t r c n i  e s  o l '  t l r c  s u n  a n r i  r r r o c i r r ,  s r r t  h  l r s  r r i : r g n r t i r :  s t o r n r , { ,

e r r r t l r  t l r r r e n t s ,  t ) r c  l t t r o r r L ,  l n t i  t l r r  s e r r r i - < l i t r r n l l  u l i l g r ) ( t i c  t i ( i c

r i e p c r r t i i r r {  o n  t h c  n r o o n ,  o l ' r i l r i t : h  n < . r  o t l ) c r  e \ l ) l u r ) u t i o r )  i s

k n o w r r .  I i o r  t l r r  r l e l i t ' r t d c n c e  o l - r n i r g n c t i c  s l o r n l s  o n  s u n s l ) o t s
( ( ) l s u l t  u  l ) r l ) r r  l r 1 '  t l r c  u r . r t i r o r ,  i n  t l r e  l l L r l l c t i n  S o t i f t e  r \ s t r .

d c  l i r a r r c c ,  N o v t r t t l . r r r ,  r 9 t S .
' l ' l r c re  

h l s  bccn  su t : h  a  l r e  s  i l t l c r i r r g  con l i t s i on  o l  t l r o l t g i t t

connec ted  r r ' i t h  t he  r vho le  sL r i r j c t : t  o l - phvs i ca l  ac t i on  ac ross

s l ) u c e  t h a t  i t  i s  n c c e s s r r i ' t o  b e a r  i n  r n i n r l  t : l e e r i y  t h e  f u t r -

c l r u r c n t u l  p r i n c i l r l c s  o f  t t a t u r a l  y r h i l o s o l r l r r ' . ,  l n  t h c  s t l l  k t i o l ' t r

n r t i c l e  on  a t t n r r : t i on ,  (S t : i e  n t i l r c  l ' i L1 r c r s ,  r ' o l .  2 . 437  ) ,  , l f o . t t t ' t / [

po i n t s  ou t  t l r r t  i n  t hc  Op t i ca i  ( ) L r c r i es . i nc l udc r i  i n  t he  t h i r c l

e t l i t i o r r  o i -  t l r e  ( ) 1 - l t i c  s ,  r  j  2  t  ,  . \ i  t t ' l o t t  sho l  s  t l t a t  i l -  t l r c  p r cssu re

o l '  t l r c  ee the r ra i  u re t i i un l  i s  l ess  i n  t hc  ne ig l r l i o rhood  o l ' c i ense

b o t i j r s  t l r a n  : r t  g r c r t t  < l i s t : t r t c e s  l ' r ' o t r r  t l t e t r t  t l t : n s c  l r c l t l i c s  s ' i l l

I - r e  d run ,n  t o * ' a rds  e l L r : l r  o t l r r r ,  un r l  i l  t i r c  c l i n r i r r u t i on  o1 -

I ) r cssu re  i s  i nvc r se l y  us  t l t c  t i i s t l ncc  f r o rn  t hc  t l ense  boc i i ' ,

t h c  l a r v  r v i l l  l r c  t l r a t  o f ' g rav i t a t i on .  t l l u : r u , t l /  cons idc r s  t l r l t

t \ t c t t , l o t i s  conce l> t i on  res t s  l a rgc l v  o r l  t l r c  i c l ca  o1 -h1 ' r l r os ta t i r :

l ) r e s s u r e ,  r s  i n  i n c o n r l r r e s s i l r l t ' l i r l u i c i s .  l i u t  n c  h r r v e  s h o * ' n  t h u t

t l re r r r r r l r l i tudc oi -  t l te \ \ 'avrs)  -  I  :  l ' l r ,  rv i th lor t :cs J :  A2lr" ,

l i r l l l l l s  t i r e  conc l i t i on  u ' l r i ch  r \ z  r z , / r r z  hc l c l  t o  b r  r ssen t i a l .

I o .  l n t e g r a t i o n  o f  t h e  ( l e n e r a l  I ) i i 1 ' c r e n t i a l

l , ) , l u a t i o n s  o f  r L n  I , l l a s t i c  S o l i t l  ,  r r ' h i c h  a y r y r l i e  s  t o  t h e

A e t h e r , .  r v l r e n  t h i s  \ l e d i r r u r  i s  v i e r v e  r i  a s  l n  I n t - i  n i t c

r \ e o I o t r o p i c '  l i I a s t i c  S o I i c l  p r o l ) a g r t i n g  1 \ / r v c s .

A s  i s  u s u a l  i n  t h e  t h e o r ) , o 1 - r n  e l a s t i c  s o l i d ,  i e t  r i r

deno te  a  t i nc t i on  o l '  t he  bu l k  n rodu lus  / r ,  and  o1 ' t l r e  r i g i c l i t y  z r ,

such thu t 4  -  l ' 4 1 f  . . 1 \ 3  I J
' I ' he l r  *  :  i l t  -  r / : ; rz ,  lnc l  th is  bu lk  tnodu lus  tne  r tsurcs  t l te
e las t i c  fb rce  ca l led  oLr t  by ,  o r  the  e las t i c  res is tuncc  a{u ins t ,
change o f  vo lunrc .  On the  o ther  hand the  >cornpress ib i l i t l '<

i s  r . n e a s r r r e d  b y  , f  L :  r f { r t = t f  . . , , , ) .  \ 3 2 )

attack

, , f
" ' a
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T,et a, p,,  y be the component cl isplacenrents experienced by x part icle, so that rvhen undisturbed the coordinates

are .1 . ,  J , ,  : ,  rnd  r .hen c l i s tu rbed. .u -+_a,  1 ' - tB ,  z+-7 , .  
' l ' hen  a  s t ra in  o f  a r ry  magn i t t tde  is  spec i f ied  by  s ix  e le lnents :

,  _  (? , ,  * , \ . * /ed\ '_ . /ar \ '  -  _?"  u , ,  * (?B * , )  ?p +2,  Cr  * r \' / :  \ a . .  
- + - t  

) . n - \ 3 . /  
* \ a ' .  )  a :  a . ,  a ,  

* \ 4 . r , - ' ) ? "  -  
a _ t l \ ? ,  

- ' )

.  1? , , \ jo  Cp * , \ , * (? , . \ ,  ,  _u- "  (1 , ,  * , ) *  ?d  le  *  (? t  * , ) : r '  ( . l r )/ t  :  \e . ,  /  
- \a ,  * '  )  * \a ,  )  / '  :  ? :  \a .  * '  ) *  a ,  a . ' -  -  \a ,  - ' )a ,

.  /P , , \ ' ,  ( fo \ ' * /a , '  * , \ '  ,  -  /?u  \? , '  AB lAP * , ) *  2 ,  2 ,  .( ' :  ( a . ,  /  \ ? :  /  \ ? :  |  )  
' :  \ a .  

