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L  ( ] r a v i r a r i o n a l  A c t i o n  p r o p a g a t e d  r v i t h  t h eV e l o c i r r - o f  L i g h t .

In  the  f i rs t  paper  on  the  Ner i ,Theory  o f  the  Aether ,
. \ \  5oa4,  n 'e  have shos .n  tha t  the  ex is tence o f  th is  n red ium
rs  a  necessary  cond i t ion  fo r  convey ing  phys ica l  ac t ion  f ronr
one bod l '  to  another  across  tbe  ce le i t ia l  ip " .a . ,  anc l  have
s iven the  e lements  o f  

- the  
k ine t ic  theor l ,  o i  the  ae ther -gas

irs the subti le .r 'ehicle of energy. t l taru,c//  hacl a verr. clear
concept ion  o f  th is  n red ium 4T years  ago,  r rhen h"  f " , ; ; ; ;
t ' , u t ,  i n . t h c  c l o s i n e  p l r a g r a p h  o f  t h e  c c , l e t r a t c d  . l . r e a r i . e  

o n
l , l e c t r r c i t r . a n d  l \ J a e n e r i s m ,  r E 7 r ,  r , o l . l l ,  p . 4 o 3 ,  t h a t  r  r r . h e n e r . e r/  energ ] '  i s  t ran ,smi t ted  f ronr  one bod l .  to  ano!her  in  t in re  there
nrus t  be  a  r red iunr  o r  subs tar )ce  in  nh ich  the  ene.gy : " ; i r ; ;  la f te r  i t  Iear .es  onc  body  and be fore  i t  reaches  thc"o t t ,e r * .  i

\o  be t te r  dcscr ip t ion  can be  g iven o f  the  ae ther ,  as  i
th ,e  veh. ic )e  o [ .cncrg1 . ,  rhan tha t  ju ! t  quoted .  Anr ]  s ince

New Theory of the Aether.
(Second Paoer . )

P r o g r e s s i o n  o f  P e r i h e l i a  i n  a

From the celebrated letter of Gauss to l l /cbo., Ir larch tg,r845,  (Gauss ,  Werke  5 .62s)  we learn  tha i  as  ear l1 ,  as  rg35
Gauss looked upon phl.sical act ion across space as conver.ed
tn  'me,  and ' * 'as  t r ) . ing  to  fo rmula te  a  la rv  o f  th is  ac t ion ,
l : , t ,n r , .  

i t .  a -s ide  temporar i l y ,  and on)1 .  recur red  to  i t  when
l l rcb t r  had fo rmula ted  h is  fundamenta l  e lec t rod l .namica l  la* . ,p L r b l i s h e d  i n  r 8 4 6 :

f  -  (rndfr2) l r  - f t  l l )  (ar lalz-+-(zr, tc2,1 d2r,11721 .  ( , )' I -he 
f irst term of this forroula is hbu,lon,s lau, of gravitat ion,

r 6 8 6 ,  s . h i l s t  t h e  o t h e r  t e r m s  t a k e  a c c o u n t  o f  t h e  e f f e c t s  o finduc t ion  in  the  re la t i ve  mot ion  o f  the  t rvo  bod ies  zzr  and r t , .' l 'he 
minor terms thus give the energv effects of the velocit l .

and  acce le ra t ion  or  change o f  ve io"c i tv ,  under  s .a r .e  ac t lon ,
in  the  d i rec t ion  o f  the  rad ius  r .ec to r ,  as  re ( lu i red  by  the

l l : r ._ " t  
au thor 's  I . , lec t roc i r -na  nr  rc  \ \ ' a r .e -Theor r .  o f  I ,h1 ,s .  horc . ,

v o t .  r .  r o r t .
I n  r h e  n . o r k  h e r e  c i t e d  ( p . r + 3 _ r 4 9 )  j  h a v e  c a l c u l a t e d

the  ehecrs  o f  l l? io .s  ia* .  upon the  prog iess ive  mor ,ement  o fthe .  per rh_e) ia ,  per ip raneta ,  and per ias t ra"  o f  the  bes t  knoq.n
i rod  jes  o f  the  so la r  sys tem and o f  the  s iderea l  un i r .e rse .  . i .he
t rb l r la red  da '  i s  the  progress ion  o f  the  orb i ta l  per ihe i i : i  i na  Ju l ian  century ,  owing  to  the  propagat ion  o f  g rav i ta t ro ; -1
u  i th  rhe  ve loc i ty  o f  l igh t .

. J  u l i a n  C e n t u r y ,  I 4 / c b r r ' s
Comets  da

E n c k e  o i 6 z  r g g' l ' empe lo  
o .  r  r  46  r

I l ro rsen o .2  2  lo i  z' l ' e n r p e l - L .  
S w i f t  o . r  z o g E E

\\ ' innecke o. r 4,o.3 6 6
I )e  V ico- l l .  Srv i f t  o .o7  EE;8' l ' e m 1 r e l 1  

o . o 6 i 6 r 6
F i n l a y  o .  r  r  S 3 3  z
I  ) 'A r re -s t  o .o8g6 z  z
B i e l a  ( l )  o . r  2 5 7 o
\ \ ' o l i  o . o 7 5 9 . 3 9
H o i r n e s  o , o 6 z i 7 j
l J r o o k s  o . o 6 3 3 8 9
F a y e  o . o 6 6 3 7  i
T u t t l e  o . o 5  r o 7 6
O l l r e r s  o . o o 7  7  o 3 4
H a l l e y  o . o  t  z 6  3 7
N e u ' t o n ,  r 6 8 o  o . o r z r r g 4
r 8 4 r  I  o . 2 r g 4 7 4
r 8 8 z  I I  o . r o 8 1 7 3 3

Bv T. /. /. See.

, l [a . ru ' r / /  sar .s  tha t  the  energy  must  ex is t  in  the  rncr l i r rn r ,
l f te r  i t  has  lc f t  one bodv ,  bu t . - te fo re  i t  has  reache< l  thc  o l i : c r ,
owing  to  thc  p ropagat ion  in  t ime,  l r .e  see tha t  th is  energ \ .
o b v i o u s i l ' r . l t u s t  b e  c o n r . c l . e c l  t h r o r . : q h  t h e  a g e n c r . o f  u . n r . e s
t r a l e l l i n g  r . i t h  t h e  v e l o c i t v  o f  l i g h t ,  , ; u s t  a s  r a d i a n r  h e a t  f r o n r
the  sun and c lcc t rodr .nant ic  ac t ion  l rave l  r r . i th  the  santc  ve .
l o c i t i ' ,  3 o o  o o o  k m s  J i e r  s e c o n d .

I ) lan  c ts
)  [e rcu  11 '
Venus
' l 'he 

! larth
\ [ a r s
l  u p i t e r
Sat  u  rn
U r a n u s
\ep tune

Sate l  I  i  tes
' l ' he  

] [oon (F ia r rh )
P h o b o s  ( . \ l a r s )
I )e imos ) )
.{ r ie} (t-ranus)
Unr briel ))
' l ' i tania ))
Oberon ))
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] I \
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' l ' e t h l s

o . r 8 4 3 9  I  D i o n e
o . r 3 2 3 5  i  R h e a
o . o 8 o 5 o 4  ]  

' l i t " n

o .o6o3 . j g  I  H r .pe r i on
Iape tus
Phoebe

da
, F  -  

"  
-  / -  -  -

e . - J . 1 u ) )

r  R r ' - . e -

r . r 4 3 4 5 o
o . 7  r 5 , q . l  4
o .4  o .5  o  E
o . o 6 8 6 3 5
o . o 6  4 6  5  8
o . o 3 . 1 6 8  r
o . o . 3 4 l  z 8

r . 2 4 0 1
o . 9  6  6 :  g 4
o . 7 8 o 6 6
o . 6 o E  I  r
o . 4 3 6 4 4
o . r 8 8 4 2 3
o . t  5 7 8 4 2
o . t  o z  3 7  6
o . o r 8 7 5 r

La l ' .

i  I l i nar l '  S rars

I  Cass iope iae
p l)ersei
. to  , re  Er idan i
rz -{urigae
rr Canis nraj.
a  Geminorum
a  C a n i s  m i n .

1  V i rg in is
a  Centaur i

7  o  O p h i u c h i
d  E q u u l c i
8 -5 Pegasi

6at
o i o o o 6 6 g o  z

3 2 . 9 r . 9 2 7
o . o o o j r 6 4 r 3

6 5 . 7 o . r 5
o . o o 6 9  r  8  5
o . o o o - 5 r o r . 3
o . o o 6 ( r o  r  3
o . o o . i o E 8 o . i
o . o o r E ; 7 ;
o . o c  r  o 6 . 3  r  o 1
' ' : - 1 ) J r

o . c 4 1 2 i  2 g

This  tab le  shon.s  tha t  the  d i f fe rence be tween the  e f fec ts
of Alu'/on's lan., rvi th 6xed perihei ia, and of I I , , t l t rr ,s funda-
menta l  e lec t rodr .nant ic  las , ,  rv i th  p rogress ing  per ihe l ia ,  i s  a i rvays
smal l  l ' he  ch ie f  in te res t  cen ters  a round the  rno t ion  o f  r le rcur r , ,s

perihel ion, which Leuerrierin rg5g found to have a pp6gps..,r .
la rger  than knorvn  grav i ta t iona l  theor ,v  rvsu ld  exp la in . '

forrnd b1' A'tu,cotnlt  in r 88 l  is about 43' per century, the
I O



i -a '

. . i

/  , 0 .

::s
a,*!

-1i

q
. . f l
. } 1

.,'{
1t

I 3 9

above effect of Wcber's law removes r415 of the total arnount 1),

leaving outstanding about 2815 instead of the 43'assunred
in Einstein's Theory of Relat ivi ty. ' l 'he outstanding 2815 can
be explained by the transformation and absorption of wave
energy from the atoms on the opposite side of the sun,
yielding a law of attract ion of the very form approved by
Ncuton in the Principia, 1687:

/ ,: 2Y21' f T2 oooooo lo{{; ' ( " \

This explanation of the rr iot ion of l \ ' Iercury's perihel ion
is more ful ly discussed belorv. Such a result was long ago
anticipated by Neutton, and in r8g4 careful ly examined and
proposed by fIall, and subsequently used by Newcotnb and
Srcli,qcr. It therefore has the sanction of the nrost eminent
astronomers, and as i t  rests upon a knorvn physical cause, i t
involves no vague and chimerical reasoning such as underl ies
Einstein's nystical Theory of Relat ivi ty.

Towards the end of this paper, rve develop a new 'r ' ieu'

of the experiments of Miehelson and ,4for/r-r,  r887, and of
Sir Oliucr Lodgc, 18g r-97, rvhich results from the kinetic
theory  o f  the  ae ther ,  o r ig ina l l y  ou t l ined  by  / \ ' t ru to r ,  r7zr ,
approved by ,lfaru,cl/ and S. Tolucr ?restott, r 8 7 7, and recently
deveioped by the present rvr i ter, as shorvn in the f irst pal ler.
This new vierv of the chief physical experirnents on rvhich
the  theory  o f  re la t i v i t y  so  la rge ly  res ts  may we l l .  c la i rn  the
at ten t ion  o f  na tura l  ph i losophers .  As  bear ins  on  thc  s rn)e
t lues t ion  we t rea t  care fu l l y  o f  the  oLr ts tand ing  rno t ions  o f  the
per ihe l ion  o f  } le rcury  and o f  the  lunar  per igee;  and shorv
tha t  ne i ther  phenonrena lends  the  s l igh tes t  suppor t  to  non-
Newton ian  mechan ics .

In  fac t ,  a l though the  theory  o f  re la t i v i t y  has  occup ied
much space in scienti f ic l i tera.ture, and nrany treatises, ruenroirs,
and other papers have appeared on the subject, i t  i r  impossible
for a careful observer to escape the convict ion thqt the rvhole
developnrent heretotore brought out is false and nrisleading,
- a veri table foundation laid on tpricksand - and that some
day ph i loso l lhers  rv i l l  r vonder  tha t  such an  improv ised ab-
surdity ever became current among men. Among the niost
pernicious of these ternl)orary doctr ines is FitzGerald's h1'po-
thes is ,  wh ich  under  the  k ine t ic  theory  o f  the  ae ther  i s  rvho l i y
un tenab le .

A considerable nurnber of persons are much impressed
with the adnrissibi l i ty of any doctr ine rvhich beconres current
arnong contempor:rr ies, yet the study of the history of science
shows that. truth is neither dependent upon populari ty, nor dis-
covered by rnajori t ies, but by the ferv individuals who think
careful ly and frequently in complete isolat ion, and rvho thus
attain sLrperior vision into the deeper mysteries of nature.

In  p romulga t ing  h is  new Sys tem o f  the  Wor ld ,  r  543,
Copernicus describes his reasoning in daring to depart frorn
the opinion of the majori ty:

>Though I know<, he says, >that the thoughts of a
phi losopher do not depend on the judgnrent of the many,
his study being to seek out truth in al l  things as far as that
is permitted by God to human reason: yet when I considered<,

he adds, >horv absurd my doctr ine would appear, I  long
hesitated whether I  should publ ish my book; or rvhether i t
were not better to fol low the example of the Pythagoreans
and others, rvho del ivered their doctr ines only by tradit ion
and to  f r iends<.

2 .  ' f  h e  E , f  f e c t  o f  R e s i s t a n c e  i s  t o  b r e a k  u p  L o n g
\ V a v e s  i n t o  S h o r t e r  O n e s  a n d  a c t u a l l y  t o  i n c r e a s e  t h e
A m p l i t u d e  o f  t h e  P r i n c i p . a l  C o m p o n e n t ,  a s  n o t i c e d
i n  I l r e a k e r s  a t  t h e  S e a  S h o r e .

In his celebrated x'ork on ' I ' ides and Waves, Ency-
clopedia } letropol i tana, r8.15, Sir Gcorge zlrz;,  obtained one
of  the  nros t  comprehens ive  and usefu l  theor ies  o f  rvave mot ion
ever developed. .7ir1, 's theorl '  has the advantage of being
in te  nse l l '  p rac t ica l ,  because i t  app l ies  to  wave mot ion  in  a  cana l ,
u 'a te r  be ing  the  ch ie f  l iqu id  found upon the  ear th ,  and near ly
incompress ib le .  The fo r rnu la  fo r  the  per iod ic  t ime o f  the
wa 'es  r s  , t  :  ( zn l f  g )  ( r+ ;n , i + -  r  ) , ' ( r a " l , r  -  r  )  . (:r)

I t  n ra l '  be  shorvn  ana ly t i ca l l y  tha t  uhen thc  r ravc  length
is  shor tenet l ,  as  by  res is tance to  the  nrovc ,u ten t  r ; i  r l re  t lu id ,

the  exponent ia l  express ion  ,4"1  I  inc . " rses ,  anc i  thus  thc
am1; l i tude  inc reases  2) .  ' |h is  change has  bcen nruch c l i scussec i
in  var ious  t rea t ises  and memoi rs ,  and * 'e  sha l l  no t  a t tenrp t
to add to i t  here, except in the piract ical appl icat ion of the
resu l t  to  y rhvs ica l  p rob lems.

Nos' ,- lrrr '  f inds (art.  2or-2ro) the fol lorving theoretical
curves for the breaking up of rvater rvaves in r ivers, considered
as  s t ra igh t  cana ls ,  rv i th  sn ioo th  banks .  , \ f t c r  exp la in ing  h is
ana lys is  o f  th t .se  theore t ica l  rvaves  in  u 'u tc r ,  ,4z r - r '  in tc rp rc ts
t h e  r e s u l t s  a s  f o i l o * s :

,  (z  o  r  ) .  
' l ' o  

reprcsent  to  t i )e  e ! 'e  t i rc  lb rn t  o l '  rhe  wave
produccd l r l  the  conrb ina l ion  o i  the  t t 'o  tc rn rs ,  \ \ ' e  ha le  con-
s t ruc ted  the  curve  i 'n  6eure  g .  ' l ' i re  

hor izonra l  l ine  represents
the  leve l  I ine  o f  the  n tean he igh t  o f  1 \ 'a te r :  the  e le la t ion
or  depress ion  o f  the  curvc  rc l ) resents  (on  an  enor rnous l l '
exaggera ted  sca le )  the  e leva t ion  or  depress ion  : rbove the  nrean
he igh t ,  g iven  by '  the  express ion  above.  ' l ' l re  va lue  o f  r '  i s
su l tposed to  inc rease f ronr  the  le f t  to  thc  r igh t :  on  wh ich
srrpposit ion the t luanti ty r i lut-t t tx ' ,  represer)t ing the yrhase of
the wave, dinrinishes frorn the left  to the r i{}rt  (nut being
cons tan t ) .  <

, (zoz . )  ' l ' o  
exh ib i t  to  the  ey .e  thc  l l *  o f  rhe  ascent

and desccnt  o f  the  sur lace  o f  the  rva ter  e t  r i i f  l t r cn t  po in ts
o f  t h e  c a n a l ,  t h e  f i g u r e s  r o ,  r r ,  r z ,  a n d  r . l  a r r :  c o n s t r u c t e d .
' l ' he  f i rs t  o f  these is  in tended fo r  the  l ro in r  rvherc  the  cana l
conrmun ica tcs  rv i th  the  sea:  the  o thers  lb r  l ro in ts  success ive ly
nrore ancl niore distant l ioru the sea. ' l 'he horizontal l i ,ne
is rrsed as a measure of t ime, or rather of phase znut-tt tx ' :
in  rvh ich ,  fo r  each s ta t ion ,  r ' i s  cons tan t :  the  b leva t ion  or
depression o[ the corresponding point of the cun'e represents
the corresponding elevation or depression of the rvater above
its mean height, as given by the expression above.< a

rAn inspection of these diagrams wil l  suggest th6
fol lorving remarks:

5048
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r )  In  the  Month ly  Not ices  fo r  Apr i l ,  r9 I7 ,  p ,  5o4,  I ) r .  S i /bcrs /e i t  t rea ts  a t  sorne  length  o f  the  E ins te in  ca lcu la t ions ,  based on  Gerbet ' s
fo rmula  (Ze i tschr .  Math .  Phys .  43 .93- ro4 ,  I898)  in  wh ich  fo r  the  Nerv ton ian  po ten t ia l  t . l I f  r  i s  pu t  ' l I l r ( r - r l c .d i /d l )? ,  and conc ludes :  "As  fa r
as  I  can  unders tand f rom /e l f rcy 's  inves t iga t ion ,  ( lUN 77. l rz - l I8 ) ,  i t  wou ld  ra ther  a l lev ia te  the  as t ronomer 's  d i f f i cu l t ies  i f  the  sun by  i t se l fgave
only a part_of these 43 seconds'c Accordingly tbis is all the more reason for adopting Ll/eler's law, though I reached it frorn a different point of vierr.

2) This increase of amplitude wii l proue of higb importance in the nJw theory of rnolecuiar forces, to be dealt rvith in a future paper.

. 3 i
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' fheore t ica l  

fo rm o f  t i t le - rvave in  a

I r - t  :  4T :  secor id  S ta t ion ,  z . f  :

to - t3 .  
' l ' heore t ica l  

t ida l  curves  fo r  d i f f c ren t

I 2  :  t h i r d ,  l 3  :  f o u r t h  s t a t i o n .

t4 .  Theore t ica l  fo r rn  o f  t idc - rvave in  a

r 5 .  T h e  s a m e  s ' i t h  s m a l l  t i d e .

, (zoS. )  \ \ rhcn  the  \ l ' ave  leaves  the  open sea,  i t s  f ron t

s lope and i t s  rear  s lope are  equa l  in  length ,  and s imi la r  in

forrn. l lut as i t  advances in the canal, i ts front siope becomes

shor t  and s teeJ) ,  an( l  i t s  rear  s lope beconres  long and gent le .

In advancing st i l l  further, this rerrarkable change takes place
' in  the  re r r  s lope:  i t  i s  no t  so  s tcep in  the  rn ic ld lc  as  in  the

upper  a r {d  the  lo rvcr  par ts :  a t  l cne th  i t  l r cco t t rcs  hor izon ta l

, . i  
' the  

nr idd le :  and,  f ina l l y ,  s lopes  thc  oppos i tc  t l r r "  fo rnr in (

in fact two \\ , i lvcs (f igrrre q). o

" ( : o + . )  , \ t  t h c  s t a t i o n  n c a r  t h e  s c a  ( s c e  f r g r r r e  r o ) ,

the  t ime occr t l r i cc l  by  the  r i se  o f  the  rva ter  i s  cc l t ra l  to  thc

t ime occup ied  by  the  descent :  a t  a  s ta t ion  more  removed

f rom the  sea ( f ieu .e  r r )  the  r i se  occup ies  a  shor te r  t ime than

the  descent :  the  r i se  i s  s teady  and rap id  th ro t tghot t t ,  bu t  the

descent begins ral) id, then becomes more gcntle, then beconres

rap id  aga in :  a t  i ta t ions  s t i l l  fa r ther  f rom thc  sea (6g t r rcs  I  2

and r3 )  the  c lcsccnt ,  a f tc r  hav ing  begun rap id ,  i s  abso l r ' r te l r '

chccked,  o r  i s  evcn  changcd fo r  a  r i se ,  to  wh ich  another
' rap id  c lescent  succee ds :  i r r  th is  case there  rv i l l  l l e  a t  tha t

s ta t ion  t rvo  r rner lua l  t ides  cor respond ing  to  onc  t ide  a t  the

mouth  o f  the  cana l .<<

Th is  numer ica l  and prac t ica l  d iscuss ion  by  ,4 r l r ' ,  s ' i th

curves  fo r  i l l us t ra t ing  the  resu l ts  i s  more  sa t is fac to rv  than

anv pure ly  thcore t ica l  ana lys is  o f  the  e f fec ts  o f  rcs is tance,

"n i ' ihu .  
a l l  rve  need to  do  is  to  po in t  ou t ,  tha t ,  j r rs t  as

lvater wal 'es in canals degenerate and break trp into part ial

waves, t lnder the action of a variable resistance, depending

on the depth of the water, and i ts distance up the r iver from

the sea: so also in the aether, the long lvaves encounter

resistance rvhich progressively is more and more disintegrating

on their '  existence, kinetic stabi l i ty, and continuity. Ac-

cordingly we may be sure that long waves in the aether

wil l  undergo corresponding changes by disintegration into

shorter rvaves, and that the chief component rvi l l  have in-

c reased ampl i tude.

There are various physical i l lustrat ions of this effect

rvhich may be cited, as when the sun's radiat ion impinges

on the earth, and the longer invisible infra-red rays, so mtlch

studied by Langtey, pass into heat waves of shorter wave length.

sha l lo rv  r i ver ,  to  secout l  approx ima l ion ,  ms:  o ,  6 rs t  s ta t ion ,  the  sea;

8 : r  :  th i rd  s ta t ion .
s t a t i o n s  o n  t h e  r i v e r .  t o  : 6 r s t  s t a t i o n  r t  m o u t h  o f  r i v c r ,  t I  :  s e c o n t l ,

sha l low r iver  to  th i rd  approx imat ion  rs i th  la rge  t ide '

r 4 2

Again, in our electr ic stcives and heaters, tbe electr ic

current, rnade up of ver,v long s'aves, f i rst develops heat, so

that the rcsist ing rvire acqrrires a dLrl l  elorv, then'a red heat,

ancl f inal ly becotnes incandescent, rr i th l ight of shorter and

shorter s'ave length the longer the action contint les' The

t rans i t ion  here  ske tched is  there fore  knonn to  be  a  rea l i t y

in  c lca l ing  u ' i th  the  t rans fornra t ion  o f  e lec t r i c  energy  in to

hcat  and l igh t ,  under  cond i t ions  o t rserve t l  da i l y  in  every  par t

o f  the  rvor ' ld .
'  ' l ' hc  ana log ics  here  c i ted  are  so  o l rv io t ts  and fami l ia r

to  us  in  the  changes no t iced  rvhen * ' : rves  pass  in to  b reakers

a t  the  sea shorc ,  tha t  i t  seems in rposs ib le  to  deny  the  va l id i t l '

of the conclusion above drarvn fronr every day experience,

and fort i f ied by the proforrnd researches on t ides and rvaves

produced by  one o f  the  grea tes t  n l r themat ic ians  and na tura l

ph i losophers  o f  the  Pas t  age.

To those * 'ho hcsitate at the contrast between Nater

and aether, rve point olrt  that i t  is true that rvater is healy

and iner t ,  and s luge ish  in  i t s  movements ,  rvhereas  the  ae thcr

is excessively vxlg, rvi th density at the earth's mean distance

equa l  to  4 t8xro- l ' ,  and  hav ing  an  enormous e ' las t i c  power ,

6893zr  6ooooo t imes grea ter  than tha t  o f  our  a i r  in  p ro '

l)ort ion to i ts densin'.  Thus the l ight and electr ic rvaves in

the aether travel gozooo t imes faster than sound rvaves in

the air,  and al;otrt  2 ooooo t irnes faster than sound in \ \ 'ater

a t  3oo C. ,  wh ich  t rave ls  4 '54  t imes fas te r  than in  a i r ,  o rv ing

to  the  h igh  inconrpress ib i l i t y  o f  the  \a te r .

There is thus much dif ference betrveen the speed of

waves in the aether and in Nater, even i f  the dense water,

l ike the rarc aether, be highly incompressible. But notwith'

standing this dif ference, due chief ly to the extreme rari ty of

the  ae ther ,  rva ter  be ing  in  compar ison w i th  ae ther  zz8xro13

tinres denser, there is a substantial physical basis for com'

parison of the actions in the two media.

Our reasoning therefore is not speculatil'e or hypothe-

t ical,  but purely practical,  since i t  rests upon facts definitely

determinei by experience, and veri f ied by careful observations

of recognized phenomena of the physical universe'
I o i
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Fig .  t ,  .4 i ry 's  g raph ica l  i l l t r s t ra t ion  o f  thc  b reak ing  up  o f  waves  -unde- r  
res is tance '

' -  
Th ;  cana ls  cons idercd  are  connectec l  rv i th  the  sea and o f  un i fo rm u ' id th '
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In order to bring out the practical bearing o[ the rvave.theo.ry upon the motion of the perihel ion tf  .Nle."ury, orr, lthe  lunar  f luc tua t ions ,  d iscussed be lo rv , . * "  nor i . "  tha t  as  longago as r9or, Professor planc/t of Berrin supposed that in alrmatter there .n'ere a great number of ,reionators< of everyposs ib le  per iod  (Ann. -d .  l ,hys ik ,  4 .5 ;6 ,  ,  q ; ,  f  .  
. l .hus  

rna t te rwou ld  rece ive  and emi t_v ib ra t ions  o i  o f f  io r r i f r le  per ioc ls ,  aspos tu la ted  in  the  E lec t r .  \ \ rave_. l .heory  o f  l , ' hys .  l lo r i .  t .g5_Eg,rgr7 .  ' I ' he  
Iunar  f luc tua t ions  occur  rvhere  the  sun,s  g . i " i t "_t ional waves have to traverse rhe sol id nrass ol- the earth,and thus  the  ac t ion  on  the  moon is  . i " . r " " r "a  near  the  t in reo f  Iunar  ec l i l i ses ;  and the  rnoon par t ia f i y - . " f " " r " , i  f ronr  thesun 's  cont ro l ,  thus  tends  to  l l y  th l  tangent . -  , I .h is  

g . i ves  r i seto distrrrbarrces in the .rean nrotion which tvu,co,r/  decrrred
::. ,1:,  

t ,n" nrost enignratical phe'o', . ; ; ; ;  l ; ;"r. ,rrct l  u1. r irece les t l : r l  n lo t ions .

N o n ' t h e  l u n a r  t h e o r i s t s  w e r e  u n a b l e  t o  t r n d  t h c  l r c r i o -d i c i t i e s  r e q u i r e d  t o  e x p l a i n  t h e  l u n a r  f i u c t u , r r r o n s ,  r r n t i l  Id iscovered the  obs t ruc t rng  cause a t  \ r .o rk ,  neer  the  shar io* .o fthe  ear th ,  to  n rod i f j '  thc  sun s  { ra ' i t ; t t i ' e  ac t io r . r  on  the  . roor .
I f  

. th is  ex ; r lanat ion  o i  the  t luc tua t ions  o f  t i re  n roon beconceded,  a  s in r i la r  cause rv i l l  have to  be  adnr i t ted  to  ac ton  the  p lanet  I ie rcur l ' ,  nh ich  renc le rs  ou ,s ;un  grav i ta t ion t l l l ,
unsy 'mrnet r i ca l  o r . lops ided,  as  i f  a  snut l l  l i a r t  o f  the  n ta t te ron  the  oppos i te  s ide  o f  the  sun \vere  re rnoveo,  o .  ;n " t i . . i i " . , ,o " . ing  jo  the .  in te rpos i r i .n  o l '  , i , "  ,un i r - -1 , , r -gc ,  g lo l ,c  i '  t l repath  o f  g rav i ta t iona l  ac t io r . r .  In  o t l re r  r "o r j r ,  o , r . , , . ,g  to  rc -t r a c t i o n ,  t l i s l l e r s i o . ,  ^ l r s . r y r t i o t r ,  l a r g e  ' r a s s e s  o l  . ) : l t t e r  t . r e r t . r s ea  s l ig i r t  s< . reen ing  e l i c . r  r .

