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I  Iaving citct l  fronr autlrcr-rt ic sor. lrccs t lrc clr ' l r .  inrprcssion
forrrrccl l ty t \ : t :zt, /ott ,  as to thc nl l trrrc of gla.vitr t t ic ln, ancl lrorv
i t  i s  t ransnr i t t cc l  in  t l r c  s r rpcr f inc  lnc ( l iu l r l  o f  t i r c  iLc thcr ,  l ' h ich
is  t rca tcc l  o f  r t  n r . rch  grca ter  l cng t l r  in  n tv  Nc t . ' l ' hcorv  o f
thc  r \c th t ' r .  rg22,  \ \ ' c  n rav  l ro \v  rcsL ln r ( . t l t c  l r rgu tncn t  rcg t r r ( l i l tg
thc  in to 'pcnc t ra t io r - r  o f  thc  rvavc  l l c l r l s  r luc  lo  sc rpar i t t c  s t i l r s .
' l - s 'o  s r r i ' l r  r i ' avc- f i c lc ls  l r rc  i l l us t .m l .c ' t l  l r1 '  thc  fo l lo rv ing  f ig r r rc ;
an( i  t l r c  n r r r l l r c r  o f  such s ' r rvc - f i r . l r l s  n r r rs t  l>c  concc ivcc l  l rs

Q -= !)(.r , , t ' )z)/ ' )

o r  i n  l i r l l :

q) -

460

i n r l c l ln i t c l l  in r : rcascc l  (P la te  \ r I I I ) .

.1. r\nd a.s thcsc t ' lves ; ' rr tcr lrclrctr l l te a.t  al l  points of
s l r rcc ,  thc  sc l la ra tc  i r - r tcgra t ions  fo r  d ) ,  q ) ' ,  O) " ,  ( ) " ' , . . . '  {p '
n r t l r r r t l l r .  r r rc  no t  s t r i c t l f  inc lcpcndcnt ;  bu t  a rc  r ru t r . ra l l v
c :onncc tcc l  bv  thc  scr ics  o f  approx in ra t ions  inc idcn t  to  in tc -
gr r r1 ion  on  in tc :g ra t ion ,  to  in f in i t c  o rdcr ,  fo r  an  r rn l in r i t c r l
nrnrlrcr o1' l rocl ics. ' l 'hc 

font-r of t l tc intcgration thus bccorlcs
r ig r r ro r rs l r . :

Sonc lc r t t r r  n r  r r rc r
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l l l l l tx  t l t ,  ( : "  t t

I  u  L  1 )  |  -  t  ' r l ' ,  ( i ,  / r , ( )  r l : -  < l r ,  r i i  r l l .  r l l r  c l '  x

x. I  r  t  { l t '  l r  + r l t"  ( t  -r  {0" '  (r  + + (D'  '  ( r  + r / t ' .  .  . ) ) .1)  ( r4.+,

+ lt  r  1) |  I  .  r7,,  ( ir ,  , , ,  ()  . l - .  cl1 d(cl.r" r l ,rr  t l l , ( ' l ' ' r R ' I  t \ 1 - t *

, ( ' )  ( l i ' c L , ' d ( '  c J | '  c 1 1 r , ' , t , ' [ ,  * , , ( . t  r  l i  h ' t \ 1  - r . t l , r ( S , , ,  
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i s  thc  Tnf in i t r .  In tcg la l  rvh ich  er iscs  in  th t " l ' l t c 'o r r '
o f  the  . \c l  l r t r ,  o r i ' i r . tg  to  thc  in tc r l ) r 'nc tn l t ion  o l -  s ' r rvcs  1- ro rn
t l rc  in l ln i t c  n r . rn r l r t ' r  o l ' s ta rs  ( 'ons t i t r . l t ing  thc  s i r l c rc : r l  r rn ivc rsc .
It  rcsrr l ls r l i rcr: t lv fronr lTtc Jiout ' tcr-Pot ' .r-sott,  nrcthorl  of
in tcgnr t ion ,  fo r  s 'avc  nro t ion , t )  anr l  a f fo r r l s  an  in r1 , r , . ss ivc
i l l r rs t r l t ion  o f  thc  1 r ro l -o r rn r l  n rys tc r ics  un( lc r l ) ' i ng  thc  o l rsc lvcc l
lau 's  o f  l ra tu rc .

' l ' h ro r rghoLr t  t l r l  in r t t t cns i t l .  o f  sP lcc  i l .  s t ' t - tns  t l t r r t  l r : r r '
p c r f c c t  o r r l c ' r  i s  p r c s l ' r l c t l .  

' l  
h i s  i s  r l r t c  t o  t h t '  s 1 r ' r t r l v  n r r t r r r l

i r t ' t i o n s  o f  t h c  s t l r r s ,  r r r r r l t  r  r n r i v t r s : r l  g n r l i l r r l i o n .  i r i  ; r i  c o r r l r r r r c t
r v i t h  t h t :  N c u ' t o t r i r r n  l l r r v :  r ' t ' t  r v r '  l l r r r l  r l i l - l l c u l t l  i n  r , r r ,  '  i r  i n q
thc  in f in i t c  cor r rp lcx i t l '  o t -  th is  i rc t ion  l ' i thor r t  r r  : t r r r l i '  o1-  t l r t .
a l rovc  i r r f i r r i t c  in tcgr - r r l .

I n  s l r i t c  o f  t h c  c o n r p l c x i t l ' o f  t h c  i n t c g r . r t i , , n  , r r r  i n t c -
g ra t ion ,  thc  vu luc  o f  t 'hc  in t .egr l l  i s  f in i t c ' ,  r t  ( ' \ ' ( ' r \ ' l ro in l  o f
spacc, l i l icr t l rc forcc of grl ' , ' i tat ion i tsclf .  In l- i rct t ' i rc clcnrorts

r r l ' r l r ( ,  i l l t {  g r , l l  o f t r .n  l t rc  r . rc t r r l v  inscns i l r l c ,  o rv ing  to  the  i rnmcnse
r r r r t r r r r l  r l i . t r r r r r ' r ' s  o f  thc  s ta rs  cornpos ing  the  N{ i l ky  Way or
o t l r t ' r  s i< l r ' r c l l  s \ -s t ( ' l ns ,  to  a  r l c l ; th  o f  sor t rc  two n t i l l i on  l igh t -
v r r r rs  l c f .  r r rv  f )c tc r rn ina t ion  o f  the  Dcpth  o f  the  N{ i l ky 'Way,
l ' ro<:. . \nr. I 'hi los. Soc., r9r r).  ' l 'his 

r ' , 'as t l-rc cxtcnt of thc
sir lcrcir l  ur-r ivcrsc f irst infcrrcd IrySir I I /nz. I{erst/ tc/,  r799-rSoz,
i tnrl  <l iscusscrl  at I lur is bctrvccn I{ersc/tc/,  f ,a|/ace, an<l
L\tt ty 'o/t 'ott ,  i \ rrg. 3, rSoz (cf.  Jft :r .r , : / tc/ 's ( lol lcctcrl  Scicnti f ic
l ' r rp t - rs ,  r 'o l .  r ,  p .  r : ) ,  r r . cs ta l r l i shcd  l11 '  rnc  i t . r  rgog r9 r  r ,
l r l  n c u - i n v c s t i g : t t i o n s  l l t s t ' c l  r r t t  t h c  l r c s t  n t o r l c r n  c l a l a ,  a n c l
r|r ' r 'nt lY corl lrnrt ' r l  l , l '  , \ / t tzf / t- t ,  i t t  I  IarYarcl obscn':rto11',
l / t t / , i / c  i r t  t l r c  J I t . \ \ ' i l son  o l rsc r la to r l ' ,  and  Dr .  J . .1 { .Jeans ,
Sccrc' lrrrv of thc I i .or- ir l  Socict l- ,  artr l  I)rcsiclcnt of t l te l{oval
r \s l ronor r ic r r l  Soc ic tv ,  Lonc lon .

., \r 'conl ingly, i t  rLplrc:rrs that nothing but thc inf ini te
i t t t cgr i r l  l l rovc  r l cscr i l t cd  i s  adcc lu : t tc  to  c lc f inc  r i r ln ro r :s lv  t ) tc

r )  S i n c c  f i n i s h i n g  t h c  a l r o v c  c l i s c u s s i o n  o f  t l r c  i n f i n i t c  i n l r . g r r r l  r r r i s i n g  i n  l h c  N c * . ' l ' l r c o r v  o f  t h c  A c t h c r ,  i t  o c c u r s  t o  n r c  t h a t  l ' c

s L t p c r p o s c r l  r v r v c s  r r l r v l r y s  m a v  c o t : x i s t ,  t h e  s i n r r r l t a n e o l r s  \ \ ' l v c s  l r o r r r  t l r c  s c l ) a r i l t ( ' s l a r s :
< l t : ! ! . ( r , 1 ' , t , / 1  , 1 , ' : ! ! ' ( : u ' , ) i , z ' , 1 )  ( 1 , " . . ! ! " ( r " . ) i ' , r " , t \  < 1 , " ' = . ! ) "  ( . 1 : " , . 1 " ' , 2 " ' , 1 \ . . . ( [ ) r ' - ( ) r ( . t t , y 1 ' , z t , t )

g i r .e  r i sc  to  t l )c  ( ( r r r rs l )on t l ing  pr r r t ia l  d i f f c rcn t ia l  c r l r ra t ions :

1 2 , I t ,  y 2 ( I ) ' ,  I , 2 ( I ) " ,  I x , l , " ' . . .  f 2 ( I ) r .

Ou ' ing  to  t l t c  in tc rpcnr : t ra t ion  o f  thc  rvavcs  i t  i :  o l , v io r rs  lh r l  r r t  s l roLr l r l  a i l , l  thcsc  d i f f c rcn t ia l  equat ions  in to  an  cxpress ion
r r i t h  a n  u n l i r n i t c d  n u n r l r c r  o f  t c r n r s :

v r ( J } 1 r 3 ' [ ) , + r l l I | , , - l . s : . I ' ' ' , . l ' . . . . . l - f : ( I ) r - - 5 : l ! ) ( ' l . , - t , , : , , , . , \ " " i . , , ( ' ' , ' l : , ' , : t , ) " : u " , ! ! ' t , ,

, , , f ' , r " , 1 " , t . 4 t " , r 1 , 1 " " , . . . r ' , r , l " ,  u ' l r c n  c o n t p o r r n r l c r i  i n t o  t l r { ' r ' o n r p l c l c  i n l c g r ; r l :

r r ! ) 1 . . , r , . r , / . \ . + - r r ! ! ' ( . t ' , - r i , z ' . r ' 1  1 a . ! ) " ( . 1 ' , . 1 i ' , r " . / ) . t t , ! ! ' " ( . 1 " ' . . ) , " , 2 ' " , / )  - t  "  + . r + r ! ! t ( a " ' , ) , t , 2 ' , 1 )

i r c i n g  s o  i o n n c t l  r r s  t o  r r n i t c  e a c h  p a r t i c u J a r  i n t c g r a l  u i t h  t i r c  s ' h o l i ' s e r j c s .  -  a s  l r v  t h c  a L o v e  b r a c k c t s ,  a n < l  t h c  p a r t i c r r J a r

l l o n r  r l l  t h e  s t a t s  o f  t h c  s i c l c r e a l  r r n i r c r s c .  N o t e  a r l i i r : r l  i \ u g . ; .  r q : ; .



actual statc of the Acthcr, as r l isturl tcd l tv thc unl iuri tcr l  tnass
of stars cornposing thc i l l i l l iy \ \ 'ar.  . fhc 

u.,Lvc-f icld is cr.cn._
whcrc inf ini t-clv cortrplcx, 1-cf t l tc l l lLre ol dt is f i rrr-tc, l r ; ,r ;s.
, l : .g l i . r  o f  t c r rns ,  l r i shcr  t l r rn  f l r . s t  o r r l c r ,  r l cpenr l ing  or . r(D ' ,  q ) "  c1 . . ,  i r l

f t  + r h '  l t  r  r t t , , Q  + { 0 , ' , Q + . . . ( ,  + ( / ) , . . . \ l }  ( , + 6 )
rap ic l l y .  con |c rg .s ,  o* ' ing  to  thc  i r -nnrc r rsc  r . r r tua l  r i i s tan<. r ,s
, / i , / ,  \ \ ' i th  th r :  * - l r ' c ' -uc ' t i . r r . thc r .c fo rc  s r r i r l l ,  l i l t .  l l r c  < l i s t r r r l r i ,g
gruv i t i r t ionr r l  l i rn .cs  to  l .h ic l r  thc  rvavc_f ic j r l ,  g i r . r :  r i sc .

4 6 r

6.  Ar r : r l r - t i c r r l  cxprcss io r . t
o f  t l r c  l r i g h t ' r ' t ( . n n s .  \ \ i c  r n r r 1 ,
s t t t ; t i l , ' r  l { . l  l l t :  r l r . J , r . p , l i r r j : .  , , r i

Sondcrnunrnier

tclnrs of thc inf ini tc intcgra.l  thus arc r.crv
t l r c  s c r i e s  r r r J , j r l l l -  ( . n n \ n r q . s :
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rn inu tc ,  so  tha t

( '  so)

-  r . P J n .  .  .  ., / r ,  . l  . l  . l  . l  . l  . l  . ,  
I  / :  h  / \ ,  - '  .  

V, ,  ( * . ,  r , ,  i )  r l r {  r l r ,  r l i  c ]L d i r  d '  x

x l t , +  { t t , l t  . r  r D ' ,  ( r  +  ( t , , , ( . . . . ( ,  +  r r " . . . ) ) ] }  ( r + r ) )
l rc t - l r rsc . l r t  l l l  po in ts  u .hcn :_-0)  i s  scns ib ic ,  o r  rpprcc iab le ,  r / ) ,  i s
l rn rc t i t ' i r l ) v  ins r . r rs i l r l r , .  tnd  0) , ,  i s  s t i l l  smal lc r ,  l  o f  t | c  sc<ror t r lo r r i c r  o f  s n r r r l i  r l r u r n l i t i c s  !

( a ;  I i r o r n  t l i c  f o r . n r  o f  t h c  I n l - i  r r i t r .  l n t c g r . l r l :

,  :  ,F:  , f  , t , f  :  ( (1 I  t j  / /  / )  l  -  t  . r / , r i . . ,4,  ()  , l : -  d, ,  r t (  r l i "  r l1r,  r t , ,  x- l i r *  

e ) ,  I r  r r t t , ,  ( r  + q ) , , ,  ( . . . . ( r r  r D , . . . ) ) ] )  ( r + ; )
t vc  no t icc  th i r t ,  in  i rno t l rc r  fo r r t r ,  fhc  c l i s tu r l r i rncc  is  thc  l . r rv r ._
mot io r r :

q): 9 (x' ,  J ' .  . .  /  or rD : !)  ( . t ,  _t, ,  z) /  = o (,-+S
rvh ich  rc rLchcs  c l i f f c r . r t  1 r . i . t s  r r t  r l i f r i r cn t  t i ' . s ;  l r ' r l  i s  s r ro rg
o r  f c c l r l c  i r c r ' < t r t l i n g  t ( )  ( l i s t ; u t ( . ( , s  o l ' l l t c  s t : r r s  i r t v o l v c r l .

( b )  l r , r  l r  s r ; r r ,  s r r . i r . s . r r r  S r ' r ,  t h c  c o ' r r r i ' i r t ( , s , \ . ,  r , . : .
n .  

" : ,  t ,  (  i r r t '  t ' r ' r ' r ' r r l r i , r .  . l '  r l c f l . i t r ,  l i x c r l  r , L l t r t l :  l ; , , ' ,  ; , ; ;
: r n o t h c r  s t i r r  s r r r . h  r r s  S i r i r r s ,  t l r r ,  < . o o r < l i n l t c s  . r . , , , 1 , , .  : :  ( ) r
E ' ,  1 ' ,  - ( '  ( r t ' l i . r r c r l  1 o  t l r , ,  . ; 1 1 1 1 1 ,  , , r i { i n  i r s  . \ : , , 1 , ,  z ,  i . ,  , ;  i  l r , , r a
v c r ) :  ( l i f f t ' r c l r l  r ' l l r r t ' s . . 1 . . ! . ( . , 1 , f  f , :  t ; , . .  f  . , ,  r ,  f  p ' . i + 1 ,  o t
c11. iv . l cn ts ,  o* ' i .g  t r  t l r c  g rc ; r t  r l i . t . r r r t . t ,  o f  s i r . i r rs .  ' l . l r r rs  

thc
r i r t ios  o f  thc  < .oor r i in : r r r .s  . r / . r , ,  1 f  I ,  z f  2 , ,  o r  s t / { , ,  , ,1 , , , ,  i , , J , .rvou l r l  l r c  cv { rncsccnt ,  in  thc  r i . l i ok .  rcg ion  , , t r , r , i t  

' i t , "  
i i , , r ,

rvhcrc thc rviu'c fD '-  -{- l  ( .r". , t , , : ,  / ' r  is of irnportant.c in r lr , f ining
thc  va l r re  o f  0 ) .

r 7 .  N u  r n c r i c r r  l J , l x r i  r r r l r l c  o f  : r n A n a l o g o u s  J , I c t . h o r lo  l '  I  t t  1  t '  g  r l r  l  i  o r r ,  l r 1 .  . S  t r r - r . r : s s  i  y t :  A  p l t r o x i  r . p a L i o n s ,  u s c r li n  t l r c ' l ' h r : o 1 1 ,  o f  t l r c  S r r n .
' l ' hc  

. f r r rcgo ins  .1 , r . ( , ( . css  
o f  in tcgra t ing  by  succcss i r .c

r rppr .x i r . , r i r . s ,  i '  . r r l t r  to  gc t  t l ) c  t ru "  , , " l r i  o r in .  , r . to l i i y -
1r.tc.t i i r l ,  4) ir-r sultcr 'oscrl  *. i rr .c_f iclr ls of the :rcther, tvhenr l rs t r i r l r c r l  l r v  un  i r - r f in i t r : . r . rL r . r l rc r  o f  s ta rs ,  i s  no t  cssent ia l l y
r l i l l rrrcnt frorrr thut long I<no*.n to g,,o,t ,cte..  fn, n"ai.rg i l r ,"r igor.us ,ath of .r .  ( .Llr\ .{ ,)  *. l r i , . l t  rrrrrv lrc f trun<l ,o,,glrf f i r i - ' , ;
f c r i ' t c rn ' rs ,  l tu t  r igor< t r rs l \ .  l ) \ ,  l l i l l t , \ . rL r , .ccss ivc  a l t l t rox i rna t io r_rs .

r . ' l ' hc  in tcgra t ion  fo r  thc  l lLs .  o f  c lcns i ty ,  in  the  Sun,t r i ' r r t c r l  i r s  a  n l l l ss  o f  rnonatorn ic  gas  (c f .  AN 4o53,  4 ro4 ,415z) .
, .  

Lct rr r lcnotc. thc dcnsity :rt  zrny point of the 
'Srrr i ,

r ; . r (nus , . ( ro  th ( . , ,1 . : : , ' l :  a t  thc  ccn t rc ;  ?  thc  tcnrpera ture  a trn_ \ '  l x )n )1 . ,  un t l  7 "  t ) t c  tcn t l rc r t r tu rc  a t  a .  po in t ' l ,he fc  thcr lcns i tv  i s  r r ' .  Lc t  . r .  l r c  thc  c l i s tancc  f ron . r  i i r "  s iun ,s  ccn t r ( , ,, r "  t l t c  l i . r i t i .g  r .u l . r :  lb r . r : , . t  t ' c 'o r r . r l ' r y  o f . t l r c  ' ' o tosphcrc ,s 'h ic l t  p rov t .s  to  l r r '  , r . '  =  r .6 .5 .19( rz ;  l rn r l  I c t  l r  r l r .no tc  thc  in tcgr r r l

f o r  t hc  J ) rnc t i ca l  c va t r csccn ( . (
: r l s o  s l r o u .  r r n r r l l t i r - r r l l v  u . l r r .  l l r r
l ( ' l ) ) r ) l { '  \ t , l l S  l r . l ) { l  t , r  1 , , , , . 0 t t t ,

(D '  - .  ! ) ' ( . .u ' .  . t '  .  . ' ,  / .
r . r t l t r r ' . ' l ' l t t '  h i g h t , r

u' ircn' urz is l  l rr
' l ' hcn

rvh ic 'h  rn rL t '  l r r .
' l ' hc  

I iLn .