* ' ) ? . ,  *  
3 . '  \ ? ,  /  o . r '  o 1 '

: \ l l  par t i c les  in  tn  uns t ra incd  s ta tc ,  rvh ich  l ie  on  a  spher ica l  sL t r face :

r . , : : ; c , ? - c 1 1 e - + ( r ,  ( : + )

n i l l ,  in  a  s t ra incc l  s ta tc ,  l i c  on  an  e l l ipso ic la l  sur facc :

/  E r - + l i t l 2 - + C , i . - + z a  r i 1 - + z / ( . . - r -  z t l r l  -  r 1 2  .  ( g S )

, \ccord ing l l ' ,  i f  thc  cx tc rna l  fo rccs  a t  . / '  ( . r : , r '  : )  a long the  axcs  o f  : t : , , t ' ,  : ,  l re  , \  \ ' ,  Z ,  per  un i t  o f  mass ,  and the

i n t e r n a l  s t r c s s c s  b c :
('fl,' * 1f;' * 1f;') o', r1r,c,: : (:| * i,f * i,1') cr, c,r,d:

(t l, '* "j;, '  * "1;')o'd.r cr:: ( i,: l* i,,u *:;)d,cr-r,cr:

('ll,' * 'lli' .- 'll"') ,'., <!r,r,:; : (':: - l;l - li) crs cr' dz
' l -hen  thc  c r l r r i l i l r r iu rn  o f  r l l  t l r c  lb rces ,  in tc rna l  anc l  cx tc rna l ,  l ca t l s  to  thc  fo l lo rv ing  er lua t ion :

( ' l l . '  *  1 l ; , '  * ' l l ; '  *  ur ) , , .111 '615 :  ( :1 i  -  u , l ,  * ' ) , ! *  ? . r ) , r rc r . , ' c r :  :  o ,

( '11. '* 'T. , , l t* 'T; ' '  *on)n"r"r :  --  ( : :  * '1,1'* , l l  - '  qv)clud.1'crz:  o

( ' l ; ' * ' l l ; , ' *  df '*  ur)n,1r1,1r5 =: ( :1 * l ; )  
- '  1,1 * or)rr ,  rr ' r1z: o.

' l ' 5esc  arc  thc  gc lc r l r )  c ( lu l t io l rs  o f  c , ;u i l i l r r iunr  o f  r tn  c las t i r ;  - .o l i c l ,  * 'hen  sub jec tc t l  to  s t ra in  by  any  sys tern  o f

i n t e r n a l  a n d  e x t c r n a l .
For  nn  iso t royr ic  so l id ,  the  c r lu r t ions  beconre  much s in rp l i f ie r l .  Us inq  z r  -  / t -+ r f3n ,  as  in  (3 r ) ,  rve  f ind  the  we l l

forrrrrr lac for a1 clrst ic sol i t l ,  of cicnsitv g pcr unit  volunte, (<'. f .  7'hom.rott t tnr l  Tai/ , ' l reatise on Natttral Phi losophy,

r  S : i . ; ,  \  ( , n s )

- ou, (1,, *u,!, * ?r,;) * " (?l: nuu,', *'uii). sr: o

- ,i, (i: "-'{; * i) * ,,(3': * T'', *Z':)-p 6 }': 6
,,1,(;:. Zu, *'r:) *,,(7':,,*uuj,!,, *Z':,)* oz: o.

\ \ ' hen  an  c las t i c  subs tance is  s t ra ined,  as  in  the  pro-

pagat ion  o f  rvavcs ,  i t s  d i f f c rcn t  e lc r len ts  r tndcrso  changcs

both  o f  fo rnr  i rn r l  o f  lo l r r r l c .

results, rve shal i  get the.

Le t 1\ : ? a f 7 a: -+0 p l\ -+? y l0 ; ( . rq)

( s 6 )

( : z )

forr:es,

knos 'n
ed i t ion

denote  the  anror tn t  o f  d i la ta t ion  in  vo l l tn tc

an e lenren t  o f  the  sL t l rs tance and pr t t

! :  :  d r /d r r - r -d r /d r ,2 - r -d ! /d :2

( : 8  )

r ,  - l ' , ,  rcs l tec t i ve l t ' ,  and  ac ld  the

c q u r t i o n  l o r  a n  I s o t r o p i c  S o l i d :

(n+n) y i  r ) - r (a, tA x-+dYf c11,- tdZf  dz)  :  q  .  (+")

t  I .  I d c r r t i t y  o f  t h e  I ) i l a t a t i o n
,1 : 0 a f 0x _+a p l1y _r07, lE z

r v i t h  t h e  I ' o t c n t i a l  V  l o r  a n  I n f i  n i t e  E l a s t i c  S o l i d :

C o n f i  r n r a t i o n  o f  t h c  \ V a v e - ' l ' h e o r y  b y  L o r d  K r l u i x ' s

I n t e g r a l s  o f  r 8 4 8 .

It  is renrarkable that nnder certain condit ions, to be

nrore ful l .v discussed hereafter, t l re equation.s of an inf inite

e las t ic  so i i c l  admi t  o f  a  very  s imp le  in te rpre ta t ion .  
' fh is

arl)ounts to aclnri t t ing the iclcnti ty of the di latat ion d rvith

the potential I / ,  in the case of an inf inite elast ic sol id.

Indecd i t  rvas upon this tacit  assumption, sevent) '  two years

aso, that Lord /t ' thin obtained his celebrated integrals for

erper iencc t l  b1 '

( +  o )

to reducefor the Laplacian operation : then rr 'e shal l  bc able

these express ions  (38)  to  the  vcr l '  s imp le  fo rnr :

n ' r l d f  r l . r - + n  f : r v - f  o - \ ' :  o
n ' d t \ f d 1 ' - + - n y ' B - f g Y : o  .  ( + t )

, t t ' r k \ f  d z  - + .  r u  V :  Y * o Z  : 6  .

Nou '  s 'hen the  so l id  i s  i so t rop ic ,  the  dens i ty  ma l '  be

onr i t ted  in  these fo r tu t t lae ,  o r  taken as  r tn i ty .  r \ ccord ing ly

if  rve dif t 'erentiate these sttccessivc eqrtat ions u' i th respect to

l c -



- r  
r ' -  i ' ,  i : a ; ,  '

, t t , t ' : r , . ' . - ,  ; :, . - : ' l ' '  :

. ' ; ' " ,1r ' , .  '  79
i " '  r  .  : ; '  .
j j  n : - j .

. l  .;, ' , , an infinite elastic solid
' :  
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!i.t:i'$
F=sj;tE

:1i"
(ci. Carnbridge anri Dublin Mathe-

(+s)
( . 1e  l

8o

aXlax-+aVld.y-+dZfdz-  1r(  g( t t t -+t t )  :  6  (So)
the densi ty  is  c lc l lned by the ex l r ress ion:

i f

or

.  by  the  ra t io ,

.:, Q : [br-rn) Vra]/(aX/A x-rdyf d1,-+-c)Zldr) .
. :.. I3ut by Poissoris equation rve have

I t  may be  no ted  tha t  the  dens i ry  o f  an  iso t rop ic  so l id ,
which does not vary rvith the coordinates (r,) ' , t) ,  is expressed

\ 4 : i /

p2 V-+- 4n p : 6 y')  ( f  qr \44/
or  S  

-  -  ( t l+n)  (02  r f  0 r2- r7 ' )V f?y2-+-0 t  /p t ) )  .  (+S)

By compar ing  (+ : )  and (a5) ,  rve  f lnd  tha t  i f  a  mi rss
of density,

'  r t  '  t t  -r  t)1. (o^' * 
d I '  -+- d' l  \g :  I  l l 4 7 t  \ t  , ,  \ d . r  d - ] ,  , . 1 . -  )  ( + 6 )

be  d is t r ibu ted  th roughout  s l )ace ,  we nray  conc luc le  t l ia t  i t s
po ten t ia l  a t  l r , y ,  z )  rv i l l  be  ident ica l  rv i th  thc  c l i la ta t ion  o1 .
the elast ic sol id substance:

6 :0alDr-+Apl?1,-+-0ylD: (+z)
For  i f  we d iv ide  (+" )  by  ( t t+ t ) ,  and subr rac t  f io rn

it  the f irst of (++), rve get:
- r ,  $  /  !  r , /  !