: .  - . \  SLrgsestion. in 
_the 

, l .hcorv 
ol.  \ lcrcLrrr, ,  by, ,1. I Iol / ,- \J l- l . t .r ,  r  S9+. I{a//  adopts t l ,a , ,ugg._., io r. t  ctt  , \ . tu, lott  t i t . t tthe  ia l  i s  no t  exac t ly  tha i  o f  the  in " r le r , ,e  s ( lL r r . rcs ,  anc i  pu ts

f 
- un'f  r t t  o00000lt; ,  

( f l
I  + .  Hvporhes is  tha t  g r i rv i ta t ion  to rvards  thc  sun is  no tl e \ a c t i y  l s  t h e  i n r . e r s c  s ( l u J r c  o f  t h e  d i s t a n c e ,  A s t r o n o n r i c a l1 Corrs,trtnts, p. r r  S, br.,  S. , \ , .rz,,z,rz ,  ,  S, l  i . ' - '  tYttucotttb arloptsi  I fu / / ' s  hypothes is ,  u . i rh  vc r r ,  . l i g l , r  , , ,u ,1 ' i i l r :a t ion :
' ,  

, f  :  ry21 ' f  7 )  0 " " " ' r  ) l ' ' ; i  
(6 )

S .  I l l r c r  < l i e  e r t r J r i r . i s c h e n  ( i i i c r i e r  i i r  t i c r . l . h e o r i c  d c rI ' . i c l 'u .gu t rq  c le r  I ) lanc ten  X le rkur ,  t , .uur ,  I . . r . l "  L , , r , l  l l . r rs .  VJS-11. : : -1 - : - lo ,  l t y  l f . , \ t r / i .g r r .
I ) r r :  Z o r l i u k : r i l i c h t  

_ r u t d  c l i c  c n t p i r i s c h c r r  ( i l i c d c r  i n  d t _ rl l c r i rgun{  dcr  inneren l ) laucrc .n .  S i t r  - l l . l r .  r i .  Kg l .  . . \ ka t l .  t i .\ \ ' i s s .  z r . r  . \ l i i n c h c n ,  3 6 . 5 q S - a : : ,  i r v  j t .  . r , . , , , , r o
St t / i , i , t r  assuntes  t l rc  n ra t tc r  o f - thc  zo t j r l r : r i l  l tg i r t  to  l . ied i s t r i b u t e d  i n  t i v o . e l l i p s o i d s ,  a l )  o u r t : r  o n . . ' " " , f  e n  i n n e r  o n e ,s 'h ich  rv i l l  e f t -ec t  Ncrcur r . , , .  I rc r i l r c l i r . rn ,  as  obser r .ed ,  u , i thoutd is t t r rb ing  the  o thcr  l r lunr rs .  He ge ts , r - ' r . ] . "  I r " . fa . , t  agreen)entrvit l r  obscrvations, l i i l lv as good us that suplt l ted l ty Etusteit ,stheory ,  rv i thout  the  v

results lre, 
, ,gueness of relat ivi t l , .  ,S.rr lz,qz,r_,s chicl-

. \ ' t turottb : ! l : . / i r" ' ,  
()rrt ' turrr l ing

I\Iercury ,,tl.-r 
_: 

-+gi6+ fil:; 
'T:.i;;

s i n r  d Q  :  - F o . 6 ,  - + o . f r ,  , o . o r
- 1  .  -uz - -f  o.3g _l_ o.{ r) o. r r, \ t t l tg t r ' s  thcorv  app l ies  e r lua l i y  rvc l l  to  \ r r r r r rs ,  t l c  I , ,a r t6a n d  \ l a r s .

.  3 .  E x p l a n a t i o n  o f  t h e  o u t s t a n d i n g  I \ l o t i o n  o ft h e  P e r i h e l i o n  o f  I \ I e r c u r l , ,  t r o . " J  o n  r t  
"  

E I e c t r o .d y n a r n i c  \ V a v e - ' f  h e o r y  o f  p t  y . i " o l  f  o r . . r .
As ide  f ro rn  the  inves t iga t ion  o f  the  anrount  o f  the  ou t .standing nrotion of tr Iercury's perihel ion, tr1, trurarirr,  , t59,ancl b'  
.- l 'e 

tu cottt  r ,  r  g g r,  dul l '  noied belou., ' ,r le . i  te,r,  
" 

r" iro*i '"gresear .cheq_ as  o f fe r ing  var ious  exp lanat ions  o f  the  phenontenon :r .  Untersuchunsen . i iber  d ie  13ervegung des . I ) lane ten-\ lerkLrr, and other notices of researches by"Dr. ] .  l i r tust/t in,gtr,. { , N  l o 9 . 3 z .
z. Ulrer die \ervegung.clcs Xlerkurperihels, l ty / , .  FIar:t t . ,. - \N  I27 . f i  r ,  rSg r .  I Io i : t r - tn tes , lgo , " . ' ,ha 'a f f "c rs  . f  uner luu ll l )on)e l ) ts  o f  iner t ia  o f  the  sun a i rou i  l io la r  and equatona l  axes ,runr l  o l ' t l re -  r r ra t te r  in  the  coronr ,  , r , rc l  nnAa l f , " r "  hy ,po theses: L , i l r r i r s i l , i . .

6 .  , \  . \ lenro i r  
,? r  ^ rh .  ou ts t r rnd i l t {  r r r . io tua i res  o f  the

] : : i : : j l r ,  l , ] . , , , jnn' l  .bi '  
professor l i  i l . .  h,), t , , t  .{ ,)rer. Journ. ofi  >c te r )cc ,29 ,  rn  l .h ich  var ious  h1 .1rorheses ,  inc lud ing  t f ,e  e f fec tSof  thc  r r ragncr ic  r le lds  o f rhe  

" r r ,h ,  
: ;u , ,  , ;1  ; r ; " r ,  a re  examinedanc i  re jcced.  See a lso-  Repor r  o f  Br i t i sh  l r .o " io t ion  fo r  r  g  r  4 ,f o r  l ) r o l - .  / i t . o t t , t i s  A d d r e s s  t o  S a . r i o n  a , " U . 1 ; , r _ 3 2 r .

i  .  F)i t tsle in's Generai ' l . l reory 
of Reiat iuity, r  g r 6, inryh ich  rh is  : ru t i ro r  uses-  the  va lue  6 ,  :  * '0 r , ,  and deducesthe terrrr ot- Gcrlt tLs forntula:

7, :  ( t t f  , )  ( t  _ r  f  c.  dr lat l_t  (z )requ i red  to  l " le  adc led  to  the  la rv  o f  g rav i ta t ion  to  rnake th isdi l f 'erence l_retrvcen theory and obseruat"i ,o.,  air"1rp.r. .  . tsy usingthe .va lue  deo.  :  -+4 j "  per  century )  
" "J  

" , i .a r . l "g  
a  ver j ,exacr agreernent based on this dif ference, insteai of i f ,"
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l ' - i g .  : .  l l l u s t r . t i n g  t h c  a l r s . r r r t i . n  a n r r  c r r c u r a r  r c r . r r c t r o n  . f  : o r r r t .

: l , l , l : . : l : : r , f : . rn  t )a r t  o f  r i rc  rnar rc r  in  thc  s idc  o f  r l rc  suno p l r o s i t e  t o  I I e r c u r y , . a s  i f  r ) a r t s  o f  t h c  S u n , s  r r r , , s s  l r a , r  l r c r . n

i:illil"".l i,:: i[ -]:-i: 
$::, #'1" :;:ii,' 

I i g r''l I 1 r.,1,. i, r",i
Alercury  there fore  is  less  a t t rac ted  than r l  the  s t r i c tla rv ,o f  inverse  s ( luarcs  es tab l i shed by , \ \ - ,n t : , ) ,  he ld ,  and thusrve have the feebler la*, of to.. .  

"*1, i" in"J'  
b. lo,",

i f  :  , i l u ' f  /2 .0000{ )010r , ;  :  (u t t / f  12) .  ( r / ro .ooooooro . r , ; y  (+ )
rvhence arises the hithc'r1, s. pe ri h er i " ", 

-r,,,, 
s', i: ;:J:::l,1li;l,lr::;T:3}.:i.Y :;

l:^ll9:.1",* lo 
geonleters and asrronorri.r. 

"".. 
since f.euerriet.drscovered the d i f ference in rgso.  .

' f h is  
exp lanat ion . is ,  r ,e ry  r t r .uch  s in rp lc r  than any  here .tofore offered, and as i t  harntonizes tbe ntot ion of } lercurywi th  the  nro t ion  o f  the  n toon,  under  rve l l  es tab l i shed l lh l , s ic l lla rvs ,  rv i thout  in t roduc ing  an) ,  vague and ch imer rca l  hypotheses ,i t  l ' ou ld  seem d i f f i cu l t  to  , leny  i t .  

" . . .n t i r l  
phys ica l  t ru th .
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sect, IX, Prop. XLV, Prop. XXXI, cor. I) ,  but coisidered the

observed approximate f ixi ty of the planetary perihel ia a strong

proot of the accuracy of the law of the inverse squares. His

f inal view evidently is expressed in the General Scholium to

the  l ' r inc ip ia ,  17r3 ,  where  he  says  tha t  in  reced ing  f ro rn  the

sun grav i ta t ion  ,decreases  acc t t ra te ly  in  the  dup i ica te  p ro-

l)ort ion of the distances as far as the orb of Saturn, as

ev ident l l '  appears  f rom the  qu iescence o f  the  aphe l ia  o f  the

p lanets ;  na1 ' ,  and even to  the  remotes t .aphe l ia  o f  the  comets ,

i f  t h e s e  n p h c l i a  a l s o  a r e  q t t i e s c e n t ' .

In the l lc;canique Cdleste, t799, I-aplarr l ikervise con-

clrrcled that the larv of gravitat ion holds accttrately for the

snte l l i tes  as  we l l  as  fo r  the  p lanets ,  ( i - i v '  t t ,  ch '  I ,  S  6 ) .  ln

Lir ' .  XVI, chap. IV, hos'ever, Laplace investigated more ful ly

the  e f fec t  on  cer ta in  te rms o f  the  moon 's  tno t ion  o I  some

assumed chenges in  the  Nerv ton ian  Ia lv  o f  a t t rac t ion ,  b t l t

f ronr  h is  rc t .u r rks  i t  i s  ev ider r t .  tha t  he  d id  no t  cons ider  i t

p ro l r i r l r l c  tha t  there  is  a  deper tu re  f ronr  the  s t r i c t  la tv  o f  the

ln l ' c rsc  s (  I t ta res .' l 'hLrs, up to the t ime of f ' t t ' rrr ir ls researches on the

ruro t ion  o f  I le rcury ,  r859,  there  \ \ 'e rc  no  l 'e l l  es tab l i she t l

dev ia t ions  f rom the  Neu ' ton ian  lau '  u 'h ich  rn iqh t  l re  rnade

thc  bas is  o f  observa t iona l  inqu in ' ,  so  i l s  to  serve  as  a  c r t tc ia l

tes t  o f  the  acc t t racY o f  tha t  la rv .

In his paper of r8g4, horvever, Professor Asa2h l fal l

s rgac io t ts ly  rcmarks :

" l f  the Nervtonian larv of attract ion is not a r igorous larv

( ) i  na ture ,  o r  i f  i t  i s  rnod i6ed s l ' i gh t l y  r tnder  cc r ta in  cond i t ions ,

l r robab l l ' th is  lack  o f  r igor  rvou ld  becon lc  ap l )a rcn t  f t rs t  a tnonq

the  s rv i f t l y  n rov inq  boc l ies  o f  our  so l l r  svs te tn ,  s t tc i r  as  o t t r

r r r o o n  a n d  t h c  p l r t n c t  \ l c r c t t r v t  ( ' \ l  I 4  ' 1 9 ) '

Our  tnoon inc leed < loes  no t  lnove so  s iv i f t l v ,  bu t  owing

to  i t s  q rea t  p rox in r i t y  to  the  ear th  and the  ec l ipse  records

r . \ t e n ( i i n q  o v e r  n c a r l l ' - l o o o  1 ' e a r s ,  t h e  n l o t i o n  i s  v e r y  a c -

r 'u r : r tc ly  knos ,n ,  -  bo th  l rv  obscrva t ion  anc l  by  theore t ica l

rcsearch  anr l  ca lc r r la t ion ,  -  so  tha t  the  snra l les t  d is tu r l lances

rurav  beconre  scns i l r le  to  observa t ion  (c f .  E lec t r .  \Vave- ' l ' heory

o t ' P h i ' s .  I i o r b . ,  t . I I i ,  I g r T ) ,  r v h i c h  d o n b t l e s s  i s  t h e  c h i e f

lroirrt  l ' rof.  I fu/1 htd ln vietv.
' l ' ha t  Ln , r t ' r ' t t r ' s  researches  on  the  ruo t ion  o f  l le rcury ,

r  3  5g ,  se t  in  t r to t ion  severa l  nerv  l ines  o f  in r lu i ry  o f  g rea t

theorc t i ca l  in rpor t tnce  is  shorvn  bv  tn 'o  inves t iga t ions  de-

vc lopec l  rv i th in  the  nex t  f i f teen  years

r. Tlr.e reseercbes of 7' isstrott t l  on the lnotion of a

n l i rne t  under  I I i l ' r r ' s  e lec t rod .vnanr ic  la rv ,  communica ted  to

i h e  l , * r i s  A c a d e n r y  o f  S c i e n c e s ,  S e p t .  r o ,  r 3 7 2 ,  b y  t h e  e m i n e n t

geometer | icr lrand, rr 'ho had inslr ired these investigations'

z. ' l ' l re problem proposed in r87 3l>v l iertranrl  to the

l 'a r i s . \c lc ieml 'o f  Sc iences ,  (Cn 84) ,  to  l ind  the  c losed curve

describecl by a planet rvhen the forces have the fornr of an

rrnknos'n function R - () ( ' r ' , ,r  )  of trvo independent variables

.r and -t ' ,  and the dif ferential equations of notion are

r n . d 2 r f d t 2 :  -  R ' r i ,  n t ' d 2 y f d , t 2  -  
:  R ' : ' 1 ,  ( s )

dif ference z8!44, rvhich results from U/ehu's latr,  Einslt i t t

adds  to  the  improbrb i l i t y  o f  h is  theory .

I t  has  long b t 'en  remarked tha t  among the  ou ts tand ing

motions of the solar system recognized b) '  astronomers during

the  pas t  s ix ty  years ,  and o f  rvh ich  geomcters  ha le  sought  a

va l id  exyr lanat ion ,  no t re  i s  n rore  j t t s t l l '  ce lebra ted  than the

excessi\ ' ;  progression of the perihel ion of Nlerct lr l ' ,  announced

b1 '  L rur r r i r r  to  the  l )a r is  Academy o f  Sc ie t rces ,  Sept '  r  z ,  r859,

( C I t  4 9 . . 3 7 q 1 .
,Lt i ,rrr ir ' , r- 's atrtrottncenrcnt of an orrt i tanding motion of 3E"

pcr  centur \ '  in  l l c r t ' r t r1 "s  per ihe  l ion  seemed to  f i r ' rd  a ln ros t  iu r -

mediate cottf i  r tnnti  on in I)r.  / .r-sca t 'ba u / t 's srrpposed observation

of  an  in t ra -nrc rc t t r i r t l  p lanet  t la rncd  \ ru lcan ;  and th is  anot l ra ly

thcre f  o rc  *  as  t t ta< le  thc  bas is  lb r  the  prov is ion l l  e len len ts

ass igned to  the  nc \ r  l l l ane t ''  
I1 -on  thc  one l rand la te r  observa t ion l r l  rcscarchcs ,  dur ing

manl  to t r l  so la r  ec l i l l ses ,  have shou ' t r  no  s igns  o f  an  in t ra -

n r c r t : u r i a l  p l l n e t ,  i t  r n a l ' l r e  n o t i t ' c r i ,  o n  t h c  o t h c r ,  t h a t  t h e

[ui lcst cor-r l l r l ] tat irrn rt l  I-r t ' rrr i t ls analvsjs of the l l lanctary
rno t ions ,  IS5g,  has  l rcen  ob ta ined by  la te r  inves t iga tors ,

cs l rec ia l l y  i t ry , \ i ' t r to t t t l , ,  rvho  usec l  a l l  the  observa t ions  o f

the  t rans i t  o f  l l c rc r t r l '  f ro tn  r  67  7  to  t  88  r ,  and deduced ar l

outstxndinq tnotiotr in ercess of that found by I 'eurrr icr,

n a m e l y  a l - t o u t  - 1 3 ' I ) e r  c e n t u r y .  ( . \ s t r o n .  I ' a p .  o { - t l t c  ' t \ t u c r '

F ) p h c m . ,  I . r 6 7 - + f J + ,  r 8 8 t ' )
Accordinglv, I 'mtrr i tr  spoke conscrl l t i tclv i l r  t i r t-

o r ig ina l  annou l tccn len t  o f  l i i s  d iscover ] ' ,  r i  hen  he  sa id  :
n ' l ' h c  n c c c s s i t t ' o { - a n  i r x : r e a s e  i n  t h c  s e c u l a r  l l l o t i o n

o f  the  per ihe l ion  o f  N le rcur t  resu l ts  exc lus ivc l ; -  l - ronr  thc

t rans i ts  o f  the  I ) lane t  over  the  d isc  o f  the  s r tn  
' l ' hc  c r '

ac t i tude o f  thesc  observa t ions  is  be l 'ond  do t l i ) t '  (
' l he  anorna lo r ts  mot ion  o f  J le rc t r r r ' s  l le r ihc l ion  thus

estalr ' l ished b7' Lturrr irr  and Aln'conl ' ,  hrts lreen * ' i t lc lr- cl i - ' '

c r . t sscd  in  na t r t r r t l  ph i losoPhv,  r tn t l  in  l . t t  t  t :o tu l ) i r rcd  tV i th

t l ' rc t l I i r / te /son' )Iot ' /11' cxpcri tr lent of r SS7, for lr tving t i tc

f o u n d a t i o n  o f  a ' l ' h c o r 1 ' o f  I L e l l t i v i t r ' ,  o n  l r h i c h  a l r e a d l ' r r r e n v

t rea t ises  haYe a l tPearcd ,  rv i thout ,  horVever ,  th t ts  cons t i t t t t i l rq

a  s imp le  and cons is tcn t  ph ls ica l  doc t r ine  rvh ich  < :or r ln lanc ls

un ivcrsa l  assent .
' l ' here  are ,  I  th ink ,  g rave  reasons  fo r  doubt ins  the  rvho le

1 'heory  o f  Re la t i v i t -v ,  as  no \ \ 'deve lop-ed,  on  grounds n 'h ich  l ' i 1 l

l rc n. 'o.e f tr l ly outl ined in treating 
'of 

the t l f  iche lson - '4for/t-r

experirnent. I l 'or the present i t  luust stt f i rce to al lrrde to the

rrn.satisfactory theorl '  result inq ftorn I ' tutrr io' 's t l iscolerl '  of

an  ou ts tanc l ing  uro t ion  in  t r le rc t t r r "s  per ihe l ion ,  and thc  q ro \ \ ' th

in  na tura l  ph i losophy o f  i r  r ioc t r inc  s  h ich  n tan l '  reg i r rd  r ts

bo th  vague an t l  ch in rer ica l .
Irr r8g'1, l ' rof .  Asafh I{a|/  of \ \ 'ashinston outl incd a

neu,  r ' i e rv  o f  the  anou l r lous  mot io t r  o f  \ le rc t r r l ' ' s  per ihc l ion

(e l  I+ .+q) ,  bascd on  the  hypothes is  tha t  fo r  sonre  r tnkno* 'n

reason the Nes'tonian lalv of the i t lverse s(l t larcs nriqht not

l re  s t r i c t l y  cor rec t .
A l ready  in  r  686,  rvh i le  p repar ing  the  l ' r inc ip ia ,  ( l ' i l r '  I ,

sect. IX), Sir Isaac iYtu' lott  had consiclered st lch a possiblc

modif icat ion of the larv of attract ion; and elen inclr ' rded some

corrputat ions, in rvhich he assumes that the central force

departs a l i t t le [rorn the inverse s(luare of thc distances'

Arculon found that the perihel ia lYould move forrvard

rurrder such a modif icat ion of the lal '  of attract ion (Lib f ,

i t  being required to f ind the function r? whatever be the

init ial  values of the coordinates ;rg, 1's, and of the cornponents

of  the veloc i ty
rn' : (dr/dr)o t 'o' : (d1'f d,t), . (s)

The soltrt ion of this problelx shorved that this function



- 
:; :, "i1 rt 1 ,'1

li-

which applies to an orbit
planet under the inf luence
a power o[ tbe distance.
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Resuming Areuttot is problem of a nroving

L i m @ : n l 1 / ( n - + 3 )

r48
always takds the form ,? : ntf, where rz is the mass of
the planet, and r the radius vector.

I t  was Bertraal 's theoretical improvement in the treat_
-"nl 

9{ Neuton's problem of a moving perihel ion which led
b Ifal ls hypothesis of rg94, for explaining the excess in
the 

.mo.t ion .of the perihel ion of tr tercuiy. Since l lal /s hypo-
thesis has been. further developed by the rvri ter,s recent
researches in the Electr.  Wave-Theory o[ phys. Forc., i t  is
necessary to treat of the-se- sqccessive steps for attaining an
Electrodynamic Theory of the motion of [ iercury,s perihei ion.

(r).  Bertrand's solut ion of ,Ncuton,s problem of f inding
the central force for a moving perihel ion. As proposed to
the Academy of Sciences, in ,573, Rtrtrantl ,s problem reads(cR zz):

uWe consider a planet attracted by the sun under a
force of rvhich the intensity depencls only on the distance.
lVe suppose knorvn this one fait :  that the planet describes
a closed curve, whate,r,er be the magnitude and direct ion of
i ts velocity. lVe have to f ind the lari  of attract ion from this
s ing le  da turn .  <

Bertratd remarks that as the force is central, the motion
t1ke1 gla.ce in a plane through the centre of the sun, and
{cl lr 's law of equal areas in equal t imes holds true. I f
the force have the form rt -  v1f (ro)
i t  is found that there result just trvo formulae :

R2 : , t1rz (r r  )
R r : n r ,  ( r r )

And these are  the  on l ) ,  two laws o f  a t t rac t ion  wh ich  pernr i t
a  p lanet  to  descr ibe  a  c losed curve ,  rvha tever  be  the  in i t ia l
da ta  ( the  ve loc i ty  be ing  never the less  be low a  cer ta in  l im i t ) .
And i f  we suppose the attract ion zero at an inf inite distance,
there remains only one- formula (r r),  or the law of Ncutton,
which could thus be deduced from the sole fact of obser_
vation: that any pranet rvhatever describes a closed curve,
It jh. l ,  

our being able to knorv the narure of this curve
| c f . ? i s s c r a n d , s I \ l d c a n i q u e C e l e s t e , I . 4 8 , r 8 8 9 ) .
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, 1  :  -  z . o o o o o o r 6

O: n l t ,  (n - r  3 )x

_ l r ,n, ' , l rJn; 1)Qt '+,2)JV.,  
-1, /(r ,  -rr , ) l r r-  .  .  .  ):  n l  |  ( r  - r ) .  {  r  + ' / . . , r ( - l - + , ' )  ; , . c r - f  .  . ' l i

:  n  l r - t f  " u - r r f  o v z - f  .  .  ) l r - t f  o v e 2 - + i l r r r r r r l
O -  t r  { , , * t l * : r r l py / j . - 5 f  , , t , . 2e ! - t - L i f  1 , , 2v r / - r .  . . }:  n  l t  -+u ( t f r - r t / e r t ) - f  .  .  .  l

Accord ing ly ,  our  equat ion  o f  cond i t ion  is :

-  O -  n  l r+u(L f2- r r f rc2) -+ .  . . |
:  l g e o  o ,  o i o g 4 z 4 7 g :  6 4 g o o o i o  3 4 2 4 7 g .

As the coefficient of the term involvino
of  Mercrr ry .  be.cornes ( r lz+r lecr) :  o .5orrg; ;
f 2o /  oy  ca t cu l x t l on  t ha t

or a progression of the apsis l ine at each revolut ion of ro,4g,,
which is so large a quanti ty as to be total ly inconsistent with
observation. Without further examination of the effects of
changing the exponent in Neaton,s larv (cf.  principia, Lib. I ,
l ' rop. XLV), rve recognize that the change in the .;p;; . ; ;
must be extremely small .  This case has 

.-been 
considered by

Prof. Asap/t l{al l ,  who has applied the hypothesis to the
mot ions  o f  the  p lanets  and o f  our  moon.

. 
(r) .Ual l 's hypothesis of rg94,. that the law of attrac_

t ion  nray  be  f  :  nn l f  r2 l ' ,  rvhere  y  :  o .oooooo16.  In
A. J. No. 3 l  g, June 3, r 894, prof .  Asap/r l /a//  renrarks that
on alrplf  ing l iertrand's formula to the case o[ Ivlercury _
wiLh ' \2u. 'conD's value of the outstancl ing motion of the peri-
he l ion ,  o r  43 '  per  century  -  he  t lnd i  tha t  the  per ihe l ion
ryo l t ld  move as  the  observa t ions  ind i< : l te  by  tak ing

( ' 6 )

i t '

, l ; ' .
: . r

.
i r . . . , :

.: is?
- '.!ti I
. ' . : _ * " - i

.- r;.'

Bertrand derives a perfectiy general formula for the arc @
swept  over  by . the  prare tary  rad ius  'ec to r  be tween the  min i -
mum value (rr) and the maximunr value (r2)
et : [ol V(n+ l]x

I r  t - t f 2a@-  t ) (n -+z ) [ ( r2 -d lV r - r -2 , ) ] r - r -  .  .  .  ] .  ( r ; )
He remarks that when /2_lr tends towards zero, we

have in the l inrit the f 'heorem of Neulon, 16g6:

the dif f 'erence of the exponent from thc lav of ^\-cu,/oz being
l ,  :  o . o o o o o o t 6 .

' l ' he  
change in  the  law o f  a t t rac t ion  re r lu i red  fo r  p ro-

duc ing .  th is  p rogress ion  o f  the  l ine  o f  aps ides  is  there fore
very minute. I f  rve use LVclcr,s larv, as in the author,s Elect.
\ \ 'ave-' l 'heory of Irhys. Forc. and Areu,coutl 's vir lue of the o't-
s tand ing  mot ion  o f  N{ercury 's  per ihe l ion  ( r \s t r .  pap.  o f  the
A m e r .  E p h e r n .  L 4 Z t ) :  n a m e l r , ,  6 t ; ;  -  . + : 1 9 5 ,  * , e  s h a l l  o b t a i n
an ou ts tand ing  n to t io r . r  o f  z  g l -1 .1  

l re r  < .cn tLr r r - ,  * .h ich  is  to  be
accounred lb r  L ,y  rnod i f l ca t ion  o f  the  e \ l )onent  in  the .  law
of  a t t rac t ion

(3  )  Larv  o t -  a r r ra .c t ion  ind ica ted  i ry  the  ou ts tand ing
n lo l io l .  o f  t r Ie rc r r ry 's  per ihe l ion .  As  the  , r ,c t ion  o f  I \ le rcury  s
perihel ion of l 'ers the principal cl ir . frcurt '  in ' iodern celcst ial
mechan ics ,  rve  take  the  law o f  a t t rac t ion  to  have the  fo rnr  :

f  
-  u n ' f  r z ) ,  [ d - ] r u  :  _ + z g ! 4 4  ( r z )

and de tern t ine  u  by  the  conc l i t ion  tha t  the  ou t ! , tan( l ing  cen-
tenn ia l  n lo t ion  o f  the  l rc r i l re l ion  sha l l  be  _r_  zg l44 .

-  l i  t h e  p e r i l r c l i o n  s l i i t i s  z g 1 4 4  i n  r o o  ) , e a r s ,  r t  x . i l l  s h i f t
o i - 2 8 4 4  i n  o n e  y e a r ;  a n d  a s  t h e r e  o . "  . 1 . r 5 : r  r e v o l u t i o n s
o. f  th is  p lanet  in  a  \ .ear ,  the  sh i f t  rv i l l  be  o1o6t i .1956 in  a
s ing le  revo l r r t io r r ,  and there fore ,  o !o3qzq7g in  a  ha l f  re -
1 'OrUuOn o l  . \ le rc r r rv .

l ly I i l r /rond's formula (r. j )  abovc, *.e noticb that rvhen
the  orb i t  i s  cons iderab ly  eccent r i c ,  as  in  the  case o f  the  p lanet
I\{ercury, the rerrn depending on [(re _rr) l(rr_f r.  j i , , ' : ' ; ;
becomes sens i l i l e .  In  fac t  O ln  th is - io . , , ,u l r '  . le1 ,ends  on  the
products of trvo series as fol lorvs:

almost circular described by a
of a central force proport ionai to

p e r i h e l i o n ,

( ' + )

( '  8 )

( '  s )

( ' " )

I f  for the nrotion of a planet around the sun, we take
with Neuton, n z -2, R - rtfrz, the relation (io) gl*,
@,: o.r.  rvhich is r igorous. Thus i t  only remains to f ind
wnat wll l  happen when we modify sl ightly the exponent._ z
in the Newtonian law of gravitai ion.

,  
Iq  fo r  example ,  we supposed n :  -z .oor ,  i t  fo l lows

tha t  we shou ld  have:
l i m  @  :  n l  V ( t - o . o o r )  :  n  ( r - r 1 / r o . o o r - + .  .  . )

z  in  the  case
we find from

:  1g6o  5 t  24 , ( ' s ) / :  o . o o o o o o r 0 4 5 g 7 7 ( ,  r )



r 4 9

And the modif ied Newtonian law becomes:

'  / -  nn f72 '00000010{6 '

[.)a]no

t f 2 v  :  t o 4 6 f z o o o o o o o o o o  :  t l t g r 2 c  4 S g  ( r S )
a l i t t le less than one nineteen-mil l ionth of the rvhole. Such
an inf initesinral alterat ion in the result ing attract ive force
rvou ld  g ive  no  sens ib le  c f fec t  in  a  s in ( lc  ievo lu t ion ,  bu t  as
t l re  change dd  accunr r r la tes  rv i th  the  lapse o f  t in te ,  i t  f ina l l y
beconres  very  sens ib lc ,  and u .e  a re  ob l iged to  take  account
o f  t h e  s e c r r l a r  p r o g r c s s i o n  o f  t l r e  p e r i h e l i o n .

' fh is  
cumula l i ve  e f fec t  i s  very  s imi la r  to  the  a l te ra t ion' in  the  moon 's  mean long i tude rvh ich  resu l ts  f rom the  secu la r

acce le ra t ion  o f  the  moon 's  mean mot ion ,  f i r s t  exp la ined by
La l lace  in  r787,  under  fo rces  rvh ich  are  insens ib le  fo r  sho i t
in tc rva ls ,  l ;u t  by  cont inu ing  fo r  long  ages  in  the  sante  d i rec_
t ion ,  f ina l l y  l ;ecome scns ib le  and have to  be  ca lcu la ted  in
the  fo rmat ion  o f  tab les  o f  the  moon des igned fo r  use  over
many centur ies .

4 .  
' l h e  

N I o d i f i c a t i o n  o f  t h e  N e r v t o n i a n  L a r v
i n d i c a t e d  b y  t h e  o u t s t a n d i n g  I ) i f f e r e n c e  b e t r r . e e n
t h e  o b s e r v e d  a n d  c a l c u l a t e d  I V I o t i o n s  o f  t h e  L u n a r
P e r i g e e .

Just as the morion of lVlercury's perihel ion is the chief
means for throrving l ight on the form of the la*, of attract ion
for  fhe  p lanets  o f  the  so la r  sys tem,  so  a lso  the  mot ion  o f
the lunar perigee affords the best cr i ter ion for the form of
the  law o f  a t t rac t ion  opera t ing  on  the  rno t ion  o f  the  sa te l l i tes .
As the subject has been but l i t t le discussed heretofore, rve
shall  br ief ly outl ine the results of astronomical research on
this interesting problenr.