(c )  I {cnr .c  in  r ro r rp i r r i sor t  r i . i th  0 ) ,
u 'o r r l c l  l r c  c \ . l l l t ( ' sc ( . l t t .  o r  i t r f in i t cs i r t r l r l  in

|  ' t  1 ,

, ,  - , , , , 1 , , , i j , ' , . , t , . 1 j  l , -  l ' , , r . , t , l j l ,t , , . ' J' ,7. ' . , t , . , f j ( ,  .11,, . , , , r . . i .
( )  o  

t  
, i  ( )

i:
1 1 -  |  1 1  r ;  t l r l \ ' - ' r r t l,  .  +  

- 1 . I 0

'  l t ) i l s5  r nc l u r l c c l  r v i t h i n  a  sphc rc  o f  r ad ius  . t .

t  t , , f  , i n \ t - , - . f  l , l . r . r . , l *  ( , s , )
o

s o i r r - r i  l r i  s r r ,  e , . s s i v c  : r l l p r o x i r r r : r l i c r r r s .
o l  r l r ' r r r i l r '  I  l r u s  l r r . e o r t r r , :

So 7l l  r  z-1. j -1 r . r . ! r

s ( )  |  r ( ) r . 5 s 7 9 t i 6 9 2  1 . S 2 o o o o o  
* ' ' ' (' .s+)
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Sotr  t lcr t t t r  t t t  I  t r ,  : r '

I n  t h e s c  c r l r t r t l i o l l s  , r '  r ' r t r i c s  l r c t u ' c c t . t  t l l t '  l i r r l i t s  . r ' : o ,

co r r c ' spon r ' l i ng  t o  t h t '  S t t t . t ' s  c t ' l t t r t ' ,  l t r t i  . ' \ :  : . 1 ' /  ' =  1  65 .19 ( r : .

u ' h i c i r  i s  t l t c  l l t l r : c  l t l  t l l t '  l r o l t t r t l l t r l -  r , 1 ' t l l c  p l l o t o s p l l c r c '

S t t t l r  s t t , ' t t ' s s i l t ' l t p l , r r l x i r r l l l t i o t r s  g i v r ' '  t l t c  t r l t r ' l l t r i ' 1 - o t '

t l r c  r l o r s i l r '  l  i t h i n  t hc  S r r t l ' s  g l o l r c ,  t ' l r c r c l t s  t hc  t ' t ' s t r l t  o f  t r '

s i ng l c  i n t cg r - r t t i o t r ,  t t t l c l c r  t l t t :  1 -o r t l l :

r t  - -  I  ( t  ( t ^ ' . \ ' '  ( l . t ( r .5o / )

s ' o l r l r l  l r t '  t oo  r o l r gh  t o  g i vc  l r nv  l l i g l r  c l cg r cc  o f  r i go r  l i r r  t l l c

cun ' t '  f  r i , / r t , , )  t  l t r o t t g l l o r r t  t l t c  S r t n ' s  I l l i t s s .  I l l  t  9o .5  [  < l t r t c r t r l i t t i ' < , 1

thc  , - r , r - . 1 , ,  l i , .  , , ,  , , t t , l  I  i , i l , r , , ) '  '  t o  t ( ' l ' l 1 l s  i r l  r '  o f  l l l t '  : o ' l '

o t t l t r .  l r v  l t c l t t ; t l  c r l l ,  t t l r t t i r l t l  i t l v o l l i t t g  i l l l o t t t  l t l ' t r -  s L l i  c c s s i v t '

j n t t ' g r r r t j o n s .  r t t r r l  t o  1 t ' r t t l s  i t l  l  r i f  t l t t l . 5 o t l ' o r r l t ' r ,  l r l  l l l l  r r l -

su l t i ng  r l i l l i . r I r r r . r ' s .  
' l ' l t r r s  

I  r v i t s  c t t t t l r l c c l  1o  co l l l l ) l l t ( '  t l l 0  l ; l $ -

. f  r l r . t r s i 1 r " s . ) t l t  I i g l t  i r i ' ( . 1 ] 1 t ( ' \ - r ' l r t r i t r  t o  t . l t g  r - c 1 ' ( c 1 t l C  ( ) l -  t l l c

S r n t ' s  r r l t s s ,  r l l t i c t l t  c o L i L l  l l r i t  l r l t v c  l r t ' t ' t l  t r r t c t ' c l  i n ' l t  l c s s

l r r l r o r i r t t t .  1 ) r o ( ' ( ' s s ,  ou ' i l l g  t o  t l t c  s l <x r '  ( ' o l l l o rgc l l c c  o f  t hc

s c r i c s .

r \ c co r r l i l t  g l r ' ,  i t  appc l r s  t l l l t  t l l c  su ( ' ( ' ( ' 5 s i vo  i r r t cg r i r t i ons ,

i n | oh . c< l  i r - r  t hc  i n f i n i t c  i n t cgn r l  l r l r p r - op r i l l c  tO  t l rC  
' l ' h co rY  

o [ -

t hc  r \ c t hc r ,  l t r r v c  t l l c i r : t t r i l l ogv  i n  t hc  t l t co r \ .  o f  t ' t t r v cs '  s r l l t t c :

o f  $ , l t i ch  r c l ) f c sc l t t  p l rYs i r . u l  l l r $ ' s  t r s c r l  i n  t l t c  1 i r , ' , , rV  O l -  l l t t :

t r n i v t ' r s t ' .
' ( ) f t cn  

l  ( ' t l r \ ' o  t t l l t l  l r t ' r t l r . l g l l l v  l t l r . 1 l r o r i t l l l t t t ' r l .  l r v  l r  1 -L ' n -

l c r r ns  o i ' t l r r '  : r ' r i c s .  \ ' ( ' t  l l  \ ' ( ' r \ .  t i r { o r r l t l s  C l t l t ' t l l ; t t i on  o i  t l l I  t : t t r \ . c

1 1 t r . i r r r . 6 l r . r . p l r r t r . r r ' 1 r r . t i t i 6 1 s  6 l ' t l t r ' 1 t r 1 r ' t ' : :  r r t ' i p t . S r l t t i 6 t l ,

l i r r  l r x i r r g  t ) t c  l l i gh t  r  t t ' r t l r s .  
' l - l t t ' r t l i l r t ' t h c  

f ) r o ( ' ( ' : 5  o f  s t t " ' r ' s s iYc

i n t c g r i i l i o n - .  f o r  1 i l t < l i n g  l l l c  c x l t ( ' t  l l r N s  O l - n l r t r r r c  i s  o 1 - r ' r ' r \ '

g r " , i t  , . , . "  i r r  1 r ' l t v s i c : r l  s c ' i c t l c r r ;  l l n (1  t ' h i s  gc t l t ' r i t l  l n t ' t l l o ( l  o f

i l l ) l ) l . o \ i n t i r l i on  t l c scn ' cs  i n t ' r - c t t s c t l  l l t t cn t i o l l  f r o t l l  g t 'O t l r c t c r s

i l n ( l  n l l t r l r i l l  l l h i l o soPhc rs .
' l ' h c  

i t r v cs t i g : r t i on  t l t ' s c r i l r od  a l ) ovc  i n  sec t i on  r f i  i s  t l r c

l l r s t  < ' r r s t ' o1 ' r t  s t r i t ' t l v  i l r f i r l i t t r  i r l t t ' g r l l  s ' h i t ' l l  h : r s  < ' o t t . t c  t t t l r l c r

' t '  r t . t i r . t , .  I t  l r l r l t t ' l r s  t o  I r g  v r . r r .  r t t t l t r k l l l r l r l  1b r  t l l t :  l r l l l ou ' i r l g

I C | I  S O I I  S  :

t 6 ra  " ' t

of l l r t  Lrrr i i  ur-sc ir1 thc l) lanc of thc Gala.xv, to a r lcpt l ' r  of ovcr

ln 'o  r r r i l l i on  l igh t -vcars ,  thc  t tuml lc r  o f  s ta rs  bcvonc l  thc  rcach

o l '1 r ' l l scopcr  o r  pho logr i t l thv  t t lanv  t i t l l cs  cxcccr ls  t l losc  l r ' ' . l r i r :h

< ' r rn  l r r '  pc r t  c i r -cc l  1 rv  < t t t r  t r ros t  pos 'c r fu l  te lcscopcs '  T 'h t rs  t i l c

o l rs t l v r i l i onr r l  i r t r l i c i t t ions  arc  tha t  thc  s ic le rca l  un iversc  rca l l r '
j s  in l ln i t . r ' ;  anr l  l l rus  thc  I ' c loc i t l - -po tc r l t i : r l  o f  the  rvavcs  th i r t

l r c rv r r r l l  i t .  r 'oLr l t l  l . l c  cx ; r rcsscc l  on lv  l x ' l l l cans  o f  an  in f i l l j t c

i r r l - t .g r i ,  1 .  s l rou t t  1o  l rc  couvcrgc t r t  a t l t l  cvcry rvhcre  o f  f in i t c

v r r l r r , ' .  l i l t c  l l r r :  g rav i t r t ionr t l  fo rccs  oPcra t i t ' tg  th loug l - rou t  thc

i r r l c ls i t l  o1-  sp : r r :c .

ir ' ' r  
' l  l r , '  splcndicl t t ' t i t thctnatical cl iscovcrics ol Jiourtcr

'  r t<I / 'oi .rs,nt.  in thc t. l rcorl '  of thc intcgration of part ial  t l i f -

f r . r r .n l i ; i l  r r r r ru r t ions ,  h :n ' t :  g ivc t l  t t s  r l  t l c thod o f  ana l r -s is  i l s

! r , r r l r ' : r l .  r ' l r ' ! r rn1  r t t r r l  r igo lo r . ts  l l s  thc  l lhvs ic l l  p ro l r l c r r rs  o f

l r r tu r . ( '  l r rc  r  onrp l t ' x .  \ \ r i thou t  th is  r r l c t l lo r l  o f  t r r : lL t t l r c t l l  r i  c

t 'o r r l r l  no t  ( ' \ l ) r ' ( ' ss  thc  c f fcc ts  o f  thc  in f in i t c ly  conr l l l cx  rv r tvc -

f l t ' l r ls o:r u lr i r ' l r  t l rr :  rr 'otrr lcrs of ut l ivcrsl l l  gr i lvi tat ior l  <lcIc' t l r i .

i r l )  . ' \ r ' r ' r , r r l ins l \ ' ,  thc  thcor l '  o f  the  i r r f i t r i t c  i r r t cqr  r l

o f i i ' r s  scv t ' t ' r i l  l ro in ts  o f  spcc ia l  i r l t c rcs t  to  gco t . l . t c tc rs .  In  i r i s

<  r ' l t ' i t r r t r : r l  I i cscr r rc l rcs  i r t  thc  l , r r l la r  l ' l - rcory ,  r877,  I ) r .  G.  I l ' .

J/ i / /  r l iscorcrct l  r t t t  Irr f ini tc I)ctcrnrinant, rvhicl-r ]rc carcful lv

inv t ' s t ig : r l c r l ,  p rovcr l  to  l re  convcrgcnt ,  lnd  ahvays  o f  f in i t c

v r r l t r r ' .  
' l  l r t '  In f in i t c  I )c t t r r tn i l l r t t r t  h r ts  s i l t cc  found a l lp l i ca t ions

in  t l r t '  thcor r .  o f  sounc l  a r t< l  o t l l c r  l r r l t t l chcs  o f  ph1 's i r :a l  sc ic t l c t : ;

so  l l r r t  i t  l r t s  p ro lc t l  to  l t c  o f  r l c r :pcs t  i r l t c rcs t  to  gco l l l c tc rs

r r r r r l  n i r t r r ra l  l rh i losophcrs .
\ l r r l  rvc  no t  l rop t  tha t  thc  in f in i t c  in tcgra l  hcrc  o t r t l inec l

r i r r r l  i r | | l i 1 ' r l  1o  t l t t ' s 'avcs  o f  t l re  l c thcr  inccssant ly  t ravc l i l l g

1 1 1 1 , , , r g 1 r  t l r , ' s i r i c r c e l  u t r i l c r s c  r v i l l  a l s o  f i n d  n e r v  a p p l i c a t i o n s

i r r  r , t l r , ' r '  l ) r i r1 r (  l r l s  l i ' t r r t thc t t t r t t i c r l  l l nc l  phys ica l  sc icncc? St rch

r l t ' r ' r ' l n l . r r rc t t l s  i t t  r t t r r l vs is  t t l l r i ch  t l l c  fc r t i l i t y  o f  our  r t l so t l rccs

in  c r r l cu l r t t jon .  i l l l ( l  l r lo t l c  sec t l l  i t c lc r l t t l t t c  fo r  dca l i r lg  r i ' i th  thc

in f in i tc l r ' -  co l r r l ) l ( ' x  phcnot l l c r la  l l c rva t l ing  a l l  t l l t t t rc .

1 8 .  , , \ n o t h c r  I i x a m p l e  o f  t h c  P r o c e s s  o f  S u c c c s -

s i v c  I n t . r : g r l L t i o t - t s  l l s  u s e d  i n  t h c  P I a n c t : r r y  a n d

L r r  n l l r  
' l ' h c o r y .

' l ' l rc r l i f fcrcnt. ial  cquatiorls of un<listurbcd planctzrry

nro t io l t ,  i t r  r -cc t l t t tg r t l l r  < - -oor r l i r l l t t cs ,  I l l l vc  thc  fo r r l ' r :

r l : . r ' / r l z :  t -  12( t  +  t t i )  - t l  r t  - -o

r1r . r ' / r l l 2  r  / i ' 2 ( r  +  r i ;  . t ' l r3  :  o  ( t  S ; )

112- : , , ' r l1 :  + ,4 : ( r  +  r i l  z  f  13 :o

/. '2 l ,cing t l tc Clrrussirt- t  coltsttrnt of attract ion.

I f  rvc  n ru l t ip l l ' the  f i rs t  o f  thcse  equat ions  by1  anc l  thc

sccon<l lrr ' . r ' ,  r tncl srtbtr i tct thc sccond product frol lr  t l tc f i rst,

\ \ ' r '  t r l  l r v  l l t ,  f i r s t  i n t e g r a t i o n :

(..x ,lJ' - I <llu) f clt : c
( !<V ; - zd r ' ) / r l z - r '

(1' c|: - z cl1;; I r.lt - c"

c z - c ' 1 ' + c " r c : o ,

' ,  - ( ,u i ,h ' l  ' : , f ' r / r '? '1n c l . t
o

r ' r r , '  l t  r t r os r '  1 l - o r t r  l l r t '  cons i r l c ' r l t t i o t r  o1 '  l l l r l  I ' l t co r v  o f

t h c , \ c l i t c r ,  r r : t t l t , r  r . . ' t l i t i o t r s  c r i s t i . g  i '  r r r r l r r r r . ,  i r r r r l . r , t r t ' s -

p o n r l i r r g  c l o s C l r .  t r t  l l l t '  : t r ' l t t r t l  s t r i t t '  o 1 ' t h c  f l i l l i i '  \ \ ' r r v '  I t  r v r r s

i r o r i t ' c t l  l r - r '  S i r  I I ' i / / l t t t t  / / t r . r r I L / ,  * i t l r  t  l r r t r r '  t (  r i \ l i r  l ' t  r r r ' -

1 * t t i < - r r . r ,  1 [ 1 t  t l r c  ( ' ] u l l r x l  i s  t i  . l t t s t c r i r t g  s t rO l l l r l .  l l l l t t l c  up  1 f

s t l r  r . l ou r l s  i u t r l  c l r . r s t r . r ' s  i n  CVcn '  < i t  g r cc  o l '  t ' t l t l t l t ' t t s i t t i o t r .

/J t t ' t tar t l 's  r r r i rgt l i f iccnt  l lhotogr l rp l rs t 'o t l l l r t l r  / / t t .s tht l 's  < 'ct t t -

< ' l u s i o t t  t l r : t l  t l t t t  l l i l l i \ ' \ \ : l l v  i s  g n r < l t : r t l l Y  l r r c i t l i i t l g  t t 1 t ,  r t t l r i t ' r

t l t l  c6 l t i n r r l c l  1 r ' t i l r t  9 f  t IC  c l t r s t c r i ng  1 l r l l ' c r  91 -  t : t l i v c t  s l l l

g r : r v i t u t i on ;  ' , ' c t .  s cns i l r l c  ch l r ngcs  i t . t  so  s t t t pc t l t l o t t s  l t  s t r t t r r t l t r c

t . ou l r l  l r r :  r , r 1 r0 t . t c r l  t ( )  l r r : co l l r c r  l IP r c t . i t r l r l c  on l r - r v i l i r  t hc  ) r r l l s c

o f  r r i l l i o r t , .  o t '  t t g t ' s .

( l r )  Sorrr t :  :3oo vt ' l t rs  l tgo i t  n 'as suspcctccl  lx '  J)ct t tnt r i lus,

. - 1  t t , r . t , , , q , , r o . r , : t nc l  o t hc r  ( l r - c c l<  l r h i l osophc rs  t ha t  t hc  l l i l l l '

\ \ ' aY  i s  n l l l ( l c  r l l )  o f  s c l l l t n i t c  s t l l r s  t oo  sn la l l  an t l  t oo  l l r i r r t  t o

l r c  j r c r c . i l , r , t l  i nd i r . i c l r r i r l l r - .  
' l  

h cs .  i r . p r css i ons  o f  t 5c  a r c i c t t s

r vc r c  t  on { - j r t t r c t l  b t '  t l l c '  i t l v t ' t r t i o r l  o f  t hc  t c l c scopc ,  l t t i t l  t l o r r '

J Jd r / t d / ' ( 1 : s  sy r l c t l t l i c l  l l l r o t ou r i t l l l t s  i l l r - r s t r i L t t  t hc  sL r l r j c c t  o r l  l r

s t l r l t c r t r l o r r s  s t . l L l r ' .  
' l ' h t .  

l l r tCs t  c ' o l r c l us i o t l s  l t r t '  so t t l c r r ' l l l i t .

i r n l l ogous  t o  t hosc  o f  t hc  (  i l c c l i s  i n  f o r c t c i i i r l g  t l l i r l g s  r r o t

\ ( . 1 .  se ( ' t t  l r \ '  t r r o t ' t i t l  c l ' c :  t - t l t l . t l t l l t ' ,  o l \ . i t t g  t o  t h t ' r ' t s t  c \ t c l l s l { r l l

r i 'hich sl iou's lhat the undisturbcd motion of t i re planct l ics

in a. pl lnc lr tssing thror. lgh thc ccntre of the Sun, thc cotlstat l ts

ol- thc lrrc:Ls. uttr lcr thc cctrtral force, :rccorcl ing to A-r// . ' r 's lrLrv

cr f  r r rc i t s ,  l r c i t tg  r ,  c ' ,  c " ,  i t - t  cquat ion  ( r58) .
' l -hc 

com;rl t : tc ir .r tcgration of cqttat ion (r.57) r ' ic lcls six

constrrnts, \ 'hicl t  rrrc thc clct l tct l ts of the planct 's undisturbccl

anr l  l i l i c t ' i sc

u'hcnct:

( 'ss)

( 'sq)
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l l r n t i o l r .  l r s u ; r l l \ '  \ \ ' r ' i 1 t ( ' l )  :

; r  - ,  long i tL r r l c  o f  11rc  Pc l ihc l ion ,
I l  = .  lung i tu r lc  o f  thc  ascunr l ing  noc lc ,

z  :  i n r ' l i r l t i o n  o f  t h c  o r l r i t ,
( / , :  ur( si ] l  r ' ,  thc fut lct ion of thc ccccntr ici ty,

r l l -Dr ( ' i r11  lo rg i t r - rc lc  o1 '  thc  cpoc l i ,
7 /  = =  l l l ( ' l l  l l  l l l o t l o l l .

r \ccon l ing l r - ,  j f  d  l rc  i ruy  coorc l ina tc  o f  thc  p la .cc  o f  thc
lrodr', d -f 1;, , 57, t', rp, '4[, zz) rvc hrtr,c:

.  /  6 :  116 f r1 t  .  .  /  ;r  t-  cl l  f  r1n'.  /  tr l  + d6 f c\ t" .  I  i  + cl6 f  <k1, '  .  I  I  +
t ' c l q f c l l f n . . t t l [ n + d l f  d n . . l n  .  ( r 6 o )

-I-hc 
placc of thc pcrtr.rrbcrl  pl irnct t l tus clcpcncls otr t l tc

v l r i l t i on  o f  thc 'sc  s is  c lcnrc t r ts l  l rL r l  as  thc  pcr t . t r r l r l r t io r rs
u s u a l l y ' a r c  s n r i t l l ,  t . l r c  s o l t r l i o n  o f  t h c  d i f f c r c n t i a l  c q t r a t i o n s
for  thc  c l i - . tu r l rc< l  n ro t . ion  i -s  l cgr r r r l c t l  l t s  s in r i la r  to  th l t  o f  thc
unc l i s l r . r r l rc r l  n ro t ion  l l r t  r i  i t . l r  var r - ing  c lcnrcn ts ,  -  thc  pcr -
tu r l>a t io r rs  o f  th i r  c lcnrcn ts  to  l rc  l t r l< lc t l  to  t l rc i r  in i t ia l  la lucs ,

. \ccorc l ing ly ,  fo r  thc  t l i s t r r r i rc r l  n to t ion  o f  : r  p lu t r t : t ,  r i ' c
havc crlua.t ions of a. closcl l '  rcl l t tccl frrrnt,  1'ct rvi th thc scconrl
n tc rn t rc ts  l to t  zc ro ,  l tu t  vc rv  sn l r l l ,  l t t r t l  r rn t l c r  s r rc l t  cons t i ln t
cha.ngc  tha t  thc  n rc thoc l  o f  in t .cgr i t t ion  is  l<nou ' t i  l x -  t l t c  n r t tnc
o f  v : r r i i r . t ion  o f  1 ; ln tn rc tc t ' s ,  o r  o l -  t l r c  c lc ' t rc I r l s ,  rcg i l r r l c r l  l t s
nrb i t ra ry  cons t i l l r t  s .

J f  r ' r l c n r l r ' t h e r  n r r l i r r s  v c c t o r  o 1 - t h c  r l i s l r r r l r i n t  l r l r r r r l t
f r o n r  t l i c  S r r n ,  l u r r l  r r  i l s  r l i s l r t n c c  f r o n r  l l t r ' p l i r n r ' 1  r v l t o : c ' t r r o l i o n
i s  c l i s t  L r r l ; c r l ,

1 . , 2 - - . t , 2  i . t , ' 2  I  , ' :  ( j :  \ '  . r . :  
. 1 . '  

- t . :  i  . : '  
^ :

, l ' ' . - . . a "  \ ' ,  1  , . l  - ) r ' l ' , - . " - : . :  r . t 6 l ,

s o  t b r L t  r 1 t . t -  . , t '  , . i q ,  i g ' i ? t . r :  - ( . . ; " - . r : ' , r o '

antl  thc pcr tr :r lrLt ivc fuuctiotr l rc t lcr-rotcrl  l11. -(.1, u'c hrrvt: :
!)  :  nt '  f(1 + tn.) ' l r  I  o- l .r ' . r ' ' i - ,r ' -1, '  + z z') l  r '  : t f  - t-

+ - n i ' f  Q  t - , , i 1 ' L r l t '  ( : t "  + 1 , y "  + z z " ) 1 r " 3 ) ' r  "  '  ( 6 2 )

?9 l i . t  :  tn'  f(1 + ni '1'  ( . .  -  r /12'r lrr /d.r '  -  x '  f  r '  3) 'r
- t .n t " , t ( . ,  +  . r i ' t . ( , -  r / r '2 ' t lo ' / r l . ' t  t i ' f  r "3 ; l  .  "  ( r { r .3 )

: t t '  i i r  + ni I  ' l ( . . ,- '  -  .r) /q'  r : ' / r '  : t)  
I  +

- t ' t t t " 1 ' , t  +  t t t  ' / : ' "  - . r ' ) / g " t - r " f  r " 3 l  r ' ' '  i r 6 1 )
' I ' hcn  t i r r :  r l i l l - c rcn t i r r l  e r lu ; r t io t ts  f , : r r  thc  r l i s t t r r l rc r l

nrot icn bccorrc:

d2.r'/rll: -t A2 (.r + ttil .t ,l r:\ : /.'r ( r + n) ? !) i?.t
d2-t ' fd12 ' t- l . ' : (r  - t  ni) 1' f  t ' : t  .=,42(r + ni;  i : !)1?'.r  (rf i .5)

r12zlcl12 + /2 (r + tn' t  zf r : t :  12 (J + nt) ?!)f  ?' :  .

As  bc forc  no tcc l .  thc  r igh t  n rcnrbcrs  o f  thcsc  cqLr r t ions  r l i l f c r
sl ightl l '  f ronr zr. ' ro.

Non' sincc thc sccontl  nrgrbcrs of thr: cr l l rr t iotts for
thc pclt trrbccl nrot ion rtre srral l ,  orving to thc snrl l l  n'r i lsscs
a l rd  g rca t  rnu tua l  r l i s t lncc  o f  thc  p lanc ts ,  : rs  \ \ -c  scc  l )v  thc
c r r r : i r ' ; r l c t r l  t l n i l e  c r t r r c * s i o t t  :

\ r  +  n t \  i ' ! ) t ? t '  :  ) -  r , '  [ , ' , ' , , '  _  t '  l t ' ' t f\ '  ' " " i ' - - l  "  1 J ' -

s-.l
:  

)  
t t t ,  [  , ' , . - . '  , '  , 1 3 ,  , - . t ' ; f  r , a ]  / r o t r )

\\ 'e mav in thc fir 'st 
"nOrnr,,.", l,nr.r 

intcgratc thc abovc ccluations
as if the pertlrrbali.. 'c fr-rnction \\ 'crc zcl'o.
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Accorcl inglv in lay'/ace's trcatrrent of this qucstion,
\{ icaniquc Cilcste, l , iv. I I ,  Chap. V. $ 4r, hc usually $'r i tcs
thc dif icrcntial cquation in the fortn

c l21 ' f  d tz  +  a2  y  +  r t  Q:6  ( t6Z)

rvhcre rr i5 i1 snrall constant coefficicnt, ancl Q a function
of thc coorcl inl tcs, ancl of thcir di l fcrcntials.