Vz d -+. (d.Y/dr-r- d F/t l  r ,  -+ dZ I J:) f  (u -r, t)  *- ,  , ,- V - Y - 4 t ( Q :  o

g :  ' f  lqrt  Qt-+-t)) . (a, ta;u-+O vial  -+aZlaz) .  (s,)
' l h is  

spec i f ies  the  c lens i t ) , rh roughour  s l )ace  o f  the  in i ln i te
iso t rop ic  so l id ,  tha t  o f  the  l ln i te  so l id  bod1,  in  (a r )  be ing
un i ty  per  r - ru i t  o1 '  vo lunre .

' I 'o rcach 7,ort l  t{ t /ui t t  s result r))ost direct l} , ,  * 'e let -1?
deno te  t he  resu l t an t  o f  t he  f o r ces ,  . \ ,  Y ,  Z ,  t t  an1 ,  | o i n t
\ r ,  l ' ,  t ) ,  at  t l te c l is tance r  :  l ,  ( ; r . r - t -_y, :+, :?)  l rc . t rn the or ig in,
r vhe the r  d i scon t i nuous  and  van i sh ins  i n  l l l  l i o i n t s  ou t s i de
son re  l l n i t e  < ; l oscc i  su r f ace ,  o r  con t i l r L t o r r s  l n r l  v i Ln i s l r i ng  a r  a l l
i n l i n i t e l y  c l i s t an t  po in t s  u  i t h  su f l l c i cn t  co r ) \ ' c r g r l t c l r  t o  r r r r r ke
1 l r -  conve rge  t o  o  as  z  i nc r c i r scs  t u  c \ J .  ' I ' i t en  

t i t e  con .
ve rgency  o f  .Y r - ,  ) ' r ,  Z r  t o  zc ro ,  r v l r cn  r . i s  i n l l n i t c ,  c i c : r r l y
n r e k e s  l . ' :  6  l 6 ; p  l l l  i n i i n i t e l y ' .  t i i s t r u t  l ) o i n t s .  , \ c c o r d i n g l v ,
i 1 -5  be  any  c i osed  su r t ' a ce  roL rn r l  t he  o r i s i n  o l  coo rd i na tes ,
cve ryu ' l r c r c  i n l r n i t e  l y  c i i s t an t  l i o r r r  i t ,  t he  l i r nc t i on  (d  *  f  

- )  
i . ;

z t : r ' < t  l - < t r  a l l  po i n t s  o l '  i t ,  : r n r l  sa t i s l i r s  t hc  c r l r i r L t i on  y :  ( j  / ' )
-  o  l b r  a l l  y ro i n t s  r v i t l r i n  i t .  

' l ' he re  
l b re  d  :  I /  t h rougbou t

t h e  i n l l n i t e  i s o t r o u i c  s o l i t l .

Noiv let -Y',  I ' ' ,  Z'  dcnote the vulucs of _\,  l i  Z ^t. ;r t)y
po in t  ( : r , - .1 , , : ) ,  anr l  by  a  t r ip le  in tcgra t ion  th roughout  a l l  space,
rve  sha l l  have fb r  the  po ten t i l l  l . '  o r  d i la ta t ion  d :

I .

i '  i . ' . : j , r
.  ' :  . i l : ' . '

which  g ives V , ( d _ _  / ) :  o

!  
J ' l f ,on (n-r")1. !  :  J ' iu-r"/,r. . ,* dy,f ,4r -+42,lt ts,) l  v ' l(s_.-,u,)r-+-(,r,-; , ,),*(, -",),1 .dr.,1t1,,15.. (s,)

For  the  e lcnren t  o f  th "  n lu r r l : ' - - ;  t f  l . y i r  (u t - r t t )J . (c l -v , /d r , -+  dy , f  41 t -+r1y ,16r ,1  (s : )
and the mutual distances ot '  the elcrner)ts of l))ass lr l l ing thc elcnrent ol- s1r:rce clr cl_;,  d: is

dit ion of convergence, according to rvlr ich rvhen r, is inf ini te,
*r'- *aT,,,.
J  j  _v7  r r l ( . r .  r , ) t+ (1 , - -1 t ) r -+ - ( " -  -2 , ) , ) . ( t y , t2 ,  :  s  (SS)

_ G r  _ t u

And,  there fore , ' fo r  the  th ree  co t l l l )oncr ) ts  o f  l rn i te  va lue ,  rcso lved a long the  coor t l ina te  &xes ,  a lc l  iu tegra te6  th roughout
al l  sl tace, rve hirve: +€ -f  @ -r_ €

d:  t l l+ r r ( r t - r r i ] J . !  :  J ' [ x ' ( , r - . ' ' )+ ] ' ' b  , t ) - t -2 , ( ' r_  r , l l1z [ ( r - . r . , ) : - * (_ r , -_ r , , ) : - r - ( r_  r , ) , ) .d . r ,dy , r )2 , ( s 6 )

We rnay  i t r tegra te  each o f  thc  c t l t ta t i c . rns  ( r8 )  in  t l re  saure  rvay ,  lo r  ( ( ,  l ,  /  rcspec t ive ly .  ' I ' he  
resu l t  lb r  t5ese

d isp lacements  i s :  4 :  r t *  L I  f  :  u -+  l t .  f  
-  t t , -+ -  y f  (SZ)

'where 1r,7), tu'  (1, l / ,  tr t /  denote the potcntirLls rLt (.r ' ,  1,,  :)  <t l '  distr ibutions of ntrrt tcr t l rrolrgh al l  s1>ace ol-clensit ics resl)ect ively
p u l a n n ) A d l 1 s  ( u t f  a ; , u ) D t \ f t l '  ( , , t f a r t , , ) A d f i z  X f q t r n  \ , f q ; t t t  Z f  4 t t t t .  ( S S J

In  o ther  u 'o rds  the  func t io t rs  a re  snc l i  th lL t  t l t roug l rou t  a l l  spacc
g2u- r (n fn )0 , ) l0 r :  o  !?U+,Y/ i l :  o  

' y2 t ,+ - ( t t t f  
t )  ad iA . r :  o  V , r  / -+  r , f  t t  -  o

\ ) u - + ( t t t f  t t ) \ d f t r :  o  V !  l V - + Z f  2 :  o .  ( S S )

Accordingly, i f  X", Y", Z" denote the vu]ues of . l  ] ]  Z.fora.point (_"-, , ,  t / , ,  r , ,) ,  rr ,c l ind

. 
*n- 

1.* 
tr^

,  
: l l ann)  