In the Monthly Notices of the Royal Astronomical
Society 74.3g6, 19r4, Prof. E. I l / .  IJrown gives the annual
mot ion  o f  the  lunar  per igee depend ing  on  the  e l l ip t i c i t y  o f
the  ear th  as  fo l lows: '

(0a l0 t ) ,  -  - r6 i4 r ,  fo r  an  ob la teness  o f  r  :  296.3 .  G+)
He adds  tha t  fo r  an  ob la teness  o [  r :2g7,  the  va lue  tvou ld
be reduced by the factor

-  r 5 0

G l " g t - o . o o r 7 3 4 ) t f t l z s 6 . 3 - o . o o r 7 3 4 )  ( r S )
and become: (0a l1 t ) , :  - r6138. ( r6 )

From these data i t  fol lorvs tbat the annual motion of
the  lunar  fe r igee fo r  an  ob la teness  o f  r :  zgg .3  rvou ld  be

(0al?t), : -+- 6i 3z . G t )
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.  Appiying this larv of attract ion (zz) to the eight prin-
cipal planets of the solar system we have the fol lorvine iable
o f  cen tenn ia l  p rogress ions  fo r  the i r  per ihe l ia :

tr{ercury z8! 4q Jupiter oi 57 7 449
V e n u s  r r . r 3 4 r  S a t u r n  o . z J 2 5 j o 7
The E,ar th  6 .8496 Uranus  o .oS r  5  zSS
N l a r s  3 . 6 4 r 8  N e p t u n e  o . o 4 r 5 6 g r
The progression of the perihel ia here calculated from

the modif ied Nervtonian law are not contradicted bv anv
knorvn phenomena. ' l 'he 

exact posit ion of the perihel- ion of
Vcnus is not rvcl l  defrned by observations, oiving to the
great  c i rcu la r i t y  o f  the  orb i t ;  and some s l igh t  un ie r ta in t l ,
a lso  a t taches  to  the  pos i t ion  o f  the  per ihe l ia  o f  the  ear th
and 

9! 
\lars.

, ,2 I t  wi l l  be scen that the chanse
Iarv  i s  exceed ing ly  minu te .  For  the
the  ra t io  i s

made in  the  Nerv ton ian
change in  the  exponent

The above values by Broun, as thus reduced to an
o b l a t e n e s s  o f  r : 2 9 8 . 3 ,  a r e . c o n f i r m e d  b y  t h e  p a r t  o f  t h e
motion of the lunar perigee depending on the i l l ipt ici ty of
the earth's 6gure calculated b1' Dr. I I i / / ,  in his supplement
to Dtlaunay's Theory of the l \{oon's tr lot ion, Astron. p"p. g.: :1,
namelY:  (Aat fDt ) "  -  -+  6 i82 .  ( rg )

This value, horvever, refers to lf ills oblateness of
r : 2 8 7 . 7  r ,  a n d  n l u s t  b e  r e d u c e d  t o  c o r r e s p o n d  t o  t h e  o b _
l a t e n e s s  o f  r  : 2 g 8 . 3 ;  r v h i c h  l e a d s  t o  a  r e s u l t  d i f f e r i n g  o n l y
olo r frorn that found lty Brou,n and cited abot,e. 

- 
Ifi//;s

va lue  fo r  th is  reduced e l l ip t i c i t y  o f  the  ear th  there fore  is :
(?a l1t), - -+- 613 3 . ( r s )

Hence rve  conc lude tha t  th is  va lue  o f  the  annua l  per -
turbation of the lunar perigee depending on the et i ipt ici ty
of the f igure of the earth is very accurarely known.- . fhl

d i f fe rence in  these two au thor i t ies  wou ld  be  on ly  o !o rz4
per  annum,  or  t i zq  in  a  century ,  wh ich  is  be lo rv  the  l im i t
o f  de ter rn ina t ion  in  the  present  s ta te  o f  sc ience.

Pro f  .  E . l l : .Rrou ,n  a lso  g ives  da ta  to  shorv  ( I IN  75 .S,  + ) ,
tha t  when the  theore t ica l  secu la r  acce le ra t ion  o f  the  per igee
is  dc termined rv i th  the  h ighes t  accuracy ,  i t  i s  l6 'p " .  i "n t r .y
s rna l le r  th tn  the  observec l  cen tenn ia l  mot ion  o f  ihe  per igee.' f h i s  

i s  f o r  a n  e l l i p t i c i t r  o f  t h e  e a r r h  o f  r : 2 9 7 .  n y  c l a n g i n g
the  e l l ip t i c i t y  to  r  :  zg 'q  Brou,n  reduces  th is  va lue  f rom-r6- '
t o  3 ' ;  a n d  b y  t a k i n g  a n  e ) l i p t i c i t y  o f  r : 2 g 1 . 7 ,  t h e  o u r s t a n d i n g
d i f fe rence en t i re ly  van ishes .

Such a  la rge  va lue  o f  the  ob la teness ,  horvever ,  seems
to  be  qu i te  inadmiss ib le ;  and thus  on  ca lcu la t ing  the  excess
in  the  ac tua l  no t ion  o f  the  per igee or .e r  the  theore t ica l  n ro t ion ,
f 'o r  an  ob la teness  o f  r  :  2g8.3 ,  I  6nd i t  to  be  z  r lg ,  o r  say
zz '  per  century .  I f  * 'e  admi t  th is  e l l ip t i c i t y  o f  the  ear th  1 ) ,
-  rvh ich  is  dec is ive ly  ind ica ted  by  the  four  bes t  methods  - ,
n a r n e l y :
r ) Pendultrm observations of gravity, as discussed by Ifcbtcrt

and the  U.  S .  Coast  Survey ,
z )  Geodet ic  measurements  o f  a rcs  on  the  e i i r th 's  sur face .
3)  The lunar  inequa l i t f  in  Ia t i tude ,
a) The f luid-theory of the earth, isostasy and Laplacc's lzw

of  dens i ty ;
then i t  rvi l l  fol lorv incontestibly that the moon has an
ontstanding motion of i ts perigee of about zz, per century,
almost exactly one balf the outstanding motion observed
in  the  per ihe l ion  o f  Mercury .

To form a better idea ofthe accuracy heretofore attained_
in these calculat ions, of the centennial motions of the ludir
perigee, we recall the results of lfanscn and Broun:

Observed Calculated Diff. O-C Authority

ldd I dtloo : r 4 6 4 g 56 o' r 4 6 4 3 4o 4' -+- r 5 6,'"":6;,07;^;;;"r'

l dd ld r loo :  r464352o '  r46435o4 '  - r  16 'Broun i  MN 75 '
I 9 I 5 .

t )  In the wr i ter 's
has been careful ly  examined,

'Determinat ion of  the oblateness of_the_terrestr ia l  spheroido,  begun in r9o4,  but  not  yet  publ ished,  th is quest ion
and the value t : 298.3 shosn to be the most probable of the 

-various 
values heretofore iroposed.'
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As above pointed out, the di l1'erence of r6o per century

here.indicated by .Brouuis calculat ion of the theoretical motion

of the perigee becomes zz" rvhen the el l ipt ici ty of the earth

is  reduced to  r  :  298.3 .
It  is also to be noticed that the observed centennial

motion of the lunar perigee used by l{ansttt  is 4o' larger

than that used by Bt 'ott ' t t .  I t  rvould seel l)  thzrt very l i t t le

doubt could attach to the increased accrtracl 'ol  Jirorun's

observed motion, though on' ing to the l l t tctrrat ions in the

mean long i tude the  va lue  r  4 ,64352o '  fo r  the  observed cen-

tenn ia l  mot ion  o f  the  per igee may ye t  admi t  o f  so tne  in r -

provement, i f  an1' of the observational et luations shor-r ld prove

to be vit iated by this troublesonre cause.
Indeed, i t  is a l i t t le dif f icrr l t  to t tnderstand rvhy so

cons iderab le  a  d i f fe rence as  4o"  I )e r  cen turv  shou l t l  ex is t  in

the  observed centenn ia i  mot ion  o f  the  per igee used bv  t *o

such lery modern authorit ies as Hatstn and Drou'rt .  I ior

the  pos i t ion  o f  the  per igee is  g iven  rv i th  cons iderab)e  accurac l '

f rom the  ec l ipse  records  o f  the  Greeks ,  and the  ca lc t l la t ions

of l{ifiarclus and J'tolttt{t'; and as about zz6 revoltttions

of the perigee u'ould occur in zooo 1'ears, the motion of

the perigee ought to be quite accurately l ixed by the ecl ipse

records of the Greek astronon)ers. 
' fhe above cl i f ferencc of

4o"  per  century ,  inc reas ing  as  the  s ( luare  o f  thc  t in re ,  in

zo  centnr ies  wou ld  accu l ru la te  to  I6ooo" ,  near i i '  tbur  and

a ha l f  degrees ,  o r  about  n ine  t in tes  the  c l i r r r l c tc r  o f  thc  r l toon .
' I ' he  d i f fe rence o t '  r  oo"  be tu  een the  above ca lcu la tec l

centenn ia l  n ro t ions  o i  the  per igee is  Iess  s t r i k ing  than i t

oiherrvise would apirear, but such dif l-erences lvarn t ls not

to overrate the accuracy attained.
I t  seems remarkab le  tha t  the  ec l ipse  records  o i  the

'Greeks  wou ld  leave the  pos i t ion  o f  . the  l le r igce  o l )€ 'n  to  so

nr r rch  uncer ta in ty .  Bes ides ,  in  the  modern  observa t ions  o f  the

nroon s ince  r75o,  s ,h ich  are  c l t t i te  acc t l ra te ,  a l l  uncer ta l l ) t ) '

of even zo' ytcr ccntury, or an accul 'nulated dif fcrence of

57 i8 ,  in  the  in te rva l  o f  r7o  I 'ears ,  ought  no t  to  ex is t '  S t i l l

rnore  in to le rab le  i s  the  d i f l -e rence o f  r  r  516,  based on  the

di l l -erence of 4o' I)er centur) ' l  l \vt I Ianstl /  was t lna\\ 'are of

the  f luc tua t ions  in  the  tnoon 's  n tean long i tude ;  and as  t l )e

f luctuations al lect the node as rvel l  as the longitude, i t  nlal '

a lso  have v i t ia ted  sens ib ly  h is  ca lcu la t ion  o f  t i re  observed
centenn i i t l  n ro t ion  o f  the  per igee.

It  is rvorthy ol '  notice that f lanstt is ot l tstanding dit lcl-
rence be tween the  obser t 'ed  and ca ' l cu la ted  centenn ia l  mot ion

of  tbe  lunar  per igee is  O-C:  -+ .  I56 ' ;  rvh i le  J ) rop t t ' s  va ln res
rrake this dif ference O - C - -+ z z'  .  

' l 'he 
ntean of these

t r v o  v a l u e s  i s  O - C  -  - t 8 g ' .

.  Now, in delault  of definite knorvledge i t  is not quite

safe to assume tbat lfansuis values are s'holly wrong, and

Broutn's entirely r ight, notrvithstanding the preerninence of

the latter 's exhaustive researches in the lunar theory. I loth
investigators rnay be somervhat in error, for one reason or

another, or for several reasorls combined. 
' fhus, apparently the

' 
safest thing is to assume that the truth l ies betrveen -t- t  56o,
as found by l fansctt,  and -rzz", r 'hich restl l ts frour Brou,tt 's
calculat ions. And as we do not know rvhat weights should

be assigned to these extretrte values, \ \ 'e can

sirnple mean of the two outstanding motions
and thus we have: l(Aal0t),10,, 

-  -r-89,.

r 5 2

only take the
of the perigee,

( s  o )
I t  is to be observed also that in our researches on

the  ou ts tand ing  mot ions  o f  A le rcury 's  per ihe l ion ,  rve  found

the exponent of Ateutton's larv should be nodiied t iorn z to

z  - f  1 , ,  r v h e r e  , /  :  0 . 0 0 0 0 o o r o 4 6 .  |  ,
' l 'o calculate the result ing outstanding nrotion for the

lunar  per igee we no t ice ,  in  the  l l r s t  p lace ,  tha t  the  e f fec t  o [

the t irne of 1>ropagation of gravitat ion by l l /r l to's lau',  as

sho*n  in  the  tab le  o f  sec t ion  I  i rbove,  i s  a lmost  insens ib le ,
d ru  :  o ioo637 per  ce l l t t l r ) ' .  

' [ ' h r ts  rve  nced cons ider  on ly
t i re  e t j cc t  o f  the  ex l tonent ia l  chanqe lb r  a  bod l '  hav ing  a

nrern  r ro l io l t  3 .2 t9763 t i lnes  grea ter  than t l ta t  o f  l \ le rc r t ry .

And s ince  the  unexp la ined mot ion  o f  \ l c rcur l ' ' s  per ihe l ion

is  281-14,  \ \ ' e  ge t  fo r  the  cor res l tond ing  nro t ion  o l -  the  l t tnar

I)Crlgee

l Q a l 1 t ) , ) u , , :  
- + z E l - + . + X  3 . 2 1 9 7 6 3  :  - r 9 r 1 5 7 .  ( C t  - C )  ( . ; , )

' l ' h is  ca lcu l r r ted  r  e lL te  i s  so  very  near  the  mean o l -  the

valrrcs lbund b\, 11n,, ' r , t  ancl Jirou,tt  as to al)Pear \ \ 'orth) '  of

rt tention. l l  for exantl t le, ,Uottstt is I 'al t te () -  C : -+- t  56'
rvc re  65"  too  la rge ,  leav ing  ( ) -  C  -  + -9r " '  rvh i ie  J l r t tu ' t i s

\ \ ' c r e  r r s  r u t t c i i  t o o  s r n a l l ,  r ' i e l d i r l q  ( ) - C -  z z " - + 6 5 " -  - + 8 7 " ,

t l re  t \ yo  r  u lue  s  s  ou lc i  L ,e  , lu i te  rcconc i led .  ' \nd  s ince  f {ans ,  n

e .n t l  . l i t  t t t ' t t  c l i sagrcc  i l s  to  tbc  v r r lue  o f  t l i e  obse rved centenn ia l

r r )o t ion  o l -  t i re  l rc r rgce  to  the  as ton ish ing  ex ten t  ( ) l -4o" ,  the

l r o - r s i L , i , i l v  o t - s u c h  u n k t t o * ' n  e r r o r s  i n  t h e i r  s c v c r a l  r e s t t l t s  i s
no t  to  i rc  r rho l l1 '  exc luded.

. \ccor t l ing ly ,  fo r  sonre  h i thcr to  t lns t l s l ) t (  t r , i  re i r5 ( ) l l ,
I lans t is  ya lue  o f  the  obsdrvcd  ccn tu t r r t i r t l  t r to t ion  o l - the
per igce  nray  be  subs tan t ia l l l '  co r rec t ,  l ) i ! i t t c l \ ' :

l ( ? a l 1 t ) , ) , , , ,  . :  - t _  r . 1 6 . 1 3 5 6 o " .  \ 3 2 )
In  th is  c :Lsc ,  i t  rvou l r l  su f t l ce  to  ass t l l t )e  an  er ro r  o f  r  8n

I )e r  cen t r r ry  in  J i r t ,u ' t t  s  r :a lcu la ted  tno t ion  o f  the  per igee.

t lnlbrtunatel\ '  l ' rof.  .8rou. ' / /  even proposed to adopt an
o l r la te r ress  o t '  the  e l r - th  o [  t  :  2g3 .7 ,  as  i f  to  avo i t ]  a  t t rod i -
l l ca t ion  o f  thc  l i> rm o f  the  Nerv ton ian  la rv  l )  ;  an< l  l rence i t

scems not  rvho l l v  in rp robab le  tha t  an  er ro r  o l  l  S"  l , t r  ( ' c l t t t l r y
' i n  t h e  c a l c u l a t e d  c e n t e n n i a l  t r t o t i o n  o 1 - t i r c  l r c r t g e e  t t r r t ' h l v e

'bccn  in t roducc t l ,  t l t rough so tne  s tcp  i ,esc t l  upc- r l i  the  ta r : i t

i r ssu l r l ) t ion  o I  the  s t r i c t  r igor  o1-  thc  \c$ ton i r t t t  l r t$ .

Under  the  c i rcumstances ,  s i t t ce  l {aus t t i s  va lL re  o l ' the

outs tand ing  res idua l  in  the  centenn i l l  t r to t ion  o f  the  per igee
apparent iy  $as  ob ta inec l  rv i thout  p re j t rd ice ,  i t . shou ld  no t  l )e

rejected, r i l l  Brort, t is values are i l rclependently tested , and

lbund to be not onl l '  the ntore accurate, but also rvhol ly

frce l iom possible 1>re' judice due to assrttned ; igor in the

Nervtonian larv, or other s) 'sten)atic cause rvhip{r might thLrs

une\ l )ec ted ly  c ree l i  in .

Under  the  l ) resent  c i rcumstances ,  i t  fo l lo rvs  tha t  i f  the

oLr ts tand ing  res ic lua l  in  the  centenn ia l  t ro t ion  o f  the  per igee

b e  l ( ) a l A t ) , ) o o  :  * 9 r 1 5 7  t h e  e x p o n e n t  o f  t h e  l a u ' o f  a t t r a c -

t ion for the moon rvould be the saure as that for the planet

Nlercury, narnely, -f  :  i l t rn,f  , '2.oo000or0tn (: l)

5048

t )  In h is at ldress to the I l r i t ish Associat ion in Austra l ia,  r9r4,  p.  3t6,  . / i t t ' t rur  est in)atcs that  the exl)onent in t l te Newlonian la lv does

not c l i f fer  f iom z by a f ract ion greater  than r  :  +oooooooo :  o.ooooooooz5; but  the present d iscussion shows that  th is pret l ic t ion probably

overrates the accuracy rve are just i f red in c la i rn ing,  f rom to to 42 t i lnes.
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conclusion,f t  wotr ld appear to.  r ! t1.1n'"r t igat ion 
l ,g. : . .  low new periodici t ies can be J"o". i ,oi t ,ntn' i :#;that the change inrrde exponent for the law of attract ion nray 
I sho.ld be combinations of those already.present in the moon,sbe the same for t l re moon and for l \ ' [ercury.. Rut i f  futur; 
I  -orior. The sixty to seventy years f luctuation stands out inresearches sho'ld develop a smaller difference in the otrse..d I ;hl ;;;p""i,-rr."li,r""r""'oi.Li' i; #;'::;i#t;:r:Tl

;lo,;:'::':':*f*":ll]"':j:::: .":':1.I:1^t-:T:., .,1.h I g9.io9 n'e;e',t in ir'. 'oJn', motion or any probabre coni-^s 22' per century, rvhich seerns to be the -ini,r,i,-'rr]"; 
I i l"uii"r-of the moon,, p..ioi.."' in'J"";'"i:L:;W:"".1;

now.  admiss ib le ;  the l  there  wou ld  be  a  smal le r 'a lue  o f  z  l sho*s  th is :  there  is  no  t race  o f  the  f luc tu" t iono .in the exponent of the modified larv of Atettloy- 
lhe.va]ue i . . 

ur"- this citation it is-evident that Bottl ingez not onlyzz '  per  century leads to a value about  one- four th of  t t ro,  I  t "a not  convinced Broun of  the real i ty  of  the f luctuat ionsfound for the planet N{ercrtry, as may be secn from the j c.p."oirg on the interposition of our globe in tbe path offo)lowing considerations' 
I the sun's gravitative action, but also that Brouz felt thatThe moon makes r336.85r26 revolut iotr . . i l , "  cent ' ry,  j  o '  e*ptnnal ion of t t"  oo-yi" .1. , ; ' ;?; l ; ; . " ; : ' f f . :Tt f f j

:ir,;,1":::fi":::f:::::rj. ':,=:_,._:1,,,-rl l:the ".,,ouni j obse,,;eo nuctuation .o,ii not be based on rhe theory ofof this secular progression of the perigee in half a lunation. 
I g."uitutionar disturbancer o.p"rai"g 

"""in."ir l-1"'| ' f,:ttJ.;;
' l ' he ,  

equa t i on  o f  cond i t i on  :  I  i ho  . . ^ ^ . , .  n rn+ ;n -  i -  _ - r - r : ^_  . ^  1L  ̂  -  , r :r  r rs '  cquatru l r  ur  conol t lon t_,  
_ ,  .  ,  I  

the nroon's  mot ion,  in  re lat ion to the ec l ipse per iodic i t ies.
f  -  v l t -+1 f r t ' - t -  '  " ) :  n l r *o , . oo8zz83 f  648ooo )  ( :+ )  

|  .  
No t r v i t hs tand ing  th i s ' con f i dence  o f  p ro fesso r  B roun ,

therefore g ivcs z. :  o .oooooooz5jg6.  I  resul t ing f rom his  great  exper ience in the lunar  theory,  I  rvas
i l u l  a l tho t reh  there  can be  no  assurance tha t  th is  moc l i -  i  

fo r tunate  enough t  d i . .o t . .  such  long per io r i  inequa l i t ies

f, , . : ,1:" 
of the exponcnt for the earth rvould be the same us for. I  

in the moon's. motion, bearing the clo"sest analogy to the
the sun I the carth lreing so dif ferent in density, , i r",  ^nJ i  

to-t.": .act ing in the great iner"lual i ty of Jupiter and ,Saturn,physical con-st i t tr t ion from the sun - yet at prescni appaiently I  
of .which the physical cause was discotered by f.a.placc in

\ r 'e  a re  no t  j t rs t i f ied  in 'us ing  th is  snra l le r  ' t ' a luc ,  becaur "  ; "  ]  I785 ,  -  a t te r  Eu le r  and 'Lagang:  had searche4 in  va in  fo r
the  ex is t ing  s ta te  o f  our  knowledge therc  n rc  no  de f in i tc  I  

the  
,mls te ry  

und.er ly ing  the-ce lebra ted  goo- r 'ear  inec lua l i t y
grounds to  au thor ize  i t .  I  o [  t ] rese  grea t  p lanets .

Accord ing ly  fo r  the  sake o f  s imp l ic i t y  and un i fo r r r " r i t '  Wi thout  a t tempt ing  to  g ive  a  de ta i led  account  o f  these
the  va lue  o f  z  app l iec l  to  the  r ro r ion  o i  the  pcr ihe l ion  o f  : . : . : : .1 : .  

in  the  lunar  theory ,  we.s .ha l l  endeavor  to  ou t l ine
Nlercury  i s  p re fe rab lc  a lso  fo r  thc  mot ion  o f tne  tun" r r r . ; i ; . ; :  b r i c f l v  the  lead ing  po in ts ,  because th is  advance o f rg rT  bears

,n" ,.;"?1.,'ii;:t^i::,1i.,,," of the Fructuati'..,.'"r ;;'ir:';:Jl;"i':it:,-i;Tlil':;,;u:;",;i'ii:1J"r:[I:"""
I t  is shorr 'n fronr an extension ol , l farruel l 's theory oft:^tl: u;l':"":,9:::ll:lYl:"-ln:l.,otPhysical F.o1ces, ] circular rerracrion in the eye of a fish (a";;;i,k;"J"riuur;"'ol'-r, rsr7, it.is sho'n that the previo'sly rrne.il,tainecr-r1i;: I xi;;;.1;*"^i"".'.'*ij, ;i;; .t.'ili-.'ll",iiff;'r:"".;::tt:?

::^: '::: *t l" ":: l : y:: motion, disco.verecl ity t\trucortb I B.auitational waves o.iu.. rvhen the path of these u,aves is','n.".".in."";;.";'"i;'. 
J^ffi: j:

l l : ::-: l] | 
t:: l{ r_.-"i.,, (r8,67-r9o9), is 

.duc 
to.the rcrrfction, I i., the eye of the fish, the concentric shells are each ofr  r  cau l t  o Id ispers ion ,  and perhaps  absor l ; t ion  o f  the  sun 's  g ra ' ,  i ta t iona l  I  un i fo . rn  c lens i ty ,  bu t  rv i th  the  dens i tv  inc reas ing  f rom layer

: : : : : :  , :  ^p : : t l l g , t l tnu*n  
the ,so l id  s lobe o f  the  car th .  ' l ' hc  

to  la .ver  towards  the  cent re .  ' fhus  
a  c i rcu la r  re f rac t ion  o f: I I 4 U L I U I T  O tresu l t  i s  a  s l igh t  dccreese in  the  sun 's  e ra ' i ta t i ' e  a r : t ion  u l ron  the  sun 's  g rav i ta t iona l  u 'aves ' r * i l l ' o i . " . ; ,  p . "p"go t ,on  t t r .nugtthe  moon rvhen near  t ! " -  th "ao* .o f  our  g lobe in  space,  b r -  the  g lobe o f  the  ear th ,  and a lso  o f  the  moon,s  s rav i ta t ionn lrvhich, near the ti.,e ;iill::;';id15 ","T:ll li$?rlii l:":Fl"l,;' ;i.j,l? ",i'*-i"ir:Y#;h.:'""T;--i:'ii'J'::;l

re leased f rom the  sun 's  cont ro l ,  and in  the  tendcnc l '  to - - ' f l i  
' ccn t r i c  

Iayers  o i  rvh i< :h ' i t  i s  made up .  The accomnnnv ino
! r v r r r  r r r c  su r r  s  LU I r t t ( r r '  ano  I n  r ne  t enocnc ) '  t o  ) t l ] '  c cn t r i c  I aye rs  o f  r vh i< :h  i t  i s  made  up .  The  accompany ingthe tansent( ,  has cer ta in long per iod d is turbances in t roducecl  f igure r  ( r rg.  t io)  i r r , ' . i r * r . .  the ref ract ion of  the sun,s wavesin to  i t s  mean  rno t i on .  ] : i ' ^ ^ ^^ , - -  . L - ^ . - - r -  . r - -  -

attempt to find such disturbances in the rnotion j 
' '  o"';t;*,t:*:": i 

, l ]]: ; i :$;. refraction or the gravitationarof  the ntoon depencl ing- .on the r8-year  Per iod,  had been I  ru^ues in  prss ing through the g lobe of  the ear th,  i t  fo l lo .wsmade bv Dr' ^&-. ?. "Boltlinger, in a crowned p.i'-e Inaugural I tr,ot the .r,,tri"it*'fi;;,;;;"r'';;,n" ;;:,;"'t'#',n"J'll,",i
l i: '::,.j":'"T,^i: i::,:,:l:":.1:r^:j_y:')*,^,1!ll" 

Gravitations-land.noon 
l,..n9t t'he same rvhen the earrh interposes itst l : : l - :  

To,9]1n|vesuns des l \ {ondes, (Freiburg i .R.,  r9,z).  I  sor irr  mass in their  path of act ion.
Bott l ingtr deduced some evidence of an t8-yei,  pe.ioa, ut i t  

|  

-  
' r ' rr" 

result is a rveakening of the sun,s gravitat ive actionin  the  case o f  the  longer  c l i s tu rbances  (6 r . ioo6 'years , .anc l  
I  on  the  moon;  and,  when our  sa te l l i te  i s  thus  par t ia l l y re leasedr  \ l277'59 yearsrespect ive ly)  he lvas not  able tof ind the.s l ightest  
I  r rom t t re sun's  contro l ,  l ,  t " " , r r1" ' ; f l ;  i l " , i l ; ; ; , ' i l . : ;indications of th.e required periods; so that in his acldre"s. on i the time of lunar eclipses. 'I 'he outcome is a series of dis-the  moon 's  n ro t ion  a t  the  rneet ing  o f  the  Br i t i sh  Assoc ia t ion  
I  

t r , .bances  in  the  moon 's  mean long i tude depen6 ing  on  thetn out::Xtjl ',t?11:l^i',?,t',:o!to 
,r' 

Rrozan s.Poke as follorvs: I motions of the perigee and node or tne lunar orbit, with> ' fhe  shad ing  o fg rav i ta t ion  by  in te rpos ing  nra t te r ,  
" .g .  I  . " rp . . t  to  the  So.os"o .  ec l ipse  cyc le .

*:j:T::l::"f,::1,11'.?::l 
._11-'i.-0,?I Eottttqer."-F6.r 

| . . 'I 'he principar eclipse cycles, incessantty repeated in
:1"_'""111'"jl]j 'e 

this is very doubtfirl. It i i-cliificult I the theory tt tr'" .,,oon', ;",i;;-;r;';; f"ll;;?ii:

1l

l
E

f;
t r )  Cf .  Electrod.  Wave-Theory of  l ,hys.  Forc. ,  l . ror-roz.
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r .  The Saros ,  rnade up  o l  zz3  synod ic  lnonths
:  6585.32  days ,  d iscovered by  the  Cha ldeans and used
at  Baby lon  fo r  p red ic t ing . the  re tu rn  o f  ec l ipses ,  in  con-
junction with the ecl ipse year of 346.62 days.

z .  
' fhe  

ec l ipse  year  o f  346.62  days ,  the  average
t ime o f  the  sun in  pass ing  around the  heavens f rom
the moon's node and returning to the same node asain
as i t  retrogracles under' the sr.rn's disturbing action in
r8 .6  years .  N ine teen o f  these ec l i l t se  years  n ruke
6585.78  days ,  a lmost  exac t ly  equa l  to  the  cyc le  o f  the
Saros  g iven above,  rvh ich  is  6585.32  da i ' s .

.  The dif ference in these two periods is only o..16
of  a  day ,  anc l  t i re re fo re  a f te r  r8  Ju l ian  ye t rs  r  o .3 :  t ia l ' s
(o ' .146 less  than r  g  ec l ipse  years )  the  Saros  o f  ec l i J rse  s
is very nearly repeated, except that the lot:at ion on the
ter res t r ia l  g lobe is  o {32 :  Zh4o" '48 '  l i r r thc r  wes t  i l r
longitude.

: .  
' l he  noc l i< - -a l  o r  d racon i t i c  n ron th  rnade u1r

o t '  z T l z r z z z :  a n d  t h u s  2 . 1  z  x z 7 ' )  z r 2 z 2  : 6 5 8 5 { 3 5 7 .
' I ' h is  aga in  i s  o f  a ln ios t  the  same length  as  the  zz l
synodic nonths and 19 ecl ipse years defined in para-
g r a p h s r a n d 2  a b o v e .

4 .  
' l he  

Anomal is t i c  month  made up o f  z  7 '15  5a6o;
a r r d  t h u s  z 3 g x z 7 9 5 5 4 6 o : 6 5 8 5 { 5 4 9 .  A c c o r d i n q l l ' ,  a l t e r  z  z i
months  the  moon not  on ly  re tu rns  very  c lose l .v  to  i t s  o r i . r4 ina i
pos i t ion  in  res l tec t  to  the  sun and node,  bu t  a lso  in  respec t
to  the  l ine  o f  aps ides  o f  the  nroon 's  o rb i t ;  so  tha t  the  l )e r tu r -
ba t ions  near  per igee,  dur ing  the  in te rva l  o f  the  d i t fe rence in
t h e s e  t w o  c y c l e s ,  6 5 8 5 9 5 a 9 - 6 5 8 5 9 3 2  :  6 d 2 2 g  :  5 h z g ' t ' 8
are  so  smal l  as  to  mod i fy  bu t  very  s l igh t ly  the  re tu rn  o f  r l )e
cycle of ecl ipses composing the Saros.