To intcgnrtc thc cquation of thc perturbcd motion,
t l t c rc fo rc ,  na l t l ( ' l ) ' ,

d2-t ' f  d/2 + azy + u Q:s

s'c f irst intcgr- ir tc th;rt  f trr  the undisturbcd n-rot ior-r,

, 1 " , l l c l t z * a 2 y : o  ( 1 6 3 )

ri 'hich gir,cs J, in futrct iotrs o[ the t imc,

. 1 , - ( , d . s i n a / *  c ' f  a . c o s a l  ( r f i 9 )

th t rs  cor rcsponr l ing  to  pLr rc ly  pcr iod ic  mot ion .

Sondernunrnrcr

I:'or , l t  l u ' I t o \ ! r /  - c ' s i n a t ( ' 1 " )

\ 1 7 r  )r r n r l  < 1 3 r ' , ' r l l : : t  a  s i t t a /  * c ' a  c o s a t

r v l r i c l r  v i c l c ' l s ,  l r v  ( r 6 S ' .  r ' o t n l r i n l t l  s i t h  ( r ( r r ; ) :

r l 2 r '  r i l :  I  , , ' :  q  . -  6

: L s  i n  ( r f i i i ) .
' l  

l r c r r ' l o l c  t i r c  o l i g i n a l  c . l u a l i o l r

. i n ,  , '  s  c  l r r r r l  r l i l u c t . l y :

, \ ' , l r , r '  
' ,12 :  ' r l z  

, \ '  ,  , ,

l l , . -  r , 1 , ,  r r 1 i n t g  t l r c  i r t l t

r  - . ! ' , l r '  , l z  , l r  . \ '  ,  , , , .  , t  , \ r  -  
, f r  s i r t a /  < I /  -

-  r f  a 's i t t  a  t  +  c '  fo '  c .osa /  .  ( tZ ; )
' l 'o 

clctcrnrinc thc constants of thc intcgration, c zncl c' ,
u'c pror:ccrl  as fol lorvs l i i rst,  to f incl r  rvc n'rult iply (169) by
t r  s l r ld / )  r r . i r c l  ( r7o)  l rv  cosa/ ;  anc l  ac l r l :

1 1  - 1 , s i n . z 1  . -  c  s i t t z t t /  l . r ' s i t t r z / r ' o s r r l  , , , _ , \
r i , r  1 t r l l  r ' r , s  d l  -  (  t ' ( ) s2  d l  -  r '  s i l t r z l  cos  r z l  

'  |  +  l

u l r c r c l ' r r r r '  1 .  - r r . t  s i n . 7 1  , - r l _ r ' , ' r l l ' c o s a 1  .  ( t l S )

S (  ( ' o i r ( 1 .  t o  l r n r l  , ' ' ,  \ r - c  n r r r l t i p i r '  ( 169 )  by  a  cos  a t ,  anc l

( r  7o )  l r i '  -  s i r r  r z l ,  u t r r l  a t l c l :

d  l ' c o s d / - c  s i n a l  c o s d / l -  c ' c o s 2 a t

-- rl-r'/rlf ' -sin rz / : - c cos al sin a I + c' sir3 at

r r ,hclcforc c' :  a j ,  cos at - <11, f  dt 'sin at

Norv rvc har.c founcl that in thc ccpration of unrl isturbccl
nrot ior.r,  thc purcl ir  pcriodic functiotr -r,  t lepcncls on a cloulr lc
in tcgr l l io r i  o f  t l r c  c r lu : r t ion  ( r6S) ,  a t rc l  thus  rvc  n rav  rv r i t c  thc

I)roccss in thc l 'ornr ;
' .  r t  ^  P  P

r  =  - , )  
. l r l z v j t l / : . r l l r l 1  

: , f  
) ) l , d l d l :

: 
.\ '  ,f * {(.c f a. sin al + c' f a.cos at)} dr dt (t z 8)

l ' h ic l r  r ' s  r ' : rs i l v  r -c r i f i c r l .

In thc thcorv of pcrturl ;at ions, involving equations of
the forn.r (r67) abovc, i t  is shorvn, (Nldcanique Cilcstc, Lir ' .  I I .
Ch. \r .  $ .1r),  that an adcl i t ional intcgration is rcquircd for
thc  tc rn rs  invo lv ing  ap .

3 r

r r r \  i s  i r t t c q r a t ,  r l ,

F

i l t l n /  t l l  |  , l r '  a  t  o t , t /  r l l

:  c  Cosa l  -  c '  s i n  r z l :  r l r ' , , ' r l l  .  . t ;  2

' gn r t i on  * ' c  l t a . r ' c :

( r  76 )

( r i 7 )
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Tl rus  rvc  gc t  fo r  the  pcr t  r : rbcr l  lno l ion

t ,  :  c l a ' s i n r z l *  c '  f  a '  c o s a t  - r r / a ' s i n  a t  !  Q  a t  c o s a / +
,  ( . ^ .

+  r t  I  a '  t  os  a / , \  ( )  d { ' s l t  o /  .

Thc cloublc intcgration for ,r , ,  in thc thcory of thc
unr l i s tu l l rcc l  n ro t io r - r ,  rv i th  thc  r r r l r l i t i on l l  in tcgra t ion  fo r  thc
tc r r rs  invo lv ing  thc  pcr tu r ln t ions ,  -  in  a l l  thc rc fo rc  the
thrcc  i t t t cgnr l . ions  hcrc  c rp l l incd  -  g ivc  a  f l . i r  v ic rv  o f  t l r c
proccsscs cnrPlovcrl  in t l rc pi irnctaly thcory: 1'ct i t  rra.y l tc
l to t i cc r l  th i r t  in  f rx i r rg  thc  pcr t r r r ) r r t ions  i r r  long i t r rc lc ,  thc rc  i s
a  r lo l r l r l c  in tcgnr l  invo lvcc l ,  i r r  lLc l r l i l i on  to  thc  r lo r rb lc  in tcgra ls
fo r  thc  pcr tu rba t ion  o f  thc  la r l i t rs  \ ' c ( ' to r :

t h c

l,'( t

i n t c g r r r l  l o r  1 h c  l o n g i t r r < l  c  h a v i n g  t l t c

r (tttt laili ( r rlo)

fornr :

t ) .  i r s l )

' I ' hcsc  
cqu l t ions  o f  Lay ' /acc  g ivc  the  pcr t r r r l r r t ions  in

thc  rad ius  vcc tor  a .nc l  Jong i t r r r l c , , / i  l r c ing  thc  r l i s t r r r l r ing
f i r t rc t ion ,  anr l  1 , . .  , r l f  -+  n t  t l r c  c 'onr l r inc r l  n r rsscs  o1 '  t l r c  Srnr  a r r r l
d is tu rbc t l  p l i t t rc t ,  r t r r l  zz  t .hc  n rc i rn  n ro t io r t .

I ; o f  o r t f  I , r r ' \ , 1 ) l  J , r l l l r { r \ r ' \  i t  i s  t t r ' t  l ) n r ' c : : ; l t " \ '  t o  g n  i t t l n

grc t tc r  < lc t : r i l ,  r rs  to  thc  r r r r t l r cnr r t i c l r l  l ) roccsscs  invo lv r ' r l .  i r r
t h c s c  < ' r t l c r t l a t i o n s .  l l t r t  r r c  n r : r v  c l c s c r i l r c  t h e  p l t v s i c r r l  . i g r r i -
f i cance o f  such lpJ r rox i r r r i r t ions ,  s 'h i r 'h  a rc  r rcc : r rn r t r - '  to  thc
6rs t  porvcrs  o f  thc  r r t t r iLc t ing  rnasscs ,  o r  r l i s t t r r l r ing  fo rccs .
I t  i s  tha . t  u 'hen ts 'o  l r l r t t . t c ts  rn r r tu l l l v  < l i s t r r rb  cac 'h  o th t ' r ,
thc cffcct upon onc borly is calcr.r l l tcr l  just as i f  t l ' rc rrot ion of
thc othcr l tody u'crc undistrrrbcrl ,  an(l  vicc vcrsa. ' l 'hrrs 

for
c i t l r c r  l ro r lv  t l t t ' L r r t r l i s t r r rbcr l  coor r l inn tcs  o f '  thc  o thcr  L r r :  r rsc r l ,
as  i f  i t s  r i ro t io t r  l r r r i  no l  l rc t :n  pcr t r r r l r r : r l .  \ \ ' l t cn  t l rcs t .  f i l s t
o r r l c r  p c l t . r r r l n l i o n s : r r t ' o l r t l r i r r r . r l ,  f o t - r ' o r n ' t ' t i r r g  t . l r c ' r ' l t . n t r . n 1 s ,
t h c  r c s u l t i t t g  n c l '  o - s c u l ; r t i n g  c l c r n c t r t s  r n r r . r '  i r t '  r ' n r l r l o v c r l  t o
ca lcu la tc  t l rc  pc t -1 t : r l l t t ions  j r rvo lv ing  t l r t '  s lconr l  l r r rs  c rs  o l -
thc  n rasscs  or  r l i s tu r l ; ing  lb r r ' cs .  . , \ r r r l  i1 - l l r t ' : c  scconr l  o r< lc r
cor rcc t ions  arc  i rpp l i c r l ,  to  g ivc  u  scconr l  s t t  o f  os , ' r r l i r t ing
e l c n r c n t s ,  t h c  l l t t r : r ' n r a . v  t l r c n  l r c  r r s c r l  t o  c u l c r r l r r t c  t l r r ' p t ' r t r r r -
l x t t ions  to  thc  t l - r i rc l  o r t l c r  o f  thc  rnusscs  or  l ) ( ' r t r r r l ) i l rg  l ( ) r ( ' ( ' s .

T ' l r r :  p roccss  is  t l i c rc fo rc  onc  o f  succcss ' i vc  r r  ppror i -
n ra t ions .  I t  l r rcscn ts  no  r l i f { rc r r l t y  in  n r rn rc r i t ' a i  c r r l c r r l r r t io r - r ,
b l  thc  rnc t l ' roc l  o f  spcc iaJ  p t : r t r r r ln l io t - rs ,  r r 'h ich  is  so  nr r r t  l r  uscr l
fo r  thc  rn inor  p ) l r t ' r c ts ;  r tn r l  n l rv  l rc  t :n rp lovcr l  i r r  thc  l r l rovc
fornru l r re  o l  Lay ' la rc ,  i f  in  thc  rcpc t i t ion  o f  th t :  i r r t t ' g r - r11 ic lns ,
u'c succcssivclv corrcct thc t: l r :nrcr-rts, to tal ic l t ' r 'ourr l  ol- t ]rc
pcr tu rba t ions  o f  l l r c  f i r s t ,  sccon{ I ,  o r  h ighcr  o r t l r . rs .

' f l rc 
fornrrr lr \c of J,df ld(e, hon'cvcr, arc intcndcrl pri-

mar i l l '  fo r  gcnc la l  pc r tu rbr t io r - rs :  th r t  i s  fo r  pcr tu r l ra t io r " rs
inc i< lcn t  to  thc  c - \p . l l r s ion  o f  t l r c  pcr lu rba t ivc  fun t : t ion  in  l
s c r i c s .  l l t r r s  i n v o l v i r r g  l l r c  l i r r r c  ' , s  , r r r  i n , i . n c n r l c u t  t i r r i , r l ' 1 , ,
rvhich n-rav scrvc for inrkrf ir-r i tc t inrc. 

' I 'he 
usul l  rnodc of

cxl.r lnsion involr-cs thc lrorvr:rs of thc nursscs, arr<l thc variorrs
po\\ 'e rs of thc ec'r 'cntr ici t ics ancl t l -rc r-nrrt lrr l  incl inations of thc
orb i ts .

Sonclernumnrer

( t ;s )

, \ , : u  r , o r r , , f  , t c l l . r s i n r . ,  1 t . f  an+ r ( / i | i : r ) \  r

- zz sin ,,1 ,, , l t . , cos z {zfrlft +

- r21. t\zt - (z r rk\r + clr i r'1 f (a2 n <lt) +

t ju I 1, .,1 .1,, dt d /i t- .,, f 1, .,f ,, d/ . r (.i) A' | (
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Olrjcct ion is sonretimcs made to this method, even as
rcfirrcrl lty lf ottsctt, to cnsure incrcased rigor in Lal/ace's
processcs. Tt is hclcl that thc mcthod of expansion in series is
ir-rcxlct,  l rcca.usc thc nurnbcr of tcrms is indcfinite, and al l  of
thcnr clnnot l tc ful ly taltcn ir-rto account, withorrt enormous
Ialror; lncl cvcn thcn an unccrtainty rvi l l  rcmain as to thc
inr: lLrsior-r of al l  thc tcrrns, rvhich could cffect the result.

Irr r  89.5 Profcssor Neutcornb exprcssed to mc this
funtlarncntnl objct: t ion to thc t l-rcory of gcneral pcrturbations,
rncl sair l  that i i  hc had his planctary rcscarchcs to do again,' Irr :  

rr 'orr lcl  ar ' lopt thc nrcl.hocl of nunrerical intcgrations crnploycd
in  thc  thcory  o f ' spcc i l l  l ) c r tu rba t ions ,  as  app l i cd  to  thc  i t s tc -
ro i r i s .

Alczt,cont. l t  rcnrrr ' l icd that i t  took Dr. (1. l l / .  i l t /1 tr yca.rs
to  cornp lc t .c  h is  Ncs '  

' l ' hcory  
o f  Jup i tc r  anr l  S t r tu r r r ;  s ' l r i l c  t l r c

nrc t l ro< l  o f  spcc i r r l  pc r t t : rba . t ions ,  to  a  c lcgrcc  o f  accur lc r .
lur lcr luatc for scr.crrt l  ccnlurics, coulr l  bc :rppl icd in vcn' nrrrch
I i ' ss  t i r r r r ' .  

' l ' h r 'p r , ' l ' l '  
r r r  i s  o t l c  u 'h ic |  Dr . I I i / /  t t scc i  to  t l cs<r r i l r c

r rs  r l c l r r :n r ' l i ng  on  r rpus l r ing  t l rc  t lpprox in t i r t ions  to  s r r f f i c icn t l r .
l r igh  or r l r : r  rs  rcs l ) ( ' ( ' t s  thc  rn l rsscs ,  cc r :cn t r i c i t i cs ,  n ru t r ra l
i n r ' l i n l r l  i o r r s < ,  r : l r ' .

' l ' l rrr  
r :r i t . ic isnt of , \ iczt, tottr l  is of rveight, not so n-ruch in

th t 'o11 '  us  i t r  Pnr t ' l i r : r :  -  rvhcr r - ' thc  rc r r l  r l i f f i c r r l t y  o f  p ick ing
or r t  u l l  suns i l r l c  tc rn rs  a . r i scs .  

- I -hc  
t rou l r l l  i n  p r r r , ' l r ' . r ' i s  so

scr io r rs  th r r t  l t r r rc ly  nu tncr ica l  J ) r ( ) ( ' ( ' sscs  l l r c  inc rc l rs ing lv
51y11glrt ,  \ .c1. thc rrrcthorls ol Lay' lacc, J/on-rtt t  nwl Jl i l /  continrrc
to  l rc  uscr l  in  t l r c  p la .nc t l ry  and h :nar  thcor r ' .

Part IV. Theorems of Laplace. and Poisson on the
Invariabi l i ty of the Major Axes and Mean l{ot ions
of the Planets general ized for al l  the Higher Powers
of the Masses: Crit icism of Tradit ional Theories
from the Age of Ncwton, Criteria which overthrow
the Theory of Ultra,Mundane Corpuscles: The Cal,
culus of Probabil i ty establ ishes the 

'Wave,Theory 
as

the Order of Nature.

r g .  / . , t V / , t , t : ' s ' l ' h t ' o r c n r  o f  r 7 7 3 ,  r ) r r z , : o ,  r \ r n , = . 6 ,
l n r l  t l r t '  \ l c a n  I ' l r r n t : t l r 1 '  l ) o t r : n t i l l  ' l ' h c o r c r r r  

o f  r 7 9 1 1 .

r .  I r r  l r r i r l i t i o n  t o  t l r c  t h r : o r c . r r t  o 1 -  r 7 7 . i ,

r ) ' , 2 , - 6  t \ r t t ; - s  ( r 8 z )

r v c  l l n r l  i n  t h r '  \ l r i c r r n i r l r r r '  O i ' l c s t c ,  L i r ' .  I I ,  C h a p .  V I I ,  $  ( r r ,

r  799. th;r l  / , t t f  / tr t  r t ' rcl tcs for thc 1)LInctary systcrn a fonnrrLr
r :onnt ' r ' t i ng  th t 'n l rsscs  r rnc l  ma jor  axcs  vcry  s imi la r  to  t l - r : r t  o f
thc  po tc ' r r t i l l ,  r  7S: ,  cxprcsscd as  fo l lo rvs :

constiurt -  in ld + ni f  a'  + tn" f  a" + ctc. : nt. ; f  t t ; :11 . ( tS:)

rAl l  t l rcsc c(lr . l r l ions tal ic p' lrrcc in rclrLt ion to thc incqtral i t ics
o f  vc rv  long 1r i : r io t l  rvh ic l r  n r ig l r t  rL f fcc t  thc  c lc rncn ts  o f  thc
or l r i t s  o f  x t ,  t t '  ,  cLc .< t .

I ' l r is rcir l lv rcl)r 'cscnts thc sunr of the mutual potential
cncrgir:s of thc lrodics of the solar systcm. The theorcrn
rcachcrl in r7t;9 thus trorrcsponcls to a rnodcrn extcnsion of
thc  c r r r l y  conc : l l r s io t r  o {  La . f /acc ,  in  r  773,  r \ ra ; :o ,  r \ . , t t ; :o ,
l l r r r t  t n  l l r e  f i r s t  J ) o \ \ ' o r s  o l  l l r c  d i s t u r b i r r g  m a s s c s .  l l r c  n r a . i o r
i rxcs  r i f  t l r c  p lanc tury  o rb i ts  a rc  inva l i l rb lc .  Th is  bcars  r . rpon
thc  cc lc l r ra tc r l  p rob le rn  o f  the  grav i t r r t iona l  s tab i l i t y  o f  thc

Dl iLnc t l r r r .  svs tcnr .

>rz-)
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( r i i  t l

a;1- r \a; :  17;  -1
. ;

I  - l  l ic \ \ ' t  sc t l tc  ntcan

t \ , t r ; -  -

r \ " t t ;  = .  -

Q  , ' t \  , a ;

, t  ; .  t \ .a i  + t , i (d l " , . ; t  
.

z. l lxtension of Iaf lare,s thcorcnr by poi.rson, tgog.
\\-c arc rcrnin<lcrl  thl t t  , / ,of lort,s carly.rcsult  of r773, ancl thc
above theorcrn of r7g9, \ \ . ls f i rst gir.cn a notablc cxtcltsion
in  rEoS,  rv l tc r  thc  l r r i l l i an t 'o rng  gcometcr  po is to tz  cx tcnc lcd
such rcason ing  l r l so  to  t i rc  sccor t r l  por .vc rs  o f  thc  c l i s tu rb ing
maSSeS, ancl r igolouslr- r lglopstr l tccl that cyen unclcr thi i
scconr i  nppr .x i r . : r t io r  thc  r ' l r jo r  axcs  o f  the  p lanc t . r '  o rb i ts
rernain coltstant and thc nrcan nrotions invari :rblc.

In  h is  I l i can i r luc  C i lcs te ,  Tome I ,  Chap.  XXV,
pp. 39r-- loJ, tSS9, Tts.reronrl hts a carcful cl iscussior-r of this
cc ic l r r : r t c r l  Pro l r l c r r . r .  I )cs ig 'a t ing  by  r l ,a ;  t l t c  pcr t t r r l r i r t io ' s
o f  thc  scr r r i -axcs  r l cpcnr l ing  on  thc  f i rs t  porvcrs  o1  the  r r ,asscs ,
anrl l rv r),rzi  thc corresponcl ing l tcrturblt ions r lcpcn<ling or-r
thc  sc . . . t l  l )o \ \ ' c rs  o f  thc  l r r tsscs ,  hc  c . r rcs  to  t l r ;  fo l lo iv i l rg
. . r r r . r r rs i r r . rs  /P .  4oo) :  ) ) I t  i s  thc rc f . r r .  r i . r ro rs t r r r t t , r r  t r r ; r t
< l r \ .o , '< l /  co ' tu ins  on ly  pcr  io r l i .  tL , r l l t s )  . r t r i  t .o .sc r1r r . . t l r .
th r r t  d ,a ,  c loes  no t  inc lu r lc  lny  sccr r l r r r  t c r r1 .  . . \ r . cor r i ipg l r l ,
a i  h a s  l l o  s c c r r l a r  i n c q u n l i t y . * 1 , " n . * , . t ; r k c  l c r . o u n t  o f  t l t c  l l r : t
a t r r I  scccrnc l  po \ \ ,c rs  o f  thc  rn l rsscs . r r  I I cncc  I )n t . rson 's  c .onr . ] r rs ion :
' l ' l ' h c  r n a j o r  l x c s . f  t l r c  o r l r i l s  r i c s . r i i r . r l  l ^ ' t l r r , I r r r ' t ' l s  r r i r r r r r t
t h c  S u n  h a v c  n o  s c c u l : r r . i n t , , I r , r l i t i , . s ,  r t . j 1 l 1 s r .  t o  t l t c  j l r s t  l o r
to  thc  scconc l  approx in ra t ion . r i

In  a  carc f r r l  l l i s to r i r . rL l  Cr i t iq r rc  (o . . ioz  t ' )  
, , / . t . r . r t ra t td

rcv icu 's  thc  c f lo r ts  o f  la tc r  gcor l rc tc rs  t i r  cx tcn< l  t l t csc  r t . -
sca . rchcs  to  h ighcr  ] )o \ \ ' c rs  o f  t l t c  r r rasscs ,  r ,c t  i '  po in t i r r t  . r r t
t h c  u n c c r t e i ' t i c s  i ' t h c i r  < ' . r r . l u s i . r s ,  f i n r l s  n o t h i i r g  c l c f i . i t c l v
c s t a l r i i s h c t l .