)  )  ) ( , " .? ) l " fA t ' - r -X" ) l t l [ ( r -1 , , ) r -+1 t , - r r , ) r -+ - ( : * r , , ) ' ] . t : t , ,d , . / , ( t : , ,

.,li
'.!6.
i t :

, l {

' ., v
r.lil

r*i
: ' : 8
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l ' | v  sLrbs t i tu t i r rs  fo r  d "  i t s  va lu i  in  ( -56) ,  rve  ob ta in  cxpress ions  fo r  r ,  8 ,2 ,  depend ing  on  . the  dunrs  o f  a  sex tup le
in tc .g ra l  nnr ' l  a  t . r ip lc  in tcqre l ,  the  in teer i l t ions  hav ing  to  l rc  pcr fo rnrec l  f rour  -oc  to  - foo :

, ( -  '  I  I  I  i - ; , ' 1a . ,  1 , , , ' n , , 1 ,1
. t t t t  

|  |  |
a /  . /  a /

8 r 8 z

a _ ^:,,, ./,"/,'./' l"':1, lo4,';,;;1 | | f

^:,,, ,/ ,',/ ,'./' \""'tt'lo' ''j*"' I I I

t, ' [(r - ," '): *r (,r '-- ' ' ') '-r (" - t ') ')
,Y,(t1l__". )* I ' '  {)" '-..t ' \ '+ Z'(r" - t ') l  . , . , dz,_r y,,\ 4n,, dy,, dz,,
[ (" ; ,- . , ; ,1( jL1-r ' ) ]+ (. l l  , l )" l l1i :o' '  _ -_l  (o')

t , ' [ ( . r  - r " ) r - t -  ( . r '  - ' . r ' ' ) : -+-  ( r .  -  r ' ) t )

, ! ( r f f  , i ' ) -+  Y '  ( - r "  -  r ' ) - t -Z '  ( t "  - s ' ) 1 , , , ,  
dz ,_ rZ , , l  O r , ,  dy , ,  dz l , .

f (.t ' '- '1'* (-r; '- 1,, ' l '-+(:" : ') :1'r '  - l 
ct 't '  or 

)
1,' [(.r: -- r:,) i-r (-.r, *,r, '), * (z - : '),)

Lord  / t - r / t , i t t  shos .s  hos ' to  s in rp l i f l ' thcse  scr tup lc  in tecra ls ,  and ob t r ins  the  fo l lo rv i l rg  genera l  so lu t ion  fo r  the

r l i sp laccnrcn ts  l i ro r luccr l  l r v  an1,  d is t r ibu t ion  o f - fo rcc  th rouqh an  in f in i tc  c las t i c  so l i c l  f i l l i ng  a t l  space ( l im i ts  o f  in tegra t ion

ls  bc lb rc  - - - r :  rn r l  -+ -s : ; )  :

"  : , . 1 ; r , (m- l - t t \ , 1  
I , l '  1 ,

B : ,rr,!4,,,*r1,1' , l '  ,J' l

)' : 2 qrrr,!(,r,*,,),.1' .l',J
' l  

, z ( z n t , t - 3 n ) Z '
I r, ' f ( r" = .. ') '+ (.t '  -- ' ' ') '* (t - t ')t) .r

- zr [(.r '  -.r ' ') : -* (-t '  -J' ') '  -r- (, - .t ') ' ] 
. i ,

\ ' ( ,  -  t ' )  v  Y  ( '_  1 \z '  ( : ; l ' ) l  
r l . r rc l ; , ,d : , .

l ( . r  -  
" ) r + - ( r  

- . r ' ' ) : - + ( c - e ' , 1 ' 1 ; '  ;
c r l ru r t ions  arc  sn t is f i cc l  :' l ' h is  s 'ho lc  i r rvcs t iqn t ion  is  bascd upon t l t c  in tcgra t io t r

o f  t l r c  ecnera l  c t lua t ions  lb r  an  in f in i tc  i so t rop ic  c las t i< ;  so l i t l  :
rvh i t : l r  i rnp) ies  tha t  the  c lcns i t r  th rour rhout  a l l  spncc  sha l l  l r c
c r l r r e l  t o  o  a s  t l c F n t , d  l r l ' ( q f , \ .

l ,o r r l  A ' t / t , i t t ' s  < lc f in i t ion  o f  , \  ) ,  Z  as  any  arb i t ra r l '
t i tn r : t ions  ' rvh l tc le r  o1-  ( , r ' ,  - t ' ,  : ) ,  c i thc r  c l i scont in t to t ts  a r t r l  r ' : r -
n ish ing  a t  a l l  po in ts  ou ts i r l c  sonrc  f in i te  c loscd  s t t r face ,  o r
< :on t inuous  and lan ish ing  r t  a l l  in f rn i te ly  c l i s tan t  po in ts  n ' i th
su f l i c ie r r t  con lc igenc l '  to  n ra l i c  thc  p roc luc t  o f  thc i r  rcs r t l tan t
, / i  :  t , ( , \ - r  4 -  , : ) -+  Zr ) ,  b r -  thc  r l i s tancc

1 ' :  t  
' [ ( . - . ' 1 : 4 1 . r  - - r ' ) ] - r - ( ;  - z ' ) 1 1

nar re l r ' -1 l r ' ,  convcrgc  to  zc ro  ns  r -a l ) l ) roaches  in f in i t i ' ,  i n rp l i cs
t i ra t  the  c len ,s i t l 'ma1 ' \ 'a r l  th roLrqh changes in  t l rc  c l iF te rcn t i r t l
c lc r l cn ts d,L'd r-r cll ' f  r1.r-+<lZlr11 : Yr II" ( 6 :  )
as  shon 'n  bc los ' .

I l t r t  no  o thcr  changcs  than thosc  in  f  t  I / t ,  thc  Lap l rc ia r r
opcra t ion  on  thc  po tcn t ia l  can  occ t l r ;  anc l  cvc t - t  th is  i s  ch ic l ' Jy
l t  thc  bounc l i ' r r i cs  o f  so l id  l rod ics .  Accorc l ing ly  i t  bc< :o t r l cs
adv jsab le  to  inves t isa te  thcse  poss ib le  changes a  l i t t l c  ruore
r :  lose  l1 ' .

I 2 .  ( l c o n r e t r i c a l  a t t  c l  I ' h  I ' s i  c a l  C o n d  i  t i  o n s  u ' h i  c h

t h c  F ' o r (  c s  g e n c r a t c d  l l l l l s t  s x t i s f v .