Accord ing ly ,  these lour  fundamenta l  lunar  cyc les  recur
in the fol lorving periods:
r . ' T h e  g n 1 e 5 :  z z 3  s y n o d i c  n r o n t h s  : 6 5 8 5 9 3 2

z .  l 9  e c l i p s e  y e a r s  o [  r z 6 ' 1 6 z  e a c h  : 6 5 8 5 . 7 8

3.  242 nod ica l  o r  d racon i t i c  n lon ths  o f
2 7 l 2 r z z z  e a c h : 6 5 8 5 . 3 5 7

4 .  2 3 9  a n o m a l i s t i c  m o n t h s  o f  2 7 1 5 5 4 6 o  s a 6 t r  :  6 5 8 5 . 5 + q
N o w . t h e  $ 3 1 e 5  :  6 5 8 5 9 3 2  :  r 8  J u l i a n  y e a r s  r o . 8 z

days ,  o r  r8 .ozg3 s iderea l  years  o f  36592563582 ( I lans t t t ) .
And accordintg to Neison the period of the circulat ion of the
I u n a r  p e r i g e e  i s  8 . 8 5 5  y e a r s .  I n  t h e  r o ' l ' e d i t i o n  o f  h i s  O u t -
l ines of Astronomy, r869, p. 472, Sir JoIn l{crsc/tr l  uses thc'
p e r i o d  3 z 3 z { S Z S : + : : 8 . 8 5 o 3 r  J u l i a n  y e a r s ,  r v h i c h  i s  o n l l '
s l ightly dif ferent from the value cited above.

Accordingly, the forrvard nlot ion of the perigee rvi l l
ca r ry  i t  tw ice  around the  heavens in  17 .7r  years ,  rvh i le  the
node revo lves  in  the  re t rograde d i rec t ion  in  r8 .6  years .  ' fhus

if  rve cai l  Q the yearly motion of the node, and a' the cor-
responding nrotion of the perigee, rve have

n  -  - 1 9 ? 3 5 4 8 4  -  
3 6 o " f 1 8 . 6  / ^ - \

.  6 1 :  - 1 4 o ? 6 5 5 o  :  3 6 o " / 8 . 3 S S .  
\ J 5 i

From the above data, i t  fol lorvs t l iat the node rvi l l  retro-
grade th rough 36o"  in  r8 .6  years ,  bu t  in  t l re  same t in ie  the
lunar  per igee rv i l l  p rogress  th rough an  ang le  o f  756?r8r  :

7 2 o " 1 - 3 6 ? r 8 3 ;  s o  t h a t  a f t e r  a n  i n t e r v a l  o f  r 8 . 6  y e a r s  t h e
perigee is displaced forrvard by 3 6? r 8 3 ir .r  respect to the
restored node.

I  J V

l i c i r r i c i i , , : r  o l  t l r c  s u n ' s  g r a v i t a t i o n a l  s : r v e - s  i n  l t a s s i n g  t h r o u g h
t h e  c a r t l r ' s  t n r s s ,  b y  r v h i c h  t i r r :  r r r t , o n  i s  s ) i g l r t l y  r e l e a s e t l  f r o l n
t h c  s L r r r ' '  c ( ) r r t r ( ) l  r ) e a r  t h e  t i r n e  o f  I t r n a r  e c l i l r s e s .

5 0 4 8

I' ' ig. 3

l ' - ig. +. l l lusrrat ion of the progress of t l re moon's perigee
in  res1 .gs1 to  the  node,  in  the  6r .7 -ycar  l luc tua t ion .

( r )  I ) e t e r n r i n a t i o n  o f  t h e  p e r i o d  o f  t l r e  6 o - y e a r  t i u c -
t r r r t ion .

I t  rs  very  eas i l y  shorvn  tha t  o rv ing  to  the  re la t i ve
nr r rg r . r i tu t i cs  o f  these d i rec t  and re t rograde .  revo lu t ions ,  the
angu l l r  con jL rnc t ions ' r i l l  tend  to  recur  in  the  reg ions  o f  36oo,
z4oo,  r :oo ,  I i ke  the  ac tur l  con junc t ions  o f  the  p lanets  Jup i te r
and Srtunr in the theory of the celebrated goo-year ine-
r l t ra l i t v  rv l r i c l r  rvas  f i rs t  thcore t ica l l y  exp la ined by  Lap lace  in
the  year  r785.  Here ,  too ,  as  in  the  theory  o f  Jup i te r  and
Saturn, the conjunction l ines move foru'ard. ' l 'he amount of
t h c  d i s p l a c e u r e n t  i s  3 6 ? r 8 3  i n  r 8 . 6  y e a r s ;  a n d  i n  3 . 3 r 6 4 8
s t r c h  l r e r i o d s ,  3 . 3  r 6 4 8  X  r 8 . 6  ) ' e a r 5  :  6 t . 7 o o 6 - y e a r s ,  t h e
angu lar  con j r :nc t ion  rvh ich  s ta r ted  ou t  a t  the  ang le  36o ' rv i l l
revo lve  fo r rvard  th rough rzo" ,  and the  cyc le  o f  angu lar  con-
junc t ions  a t  a l l  th ree  po in ts  rv i l l  beg in  over  aga in ,  exac t ly
as in the great inequali ty of Jupiter and Saturn. This leads
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at  once to  the  second long inequa l i t y  in  the  moon 's  mean
motion; rvhich, 'without suspecting the czmse, Areuconb esti-
mated a t  >6o years ,  more  or  less<, .  H is  judgment  o f  the
per iod  was surpr is ing ly  accura te ;  and as  he  conc luded tha t
the boeff icient might be about 3lo, .here 

.again his value
cou ld  be  adonted .

.  
( r )  Determinat ion  o f  the  per iod  o f  the  grea t  f luc tua t ion

t" 
"tl;t?ti.tt"Xti of the great flrctuation in the .oo.,,. ,r,e^n

motion, of rvhich Aretaconb estirnated the period ir t  about
27S years ,  the  ca lcu la t ion  o f  the  per iod  is  sourervhat  s iu r i la r
to that just ci ted, but also somervhat dif f 'erent. I t  is ph1,si-
cal ly obvious that the modif icat ion of the sur.r 's gravitat ion
in  pass ing  th rough the  body  o f  the  ear th  u , i l l  depend on
the  re la t i ve  sh i f t ing  o f  the  l ine  o f  angu lar  con junc t ions
node-per igee.

'  
Now it  is easi ly found by calculat ion that the angles

o f  the  node-per igee are  in  angu lar  con junc t ion ,  on  
"  

l in .
r r?67o in  advance o f  the  or ig ina l  con junc t ion ,  a f te r  an
in te rva l  o f  t7 .9g7 r  years .  For  in  th is  t i rne  the  per igee pro-
gresses  over  an  arc  o f  4n- t - r  r?67o,  and the  node re t ro -
grades  over  an  arc  o f  z r ( . - |  r?67o,  and meet  exac t ly  a t  the
con junc t ion  l ine  spec i f ied .

The problem thus arises to f ind the interval in which
this secular displacement of the angular conjunction l ine rvi l l
comple te  the  cyc le  in  the  moon 's  mot ion  due to  the  reduc t ion
.o f  g rav i ta t ion  near  the  shadorv  o f  the  ear th .  I f i  each per iod
of  r7 .gg7 r  years ,  the  node re t rogrades  th rough the  ans le  : ; r
in  respec t  to  the  sh i f t ins  n rean pos i t ion  o f  the  per igee,  and
in  the  same in te rva l  the  per igee progresses  th rough the  doub le
o f  th is  ang le ,  4n ,  in  respec t  to  the  re t rograd ing  mean node;
so that on the average their opposite motions amount to 6it
i n  r 7 . g 9 7 r  y e a r s .

As the physical effect of the reduction of gravity near
the shadow of the earth is the sanre rvhethei the shif t ing
conjunction l ine node-perigee refer to ascending or descending
node,  we perce ive  tha t  th is  advanc ing  con junc t ion  l ine  nccd
on ly  s rveep over  the  ang le  i r  to  g ive  the  requ i red  in ten ,a l
for completing the c1'cle due to the changes of gravitrt ion
near  the  shadow o f  the  ear th .

Nory  r8o" /  r  r?67o :  r5 .422,  anc l  there fore  in  an
i n t e r v a l  o f  r 5 . 4 z z X  t 7 . g 9 7  r  y e a r s  :  2 7  7 . 5 9 o  ] ' e a r s ,  t h c
cyc le  o f  the  changes o f  g rav i ta t ion  near  the  shadorv  o f  thc
ear th .  w i l l  be  comple te .

' l 'his. 
is the'period of the great f luctuation in the moon's

mean longitude rvhich Arcu.,conb.estimated ^t 27 S years, fronr
the  modern  .observa t ions ,  and used in  ca lcu la t ing  the  secu la r
accelerat ion frorn the ecl ipse recorcls extending over z6oo years
s ince  the  era  o f  the  Raby lon ians .

The d iagram in  F ig .5  p lesents  to  the  e1 'e  a  cont inuous
rcpresenta t ion  o f  thc  chanqcs  in  node (ou ts ide  c i rc le )  an t l
per igee ( ins ide  c i rc le )  dur ing  r8  years .  A t  the  end o f  r8  years
they  bo th  a re  in  con jnnc t ion  a t  r ,  near  the  or ig ina l  l ine .o f
conjunction, 36oo, but r f  67o f irr ther forrvard. In each of
these periods of r8 years the nodes turn to every part of
the heavens, so t l iat ecl ipses occur al l  around the earth's
orbit ,  rvi th the earth and moon at al i  possible cl istances lronr
the sun. In this interval the lunar perigee re.r 'olves trvice,
and the  node once;  so  tha t  the  e f fec t  o f  the  progress ion  o f

through symnietrical
r8 years,  as shown

I - i g .  ! .  I l l u s t r a t i o n  o f  r h e  p r o g r c s s  o f  l > o t h  n o , l c  a n d  p e r i g c e  f o r
p r o t l u c i n g  t h e  n t o o n ' s  g r e a t  l l u c t u a t i o n  i n  2 7 7 . 5 9  y e & r s .

- fh is  
d iagram a lso  i l l us t ra tes  the  secu la r  p rogress  o f

the  l ine  node-per igee,  the  res tora t ion  to  para l le l i sm in  th is
c o n j u n c t i o n  l i n e ,  a d v a n c i n g  b y  r r ? 6 7 o  e v e r y  r 7 . 9 9 7 r  y e a r s ,
and requ i r ing  2 j  j .Sgo years  fo r  comple t ing  the  f i r l l  c1 .c le
o f  a  semi -c i rcumference.

\Ve may express this result also by obfrving that
phys ica l l y  the  decrease o f  g rav i ta t ion  near  the  shadow'o f
the  ear th  rv i l l  take  p lace  w i th  e r lua l  e f fec t  whether  the  ec l ipse
l>e  ncar  the  ascend ing  or  the  descend ing  node;  and th is
clecrcase wil l  always correspondingly affect the moon's mean
longitucle. ' l 'herefore, 

the r8-1.ear movement of node-perigee
c o n j u n c t i o n  l i n e  o v e r  t h e  a r c s  r , 2 , 3 . . . 2 ,  w h e r e  n :  r 5 . 4 2 2
at  18o" ,  rv i l l  compr ise  a l l  poss ib le  combina t ions  o f  the  con-
junc t ion  l ine  node-per igee fo r  mod i f i ca t ion  o f  the  sun 's  g rav i ty
on  the  moon when near  the  shadow o f  the  ear th .

(3 )  Determinat ion  o f  the  r8 -year  per iod  o f  the  Saros
c1 'c le .

The Saros c1'cle is so well  knorvn that we need scarcely
add that a minor disturbance in the moon's mean longitude
r v i l l  r e c u r  i n  t h i s  p e r i o d  o f  6 5 8 5 . 3 2  d a y s :  r 8 . o z 9 3  y e a r s .
In  th is  per ioc l  the  syn . rmet r ica l  ec l ipse  cyc le  o f  zz3  lunat ions
is complcte and the ecl ipses begin to repeat themselves, rvi th
the moon very near the same relat ive posit ion with respect
to the sun and node, and also with respect to the l ine of
apsides or perigee. This Saros cycle of the Chaldeans gives
rise to a minor disturbance in the moon's mean longitude,
u ' i th  per iod  o f  r8 .ozg3 years ,  and a  coef f i c ien t  o f  about  r io .
I t  is the smallest ol the moon's sensible f luctuations. vet
indicated by the researches of ,Yeu,contb and Boltlingcr, ind,
i l l us t ra ted  graph ica l l y  by  the  accompany ing  F ig .  6  (p .  tSS) .

5 0 4 8

the perigee goes
the earth's oririt in

.  
' r 5 8  '

phases in respect to
by the above diagram.
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l - ig .  6.  Graphical  i l lustrat ion
moon's mean mot ion.
the smal l  c i rc les the

of  thc three chief  f luctuat ions in the
The srnal l  dots represent the observed,
calculated,  p laces of  the moon.

r 6 0

The c lose  ana logy  o f  th is
explanai ion of the 6 r.7 - year . / '  

4r\r.

period in the .mean motion of a., t / .  - . t .  t i ,  
a

the rrroon, which is the most /" t  l '^ o-L \
1;orverful of these f luctuations, 

'1" 
t l  

'  
, r '  , ,  \ ,  \

i v i th  the  ce lebra ted  9oo-y"u i  !  i  
' e  

j  j

i nequa l i t y  o f  Jup i te r  and Saturn  t ,  t . .  
. r /  I

i s  shorvn  l - ry  the  fo l low ing  f igure  7  
' . .  

" -  !24 '  , ,
for i l lustrat ing Laplace'sdiscovery, 

' . .  
/

r  7 8 5, involr. ing a lorrvard shif t  
- ' - . .  

--r?t
o f  the  con junc t ion  l ines  o f  these.  . . .
rwo great planets through,, r.o'. Fis.l;,i3"'l5l1jl 

:i ffii}t:::'  
In the case o( LaVlarr 's dis, '  Saturn, for i l lusirat ing Za.

coyery the conjunction l ines ofthe f lare's,Jiscovery ofrhe cause

J)laDets revolve forward, whereas of the great inequali ty '

in  the  case o f  the  lunar  f luc tua t ions ,  i t  i s  the  angu lar
rroveIr ler)t  of the conjunction l ines norle-perigee rvhich has
to  be  cons idered.  On th is  re la t i ve  angu lar  n rovement  depend
the  snra l i  uncon) l )ensated  fo rces  fo r  the  re lease o f  the  moon
l ro rn  the  sun 's  q rav i ta t iona i  con t ro l  when near  the  shado* '
o l '  the  ea l th ,  * 'hence ar ises  the  long per iod  iner lua l i t ies  in
t h e  r n o o n ' s  m e a n  l o n g i t u d e .

I  a r r i ved  a t  the  cause o f  the  lunar  l luc tua t ions  f ro r r r
the  s tudy  o f  the  c lose  ana log l '  * ' i th  t l re  g rca t  iner lua l i t y  o f

Jup i te r  and Saturn ,  wh ich  I  had sus l rec tcd ,  and ca l led  to
the  a t ten t ion  o f  l ' ro f .  E .  W.  Broun,  in  rg r .1 ,  a f tc r  read inq
h is  addres"  to  the  I l r i t i sh  Assoc ia t ion  in  . \us t ra l ia .  l t  a1r . -

lrears tlrat neither jJrouttt nor Ilottlitt,gcr had becn encourased
b1' results of the researches they had rrade ; yet Botl l tn.gcr 's
i n v e s t i s a t i o n  o f  r g l z  p r o v e d  l ' e r y  s u g g e s t i v e  t o  m e ,  a n d
the lnalrrgy with lay' lacc's discovery of r 785 rvas so close
tha t  i t  hna l l y  enab led  the  cause o f  the  lunar  f luc tua t ions
to  be  rnadc  ou t .

lrr  thc Ol- lservatory for -\ lay, r g r 8, I Ir .  I farold.Jt i f  r t- ts
has  a  rev ie rv  o f  rny  rcs t ' l r chcs  on  the  lunar  f luc tua t ions .
Af te r  recount ing  thc  n re thod enrp loyed,  and adrn i t t ing  the
force  o l  the  resu l ts  b rought  to  l igh t ,  he  f ina l l y  ho lds  (p .  z  r9 )
tha t  the  ansu la r  p rogress ions  in  thb  two l luc tua t ions ,  nanre lv
t h a t  i r r  6 r . 7  o o 6  1 ' e a r s  a n d  2 7  7 . S g  y e r r s  r e s l ) e c t i v e l y ,  s h o u l d
s t a n d  i n  t l r e  r a t i o  o f  e x a c t l y  g :  z ,  a n d  t h u s  t h a t  m y
constan ts  a re  Dot  t lu i te  exac t .  I f  the  shor te r  per iod  o f
6 t.7 oo6 l  ears be exact, Jclfret 'J '  argument rvould make
t h e  l o n g e r  p e r i o d  2 7 7 . 6 5 2  y e a r s ,  i u s t e a d  o f  2 7 7 . 5 9  y e a r s
found by' nre.

' l ' h is  d i f f c rence is  very  t r i f l i ng ,  and o f  no  prac t ica l
i rnpor tance,  bu t  the  ' re la t ion  g  :  2  n ) l l v  eventua l l y  be  o f
va lue  to  the  fu tu re  in r 'gs t iga tors  o l -  these movements  when
the  course  o f  cen tur ies  sha l l  n rake  knorvn  the  cons tan ts  o f
the  lunar  n rovement  rv i th  inc reas ing  prec is ion .  A t  p resent
I  th ink  the  f ina l  va lue  o f  these 'per iods  can scarce ly  be
at ta ined,  be t :ause each f luc tua t ion  invo lves  very  s l igh t ly  the
period of the other; so that rve scarcely knorv which period

may be chosen, or horv the two nray be adjusted and com'
pensated  to  the  exac t  ra t io  o f  9 - :  z .

In  c los ing  th is  b r ie f  d iscuss ic jn  o f  the  luner  l iuc tua t ions ,
rvhich l /r 'zzrrarl l '  pronounced the most eni ginatical phenomenon
presented by the celestial motionsr i t  is scarcely necessaly
to add tbat the result attained is a very notable tr iumph
for the wave-theory.

\\ /e have seen that the nrotion of the perihel ion of

Mercury admits of a half  a dozen dif ferent explanations,

5o+8
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in addition to the mystical one offered by Einstein, which
is devoid of physical basis; and f inal ly the natural and simple
explanation based on the wave-theory, and outl ined above
in  sec t ion  3 .

On the other hand, the lunar f luctuations, rvhich are
vastly more complicated than the motion of X{ercurv's oeri-
he l ion ,  admi t  o f  bu t  a  s ing le  known exp lanat ion ,  

'no ,ne ly ,

tha t  d iscovered by  the  present  rv r i te r  in  rg r6 .  I t  i s  there fore
rvith some reason that the rnost experienced physical mathe-
mat ic ian  a t  Cambr idge lv ro te  me,  Jan.  28 ,  tg r7 . .

>I wish the perihel ion of Nlercnry could be resolved
s imi la r ly  ( to  the  nerv  rvork  on  the  lunar  f luc tua t ions) .  Other -
w ise  rve  have an  un l im i ted  number  o f  ingen ious  k inds  o f
re la t i v i t y  on  or l r  hands ;  rvh ich  w i t l  be  renr i r rkab le  fo r  se l f -
con t rad ic t ion  o f  the  pr inc ip le  tha t  evcry th ing  is  re la t i ve<.

,  I t  i s  jus t  such confus ion  as  th is  tha t  I  have labored
to  ge t  r id  o f ,  and norv  lny  theory  o f  the  mot io r r  o f  J . le  rcurv 's
pcr ihe l ion  is  found to  conform to  thc  s . r r i , - t l r cnr i . ,  rnd  to
cor respond to  the  ideas  o f  Nc tu lon ,  r636,  tha t  the  lan .  o f
gravitat ion in certain cases dif fers a l i t t le frorn the exact larv
o f  the  inverse  squares  -  the  d i f fe rence be ing  exp la ined by
the wave-theorf i  and the nature of the acther.

.  6 .  G r a v i t a t i o n a l  A c t i o n  i s  p r o p a g a t e d  b y
S t r e s s e s  d u e  t o  W a v e s  i n  t h e  A e t h e i ,  l t t t t , , L | a t u t e l l : s
c o n c e p t i o n  t h a t .  t h e  S t r e s s  i s  b a s c d  o n  p r e s s u r e  i n
t h e  D i r e c t i o n  o f  t h e  I - i n e  o f  F o r c e  a n d  o n  i r n  e r l u a l
T e n s i o n  i n  a l l  t t i r c c t i o n s  e t  r i g h t  r n g l c s  t h e r c r . ,
i s  i r o t  a d m i s s i b l e .

From the  e lec t roc l .  rvave- theory  o f  g rav i ta t ion ,  ou t l ined
in the rvri ter 's rvork of r 9 r 7, i t  fol lorvs that gravitat ion is
propagated  by  s t resses  in  the  aerher  due to  the  in te rpene-
trat ion of rvaves, ancl the action across space therefore t iavels
s ' i th  the  ve loc i ty  o f  I igh t .  Th is  n rode o f  ac t ion ' i s  a l ready
out l ined  a lso  in  the  f i rs t  l )aper  on  the  nerv  theory  o f  the
aether ,  AN 5o44.  For ty -scven years  aso  in  the  ce lc l> ra ted' l  rea t ise  on  E lec t r l c i t y  and t r Iasnet ism,  r873,  r ,o l .  r ,  Chap.  V ,
$\ ro3-r r6, 4l[att t ,e//  qave a remarkabie- theore nr for the
s t resses  be theen t rvo  e lec t r i ca l l l '  charged n ta te r ia l  s ,vs tc rns ,
as  produc ib le  by  a  d is t r ibu t ion  o f  s t ress  over  c losec l  sur faccs
about  these sys te tns .

He takes  two e lec t r i ca l  sys tems,  namely ,  _6 , ,  u . i th
vo lume dens i ty  Qr ,  o f  the  e lement  rvhose coord ina tes  are
ar ,  ) , r ,  z r ;  and s in r i la r l y  fo r  the  o ther  sys tem,  I j z ,  Qt , .1o , . l , r ,  io .
Then the .T-component of the force acting on the elenrent of
E1,  owing  to  the  repu ls ion  o f  the  e lement  o f  ,8 , ,  u i l l  be :

dX : Qr gz (rr - rr)lrt.dr1 d1,L dz1 dr,, d1,2 dz2
,z  -  ( r1 - r )2 - r ( : ' t -1 ' )2 -+(21-  z )2

, : S S S: [ lbr- ",)lr3.sy st d.t' d,r,1 dz1dr2 dy2 dz2
This  i s  as  in  the  theory  o f  ac t ion  a t  a  d is tance,  and

the integrats wil l  not be altered by extending the l int i ts
from -oo to -Foo.

Maxwell  then proceeds to remark (S ,"S) that i f  the
action o[ E2 on Z1 is effected, '  not by direct act ion at a
distance, but by means of a distr ibution of stress in a medium
extending con't inuonsly from E2 to Et, i t  is manifest that i f
rve knerv the stress at every point of any closed surface s
rvhich completely separates .E1 frorn 82, \ , tE shal l  be able to
determine comp)eteiy the mechanical act ion bf E2 on f,1.
r\ccordingly, he concludes that i f  i t  is possi-ble to account
for the action of E2 on Et I ty means of a distr ibution of
stress in the intervening medium, i t  mnst be possible to
express this act ion in the form of surface integral i  extending
over the surface s, which completely separates one system
from the other.

t l farrut1/ then develops the solut ion at some length,
a .nd  a f te r  o l r ta in ing  the . re r lu i red  mathemat ica l  express iJns ,
( \ \  r o 5 - r  r o ) ,  r e r n l r k s  ( \  r r r ) :  > I  h a v e  n o t  b e e n  a b l e  t o
make the  nex t  s tep ,  namely  to  account  by  mechan ica l  con-
siderations for these stresses in the dielectr ic. I  therefore
l e n v e  t h e  t l r c o r y '  a t  t h i s  p o i n t .  (

I t  can  be  shown tha t  the  ac t ion  o f  waves ,  f la t  in .p lanes
normal  to  the  l ines  o f  fo rce  u ' i l l  e rp la in  the  mechan ica l  d i f -
f icult ies here noted by )[aru'c// .  For in his.rvork on tr{atter,
Aether and l l lot ion, Boston, r 3g4, Prof. A. E. Doll trar describes
an experiment of the fol lou' ing kincl :

> I f  a  dozen d isks  f i ve  o r  s ix  inches  in  d ia rne ter  a re
se t  loose ly  an  inch  apar t  upon a  sp ind le  a  foo t  long ,  so  tha t
they may lre rotntcd fast, yet left  free to move longitudinal ly
tupon the  sp inc l l c ,  they  rv i l l  a l l  c rowd up c lose  together ,  as
the  pressurc  i s  less  be tn 'een them than ou ts ide .  I i '  one  can
in rag ine  the  sp ind le  to  be  f lex ib lc  anc l  the  ends  brought
oppos i te  each o ther  r r 'h i le  ro ta t ine ,  i t  $ ' i l l  be  sccn  tha t  ihe
ends rvou ld  exh ib i t  an  apparent  a t t rac t ion  fo r  each o ther ,
and i f  f ree  to  approach,  rvou ld  c lose  up ,  thus  rnak ing  a
vor tex  r ing  rv i th  the  sec t ions  o f  d isks .  I f  . the  ar is  o f  the
d isks  rvere  shr inkab le ,  the  rvho le  th ing  nou ld  cont rac t  to  a
rur in imum s ize  tha t  rvor r ld  be  de ter rn ined by  thc  rap id i ty  o f
the  ro ta ry  movement ,  in  rvh ich  case no t  on l1 ,  * .ou ld  i t  be
plain rvhl '  the r ing forrn rvas maintained, br.rt  rvhy the dia-
nrc te r  o f  the  r ing  as  a  rvho lc  shou ld  shr ink .  So long as  i t
ro ta tcd  i t  rvou ld  keep up  a  s t ress  in  the  a i r  about  i t .  So  fa r
as  the  exper imenta l  ev idence goes ,  i t  appears  Jhat  a  vor tex .
r ing  in  the  a i r  exh ib i ts  the  phenomenon in  ques t ion . (

The behav io r  o f  the  f lex ib le  sp ind le  in  th is  exper i rnent
is analogous to that of the l ines of force, rvhich Farada.r,
long  ago observed had a  no tab le  tendency  to  shor ten  then i -
selves. ' fhe gaseous ntediurn of the air between the disks is
thinned out, by the effect of the centr i fugal force, just as the
aether i tself  is near a magnet, owing to the rotat ions 1) of
the rvave elements about the l ines o[ force. Hence the l ines
of force tend to shorten themselves, as Farada] observed in
his experiments rvith magnets and electr ic currents.

In view of this experiment i t  is not remarkable there-
fore that the lapse of t ime has confirmed Masutl l ,s stresses

'i"""

I  a l . .

( r  o)

t )  w i  ho ld  the  l incs  o f  fo rcc  to  be  f i laments  o f  the  ae therea l  vor t i ccs ,  due to  ro ta t ions  o f  the  wave e lements ,  as  the  rvaves  recedef r o m  a  m a g n e t '  l f  d n  b e  t h c e l e m e n t o f  a e t h e r e a l m a s s  i n r o t a t i o n ,  a n d  t h e l ' a x i s c o i n c i d e  r v i t h  t h e a x i s  o f  t h e m a g n e t ,  t h e  a n g u l a r  m o m e n t u r n
o f  a n  e l e m e n t  i n .  t h e  p l a n e  o f  t h e  m a s r e t i c  e q u a t o r  r v i l l  b e :  A : 2 d n ( y . d r f  d t - t . < 1 1 , / d / ) .  T h i s  - o - " n t u -  o f  m a s s e s  o f  a e t h e r  x d r z ,  a b o u tthe  'ax is  o f  the  l ine  o f  fo rce ,  tends  to  beat  ba ik  the  ae . ther  in  the  equato i ia l  p lane,  and car rses  i t  to  p ress  in  on  the  two ends ,  para l le l  to  the: -ax is '  F Ience we see the  inev i tab le  tendency  o f  the  l ines  o f  fo r ie  to  shor ten  thcmse lves .  Cf .  , l ta iu ,e l t ,  on  phys ica l  L ines  o f  ! .o rce ,  rg6z ,
Sc ien t i f i c  Papers ,  Vo l .  r ,  p .  5o8.
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for electr ical act ion, yet slrorvn on the other hand that the

stresses conceived by him for gravitat ion are inval id, because

in this latter case he conceived the pressure to be in the

direct ion of the l ines of force.
'  Marutel l 's conclusion as to gravitat ion is aunounced in

the art icle Attract ion (Scienti f ic papers, vol.  z, p'  489): u' l 'o

account for such a force (gravitat ion) by nreans of stress in

an intervening rnedium, on the plan adopted for electr ic and

magnetic forces, we must assume a stress of an opposite kind

from that already mentioned. We must suppose that there

is a pressure in the direct ion of the l ines of force, combined

with a tension in al l  direct ions at r ight angles to the l ines

of force. Such a state of stress would, no doubt, account

for the observed effects of gravitat ion' trVe have not, however,

been able hitherto to imagine any physical cause foi such

a state of stress.<<

It seems remarkable that ll[aru'tll hinlself should not

have seen the error underlying this reasoning. When we

whir l  a stone by a str ing, i t  is the tension of the cord rvhich

holds the stone in i ts circular path, thus overcorning the

centr i fugal force. I f  the str ing breaks, the stone goes l lying

away, along the tangent to the instantaneous path at the

lnoment when the tension of the str ing is released.

Innumerable examples of this central tension or pul l ing,

necessary to overcome centr i fugal force, should have occurred
- to tr:faxwell, as perfectly analogous to the forces qhich hold

the planets in their orbits.

I t  was  sevdn years  a f te r  the  death  o f  Maxut l l  ( t8 lS)

before the mathematical test required to overthrorv the val idity

of his gravitational stresses rvas given by Prof. George M.