J . ' l ' l r c  a r r t h o r ' s  g c n c r i r ) i z a t i o n  o f  t h c  t h c o r r : r n s  o f
l,ay'/atc antl l,r.ti.r.rott for thc lrigltcr powcrs of thc rltrsscs.
I )u r ing  r9 : .1  I  * - r rs  ab lc  to  c lc ' rsc  a ' ra thcm. t i c . l  c rc r .o . -
s t r i l t i { ) . .  l r . sc r l  on  thc  rc r :ogn iz r :o  p ropcr t i cs  o f  in f in i t c  s . r i cs ,
that i f  thc terr,s i .r  d,a; anrl  r)"zz; cl is:rppcar, as pr:rcly Pcr. ioci ic,
no t  sccu l i l r ,  then  a l l  h ighcr  o rc lc rs  as  r ) . ,a ; ,  r l , rz ; ,  c tc .  t r  i l l
a lso  r l i s l l t l l c l t r ,  bcc l rusc  th r :  h ig l rc r  o r t l r r r  t c r r .ns  a rc  v r t r \ .  r r r rc l r
s t ra l l r r  th t rn  r ) ,a ;  ln r l  r ) ra ; ,  r rn r l  r recc l . ; s l r r i l y  s in r i l : r r  i , r  ,1 r , , r , , , :_
tc ' r ,  s i t . t r - ' c  LavrangL 's  f . r , . , .  fL r r t , . t i , , '  l r , , s  t t . ,  o t l t c r  t c r r .s  th l ' t
r  o t t ' l r i t t : r l i o t t -  o l  l l r , .  l l t : r r s , . i  i 1  , , , r i r - .

470

d { i * d z a ; + 6 : t a ; * 6 a a ; + . . .  ( t 8 Z )
motions may bc expanded in a similar

scl ics

t t  ;  )  t \  t t  ;  :  l t i  +  d  f l i  +  6yz ;  +  d .n ' ;  +d . ,zz , ,+ , . . ( r88)
Jn rceor-r lrncc rvith expcriencc i t  is assumccl that thc

nrlr jor ir-rcs lnrl  ' rcln rnotions a;and niarc consta.nts conncctcd
bv  thc  I i cp lc r i i r r t  r r l t r t ion .  fo r  unc i rang ing  masscs :

t t ; z  a ;3 :  /e ( t t1o1-  122\  .  ( t8S)' l 'hc 
assrrncrl  changes, thcreforc, rvoulcl givc, by the

t t s c  o f  t l r c  r r l r o i c  s c r i c s :
( t t ;  l . r \ r , t ,  t \ . , t t  .  2  , r ,  F d , a ; - r ) r a ; - t - . , . ) t

: / e ( t no *nz ) : 2 ,2  o . s  ( r 9o )  ( . , \ )
rvhcncc * 'c  f i . r l  t l re tcrr rs dcpcncl ing on thc f i rs t  anr l  sccorrrr
J )owc rs  o f  t l r c  r r r r sscs  t o  l r c :

J ,,,
'J ',, ( re r )  ( t l )

i n  l ' h i r :h  c . r i r rcss ion  / , ' / ,  rc l ) rcsc l r ts  thc  n rass  o f  thc  Sr rn .
I r - r  rcspcc t  to  thc  n t t r t r r l l  J )c r tL r r l )a t i vc  ac t ion  o l  t l . rc

P l i r ' c ts ,  i ' thc i r  o rb i ta l  rc ' . l r r t io t . rs  a l ro t r t  thc  S .n ,  th is  cx_
lrrcssicrn for ( i ,  rcr luccrl  to thr: sinrplcst fornr, rrrav lrc st i l l
l i rr t l tcr si trr l t l i f icr l ,  ancl put in the usuul forrr :

( ' i t  s)

of  thc
Tay /o r's

I lr : t  lhcsc I ( .rnrs i l  rc shos-n lx, thc rcsca.rchc s of Laf lar:c,
r77 .3 ,  r r r r r l  / ' ru . ; . r ru t ,  r ,9oS,  1 , ,  , . , ,n is l i  i r1er r1 i , . ,111r , ,  t c rm [y  i c r r , r ;
; rn t l  t l t r ' r t : f i r r t :  o r r r  c r l r r . r t i { } '  r , ) r  . \  t r ,  t t . r rns  o f  thc  t l r i r i
o r r l c r  i r t  rcs l )c ( ' t  to  t l t c  n r l rsscs ,  l rc r .o r r tcs  n tc rc ly :

( t t ; 1  r \ . r n ; )  . . . ) " ( o , , 1 - d . r r z , *  . . . ' , 3 - t l  2  d ' t  ( r 9 r )  ( q
l r r -  r ih i r ' . l r  i t  lpPcars  t l - ra t  thc  cxpans ion  v ic l r l s :

t1 t ,2  +  : t t ;  r )a r ;  t  (d " t t )2 j  {a f  
-v

+  3a i2  d la i1 -  ja ; ( i ra )2  +(dra)3) .  ( r93)  (O)

- \rru. / , t ,qran,qc's forcc f irnct ion U is made up of tcrms
of  t l rc  I \ I ) t ' 1 ) / , ) ) t . / /_ / , , , .  an< l  thc rc fo rc  any  tc r rn  t l cpcnd ing
on I t ig i rc r  J ) r ) \ \ . r ' r . s  o1-  t l t c  rn i rsscs  than thc  sccond do  no t  rc_
I ) rcs ( 'n t  1 - . r .cs  in  n l r tu rc .  l r r r t  on lY  l rn l r lV t i r : r r l  t c r rns  in  a  sc r ics ,' * ' ] r t : re  i * r  exprcss i r , r ' r  i s  c r l> l r ' r l c i l ,  i r  .1 rPr .x i r , . t io .s ,  c lcpcn l
r l i ' g  o '  t l t r '  P . *  r ' r s  o f  thc  l l ' r sscs ,  rv i t i c l t  i s  usuu l  i '  thc
p l : r r r o t u r t ' t l t u o n - .

4 .  ( ' r i t i r . i ' r r r  on  th is  n rc thor l  o f  sc r ics ,  as  no t  accorc l ing
n' i t l r  t l rc lrrr i 's . l -  ' i t t r l rc. , \-czt,cotttb and tnany othcr mathc]
r. . t ic iuns lrr ' r '  r ' . r .1>). ircr l  of t l ic unsatisf irctory charactcr of
t lrcsr: .rct lrr<1s * lr i r 'h t lclrcrcl on inf initc scrics. wi ihoLrt rcjcct ing
thc rcsult on ruri-  grouncl cxccpt thc hopclcss .h..nit . ,  oi
r lcf ini tcl '  c ' , l rrrrt ing thc scrics, on,ing to thc unl imitccl numbcr
of tcrnrs, \ \ 'c l lav rcnltrk :

a) ' l 'hir t  variat ions of the type r).er,.  ,  r \ra;,  r \on;, doa; , . , .
clcpcn<ling on lro\vcrs of the cl istrrrbing masscs higher th;n ihc
scconcl, sccrn to bc cxcluclecl frbnt considcration undcr the
actual l i rrv of naturc, by thc concl i t ions dcfir-rcd in l-agrange,s
forcc function U.

. lr)  And t lr is infcrcnce is confirmed by thc idcntical
varr islr ing of drn.;,  t)Jt; ,  6rt.r ; ,  { \ ,a,. ,  undcr the carcful
rinrrll'sis of. laf latc ancl Potsson. The chance of terms clcpcn_
tl ing on r)rzz, ,  r \rd; ,  64tt;  ,  6{; ,  . . . .  bcing dif ferent from
zcro is crrsi ly sccr.r to bc inf ini tely small .  I ior i f  the terrns
dcpcnding on thc f irst trvo tcrrns of the scries drn;, 6p;,
t \r tz; ,  r \ra;,  r 'auish, thcn thc probabil i ty of the higher teims
bct:onring scnsi lr lc is l tract ical ly zero.

c) 
' l 'hc 

conclLrsion that dra; vanishes l ike dta; ,  6zai
r.nust lrc hcld to bc inf ini tcly probablc, in vie,"v of the characrcr
of thc forccs opcrating in l taturc. I t  is inconceivable that
r\ra;^, t \ ,a; shoLrlcl  introduce no secular tcrms, and yet dra;
o r  doa;  do  so l

/ ' /
s.t

[ ' -  n t ^  )  r r , .
" -4-J /

7  - r

. i  -1 I  -  I

l  . '  Y  \ ' , , ,  , , , , , r

. t . - t  t - r

u: \-  \ i , , ,  , , ,  /  ,
A  . a / / t i t l t J t . t i J .

\ : ics' ins thc nlt jor axcs ancl rrci in nrot ions
plancts as functions confornrir-rg anal,vt ical ly to
thcorc rn :

u r :u  *  c lu lcL . . l f  t  +d2uf  c l . t z . t r f  e  .  z )  +
+ c l 3 t t f d r 3 .  l , I ( . t .  z .  3 )  + c l r r u i c l . r 4 .  h n I ( r . , .  3 .  4 )  +  . . .  ( r S ( r )

\ \ 'c rnay cxpancl thcse :rssunrccl varia.blcs, rr. i th ?i-rscrond,
) ldcan iquc  ( ' i l cs tc ,  l ' ome I ,  p .J94,  in  a  sc r ics  p rocccc l ing
lrccorr l ing to t l tc pou.crs of thc r l isturbing masses:
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I ior  unr lcr  thc lar i 's  of  naturc,  \ \ 'c  lnay c lcnv thc cr is tcrrcc

of  tcrr rs of  thc t l 'pc consir lcrccl  l ry  7 ' t , r .ser t t t r l ,  \T ic.  Ct i l .  I ,

P '  . 3 ( ) . 3  :  / ;  , ) / ; ) .  ) ) t . / l L  u t  t . ' t  , 1  ( ' , 1  t )

l r 'hcrc , ,1 is  i l  f r rnct ion of  thc coorr l int tcs onlv:  s in<:c,  l r f  i rn i r logv
with / ,a,gr t t t ,gr 's  forcc funct ion { . r ,  rvc arc rcs l r ic t r . r l  in  l l rc
p l a t r c t a r r -  l l r co r v  t o  t c rn r s  o f  t hc  o rdc r  m ;  i l r . / f  . l i . t  u -h i r ' l t  r t ' su l t s

f r o r r  l l r c  g l o r rp i r r t  o f  t hc  l > r> r l i c s  i n  p r r i r s  uu r l c r  t l r c  N r : r r t o r r i r r r r
I t r  r i ' .

' l ' l r i s  
c r - i t i < ' i sn r  i s  cq t r i l a l cn t  t o  t hc  c l r r i r n  t . l r u t .  i n  n r r t r r r c

i t l l  t h c  : r r ' l i o r r s  o1 - t l r c  l r o t l i c s  o f  t l r c  so l a r  svs t ( ' n l  r r r r :  o l -  t hc  t r ' p c
i t rc lu i lcr l  )n , / . t ,grat t ,q, : 's  forc 'c fut . tc l . ion [ , t .  . , \ t ' r 'orr l ingi r ' ,

i t r r i g i ng  f r on r  l l t r :  l : r n . o f  I u t . r r r L ' ,  7 ' i . r s r r o t t r l  l t r r r i  r r r i  r i g l r l  1o

cons i r l r - r  a .  i cn r r  o f  t l r c  f o r r n  y ' ' ,  r , r l u r r t i on  f  r , ; 1 )  l r l r ov r ' .  . \ l  r r r os t .

s t t c h  t t ' r n r s  u ' o u l r l  l r r i s c  l ' r - o n r  l l r c  i r r t x ' r f - r ' r : t i o n s  o f  o L r i - r n r ' l h o l l t

o f  l t p p t ' o r i n t ; r t i o t t ,  l n ' ( ' \ l r ; n r \ i r r n  i n  : r ' r ' i t : ,  l t o t  i ' l ' o n r  t l r r .  1 - o r r ' r ' s

l t c t t t : t I l i '  o 1 r c l i r I i t t g  i t r  n r r t u l r '  !

t \ r ' r ' o r r l i n g l r ' .  1 l r t '  g l n l n r J  l l r c o r t r n  i s  t l r r r t  i n  l l r c  r r r r r l r r r r l
i t c t i o t r s  o [  1  l r '  1 ; l i t n c t s ,  \ \ ' ( '  r ] l r \ '  ; i l l ' i r v s  l i t l i c  r ) a ;  -  o ,  i l l  c r  l r  r , r  l  ; r , t l

( r S 7 )  l t l r o v t : .  s i n c c  l ' r :  l t i r v t : :

a ; - t I \ t ; - r t ; 1 r \ r a ;  F r ) " r 2 ,  I  r ! . r z ;  I  r ) . , r 2 ;  |  " '  t ' , \ , r z ; - r t . ; .  ( t q S )

A r r r l .  i n  ) i l i c  r n r r n n c r ,  s i n t : c  l r v  ( r f i l i y

n ;  I  r \ t t 1 . . ) t i - l - d . t ) t i  t t \ , u i  I  t \ . r t t ,  t  t \ r t t ;  1 " .  I  r \ , 1 r . . . t t i  ( r 9 { i 1

\ \ ' c  t r r i t y  l ) u t  :  t \ t t , - 6 ,  i t , t 1 . -  o  i r o T )

r v l r i t ' l r  i s  r r  c o t r p r c l t c t t s i v c  q t ' n c r ; r ) i z l r l i , r r r  r , . r r l t i n g  l ' r . o r r r  l l r l
l l t t t t t r t ' t f  s  c : l  / . r t k / t t t t  I  ; ; . 1 ,  r ; r 1 i 1 ,  r r r r l  o l -  / ) , z . i . r r r r z .  rS rS

I t t  u o r l i .  o t t  ( ' r ' l r ' . 1 i r r l  \ l r ' ,  l t r r r t i ,  s .  5 L l r ' l t  ; r 5  
' /  

t . ; ; t r , t , t . i  ,

l l i c l r t t i r l r t c  (  r i l t ' . i r ' ,  [ .  1 i . . i , 1 i , .  i t  i s . l t , , r i ' n  l l r r r t .  t o  t ] t r ' : r , r ' r r l r r l

a l r l l r o r i n l r t i i ) n .  i u r v  t ' l c r r r r  r r t  l l r v  l r r '  p r r t  i r r  t ) r c  l r r l r r t :

V t  . ^ l
t ,  / ' 1  / ' ' / i . / ) ' t / 2  I  

: . / . i u 1 ' , / t i  
+

r  / \ l . / , ' ' " , ' , , ,  /  t , J , .  r r t . / r , t 7 , t
' J  S n l  '

\ ' ( ' t  ( ) \ \ ' i r t l I  t o  1 l t c  t l t r ' o r - r ' r r r s  o l '  L t , b / r r r ' t ,  r  773 ,  i r r r t l  / ' o i s so t t ,
r S o S ,  t l r r r t  t ) , , 2 ,  - o ,  r ) , ; u . , - - o ,  r ) , , 7 , , . q  ,  t \ . u ; , . . . 6 ,  1 ' c  i l t y t '
J ' '  - = o  .  / ) "  .  o .  l o r  l l r c  n r l r  j o r  r r r c s  r r r t r l  r r r c r r r r  r t o t i o n s .  [ . l r r r ] , ' r
c l o r r i > l c  i n t c g r i r t i o r r  l l r r ' l l r n r s  i n  t l t c  r r t c a r r  l o r r g i l r t r l c  t l r l i t ' t l t c
l b r r r r  ( c f - .  | . t / , / , 1 r , .  \ l L i , ; r t t i r l r ; r '  (  r i l , ' : t r ' .  l . i r .  I I ,  r ' l r r t 1 r .  \ ' l l ,

n S  . 5 4 ,  c h r r l r .  \ ' l l  l ,  
" s  

6 . 1  , :

t t  t ,  -  / ; . 1  . l t 1 / \  
t l r  \ l /  t l /

=  / t i  / ' s i n l ( . i  t r  i ' i t '  , t l  t  t t  t r '  i  { . ) l  i  n  i '  t t '  )  ( , r ' l  i r , t 7 l , )

r n r l  l i t l r  t l r c  s n l r l i  r l i v i s o r s  i r t c i r l c r r l .  1 ( )  n i ' l l r : r p l l o r c l r  1 o
t ' o t l t n r t ' n s t t r r t l r i l i t v  i n  t l t t ' n r t ' l r t t  r r r o t i o n s ,  l l r i s  l i r l s  r r - r ' l o ; r
g t - t ' r t t  i i t t : r 1 u r ] i t v  o f  . f  L t l r i t r r  l r r t r i  l i l r t r t r n ,  i r t  r , 1 l f i  v l r r r - s .  l r r t r l  o 1 -

U r i r n u s  l r n r l  \ r ' 1 r t r r n c ,  i n  i r l t o r r t  . l o o o  \ ' c i i r : .
' l ' l t c  

l r l r ov r :  r l i l r g r l r n r  l ' c l ) r c sc l r t s  l l t c  t l r r : o r v  o f  t l t c  t l r c l r t
i n t : t l r r a l i t - r ' o f . f r r l t i t r t r  r r r r r l  S ; i t r r l n ,  u n r l r : r  s L r c c c s s i r r . r , , 1 1 j 1 1 1 1 1  1 i r , 1 1 5

i r t  t l t c  l i r i c s  O . / r  ,S r  ,  O . / "  . \ ' "  ,  ( ) . / . .  , \ . , , ,  O , / r  ,S r  ,  t , t t ' . ,  s c l r r n r t c ' . I

c i l c l )  t i n r c  l 1 1 ' l r l r o r r t  : 4 o  l i r o r r i  t h c  1 ) i l t r l r c  o l ' t i r r ' l r o t r , n t i r r l  o f
thc pl t rnct i rn '  i -orccs :

t - t ' \ - ) ) t t t t ' f  . / ; . ,  . l  . l  . l  . l  . l  . l  |  
. r '  \ '  j +  r ' ' - . r ' 2 ,  : '  - : ' l  '

x  r r  r l , r '  r l l  r1 :  r . "  t l . r ' '  r l r , '  r l . : '  ( ; . ;  (  r , t7c)

r r ' i th  thc resLl l i ing forccs t l rcntsc l lcs.  iLct ing r r rutu i i l l l  on thc
i ) i iurct : .  in  l ig l r t  i incs,  s .c  scc thut  thosc:  lbn 'cs l rcg i lcn in  r l i r t ' r ' -

4 7 2

I ) i r r q l

f r r p i l c r
( ) . / r ' \ ' ,

r  o r r r l r l r , l r '

l l o t t  I ' i  . : t t ,  -  i t i t l l  ,  o : i 1 l 1 c  1 1 - l t t t g l t ' .  t l r , l r , . , r t r l i t t g  O r t  r l i l l i . r l r t r . c . s  i 1
1 l r ( , i r I i l r  r r , r I i O ] 1 . .  t r n r l  t l r r r :  t L r c  c l t i c l - ] r ' l r r t r i o c l i c ,  t r s  i n  t h C  t . r r . t i
l : l t t (  r '  1 ( ' n l l s  o l -  t ' r l r r r t i on  ( r r ) ; r l r o ' , ' c .  ' l ' l t c  

s ccu la r  t c r r ns  f o r  t hc
chl  nr lcs of  t l tc  or l r i t .s  thcrnsclvcs a.rc g ivcn by thc tcrnr-s ,P '
. rnr l  / " '  ,  rvhi lc  thc long,pcr iocl  inccprrr . l i t ics nrc g ivc l r  by (d) .

z o .  ( l o r r f i  r n r a . t i o n  o f  t h c  e . l r o v c  
' l ' l r c o r c n r  

l r y
t l r r '  l l t ' t l r o r l  l l s c ( l  i n  / . r t y ' l o t l s  S r r p p l r : n r ( i l l t  t o  V o l .  I I I
r r 1 -  \ l r i c l t n i r l r r r '  ( ' r l l c s t c ,  r 3 o S ,  l r n r l  i n  / ) t t i s . s o n ' s  I l . c -
s r ' ; r I . r ' ] t c s ,  r S r ( r .

. , \ l - t c r  t l t c  r l t ' r - t  l op r r r n t t  o f  t l r t '  r . c l c l r r r r t c c l  papc r  sho rv i ng
t l t : r l  t ! " , r .  o .  r ) " 2 . , . . , 5 ,  n ' l t i r ' l t  / ' n t ss r t t t  l ) r c so l t t c ( l  t g  t l ' u :
I r r s l i l r r l c  o l -  l ' r ; r r r , , , .  . J  r r r t r ' : o ,  r S o S .  r r n t l  1 l : l t l i s h c r l  i n ' l ' o r n r : \ ' I I I
o l  l  i r t '  . f  o r r n r r r  l  r l , '  I '  l i . r ' r i l t '  I ' o l v t c c l r n i r l r r c ,  ( ' i r l r i c r  \ \ / ,  p 1 t .  r - . 5 6 .
/ . r t 1 , / , 7 , , '  r c s r r r r r l r l  l l t l  s t r l i j r . r ' t ,  l t n< l  o r r  t \ L rg .  r  7 ,  r ,SoS ,  l t r c sc r r t c r l
1 o  l l t t '  l l o r t r r l  r t l  l , o t t g i l r r r l c  o l -  l i n t t r c c  i t  \ ' c r y  s i n t p l c  r l r ' r l o n
s l r ; r l i o r r ,  u l r i , l r  l r c  r i { l i ' r c t l  r s  i l n  a l ) J ) c n r l i x  t o  t h c  } l i c r i n i r l r r c
( ' t l l c s l r ' ,  r ' o i  .  I  I  I ,  l ) l ) .  . 1 r . 5  . j . 5o ,  i r l i t i on  o f  t l r c  I ) l r i s  . , \ r ' r r r l r . r n r - ,
r  f i 7 S .

r  .  / ,o/ / t r t t :  t i r l ics thc l )cr tur l )ut ivc f i rnc: t . ior- r  1 i  rLs a f i tnct ion
. f

o f  t l r t ' r r r c r r r r r n o t i o r . r ,  . \ n d t , a r 1 ( 1  o f  t l r c c l c t n c n t s  o , e  , i 1  , t , 1 , ( ,
r ' l r cncc  unr ic l  conc l i t ions  o f  invar i r ' l r i l i t r - ,  and thcn  v : r r iab i l i t y ,
1hc  r l i i fu rcn t i r l l  c - \p rcss ion  rcsu l ts  :

o - ( . t  / i t? 'a )  da  +( i )1? f  t )c ) r le+(aRf  a6)  t la  + (A1? l0r ) r l t  +
+(?Rlry) d|+GRlaq) dq. (A) (re8)

And tor t l .re l ini te vrrr iat ion, rctaining oniy thc f irst

l ro \ \ ' ( ' r s  o f  t l r c  inc rcn tcn ts  d . fz  d . /  ,  t \ , t ,  t \e  ,  da i  ,  d r ,  r )7 ,  r \g ,

thc crlrrat. ion 1'ol d,/ l  bccorrcs:

.Sonclentnmrrr cr

I i i tg .  r ' ;



A a a
+ /  J

t\ R : dR f t t 11 / . ld .f t t cl t r d t I + (.? R I A a'1 rl a + (? R I ? e) d e +

t (a/tl i trt ' ; da +QttiU) r\1 t-(1Itl?qyt\q . (B) (ree)

z. It is olrscrvcd fi 'onr t lrc forrn of thc function f,

s-lrcrc

A' - t t t '  (r  r '  +r,_r, '  + z z")f  r ' : t  -  nt '  f  o

t "  ' - l ' ( . t ' z  +  t '2  t  ' ' ' )

! - I f 0'' - rr')r r- (J' -:;)' + (z' - z'St1

th l t  R  is  o f  t l r c  o rc lc r  o f  t l r c  r l i s tu l l r i r rg  n r lss  zzz ' ;  r ro rcovc . r ,
t l r c  v r r r i r r l i o n s  o l - t l r c  t ' l t ' r n t ' n t s  i r r v o l r . ' r :  < 1 / r '  ,  o t ' P l r r t i l r l  r l i l l i ' r c r r -
t i i r l s  o l - l i  i r r  t - t ' s 1 r r : r : t  t o  o t l o  o f  t h c  c l c r n c r . ' r t s ,  t r r r r l  t l t u s  t l t r .
v r r r i l r t ions  rL . ,  r ) r ,  c tc . ,  l ' h ich  t i r 'pcnr l  o r r  - / r f  ,  r r r t '  r r l so  o f  th t r
o r r l c r  n t ' :  t l t c rc l i r rc  in  c r lu r r t ion  ( l ] )  thc  tc rn rs  o f  th r :  sc . r 'o r r r l
t l r : tnbcr  z l rc  o f  t l r c  oL t lc r  r rz '2  .