Supposc X, t- ,  Z to dcnote the cotttpottcnts of the forces

ac t ing  on  nn  e lemcnt  o f  the  so l id  d r t  -  o  d . r 'd , r 'd : ,  t cnrporar i l y
i rnag ined to  l re  f lL r id  a t  ( r ,  r ' , : ) ,  rcckonc t l  pc r  un i t  o f  thc

lnass. 
' I-hen 

the cl i f ference of the presstrrcs otr thc trvo faces

d, r 'd :  o f  the  rec tanet r la r  para l le lop ipcc l  o f  thc  f lu id  i s

dr. dz (cip/a.r ')  ci .r '  (o+)

and th is  f lu id  e le rnent  rv i i l  be  in  equ i l ib r i r rn r  rvhcn the

fo l lon ' i r rg

r)r ' r),: (t lfr, 'r l .t) r).r-rd.r' r)-r 'dz
r): r).r' (rlp/rl.r ) d-r' - },d,r d-r'dz
r).r 'r lr (dP/dz) dz - Z dc d'1' dz

iv l r i r :h  g ivc the ncccssary and suf f ic ient
cr lu i l i l r r iun-r  o l -  u t tv  l lu ic l  nrass:

:  o  ( o s )

condit ion for the

( r  o )
f. This
uniforrn,
of force
6

clP,lr l . t  :  ,Y dfr/c!1'  :  1'  dPf dz : Z . (00)

l i ro ru  thcsc  cc lue t ions  rve  ob ta in  imrned ia te ly

d lr : tl F/rl r' . (l.r' +- d p/d1, . dy -+ dp f dz .'dz

: n (Id. 'r-  t 'dj ,-r Z dz) .  (02)
' l ' l r i s  c r l r ra t ion  s l rows tha t  Id . r ' - f  Yd1 ' - rZdz  is  the  comple ted
rl i f l -crcntial of a fur.rct ion P (.t ,J ' ,  z) of three independent va-

r ia l r l cs ,  o r  n rav  bc  r lac le  so  l ry  a  fac to r .  Phys ica l l y  th is  i s

c r lu i i  a lcn t  to  conr ; lu r l ins  tha t  the  pressure  in  the  f lu ic l  i s  a long
thc  l incs  o f  lbn :c ,  anc l  thus  a  scr ies  o f  sur faces  ex is ts  wh ic i r  c r r ts
thc  i incs  o l -  lb r i : c  a t  r iqh t  a r tg lcs .  I f  thc  fo rces  be long to
a  conscnat ivc  svs tcu t ,  say  l 'hcn  a  g rav i ta t iona l  mass  has
at ta incd  a  s ta te  o f  in tc rna l  ec lu i l i l r r iL rm,  as  in  the  theory  o f  the
figures of thc hcavcnJy bocl ics, no factor is required to render

the  d i f f c rcn t ia l  conrp)e tc ,  and we ma) '  pu t

, Y t l . r : - F  Y d J ' - r Z d z :  - d l /  ( O S )

o r l r y ( 6 7 )  d 1 t : - g d l r .  ( O S )
' lhis expression shorvs that t l -re pressure p is cdnstant over
the  equ ipo tcn t ia l  sur faces ,

e  :  - d p l d v

and the clcnsity also is a function of the potential

conc l i t ion  ar iscs  s 'hcn  the  dens i ty  o f  the  body  is

over the eqrt ipotential sttr faces, for the distr ibution

t 7
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to rvhich the components (P, Q, 1l) belong - r:orresyrondins
to  a  homogeneous e las t i c  so l id ,  o r  a  rnass  o f  in t :onrpress i l r l c
l i r lu id  he ld  in  a  r ig id  vesse l ,  u ' i th  the  c iens i t l ' so  r l i s t r i l>u ted
as  to  be  in  equ i l ib r iunr .  

' l i re  second e(pr r t ion  o f '  (67  )  i s
satisf ied by this condit ion, ancl l 'c hlvc,

O,f/dc-t ct Yf d1-+dZf d: :  f  :  I / ' ' .  (z '  )
. \ ccord ing ly  by  (+r )  * 'e  have thc  o r ig in l l  eqr i r i t ion  o l -  a r - r
e l a s t i c  s o l i d :  ( u - + n )  V ,  d - + V ,  l l , ' :  o  ( Z , )

rvh ich  is  sa t is l led  by  the  assunrp t i r . . rn  d  -  -  I l ' , ' \ t t t+ - t t ) .
' f h e  A e t h e r  a s  a n  l n f i n i t e  I i l a s t i c  S o l i c l .

Hence i f  th is  ana l l ' s i s  app l ies  to  thc  tc t ) rc r ,  as  un
i n t r n i t e  e l a s t i c  s o l i d ,  t h e  d e n s i i l ' o l ' t h e  n r e d i u r r r  n r u s t  l r e
ar ranged so  as  to  g ive  a  po ten t ia l  rLugrnent ing  u l rou t  cac : l r
n rass  o f  mat te r  embedded in  i t ,  as  s l ro rvn  in  n r )  l )vnanr ic lL l
' fheory  

o f  G lobu lar  C lus ters ,  rg  r  z .  
' l ' h is  

la t tc r  cond i t io r " r  o l
t l re  po ten t ia l  i s  descr ibed ana ly t i ca l l y  as  lb l lon 's :

t '  I '  t '  o  t l . r '  t ]  t '  t l :  1  
' r l ' t

u : l  I  I - . , , .  : l  t i . l )*  
J  J  J  I  l ( . u -  r ' ) : - + ( - , 1 , - . r ' ) i - + ( ,  - : ' ) r ,  

. /  ,

and  the  in fe rence,  l ionr  I )1 'narn ica l  ' .1 'heor r ' ,  t i r l t  t l r c  l ro ten t i l l
i s  g rea ter  to \ \ 'a rds  the  cent res  o f  n ) r r t t c r ,  l l n r l s  o l i v io t rs  l r l r  vs ica l
i l l us t ra t ion  in  tbe  accutnu la ted  ur rangcnre t r t  o l  t l l o l iu l rL r  t ' l us tc rs ,
rv i th  the  s ta r l igh t  inc reas ing  in  l - r r ig i r t r ress  t i l l  i t  u t t r r ins  u
per fec t  b laze  near  the  cent re ,  in  s ! rch  sp lcnr l i t l  g lo l r r r ia r  r : lus tc rs
as  47  

' I ' ucan i  anc l  o  Centaur i .
' l h is  inc rease in  l )o te  n t ia l  to r i 'u r r l s  thc  < :e  n t r t ' s  o r : t ; r rg r ic t l

by  mi r t te r  can  on ly 'be  a t t r ibu ted  to  ccn t r i l )L , t iL l  s t resscs  in
the  ae ther :  the  n ied ium is  thus  { l l i c r i  r i  i th  r r  r i vcs  re  cc t i ing
f ionr  these rnasses ,  and the  dens i t f  in  thc  ag i ta te t l  ru r t l iu r r r
i s  inverse ly  as  thc  rvave aurp l i tudc  or  t i i r cc t l y  rs  t ) rc  n rc i iL rs
( c f .  I i t e c t r o d .  \ \ / a v e - ' f h e o r y o f  I ' h 1 ' s .  l i o r t : .  L r : 1 . + ,  r 5 7 - 3 ,  r 9 r 7 ) .

S ince  the  t l i l a ta t ion

[ : 0 u f1t -rD B l?-y -+Ay lD'
is rerluired to fulfrl , ',;.r"i;,: ';; 

: o :;:)

( z + )

\ 7  5 , |
rvhere  I /  i s  the  po ten t ia l ,  rve  sce  a t  o l )ce  th i r t  t l l e  c l i l r r ta t ion
throughout  the  ae ther  i s  s im i la r  to  the  l )o tcn t ia l .  