Minchin in his.Treatise on Statics, Oxford, r886, Vol. l I ,

pp. 448-455 . Minchin calculates the I\ laxrvel l ian gravita-

-  , . f: i l
'  - ,  r

. ,  I

164 l , r l
.  . : l

t?
at any point P and f inds the conr- 

{

.5048

\, ./
>, : . / '
' t { 7

'?r\
u \

Fig.  8.  I l lustrat ion of  the development of  st ress between the sun and.earth,  owing

to the interpenetration of the rvaves, rotating in opposite directions, from

these two independent wave' f ie lds,  thus causing a tendency to col lapse,  in

the mediunt  beiween the two bodies,  which furnishes the tensibn required
to hold the planets in their orbits.

t ional  s t ress in tensi t ies
ponents to be:

1!  :  -P f  8ny  R :  R2 l8ny  c :  R2f  8ny  ( :z )

rvhere -1? is the resultant force intensity, ancl 7 the gravitat ion

constant. These expressions show that the three principal

stresses are equal. 
' I 'he cor.rrponent .4 along the l ine of force,

is, by l l farutr l / 's hypothesis, a pressure, and the other two

conponents  a re  tens ions .

Apparently Prol.  '4l inc/t i t t  never seriousl l '  suspected the

fal lacy underlf  ing i tr farwell 's assurnption, that pressure in the

medium along the radit ts vector of a planet could make i ts

orbit  curle about the sttn, rvhere in fact a tension, corres-

ponding to the ful l  l rreaking strength of sttrpendous cables

of steel,  is lequired to be exerted for holding a planet in i ts

el l ipt ical path. 'Lhe natnre of the curvature of the el l ipt ic

orbit  rvas establ ished by Kefler from the observations of

T1cho, t6o9, and f irst explainedby Neulon from the larv of

g r a v i t a t i o n ,  I 6 8 7 .

After a very lcarned discussion, Prof . tllinchin only

reaches  the  conc lus ion  tha t  s ince  on  t r ia l ,  the  mathemat ica l

cond i t ions  spec i f iec l  b1 ' the  s t ress  ana lys is .a re  no t  fu l f i l l ed ,
-- ,either sravitat ion is not propagated by the I\ ' laxwell ian

s t ress ,  o r  the  ae ther  i s  no t  o f  the  na ture  o f  a  so l id  body .<
' l ' h is  i s  a  good h is to r ica l  example  o f  a  fa lse  premise ,

on rvhich r-nuch ingenious ntathentatical ettbrt lvas spent,

w i thout  de tec t ing  the  phys ica l  e r ro r  under l i ' i ng  the  hypothes is .

I t  wi l l  forcibly remind natural .  phi losophers of Einrte in's

bizarre proposal to do away with the aether, rvi thout sub-

st i tut ing any medium or substance in the planetary sl)aces

rvhich nright L'xert contracti le power for holding the planets

and s ta rs  in  the i r  o r l l i t s .

I t  i s  scarce ly  necessary  to  add tha t  i f  the  s igns  o f
t l latu' t / / 's stresses given above be changed, so
as  to  g ive  a  cornJ)onent  o f  tens ion  in  the  l ine
o f  fo rce ,  and ts 'o  e<1ua l  p ressures  a t  r igh t
a n g l e s  t h e r e t o ,  t h u s :

A : -+R2l8nr t l  :  -R2l8nr

C:  -R2 l8r ry ( :s )

gravitat ional phenomena rvould be explained.

In  the  E lec t rod .  wavc- theory  o f  Phys .
l i o r c e s ,  r g I 7 ,  p p . r 3 r - r 3 3 ,  r v i l l  b e  f o u n d  a n
exp lanat ion  o f  why  the  ae ther  tends  to  con-
t rac t  be tween any  two bod ies ,  as  the  sun
and earth. 

' fhis nray be rnacie a l i t t le more
obv ious  by  the  fo l iow ing  d iagram,  in  wh ich
each body is shorvn surrounded by a wave'
f ie ld ,  the  ae ther  near  e i ther  body  be ing  so
agitated by the n'aves from its own atoms as

to be of less density towards either centre than

in the renloter spaces betlveen t l ie masses.

We are to conceive the'rvaves from either
centre, by interpenetrat ing rvith those from the

other centre, undoing the rvave stress, depen-
ding on the other mass, and thus causing a con-
stant tendency of the aether to col lapse, which
results in-pul l ing with maximum tension along
the  r igh t  l ine  connect ing  the  two bod ies .
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fo rm:  O- IZ lD(D- r ) )cz r t ' ( )  -  o
r D - c - 0 . A X | A | : A y f q t

x - l z I D ( D -  r ) l 7 2 t t '  x
( q s ) .
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O,Ale f : a21'21P (D : !2 (r, y, z, t)
dd-r : D A l1x' dn -tA @ fAt. dt -r d Qt f1z :dz

This gives us a very simple and direct grasp of the
mechanism underlying the planetdry forces, rvhich is not very
dif ferent from those operative in electr ici ty and maenetism,
except  fo r  the  essent ia l l y  haphazard  ar rangement  o f the  p lanes

-o f  the  a toms in  the  heaven ly  bod ies .  These bod ies  are  on ly
s l igh t ly  magnet ic ,  -  th is  porver  depend ing  on  the  l in ing  up
of a srnal l  fract ion of their atoms, in planes rvhich are rnutual ly
paral lel,  as in common n)agnets; rvhi le the great nlass of the
atoms are  t i l ted  haphazard .  ' fhe  resu l t ing  ac t ion  ) i ie lds  the
central force cal led gravity, instead of the duali ty of pos'ers
noted by Air1, (Treatise on 1\1[agnetism, r87o, p. ro) for the
magnetic attract ion directed tolvards trvo poles.

J .  S e x t u p l e  I n t e g r a t i o n ,  u n d  e r . / ? o u r i r / s  ' l ' h e o r e m ,

' f o r  s o l v i n g  f ' o i s s o t t ' s  l ) a r t i a l  I ) i f f e r c n t i a l  I ' , r l r r n t i o n
A z r D l D t 2 : a 2  y 2 ( / )  f o r  t h e  v e l o c i t y - p o t e n t i a l ,  i n  a  n r e d i u r n
l i k e  t h e  a e t h e r ,  c a p a b l e  o f  f r e e l y  p r o p a g a t i n q  u  a v e s .

We cons ider  the  par t ia l  d i f fe ren t ia l  e r lua t ion  fo r  the
vc loc i ty -po ten t ia l  @ in  r rave  lno t ion :

so as to reduce the given equation to the s1'mbolical

rvhere 0/0, :  D. ' I 'hen the transformation:

w i l l  g i v e :

lvhich is of the same form as the eouation for d) in

r 6 5

( :s )
drD 5.;;* an exact dif ferential,  to rvhich Poisson (Traite'de
N{dcan ique,  r833,  Tonre  I I ,  p .697)  and Cauch l t  have g iven
so mnch a t ten t ion ,  in  the  per iod  immedia te ly  p reced ing  and
fo l lo rv ing  the  deve lopment  o f  Four ic r ' s  ana lys is ,  ( r8o7- r8z  r ) .
' fhis 

method f inal ly appeared in the celebrated Thiorie Ana-
ly t iq t te  de  la  Cha leur ,  18zr .  I les ides  the  above re fe rence to
I 'oisson's Mechanics, rve cite the important memoirs indicated
belorv 1).

Poisson usually treats his dif ferential equation in the form:
A2OfAf .-a2 (0rOf0rz.+-02etf?1,2-+7zqlDrr) :  o .

Thus  @ is  any  so lu t ion  o f  the  equat ion  (39) ,  wh ich  invo lves
three  var iab le  coord ina tes ,  r ,  ! ,  a ,  and the  t i rne ,  / .

Ry a rvel l  knorvn form of - l iourier 's theorem we have:
- f@ -+6

32 (.r.) :  , l"n:J .f  ,{e - ' ,r  y'(- ' ) .  _q (I).dI dt .  (+o)

And as this wil l  apply to the several variables, we €Jet by three successive integrations between the l imits -oo and -r-oo:

@ :  ! ) ( * , ! , " , r )  :  ( r f  s n , ) : : : : : S  c A y ' ( - ' ) . e ( E , r t , ( , r ) . a {  d r l d l d t d l t , d v .  A : ( € - r ) ) " - r ( r 7 - , r , ) r , - + ( 6 -  z ) t , .  
' ( a t |

I f  now rve  subs t i tu te  the  der iva t ives  o f  th is  resu l t  in  (39) ,  obseru ing  by  the  fo rm o f  A ,  in  (a r ) ,  t t ra t  we have

Qr)
upon actual der ivat ion: pzf7s2-rA2fq,2_r12f1z2\c.t t /e) -  r , . ty ' ( , - t )(_).2_lJ- 1,2)
rve  have fo r  the  so lu t ion  o f  the  or ig ina l  e r lua t ion  invo lv inq  the  four  var iab les :

?2et fDt t_oz  (?2rD, te  , ' :_+6zr1 t  ?1 , t_ r?2et fD:2)  :  q

( ) :  ! ) ( . ' , . t , , r , 4 :  ( r l t r r l , l , f  , f  , f , f  !  r . r r ' , - r ' ) . l e t , ' 0 f  - + a 2 ( ) . 2 - + 1 t , 2 - t - , , ' ) ) - ( 2 ( L  q , e , 4 . d t r d l d 6 d t d 1 t , d u :  o  ( + s )

( l in r i t so f  in tegra t ion  -&and -+oo) .  ' l ' h is  
equat ion  rv i l l  be  sa t is f ied ,  i f  -Q(8 ,  q ,e , t )  i s  de termined so  as  to  sa t is fy  the  equar ion :

a r l l ( L r l , E , t ) f D t " - + a 2 ( i . ? - + 1 r : - + r , e )  J - l ( f , t l , € , t ) :  o .  ( + + )

We therefore integrate this dif fcrential equation, and in place of arbitrary constants, rve introduce arbitrary func-
t ions  U/ r  and r /1  o f  1 , r1 , ( .  Accord ing ly  our  so lu t ions  y ie ld  the  fo l lo rv ing  par t i cu la r  in tegra ls :

l l ( . " , r / , 6 , r )  :  r B h t y ' ( - r )  2 4 ( . t , 2 7 , 6 )  9 ( € , t 1 , ( ,  l )  :  c - r i h t l / ( * ' ) , / , , ( . . , ? , ( )  3 : ( ) . 2 - t - 1 t ] - r y z ) ' \ h .  ( l s )

I f  norv lve  subs t i tn te  the  f i rs t  o f  thcse  in  (a r ) ,  and inc lude the  in tegra t ion  fac tou  fSnB in  the  arb i t ra ry  func t ion ,
rve have ( l i rnits of integration ---oo and -roo) :

ot : g2 (r, !, r, 4 : : I S S : S c(.,1* B/,t) t/(- t) trrr(t, Z, 0 . dI dr d( d/. dp dr .
This  i s  a  par t i cu la r  in tegra l  o f  equat ion  (a r ) ,  and the  second va lue  in  (45)  wou ld  lead to

as may be proved b1' actual substi tut ion. ' I 'hus i t  onl l '  renrains to cornplete the solut ion from such

. .  Le t  02 f0 t2 -+-A2 i?r ,2+-02f0 :2 :  z l  t : ' s \

(+o )
an identical result,

part icular solut ions.

( q z )
'  ( q s )

( + e )
(  s " )

t )  t .  Four ier ' .  Ocuvres d,e Forr ier ,  Tomes I  et  I I ,  publ i6cs suos les auspices du t r l in is t t re de l ' Instruct ion Publ ique par les soins de
Coslou J)oiltott:, I'aris. I,388.

| 'o isson' .  a)  ) I6moirc sur Ia-  Thior ie des Ondes,  Dic.  18,  r8r5;  I \ { im. de l 'Acad. ,  T.  I .
b)  Nl inroi re sur l ' ln t i 'grat ion de quelr lues iquat ions l in6aires aux di f fdrences part ie l les,  et  part icul iErement de l '6quat ion

gdnd ra le  du  nouvcmen t  des  f l u i dcs  i l a s t i qucs .  Ju i l l .  r 9 ,  18 r9 ,  l l 6m .  de  l 'Acad . ,  T .  I I I .
c)  M6moirc sur le.  Nlouvcrnent de I )eux I r lu i r lcs l i last ique.s Superposds.  I Iars 24,  1823, NI6m. de l 'Acad. ,  ' I .  X.
d)  l l i 'moire sur l ' I iqui l ibrc et  lc  t r {ouvernent t les Corpi  I i last i . juei .  Avr i l  r4,  r828,  Nidrn.  r le l 'Acad. ,  ' t .  VI I I .
e )  M6 rno i r e  su r  l ' l . i qu i l i b r c  des  F lu i des .  Nov .  24 ,  r 828 ,  l t 6 rn .  dc  l ' Acad . ,  T .  lX .
f )  M6moire sur la.Propagat ion t lu Mouveurcnt  dans les Mi l ieux E, last iques.  Oct .  I r ,  r83o,  M6m. de I 'Acad.,  T.  N.
g)  l l6rnoirc sur I 'Equi f ib ie ct  le I ' Iorrvemcnt dcs .Corps Crystal ) is [ 's .  Oct .  28,  r839,  M6m. de I 'Acad.,  T.  XVII I .

( )aurhl , :  a)  1 'h6or ie de Ia I ) ropagat ion dcs ()ndes I  la st r r f lcc d ' r rn I " lu i r l  I 'es i rnt  d 'une I ' rofoncleur Ind6f in ie,  r8I5.
b)  Sur I ' Int6grat ion d 'L,quat ions Lin i r i rcs.  Excrc ises d ' i \nalyse et  de I 'hysique N{ath6rnat ique,  T.  I ,  p.  5: .
c l  Srrr  la Transformat ion et  la I iddrrct ion des Int6grales G6ndrales t l 'un Systdrne d 'Equat ions Lin6aires aux di f f6rences

pa r t i e l l e s ,  i l r i , l .  p .  r 78 .

-r.
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It thus follows that 2g admits of expression in the form (46), and therefore by merely changing the arbitrary
function, rve have (l imits of integration -oo and -roo) :

x: !),(r, ! ,2,t) :  apr::S:IS c(A-rBrt)y'(- ') .  zrir(8,q,6).a€al dldl.dy,dv . (s')

To get the contplete integral from these independent part icular integrals (a6) and (5r),  we add the trvo solut ions

rnult ipl ied by- arbitrary constants, 
-(cf.  

Eatlcndorlf 's edit ion of l l iemann's Part iel le Differentialgleichungen, r882, p. roo),

which may be included under the sextuple integral signs ( l imits of integration -oo and -roo) : '  t

5048

( D t :  1 1 ( D - + ' c r X

: 
"f"fjfjj,('<-+ 

n t t) y' (- t) - 4r t (8, q,C) . oF az d( dr d y, du

+ap  :  :  :  :  !  ! , r t *  
n t , ' ) l ( - , ) .  u \ (€ ,  r t , 5 ) .0€az  d f  d t  dp  dz  .

r 6 8

l .or the Waves enrirted.
n 1 ( { 1 , i ,  t 1 t , i ,  E n t ,  t i ) .

u ,  ( ; 6 ; -  { 1 ; ,  t l r z i -  r i r , i ,  e  n r -  E t , i ,  l i )

z r ,  ( f1 , r -  F l , i ,  r , l , i  t ,1 , i ,  i / , i - i t , i ,  / i )  (S0)

( s r )

r ,  - \
\ ) J , /

I:@
\-f

Accord ing ly ,  a t  the  t ime / ,  there  ue  
)  

1  -  a  o f

these concentr ic rvave surfaces, al l  moving rvith the velocity a,
lb ich  is  the  ve loc i ty  o f  l igh t .  Bu t  the  t ime /  a lso  f lows on ,

r':rc

and i f  t l i e re  be  r  in te rva ls ,  the  surnmat io

= - l

y ie ld  fo r  the  doub le  in tegre t ion  o f  in te rva ls  and waves :
' : 6 / : @

S  S ' ' - Y l' / / l l - *

.41 .1J
i : t  1 : t

r vh i ch  co r responds  t o  a l l  t he  po in t s  i n  an  i n i n i t e  p l ane .

l n rag ine  ano the r  sys tem.o f  coo rd i na tes  ( I r ,  1 r ,  ( 1 ) ,  w i t h

i t s  o r i g i n  a t  t l r e  cen t re  o f  g rav i t y  o f  n1  ( -E ,1 , , r l h , e r , , / 1  ) ,  t o  r vh i ch

the nroving \ \ 'aves are referred at  z t imes,  so that  for  the rz

b o d i e s  l r e  h a v e :

For t i ie  I lodies.

u1 ( . ty  ,  1 '1,  zt  ,  t t )

n 2  \ r 2 ,  ) ' 2 ,  z 2 ,  t t )

i l t  j  ( r 3 ,  ) \ ,  4 ,  / r )

n, , ( r r r ,1 , r r ,  zu ,  l1 )  n , , ( ' {1 , , ; -  E I t i ,  t i r r i - r jL i ,  E t r r i -En i ,  t i )  .

Then, I iom the prcceding investigation i t  rvi l l  fol lorv
that the solut ior.r ol I 'oissort 's equation 02tpfDsz: a2VerD for
the  ve loc i ty -po ten t ia l  @ and t ransmiss ion  o f  energy  o [  wave
rnot ion ,  in  the  case o f  z  bod ies  rv i l l  be  s imi la r  to  tha t  a l ready
found for a single \\ 'ave centre, except that as th.e waves from
the seveml boti ies are everyrvhere superposed, the velocity-
po ten t ia ls  Q) t ,  q )2 ,  @,r " ' (Dn f ro rn  the  severa l  cen t res  must  be
added togeth€r to get the tothl effect, @r -F @o -+ (D:t-r " '* (D,

: @, when the rvaves from the z bodies nrutual ly interpene-
trate, giving nraximunr tension in the r ight l ines which conneft
the  bod ies  in  pa i rs ,  and max i rnum pressure  in  the  pro longat ion

of  these l ines  beyond the  masses .
Accord ing ly ,  i f  rve  in r roduce the tampl i tude o f  the  waves

fronr each mass, ,4ri  :  kt i f  V(!1;2-+qrf -t* i2) and retain the

ampli tude e(.A-r-Bht)V(-r) for deteriorat ing wave changes,
under resistance, we shal l  f ind for the general solut ion the
expression (al l  integrations between the l imits -oo and -roo) :

: l H

ffi''r{

d

j
' i

*

l'fl
jji

- 
These sextuple integrals admit o[ reduction to double

integrals leading to a fornr of solut ion original ly obtained
by Poisson; bt Cauc/ty has made this reduction by means

of  a  t r igonomet r ica l  t rans format ion .  The on ly  essent ia l  p re-

caution t6 be taken is to avoid proeesses Lry'  u'hich the
functions to be integrated become in6nite rvithin the l inr i ts.

The above equation belongs to the general fornr

6z qf0t2 - ,4 (D ( s  + )
where zI is a function of the derivatives rvith respect to the
coordinates APr, AlAl ,  AlAz. I ior al l  such equations the

method, above outl ined furnishes direct ly a solut ion exltressed
by sextuple integrals, rvhich are reducible to the Poissott '
Cauclty 

'double 
integrals, i f  zl  is hotnogeneous ancl of the

second degiee, as in the case of a sphere surface, rvi th radir 'rs
increasing uniforrnly rvi th the t ime:

r2- l -1;2 1rZ :  62 72 \ ) ) , /
where r is the parameter representing the velocity of l ight.

As was long ago pointed out by liouricr, Poisson and
Cauchl, integrals of this type are pecul iarly appropriate for

the expression of those disturbances involving the transurission
of energy in a metl iurn, as in the steady f lorv of waves, rvhether

o f  sound,  l igh t ,  heat  o r  e lec t rodynamic  ac t ion .  ' fhese rvave

disturbances are propagated througir the medium in question
wi th  a  f in i te  ve loc i ty ,  and un less  the  waves  are  regu la r ly
renerved the original disturbance leaves no trace behind rvhen
it has passed by; so that the upkeep of the energy f lorv
involves periodic renerval of disturbances for nraintaining the
steady f lorv of waves. In his Thiorie Analyt ique de la Chaleur,
18z r,  Fouricr.continual ly eurphasizes the incessant nloven)ent

.o f  heat .

S o l u t i o n  o f .  P o i s s o n ' s  e q u a t i o n  f o r  t h e  v e l o c i t y -
p o t e n t i a l . @  i n  w a v e  r n o t i o n  f r o m  n  b o d i e s .

, .Let there be a bodies emitt ing wayes: r, tr1 rvith coor'

dinates t r ,  ) ,r ,  a1, {) surrounded at the instant { by an
inf inite series of wave surfaces, which for sinrpl ici ty we may
suppose to be-spherical:

,  t12-1y121-212-c12 tr2 :  s

. '  t zz t tz2+ 'sz2-cz2  t rz  -  o

I
d

f

{
!
i,r
i:
1r

j

' .

j
d

l

*12 -+-1t2 l'212 - c12 trz - o .

@ : @ r, Qnr) -r tD2, Qnr) -+- qtu, (.,as) -+ . . '  (D,,, (u u) ( s z )
@,,(*,\: S: S ! S S u^t t y'l(|,,,,- 6r, ) 2-+ (r7r,i - ,1ni)2 -r(e 4i- gn,)t)' sG!,,+ B"h"t') y'(- r) ' r/ ' (5u, qil, en) ' d F' dr/. di,, dr',, dp, dln

--0Pt: : : : [ [  n, t l r ' [ (Eui-Fr, i ) t -r  (r t \ , i - r ] r , i ) ' -+(fr , , i -Cr, ,) 'J ' r (1, ,+t i , , / t , , t , )y ' (- ' ) '?n(rt ' ,  qn,Eu\:dfudrlrc l( 'd/ ' 'dt , ' r lv, , '
.  ' . i . ! . .  . ' . -  r  , .

. i ,  j . i " ;  i  ,
-  

' .  : ' . r  : . .  i , :  .

i :  : - i :  . .  . '  " ,
' .  

, . l  '  '  I " '

l ' r , : ,  j . ,
'  " ,  j ! ' j : 1  f

, : I ' ' i 1 - : ' \ , ! .

' . i r : 1  . .  '

:. l :li *:.*,..:. .'  - r  - . :  h \ r'! 
, 1.; q:i ixj-* 

'._ '
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' f  
his solut ion ol Poissotz's erluation. for the velocity-

po ten t ia l  d )  i s  rve l l  ca lcu la tec l  to  shorv  the  cornp lex i ty  o f  the
pro l t lem o f  exp la in ing  the  fb rces  rvh ich  gor ,e rn  thc  opera t ions
of  the  ph1 's ica l  un ivc rse .  ' I ' he  ve loc i ty -po ten t ia l  i s  essent ia ) ly
n  func t ion  o f  the  e las t i c i t f  in  a  gas ,  condcr rsa t io r r  a l tc rna t ing
rv i th  ra rc fac t ion ,  b1 ' rvh ich  s 'ave  n)o t ion  on , .c  q r .nera tcc l  i -s
n- ra in ta ined a t  a l l  J ro in ts  o f  space,  anc l  a t  ve lo r : i t i cs  su i tab le
to  the  e las t i c i t y  and dens i t l '  o f  the  med iunr  a t  these po in ts .' l 'hus rvherever 1\ 'avcs l)e netrate the vclocity - potcntial mrrst
a lso  ex is t .

And 'we see no t  on ly  tha t  the  donta in  pcnet ra tec l  by
the  rvaves  inc luc le - "  a l l  space,  f rom minus  in l in i t y  to  p lus
in f in i ty ,  in  a  scx tup lc -  in tegra t ion ,  rvh ich  cor res l )onds  to  an
in tegra t ion  cor rnec t ing  every  po i r r t  o f  space s ' i th  e r .c ry  o ther
l ro i r l t ;  bu t  a lso  tha t  i t  must  l re  cont inuous ,  tha t  i s ,  repeated

r '  lb r  every  pa i r  o f  po in ts  tn 'o  and ts 'o .
' l ' hc  s 'avcs  , l ionr  the  ind iv idua l  a to lus  x re  in f in i t c lv

r r r  r r c  c o r n p l e x  s t i l l ,  : r n d  i r r  f a c t  c a r r n o t  l r c  e i v ( , n  t . r r . t . 1 r t  l r v
: rn  in teqra l  l i ke  the  fo reeo i r rg ,  in f in i te ly  ex tcndcr l .  ' l ' h is  

in -
hn i te  in tegra l  cor r ld  be  s ' r i t ten  on t  ana l l , t i ca l l y ,  I . c t  i t s  r :on-
tenrp la t ion  rvou ld  a id ,us  Lru t  l i t t le  in  g rasp in r r  thc '  in f in i te l l .
CotDp lex  phenomena o f  na ture .

In  p rac t ice  i t  su fhces  to  rement l re l . the t  l io ln  every
l rody  an  in l in i te ly  cornp lcx  sys te  l l r  o f '  r luves  goes  fo r th ,  to
in te rpenc t ra te  and cornb inc  s ' i th  the  i i ke  in6n i tc ly ,  conrp lex
wave sys tems go ing  fo r th  f ro r t r  a l l  o thcr  bod ies .  ' l ' he  

snrn-
Ina t ion  o f  a l l  these d is tu rban<:es  is  an  inGni te  in tesra l  o f  the
c f fq r ts  o f  s rna l l  conr rno t ions ,  the  f ina l  resu l t  o i  u . l r i , . l r  i s  t i r c
s ] ' s te ln  o f - fo rces  o l )e ra t in .g  th roLrghout  the  phys ic l l  un ivc rse . .

I n  t h e  I ' r i n c i p i a  ( 1 , ; b .  I I I ,  1 , r o p s . V l - V I I I r r n r l  I , r o J r . _ \ _ \ t \ ' )
Sir Isoac "t\ / tu, lott  points out hou' the gravitat ivi '  lort e r lrrc to
one boc l i '  r ' l t : t y  pcnet ra te  in to  the  reg io l ts  o t :c :u l r i t ' r l  l )1 '  an \ -
o thcr  bod l '  o r  s \ -s tcn t ,  jus t  as  i f  the  o ther  l ro r lv  o r  s \ .s tcn l
r l id  r ro t  ex is t ;  so  tha t  e tch  l toc ly  o r  sys ter r )  ac ts  i r t r le l rc r r t ien t l r -
o f  the  o thers ,  ) ' c t  thc  f in l l  e f l t c t  i s  a  conr l r in r t ion  o i  thc
se l )a ra te  e t fec ts .  ( i rav i ta t ion ,  t i te re fo re ,  i s .an  in tc rpenc t r i l t ing
l )ower  -  jus t  such an  in l l t rcnce as  s  o r r ld  a r ise  l rour  r r .a r .es
propag: r ted  f ro rn  the  severa l  cen t res ,  and ex tend ing  th roughour
a l l  par ts  o f  the  s1 's te rn  o f  thc  s 'o r ld .

8 .  ( ] e o m e t r i c a l  C o n d i t i o n s  f u l i i  I l c c l  b v  t h e' \ ' e l o c i  
t 1 ' -  p o t e n t i  a l  4 t ,  . e x  p r e s s i  o n s  f o r  t l r e  r n  o l  e  c r r  l n  r

l e l o c i t t ' a n d  c o n d e n s a t i o n  a t  a n y  d i s t a n c c  I ' r o n t
t h e  s o u r c e . o f  d i s t u r b a n c e ,  r v i t h  a n  i n d i < : a t i o n  o f
t h e  e n e r g y  d u e  t o  t h e  r v a v e s  o f  v a r i o u s  l c r r g t h s
o l r s c r l c d  i n  n a t u r e .

' l ' he  
so lu t ion  o f  the  prob lem o f  v ib ra t ing  corc ls  runs

back to Danitl lJu'noulli and J)'zlkntbrrl, btt the methocl
of analysis n'as generalized b1' Lagrongc, and lroisson ltas
great ly  improved the  theory  lo r  apJr l i ca t ion  to  a l l  c lasses  o f
waves. ' I 'he 

energy in the rvave function depends on three
coordinates, r,  ) , ,  z, and. the t ime l ,  because rvhen a distur-
bance.or ig ina tes  in  a  med ium i t  spreads  in  a l l  d i rec t ions ,

sometimes at rates depending on the vave conductivi ty alorrg
certair-r axes, but always at a rate defined by the t ime l .

I f  the  n . red ium be gaseous,  as  in  the  k ine t ic  theor l .  o f
the  ae ther ,  d )  mnst  be  the  ve loc i ty -po ten t ia l  1 ) .  Accord ing lv ,
r v e  o u t l i n e  t h e  e q r r a t i o n s  o f  s u c h  a  m e t l i r r n r :

dq) - A O fAr. dr -+-0 qt f3r,.  ( l - t '  -+? @ f e r.  ( tz
:  u d r l _ u d y - r u d z

1 : |711f8s 
" 

:  ArDfty t t ,  :

rvhere er, u, u are the component velocit ies.
,  ' l ' he  genera l  e ( lua t ion  o f  equ i l ib r iunr

( ss )
arDlDz

i s :
dI / :  Xdr t  yr l t , -+Z r lz

rvhence ,y : 0 ttf 0r y: A I/n), Z : ? Vl?z .. \59)

Norv prr t  , [ t  r /e t  df  :  ? ;  and we have the wel l  knorvn
rc la t i ons :

( r,'o) t7,13.r = ? /,i?.' (t l9) A1tp1' : ? 1,,1?.y | , \
( r , t  t , ) ?p l7 t  :  ? l l ?s  \ oo '

I . '  -  Jr  :  Arp i?1-+ '  l r l (Aqt i0r) ,  * (?Ot l?) t  -+(?epzy) .  (0,  )
' ; \nd the er lLrat ion of  cont inui ty :

? Q l? t a-D l0 x(9 D ot I 0 x) -rD I 01\q 0 ro lQi -+0 p ze.a ot p z): o . ( o, )
For an incompressible f luid the second expression in

( 6 2 )  r ' a n i s h e s :
02 tDf0r7-+02rDlDS,2-+-0 ! rD l?52:  6 .  (O: l )

I lu t  thc  ae ther  i s  no t  incompress i l r le ,  anc l  th is  e r lua t ion  there-
fb re  c loes  no t  a l tp lv  to  an) 'gasco l . l s  r l led i r rn t .