Accor r l ing i r ' ,  i f  t c r r rs  o f  thc  t r ' y rc  1?r \12 ,  Rr \c2 , ( ( ;  / t ' , i  r .  r \ r .2 .

G R l a c )  r ) c : ,  r . 1 r ' . ,  r i t ' r t ' r ' o n s i r l c r c r l  t h c y  r v o u k l  l r c  o f  t l r r . o r r l c r
tn'3 ,  bul 1ht 'r '  rrsrr:r l lv in-r nr.gJcctccl l* / ,af la,:c u:. lr . I  / ' , t t .r .r , , t t ,

) ' c t  \ \ ' c  shr r l l  cor rs i r ] r ' r  t l t c  c l f cc ts  o l  such t .c r rns  in  o r r r  l ln r l
cs t in l r  t  c .

j .  L t f /o tc  t l rc r i  cons i r l c rs  t l rc  v r r r ia l ions  i r r  r ) , / t '  r l t . l r c r r r l ing
on thc  p l lnc t  zuz ,  r rn< l  f in t l s  rcsu l ts  s i r t r i l t r r  1 .o  t .hosc  j r rs t  t . i t c r l .
n l tn rc l r ' ,  th l r t  to  tc rn ts  o f  thc  o r r l t . r  z i r2 ,  on l r ' l r c r io r l i c  c l lu tg r .s
rv i l l  t r r l i c  p l l< ' t :  i r r  thc  t  oor r l in l r t t ' s  o f  t l r t .  tu 'o  l l l r r r r l rs  t ) t  in l l  t / t  r
r t t t t l  l . l t t t s  ( )o rz , - -6  ,  t \ , ; t1 ; - -o .  r rs  l r t ' l 6 r t :  r : i t . r [ .

I l c  th r . r t  cnn : i r1 r ' r ' s  thc  r r r . t ion  o [  n t . "  rn  r ru ,  hc . t ' r t . r .  l r r l r l i r . rg
to  / l  thc  1 r : r r t .

/ l ' - t t t "  i . t . t "  t - 1 - t "  r  : : " , ! / " : r  -  J / t " l o '  i : o r )

; \ n c l  i n  l l t t '  l r c t i o n  r t l '  t i t '  i n t  l r .  l t s  l r c l i ; r r ' .  l t t  l ; r l i l s

/ l  -  t t t ' ( t l ' '  1 . 1  r ' '  r  a : ' .  t " \  -  ) ; t " o  t c :

\ o t i c i n g  i n  t l r c  r l r . r ' c l r ) l ) n l ( ' n t  o l -  / i  t l r c  t r . r r r r s  l l r i r . l r  i n t '

i n t l c l c n t i c n t  o f  z z ' l  r r . n r l  t t "  /  ,  h c  l l r r r l s  t l t t '  t c r n r s  t ( )  l r r .  o 1 ' t l r c
f r r r t r r  

n t '  n t "  , \ ' , 1 , \  , , , '  , , , "  , y  -  
. \ ' r l / r '  ( r o : )

s  l r c r c  , \ '  i s  r r  f r u r c t i o r r  o1 -  1 l r t '  r . oo r r l i r l r . t r : s  , r f  l r  on l l ' .

- \ r ' r ' l r r l i t r g l v .  l l t t '  r ' r r r i : i t i r r r r  o 1 '  t h r :  c r 1 , , . r . i , . r ,  . . f ' , 1 / , '
n t ' ; t t "  , \ ' l r r r i r i r r r ' , ' .  i n  . t ' , t 2 "  r r , n  1 r r . r - i . r l i r  r l r , n r l i t i ( ' \  o f  l l r c  t l r i r . i l

r r r c l < ' r  c r l -  l l t t  r r r r t s s i  s  u ,  l t '  . ,  l r ' . .  r i l t i r ' l t  r r s u r t l l v  l r r c  t t t , g l c r . l c r l .

- 1 .  l l L t t  r i ' t '  n ) l v  i  ( ) l \ i ( i (  t '  t l t c  t ' 1 l r ' , . 1  ( ) l - s t r ( . l l  r ; r r : r n l i l i , ' -  l r s
fo l lor i -s :

t r )  
' l ' l t c  

c l o r c n l s  o l ' i l t t '  o r i r i t  o l - ; r  p l r r r t r ' 1  n r ; r r .  l ; c  1 . r ' l ) t - ( ' : ( ' n
1 t ' t l  l r v  i i \ ' : t c l t r s  o 1 ' t c l i l s  o l ' t i r c  l o r : t r s

, \ ' s i n ( . g t F d , r ,  - \ ' t . o s ( . , q /  l 7 r )  l ' : o + l

i r t  u ' l t i c r h . ( ,  j s  r i f  t l r  s ' l l n , .  r , l ( l t l  . r 5  t h i l t  o f  t l t l  r l i s t L r r l r i n g  n l r s s c s
n t '  ,  t t t " ,  t ' t t . .  i r r r r l  l r r . n c c  t l r c  r ' l c n r c n l . s  u i l l  v r r r r -  s l r r u ' l r .  s . i t l r
t l r c  t i n r t ' .  l r r r t  u i l l  l > r '  l r r o r r g l r t  i n t o  t l r r :  < l i r . i s o r  l r r .  t l r r :  i n t t ' -
g r i r t i o n s  l i r r '  l l t t '  r l r r ' ; r : t  n t o t i r i r r s  o 1 '  t l t c  1 t l ; t n c t s

l r )  
' l ' h t . r j o r r l r l l  

i n L t ' g r r r l i o r r  o f  r r  r l u r r n t i t r ' ,  r l t ' p r . r r r l i n g  o n
r t t t  r t t r g l c  o l - l l r i s  i . i r r r l ,  r ' i r . l r l : ;  i r r  t l t c  r r r r : l r n  n t o t i r r r r  s ,  r r n r l  i t s
l l t r i l t t i r r n  r ) . .  t l r r .  l o l l o r i i r r q  i r r l r . ! r r r l  r ' \ l ) r r ' { s i ( ) n s :

.  - .  
. \ '  n  , l t  . .  . l . l ' . | ' , t  t t  d /  t \ / l  

: . ^  _ \
f ' t ' '  , r , ,  . , 1 ' t '  ,  , , , r ) , -{ ) .  . t . / / / . } . 1  , l / , l t \ A '  - -  l , z - , 1 , 1  / )  t l / , l A ' . 1 ( 1 / ?

an r l  t hen : l - o r c  u l ) o l r  l l c t u l l l  i n t ( ' g l ' r r 1 i on .  t l i v i so r . s  t r r t ' i n t r oc l ucc ' r l
c r f  t hc  f o r rn  , ( 2  .  r . .  l r i ch  i s  o f  t i r c  o r t l c r  r r r ' :  ,  n r "2  ,  a t r ' .

+7+

I lut sincc dr)-R ancl clR].dR both vanisl.r ,  thcse cl ir . isors
can ol)cr i l tcr orr lv tr lron tcrms of thc thir-r l  or highcr orr lcrs,

.I{ m'3 f gz - ), nt' (zo6)
yiclding I tcrrnr of thc f irst order onl)r,  I 'hich is of thc sanrc
or t l c r  o f  i rn l ro r t r r r t r : c  as  thc  pcr ioc l i ca l  incqua l i t i cs .  \Ve  s i ra l l
f i rst csirnrirrc :r l i t t lc nrorc closcly t l ' rc na.turc of t l -rcsc intcgrt ls,
ln r l  thc t r  rcsL ln rc  thc  cons i r l c r l t ion  o f  thc  tc r rns  depcnd ing  on
t . l rc  th i l r l  unr l  ) r ighcr  l )o \vc rs  o f  thc  n ra .sscs .

s . ' l ' l r i s  1 r r i l r ' r  i r r l t : g r i r t i o n  i n  g r r : r r 1 . t : r  < l c t a . i l  i s  a s  f o l L r r v s .
I ' l , , n l  I l r ,  l i , ' 1 ' l ,  r i : r 1 l  ( ' ( [ l r ; t l i o r )

Sonclert turnnre r

,t] tt2 : I \\rC gct a it : (t

n ' l rcr t ' l - r r r i '  t t  n dR :11- '1,  ,171

- \ r r , l  . i r r '  
P  '  ' - '' t , t :  -  2 , 1 n "  ( l K

- ' i !  
( " " i )

( : oS )

( .oc)
r r ' c  1 l r t r1 ,  r r r r r l c l  l r r r i ; r t i r in ,  as  in  c l i f f c rcn t ia t ion ,

l l ,a  t t  < lA ' ' :  -  r ) ( ,2  
'  ,  r \A ' .  - ,2  '  .  r l r ) , / l  - ! ,a .  ' l '  

c lR  < \a :
"  

,  ^ l ' . ,. t  ) t  ' l ( l / \ '  t . a r  t t  t l / ( , l d / l  .

\ l r r l t i l r )v i r r r :  i r v  .1 r l /  .  l r r r r l  in tcg l r r t ing  t rv ice  ,  l vc  oLr ta . in :

. ; r \ . \ ' . \ ' , t  n , l r , l A '  . i o , , . 1 . \ ' , l r , t z , '  r , r . [ , [ r , l t , l / i . f d R  ( : r r )

t l r c  l r r r r rs  d  l t  )  ' r ,  l r t . ing  I l r r r .c r l  * . i t l r . r r t  t l r c  r lo r r l r l c  in tcgra . t i .n
s igns ,  rv l r i t  l r  n t r r r '  l r c  t lo t r r :  i r v  ncg lcc t ing  tc rn ts  o f  t l t c  o t - r l r . r  r i r i t  .' l  

l r c r t : l i rn ' ,  l r l  in l t ,g r i r t ing  r -c l lL t i vc  to  r ) ,  r i -c  gc t

| " 's' l  ' \ '" " '1r 'tr?
F  r . .  ^ t , P  - . P  -  

/ : t : l

r i -  . t  /  r . l  . l  , l /  t l t \  / t '  -  j , r . , l  . l  n  t l t  , l4 i , l , lR .

( t .  l n : r l r l r r o r i t r r : r t i o r . r s  t o  t l i c  s ( l u i l r c  o f  t h c  r n a s s c s ,

r z ' : ,  l r r , l l r  r l r ) / r '  ,  o  r i r t r l  c l , / r ' . [ r l , ? -o ,  ) . c t  t c rn . r s  o f  t l r c  f o r r t r

/1 t t t ' : \  ,g2 -  ) .  117'  ( ,  , .1)

i l l ) l ) c , r r ,  o ' , i ' i n g  t o  t h c  r l o r r b l c  i r r t c g r l t i o n s  o f  s u c h  t r i g r t n o -
r n c t r i c  r . r l r r c s s i : l t s  f o r  l l r r .  c l r  r n c t t t s  t t s :

. t /  s i n ( , q , /  + ,d ) ,  - \ - cos (g l+ f )  .

I t .  r c rn r r i r r s  t . o  : L i l r l ,  I t ou . cvc r ,  t h l r t  t hc  : r l t o r . c  r csu l t ,
i .  tn '  ,  i s  o l '  l l r r :  ( r l s l  o r r l c r  on lv :  a r r r l  t rs  th r :  r l i f f c r t :n t i l l  r : ry t ru l ions
l r r r  t l r t  c lc r rc r r ts  ( 'o l l t .a i l r  l r l  ,  o r  ( ,011 ,1 t )c )  ,  lb r  cxa . r r r l t l c  ,  thc rc lon :
o f  t l r t .  l r r r - r r r  ) . '  t t '  , Ihc :  < 'o rn l r inc i l  rcs r r l l .  r - i c l t l s  r r  t t : r rn  o l t l t c  t r .pc :

) .  n '  ' ( i ' l i  l L c  ,  -  / ,  , i ' ! ( ?  I 4 )

u l r i i  l r  i .  : t i l l  on lv  o f  t l r c  sccor r r i  l r r i r i ' c r  o i ' t ) rc  r .n r rsscs ,  fo r  rvh ich
/ 'r t / . ; . ;ru/ ult l  / . t t f /r t t t :  l rrovcrl  t l r t i r  t l tcolctns of in' , 'ar ialt i l i tv.

' \ ,  r  , , r ' r l i i r ! 1 , , ' ,  s i n c ' r :

r ) , r2. ,  -  o r )urz,  :6 r \  1t . ; :  s  t \ " t t i -  6 ( .  , .s)
t ' r ' cn  u ' l t , . n  r i t '  i r r c l r r r l c  t c r r ns  o f  t hc  t h i r : r l  o rdc r  us  r cs l l c c l s  t l r c
l r i r : s ( ' s ,  o r l i r r [  1o  l ] r r .  l r l r ovc  r l o r r l r l c  i n t cg r . i t t i ons  f o r  t h r :  r r c i r n
Ionq i l i r t l t ' ,  n ' t '  n r ' r l  r , , ' r i 1 c  :

t ) , , r 2 ; : 9  d , i l ; : o .  ( 2 f i )

l l v  s i n r i l r r r  r r , r r s o n i n g  i l  r r l L y  b c  s h o s . r r  t h t r t  r l r a ; : 6 ,
t \ r t t ; - 6 ,  r i l r { l  so  on ,  l b r  r L l l  h i ghc r  l ) o \ \ . c r s  o f  t he  rn l r sscs .
. , \ r ' t ' o r t i i r r g l r ' ,  i 1  r r p l r t ' r r r s  t . h l t  u r t r i c r  t . hc  c l oub l c  i n t cg ra t i ons
rcc l u i r c r l  l o r  1 r ' r r r r s  i n  t h , t  n t cun  l ong i t r r r h ,  t hc  o rd t : r  o f  t l t c
l o rn l s  i l s  r ( . s l ) ( . {  l s  t . l t c  l t o l ' c r s  o f  n t i Lsscs  i s  r ec l ucc r l  l t v  t r r . o :  anc l
t l rcrcf i r rc l  l rc  l l r ' r ; r r .nrs of  / ,ay ' / t t t t  i rnc l  Pots.rot t  arc again r .a l ic l
f r r r  tcrnrs in i  r tnr l  r ) .  of  thc orr lcr  nz 's.  r \nd,  o l i ' ing to thc
I i cp l r r i i r n  t c l l r l i on  o :1  u2 :  I  ,  a l so  f o r  t hc  r na jo r  i r x r . s .
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I i inal lr ' ,  t l -r is funcla nrcr-rtal thcolon,

t \ . r , t ; .  -  6  r \ . , t t ;  .  o  t ) , , , r ;  - ,  9  t \  a t t ; : 6  ( .  t  l )

ctc.,  is confirrnccl Irr ' .r .r  
'nft ' rctrc(\ 

of J)ot:s.rotz, u'ho rcsuntcrl  thc
sub jcc t  in  

' [ ' o rnc  
\ , - I I I  o f  thc  - f  oumal  dc  l ' i i co lc  l ' o l1 ' t cc l rn iquc ,

Cah ic r  X \ r ,  pp .  r  q6 ,  r8o8,  a r . r t l  pub l i shcd in  thc  l l t tn ro i l cs  c lc
l '$cad in r ic  c lcs  Sc icnccs ,  rSr6 ,  p l ) .  S-5-67 ,  a  fu r thcr  i r - rvcs t i -
ga t ion  in  r l ' h ich  hc  soLrght  to  shorv  tha t  thc  n ra io r  axcs  havc
no sccular incquali t ics of thc thircl  ordcr in rcsl)cct to the
mAsscs, s'hcn u'c havc rcgarcl x 'hol ly to thc variat ion of t l -rc
clcnrcnts of thc r l istur ' l>r:cl  p' lanct. I Ic inclurlcr l  tcrms of thc
third ordcr of thc disturbing nrasscs (zrz'3) arising frorn thosc
of thc scconcl orclcr of thc distr.rrbcd planct (.r t2' ; ;  and thcn. by
inc l r rc t ion ,  in t 'e rs  tha t  th is  rv i l l  ho l< l  fo r  a l l  y rou-c rs  o f  thc
nrasscs, so f lrr  as thcl '  clcpcncl on thc clcnrcnts of thc cl isturl ;ccl
p lanc t  ( l rL  p l r rn i ' t c  t ro r r l r l i ' c ) .

- l ' hc  
f i rn r l i rn ror ta l  thcorc rns  fo r  t l r c  invar ia l r i l i t y  o f  t l r c

nr r r j r t r  i r xcs  a r r r l  mc ln  n ro t io l rs  o f  thc  l t lanc ts ,
rJ.ia ;: o r\r tt ' : s (s.  Iootnotc)  (zr8)

rvhcrcT:  r r  2 ,  3 ,4 ,  " '  i l r c  Po\ \ ' c rs  o f  thc  masscs ,  th r rs  ap l )ears
to bc ccrnfirnrct l  by thc carr:ful usc of thc rncthods of Laf/occ
an<I ?oissott.

No satisf ir .ctory proof hus cvcr bccn brotrght fonvarrl
1 .o  in r ,a l id l t c  t l r i s  gcncr r r ) i zc r l  thcorcn t .  In  h is  N, ldcan iq r rc
( i i l cs tc ,  ' l ' o r r rc  I ,  p l ) .4or  i ,  7 ' i s . rc rand ' s  c l i scuss ion  shos 's  tha t
hc  is  s l i cp t i cu l  as  to  th t '< ' l r r in rs  o l  1 / t re lu  t l l r t  thc  n l r jo r  t rxcs
ha. r ' c  sccr r la r  i r rc r lu r r l i t i cs  o f  thc  t l r i r r l  o rdcr  rv i th  rcs l )cc t  to  t l rc
nrasscs .  I I c  po in ts  o r r t  th r r t  Lc i ,c r r i c r ' s  snra l l  t l r i rd  o r r l c r  t c rn t

i r r  / r ,  in  thc  r l t ' r ' c lop tnc l r t  . f  l l t , '  1 , : r  r t  i l  , f  , t  r1 l  i1  t l r r :  r1 r '1p

long i t t rc lc  o f  Sr r t r . r rn  r l i s tL r r l rc<1 l rv  . f  r :p i tc r ,  ( ' \nn .  r l c  l ' ( )bs . ,
1 - o n r c  X I ,  ( - ' h r r p .  \ \ 1 ,  1 r .  r : 6 ; r v a s  g o t  l r v  l l  p r r r c l v  n t r n r t - . r i c r r l
ca lcu la t io t - t ,  l x -  in tc rpo l r r t ion ,  * 'h ich  thcrc fo rc  i s  t r r r t  s l t t i s -
f l c to ry  f ronr  t l t c  po in t  o f  v ic rv  o l  l t l i rnc ta rv  thcon ' .

In  conc lL rs ion ,  thc rc fo rc ,  thc  cons t l r rcv  o f  thc  n ra jo r
axcs  an( l  mcun rno t ions  o f  thc  p ianc ts  fo r  a l l  pos-c rs  o f  th r :
l r i l sscs . ,  l r c ing  r l c r luccd  f ro rn  a  c r i t i ca l  rcv i r : rv  o f  the  1r ) lnc ta ry
thcon ' ,  ln< l  con l i rn ' rcc l  l l .  t l r c  Nc l " l ' hcon '  o f  t l t c  Aet l t c r ,
n r . rs l  l r c  l r t ' l r i  to  I r r :  pc r rn l t t cn t l l ' cs t lL l r l i shcr i .  ; \nv  t l t :n i i r l  o I
t hc  t hco rcn r r \ . , r t ; -o t \ i t t ; -6 ( z r 8 )

so  l ( )ng  us  thc  n r : tss t ' s  l t r -c  unchangc(1 ,  i s  in  v io l l t ion  o f  thc
co l rs ( ' r la t ' i . )n  o f  cncrgr ' .  r i  l r i ch  : rc r l r r i rcs  a  l rc \ \ -  p ln -s ic l l  jus t i ,
f i ca t ion  f ronr  t l rc  l iu r t ions  { ' r rn r l  / ' -  u r r r l c r  the  I i inc t i c  ' l ' hcorv

of thr '  , , \  ct hcr.
' l ' l r c  

l t h v s i c l l  c l l u s c  o f  g r l . r ' i t l t i o n ,  r ' r l r l n t ' l \ '
t h c  s t c l ( l  y  s t r c s s  < 1  u c  t o  t h c  a i r t l t c l  \ \ ' a v c s  f r o r n  a . l l
t h c  p a r t i c l c s  -  s h o \ \ ' - s  t h r L t  s o  l o n g  a s  t l r c  r n t s s  i s
c o l r s t a r l t ,  n o  c h a n g c  i s  p o s s i l r l c  i n  d t  o l ' n t ,  r r r r c l  c r
t h c  n r r r t u a l  r r r : t i o t r  o f  t h c  l t l a n c t s .

Tn  orc l t r '  to  conf in r  thc  fo rcgo ing  gc l tc ra l i za t io ]1 ,  o t l  un-
c lcn i lLb lc  ph ls ic ' r l  g rounc ls ,  \ \ ' c  I rcc ( l  on lv  l )o in t  oLr t  tha t  thc
pl i lnctrrr) ' fcrrccrs l t 'c ( luc to thc clcr ir , i i t i lcs of J-a!/dt/ !c 's
forcc f iurt: t ion a/ ,  c( luatiorr (7 zl),  or for unit  rrr lss, o1- tht:
potenti i r l  f i rnct icrn as clcf incrl  by /,af lacc, r iSz:

i : z  j : J

e :  ) l  Y  f  f  f  f  f  f r , , - r : :  ( r ;-  
z - J  - J . t a t ) . ) J t t l
1 :q  , i :  I  X  r f ;  t l . r . ;  C l ] ,

I /  :  |  |  \ l ' o  r ' ) ' ?  t  ( / - . i ' \ 2 + ( . - t ) ' l
d . J ? l r
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This lattcr cxpression is an inteqral for the superposed ampli-
t r r r l t ' s  o f  t l r c  r i ' l vcs  conr ing  f ronr  cach a . tom o f  thc  n rass .

Ar-r<l sincc thc forccs arc as thc squarcs of thc integrated
at rp l i tL r t l cs  o f  thc  * .avcs ,  o r

X:  -? t l ' ' lAa  j : :  -A I / ld l )  Z :  -67- f  Ac  R:V(X,  +  l /2  +  22)

-?)t ' ,?o :  !  I  [ f f "- . i ' )?+ ( t- : , )"+(c*z)zf ^t ,"  
ezo)

ctc. x (a * x) 6 dx d1, flg

wc scc u'hy this forcc of gravitat ion obeys the larv of inverse
s(luurcs, ol>scrvccl in naturc.