' l ' l i c  po tcn t ia l
i s  rnerc ly  an  express ion  fo r  the  to t i t l  r ccu l r rL l la tc r i  , s t ress  bascc i
o r r  average an i l i l i tude  o t ' the  r r ' l ves ,  . l  :  / , ' 1 ,  an t l  the  c lcns i t l '
6 : r , r ,  and the  a t t rac t i ve  to rce / : t r ' : f  r ) -b  I ' fA ) ' :  - r l l f  12 .
' I 'his proves the I l lectrod. \ \rave-' .1'heory of I 'hvs. i iorc. to
represent . the  t rue  order  o f  na ture .

Accord ing ly ,  u 'c  have the  lb l lo l ' i ng  t lb le  { i r r  thc  d is -
p lacement  o r  wave arnp l i t r tde ,  dens i t l ' ,  l ro tcn t ia l  an t l  lb rcc :

I ) i s p l a c e r r r e n t  o r  e r n p l i t u d e  / 1  -  / : f  , '  : 1 ' -  I ' t f  v t  - . 1 r :  d :
L )ens i ty  o f  the  ae iher  6 :  y r ' ,  y  -  1 f / ; i  :D  I ' ' fA )  :  - , l1 f r ' |

Irotential :  lz: I f l r  i
t / - 6 - A .  i

Since the  d i rec t ion  o f  the  fo rce  a l * ,a1 's  i s  cen t ra l ,  and
the rvaves react torvards the origin at the t 'e 'ntre r. , f  eravity,
rve conclude frour this rvhole investigrrt ion:

r .  ' I ' ha t  t l i e  ae t l - re r  behaves  as  an  in l ln i te  rco lo t ro l ) i c
e las t i c  so l id ,  rv i th  d ispr lacer ren ts  cver l ' r vhere  ic l t r r t i ca l  rv i th
the  e lec t rodynar -n ic  r r ,ave  eurp) i tude d  an . l  u lso  i r le  n t i ca l  rv i t l r

'  
" )  I l y  re fe r r ing  to  f ig .  r ,  sec t ion  2 ,  l ' c  sec

orv ing  to  the  inc reas ing  anrp l i tude  o f  the  waves ,  
' l ' l r i s

5 0 4 + 8 4

the  po ten t ia l  / , ' .  
' l ' l r i s  

s i r ,es  a  seonre t r i ca l  and phvs ica l  s ig -
n i l l c a n c e  t o  t l r c  l i o t c n t i a l ,  l  h i c h  h i t h e r t o  h a s  l r e e n  e n t i r e l v
lack ing ,  a r - r r l  long  provec l  i re r l ' i l t l c r ing  to  thc  ceonte ter  anr l
the  na tura l  ph i losopher .

z .  I f  th is  \ \ ' e re  no t  tn re ,  the  genera l  e ( lu r t io r )s  fo r  an
i n t i n i t e  e l as t i c  so l i d  cou l r i  no t  l r ave  Lecn  i n t eg r r i t ec i  l r y  Lo r r i

| t ' r / u i u  t t s  ou t l i ne r l  r bove  ( c l ' .  C r i n r l - r r i t j g c  enc l  I  ) uL l i n  f  l a t i t e  -

u i r r t i t ' a l  - Jon rna l ,  r  S4E) .  l . i u t  as  t h i s  c r ' l cb ra t cd  . geon rc te r  e f .
l - ec ted  s r . t ch  a r t  i n t cg ra t i on  f o r  t hc  gc t r c ra l  e r l u r r t i ons  o1 -a r r

i n t l n i t e  i so t r op i r ;  c l as t i c  so l i d ,  r v i t i r ou t  g i v i ne  a  1 i h1 ' s i c l i  i n t c r -

l ) r e  t r r t i on  t o  t l r e  so l u t i o r t  l i r unc l ,  * ' c  scc  t ha t  Lo r t l  KL / t ' i t i  s

n r t t hcn ra t i cu l  gc ' n i us  i r u i l c l c r l  l r r t t e r  t han  l r c  kn t r v ,  anc l  n r r t u r t l

p h i l o s o l i l i c r s  u r c  n o \ \ '  e n : L l r l c i l  l o r  t l t e  l r r s t  t i r r r t . t ( )  i n t c r l i r u t

l r l r y s i t : a l l 1 '  r r n e  o l  t l r t ,  s r r l r l i r r r c s t  r e s u l t s  i n  t l r r  l h o l c  r u r r g c

o l -  u r a t h e n r a t i c u l  s c i e n r . . .

: \ i ' t t , / o r t  s r r r n r i s r t i  t he t  i 1 - t he  c l cns i t y  o1 ' t i r e  ac t i t e r  va r i e r l

t l i r e t : t l 1 ' a s  t l r c  r i i s t u n t : e  I l - o r n  t l r e  t : c n t r c ,  i t  u o u l d  l t r c s s  t o l l r r t l s

t l r c  ce  r r t r c  so  i l s  t o  t l c vc l r>p  t l i e  l o r t : e  o f  t nLv i t u t i o r t .  , l l a . t  t t  t / /

l r o l ds  t ha t  , \ - t  t r t l o ) /  r ' oncc i vc r l  t l r i s  l c t i o r r  as  l r nu lo .gous  t r - r
) r 1 ' t l r os tu t i c  l ) r essu rc ,  l r t t t  r ve  I u r vc  shos ' n  t l l l r t  t hc  r ca t : t i o r r  o l -

t he  l  r r v cs  r i ' i t i r  a r r r p l i t r r des  - - l  -  l ' , / r -  p ro t l uccs  t l r i s  a r rengcn rcn t

o l -  t l e r r s i t l '  a n t l  r i ' o r r l r l  g e r ) e r i t t (  i u l  r l l u (  t  s i r n i l l r r  t o  l t ) e r c
l r y r l r os tu t i < :  l ) r essu rc  ( c l - .  l l ) l e c t r o t l .  \ \ ' a vc - ' l ' l r co r l ' o l  l ' l i l s .  i , ' o r c . ,

l .  r  - ; . 1 ,  r  r ;  r  7  ) .

\ \ t l r y  t l t c  l i o r r : t ' s  l r e t r v t : c n  t h c  S u n  l n t l  l ) l u n r t s
( ) l r e r u t c  i r r  l t i g l r t  L i n c s :  \ \ ' c i c r s t r a s s i l n ' l ' l r e o r y  o l '
t h e  l i c s u l t i n g  L c r r s t  r \ c t i o n .

c )  I r nug inc  \ \ ' : . r v r s  I ) r o l ) ugu te r l  l i o ru  t l r e  sun  l nc l  ea r t l r
: r s  s l r o r r ' n  i n  t l i c  r t c t : o r r r p r rnv i n r l  r i i ag r r r n r :  l u r r l  l e t  t l t c  vc l o t : i t i c s

o l '  t l r e  n ru tuu ) l y '  i n t t r pcne t r l L t i r r g  Navcs  l , o ru  t hc  cen t res  . \

: r r i r l  - 1 i  l r c  l ' t  and  / r .

1 " i 1 1 .  . 1 .  l l l r r s t r r \ l i o n  o l - t l r c  i r t l c r p c t t c t r a t i o r r  o i  l l r c '  b c t u t c n  t l r c  > u r r  a r r . l

c a r t l r ,  s l r i c h  g i r ' . s  u r a r i r r r u u r  l e r i s i o r r  a l o n g  t l r c  l i r r c  . : / : ,  s l r e r c
t l r e  i r r t c r l r c r t e t r i r t i o r r  i s  l ' i t l t  t l o u l r l c  t l r e  v e l o c i t v  o t  l i t 1 h t .