In  qcncr r l  t l re  exac t  fo rnr  o f  the  * .ave  sur face  cannot
l r c  t j c ' f i n c ' t i ,  o n i n g  t o  c h : r n s c s  j n  t h e  c i t n s i t y  a n d  e l a s t i c i t y
o t - t h c  l r o t l i c s  l ) ( ' n c r r a t c d  b 1 ' t h e  a d v a n c e  o [  t h e  w a v e  f r o n t .
l l -  thc  r r rcc l iu rn  l re  s r .n rn te t r i c l l  in  respec t  to  th ree .  axes  a t
r igh t  ang lcs ,  as  in  the  case o f  cer ta in  c rys ta ls ,  . then the  rvave
surftrcc, fronr a disturbance at the centre of snch a ntass,
r r ' i l l  pass  l ionr  the .sphe l ica l  to rm:

r 2 - + 1 , 2 - + " t - 6 2  1 2 :  
"  

( 6 1 )
anc l  takc  the  fo rm o f  an  e l l i y rso id  o I  th rce  unerp ta l  axes :

t 2 f  r r 2 - + 1 ' 2 f  p t - + 5 2 i r ' t - c 2 / t :  o  ( O S )
r i  hc rc  the  axes  . r ,  p ,  7  r leno tc  the  conduct iv i t ies  a lone the
axes  o f the  e l l ipso ic l ,  and r t :  r ,  a t  any  s tage o t the  prd l rcss
l , i t l i  the  ivavc  snr face  in  the  fo r rn  o f  the  e l l ipso id :

: r ' ) f  t t J t - - Y z ' P z a - z l f  Y 2 : 1 .  ( 6 6 )

I t  fo l lo rvs  there fore  tha t  the  prob lem o f  wave n)o t ion
invo lves  the  so lu t ion  o f  ?o isso t is  equat ion :

?zrDl0t2 : a. (32rIt l0r2-+02af11t2+-A2(DfAz2) ,  (ol)
rvhere a is the velocity of the u'ave l)rol)agation (cf.  poisson,
T r a i t i  d e  N l i c a n i r l u c ,  r 8 3 3 ,  t o m e  I I ,  p . 6 6 3 - 7 z o ;  o r  L o r d
Ilal ' | t t .gh's ' l 'heory' of Sourrd, vol.  I I ,  chapter XIII) .

Let u, t t l  et,  be the domponent lelocit ies paral lel . to
the axes Or, O1,, Oz of an element of mass dn, at the in-
s tan t  / ,  so  th f t t ,

. t t P P
. r ' - . r ' '  -  

J z d l  t , - 1  :  l u d t  s - 2 , : . l u d t .  ( 6 9 )

' )  I f  for  any part  of  an elast ic  f lu id rnass ( l< l t :  i ld f - r td)r*1t f ls  -  o be a perfcct  d i . f ferent ia l  at  one moment,  i t  wi l l  remain so
lor  a l l  subseqrrent  t imc,  When i l t  is  s ingle valucd,  the intcgral  rounr l  any c losed c i rcrr i t  vanishes,  

" fu* 

-  o.  This is  the i4rotat ional  condi t ion
of  hyt l rodynamics.  I Ience,  wi th condensat ions an, l  rarefact ions al ternat ing,  and of  equal  intensi ty,  in. luaue mot ion,  the above condi t ion 

JaO 
:  a

is mct l ry  the P)ane rvave 4t  :  .4 s6l2r- f ) . ' ( r -at) ) ,  rvhich is  typical  of  the veloci ty-potent ia l  in general .

l 2

} :
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If we neglect the squares of the velocities 0tDf0r,
l rDf fu,  A@fAz,  and put  u:  o,  t ( :  o ,  tO f  i l l  beconre a
function of a and I onlv:

t e 9 /

rvavelets

'  
A2@10t2 -  azA2efAt2

Q : I (r, t) : A coslznf ) ' '  (r - a t)l r).

The solution obviously is an undulation o[ f lat
parallel to the axis of r, traveling with velocitl '  a.

Let ( be the velocity in the direct ion of the radius
vector, so that the'resultant

( :  y ' (u2- ruz- ru . ,2 )

then since for spherical disturbances

a2+-y2- tz2  :  72  td r *yd t ' -+zdz  -  r -d r .

u - ( r f r  " : E ) ' l r  u ' : ( z f r
w e  g e t  u d r * u d y - t w 1 1 " : ( d r  E : e Q t A r

0al0x : 0t0f 0r.rf r 0otl?1 : Aaf Ar.1,f r
0u t l0z  :0 rn f? r .4 r .

I) ifferentiating a second tinre, we have
A2 Q I A 12 - 02 Qt I 0 r2 . xr f 12 -+ 0 tD f 3 r' (t2 -+- zz) f rtl
7'2Qtf01,2 - 7z1tf0r2.1,2f r2-+0rDf7r.(22-+-a2)f r:t (Z q)
0zOtf?22 : 0ztDf0r2. z'!f r2-+0rpf07. (rz-+1,2)f r:t .

By means of these values, ftoissoris ecluation,
6z9f7yz : a2 (A2@fArz -r02Af 012 -rD2rD,t1z2)

beco rnes  .  ?zQt f1 t z :  a2 (02@10r2 - r z f r . ?U t  ? r ) .  (ZS)

,  This is  the same as
Qzr.11tf 012 : a2 (32rrDf Dr2)

the complete integral of which is

rrD - 
f (r -r a t) -+- F (r - a t)

where ,/  and '- ta are trvo arbitrary functions.

13y  ex tend ing  h is  ana lys is  ( ' f ra i te  de  Mican ique,  r81 .3 ,
vol.  l l ,  p. 7o6) 

'?oisson shows that since | :D@10r, rve have

E : , l r . f  ' (a t-  r \ -+ r  l r2. f  (at-  r)
s  -  y f  r27 . f ' (a t - r ) .

( 2 8 )

Accordingly, Poisson concludes that at a great distance
frorn the centre of this disturbance we may neglect the
second terrns o[ the values of i ,  rvhich are divided by r! ,
in comparison rvith the f irst,  rvhich are divided by r.  ' l 'hus for
the  who le  dura t ion  o f  the  nrovement  we se t  fo r  the  conden.
sation or di latat ion s s :  Ela , t 7 9 l

Ry  equat ion  (78) ,  there fore ,  rhe  ve loc i ty  o f  the  nro le -
cules in. a gaseous niediunr decreases inversely as r-,  ]ust as
in  the  arnp l i tudes  o f  the  waves  pos tu la ted  in  the  k ine t ic
theory  o f  the  ae ther .  ' I ' he  condensat ion  or  d i la ta t ion  s  var ies
as  the  ve loc i ty  in  the  d i rec t ion .o f  the  rad ius  vec tor ,  rvh ich
it$elf  varies inversely as r;  and also inversely as a, the velocity
of wave propagation. Accordingly, for a highly elast ic nre-
dium, s is srnal l ,  and decreases very rayt idly; which confirms
our vierv . that the ampli tudes of the aether waves are very
minute, and decrease inversely as,z in receding frorn the sun.

tn  f in ish ing  th is  paper ,  Febr .  r  9 ,  r92o,  I  a rn  surpr ised
to notice Poisson's sagacious remark (p. Z o6) :  )La vitesse
propre des rnoldcules d'air ddcroitra alors en raison inverse

( r  o )

( z  ' )

\ 7 2 )

( z  sJ

( t  o )

\ 7 7 )

t )  I .or<I  l lay le igh,  Theory of  Sound, vol .  I I ,  p.  r5-16,2nd er i i t ion,  r896.

. i
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de r< : rvhich af lbrds an unexDected veri f icat ion of the writer 's
formula for the arnpl i tudes of the aether waves, A : Af r,
also derived from the kinetic theory, but by a dif ferent

I)rocess. It thus appears lhat Poisson had such a result for
the waves of sound 87 years ago, and i ts neglect for nearly
a century is remarkable.

As Lord Ral, leigh points out in his Theory of Sound,
z " d  e d i t i o n ,  r 8 9 6 ,  v o l .  I I ,  p .  r 6 :  t h e  r a t e  a t  w h i c h  e n e r g y  i s
transmitted across unit area of a. plane paral lel to the front
of a progressive wave may be regarded as the mechanical
neasure  o f  the  in tens i ty  o [  the  rad ia t ion .  ' I ' h is  i s  the  bas is
o f  Lord  l i t lu in 's  ce lebra ted  paper  o f  r854,  >On the  poss ib le
dens i ty  o f  the  lumin i fe rous  med iurn ,  and on  the  r rechan ica l
va lue  o f  a  cub ic  mi le  o f  sun l igh t< ,  ( ' f ran t .  Roy .  Soc . ,  ! )d inbnrgh,
r 8 5 4), rvhich n'e have used, in our frrst Iraper on the neu'
thcory  o f  the  ae  ther ,  fo r  ca lcu la t ing  the  dens i ty  o1- th is  rned iun i .
' fhe  

energy  t ransmi t ted ,  in  the  d i rec t ion  o f  the  th ree  coord ina te
axes, {/ .)  being taken successively as a function of r (and l),

1 , (and l ) ,  z  (and r )  on ly ,  i s  g iven  by  the  approx in ru te  e ( lue t ions :

Dz@lAt2  :  42 .Dt rD l0r2  DzAl? tz  :  122.7zrD lD: '2  /o  \
e )e ,3 /  :  oz .?zr1 i f \ z2  

'  | .do j  
.

w l r i ch  a rc  cx l r ressed in  (ZS)  a l rove .

In  casc  the  grav i ta t iona l  wave t rans tn iss ion  occurs  rv i th i r r
a nrass ofdensity Q, 

' l re have l toisson's erluation for the potential:

Az rf Ar2 -+-42 Vf 0y2 -+02 l40zt -r +n I : o
instead of the ecluation of l-aplace:

?2 lf ax2 -+-a2 lf 0y2 -+02 vf 322 - 6 . (s , )
. . \nd thus rv i th in an e last ic  so l id  the equat ion (Eo) uould

beconre :
1ztpf01t :  42. (?'rt t  iArz -rA2@fAl2 +A2 @10", -t-  crt Q) (S:)

rvhich is of the forrn adopted by Ricnann, for the induction
of  e lec t r i c  cur ren ts ,  in  the  menro i r  p resentcd  to  the  l {oya l

.Soc ie ty  o f  Gc l t t ingen in  r858,  bu t  subser lucn t ly  rv i thdrarvn ,
and alter the death of the author, publ ished in l ,oggendorff 's
A n n a l e n  r 3 1 . 2 3 7 - 2 6 3 ,  r 8 6 7 .

' l 'his investigation of Jl i t t tatt  was examined,by Clausius
(Poggendor f f ' s  Anna len  I lg .6  r  z )  rvho  doubts  the  va l id i ty  o f
the  nra thernut ica l  p rocesses  fo r  the  phenomenon o f  e lec t r i c
induc t ion ,  ch ie f l y  on  the  ground tha t  the  hy fo thes is  th r t
po ten t ia l  i s  l ) ropagated  l i ke  l igh t ,  does  no t  lead  e i ther ' to  thc
larv of l l / t \ tr  or to the other laws of electrodynamics.

In our l l le ctrod. Wave-1'heory of l)hys. Forc., horvever,
i t  i s  no t  hc lc l  tha t  po ten t ia l  i s  p ropagated  l i ke  l igh t ;  on  the
cont ra ry  t l ra t  the  po ten t ia l  i s  a  func t io r t  V : / ( r ,1 , ,2 ,g ) ,  i s
f ixed in sl)ace, yet depends on the total accumulated stress
due to  i yave aurp l i tudes  o f  a l l  the  n ta t te r  invg lved.  Hence th is
c r i t i c isnr  i s  no t  va l id  aga ins t  the  u ,ave- theory  here  dea l t  s ' i th .

tr loreover, we use. I toissoris equation for the pttential,
12V- t4n  g :  o ,  on iy  w i th in  so i id  masses ,  L -ap lac t ' s  equat ion
Y!  V  :  o  app ly ing  to  a l l  f ree  space.  ' fhus  

we adopt  a
t rans i t ion  be t rveen these two equat ions  l t  the  boundary  o f
any nrass of matter, as long recognized by geometers and
natura l  ph i losophers .

' fhe phy'sical meaning of the transit ion is t f ie sharp
difference in velocity of propagation for al l  aether waves at

( s ' )



r 7 3

the boundary of a nrass of rnatter; and moreover the decrease
in total accumulated stress due to. the aether rvaves frorn al l
the  a toms,  as  the  mov ing  po in t  p ( * , t , t )  en ters  the  body  o f
density g, and leaves behind a part of the mass, -- the aether
rvafes coming from the atoms of this shel l  from al l  direct ions
jus t  ba lanc ingr in  a  homogeneous sphere .  But  whatever  the
larv. of density or form of the body, there is a change in
the sum of the second dif ferentials of the potential at the
boundary of the body, from Laflace's to ?oisson's equation:

Fig .  9 .  Curvc  o f  the  po ten t ia l  func t ion  Z ,  shorv ing  i t s
asympto t ic  decrease w i th  the  d is tancc ,  an t l  thc

.  tendency  to  an  asympto t ic  inc rcase tos .a r t l s  the
.  c e n t r e ;  b u t  o w i n g  t o  f i n i t e  d i m e n s i o n s  o f  t h e

mass,  a  g ra t lua l  dec l ine  to  zero .

.  This dif ference betrveen Laflacc's equation of the po.
tential for free space, and Poisson's corresponding equation
for space f i l led with nratter of density Q, owing to the inter-
vent ion  o f  boundary  cond i t ions ,  i s  d is t inc t l y  favorab le  to  the
wave-theory of physical forces. lVe therefore presented the
treatment of the rvave e(luation of ?oisson 02O1A7z - a2V2q)
for free space, by the general rnethod of integration based
oa' -Fourier's theorern.

'  This solut ion wil l  hold for rvaves of any, ini t ial  rvave
Iength ,  p ropagated  w i th  the  ve loc i ty  o f  l igh t ,  f rom n  bod ics ,
in  a l l  par ts  o f  space,  and every rvhere  nru tua l l y  in te rpenet ra t ing
so as  to  ge l te ra te  max imum tens ion  in  the  r igh t  l ines  con-
nec t ing  the  z  bod ies  in  pa i rs ,  in  accordance w i th  the  observed
phenomena o f  un iversa l  g rav i ta t ion .

If  the solut ion wil l  hold for separate bodies, fronr which
spherical waves are emitted, i t  obviously rvi l l  hold also for
separa te  v ib ra t ing  par t i c les ,  rv i th in  a  s ing le  body ;  bu t  here
the  mathemat ica l  d i f f i cu l ty  i s  inc reased,  by  v i r tue  o f  the
unequal conductivi ty rvhich hetirogeneous sol id bocl ics offer
to wave propagation; so that the expression of the effects
of the rvaves l iom the atoms rvould be inf initelv comolex.
Yet  the  above equat ion  (SZ)  g ives  the  approx imate  repre-
sentation of the propagation of wave energy frorn atoms,
wh ich  may be  usefu l  in  cer ta in  p rob lems o f  mo lecu la r  phys ics .

.  The so lu t ion  in  (S  Z  )  a l ready  invo lves  an  in f in i te ly
complex integration, repeated a-t imes for the a bodies of the
tun iverse .  To  inc lude the  in i t ia l  waves  o f  a l l  poss ib le  lengths ,
rve should have to integrate this complex expression for Q)
between the  l im i ts  J "  :  o ,  ] .  :  oo ,  invo lv ing 'a l l  poss ib le

periodicit ies, the number of which is: n - 
l l r l )" l i=:.

Now, according to the researches of prof. planck on
thermodynamic radiat ion, the energy .8 of rvave length I
is given by the rather complex expression

E1d,). :  @lnrl l lpnlRrx- r).an nrl.-n a1 (s+)
which admits of integration within certain l imits.

In this formula, u? and T are the gas-constant and
absolute.temperature, p - f tV, V being the velocity of l ight,
a n d  Z  i s  P l a n c h ' s  n e w  c o n s t a n t ,  h : 6 . 5 5  x  r o  . 2 7  e r g s  s i c s
so  tha t  i f  the  wave f requency  be 'v ,  7 :  V ly  and

& :  t I R T I :  t y l R T .  ( s S )
And Planch's fundamental equation for the quantum

of energy of l ,  frequency is
t - / t y . . .  (ao)

By the use of Planck's formula therefore
'  E ; d , I :  s n R T i L - 4 l f l \ t -  r ) 1 a l . (sz)

' fhis 
integration, to take account of the various wave lengths,

cou ld  be  car r ied  ou t ,  bu t  the  sub jec t  i s  in  too  pr im i t i ve  a  con-
d i t ion  to  be  under taken a t  p resent .

9 . A  D e f i n i t e  C r i t e r i o n  f o r  d e c i d i n g  b e t w e e n
t h e  G r e a t  a n d  S m a l l  D e n s i t i e s  c ! a i m e d  f o r  t h e A e t h e r .

In Section I of the f irst paper on the new- theory of
the aether, we have cited the claint put forward by certain
e lec t ron is ts ,  tha t ,  on  the  hypothes is  o f  incompress ib i l i t y ,  the
aether  has  a  dens i ty  zooo r r i l l i on  t in res  tha t  o f  lead .  In
h is  Aether  o f  Space,  r9o9,  p .9 r - ro5 ,  S i r  O l iuc r  Lodgc  6nds
f rom e lec t r i ca l  theor l '  tha t  the  dens i ty  o f  the  ae ther  i s  ro1J ,
a  m i l l i o n  m i l l i o n  t i m e s  t h a t  o f  s ' a t e r .

I t  i s  on ly  fa i r  ro  po in t  ou t  tha t  as  the  ae tE-er  t ransmi ts
waves,  as  in  l igh t ,  heat ,  magnet is rn ,  e lec t rodynanr ic  ac t ion ,
and radio telegraphy, of the most varied length, and of
var ious  ampl i tndes ,  i t  i s  no t  conce ivab le  tha t  i t  shou ld  be
incompress ib le ,  so  tha t  the  d i la ta t ion  is  zero  in  the  equat ion :

6 - 7ufls+Apl1t-rAylAz : o (s  s )
wlrere  r r ,  F ,  f ,  ^ te  the  d isp lacements ,  and

02Qtf 0tz :  a'z(02@lAf -+0)Qtf ?1'2-r?2Qtf0zt) - 6
by  er lua t ion  (63) .  I ro r  th is  rvou ld  make the  wave ve loc i ty
in f in i te ,  rvh ich  is  con t ra ry  to  observa t ion .  Accord ing ly ,  rvh i l s t
the  ae ther  i s  h igh ly  incompress ib le ,  owing  to  the  enormous
ve loc i ty  o f  the  ae therons ,  and the  resu l t ing  k ine t ic  e las t i c i t y ,
th is  rned ium cer ta in ly  i s  no t  incompress ib le .

In  the  ar t i c le  Aether ,  Encyc loped ia  l l r i tann ica ,  r  r ,h  ed . ,
rgr r,  Prof. Str Josrft  Lantor is more poised and cautious
than the  u ' r i te rs  p rev ious ly  c i ted ,  bu t  h is  fu i th  in  the  o lder
theor ies  i s  so  shaken,  tha t  he  in t imates  tha t  the  ra t io  o f  the
ampli tude of the \\ 'aves to the wave length, taken by Maxtatl l
and Jit luin at about ro-2, may be enornrously overestimated.
Larnor adds: )I t  is not impossible that the coeff icient of
rr l t imate inert ia of the aethir r 's greater than the coeff icient of
iner t ia  (o f  a  d i f fe ren t  k ind)  o f  any  ex is t ing  subsrance<;  wh ich
shows h is  tendency  to  an  abandonment  o f  the  o lder  theory ,
under  the  teach ings  o f  the  e lec t ron  theor is ts .

I t  thus  appears  tha t  the  excess i r .e ly  smal l  dens i ty ,  found
by Keluit  and Maxruel l ,  namely, about ro-18, or my o$'n
va lne  a t  the  ear th 's  mean d is tance 438X ro-18 ,  i s  opposed
by the modern teaching in favor of an enormous density,
about ro12, as stated by Sir Oliutr Lod.gc. T'he dif ference
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between the tn'o results presents hn enormous contrast, namel)' I
the aimost unl inri ted factor:
'  F: 1630, with the value of Keluin and Ma.ttae//;  ,^ ,

:  o .oo23 x  to3o,  w i th  Sr r ' s  . ,a lue .  
'  (8s )

'  
Accordingly, progress is nearly irrpossible rvith this irre-

conci lable dif ference of opinion among the learned. JJroo/ts

and Poyser, as representatives of the opinion of the electronists'

s ta te :  >There  is  no  in t r ins ic  d i f f i cu l ty  in  e i ther  v ie rv ,  bu t  a t

p resent  ( rg rz )  no  method is  knorvn  by  wh ich  rve  rnay  hope

to discriminate betrveen, thetr.<<
'fhe present rvr i ter has therelore labored to develop a

cri terion for the reject ion of one of these competing valt tes,

rvhich would leavei the other in possession of the f ieid. l lesidcs
the above cri t icisrn, that the hr-r ' i te velocity of tvlve prope'

gation excludes the ir lcompressibi l i ty of the i l redirtur, I  .hrve
g iven in  the  Observa tory ,  Nov .  r9  r8 ,  p .  4 r  I - .+ t  z ,  n  b r ie  1 '

d iscuss ion  o f  the  conser l t tence o f  the  in to le rab le  t l i s rg rcer t ten t
in  the  va lues  o f  the  ae ther  dens i ty .

A  s in rp le  ca lcu la t ion  has  enab led  nre  to  exc lude Ladgt 's

dens i ty  as  rvho l l y  inadru iss ib le ,  because i f  t rue  the  energ l '  o f
the waves from the sun fal l ing ul)ort a single st luare centi-
metre of the earth's surface u'otr ld [-re able to vaporize the

ent i re  te r res t r ia l  g lobe in  less  than one t .n inu tc '  o f  t i rnc ,  rvhen
we use Bigelou's value of the consti lnt of solar racl iut ion, antl
-Kcluin and ilfat rutl/'s <lensitl'.

' l ' h e  m a s s  o f  t h e  e a r t h  i s  5  9  5 6  2 g z  o o o  o o o  o o o  o o o  o o o
rnet i i c  tons . .  l f  q ,e  take  the  average spec i f i c  heat  o1-  the  q lo l re

a t  o .z ,  and the  vapor iz ing  po in t  o f  i t s  averuge nra t tc r  a t

3ooo"  C. ,  the  to ta l  amount  o f  heat  re t lu i red  to  rc ( luce  i t  to
vapour - the intel ior being assutned to be rvithout heat -

rvould be

I I  -  S . g 5 6 z g z X  r o 2 1  ( o . z  x r o o o ) x  r o o o o o o  c a l o r i e s ,
-  6 X  g . g 5 6 z g z y y 6 2 e :  3 . 6 X r o 3 0 ,  n e a r l y .  ( S o )

.Now l l igclow's value ol '  the solar constant is 3.gt i  cal.
per  iu inu te ,  o r  o .o66r  ca l .  l re r  second;  and,  as 'Zar l3 r ' s  v i l lue
o f  the  dens i ty  o f  the  ae ther  i s  about  r  o ' lu  t l ra t  above c i ted
from Keluin and Marutcl l ,  and o.ooz3 x ro3o t inres nry o\ in
value, we have for the effect of such an increase in density
the  ra is ing  o f  the  so la r  rad ia t ion  by  the  fac to r  ro30:

If  :  o.o663;1 1630 : S.f 1 X r o?s, I ieluin and Masuell  ,  ,
o r  - F f  -  ( o . o 6 6 3 X o . o o z 3 ) x  r o 3 0 ,  w i t h  S ' r r ' s  v a l u e .  \ 9 I /

The f irst of these values rvould vaporize the earth in

54 seconds o f  t ime,  the  second in  o ,z7  7  o f  a  day .  But  in
nature this vaporization does not occur, and thus rve conclude
that the density of the aether stands at a value near that
fixed by lieluin and lfaxu'cll many years ago, but s)ightll'
improved in the rvri ter 's nerv theory of the aether.

In the Observatory, for Dec., 19r8, p. 446, Sir Oliuer
Lodgc has atteinpted to reply to my cri t icism by point ing
out that the energy of the solar radiat ion depends on the
arnpl i tude of the rvave, conrpared to the wave length, rvhich
with.IQluin and Marueli I took at ro-2, a value pronounced
by Sir Joscfh Iarnor ( in the art icle Aether, p. 

"gr) 
)a very

safe l imit<. Lodge also adds: >many facts have suggested
that the ampli tude of the most bri l t iant l ight is exceedingly
srhal l  compared with i ts wave length<.
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Norv j f  an1' good ground can be adduced for decreasing
the  ra t io  o f  the  ampl i tude to  the  wave- length ,  l .  am wi l l ing
to  cons ider  such a  mod i f i ca t ion  in  the  be l ie f  o f  the  most

enrinent physicists, - such as -Ktluin, Maxwell, Lartnor -

bu t  i t  shou ld  be  po in ted  ou t  tha t  to  make the  reconc i l ia t io r r

o f  the  ex t rene va lues  conrp le te ,  the  ra t io  o f  the  an tp l i tude
to the wave length rvi l l  have to be lowered by the enormous

r 7 5 io+s

- " t . ]'$

factor ( s ' )

( s s ) .

t r  _  !  ^ - J v

so that Af ).  now taken at ro-),  rvould becone

A ' f 7 :  r o - 3 2 .

' lhe  d i f f i cu l ty  o f  th is  e - \ t renre  s tep  is  so  grea t  tha t  I
c l i sur iss  i t  as  t l t l i te  inadmiss ib le .  Unt i l  nerv  ev i t lencc ,  res t ing
on gror rn r l  l ) ro re  secure  tban t t re re  { tssunr l ) t ion ,  i s  ava i lab le
i t  rnus t  l re  he ld  tha t  S i r  O/ iu t r  Lod.g t ' s  r t t cn)p t  to  rc l ) l ) ' to

th is  c r i t i c i s r r r  conrp le te ly  b reaks  dorvn .  I "o r  even i f  rve  took
. 1 1

- l  / , :  r o  " ,  O r  1 l l / . :  l o \ g - {  I

-  n 'h ich  arc  va lue  s  r  ooo or  r  oooo t imes more  ex t reure  than
alr1re alecl to the tsperir-rtce r l  jur lge nrents of I 'ord tYtluin, i fat-
t t ' r / /  lutd Ldr)r0t ' ,  -  t l re ret luirccl factor u'ould scarcely be

rc t luced in  a  scns i l , , le  r i tg ree ;  and prac t ica l  exper ie t tce  in

1 ih1 's ica l  sc ic r tcc  cer ta in lv  r io r t ld  t to t  jus t i f y  us  in  exceed inq
t h c  l i n r i t  o l -  r  o  ' ; .

' \ s  a  l rna l  a rgun icn t  aga ins t  the  e lec : t r i ca l  theory ,

ass ign ing  the  ae tber  a  dens i ty  o t  zooo nr i l l i on  t iu rcs  tba t  o f

l e l d  ( n i r m c l y ' :  l  I . 3 5 z X  z o o o o o o o o o  :  2 3 Z o 4 o o o o o o o o o

tinrcs that <; l-  * nte r !) ,  rve rnal '  recal l  the fanri l iar cxpcrie r-rcc

o I  l l  ru i rn  su ' in r tn i r . tg  iu  u ,a te r .  L ie re  the  s* ' i t r tu re r  i s  i t r r r t te rse t i

i n  a n  i n e r t  l i r l u i d  o f  a b o u t  t h e  s a n r e  d e n s i t y ' a s  h i s  b o d l ' ;

Ye t  to  n rove  lbor t t  a  s t rong e \c r t ioD is  re r lu i red  o f  the  rnos t

pos ,er l i r l  n rusc les ,  con ip lc te l l '  undcr  the  cont ro l  o f  the  s i l l .

I f  the  I i tp r id  hed the  r lens i t l  o f  qu icks i l ver ,  the  su ' iu r -

n rc r  u 'ou ld  scarce l l -  s i r rk  dou n  to  h is  boot - tops ,  and h is

nrusclcs rvould bc alt<.rgct lrer too ieeble to displace such att

inert ancl heavy l i t luid, i f  he rr 'ere ret luired to nrove throtrgh

i t :  1 's1  he  cou l r i  * i r l k  over  such a  lnagrna,  by  g rea t  e f lo r t ,

ana logous to  tha t  req t l i red  when rve  rva lk  in  very  f  ie ld ing

vo lcan ic  ash is .

Norv  the  dens i ty  o f  mercury  ( r3 .6 )  i s  a  l i t t le  g rea ter

t h a n  t h a t  o f  l e a d  ( I  r . 3 5 2 ) ,  b u t  t h e  m o m e t r t  r l e  c o n s i r i e r  a n

aether  zooooooooo t in res  denser  than lea t l ,  *e  y rerce ive  the

cu lmina t ion  o l '  absurd i ty  !  Even i f  i t  penet ra te  d  a l l  bod ies

qu i te  per fec t l y ,  and gave e tpra l  I ) ressure  on  a l l  s ides ,  s l i l l

some d isp lacement  o f  the  par t i c les  * 'ou ld  be  re r lu i red  rvhen

we l lrove about in i t ,  as in the case of \ \ 'ater displaced b1'

a srvimtrter. Obviously no I iving ph1'sical lrod1' rvould be

capab le  o f  d isp lac ing  such a  dense nred iun t ;  and we see

tha t  cven the  s t ronges t  s ta rs ,  p lanets  and conre ts  rvou ld  be

dispersed to atolDs under the changing resistance such a

rnediun rvould interpose to their variously accelerated nro-

t ions. ' I 'he electr ical theorl '  assigning the aether a density

22  7  o4ooo ooo ooo grea ter  than tha t  o f  rva ter  i s  there fore

the best possible i l lustrat ion of a physical lLeductio ad Ab-

surdum, and we knorv that either some prernise .o'r 'some'
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l i nk  in  the  cha in  o f  reason ing  eventua l l y  rv i l l  no t  bear  in -

ves t iga t ion  1) .

In  the  ar t i c le  Aether ,  ! )nc1 'c loped ia  Br i tann ica ,  r  t th  ed ' ,

' rgr r,  Prof. Sir Joseph Larmor concludes that u'e lnust treat

the  ae ther  as  a  p lenum.  Under  the  in f luence o f  e lec t r i ca l  theory ,

he  even speaks  as  i [  the  ae ther  were  t ro t  mo lecu la r '  In  d is -

cussing the transparencl '  of the celestial spaces, - to rvhich

much attention rr'as given b7' C/tcscut and Olbtrs, I'/. Ilrrsr/ttl

and trV: Slruue - (cf.  Etudcs d'Astron. stel l . ,  St. Petersbotrrg,

r8+Z)  - -  Larnor  f i rs t  reca l l s  the  rve l l  known t ransparency

of space shorvn by astronot-tt ical research, and then adds:
'  ) I f  the  ae ther  were  i t se l f  cons t i tu ted  o f  d isc re te  n lo le -

cu les ,  on  the  mode l  o f  n ra te r ia l  bod ies ,  such t ransparency

rvonld not be conceivable. \ \re mttst l ;e content to treat the

aether  as  a  p lenum,  rvh ich  p laces  i t  in  a  c lass  by  i t se l f ;  and

rvc thus recognizc that i t  ntay behale very dif ferentl l '  f ronl

mat te r ,  though in  some I r i tnner  cons is ten t  w i th  i t sc l f ,  -  a

rcmark  rvh ich  is  fundarnenta l  in  the  modern  theor l ' .<
' fhe  f i rs t  l )a r t  o f  th is  reason ing  apparent l f  imp l ic l  tha t

the  ae ther  i s  no t  mo lecu la r ,  a t  leas t  ) )on  the  mode l  o f  n ia -

te r ia l  boc l ies<.  
' fh is  may be  cor rec t  ' i n  par t ,  l l eca t tse  no  one

rvoulcl supl;ose the aether to be made up of conrplex mole-

cules, underlaid by a f iner nredit lm, sttch as the aethel is to

the  more  complex  nra ises  o f  conrmon mat tc r .  On the  o ther

hand there  is  no t  the  s rna l les t  ob jcc t ion  to  an  ae therea l

n red ium made up o f  spher ica l  l te r fec t l y  c las t i c  rnonatomic

e len)ents ,  so  ca l led  ae therons ,  hav inq  a  t l ia t l le te r  o f  t  : -1oo5th

o f  a  hydr r - rgen molecu le ,  and a  tnass  o f  r  5 .56  nr i l l i on ths  o f  a

nr i l l i on th  o f  such a  molecr t le ,  s t tch  as  u 'e  shos 'do  rea l l l  ex is t .