' l 'hc 
curvc of thc varying ampli tude for the u'aves, and

thc  s r l r ra rc  o f  thc  i r rnp l i tudc  a t  doub lc  d is tance,  y ie ld ing  sur -
f irccs .t  anrl  .r ,  of :rrca 4 ancl r,  arc shorvn to scalc in lr latc I .
A str:r lv of this i l lustrat ion shorvs exactly why thc larv of
grrrvitrrt ion fol lorvs thc larv o{ Arczulotz. t686:

.[ - rtt ttt' l12 :"f j"{'"fj.ftf'' - r;)2 + (:,' _1,1, -F (z' - z)zl-' x
x rr cl .r  cly <12. o'  clx '  dy' dz' .  (zzr)

' l 'hc 
gconrctr ical larv of thc invcrsc squares fol lolvs from

thc lr lr tsicul l l . l '  of thc conservation of energy in thc aether,
Irs t l rc rr 'avcs cxpanrl spherical ly ir-r free space. This alone
provt 's thlt  cncrgy cl i .nnot i tc lost in the aethcr. Tl ' rus thc
conscrvirt iotr of cncrgy rcsts on thc kinct ic charactcr of the
: r l thc r  : rs  thc  r r l t in ra tc  mcd i r rm undcr l f  ing  the  opera t ions  o f
n l l t l r  r c .

.- \nrl  thc accrlr i lcv of thc Ncs'tor.r irn larv lrccorlcs ir-r
f l c t  : r  su l rc r l r  t cs t  o f  thc  va l id i t r -  o f  t ' hc  p r inc ip lc  o f  thc  conscr -
v l t i o n  o l - ( ' t ) ( ' r g \ ' .  I f  t h c r c  i s  n o  < l i s s i p : r t i o n  o f  c n c r g r - ,  b y
ru t l i r . r , r l i  l t  t t ' ;n rs f ( )nn l l t ion  o f  the  \ \ ' l l l cs )  as  !n  f rcc  p la . r ' rc ta ry
sp l r r  r . .  u l t l r c '  r r r t  rcs js l lncc  is  cncout r tc rcc l ,  thc  conscrva t io t r  i s
r igor , ,115.  r \ r r< l  th is  in  tu rn  assures  us  tha t  no  o thcr  rncr l i r . rn ' r
r rn r l l r l i r ' s  thc  l c thcr .  I t .  i s  thc  u l t imatc  r rcd i r - rn r  fo r  thc  u 'avc
stn,ssls prorlrrcing plrvsir:al forccs. Hcncc undcr thc mutu:r l
r r r ' l i ons  o I  l  hc  1 t l : rnc ts  a ;  anr l  / r r  a rc  invar ia . l t l c ,  o r  6 . ,a ;  -  o  ,
{ \ , t t ,  o

Brief Crit icism of Certain Traditional Theories.
l lc f i rn :  r r t tcmpt ing t l tc  prcp:rnt t ion of  t r  sucr- inct  su l l lnr l l 'y

of  t l t c  r 'h i t ' f  t ' on t ' l r t s io t rs  l t .  * l r i ch  t l c  l t t v r :  i t r r i r , cc l ,  i t  rona ins  to
lc l i l r v  l r r i c f l v  thc  t l rcor ics  o f  u  fcu '  o f  t l t t :  c iL r l i c r  invcs t ig ; r to rs ,

1 'c t  u  i lhor r t  i r t t c r r rp l i r rg  r .x l l rus t i vc  l r i s to r ica l  c r i t iqucs .  Inc lccc l
r r  r l c t r r i i c r l  cx ln r in r r l ion  o f  thc  r r 'o r l<  o1- thc  ca . r l i c r  ph i losop l rc rs
sr ' : r rcc lv  s ( ' ( 'n ls  l l ( ' ( ' ( ' ss r r r r ' ,  in  v ics '  o f  thc  bcrv i l c lc r ing  t l i i l r -
r :u l t j cs  o f  th r '  p lo l r l l r r r  ( )1 ' th r .  na t r t rc  a r t r l  causc  o f  g rav i ta t io r . t ,
u 'h ic l r  r r rc  r r r l r r i l l c r l  l r r ' : r l l  r v r i l c rs  s i r . r r :c  t l i c  in i t . i l l  cpoch o f
,/ l tr t ' ,q/t t t ts, / /r t , t / tL, I I-rctr,  /1o/1c1, anrl  1\ iczrl /ot1, 2.5o vcars ago.

Accor r l ing l r - \ \ ' c  l t rc  r :a l l cc l  r rpor " r  to  no t icc  ch ic f l v  thc

I)rogr( 'ss ol '  trvo t lrc 'orics, lroth of r,r ,hit :h havc conrc clol 'n to
us  in  r r r  o l rsc r r rc  r rn r l  unsa l i s lhc to ry^s ia tc :  nanrc lv ,  t l t c  thcory
o f  r r l t r i rn r r rn r l r rnc  t 'o rpusc lcs ,  anc l  thc  assoc ia tcc l  p ro l t l cnr  o f
t l t c  v r ' loc i tv  o f  thc  l t ro l tagat ion  o f  gnr r - i ta t iona l  l c t ion  across
t . l rc  cc lcs t i r r  I  s l )accs .

2 r .  , ' l  / d , q o ) s  h i s t o r i c a i  r c v i c r v  o f  t h e  t h c o r l '  o f
L i l t r r r r r r r n r l l r n e  C o r p u s c l c s ,  r 3 . 1 2 :  t h e  t h c o r v  n o \ r
c l  c f i n i t c l , v  r c j c c t e c l  a s  d i s p r o v c c l .

' l ' i r c  
ch ic f  cons i ( l c ra t ions  iu  thc  l rogrcss  o f  the  thcory  o f

rr l trarrunclanc colpusclcs, from thc age ol Nezulorr to r3+2, nre

Sort c lernurrrnr cr
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Notc .  
' I ' hcsc  

thcorerns  may bc  cs ta ) r l i shcd  w i th  cn t i rc  r igor  and r ,omcwi ra t  morc  r l i r c r : t l1 ' ,  f rom thc  d i f f c ren t ia l  equat ions  o f  thc  c l i s tu rbed
mot ion ,  l rv  shorv ing  11r "1  ry '89 iAr ,  c tc . ,  invo)vc  on ly  p roc l r r r ; t s  o f  thc  mrsscs  in  p l i rs .  On Jan.6 ,  r9z6 ,  I  communica . tcd  th is  l r r i c fe r  ana lys is ,
to  t r I .  / . . [ ' i ta rd ,  Pcrp t t t ra l  Sccrc ta rv  o f  thc  Par is  Acar lc rnv  o f  Sc icnccs ,  on  i rc ( ]o ru l t  o l -  thc  in tc re ,s t  o f  F rcnch gconrc tc rs  in  thc  gcncra l i za t ions

of  thc  t l rcorcn*  o f  La l /o rc  and J 'o t - rso t t .  (Jan .  l ( r ,  r926. )



incorporatcd in thc report b,v /rago, of a committee of the
I i ro rch  ( lh r r r r r l rc r  o f  i )c l ) r t t i cs ,  r ' c l l t i vc  to  t l rc  pub l i ca t ion  o f  a
ncrv crl i t ion of thc r i 'or lrs of Lay' latc, rtnrl  clcvclopccl sotrtclvl tat
rr-rorc f ir l lv in thc trvo voltnncs of , l  ra,go's l l logcs or I l iogrlr-
ph ics  o f  I ) i s t ingu ishcr l  Sc icn t i l t c  l l cn ,  l ing l i s l . r  t r -ansJat ion  by
,Snty77,, Jtozt,t'// trrl Gron.l, z r-ols., 

'l'icl<nor 
ar-rci I'iclds,

I los ton ,  r8 .59 .
' I-hc 

onlr.  otht 'r  suital:r le cl iscu-.sion of this qucstion of
thc calrsc of gravit . l l . ion I<tro*.t t  to n'rc is that by Profcssor

/.  C/er/tc,4[t . t i t . ,c1/, art iclcs Atonr ancl Attr:rct ion. I inclc:.
I l r i t . ,  9tr '  ccl. ,  rcprir-rtccl tn i ' farzrr/ / 's Scicnti f ic Papurs, r.ol.  I I ,

1t1t.  47 j-47(>, ,+87 -,+go. ,4[orzt,L/1's r l iscussion is as <:]ci t t '  r tnr l
| . r< ' i r l  as  i s  r rsu l l  r r , i t l r  t .h is  r l i s t i t rs r r i shcc l  p l rvs ic is t ;  r ' r ' t  i t  i s
h is to r ica l l y  no t  r l r r i t c  so  conr i r l c tc  r i s  th : r t  g i , ' , cn  by  t l t c  I )c rpc t tn r l
St, ' t  rctrrrv of thc I ' :rr is , ' \ r ' l tc l t ' tnv. I ior , ' l  ro,qo spcal is of thc
ir lcas of t l rc -r\ l r l rc I- tr i ,qttotr (r(t<,.1-r 1-zz), ancl of Fa/io dc
Duil / icr (t66q- r i i .3 ' ,  l roth i t t t i rr :r tc fr icnrls of Ncztt/ott ,  untl
sa1 's  thcsc  ic lc i rs  n 'cn '  s r r l rsc r l r . rc t r t l t '  r c i t r r ,cn t .c r l  a t r r l  pc r fcc tc< l  l r l
Lt .Sage (r7:"1 I l io.3,r '

' I ' hc  s 'o rk  cn t i t l c r l :  Tnr i td  Ph1 's iq '13  N l fc l .n iquc  pr r r
Gtorgc J,out.r J-c  ̂ 5iz,4r:,  rvas ylrbl ishcrl  at I)aris irr  r813, lrr '
Picrre Prczto-s/,  rvhn rv:rs cncotrntgc<l in thc lrrrbl icrrt iorr irr '
Dr.ll/o/la.rloz of Lotrrlon, anrl lry /.af/are, Biol, /ro,qrt,
Fourie r anrl  othcr nrr:nrlrcrs of 1hc l taris AcrLrlcrny of Scict. tcurs.

In  l i cn .  o f  t l r r -  t . s 'o  ( ' cn t . l l r i cs  rvh ich  havc  c lapscr l  s i r t< ' t :
thc  cs t l l r l i shnror t  o1 '  thc  l i rn '  o f  g rav i t l t ion ,  Zc  . l rzgc 's  u 'o r - l i
l l r c r c f o r c  h r r s  l r r r r l  r r  c c r l ; r i t t  ( ' l l r r ( ' n ( ' \ ' ,  l t t r l  t ' : r s  c r r r c f r r ) ) 1 ,
c o r r s i r l c r c ' r l  l r v  t h t  r r o : t  c r n i r r c n t  y r l r i l o s o p l r c r s  o { ' t l r c  l r g c  o l -
I .af lacc, roo \ ' ( ' i l rs ;r1-1t r thc rrgt of . \ ' r 'z i , /ott ,  trnd nrort:  rr '<'ctt1. ly
br (. ' lcrAe , l f  at i t ,c//  ;nrr l  Lort l  / t- t I i , i t t ,  trrs' i rr t ls thc cnrl  of tht:
r r l th  ccn tun ' .  

' l ' he  r l r '1 - r ' r ' t s  in  l r ' . l ru ,g r ' s  t l r corv  o f  r r l tn rn runr l lnc
corpusc lcs  hn lc  l r lu ' l r vs  l rc t 'n  r r :< 'ogn izcr l ,  l ' c t  thc  thcorv  hus
hr r r l  a  cc r tu in  f r rvor  in  r l c f r r r r l t  o l -  l r  l r c t tc r  o r rc .

In his carcf ir l lv rvr i t tcr.r biogrirphy of -1,a|/atc, ,4 ra,go

L l l ] : , l l  
thc  l r rc ic l  s t1 - l t :  < ' l r t ra t : t c r i s t i r :  o f  the t  t :n r i t r t : t r t  r rs t ro -

r , \ i r l r r r t ' r ' ng i 'n r l c rs  th r - :  gnr ' " ' i t1 'o f  l roc l i cs  l ry  l r  p ro< 'css  so
rccon< l i t c ' ,  so  t 'o rnp l r ' t c lv  l rc r 'on< l  thc  rcnch o f  o r r r  - . r 'nscs  l r r r l
t l r c  o r r l i r r ; r l v  r ( ' s ( ) l r r (  ( ' i  o l -  h u r n l r n  i n t c l l i g ( ' n c r . ,  t l r ; r t  t l r c  p h i i c r
s o l r l r c r s  o f  l n t i r l L r i l r - ,  u h o  s t r l r p o s r : r l  t h r r t  t l r t ' v  c o L r l r l  t ' x p l r r i r r
c v c n ' t h i n g  n t t ' r ' l r r r t t i c r t l l l  r t c c o r r l i n g  t o  t . h r :  s i r r r l r l c  c v o l r r t i o t t s
o1 '  l r to rns ,  t ' r t : r '1 r t t ' r l  l r r rv i t r -  l l ' o r r r  t l r t ' i r  spccr r l r r t ions . r ,

)rJ).. t .1/) 1..r l r t l l rnptt ' r l  u htt  / tur i lVrrs, /)Ltnorr i l t t .r ,
I : , rs i tu rus ,  r tn r i  t l r t ' i r '  1 -o l los 'c rs  thor rgh t  to  l rc  in rposs i l r l r ' .< r

lF Ic  n r ; r< lc  thc  l r r l l  o f  t c r rcs t . r i r r l  l roc l i cs  r l cpcnr l  r rpon thc
ac t ion  o f  u  lo r tcx  o f  vc ry '  su l r t i c  n r r t t t ' r ' c i r< ' r r l l t i ng  u rounr l  thc
cr r r t l r .  

' [ ' l r c  
rca . l  i r r rp rovcrncnts  * 'h ich  thc  j i l r rs t r io t rs  I1u , r ,q Ic t ts

a1r l r ) i c r l  to  thc  ingur ious  co l r ( ' c l ) t ion  o f  o r r r  count rynr rn  \ \ ' c rc
far, hol 'cvcr, froin ir lplrrt inq to i t  cl t ' l rrncss ancl prcr: ision,
t l rosc  c 'hu  nr t - tc r i s t i c  r r  t t  r ibLr tcs  o f  t ru t  h .<r

rr ' l -hosc pcrsons fonn a vcn' inr l tcrfcct cst irnatc of thc
rncr ln ing  o f  onc  o f  thc  g rc r tcs t  q r . rcs t ions  s .h ich  has  occLrp icc l
th r :  a t tc t r t ion  o f  n roc l r : r t r  inqu i rc rs ,  rvho  rcgarc l  N t ' zu /o t t ' , t s
having issrrccl l ic ' tor- ious fronr a -strLrgglc in rvhiclt  his trvo
inrrnortal prcclccc'ssors hacl f :r i lcd. t \ ;czt, lott  r l id not r l isr:ovcr
t lrc carrsc of grar. i tv i lnv nrorc than Ot/ i lco cl icl .  

' fu 'o 
bodics

plrrccd ir-r juxtaposit ior-r apploach cach othcr. Arczulon clocs
r-rot inquirc into thc lnturc of thc force s'hir:h prorlr.rccs this

cffcct. 
' l 'hc 

forcc cxists, hc clcsigna.tes i t  by the terrn attract ion;
br.rt ,  at thc sanrc t ir lc, l tc u'arns the rcaclcr that the tcr ln as
thus rrsc<l lx '  hinr clocs not imply any clc6nitc idca of thc
phys ic : r l  l ) roccss  l ry  rvh ich  grav i tv  i s  b rought  in to  ex is tcncc
ancl opcrlrtcs.<r

r>l ' l rc fbrcc of :r t tract ion being once adrri t tccl as I fact.
X'cztt lott  strrr l ics i t  in al l  tcrrcstr ial  phcnorncna, in thc rcvolu-
t ior-rs of thc nroon, t l rc plancts, satcl l i tcs, and con'rcts; tnd, as
u'c havc alrcarlv statcrl ,  l -rc r lcr lucccl fr :orn this incotnlt lrralt ic
strrr l l '  thc sintplc, univcrsl l ,  nra.thctnatic:t l  charactcrist ir :s of
t i tc forccs rvhich prcsit lc ovcr thc lr lovcnrclt ts of al l  thc lrocl ics
of r i ' l r i r ' l r  orrr sol l l  svst.cnr is r:on'rposccl.<

ri ' l  l tc rrpplrrrrsc of t l rc: sciurt i f ic rvorld cl icl  not prc\.cnt
thc  in rnror l i r l  a i . r thor  o f  thc  l ' r inc ip ia  f ronr  l ' r car ing  sontc

J)crsons r-c{cr thc principlc of gr- lvi tat ion to thc class of occr.r l t
r l r r r r l i t i cs .  ' Ih is  

c i rc r rn rs ta t tcc  inc lucc t l  t \ iezu /o t r .  anc i  h is  n ros t
c lcvo tc r l  fo . l lo rvurs  to  r r l r rn r io t t  l .hc  rcser lc  g ,h ich  thcy  har l
l r i thc r to  cons ic lc rc< l  i t  t . l r t ' i r  r lu tv  to  rnu in t l in .  ' l ' hosc  

pcrsons
*'crr:  t l rcn chrrrgct l  u, i t .h ignoranr-c, r i-ho r0gar(lc( l  attracrt ion
r rs  : r t t  csscn t i r r l  l r ropcr t . l ' o f  n r ; t t t c r ,  as  thc  n rvs tc r ious  in r l i ca t ion
of  r r  sor t  o l -  ch l r rn r ;  x .ho  s r rpposcr l  tha t  ts ,o  l to r l i cs  ln : l v  ac t
rr lron t ' rrch othcr s' i thout thc intcrvcntion of a third l tocly.
- l 'his 

forcc r '" 'as thcn cithcr thc rcsr: l t  of thc tcnclcncy of an
rrcthcrcrr l  f lui<l to nro'n'c fronr thc frcc rcgions of sp:rcc, lvhcrc
its r lr ,n. i t l  is rr- nraxinrr.rn.r,  towurds thc plancta.ry bodics
l rounr l  s  l r i ch  thcrc  cx is ts  t  g rc i t t c r  < lcgrcc  o f  ra . rc fu r : t ion ,  o r
t l r c  c o t t s l r l r r c n c t ' o l -  t l r c  i r r r p t r l s i v c  f r r r c c  o f  s o t n c  f l r r i r i  n r t ' r l i u r n . < ,

' t , \ - t i , ' /o t t  ncvcr  cxJ) rcsscr i  l  t l c f in i t i vc  oP in i , ' r r  rcs | tc t i r rq
thc  or ig in  o l -  th r :  in ry r r r l scs  s ' l r i ch  occas ioncc l  thc  a t t rac l i vc
f o n ' c ' o l - l l l r t t ( ' r .  r r t  l c l i s t  i r t  o r r r  s o l i r r  s v s t c r r r .  l l u t  r v c  h l L v c
s t rong r ( ' i l s ( )ns  f r r r  s r rp l ,os ing ,  in  thc  p rcscn t  r l rL l ' ,  t l t :L t  in  us ing
thr r  wor r l  i rnpu ls t ' s .  thc  g rur t  gcon lc tc r  rvas  th ink ing  o f  thc
sr-stt 'nlrt ic ir lcrrs of I 'd/t(non ancLFa/io de .I)ui/ / icr,  sub-
scrlr.rcnt)r- rcinlcntccl ancl pcrfcctcd I>y Lc .Sagc: thcse iclcas,
in  c f f r , r ' t .  h r r r l  l r cc 'n  comnrrn icn tcd  to  h i rn  l rc fo rc  thc) '  rvc rc
pr r l r l i sh t ' r l  to  t l r t :  u 'o r ' k l . t r

r . \ r ' r ' r r r< l ing  lo  Lc ,Sage,  thcrc  l r rc ,  in  t l r c  rcg ions  o f
sp : rcc ,  l ro t l i cs  rnov i t . t r {  i t . t  cvcrv  l ross i l r le  t l i r c r : t ion , ; rnc l  w i th
cxccss ivc  l r rp ic l i t r ' .  

' l ' hc  
a .u thor  r ry rp ) icc l  to  th r :s r :  the  I ranrc  o f

L . i l t r r r - rn r r r r r l i rn t ' ( lo rpus t : l cs .  
' l ' l r r : i r  

to t : r l i t r .  cons t i tu tcc l  thc
g n L v i t i r t i v r . { l r r i r l ,  i f ,  i n d c c r l ,  t h c  t l c s i q r t l t i o n  o f  a  l h r i t l  b c
i ry rp l i c l l r l r :  to  i rn  l l sscnrb l lgc  o f  par t i c lc ' s  h r r " ' ing  no  rn t t tu : r l
L : O l ) l l ( ' x  I  ( ) l r . (

r>;\ singlr:  l roclr '  l r laci:r l  in t l rc nrir lst of such an ocean of
nrovr r l r l t  i l r r t i r : )cs ,  rvou lc l  rcn l r in  a t  rcs t  a l thor . rgh  i t  rvc rc
in rpc l l c r i  c r i r ra l l t ' i n  cvc11.  r l i r cc t ion .  On thc  o t 'hc r  h : r t rc l ,  t rvo
l ro r l ies  o r rgh t  to  ac lvancc  to* ' r r r r . i s  cach o thcr ,  s iu ,  c  t l t cy
u'oulr l  scr ' ' , 'c thc ptrrposc of nrLttult l  scrccns, siuce thc srtrfaccs
frrcing cach other u'or.r l<l no longcr be hit  in the dircct ion of
thc i r  I inc  o f  junc t ion  l ry  thc  t r l t ramunr lanc  par t i c les ,  s ince
thcrc s'or.r lr l  thcn cxist ( 'urrcnts) t l -rc cffcct of rvhich rvould no
longcr lrc ncutral izcrl  l rv oppositc currcrl ts. I t  rvi l l  bc easi lv
: 1 . c r r ,  l r r . s i r i t ' s ,  1 ) t ; r 1  l r r , o  l r o , l i c s  l l l u n g c r l  i r r t o  t h r -  g r n v i t l r t i v c
l lrr i<1, * 'otr l t l  torr l  to approiLch cach othcr rvi th an intcnsitr '
u ' l r ich lr  otr lr l  r ,rrrv ir-r thc invcrse proport ion of t l -rc squarc of thc
c l i s lancc .<

A rago's sta|cnrcnt above, that l this force \\ 'as then
cithcr thc result of thc tcnclency of an acthcrcal f luid to nrot 'e
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f ror-n thc f lcc r -cgions of  spacc l ' l rcrc i ts  dcn-s i ty  is  i t  Inr tx i t t rLt t . t r ,

t o \ \ ' i l l ' ( l s  t l r c  l r l i r l t c i a r " r -  l r o t l i c s  a t ' o r . r t t <1  l ' h i ch  t hc r c  cx i s t s  a .

g r cn t c r  c l cg t ' c c  o f  n t r c f i r c t i on ,  o r  t l r c  consc ( l t l c t r cc  o f  t h r t

i n t p r r l s i v c  l o r cc  o f  son rc  l l t r i r l  n r cc l i r t t t r < ,  i s  csp t t c : i a . ) ) y  l  o r t h l '  o f

a t t cn t i o l l .  , \ : c i r " / r u t  ha r l  cn t c r t a i r t c (1  t hc  i < l c l r  t l t a t  t hc  r l c t t s i t v

o f  t h c  a c t h c r  u r t s  l c s s  t o u r t t ' t l s  t h c  l r c a v c t r l t ' l r o t l i c s ,  1 - c t  l r t r

cou l c l  no t  r r l l i c  ou t  r v l r l -  i l  i s  l c ss .  I t  r i ' i t s  on l t ' r r - hc t r  s - c  r l r ' r ' c l o -

l t c c l  t hc  \ \ ' r t v r " l h t ' o r1 ' ,  . ' \ , \  . 5oJ . l  ,  J ) .  . 57 ,  t h l t  r t .  c l c r t r  t l c t l o t i -

s t r a t i o r r  l r c t ' r r r r r c  l r v l i l l t l r l c ,  s h o s ' i n g  t l r l t  j r r s t  l L s  l l t c  a r n p l i -

t t r r l c s  o f  t hc  s ' l t v t ' s  i t r c r casc  t os ' a t ' c l s  t l t c  cc t t t t - c ,  r t l r < l c r  l hc '  l l t s '

/ : / t i r ,  s o  l t l s o  t h t :  c l c n s i t v  o f  t l t c  t r c t h c r  i t t c t ' t r t s c s  ; t s  t t u

p ro< ' cc r l  o t r tw i t t t l  i u  s l r i t c c ,  i t t r < l  hc t r c t :  t hc  u ' r t v c  s l t  t  s s  i :  1o

rv i r rc ls thc ccnt t -<:  r r ' i t l t  a forcc - /  -  , ' l '  :  / t2f  12 ,  as ol rs<' rvcr l  i t t

- \ ' t  i i ' / , , ) t ' >  l , t u  n f  g r l r v i t t r t i ' , t l .