' l ' he  
p roL i )enr  a r iscs  us  tc )  t l r c  c i t ! c r t  o1 ' t l r c  re l : r t i vc  in te r -

pcnetnL t ion  o l -  the  * ' r rve  s ,  the  vc lo r : i t i cs  /  r  rL r rd  /  "  bc ing
et lua l ,  b r . t t  the  arup i i tu t i c  and c l i rec t ion  o i  l ) ro l ) l rg iL t ion  c l i f l t ren t
x t  e v e r ) ' l ) o i n t  o f  s l ) u c e .

t l r e  p h v s i c a l  r r r c a r r i n g  o f  t h i s  e q u a t i o n  :  t l ) r  r e t l l e r  l r a s  r l i l a t r t i o n ,  d  :  /  ,  n e a r  t h e  s u n ,

r l i l r r t a t i o n  a n < l  d e c r e a s e d  d e n s i t y  o f  t l r c  r r r e r l i u n r  e x i s t s  a b o u t  e v e r y  s t a r  a n r l  p l l n e l .

\ 1
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WAVE - THEORY!
DISCOVERY OF THE CAUSE OF GRAVITATIOIVI

I ' {AGNETISM, ELECTRODYNAMICS' AND OTHER FORCES OF NATURE
OBEYING THE GEOMETRICAL LAW OF THE INVERSE SQUARES:

WITH COMPLETE MATHEMATICAL ANd PHYSICAL ANALYSIS.

T. J. J. SEii

Based on f
Four ier 's Wave-Tbeorem of I  802, J ls i ,  

p-FeF=t,

{ 5

In spi te of high recommendafions by Nikola Tesla (who rejecteci

Einsteint l  th"oty of Relat iv i ty) and by the psychic Idgar Cayce anC others'

the " l , lave-Theory of the Aether" developed in the 1920's by noLed astronomer

Capt .  T .J .J .  See has  been comple te ly  ignored by  modern  phys ic is ts .

In suuurary, See explained gravi€t ior8l ,  nAgnet ic 3nt l  electrostat ic

f ields as longltudinal or compression r€ves Ln the aether,  of  approxinately

the same mgnitude 3s the disEances over which they opeate. Light,  heat

and radio are descr ibecl  as t€nsverse or shear l raves in the aether.  Wnen

the longitudinal aether laves radiat ing frorn masses couple, the,w produce

a rel-ative aether \racuum between them, and the bodies are pushed together

(not pu11ed) by external aether pressure. The apparent increase of r lass

of an-acceLerat ing body is causecl by incredsing drag resistSnce from the

viscous aether.

I f  a body is rotdted at a certain speed, an associated aether vacuum

is produced which prevents tr?nsmission of the g€vitat iorr3l  force. This

op.t"  the uay to ant i-gravl ty leviCat ion as demonstr?ted by John Searl ,

T.T. Brown, and laithlAite. The theories and experiments by Charles Brush,

Dr. Hans l{ ieper,  Prof.  Nipher and others al-so f ind unif icat ion in T.J.J.

See t s ti^hve Theory of the Aether. I

In 3n drt ic le wri t ten by ] . l ikola Tesl? and publ- ished in Telegreph &

TeLephone Age (Oct.  L6, 1922),  the Sreat inventor dcscr ibed his } lagnif l ' ing

Tra;-* i t t " .  a"d Earth resonance. Tesla rencioned €pt.  See's theory and

expressed his agreement with i t :

"Tne larv of motion c3n be expressed by stating that the !€,ves on the

terrestr ial  surface sweep in eqral  intervadls over equal areas, but i t  must

be understood that the current penetraEes deep into the Earth and the effects

produceci on Lhe receivers are the same as if the whole flow was confinerl to

the garthrs axis joining the tramsmitter and the Snt ipode. The nean surface

speed is thus about 47Lr2OO ki lometers per seconC ---  57"i .  greater than that

oi  the so-cal led Hertz raves ---  which should prolagate r+i th the veloci ty

of light if they exist. The same constant rrds founci by the noted American

astronomer Capt.  T.J.J.  See in his retheret ical  invest igpt ions, for the

srA l les t  f€ , r t i cLes  o f  the  e ther  wh ich  he  f i t t ing ly  des iSnates  as  rae therons t . ! '

T.J.J.  See publ ishec' l  a 13-volurne set of  bootr:s t i t led I ' l iave-Theor] ' :

Discovery of the Cause of Molecul3r Forces (1' lagnet isrn, Electrodyr8mics, anci

Other Forces of l€ture 0beying the Geometr ical  lav: of  inverse Sqr:ares.. . )  t

v&ich is exceedingly €re today. l ie E1-so pubLished 3 ser- j ' -es of eight papers

in the journal- tAitronornische l.lachrichtenr which are nore accessable. These

irave been retrieved by and al:e available today frcrn Rex iiesedrch.



SEE rs W',\tr-TTEORY OF THt iIFIx

Fapers i l1-8 frorn Astronomische ]bchrichten, circa 1920.

F i rs t  Faper  (A .N.  l ;5044,  Vo1.  211) :  rNew lheory  o f  the  Aether f

The Medlurn of the Aether ls necessary for conveying Physlcal Actlon

across  S1ace. . .Net ru ' I ;1w o f  the  Dens i ty  &  R ig iC i ty  o f  the  Aether . . .Re la t ion

between llean llolecular Veloclty of a Gas & that of a l€ve Transrnitted in

euch a 1ledium...Elast ic Power of the Aether. . .Table of lhyslcal  Constants

of the Aether. . . Ihe Aetherion.. .Explanat ion of the ?ropagStion of the

i i i reless 1&rres Bround the Earth.. .Olt l ine of the lbve Thsory for l€gnet ism'

At t rac t lon  & Repu ls ion . . .The Aether  as  an  In f in i te  I 'eo lo t rop ic  E las t ic  So l id

propagat lng Faves.. .Conf irsat ion of lEve Theory b,.  Lord Kelvinrs Integr?ls

t f  1AAg.. .Geotrptr ic and Physical  Condit ions which the Forces gener€ted

r n u S t  S S t i s $ I . .  .  o .  a . . .  a . .  . . . c  a . .  a . . . . . .  . . .  c . .  . . . . . .  .  o . . .  c . . . . . .  c . . . . . . . . . . .  . .

Second hper  (A .N.  #5048,  Vo1.  211) :

Gavitat ional Act ion propagated with the Veloci ty of Llght. . .Electro-
dynarnlc l^lave-Theory of Physical Forces explains }lotion of Perihellon of

Mlrcury.. . I ' lodi f icat ion of Newtonl2n law.. .O.rt l ine of the Cause of the

Fluctr-at ions of Ehe } loonf s MeSn Motion.. .Gr?vi tai ional Act ion is propag3ted

by Stresses due to i€ves in the Aethef, . . .G€ornetr ical  Condit ions ful f i l led by

t in Veloci ty-Potendal 0. . . fhe K1-ret ic lheory of the Aether occords with the

Views of NewEon & Ih>n^rell...New Theory of SteLlar Aberation based on the

Motion of Light relat iveiy to the moving Earth." .Sir  OLiver Lodgefs Exper-

:::::.:::.:::::::::.:::.:l:::::::.::.:::.i:illl:.:.:l:::::i:::.:::llllll:
Third Paper (A.N. i i5079, Vol.  2L2) z

Two Recertrable lheorems crn the Physicel  Const i tuEion of the Aether. . .