As no f iner medirtnr rvould trndcrl l '  strch a tnonrttottr ic

aether, i t  corr ' ld not dissipate the energy of s'ave nlot ion,
>on the  mode l  o f  mater ia l  bod ies<,  an .d  th t ts  i t  rvou ld  fu l f r l l

Lartnor's condit ion of a plenum. 
' l 'his would give such an

excessively f ine I-uonatomic molecular structt lre that the me-

d ium wou ld  penet ra te  a l l  mater ia l  bod ies ,  bu t  rvaves  in  such

an ae ther  rvou ld  be  very  no t iceab ly  re ta rc led  
' in  

so l id  o r

l iqu id  bod ies ,  and much less  so  in  gascs ,  in  a r :corc lance rv i th

phys ica l  exper ience.'  ' l 'hat the aether rnt lst necesszlr i ly be nlolectt lar fol lorvs

at once frorn our every day experience rvith srtch granular

bodies as f ine gravel, grains of corn, sand, shot or nlt tstard,

seed. I f  rve f i l l  a glass vessel u' i th srtch coarse graurrlar

masses, and insert the f ingers or any sol id body, such as a

rod, into the grantt les, rve perceive that they are thrt lst aside

to make way for the hand or sol id rod. I f  rve 6l l  the vessel

w i th  rva ter ,  o i l ,  a lcobo l ,  e ther ,  o r  any  s imi la r  l i<1u id ,  our

exper ience in  su<:h  d isp lacement  i s  the  sar re '  ' fhe  l iqu id  i s

v is ib ly  th ruSt  as ide  and th is  ho lds  even rvhen the  molecu la r

structure is relat ively so f ine that a drop of water might be

masn i f ied  to  the  d i rnens ions  o f  the  ear th  w i thout  exh ib i t ing

5 0 4 E

the molecules of
by Lord Keluin in
of  atoms.
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larger size than footballs, - as shown
his rvell known res€arches on the size

I lut i t  rvi l l  be said that the aether penetrates al l  bodies,
and thus we cannot sensibly displace i t ,  as we can water,

oi l ,  alcohol or ether. We repl l '  that i t  is perfect ly true that
the aether penetrates freely al l  bodies, even the dense and
highly elast ic or r igid masses of the earth, sun and stars,

almost as i f  their molecular structure were absent: yet rve

learn from the phenomena of refract ion and dif fract ion in

our laboratories, that l ight waves in the aether are very

perceptibly retarded in their notions through transparent

bod ies ;  and in  our  inves t iga t ion  o f  ce les t ia l  phenomena,  rve

find from the investigation of the rnotion of the rnoon that

the sun's gravitat ional rvaves, though of such length as to

l)ass through the earth, are yet sensibly refracted, lnd l lerhaps
d ispersed or  par t ia l l i ' absorbed a t  the  t ime o f  to ta l  ec l ipses

of the moon, - rvhence arises the f luctuations of the moon's

r rean rno t ion  es tab l i shed by  t \ lu , tonb in  rgo9,  and exp la ined

b1 ' thc  p resent  rv r i te r  in  rg r6 ,  (c f .  E lec t rod .  \Va le -Theory

of l 'hys. I iorces, r 'ol .  r  ) .
I i rom these considerations i t  appears that rve have both

te r res t r ia l  and ce les t ia l  ev idence tha t  the  ae ther  i s  mo le-

cular, but of such excessivel l '  f ine grained structure that no.

f iner  med iurn  whatever  under l ies  i t :  thus  i t  penet ra tes  a l l

bod ies  f ree ly ,  under  an  e las t i c  power ,  o r  expans ive  tendency ,

68g3 z  r  6ooooo t imes grea ter  than our  a tmosphere  exh ib i ts

in  p ropor t ion  to  i t s  dens i ty ,  as  more  lu l l y  shorvn  in  the  hr -s t

p l l ) c r ,  s c c t .  . 1 .

I o .  
' l ' h e  K i n e t i c ' l ' h e o 1 1 '  o f  t i - t "  A e t h e r  a c c o r d s

r v i t h  t h e  V i e r v s  o f  ' \ ' e r u t o n ,  1 7 z t ,  a n d  o f  M a x u t e l l ,  t 8 7 7 -

In  o rdcr  to  fu r ther  i l l umina te  the  above d isc t tss ion  rve

may recal l  the earl ier though l i t t le knorvn views of Alcutton

artcl . l fosu,cl/ ,  on th'e physical consti tut ion of the aether.

a) \ t ier, 's of Sir fsaac Nttoton, 
- lrerLt iss 6n ( )pt ics, 3' ' l  ed',

1 7 2 t , p . 3 2 5  e t  s e q . 2 )
,Ou.  zo .  l )o th  no t  th is  Aetherea l  l led ium in  pass ing

oLrt of \ \ /ater, Crystal,  and other col l lpact and dense Bodies,

in to  e rn l ) ty  Spaces ,  g rorv  denser  and denser  by  degrees ,  and

b,v  tha t  rneans  re f rac t  the  Ra1 's  o f  L igh t  no t  in  a  po in t , '

bu t  by  bend ing  them gradua l ly  in  curve  l ines? And do th

not the gradual conde nsation of this i \ ledium extend to some

distance from the I lodies, and thereby cartse the Inf lexions

of  the  I {ays  o f  L igh t ,  wh ich  pass  by . the  edges o f  dense

l lod ies ,  a t  some d is tance f rom the  J lod ies i<

>Qu.  z r .  I s  no t  th is  l \ {ed ium nuch ra rer  rv i th in  the

.dense Bod ies  o f  the  St tn ,  S tars ,  P lanets  and Comets ,  than in

the empty celestial Spaces between them ? .A.nd in passing from

thern to great distances, doth i t  not grorv denser and denser

r )  In the Opt ics,  r7zr ,  pp.342-3,  Neruton c l iscusses the very problem here t reated of  in the fo l lorv ing tnanner:  'The resistance of

water ar ise;  pr incipal ly  on, I  o ln,osi 'eni i . " f i  f rom the v is incr t iae of  i is  matter ;  and by consequence'  i f  the heavens were as dense as water '

they rvould not  have inuch less resistan-ce ihur r"ot" . ;  i f  as dense as quick.s i lver ,  they rvould not  h-ale-  much less resistance than quick-s i lver ;

i f  ibsolute ly 4ense,  or  fu l l  of  matter  wi thout  
"qy 

un" ' ,um, Iet  the rnat ter  be never so subt i le and f lu id,  they lvould have- a greater  resistance

than quick-s i lver .  l \  sol id g lobe in such a medium rvould lose above hal f  i ts  mot ion in moving three t imes the length of  i ts  d iametcr ,  and a

fi"["'""i -fiJ (such as 
"i 

,n" pl."",.1. rvouk] bc retarrled sooner. Antl therefore to make way for the regular and lasting nrotions of the

; lanets and cornets,  i t 's  necessary to empty the heavcns of  a l l  matter ,  except perhaps solne very th in vapours,  steams or ef f luv ia ' .ar is ing f rorn

the atmospheres of  the earth,  p lanets and'comets,  an<l  f rom such an 
"*"""d ingly 

ra ie aethereal  medium as u 'e descr ibed above'  A dense f lu i t l

can be of  no use for  expla in ing the phaenomena of  nature;  the mot ions of  th"e planets and comets being bet ter  expla in 'd wi t .bout  i t 'n
, )  

euoted at  l lngth,-L"c"uie th is edi t ion is  very inaccessib le to the modcrn reader.
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perpetual ly, and thereby cause -the 
gravity of those great

Bodieb toward one another, and of their parts towards the
Bodies; every Body. endeavouring to go from the denser
parts of the Medium torvards the rarer ? For i f  this Nledium

.be rarer within the Sun's Body than at i ts surface, and rarer
there than at the hundredth part of an inch frorn i ts tsody
and rarer there than at the fiftieth part of an inch frorn its
Body, and rarer there than at the Orb of Saturn; I  see no
reason 'why the increase of density should stop anywhere,
and not rather be continued through al l  distances lrom the
Sun to Saturn, and beyond. And thougb this Increase of
density may at great distances be exceeding slow, yet i f  the
elastick force of tbis medium be exceeding great, '  i t  may
suff ice to impel Bodies from the denser parts of the l \ Iedium
towards tbe rarer, with al l  that power which rve cal l  Gravity.
And that the elast ick force of this Medium is exceeding great,
may be gathered from the swiftness of i ts Vibrat ions. Sounds
move about r r4o English feet in a Second \ l inute of ' I inre,

and in seven or eight lr{ inutes o[ ' I ime they move about one
hundred English lvl i les. Light moves from the Sun to us in
about seven or eight Minutes of Time, which distance is
about  Tooooooo Eng l ish  Mi les ,  suppos ing  the  hor izon ta l
Paral lax of the Sun to be about r z ' .  And the Vibrat ions
or Pulses of this Medium that they may cause the alternate
Fits of easy Transmission and easy Reflexion, nust be srvif ter
than Light, and by consequence above Tooooo t inres s*. i f ter
than Sounds. And therefore the elast ick force of this N,Iedium,
in proport ion to i ts density, must be above Tooooo t i lnes
Zooooo ( tha t  i s  above 4goooooooooo)  t in res  grea ter  than
the elast ic force o[ the Air in proport ion to i ts density.
For the Velocit ies of the Pulses of elast ic Mediums are in
a sub.duplicate Ratio of the Elastici t ies and the Rarit ies of
the Mediums taken together.c

rAs Attract ion is stronger in small  Magnets than in
great ones in proport ion to their bulk, and Gravity is greater
in the surlaces o[ small  Planets than in those of g.eit  one,

' in proport ion to their bulk, and small  I lodies are agitated
much more by electr ic attract ion than great ones; so the
smallness of the Rays of Light may contr ibute very nruch
to the power of the Agent by which rhey are refracted.
And so i f  any one should suppose that Aether ( l ike our Air)
may cont{ i in Part icles which endeavour to recede frorn one
another (for I  do not know what this Aether is) and that
i ts Part icles are exceedingly smaller than those of Air,  or
even than those of Light: f 'he exceeding srnal lness of i ts
Part icles may contr ibute to tbe greatness of the force by
which those Part icles nray recede from one another, and
thereby make that Medium exceedingly more rare and elast ick
than Air,  and by consequence exceedingly less able to resist
the motions of Project i les, and exceedingly more able to press
upon gross Bodies, by endeavouring to expand i tself .<

. 
rQu. zz. IvIay not Planets and Comets, and al l  gross

Bodies, perfornr their Motions more freely; and with less
resistance in the Aethereal I \{edium than in any l- luid, which
fi l ls al l  Space adequately without leaving any pores, and by
consequence is nruch denser than Quick-si lver or Gold i  l 'or
instance; I f  this Aether (for so I wi l l  cal l  i t )  should be
supposed Tooooo t imes more  e las t i c  than our  A i r ,  and Tooooo
timets more rare; i ts resistance would be above 6oooooooo
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t imes less than that of \ \rater. And so small  a resistance
rvould scarce make any sensible alterat ion in the Motions
of the Planets in ten thousand years.(

In Ncuton's views above quoted, Qu. zo, dating frorir
t7z r ,  i t  w i l l  be  no t iced  tha t  he  no t  on ly  he ld  the  ae ther
to be a superf ine gas, of enormous elast ici ty, but also cal-
c u l a t e d  t h i s  e l a s t i c  p o w e r  t b  b e  6 : 4 g o o o o o o o o o o  t i m e s
greater than that of air in proport ion to i ts density. I3y the
most careful calculat ions that can be made today, we f ind
t h i s  r e l a t i v e  e l a s t i c  p o w e r  t o  l t e  d ' : 6 8 g 3 z r  6 o o o o o ;  w h i c b
shgws that the value found by Ncuton two.centuries ago was

.7r percent correct, -  a wonderful iy accurate resrr l t ,  even f lor
so incomparable a geometer a.s Ateuttonl

H is  remarks  in  Qu.  zz  have been miscons t ruc ted  by  S i r
O l iu t r  Lodge ( In t roduc t ion  to  h is  >Aether  o f  Space<,  ,SoS) ,
in an effort to make i t  appear that Ncuton held the aether
to have a large density, but the context shos,s the miscon-
struct ign involved in this claim. \Yhen tVu,toz sa1,s thaL
there is >less resistance (to the planets) in the aethereal
medium than in any f luid rvhich f i l ls al l  space adequately
witbout leaving any pores, and by conse(luence is rnuch denser
than qu ick-s i l ver  o r  go ld i< ,  he  mgans tha t  thq  ae ther  i s  very
f ine grained, more so than any material f luid l ike quick-si lver
or gold, rvhich has pores. He thus held the aerher to be
so f ine  gra ined tha t  i t  cou ld  t ru ly  ac t  as  a  p lenum,  ye t  as-
s igned th is  n red ium excess ive ly  s rna l l  dens i t1 , .  >NIay  no t  i t s
res is tance be  so  s rna l l  as  to  be  incons iderab le  i  For  ins rance:
I f  th is  ae ther  ( fo r  so  I  w i l l  ca l l  i t )  shou ld  be  s r rpposed Tooooo
t in res  more  e las t i c  than our  a i r ,  and above Tooooo t in res
nrore rare( - rvhich shows clearly that Nctuton's value of '
the  dens i ty  o f  the  ae ther  i s :

d  -  r f  
7  o . o o r 2 9 3  X  r o - 5  :  o . o o o o o o o o r 8 4 g  ( S S ) ,

t h a t  o f  w a t e r :  r ,  o r  d :  r / 7 o o o o o ,  t h a t  o f  2 i 1  :  1 .

b) Viervs of t l [atucl l ,  t877.

In  the  ar t i c ie  Aether ,  [ )ncyc loped ia  Rr i tann ica ,  g r i 'ed . ,
p .57  z ,  t878,  Marur l /  speaks  as  fo l los 's  regard ing  the  n . ro le -
cular consti tut ion of the aether: >tr1r.,  S. T'o/t , tr  prcston (phi l .
N lag . ,  Sept .  and Nov. ,  r877)  has  supposed rha t  the  ae ther  i s
l ike a gas tvhose molecules very rarely interfere with each
other, so that their mean path is far greater than any pla-
netary distances. He has not investigated the propert ies of
such a mediunr with any degree of cornpleteness, l- lut i t  is
easy to see that we nright lorm a theory in rvhich the nrole-
cu les  never  in te r fe re  w i th  each o ther 's  n ro t ion  o f  t rans la t ion ,
bu t  t rave l  in  a l l  d i rec t ions  rv i th  the  ve loc i ty  o f  l ig ! t ;  and
i f  we fu r ther  suppose tha t  v ib ra t ing  bod ies  bave the  power .
o f  in rp ress ing  on  these molecu les  some vec tor  p roper ty  (such
as  ro ta t ion  about  an  ax is )  rvh ich  does  no t  in te r fe re  rv i th  the i r
nrot ion of translat ion, and rvhich is then carr ied along by
the  molecu les ,  and i f  the  a l te rna t ion  o f  the  average va lue
of  th is  vec tor  fo r  a l l  the  molec t r les  w i th in  an  e lement  o [
vo lume be the  process  wh ich  rve  ca l l  l i gh t ,  then the  equat ions
which express this average wil l  be of the sanre forrn as that
wh ich  expresses  the  d isp lacernent  in  the  ord inary  theory .<

Accord ing ly  i t  rv i l l  be .seen tha t  the  prcsent  paper  i s
a development of the reasoning sketched by Neutlott ,  r7zt,-
and again brief ly outl ined by Maxwrl l  in r,877.

t / i
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.  .  Ih. vector pfoperty, such as rotai ion about an axis;
,*hich Manoal/ supposes might be impressed or) the aether
molecules, wi l l  be furnished by the rvave motion in the aether,
'when the waves are taken to be f lat in the planes of the
equators of ordinary atoms. This is shorvn in the theory of
magnetism outl ined in the f irst paper, and wil t  be treated
of more ful ly in the tbird paper, in connection rvith a cor-
rect ion to the fundamental conceptions of the rvave-theory
o f  l i g h t .

I  I .  U n d e r  t h e  K i n e t i c  T h e o r y  o f  t h e  A e t h e r
M i c l t c l s o n ' s  c e l e b r a t e d  E x p e r i m e n t  o f  r g g T  s h o u l d
y i e l d  a  N e g a t i v e  R e s u l t .  N e w . ' l . h e o r y  o f  S t e l l a r
A b e r r a t i o r r  b a s e d  o n  t h e  M o t i o n  o f  L i g h t  r e l a t i v e l y
t o  t h e  u r o v i n g  I i a r t h .

In r lrc Phi losophical Xlagazine for rgg7, prof. Michelson
descr ibes  the  fa ' ro .s  exper in ren t  * 'h ich  he  dev isccr  to  de tec t
the  e f fec t  o f  a  Supposed ae thcr  d r i f t  pas t  the  ear th ,  due to
an assumed e f fec t  o f  the  ear th 's  o rb i ta l  rno t ion .  In  th is .
experiment a l ;eam of l ight, from a terrestr ial source. is snl i t
into trvo parts, one of rvhich is sent to and f.o. 

"cro.s 
the

l ine  o f  the  supposed ae ther  d r i f t ,  wh i le  the  o ther  i s  sen t
a long the  l ine  o f  the  ae ther  d r i f t .

_ .A  semi - t ransparent  mi r ro r  se t  a t  a  45o ang le  i s  employed
to  sp l i t  the  beanr ,  and a  pa i r  o f  nor rna l  .and ord inar l .  m i r io rs
se t  perpend icu la r  to  the  tu 'o  ha l f  beams,  a re  e rn l l lo red  to
re tu rn  the  ha l I  beanrs  * 'hcnce they  came,  thus  enab l ine  thern
to  en ter  the  observer 's  eye  th rough a  te lescope.

Fig.  ro.  I l lustrat ion of  the paths of  the spl i t  beam
- of  l ight  in L l icht lson's exper iment of  rgg7,

one part  t rar .e l ing along the t l i rect ion of
.  thc earth 's orbi ta l  mot ion,  the other at  r ight

angles thercto.

,  
The  appa ra tus  was  moun ted  on .a  s tone  suppo r t  abou t

4  f ee t  squa re ,  and  one  f oo t  t h i c k ,  and , t h i s  s t one  i n  t u rn
mounted on a c i rcular  d isk of  rvood which f loated in a tank
of  mercury.  

' fhe 
resistance to rotat ion of  the f loat ins d isk

is very smal l ,  and a s l ight .  pressure on the c i rcur-nf f rence
enables the observer to turn i t  around in say f ive minutes,
r v i t h  p rac t i ca l l y  no  osc i l l a t i on .

'N. ,ir4.V/ii'

W'}.::N
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.  
The path of the l ight, l rom a terrestr ial ,ou."",  is thus

made paral lel and perp€ndicurar to the direct ion of the earth's
orbital motion; and the two half beams mutual ly inter_
changed for observation of the relat ive displacemeni of the,
interference fr inges.

In his work on Light Waves and their Uses, r9o3,
p. r58, Michclson sums up his experience thus:

>It rvas found that there was no displacement of the
interference fr inges, so that the result of t l ie experiment was
negative and would, therefore, show that there st i l l  is a dif- ,
f iculty 

_in the theory i tself ;  and this dif f iculty, I  may say,
has not been satislactori ly explained<.

. .By. 
the reasoning given below, in describing Fitzgcrald,s

hypothes is ,  sec t .  r2 ,  i t  i s  shown tha t  the  e f fec t  sougt t  i s
ver .1 'snra l l ,  depend ing  on  the  square  o f  u f  c :  r f  tooo l ,  the
ra t io  o f  the  ve loc i ty  o [  the  ear th  in . i t s  o rb i t  to  the  ve loc i ty
o f  l ieh t ,  and thus  o f  the  order  o f  r  :  r  oo  ooo ooo.  IJu t
l l f ic/tclsott est inrares that by his improved apparatus he could
see f r inge  d isp lacenten ts  o f  r  par t  in  4ooooooooo i f  they
existed; and thrrs the precision of the apparatus exceeded the
magn i tude o f  the  f r inge  d isp lacement  sought  by  fo r ty  fo ld .

On repeated  t r ia l ,  under  favor lb le  cond i t ions ,  every th ing
behaved exactlr .  as i f  the aether s,ere stagnant. ,4f ichclson
there fore  suspecred the  d i f6cu l tv  to  be  in  the  theorv  i t se l f :
and rve  sha l l  non 'exarn ine  in to  th is  r lues t ion ,  to  see i f  any
ground fo r  t l r i s  i rnpress ion  can be  found.

Orv ing  to  the  t rans la to ry  mot ion  o f  the .ear th ,  we mav
change the 6xccl Neq'tonian coordinates to correspond to
uniform rnotion in the direct ion of the .r:-axis:

a ' : . a - y f  y t : y  2 t : 2  . l t : 1 ,  ( S O )

the ' in i t ia l  epoch /  :  o ,  we lnay  equate  these coor_
cl inates to z.ero, and our transfonnations, owing to the nrotion
of  the  ear th ,  become:

s ' : a . r ( r - r i t )  ) , ' -  h t ) . t  z ,  :  c t z r .  ( S Z )

S ince  the  ve loc i ty  o f  l igh t  i s  the  same in  re fe rence to
the  6xed and moveab le  s ) ' s te rns  o f  coord ina tes ,  a t  the  ins tan t
t - :  t '  :  o ,  we ge t  fo r  iden t i t ies  o f  the  spher ica l  wave sur -
faces propagated from the nroving source of l ight:

r2-+-1,24s2 : 62 f x,2-f1,,2qrrz :  62 Sr2 (SS) .
where  r  i s  the  ve loc i ty  o f  l igh t .

Under the kinetic theory any heavenly body carr ies an
electrodynarnic rvave-f ield about i ts centre of f igure, in perfect
kinetic equi l ibr ium. The arnpl i tude of the waves and there-
fore tbe density of the aether is arranged as shorvn in the acr.
companf  ing  d iagram (p . r8S) ,  where  the  two s ta rs  n ray  have the
independent motions indicated by the vectors. The motion
of either star automatical ly carr ies rvith i t  that star 's own
wavefield, and each f ield is independent of the other, just as
th-e f ield of l ight waves emitted by any star is independent
of that propagated lrom any other star. Hence owins to the
earth's orbital motion we have the phenomenon oi stel lar
aberrat ion, as i I  the aether were real ly stagnant, because the
wave-f ield has no nrotion relat ively to the earth, though
the earth i tself  rnove3, and thus generates the aberrat ioin,
as  fo l lows:
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l .ave-f ield in kinetic equi l i l rr iunr, moves with

the  ear th ,  and the  grar ' i ta t iona l  po ten t ia l  de '

pends on the integration of al l  these ivavelets

betrveen the l i rnits ._oo to -foo'

Thus the tr iple integral for the potential

cor respont is  to  a  t reb ly  in f in i te  sys tem o f

rvavelets due to stresses decreasing rvith the

d is tance,  ) 'e t  superposed a t  a l l  l l o in ts  o f  space,

bu t  thc  po ten t ia l  fo r  a r ty  body  i t se l f  i s  f in i te ,

as  in  the .  thcory  o f  ac t ion  a t  a  d is tance.

, ' :  SSS,,  I  L( . .  -  . ' ) ' -+(r '  - t t ) t+-(s- ' ' ) '11
X d s d r ' < l s .  ( S q )

Sonre  o f  t he  i n r l i v i dua l  save  s t t r { accs

frot-n any one part ic lL '  l . re, ,  ot r le :

F i c .  I l .  l l l u s t r a t i on  o f  t he  p ropc r  mo t i on  o f  t \ \ o  s t i t r s  r r ' ) r i c l t  ca r r y  r \ i t l t  t l t e r r t  c t ' r r -  . l , ' '  - { -  
J ' '  

- f '  Z t  :  t !  l ' l

. " " i t i .  * " " " ' n " l t l s  i n  pe r f t c t  k i ne t i c  e l r r i l i b r i um '  j t r s t  as - . t l t e y  ca r r y  t l l e i r  
- r " - r l ' " - r  3 ' 2  :  t ]  l ' l

il;i;';,;;::"J'f:',"#'.il;""'l:in:'i':,i: lil:'.:,Jil1:;,.,;':'.'J;,J',,lll.;1"::i 
"'"'*j'"a"2 - itn! ir co)

l>y l 'oun,g, t t io3, rvho cotnparetl  - the. aether'  su1r1'osetl  to bc strett t t ing

tl i rough ,n" 
"oi i t ' ,  

to thc l l ind blorving through the tol)s of trccs. .r ' ' l - |-- t , ' '2-Frt '2 - c2 tt2

. fhe  l igh t  f rom a  d is tan t  s ta r  t rave ls  indepencten t ly ,o f  
|  

' t ' he  
-  in t l i v iduu l  NuYe sur l 'eccs  inve  a  co t . t t t t ton  and

t h e  u r o t i o n  o f  t h e  e a r t l t  : r n d  o I  i t s  r n o v i n g  a c t l r e r  s a v e - l l c l d  l r a r a l l t ' )  r l i ' l r l  r '  t t r r t t t t  i l i  : 1 " 1 6 1 "  2 '  :  1 ] 5  d /  :  ' l o  k r t t s "  o r v i n g

Hence to  take  account  o f  the  ear th 's  fo rwarc l  n ro t io r t ,  in  j  to  the  or l r j t rL l  n io t io r . t  o l -  the  car t l l .

respec t  to  space,  \yc  ,1av  i . rag i le  the  para l l c l  ra1 's  o f  l igh t  Yc t  thc  s t ress  o l  the  ac t l re r ,  in  k inc t i c  e t lu i l ib r i t ln r ,  i s

from the star to be given a b"ackrvard urotion .Sl identical clctcnrr inccl irr-t le r:ontl .rortnding of the effect-s of t l ie $'avcs

rv i th  the  fo r rvard  mot ron  o f  the  ear th ,  Z / .  
'L 'h is  i s  the  t r t re  cprxnxr i l r (  l i onr  the  ear th .  

' I ' h is  f i xes  tbe  t l c r rs i t l ' an t l  r ig i r l i t v

mot ion  o f  the  l igh t  re la t i r .e ly  to  the  mov ing  ear th ,  unc l  b l  o f  thc  ac t l - rc r , .  rvh i t :h  i s  a r rangec l  synrn lc t r i c l l l r '  : r l ro t t t  t l re

th is  s imp le  de ' i ce ,  s te l ia r  aber ra t ion  is  l te r i i c t l y  exp la ine i l .  v i l - , ra t in .q  par t i c les  o f  the  g lobe.  A< '< :o r t l ing lv ,  t tn t le r  t l re

. l .he  l igh t  ac tna l l y  comes f ron  the  c l i rec t io r - r  -1 , ,S ,  anr i  a  re '  k ipc t i c  i1 , .o . " ,  the  ae t l ie l i s  s t r t t l t r ; t t r t  i l r  r t ' s1 , t r  t  to  the  r r ro r i l ' g

tru.t iuJ 'rediu.r i .  the path rvi l l  have no el l-ect $ hatever. earth, prct: isely as founcl l ,r '  , l l i r / t t lsott in his t  elelrrrrt t-d

'  e x l r c r i t t t c n t  o f  r  8 8 7 '
I I cnce no  theor ] '  J iu t  the  k ine t ic  theory ,  rv i th  the  par -

t i< : les  n rov ing  r .57  t iu lcs  l ' as t t r  th i ln  l igh t ,  can  be  adnr i t ted '
' l ' h is  fo l los 's  a t  once 1 ' ro t t l  o t t r  inves t ig l r t ion  o f  t l te  enor r l ro l ts

e las t i c i t y  o f  thc  re  t l t c r ,  rvh ich  g ives  t l re  phys i t  l l  (  l t l sc  o f

the  obser lc t l  ve ioc i t l '  o l -  iooooo kn ts  l re r  second,  io r  t l l e

* 'avc  tno t io t ts  cons t j t t t t in {  l ig l r t  end e le t : t r i c i t1 "
l i i o .  t z .  A  t i i r e c t  a n J  s i r n P l e  c x p l a r t a t i o n  o f  t h e  p h e n o u t e n o l r  \ \ ' a Y C  l l l o t l o l l s  c o n s t l t t l t l l l g  r r ! r r L  ' r r r L r  c r c ( ' t r r ! r r ) '

; f  
' : ; ; i ; .  

o b " r . " , i u . ,  b u s e , l  o n  t h e  m o t l o n  o f  l i g h t  ' I ' h u s  
i t  o n l l '  r e r n u i n s  t o  s t a t c  

' c l e a r l y '  t h e  k i n e t i c  h 1 ' p o -

r e l a t i ve l y  t o  t he  rnov ing  ea r t h .  tSes i s  l nc l e r )1 i ng  t he  r i ave . t h t ' o r y ' o f  l t h l s i ca l  f o r ces ,  nan le l . v :

The.reasonin g of Kl i t t f terfurs, about ihe refract ive index we concei 'e al l  atonrs ol-nratter to receive and to ettt i t  rvaves,

of the medium in rvhich the l ight penetrates, does not dcal rvi thortt  regirrt l  to the nrotion 
"^l ln::".": : l l l :  : , : : i j tT]t , .1:

w i th  the  nro t ion  o f  the  l igh t  r i la t i r ;e ly  to  the  urov ing  ear th ,  o ther  a ton is ,  jus t  as  rve  knorv  the  s ta rs  enr i t  thc i r  t vP ic r l

and thus  has  no  bear ing  o ln  the  sub jec t .  Anc l  l i ke rv ise  . ' l i r -v ' s  \  
spec t ra l  l i ncs  in  sp i te  o f  the i r  p roPer  r ) )o t io r ls  i t ' r  space '

obr . ru" t io r ru i  exper imen l ,  rv i th  the  zen i th  te les t ropc  tu l , re  36  I  Accorc l ing l r ' ,  as  the  Aether  corPr tsc lcs  ha !e  thc . :o , .n 'o l  
l

i nches  long,  h l led  rv i th  rva ter  (Greenrv ich  Observa t ions , . rST. I  ,  j  ye loc i t l '  o f '  .1  T  rooo kms per  second,  th is  r t re t l i r rn r  i s  takcn  lo

f .  , - r01 ,  i s  misapp l ied  ingenu i ty r ) .  The negat ive  resu l ts  o , l , -  
|  Le  in  k ine t ic  equ i l ib r iu rn  abot r t  the  *u" lnq . "1 , r , l l l  . : I : l l " : ; - : ]

i"r""j ' i i  ,t,"." ^'" ',tt.. i t ies" is proof oi the correctness o[ the | ...r-,r" the larv of density ! 
: , r, .antl. 

of witle amplitude
-s imp le  

v iew here  se t  fo r th .  I  A  -  l t l r .  For  the  aerher  has  an  e las t i c i t y  6893z .1  6ooooo
S l m P t e  V l e W  l r c f c  s c r  r u t r r r .  