' \ l t ogc thc r  t hc  l t t l n r i n r l r i t :  s t t t r t t r t r t r v  I r y  r / r - r z , qa  i s  s t r

l r . r n r i nous  t h r r t  I  l r r v c  t l r ous l t t  i t  b cs t  t o  quo t . c  i t  i t r  f i r l l ,  r r s  t l r i :

b c s t  a n i r l l s i s  o 1 - t l r r :  i t l o r s  t r ; t t r s t t t i t t c c l  t o  r t s  l 1 1 '  t l t c  p l t i l o s o l r l r c r s

s ' ho  s ' i t r r c ssc r l  t l r t ' p roe r r ss  s i ncc  t hc  f o r rn< la t i o t t  o1 - t l t c  t i t co r v

o 1 '  r : n i v c r s l t l  g l r v i t r t t i o t t ,  t 6 S 6 .
' l  

l r i s  r t r ' ,  o L r n t  t l r t ' r t ' l i r r t :  o f '  l l t c  t ' r t r l y  s p t ' r ' r r l r t l i o t r s  o l -

I :ar igt tot t  iur t l  o l -  . . / ia l io t /L .1- tu i / / i t ' r ,  i t t r t l  o l '  t l t t ' i r  < 'otr r t r r t : t t i -

t : r t i o r r  r v i t l r  A t . z t ' / o l t ,  l ) r i o r  t o  Pu l r J i sh i ng  t hc i r  v i r r r r , s  o t r  l . l r c

causc  o f  g rav i t i t t i on ,  i s  o f  t l c c i t l c< l  l r i s t o r i t ' a l  i t r t c r cs t .  I t  i s

r cca l l c r l  t l r r r t  t l r t ' 1 ' r - i cn< l s l r i l r  l r t ' t t c c r t  tYcz t , / o t t  i t n c l  I - t t i , q t t o t t .

r v i r s  s r . r c l r  t h r r t  i : r  iY r i t ' / t t r ' >  s t u t l r ' ,  t o  l l r t ' c r r t l  o f  l r i s  l i l i : ,  t hc r c

h r rng  l  l r o r t r i t i l  c t l '  l ' a r t , q t t , ' i t ,  r t l r t t r g  u ' i t ) r  t h l t  o f  Lo r r l  / / a / t . f n t ,

t h e  l i f e r  l o n g  l ' r ' i r ' t r r l  l t n c l  y r r l r r i n  r , i ' l h l  g r t ' r t  I l r i l o s o l r l t t ' r .  , \ t r r l

/ ; a l t t t  r / t  / ) t t i l / i t r  s ' t t s  i t r  . \ ' , ; i ' 1 r , 2 ' .  i t t t i t r r r r t c  f - r i t ' r t r l s ) r i 1 r  1 ' c r

f r r r t v  t ' t ' r t r s ,  t ( r S 7 - r  j 2 7  ( . c 1 ' .  l i r t i t ' . r l L r ' s  L i f t ' o i , \ t ; , ' 1 , r , , r .  l S < . ; .

r - < r l .  I I ,  1 r p . 3 6 - - 1 o ;  i t t t < l  l t s  r t ' g r t t t l s  I ' a r t g t r n t t ,  p l t .  T o  7 4 .  l t t r i

2 9 o - : 9 . 5  ) .-  
Notn i t l rs t rncl ing t l rc  p lausib lc ionsir ' lcrat ions l .c l t l r - r t :cc i  l r t '

, ' l  /d,qo al rcrvc,  atrc l  lhc s inr i l i r r  i r rgulrc l ) ts  put  for th by 111n.vv 'p11,

i r r  r cg r r r r l  t . o  l r ' , \ r r , q i r ' s  l l t r ' o r1 ' ,  i t  i s  c c r t . i r i n  t l t t t t  t hc ' s t :  L r l t r : r -

Inurrr l r r r r t '  corprrs<' lcs,  i ts  t i iscr tsscr l  l r1.  I :ar igt t .ot t ,  l i t / io  t / t :

/ ) r r i11i ,  r ,  - \ ' t ; , ' / t t i ,  / / r t / / t . r '  r r r r r l  / -c  , t rz .gr ,  i l rc  l lo t  thc t ' r tuscr  of

g n r v i t i r l i o n .  l - r ' r  t h c  l o l l o r v i t t g  r ' ( ' l ) s ( ) t r s :

r .  ( i r l r v i l l r l i , r t t  i s  c ' o t t n ,  '  t r , l  n  i t l r  l l r : r j { n L l i s l l r ,  t h r o r r g l t

t h c  l r r r v  l l g : t , r ( r 2 , t  . r 2  - / ' 1 . r . . ' ! . , ,  u l r i c l r  i s  n L r n r c r i t ' i t l l v  v c r i l l c r l
in  thc  l l r i l g l rc t i c  anr l  gn t l i t l r t ion l r l  l i r rccs  o1-o t t r  g lo l r t : ,  as
shos 'n  i t r  thc  \ ' r lL  l ) r tp t ' r  o t r  th r '  \ t ' u " l ' l t c 'o rv  o1- thc  Ac thcr ,
r 9 2 2 .  I i < t l  s i r c c  t h c  u l t n t n r r t t r < l l t n t :  r ' o r p t t s r ' 1 c s  l i l l  n o t  c x p ) a i t t
r .n i r11r . rc t . i :1 r r ,  11111:  v11 '1 '1 'ss '1 r i l r '1 l r i l  1o  r t r ' c 'o t t t . t t  fo r  gn tv i t r t t io l t ,
u 'h ich  lo r rg  s loor l  in  i so lu l ion ,  r - r ' t  i s  norv  co t t t rcc l t ' r l  s ' i th
a .no t l rc r  gcncnr l  fo rcc  i t t  l t i l tu rc  t 'hur tc tc r iz t ' r l  l11 ' l  t l r ra l i t v  o f
po \ \ :o rs ,  o r  a l tn rc t io r . t  1o  t \ ro  l lo lcs .  

' l -hc  
r i ' avc- thcon ' .  r rn t l  t l t c

l 'uvc- thcoL l  r lo t rc ,  s ' i l l  cx l r la in  t l t csc  t r i ' o  g rca t  c ' l r t ss t rs  o1 '
y rhc t ro tnc t t l .

z . ' l ' hc  I i l t r c t l ra t io r - rs  o f  thc  N4oon 's  mcan lno t ion  ( l i s -

covcrct l  |x, 1\t tzt,comb, rf i69- r9o9, carl  be accortntcrl  for only
l-rv thc l ' l lc-thcorl-,  nnt lrv t l rc thcory of u' l t .nrtnr,rtrdatrc
corprrsclcs. I ior ultr iurunclanc corpusclcs u'ould not i lccortnt
for thc clercrclsc of thc l loor-r 's grrrvitv to thc crrrt l t  i l t  thc t i lnc
of lunar ccl ipscs, u' lr i lc t l -rc s'arrc-thcory clocs so pcrfcct ly.

: . ' l ' hc  thcorv  o f  r t l tnLnr t rn ( l i rnc  corpr . l sc lcs  f l i l s  in
elcctrodr-n:rnrics, acoustic attract ion, thc nrot ion of l{crcLrr r"s
pcr ihc l ion ,  c tc . ,  anc l  i r . r  gcncra l  x ' i l l  no t  sa t is f l ' thc  g rc , r t
gcr-rcral izl t ion knorvtt as thc corrclat ion of forccs, ancl thc

conscl lat ior-r of 
'encrgy, 

u'hi le thc kinetic theory of t l -rc aether
nrt 'cts r l l  thcsc rcclr.r ir-cnlclrts, ancl is cstt lr l ishecl by ncccssar\r
lrrcl  sr i t- f i t ' icnt r:onri i t ions <lrarvn frorr-r thc knos.n larvs of naturc.

. i .  ' l ' hc rc  
i s ,  l ro rvc tc r ' ,  u  s l igh t  s i rn i l r l i t y  bc ts 'cen  t l rc  f rce

nro l  ion  o f  l l r c  rc th r : ro t r  anc l  tha t  o f  t l r c  u l t ranrunc lane cor -
p r rsc l r ' :  r ' r ' 1 .  in  th r :  Ncrv  

' l ' l r cory  
o f  t l r c  r \c lhcr -  i t  i s  s l rou 'n  tha t

l ' r rv r ' - r rc t ion  r rn r lc r l i t : s  thc  fo rccs  o l  n i t t r r rc ,  l tnd  t l ta t  thcy  can
l rc ' l ccour lc r l  lo r  in  no  o thcr  s 'av ,  l s  \ \ ' c  scc  l rv  thc  c lcar  ln< l
ru rnr is t r r l i l r l r l c  r r l : ' unrcn t  c l rau .n  f ro rn  thc  phcnorncnon o f
i rc l rL rs l i c :  a t tnc t i r . rn ,  s ' l r c rc  u l t .n r r r r rnc l lnc  corpusc lcs  a rc
n ot i tr  volvccl .

.5 .  Accor r l ing l r ' .  l r v  cons idcr ing  phcnonrcna o f  a t tn rc t io r . r ,
cxpcr i r rc t r t l t i l v  vc r i l i c r ' l  i r r  thc  thco ly  o f  sound,  r i -h i r :h  r lo  no t
i r rvo lv r :  thc  u l t r l - r r r r rn r l l rnc  r :o rpr rsc lcs ,  s 'c  n lay  gc t  r i r l  o f  thc
t r r r r l i t i o t r r l  thcor l .  61-  f . c , \ 'ogc .  In  i t s  p r i rn i t i r , c  fo rnr  th is
t  hcorv  o f  u l t . ra - r r r r r r r r l i rnc  corpusc lcs  \ \ ras  car ly  cons i r l c rc r l  l r r -
I ' t r i ,qtrott ,  J;t l io dc Duil l iLr, I lo//ct ' ,  nn<I Nczu/rnt; )ct t \ \o
c t 'n t r r r i cs  lgo  thcs t :  n i r t r r ta l  l rh i )osophr : rs  wcre  una.cqua in tcd
* ' i t l r  r r< 'o r rs l i c '  i r t t r i r t ' t i on .  l t t t l  t l r r rs  l l c l i c r l  a .  c r i t c r ion  fo r
r c j c c l i n g  l l r t '  l l r c o l v  o l -  r r l t n r - r r r r r r r r l l n c  c o r l r u s c : l c s .

6. ' l 'hc * ' ln,c thcorv alonc, thcrcforc, accoLllr ts for thc

I ) r ( ' ss r r rc  o f  thc  ac thcr  to rvar t l s  thc  l rc r rvcn l l ' bod ics ,  l ry  thc  la rv
of r lcnsit .y, shir:h ncccssa.r i ly fol lorvs in thc proltaglt ion of
s' irvt 's fronr thc atonrs of nra.ttcr: ancl such \ lravcs lrc actr.r l l ly
olrso-r 'cr l  t .o cornc fron-r t l ic Sun in an inf initc varicty of phcno-
nrcna lssoc i l l . r ' c l  rv i th  s r :nspots ,  n ragnc t ie  s to rnrs ,  a l r ro rac ,
I : ) r r t l r  t ' r r r rcn ls ,  thc  n r rgnc t ic  t i r l cs  o l -  o r r r  g lo l rc ,  c tc .

I n  r r r l r l i l i o n  l o  t l r c  l l r o v c  r l i l - f i r ' u l t i r : s  o f  t h c  t h c o r v  o f
r ; l t r r r  r rL rn i l r in { '  r ' . ) r l )us ( ' l ( ' s .  , J I t t z t ' t11  l r r r l  Lorc l  t {c / i t i t t  h t tyc
l ro th  l r . r in tc r l  ( )L r t  \ ' f r v  sc r ious  o l r j cc t ions  l r t scd  o t r  thc  tbcor l '
o1- rrr lrgr ' .  rvlr icl i  hrt lc Irot l>t 'ct. t  olcrconrc in t l-rc half  ccntr lry
s incr :  thcv  r i ' c rc  p r , rb l i shcr l .

' l ' l rc 
thcory of ult la-munrlanc corpuscles thercf orc

r:nt. ir t ' ly f l . i ls, r .vhi lc thc rva.." 'c-t l ' rcory of physicu.l  forccs clcvclopt:cl
in  t l r t :  l i i n t : t i c  

' l ' hcory  
o f  thc  .Ac thcr  incontcs ta l r l y  t r iunrphs l

2 2 . ' l ' h c  I I i s t o l i l r l  P r o l r l c n r  o f  t h c  \ r c l o c i t r -
o J '  t l r c  l ' r o p r r g a t i o n  o f  U n i v c r s a l  ( ] r a v i t a t i o n

l c r ' ( ) s s  t l r c  ( l c l c s t i a l  S y r a c c s .

Onr :  o t l rc r  qucs t io r - r  r l cscrv ing  o f  h is to r ica l  rcv ic t ' i s
th : r t  n ' l r r t ing  to  thc  vc loc i t t  o f  p ropagat ion  o f  g rav i ta t ion .
In  thc  I ' , ry ros i t io r - r  c l r r  S1 's t in re  d t r  t r lonr lc ,  l ' )ng l i sh  t rans l : r t ion
lty ?ottt l ,  rSot;,  r 'ol .  2, P. 210, Lay'/aca cnumcrates f ir 'c : tsstt tnp-
t ion,s r.rnrlcr lving thc thcorl '  of univcrszrl  gravitat ion, al l  duly
vcri f i r ' r l  by cxpcricncc lnt l  obsctvlt ion during thc f irst ccntur)-
o f  t l r , .  \ c s l o n i : r r r  l r r r v :

rrr.  ' I ' }rr t  gr:r.vi tat ion trrkcs placc l :rctu'ccn the nrost rrr inute
pr r r t i c lcs  o f  l ro r l i cs .<r

r rz . ' l ' ha t  i t  i s  p ropor t iona l  to  thc i r  n rasses .<r

r r r . ' l ha t  i t  i s  invcrsc l ) 'as  thc  squarcs  o f  the  c l i s tanccs .<

14. 
' l 'hat 

i t  is transrr i t tcd instantaneousl l '  f166 one body
to irnothcl. t<

15.  Anc l  i t  cqua l l l ' ac ts  on  bod ies  in  a  s ta te  o f  repose,
anti  rrpor-r t l rosc s,hich, moving in i ts cl irect ion, sccl lr  in part
to r i ' i thdrlru'  thcnrsclvcs frorn i ts act ivi ty.<

In thc cl iscussion of the 4th proposit ion loploce reasons
l rs  f r ' l l o r l s :

Son clcntlr nrnr r:r- 4 8 o



u\\Ic havc no nrethocl of rncasuring thc lcngth nf t inrc in
r ihich glrr-r ' i tv is l tro.1rrt lr lcr l ,  l rccrrusc t l-rc act ion of thc SLrn
h:r"r ' ing oncc attainccl tht:  p)irncls, i t  cclnt inucs to zrct.  on thcnr
as i i  thc l t . tnict ivc fon'c uits crontntunicatccl instant:r.ncouslv
to  thc  cx t l cn t i t i cs  o f  t l t c  s1 's tcn t ;  \ \ ' c  cannot  t l t c lc fo rc  asccr ta in
in  hos ' long l  t in rc  i t  i s  tn tnsn t i t t cc l  to  thc  l la r t l r ,  no  nrorc  lhan
u 'c  <ror r l r ' l  n l ( . rs r r rc  thc  vc lo< ' i t v  o f  l igh t ,  s ' c rc  i t  uo t  fo r  th t :
: t l r c rn t l jon  r rn r l  cc : l ipscs  o f  .J r rp i tc r ' s  sa tc l l i t cs .  [ ] r r t  i t  i s  no t
t i rc  s l r r r t ' s ' i t l r  thc  snr : r l l  r l i f f c r r : r r r :c  tha t  n rav  cx is t  in  thc  a r . t ion
o f  g r r tv i t v  uPor t  l ro r l i cs ,  l l ( - , ' o r ' ' l i l rg  to  t l rc  t l i i c , ' t ion  i rn r l  r l r r t rn t i t v
o f  t l r c ' i l  vc loc i t r ' .  AnaJr -s is  has  sho l 'n  n rc ,  t . l ra t  t l r c rc  shou l t l
t ' c - ' s r r i t  an  accc lc ra t io t r  in  t l r c  rnc : rn  n ro t io r . rs  o f  thc  l t l l .nc ts
lounr l  thc  Sur r ,  i l n r l  in  t l t c :  n rc : rn  ruo t ions  o f  thc  sa tc l l i t cs  u l rou t
t  h r : i r  p l r rnc ts .<

r r I  h r r r l  i r r r r g i n c c l  l l r i s  n r c t h o r l  o 1 -  r ' x p l r r i n i n g  t . h c  s c ' r . r r l r r r
( ' ( lL l r t ion  o f  t l r r :  t r loor r ,  lhc : r ' r  I  l r c l i cvcr l  rv i t l r  o t l rc r  sc ( ) lno t r i -
c ians  th l t  i t  s - r rs  incxp l i c rL l r i r :  o l t  t l ) c  p r i r r r . ip l r - .  o f ' r rn ivc rs i r l
i l rav i t i r t . io l r .  I  founr l  th l r t  i f  i t  l r rosc  1- r 'o r r  t l r i s  ( . r r r ]sc ,  wc  nrus t
s u l ) l ) o s ( ' i n  t l r c  I , l o o n ,  i n  o r r l c l  t o  r r . l r . r r s c . i t  c t r t i r c r i y  l l . o r n  i t s
grav i t l ' to r r r r r r l s  thc  l ln r t l r ,  u  vc loc ' i t r -  in  thc  c r - ' r r t rc  o f  th is
p l : r n c t  l t t  l c l s t  s i x  r l i l l i o n  t i n r t ' s  g r c r r l r . r  t l r l n  t h t r t  o { -  ) i t h t ;
t h c  t r u c  c l r r s < :  o f  t h i s  c c l r r r r t i o n  l r c i n g  n o s ' i r n o * . r ' r ,  \ \ ' ( ' ; l r - . j
c c r t r i r l  t h r t  t h c  a t : t i v i t , v  o 1 ' g r a v i t v  i s  r r r u r . h  g r f l t o r  t l r r n  t h i s .' l ' h is  

fo rcc  t l t c rc lb rc  a ( ' t s  \1  i t l )  l  v r ' lo r . i t r . s 'h ich  rvc  n r r r r -cor . rs ic l r . r
: r s  i r r f i r r i l , ' .  ; n l { l  \ \ o  t ) l t \ '  ( ' ' r r r  l r r r l r .  t l t r r l  l l r r .  r r  l i o r r  r , l '  i l r , .  S , , n  i .
t r a n s r n i t t c r l  i n  l t r  i n r l i v i s i l r l c  i n s t a n t  t o  t h c  c x t r c r r r i t i c s  o l ' t h r .
l ) la l rc ta r \ .  sYs tcnr . (

Lty' /ott 's r i iscrrssiorr of t l -rc r.clor: i t1'  of gravit lr t ion is
l -u r thcr  c lL rc i r l l t c t l  in  t l r c  in t . ro r luc t ion  to  vo lunrc  IV  o f  thc
l l d c a n i r l u c  ( . r l J c s t c ,  r  S o . 5  :

) ) r \s  l to  v r r r i l t i o t r  in  lhc  n rc r rn  n ro t ion  o f  thc  car th  i s
inc l i ca tc t l  l r v  o l rsc rv l r t i r )n ,  \ \ ' ( .  l l r i r v  in fu r :  I : i r s t ,  lh i r t  thc  Sr rn ,
< lu r ing  thc  l i r s t  t \ \ -o  t ] t { )us i l l t ( l  vc l r rs ,  } t : rs  r to l  los t  l r  t rvo  nr i l l i r tn t l r
I )a r t  o f  i t s  su l rs tu r . rcc ;  S t ' r 'onc l ,  t l ra t  t l r c  r l l i . c . t  o i ' t ) r r .  i r r r l r r r l s i r>n  o f
l igh t  upon thc  N ' loor r ' s  secu lu r  c r l rn r t ion  is  inscnsr l r l c .  ' l ' h t :

r rna l l ' s i s  o f  th is  c f fc t : t  rn ly  bc  app l i cc l  to  g r l r r . i t r - .  ( ' . )n : i ( l r , r ( ' ( l
l s  l rc ing  thc  rcsLr i t  o f  thc  i rnpu ls io r r  o f  a  f l r r i r l  I r ro r i r r r . ine  t l t c
c f f t ' r ' t  o l '  gnr l i l r ' ,  l r v  r r rov ing  r r ' i th  cx t rc l r . rc  r r rp i r l i t v  1 ( ) \ \ . r r r ( l s
1hc  tL t tn rc t i r rg  l ro r l r ' .  I , ronr  t l t i s  i t  f i r l l o rvs ,  th l l t ,  to  s l t i s i ' r -  t l t t :
l rhc 'nonrc r r l r ,  \ \ ' ( .  l rus t  su l )J )osc  th is  l lu i< l  to  l t l vc  l l t r  cxc .css ivc l r .
g rca t  vc l< tc i t r ' .  r r t  l c r rs t  onr :  hu t r t l rc r l  n r i l l i on  t in r r -s  g r t . r r t t , r  t l r ; rn
tha t  o f  l igh t .  