Georetr ic & Physlcal .  Out l ine of the RelSt ionship between Light,  I2gnet ism

and the Electrodyraur- ic Act ion of a Current. . .Plane i€ves oi  } lagnets & the

Iarv of Ampl i tude.".High Veloci ty of the Electron unier Cfarge explained

by AcceLe€.t ion due to Aether i^ laves.. . -Aetherial  Ident i t ,v of  the Veloci ty

o i  E l " " t t l c  t {aves  w i th  t ta t  o f  L igh t . . .Ae ther ions  & 'E lec t r i ca l  I ' l ass" . . . .

Ki-rret ic l€,ve Theory of Aether ?nd the Tlrger Problers of the Universe.. . . .e '

a a a a a a a a e a a a a a e e 0 c e a a a e a a a a a ' o " " " " t e t t o " o " " t " " " t t ' e  
c " t ' c e " ' e " "

Fourth Paper (A.N. il5048, vo1. 2L3) z

Isotropic Aether & Iedial  l lot ion.. . lExrve11rs !1ectro}4?gre Eic Theory
of Light is incoruplete.. .Geometr ical  Reasons why the Vibat ions of Ordinary
Light are dl inLy Tr?nsverse.. .FundamenEal Object ions to Fresnelrs Theory of

Line3r PoTatLnt ion of Ref lected Light. . .Undulatory D>:plan2t ion of the
Phenmrenon of Interference in Polarized l,ight...l ie-u- I^lave-Ttreory of Light

accounts for all known Optical Phenouen2...llave-Theory of Gravity & Geoetrical
T h e o r y  o f  C o n f o c a l  C o n i c s . .  .  . .  . . . .  .  e .  e  o  .  . .  .  .  . . .  . . .  i . .  . .  . .  . .  .  . .  . .  . .  .  .  . . . .  . .  . .  . .

Fi f rh Faper (A.N. #5130, Vol.  214):

Ortlines of l€ve-Action fbeory of l{olecular Forces..,The Rainbow in

f.ight of the i€,rre-Tlreory...New theory of Surface Tension & of Capillarity

based on lEve-Act ion.. .Ne\,r  Theory of Lightning.. .Droplets & Bubbles.. .
Capl l lar i ty. . . I lxve-Theory tn Relat ion to Planckrs Qrantrn theory.. .Postscr iPt.



Sixth Paper (i..N. /i51.40, tJo1. 217) z

l,tave-Theory of Chenrical, E>:pl.osive ' & Vital Forces. . . Developsent of
l iest in Cneroical  React ions as a Proof of the 

-rbve-Theory-. . .Geonetr ic 
Basis

of rhe Atosric Arrangernent ln Ehe l{ave-Theory & the Source of Power tr: l l lgh
! .xp los ives . . .Rad idc t lv i t y  &  Orga inc  Growth . . .D i rec t  Ev idence o f  l€ve  Theory . . .
Conclusion.. .hrt  Two: Discovery of the Cause of Universal Gravi t i t ion.. .
I i i gorous  Geore t r l c  Ana lys is  conf i rms Tens ion  in  the : 'e ther  be tween 2  Stars . . .
The Guse of unlversal Gravi tat ion.. .SuuurSry of Chief P.esulcs of the New
Theory of the Aether. . .The Tensisn of the Aethgr:  l . lave-Tneory & the Newtonian

::::.::.:::1.:::::.:::::::.::.:::.:::::.::.::.:::::.lllllll::::::::::l:'' "'
Seventh  Paper  (A .N. ,  Vo l .  217,  Oct .  22 ,  L922)z

Discovery of the Cause of }Egnetism & of a Rernrkable Connection
between lEgnet ism & UniversaL Graviat ion.. .Neu Gene€1 iorrrulae for the
Intensity of Che Ponderomotive Force in the IEgnet ic Field.. .Veri f icat ion
of Biotts law: an Experirpntum Crucis as to the lbture of l4agnet lsm...
Invest igat ion of the Supposed l lot ion of the }bgnet ic Poles in the Earth.. .
Iheory of Earthrs lhgnet ic } Ioroent. . .Gaussr General  Theory of Earrhts lhgnet isrn

.. .Th€ ! Iutu31 PotentL?l Energy anf l  the } lut tal  Act ion of Two lhgret ic Systems.. .
Veloci ty of the Propagdt ion of Universal Gravi tat len.. .ExplzrBt ion of the

::::::i:.:::.::::::.T::::.::.::::.:.T:::llT:::::::l:::ll::.::::::::.:::.:
Eighth Paper (A.N. ,  YoL. 226, Feb 27, 1926) :

A Supplerent of the Discovery of the Guse of Gravitation ---Part One:
Analysis of the Progress of the Problen.. .An Invest igat ion of the Physical
€use underl.ying the Forces of I' lature which fol-lors the Iarn' of Inverse SquS::es.."
Fart  Tvo: Gecnretr ical  & Pnysical  Explaret ion of the Iaw of Inverse Sgr6res.. .
Qbser.vatioral- proof of the Existence of Electrodyr€raic lhves from the Sun,
Moon & Planets.. .Geornetr ical  & Physlcal  Signif  icance of laplace t  s Potent i2l
h.rnct ion V: lagrangets Force ?unct ion U, for Newtonf s law of Mutr€, l  AttG,ct ion.. .
Expl2ined by l iave-Act ion.. . l^ lave-Effect of  Tension betraeen ?nd Pressr:re behind

2 Centres of Disturbance.. .Conf irn6t ion of Ibve-Theory of Uni.versal Gff iv i t2t ion

by  Def in i te  labor? tory  Exper iments . " ,Par t  Three:  Ve loc i ty  Poten t ia l  o f  0
r.r i th the Solut ion of the Fourier-Polsson Potent ial  for l ,hves in the Aeiher.  . .
Some Geonetriel & ?hysic31 Grounds for I'.tsve-Theory repr€sentation of the
True Order of Nature.. . lnvest ipt ion of an Inf ini te lnteglaI ar is ing in the
l , ]ave-l t reory of the Aetter as appl ieci  to the Stars.. .  l iumerical  E>anp1e of
an  Ana l -ogous  l ie thod o f  fn te t ra t ion  by  Success ive  Appro : ; i :€ t ionS. . . .  .  c . . . . . . . .
ParL Four: T.heorems of laplace & Poisscrn on the Iilariability of the l€jor
Axes & l' lesn l{otion of the Planeis generali"zed for all the Higher Powers
o f  the  !hsses . . .Br ie f  Cr i t i c ism o f  Cer ta in  T€d i t io rE l  T i teor ies . . .Conc lud ing

N o t e  O n  t h e  L u n a f  l h e O r y . . . . . . . . . . .  o . .  .  . . . . . . . .  ' .  . .  . . . . . . . . . . .  o . . . . . . . .  c . . . .  .
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