I  
a  -  - - -  

: ' ' .  
- '  ' , , -  

: :

Accordingly, just as each star carr ies i ts orvn l 'ave-f ield I  
t inre. greater than that of our air in proport ion to i ts densit i"

with it, so also, each particle of vibratins *ott"' in.the I and, ii,1"t 
lack.:l pe.ll:'l^fli:::, t-'i:.']l::':':r"li:"j;.-il

earth, sends out i ts system of spherical waves, una ,n. rnhoie I rvould disappear frour the aethereal envelope of the earth

r) Though I have exarnined manv authortties l c-an find no satisfactorv :L{:"^ii":,:f 
t1r':.,*:T:.t::,i'-'l:?,1'"""111,,:::l:"1r,'}#t:

, ' " n , "u ,on1n | . l ] * i nJ l i ; : - : [ ' : . ; . ; ; , ' ' i } , , / , , i I " : ' ' ' ' i gn . r v " ' " ' a i r d the i rU . " J , r9o3 ,p . r5 r : , ' l . l r eob jec t i on to ih i se 'p la r ' .
was, horvever,  ra ised that  i f  thrs angle (2o.5)  rvere th-e rut io of  the veloci ty  or  i i , " - " , i r t t t  in  i ts  orbi t  to ibe 'e loci ty  of  l ight ,  and i f  *e f i l led

a te lescope rv i th rvater ,  ln *h ich th? ,e)o" i iy  of  l ight  is  knorvn to be onl j '  three-fourths of  what i t  is  in a i r ,  i t  s 'ould ta l ie one ant l  one' th i rd

t imes as long for  the l ight  to pass f rom the center  of  the object ive to th"  cross- lv i res,  ant l  hence $e ought to observe'  not  the actual  angle

of  aberrat ion,  but  one which jhould be one-th i* l  greater .  
' l 'he exper i rnent  rvas act ,a l ly  t r ied.  A te lescolx Ias t r l lcd wi th $xter '  ant l  obser-

vat ions on var ious stars were cont inued throughout the greater  part  of  the year,  rv i th the resul t  that  a lurost  exact ly . the satne valuc was founcl

for  the angle of  aberrat ion 'n
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i n  an  in f in i te ly  snra l l  f rac t ion  o f  a  second,  o rv ing  to  the
mean ve loc i ty  o f  the  ae therons  be ing  47  rooo kms per  second.

I 2 .  S i r  O l i u c r  L o d 3 e ' s  E x p e r i m e n t s  f o r  d e t e c t i n g
t h e  V i s c o s i t y  o f  t h e  A e t h e r ,  r 8 9 r - g 7 ,  a n d  - l ; ' i / z . g c r . a / d ' s
H y p o t h e s i s  o I  a  c o n t r a c t i o n  o f  t h e  d i n r e n s i o n s  o f
b o d i e s  i n  t h e  c l i r e c t i o n  o f  t h e i r  n r o t i o n .

In  the  Ph i losoph ica l  ' l ' ransac t ions ,  
r  893-97,  S i r  O l iu r r

Lodge d,escribes elaborate experinrents l ' i th rcvolving stccl
disks, aborrt a meter in diameter, n'hich he hacl sprrn rvith
the  h ighes t  poss ib le  speed,  in  c lose  prox in i ty  to  a  sp l i t  beam
of l ight, arranged as in ,4f ichelsazz's experinrent of r887, in
the  hope o f  c l i scover ing  a  re la t i ve  d isp lacement  o I  the  f r inges ,
due to viscosity o[ the aether. ' l 'he 

experimcnt u'as s.el l
conce ived,  nnd executed  * ' i th  g rea t  sk i l l ,  bu t  i t  fa i led  to  g i le
the  smal les t  ind ica t ion  o f  a  d isp lacement  such as  v iscos i ty
of the aether rvould be supposed to yielcl .  ' l 'he rcsults rverc
entirely.negative, and Lod.gc, l ike l t ichclsozz, cou)cl onl1, con-
c lude tha t  the  ae ther  l ;ehaves  as  i f  i t  rvc re  abso lu te ly  s tagnant .

Let us norv consider rvhl '  the negative results of t l f i rhr lsott
and lod.qc fol lorv, i f  the aether be a kinetic medium such as
1Vu,lott, tlfaru,rll and Dr. S. Tolucrf\'tsl02t conceiyed it to be,
and s r rch  as  rve  have found i t  to  be  by  exac t  ca lcu la t ions .

I f  the  ae ther  be  corpuscu la r ,  the  par t i c les  hav ing  a
ve loc i ty  r .57  t in res  tha t  o f  l igh t ,  i t  i s  obv ious  tha t  i t  rv i l l
ad jus t  i t se l f  ins tan t ly  to  an) '  s ta te  o f  s teac ly  n ro t ion ,  anc l  tha t
th is  k inc t i c  equ i l ib r iu rn  s ' i l l  l re  o l r ta inec l  rnore  rap id l r .  than
even the propagation of l ieht. t \nd rvhen Str Oliurr Lod.gt 's
m o v i n g  d i s k  i s  r e v o l v i n g  s t e a c l i l y ,  t h e  a e t h e r  n i l l  a c t  a s  i f
i t  rvere  abso lu te ly  s t i rgnant .

F-ig, t3. I l lustration of Sir Oliuer f.odgc's apparatus for effccting a dis-
p lacement  o f  the  ae ther ,  o tv ing  to  v iscos i ty ,  by  thc  rap i r l  ro ta t ion
of  d isks  o f  s tec l ,  near  u 'h ich  a  sp l i t  bcarn  o f  l ig l r t  i s  passcd,

Hence the conclusion reached by Sir Oliutr Lodgc
(Aether  o f  Space,  p .  8z) ,  as  to  the  revo lv ing  < i i sk  exper iments ,
\\ 'as natural enough and quite just i f ied in the premises, l 'hen
he dec la red :  ) I  do  no t  be l ieve  the  e ther  m 'oves .  l t  does  no t
rnove at a f ive-hundredth part of the speed of the steel disks.
Fur ther  exper ience conf i r rns  and s t rengthens  th is  es t imate ,
and my conc lus ion  is  tha t  such th ines  as  c i rcu la r -saws,
f l ywhee ls ,  ra i l rvay  t ra ins ,  and a l l  o rd inary  masses  o f  mat te r

t )  This is  only r  :  2356193 of  the veloci ty  of  the aetheron,  47t239ooo m per second.

\ "
.  '  - .  r  J ' - \ ' _

I d o
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so;s

do not apprer: iably carry the ether rvi th therr. Their motion
doe.s  no t  seem to  d is tu rb  i t  in  the  leas t .<

> ' l ' he  p resumpt ion  is  tha t  the  same is  t rue  fo r  the
ear th ;  bn t  the  ear th  i s  a  b ig  body  - -  i t  i s  conce ivab le  tha t
so great i l  ntass may be able to act rvhen a srnal l  mass rvould
fa i l .  I  rvou id  no t  l i ke  to  be  too  sure  about  the  ear th  -  a t
le.ast, not on a str ict ly experinrental basis. \ \ /hat I  do feel
sure  o f  i s  tha t  i f  rnov ing  mat te r  d is tu rbs  e ther  in  i t s  ne igh-
borhood a t  a l l ,  i t  does  so  by  sorne  nr i r ru te  ac t ion ,  comparab le
in  an tount  perhaps  to  g rav i ta t ion ,  and poss ib ly  by  means o f
the  same pro l )e r t ) '  as  tha t  to  rvh ich  grav i ta t ion  is  due ;  no t
by  any th ing  thn t  can  fa i r l y  be  l i kened to  e ther ia l  v iscos i ty .
So fa r  as  ex l re r in ren t  has  gone,  our  conr : lus ion  is  .  tha t  the
v iscos i ty  o r  f lL r id  f r i c t ion  o f  the  e ther  i s  zero .  Anr l  tha t  i s
an  en t i re l l '  reasonab le  conc lus ion .<

In  v ie rv  o f  onr .  theory  o f  a  k ine t ic '  med ium,  we mav
now so frrrther rhtn Frtsttel, Mir/ttlson and Sir Otirrr I.odgt,
and dec la re  th : r t  : rs  the  corpuscu la r  ae ther  read jus ts  i t se l f
ins tan t ly  to  any  s ta te  o f  s teady  mot ion ,  i t  fo l lows tha t  the
tno t ion  o f  the  ear th  can in  no  wa) r  d is tu rb  i t .  There  is
p lanc tary  inc luc t ion  indeed,  f ronr  the  rvave-e f fec t  due to  the
rc la t i ve  rno t io i r  o f  the  sun and ea1th ,  l ;u t  th is  i s  observab le
on ly  by  magnet ic  ins t ruments ,  and no t  t r1 .  r t reans  o f  o ther
a l )para tus  l l sed  in  phys ica l  exper in ren ts .

I l ,  as  i s  de f in i te ly  p roved by  ca lcu la t ion ,  the  ae ther
h a s  a n  e l a s t i c i t y  6 8 g 3 2  r  6 o o o o o  t i m e s  g r e a t e r  t h a n  t h a t  o f
our  a i r  in  p ropor t ion  to  i t s  dens i ty ,  i t  i s  obv ious  tha t  i t  no t
on ly  pcnc t ra tes  a l l  bod ies ,  bu t  even the  e lec t rodynamic  rvaves
in  thc  ae ther  n tay  t ravdrse  the  body  o f  the  te r res t r ia l  g lobe
r r  i th  on lv  a  sn ta l l  res is tance,  g iv ins  mere ly  re t rac t ion ,  d is -
pcrs ion ,  and perhaps  absorp t ion  o f  par t  o f . the  energy ,  as  \ \ ,e
have shorvn  in  the  theory  o f  the  lunar  f luc tua t ions  (E lec t rod .
\ \ Iave- ' l ' heory  o f  Ph1 's .  l ' o rc . ,  vo l . I ,  r9  r  7 ) .  I t  no t  on ly  fo l lo rvs
tha t  th is  ad jus tment  o f  the  ae ther  to  an) '  s ta te  o f  s teady  mor ion
rv i l l  occur ,  l tu t  a lso  tha t  no  pou 'e r  in  the  un iverse  cou ld
prevent  such a  k ine t ic  ac i jus tn ren t ,  in  the  a l l -pervad ing  nred iunr ,
under  the  above s tupenc lous  c las t i c  porver  rvh ich  i t  exer ts
aga ins t  i t se l f .  I t  i s  therebr ,  render r 'd  a ln ros t  incompress ib ie ,
t h e  r v a v e s  t r a v e l i n g  * i t h  a  v e l o c i t v  o f  3 o o o o o  k m s  p e r  s e c o n d .

' fhe  
phys ica l  n rean ing  o f  such rap id  p ropagat ion  o f

wavcs  is  th is :  \ l /hen  a  rvave beg. ins  to  be  genera ted ,  the
d is tu rbance speeds a1 \ ' l y  very  rap id ly ,  so  tha t  the  movement
is  no t  cyc l i c l l '  conrp le te  un t i l  a  wave length  L  has  been
traversed. As the arnpl i tude a is very srnal l ,  conrpared to i , ,
- as Lord Krluitt, ,4laxruell and Larmor have shorvn, - rt
fo l lows tha t  the  ae ther  i s  near ly  incompress ib )e ,  though the
dens i ty  a t  the  sun 's  sur face  is  on ly

6 :  2 . o  X  t o - l ' .
' l ' hese  las t  cons ic le ra t ions  a lso  sho iv  whv rve  canno[

d is tu rb  the  ae ther  by  revo lv ing  d isk  exper in ren ts ,  Accord ing ly
it  is not reu.rarkable that Prof. ,F. E. Nphet-, of St. Louis,
has  snccecc led  in  d is tu rb ing  the  ae ther  on ly  by  means o [
exp los ions  o f  dynami t 'e ,  an  exp los ive  o f  enormous power  and
excess ive ly  qu ick  ac t ion .  l ' h is  no t  on ly  shorvs  the  fu t i l i t y
o f  v iscos i ty  exper iments ,  rv i th  compara t ive ly  s lo rv ,  s teac iy '
n )o t ions ,  as  rvhen the  revo lv ing  d isks ,  a  n re te r  in  d iameter ,
make 66 rotat ions in a second t),  but also confirms the

r.3
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extremely rapid readjustment of the aether when disturbed.

Therefore i t  fol lows that our theory of a kinetic tnediunr,

with the part icles travel ing r.57 t imes faster than l ight, is

in accordance with al l  the establ ished t 'acts of observation.

After giving a summary of al l  the known effects (Aether

of Space, p.6z'63), Lodge concludes that the aether behaves

under experiment as i f  i t  rwere stagnant with respect to the

earth. rWell  then, perhaps i t  is stagnant. The experiments

I hane quoted do not prove that i t  is so. They are equally

cons is ten t  r i i th  i t s  per fec t ' f reedom and w i th  i t s  abso lu te

s tagnat ion ,  though they  are  no t  cons is ten t  w i th  any  in te r '

nt"di"t .  posit ion. Certainly, i f  the aether were stagnant

no th ing  cou ld .  be  s imp ler  than the i r  exp lanat ion '<
' l 'he nerv theory of . the aether as a kinetic t ' r tcdit tm

gives the stagnant quaiity sought by /lfichelsott and f.odge,

yet i t  preserves the rperfect freedom< with rvhich the ex-

periments are consistent '

Accordingly, the aether being a perfect ly elast ic cor-

puscu la r  med ium,  a lw i rys  ad jus t ing  i t s  in te rna l  s t resses  rv i th

a t  leas t  the  ve loc i ty  o f  l igh t  -  the  ind iv idua l  par t i c les  hav ing

a ve loc i ty  o f  r .57  t imes grea ter  ) 'e t ,  -  i t  fo l lo rvs  tha t  a round

a body  mov ing  rv i th  un i fo rnr  ve loc i t l ' . there  cou ld  be  exer ted

no sustained forces, irnpressed or act ing upon the atolrs, to

a l te r  the  l inear  d i rnens ions  o f  the  un i fo rmly  n . rov ing  body ;

arrd hence we reject 't'-itz,gcrald's hypothesis as altogether

mis lead ing .
F i t z , q c r a l d ' s  H y p o t h e s i s ,  t h a t  t h e  i i n e a r  c l  i t n e n -

s i o n s  o f  b o d i e s  a r e  a l t e r e d  b y  n r o t i o n  r e l a t i v e  t o

t h e  a e t h e r ,  s u p e r f l u o u s  a n d  m i s l e a d i n g .

In Natrrre for Jttne r6, r89z, Sir OIi t ' t r  Za{q'r Irre nt iorrs

a conversation rvith the late Prol. Gco. F' Fitz,qcrall, (cf. also

Lodge's Aether o[ Space, I  go9; p. 68) to the effect that the

d imens ions  o f  rna ter ia l  bod ies  are  s l igh t ly  a l te red  rvhen the l '

a re  in  n ro t ion  re la t i ve .  to  the  ae ther .  
' l ' he  negat ive  resu l t  o f

the Michelson-' l for ley experitnent oi r887 rvas the ocqasion

which called forth .l'-itz|'crald's hypothesis.

I t  /  be  the  ve loc i tv  o f  the  ear th 's  o rb i ta l  r r lo t ion ,  /  thc

ve loc i ty  o f  l igh t ,  /  the  length  o f  pa th  t ravcrsed by  the  beat t t

of l ight divided in Michelson's experirnent; then, one ol '  the i

trvo port ions of a spl i t  beam of l ight should urake i ts jottrnel '

in less t ime than the other by the interval lz2 l f  c2, t f  rbe

aether i tself  be motionless, as Mithrlsarz supposed. 
' l ' l r is

dif ference, however, would be compensated i f  the arm of

the apparatus pointed in the direct ion oI the earth's urot ion

ru"r" sho.t.r  than the other by an amount Lf 
"/2 

l f  c2, whicl]

wou ld  fo l low i f  the  l inear  d i rnens ions  o f  mov ing  bod ies  are

contracted in the direct ion of their 
'motion 

in the rat io of

f t - ' l rVz fc2)  to  r .
Norv tbr the earth the ratio in question is:
Y l t :  3 o k m / s e c : 3 o o o o o k m / s e c  

-  t / t o o o o  ( r o r )

and the  square  V2fc2 :  r / roooooooo ( r o z )

which shows that -the alterat ion in dimensions - namely

6t :  ( t lz I t2 fc2)  I ( ' o r )

such an alterat ion in dirnensions is

phys ica l  la rvs .
By this hypothesis o[ Iiitz,gcrald,

of a moving body i- '  shortened

I)))*
I
I

l ' i g .  r .1 .  I l l us t ra t ion  o f  F i /z ,g t t t r / r / ' s  hyPothes is  tha t  the

d in tens io t ts  o f  a  bo , ly ,  Inov i t rg  f rcc ly ,  un i fo r rn ly ,

and rv i thout  cons t ra in t ,  i s  t lec rcased in  the  d i '

.  rcc t ion  o f  the  nro t ion

i t s  shorvn  in  the  f igure .  
' l ' h is  hypothe t i< :a l  change is  no t

pos tu la tcd  lb r  thc  s ta r t ing  o f  a  l rody  in  n lo t ion  -  rvherc

i ts  f i sure  rn igh t  be  changed in  overconr ing  iner t ia ,  when

the fbrrvard vc' locity is being develol led - lrut for a body

a l re r rd f  in  un i l i r ru r  rec t i l i l )ear  u ro t io t r ,  anc i  thus  so  fa r  as  i s

known su l> jcc tcd  to  no  s t ra in  o f  i t s  l inear  d i rnens ions .

1\tt t t t /on's l l rst l l rv of motion ( l ' r incipia, Lib. I ,  Axioms)

is :  > l . i vc ry  bo t l l '  pc rseveres  in  i t s  s ta te  o f res t '  o r  o fun i fo rm

nro t ion  in  a  r igh t  l ine ,  r tn less  i t  i s .conrpe l led  to  change tha t

s ta te  l>y  l i> rces  in rpressed thereon.<
>> l ) ro jec t i le ' s  l )e rsevere  in  the i r  t r to t ions ,  so  fa r  as  they

arc  no t  rc t r i rdcc l  b1 ' t l re  res is tance o f  thc  a i r ,  o r  impe l led

do*  n rver t l s  l - rv  the  fo rcc  o f  g rav i t l ' .  ' \  top ,  r r 'hose par ts  by

t l re i r  cohes ion  arc  I )e rpe t r t r r l l y  c l r l r rvn  as i t le  f ron t  rec t i l i near

nro t ions ,  does  t ro t  c tase  i t s  ro ta t io l l ,  o l l le ' r rv ise  than as  i t

i s  re ta rded [ rv  the  a i r .  
' l ' he  g rer tc r  l - roc i ies  o f  the  p lanets

and conre ts ,  u rcc t i t rg  l i th  less  res is tance in  t r io re  l iee  spaces ,

l ) reserve  thc i r  mot ions  l ro th  p rogrcss ive  ar td  c i rc t t la r  fo r  a

n r u c h  l o r t g e r  t i n t e . <
lf  these axiottts \ \ 'ere obYiotls to Sir Isaac Ntu. ' lon, i t

rvi l l  no doubt be etpral l l '  obviorts to t ls that a body r i ' ray

have i t s  d imens ions  a l te rcd  i r t  ac t lu i r i r rg  a  I 'e loc i ty ,  -  as

ivhen a  br l l  i s  s t ruck  by  a  ba t  -  1 'e t  t l re  e l t rs t i c i t f  o f  the

body l , i l l  i n tn ie t l ia te l t '  asscr t  i t se l f ,  so  tha t  the  f ig t r re  w i l l

osc i l la te  about  i t s  l l )ean or  und is tu rbe t l  lb rn r ;  and a f te r  a

cer ta in  t iu re  t l rc  o r ig ina l  f igure  rv i l l  [ )c ( ]o l I )c  res to red .  And

t&creaf te r  thc re  r i i l l  I r c  t to  per t t tanent  c ] range o f  f igure ,  Th is

is  a  fac t  o f  u r t i le rsa l  exper ience,  and may be  ver i f ied  ex '

l te r iu ren ta l l y  in  o t t r  labora tor ies  b1 'a l l  lnanner  o f  ac tua l

l l )e asurelr ents.
' l 'he nrost crrreft t l  physical experiments shorv that bodies

1 ; la< :ed  undcr  cons t ra in t ,  tend very  rap id l l ' to  res to re  the i r

f igures  o f  e r l t r i l i b r ium.  Accord ing ly  i t  fo l lo ls  tha t  bod ies

hav ing  un i fo rm t r to t ion  o f  long  dura t ion  in  .any  d i rec t ion ,

could not undergo changes of f igure, in virtue of uniform

motion, rvi thout physical constraint,  rvhich in trrrn would cal i

forth the power of rest i tut ion, at the instant of release.

Hence in uniform unrestrained tnotion no alterat ion in the

figure of erlui l ibr iurn appropriate to a state of rest would be

possible, and Fitzgcrarl's contraction hypothesis is contrary

to the order of Nature.

In concluding this second paperr i t  is scarcely necessar) '

to point out that prior to the development of the kinetic theory

o[ the aether, experiments like those made by tlfichclson and

Il,forlel, and Sir Oliuer Lodgc led to the idea of a stagnar)t

'  r 8 8

consisteni rvith souncl
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. is only one two hundredth mil l ionth. The minuteness of

this hypothetical observed effect would make detection by

experiment extremely dif f icult ,  even i f  a val id method could

be devised. But let us consider'  on other grounds, whether
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aether. Theie are indeed profound reasons rvby the aether
should act as i f  i t  were absolutely stagnant, u,hereas the
par t i c les  rea l l y  move r .5Z t imes fas te r  than l igh t ,  and thus
the medium instantly adjusts i tself  to any state of steady
mot ion ,  whatever  i t  may be ;  because the  mot ion  o f  the
aetheron is roooo fold faster tha! that of our srvi l test planets,
and over two nri l l ions of t imes faster than any steady
art i f ic ial motions rvhich rve can make experimental ly, as in
the researches of Sir Oliutr Lodge rvith rapidly revolving
d isks  o f  s tee l .

On the old hypotheses tl.te Mic/telson-Morle1, experiment
o f  

' r887 
rvas  admi ra l ; l y  adapted  to  de tec t  the  e f fec t  o f  the

ear th 's  mot ion  th rough the  ac ther .  L i t t le  c i id  thesc  cnr inen i
experirnenters dream that thc earth carr ied i ts rvave-f ield of
ae ther  rv i th  i t ,  -  a l l  in f in i te ly  ex tended and ad jus ted  in
per fec t  k ine t ic  e r lu i l ib r iu rn . ' I -h is  wave- f ie ld  has  c iecrcased
density towards the centre, in virtue of the increesccl arn-
p) i t r ides  o f  the  waves  emanat ing  l rom the  a to r rs ,  and thus
is  tm ly  s tagnant  about  the  nrov ing  ear th  in  respec t  o f  rvaves
of  l igh t  f rom d is tan t  s ta rs ,  in  the  phenomenon o f  aber ra t ion .

.{ccordingl l ' ,  rvhether the components of the spl i t  beam
ol light, frorn a terrestrial sotlrce, as used by lficrtclson, travel
in  the  d i rec t ion  o f  the  car th 's  o rb i ta l  mot ion , .o r  a t  r igh t
angles t lrereto, no shif t  of the fr inges is theoretical ly possible,
because of the perfect kinetic equi l ibr ium of fhe rvave-f ield
of the aether about the earth and extending away frorn i t
indefinitely.

For similar reasons Fi lz,grrald's hypothesis rests on a
false premise, and only beclouds the reasoning in this dif-
f icult  subject. ' fhe fundarnental condit ion required for real
progress is a val id kinetic theory of the aether, such as
Nculon first outlined two hundred )'ears ago, and Matrurll
approved in  r877,  bu t  , le f t  very  incomple te ,  o rv ing  to  the
prenature  death  o [  th is  g rea t  rna themat ic ian .

S ince  the  d i f f i cu l t ies  connected  rv i th  the  mot ion  o f  the
perihel ion of l{ercury and of the lur.rar perigee, as well  as
the lunar f luctuations, which .Neutcorzl pronounced the most
en igmat ica l  l thenonrena presented  by ,  the  ce les t ia l  mot ions ,
are ful ly overcome, rvithout any mystical doctr ine such as
Einstcin introduces, i t  is evident that the whole theory of
relat ivi ty, as heretofore developed, is shaken to i ts founda-
t ions, and wil l  no longer deserve the serious consiclerat ion
oI  na tura I  ph i losophers .

For several years experienced investigators in al l  parts
of the world have rvondered at the strange sight prcsented
by Brit ish men of science in unjusti f iably abandoning the
establ ished natural phi losophy of Ncuton, and hasti ly em-

br4cing the untenable speculat ions of Einstein when the facts
o[ observation themselves are insecurely establ ished.

And as for the overdrawn statement of prof. Sir / .  ] .
T/tottson, President of the Royal Society, that the ,up[o. ia
larger value of the solar deflect ion of l ight indicated by the
ecl ipse observations of May 2g, rgrg, >is the 

-most 
important

result obtained in connection with the theory of gravitat ion
since Ncutott 's day, and i t  is f i t t ing that i t  shoutd be an-
nounced at a meeting of the socieiy so closely conlected
rvith him<<, i t  suff ices to cal l  attention to the nnfortunate
impression thus conveyed to investigators, who remember on
the one hand the historical lact that the Royal Societv in
r686 refused to publ ish L) Ntuton's Principia, and thus i t 'had
to be issued at the private expense of Dr. Ednurd l tattq,
(cl.  l )rru,sto's Life of Alctaton, z vols.,  r855), and on thl
other hand the vast development and perfect ion of the theory
of gravitation since mrde by Eulcr, Clairault, Lagran,gc,
Lop/art, Poisson, Rtsscl, Gauss, Eansen, Lcucrrier, Ait.1,, Dc-
launa1,, Adans, Tisscrand, G1ldln, ffill, Nett,contb, poincary',
Darwin, and seveiral erl inent geometers st i l l  l iv ing. 

'

In  cont rad is t inc t ion  to  the  s ingu la r  spec tac le  thus  pre-
sented  in  the  Roy 'a l  Soc ie t l ' ,  i t  i s  a  re l ie f  to  f ind  a  much
nrore  caut ious  a t t i tude  in  the . i \ ' Ion th ly  Not ices  fo r  Nov . ,  r9 r9 ,
p. zl ,  where Prof .  , \7u,a// gives good reasons for reject ing
Einstuin's theorv of the deflect ion of l ight in the sun's f ield,
in  favor  o f  op t ica l  re f rac t ion .

In  the  \ ine teenth  Century  Magaz ine ,  fo r  Dec . ,  rg rg ,
Sir OIi t , tr  Zarl .qr I ikervise is skeptical;  for he reasons that i f
we acccpt Linsfuin's theory in i ts entirety, >the death knel l
o f  the  ae ther  u ' i l l  seem to  have been sounded,  s t range ly
eff icient propert ies rvi l l  be attr ibuted to ernptiness, and
theor ies  o f  l igh t  and o f  g rav i ta t ion  rv i l l  have come in to
be ing  un in te l l ig ib le  on  ord inary  dynamica l  p r inc ip les<.  Such
pro tes ts  rvou ld  ind ica te  tha t  . the  Nerv ton ian  ph i losophy s t i l l
has sonre su.pporters in E,ngland, but apparentl l '  they are not
a \ \ 'a re  o f  the  rea l  s t rength  o f  the i r  cause,  as  now brought  to
l i sh t  in  the  Nerv  1 'heory  o f  the  Aether .

Accordingly, in .r. ierv of the comprebensive results al-
readl '  reached in the Nerv ' I 'heory 

of the Aether, the defenders
o f  the  Newton ian  mechan ics  cou ld  hard ly  w ish  fo r  a  more
comple te  t r iumph.  And i t  i s  g ra t i f y ing  to  rea l i ze  tha t  i t  i s
based rrpon the original conceptions of Sir fsaac Arcutlon
h imse l f ,  a f te r  the  s in rp le  and e legant  theory  o f  th is  g rea t
ph i losopher  had been a lmost  comple te ly  abandoned b1 ,  h is
count rymen,

r 9 0

I am indebted to rny young friend I!Ir. .d. L. Middleton,
fo r  va luab le  ass is tance in . the  comple t ion  o f  th is  inves t iea t ion ,
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Starlight on Loutre, I\{ontgomery City, Nlissouri, tgzo Febr. r9. T. J. J. Scc.
r )  The wel l  known delay of  t4 years ( r8o7-r8zr)  in the publ icat ion of  l io tu ' ier 's  mathemat ical  researches on the theory of  heat  seems

to Place the Paris Acaderny of Sciences in an equally unfortunate light. In the dloge Historique of Fo*rier delivered by 2rogo, blame. is
placed on the commissionery oj the Academy - Lagrarge, Laptace and Legendre - for poisoning the pleasure of Fourie)'s triu-mph, which
Lord'  J(e lu in has also cr i t ic ized.  As no commissioners could be more competent  than. the' three geometeis just  c i ted,  h istory of ten is  wirness
to the * 'eaknesses of  the highest  academies of  sc icnces;  and hence,  in h is very or ig inal  Researchei  in the Lunar Thmry,  t8 j7,  Dr.  G, I I / .  n i / /
had recourse to private.publication, which probably rvas better than the fate accor<ied to Neuttorr and, tr'ottt'icr.

Anzeige. Atts dern Instrumentenbestande des frt iheren Reichs-Kolonialan)tes rverden. demndchst eine Anzahl
kleiner astronom. Instrumente - 'Durchgangs-Instr. ,  Universal-Instr. ,  Astrolabien, Pendel-,  Schiffs- u. Taschenuhren u.s.rv. -
verkituf l ich, Die Instrumente sol len nur an Selbstbenutzer abgegeben u'erden. .Wegen Errverbs dieser Instrumente wollen
sich Reflbktanten u'enden an Prof. Anbronn, Gdttingen.
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