' l  
I r i s  vc lo i ' i t l  l ' o r r l r l  lu r  i t r l rn i tc  in  thc  I t r .po t l rcscs

a( l ln i t t c ( l  bv  n l r t l tnnr r t i c i t rns  rc la t i vc  to  thc  l c t io t r  o f  g r t r i t l r ;
thcsc hvltot ir ,- 'scs url \ '  l l r i 'n ' forc lrc rr-scrr l  rvi thout fcar of any
l ) ( ' r ( ' c l ) t i l r l I  r ' t  r { , 1 . (

I t  l  i l l  l rc r-rot icccl t l rrrt  hc syrcal<s as i f  the rgravif ic f l rr ir l<,
\ \ 'as concci\ icr l  as tnoving tou-lrt ls t l tc ccntr:r l  l ] tasscs rvith :r
vc loc i tv  roo  nr i l l i o t - r  t in rcs  g rca tc r  th ln  tha t  o f  l igh t .  No
rc:rsorr is givcn s-hv thc rr l luicl<r is so lrovir. tg, nor is i t  exlt lair-rcr l
l ro rv  thc  r .no t ion  is  l i cp t  r rp :  obv ious lv  thc  h1 'po thcs is  i s  in l r l -
rnrsl i tr lc to-1lr) ' ,  

l ' . ' ,  1! 
nrust havc bccn r.cry nrur:h ir .r  voguc 1L
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cclrtulv ago, otl-rerr,vise Lallace $rould not have given it such
1;ronrincrtcc in his lcacl ing worksl).

r \ l togctlrcr this is an inrpressive prcsentation of the
lr istoricrr l  r l i f f icult l '  of thc prolt lem of thc velocity of the force
of grirr, i t l r t ion. l ior a long t inrc no progrcss could be m:rde, as
rr 'c sr. ' . :  l11' this crrcful surxmary of the leacl ing viev, 's transrnit tcd
to rrs l l 'onr thr: agc of Ncrulott.

Trr lhc bioglapl.ry of La.!/acc, 1842, Arago has a very
carcful r l iscussion of this qucstion, rvhich should also be cited:

rr l f  a. l tnrct ion is thc rcsult  of thc impulsc of a f luid,
i t .s act iorr orrght to cnrploy a f ini tc t i rnc in travcrsing the
i r rn rcnsc  spr rccs  l l r i ch  scpara te  thc  cc lcs t ia l  bod ics .  I f  thc
sr rn ,  t l t cn ,  r . . ' r , rc  sur l r l cn ly  cx t ingu ishcd,  thc  ear th  a f tc r  t l t c
c l r t ; rs t rop l rc  t 'o r r l r i ,  n ra tho l l r . t i ca l l y  spcak iug ,  s t i l l  con t i r - r t rc
f i l '  son tc  t i r r t r  to  r . rpcr io t r .c  i t s  a t t rac t . i vc  in f jucncc .  ' [ ' l t c  

c :on-
t l l r ' 1 -  uouk l  l r r rppcn on  thc  occas ion  o f  thc  suc lc lcn  b i r th  o f  a
p l ; rn r '1  ;  l  cc l t . r r in  t in rc  u 'ou l t l  c lapsc  l rc fo rc  t l te  a t t rac t i vc  lo r r .c
o f  t . l r t :  ncs '  l ro r l r ' l ' ou ic l  n r l l r c  i t sc l f  f c l t  on  t l t c  I fa r th . r ,

r>Scv t . r ' r r l  gconr t . te  rs  o f  t i r c  ] l s t  cc t l t r l r y  u 'c rc  o f  o l t in ion
thr t  t l r c  fo r t ' c  o f  l r t tn rc t ion  is  r . ro t  1 f ;n rs l r i t t ;d  ins tan tancoLrs ly
f ro rn  onc  l ro r l i ' to  l rno thcr l  thcy  c ' , . cn  ass igncc l  to  i t  a  conrp i r r l r -
t i l r ' l r -  i r rcor rs i< lc r l l r l c  vc loc i ty  o f  p ro l ; lga t ion .  J )an ic / l le r -
t ir , ' t r /1i ,  f trr  cxitnrlr lc, in attol l t t ing to cxplain horv t lre spring
t i r l r '  ; r r  l i v l s  r i l )o l r  o r l r  coas ts  :1 ,  d l ry  l tnd  a  i ra . l f  a f tc r  thc  syzyg ics ,
t l r r r t  j .  1o  s r r r ' ,  r r  r lav  anr l  a .  h l t l f  t r f t c r  thc  c l lochs  rvhc t r  thc  sun
lu r r  i  n r , r . i r  r r  r ( '  n r ( ) : t  f i r vo t rn r l r l v  s i t r l r t cc l  { i l '  t l r c  J r ro r lu r : t ion  o f
t l r i s  : . r11 . i1 r ,  i , .L  1 r i t , , , r t . ' t c l ) ( ) l ) ,  nss l , l t . r l  t l l r1 .  t l t r :  t l i s t . rb ing
l i r r t ' r ' r c r l r r i r i , l  r r l l  t l r i s  t i n r r ' ' l r  r l r r r  l r r r r l  a  J r r r l f )  f o r  i t .  i r r , r l , , r g r r t i o t - r
l r o n r  t l r c  l l t / ) ( ) l t  1 ( )  t l r r ' 1 1 1 ' 1 . . , r ' , .  S o  l - i ' c l i l c  l r  r . r ' l o . i t r - r r . r r s  i r r c o r r -
s is tcn t  s  i t .h  t l t i ,  n tcc l lLn i r .a l  cxp l r rn l r t io t . r  o f  a t t ra r : t ion  o f
s  l r i c l r  t vc r  l r l r v t :  jus l  spo) icn .  ' I ' h r :  

cx l t l l rn ; r t ion ,  in  c f fc r : t ,  nur :cs -
srrr i l r ,  suppo.ls t l r :r t  thc propcr n.rot ior.rs of thc cclcst i tr l  l rorl ics
rrrc irrsotsiblc ( 'onrl)a.rcd ."vi th lhc nrot ion of thc grar. i ta.t ivc
l l r r i r l . r ,

,r , , \ f tcl  l rrrving r l iscovcrcd that thc dirninrrt ion of thc
c c c l r r t r i c i t r - o f  t l r c  L c r n r s t r i a l  o r l r i t  i s  t h c  r c a l  c a u s c  o f  t h c
o l r r l l v r ' r l  r rcc l l c r r r t ion  o f  thc .  n ro t ion  o f  t l r c  n toon,  / - r tp lacc ,  o r t
l r i s  i r l r r t ,  r 'n r i , ' ; r , , ' o r r r t ' t l  to  asc i . r ta in  u 'hc thcr  th is  n rys tc r ious
rc r . r . l l r r t ion  t l i c i  no t  < l t . l t cnr l  on  t l rc  g r i r r ' l ua l  p ropa.ga t ion  o f
a t tn l  ( ' t  lo l t . ( (

,r ' l ' l tc l 'csLrl t  of calt-ulat ion \\ ' l ls at f i rst favor,rrablc to thc
plausibi l i t l '  of t i rc hvpothcsis. l t  shorvcd that the gradual
plopagiLt ior"r of thc attract ir .c forcc woulcl introducc into thc
l)rovcrlrclrt  of or:r satcl l i tc a pcrturbation proport ional to thc
squrlr( '  of thc t irrc rvl t ich clapsccl from the conrrncnccment
of rLnv cpoch; that in orclcr to rcprcscnt nun'rcrical ly thc rcsults
of astronornical obscrvations i t  rvoulcl not bc ncccssary to
ass ign  a  fcc l r l c  vc loc i t ) ' to  a t t rac t io r . r ; tha t  a  p ropagat ion  c igh t
mil l ions of t i rncs nlorc rapi( l  thirn t l .rat of l ight rvould satisfv al l
thc  phcnomcna.<r

l eagues ( t  leaguc=3 mi lcs )  d is tan t ,  and thcn
conc luc lcs  tha t  thc  d is tancc  rvhencc  t l re  u l t ra -

thor rsanc l  t r i l l i ons  o f  l cagr rcs ,  a  t r i l l i on  bc ing

r :orptrsc lcs for  comput ing thc extcnt  of  the universe.  f rom
alrpcal  to Lal /ace.

4 3 r .Sottclcrtr  t r  rnnr cr

r )  In Pir r rc I ' rn. 'os/ 's  ct l i t ion of  / ,c  ^9age's ' I 'hco11'  of  f l l t ramunclanc Corpuscles,  Par is,  rSr8,  pp.2r-23,  the v icrv is  taken that  the
spccr l  of  1hc cor l rusclcs nrrr r .h srrrpasscs that  of  i ight ,  yet  thc larrcst  rnrr l t ip l icr  narnccl  (p. .zz j  is  ro6ooo (cent  mi l le fo is p lus v i te
qtrc l r  I r r rn i t l rc) .  * ' l r i .h is  nrrrch lcss than the mrr l t i t r l icr  usccl  bv J,ah/arc.

I ' c  ' \ ' a ,qc  l lo lcs  l l ta t  l ig l r l  r :onrcs  f rom t l r r :  Sr :n  in  8  n r inu tcs ,  rvh ic [  i s  l z  rn i ] l i on
conrputcs  t l l r t  i t  r rou l r l  1 ra \ ' ( ' r sc  2oooooooeoooooooo lcagr rcs  in  loooo ycars :  I rcnc t ,  I rc
I t t l t t t t l r t t t t '  r ' o r l r t r s <  l t ' s  r Y t ' r r :  I r o j c . t c t l  f r r r  l l t < '  l r . n  l l r o r r s ; r n , l  ) r . i r r s  r , l  r  r , l . r t i o r r  \ \ ' . r s  1 w ( )
l o ( ) o o o o  l r i l l i o r r s .  t t c .

' I ' hc  
p r in r : :p lc  o f  us inq  thc  supposcd vc loc i tv  o f  thc  g rav i l i c

thc  assurncr l  r l r r ra t ion  o f  t l r c  rvor ld ,  cv ic lcn t lv  was  too  hazar lous  to



r lAlthough thc t lrrc causc of t i rc accclcri l t ion of thc nroon
is nos' l 'c l l  I<norvn. thc ingcuious calculat ion of rvhich I l ravc
j r rs i .  spo l i t ' n  r lo t ' s  no t  l l r c  l css  on  th l t  l l ( ' ( ' o rn r t  n r r in ta in  i t s  p lac 'c
j t r  sc icncr : .  In  l r  n r i r t l r c r r i r t i c r r l  po in t  o f  v icu ' ,  t l r c  l rc r t r r rb r r t io t r
clcpcndinn on thc grurl lral propugiLt iot ' t  of thc attracl ivc forr:c
u 'h ich  th is  c l l c r r lu t ion  inc l i c l t cs  has  a  ccr ta in  cx is t r :ncc  

' l ' hc

cor.rncctior-r l rcts-ccn thc vclocit t '  of pcrtr.rr lnt ion a.nrl  thc
rcsult ing incrlurl i tv is such thlrt  onc of thc tu'o qruLnti l ics lcacls
to a l inorv' lc<lgc of thc nunrcrical valuc of thc othcr. Nolv, upor-r
ass ign ing  to  t l ' r c  incqu l l i t l '  thc  g rc l r tcs t  

" 'a l r :c  
rvh ich  is  con-

sistcrrt  s ' i th thc obscn'at ions aftcr thcv l iavc bcor corrcctct l
for thc cffcct cluc to thc vlr i l t ion of thc ccccntr ici l .v of lhc
tcrrcstr ial  orbit ,  rvc f inr l  thc vclocit .1'  of thc attract ivc forcc to
bc  f i f t y  n r i l l i o r rs  o f  t in rcs  t l rc  l c ' loc i tv  o1-  l ig l i t !< r

uTf  i t  bc  bornc  i t r  n r in ( I ,  th r t  th is  nunr l rc r r  i s  r rn  in fc r io r
l i rn i t ,  anr l  th l t  the  vc loc i t r ,  o f  thc  n rvs  o f  l ieh t  ln rounts  to

77ooo lc rgucs  ( r t1 :ooo i ing l i sh  rn i l cs )  pcr  scconc l ,  1hc  ph i lo -
sop l tc rs  r i ' ho  l rn r fcss  to  cx l ; l l i t i  thc  fo rcc  o f  : r t t rac t io t t  l r l  thc
in rpLrJs ivc  cn( ' r 'gv  o f  a .  l lu i r l ,  rv i l l  scc  u 'h rL t  p ror l i s io r rs  i ' c loc i t . i cs
t l rcv  rn r rs t  sa t is l -v .<

' l 'hc 
rc-sclrrchcs of 7' i .r .straru r l  on t. l tc clcctroclt 'nlnric l lnv

o l  I I -a l tc r ,  ( - 'onrp tcs  l t cnr lL rs .  Scpt .3o ,  r372,  1 ' t  76o 7( r3 ,  and
l ld r : r rn iqLrc  Oc lcs tc , ' I ' onrc  IV ,  Cha l t tc r  XXVI I ,  p1 t .  -199- .5o3,
provcrl  i r  rrscftr l  guidc in r ly carl l '  cnlcul l t ions f l i lcr: t .r<xlvnl.rnic
\ \ ta r .c - ' l ' hcory  o f  I 'hvs ica l  I io rccs ,  r 'o l .  I ,  rg r  7 ,  l rp  r . l : -  r . s  r ) .
I lu t  r i ' c r  no i r - r t  ou t  th iL t  th is  < l r rcs t ion  r l i r l  no t  r r ln r i t  o l ' so lL r t . jo r r
p r io r  to  t l ru  r l c r -c lopnrcn t  o f  1 .hc  \ \ r r rvc - ' l ' l t t ' o rv  o l -  l ' l r l s i t  r r l
I i o r c l s ,  r r J r . l  -  l  ( ) : . i .

l r v ln  r r l ' t t ' r  t l r r '  1 r roo1 's  r l l v r ' lopc ' r l  i t r  thc  \ \ ' r rv r ' - ' l - l r cor r ' .
s o r t r t ' r t r r t l r o r i l i c s  c ' o n t i n L r c r l  t o  r r r l l r c r c  t o  t l t c  v i c * ' s  o l '  / . t t , h / a ; r .
' l ' l r i s  l r l r l r i t ,  l r o r l c v t ' r ' ,  s l r : 1 n r t ' o n l v  o f  t h o s c  r ' ,  l r o  1 o . r '  . i 1 1 1 r t  o l -
con t ( ' r ) r ] )o r l r rv  l ) r ( )g rcss ,  l rn tL  s t i l l  th in l i  in  tc rn rs  o1 ' t r i r r l i t i ons
conr ing  f ro rn  th r :  rs t l ' cc r r iun . ,  i l nc l  thc rc fo rc  i t  i s  no t  to  l rc  t : r l i c r - r
sc r io r rs l t ' .  I t  i . s  r :c r ta in  th l t  un ivc rsa l  gnrv i l . l t i on  i s  r l r rc  to
u-lLvc-rL<tt ion lr-rci  thcrcl 'orc t irc chicf lbrcc of n.rtrrrc is Ir ' rrP:r.-
g r r tc r l  r r - i t l r  th t :  vc loc : i t r .  o l  I ig l r t !

r \ l ro r r t  t l r c  on l - r ' r ' r ' l cs t ia l  c fh : r : t  o f  thc  p ropr l l r r l ion  o f
g r : r l i1 lL1  ion ,  * ' i1h  th i r  v t ' l oc i t .1 'o f  l i11h t ,  r rn r l  o f  c lc : t ' l ro t l vn ; r rn ic :
u ' r l r - r .s  in  gcnr . 'n r l .  i s  r  snr r r l l  . r ' r - i r l i r r  l r r -ogrc 's : ; ion  o f  t l r c  pc l i l r c l ion .
I r r  l l r c  c r r :c  o1-  l , l l r c r rn .  r \ ' : i  -  1  r4 '1 .5  r  ;  . f  r r l r i t c r ' s  1 , ' ' r '  S : r l c l l i t t : ,
t t t  t  i . _ ' . 1 :  /  t i . / i , >  r  , r ' 1 ,  .  r 1 l ,  o . l ) . ' ;  l l l r .  ( l o l l l r l r .  s l ; l t - :

'  \ -  t *
p  l ' f ' r : r ' l r  ( t ' r  

. ; j ( J L ' ) .  r /  . \ ' l l l { ' r ' .  ( t ( t )  1 t 5 . 7 .  r (  {  {  l l l i r l l l l .

r ) .2  -  o '1oo, r ,  J )c r  ( 'o l r lu r \ '  . r '1 - .  l , l t i  t r r r l vn ln r ic  1 l '111 'g - ' [ ' ]1c1 ] l '1 -  o f
I 'h ls ic i r l  l i o rc r ' : ; ,  r 'o l .  I ,  i ( . ) r  7 ,  l ) i ) .  r+ r - r .5 r ,  an t l  r \N  .5o-1S,
I ) .  r . l 7 - r : 1 5 ) .

I  f  l - c  < ror . r tc lnp ]a tc  th ( )  r t ' s r  r I  t s  o { '  thc  I ) r ( )g ross  hcrc  o r r l l i nc r I ,
n 'h ich  rv r rs  bcgun bv  7 ' l . r . rc ra t td ,  ( i r r rnp lcs  l {cnr lL rs ,  Scpt .3o ,
rE7: ,  l r r r r l  conc l l l ( l c (1  l rv  r l c ,  i r  thc  l ru l r l i< ' r r t ions  j t rs t  c i tu r l ,
( r 9 r . 1 -  r r l : : ) .  u ' c  s h r r l l  n o t  f i r i l  t o  l r r :  i r n p r c : s c r 1  l r l  t h c  l r l o g r c s s
nl l( ic si lr( 'c t l rc lrgc ol- i \ t t :zr l /ott .  t tnr l  /n,n/a, t .  , \ :ral/()/ t  l rrrr l  his
contcn l j )o r i l r ies  ussurnc t l  thc  l t t ' t i o t t  o f  g r i l . r ' i t i r t io r r  to  i rc  ins t r rn -
tanc i lL rs  r i t  r i l l  r l i s tanccs ,  anr l  I .a f / t t : t :  t r i c r l  to  f in r l  un  o l ;sc r -
va t ion l l  c r i t t l i on ,  f ro r r r  thc  o r . r ts l . i l n ( l inq  pur l  o l -  t l r c  NIoo t r ' s
sccu l i r r  u .ccc lcnr i ion ,  l rv  i vh ich  t .hc r  l c loc i tv  o f  gnLv i t r t t ion
cou lc l  bc  conc ' l i r c lc i l .

Anrong thc  r -c r rsor rs  s ' l r r .  thc  i l l r rs t l ious  i ru thor  o f  t l r c
l l i c i rn i r l r . rc  C i l cs tc  f l i l c< l  in  h is  u t tcnrp t ,  n l rv  bc  n rc rn t io t rcc l  :
r .  FIc l ivccl i rcforc thc r l iscolcry that t l ' rc r-clocitv of elcctr- ic:
cur rcn ts  on  u . i rcs  i s  csscn i i r r l l v  idcn t icu l  rv i th  tha t  o I  J igh t :
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rvhiclr t ' ls crxl)cr imcntal ly confirrnccl aftcr thc dcvclopmcnt
ol . l Ia.tzuc// 's clcctrolnagnetic thcory of l ight, solne a)o ycars
ago. : .  AJl lrougl-r Garz.s.r hacl consiclcrcd clcctrodynanric act ion
ls  p t ' rh rps  prop : r .g t tcc l  in  t in tc ,  l i l i c  l ig l r t ,  as  car iy  as  r335, ,vc t
lrc r l iLl  not lrr i t tg his rvork to a conclusior.r unti l  l l /eber's lat i
i r .rr l  l rcr:r-r frrrnrrr latccl in r8. i6; lncl thcrcfore in Iaf l tce's
dlvs thc ir lcrr.  of instantancous actinlL, rurrcnt since thc da1's
o{ , l tLzt, lott , lncl i rnpl ied in t l-re forrn ol Nezaton's Lau,, st i l l
l rclr l  in thc rninrls of most phi losophcrs. 3. Laf lace fai lecl
to notc t l-rrrt  t l ic rctarclcd cl istance, cluc to t l-rc f ini tc vclocity of
g r r rv i t rL t ion ,  r ( r  -  t , )  i s ,  to  the  f i rs t  o rc lc r ,  cqua l  to  thc  un-
rctrrrrLccl r l ist lrnt:c r ' ,  rvi th the rcsult that thc force is dircctcd
r i rp rox i rn : r t r : l v  to  thc  contcmpcrary  pos i t ion  o f  the  a t t r : rc t ing
i ror lr '  .

' l ' l r is 
l :rst consir lcr:rt ion u'as bcforc Ti-rserond, in l is

crrr lr .  rcscrrrclrcs ot1 II /( l ( / 's clcctrodvnamic law, C. l{ . ,  Scpt.3o,
r S ; : .  r r r t r l  r r r v s c l f .  i r r  A . n c r r l i z i n g  a n r l  e x t e n d i n g  t h e  r : s c  o f
I l- t l t t  r 's Lls' ,  r  9r.5, (Ulcctroclvnarl ir :  \ \ Iavc-Theorv of Phr.sical
T io r r ' r ' s ,  r 'o l .  r ,  r9 r7 ,  pp .  r .1z - r5 r ) .  A f tc r  thc  ac lva .nccs  mac lc
i r r  t l r c  Ncrv  

' l -hcory  
o f  thc  Aethcr ,  r922)  l r ' l l  thcsc  rcsu l ts  scern

vcrv  o lx ' io r rs i fc t  thc l '  u 'c rc  fa r  f ron- r  p la in  in  r9 r4 ,  anc l  in  the
tirrrrr of / ,of/acc coulr l  not cven havc bccn anticipated.

2 3 .  t \ ' , : z t , t o n t l t ' s  I ) i s c u s s i o n  o f  t h e  C a u s e  o f  G r a v i -
t l r t i o n ,  r l i S 3 :  H i s  O b j c c t i o n s  o v c r c o r n c ,  u n d e r  t h c
\ r l l i t l  ( l o r r r l  i t i o r - r s  f u l f i l l c d  b y  t l . r c  W : r v c - T h c o r l ' .

I t  i s  rccogn izc t l  tha t  thc  la tc  Pro fcssor  S inon Arczuronb
l ro l  on l r ' \ \ - i r s  onc  o f ' thc  g rc r r tcs t  n l t thc r .n i t t i c -a l  as t ronor r rc rs  o f
I r i s  r r g , .  l r L r t  l r l s o  c n r l o * - c t l  x ' i 1 h  l r t r  c ' r 1 L r a ) 1 1 -  r e n r a r l < a l > l c  y r h v s i c a l
i r r t r r i t i , rn .  so  t i r i r t  l r t '  u ' r rs  c rLp i r l r l c  o f  go ing  d i rcc t l v  to  thc  roo t
o1- r r r r r -  p ro l r l cnr  in  sc icncc .  

' l ' h r rs  
i t  i s  s 'o r th  rv l i i l c  to  cx r rmi r rc

his r l i rr :ussir>n o1- hc carrsc <>f grlx ' i tzrt ion, rvl-r ich i-orttrnatcly
rvc hlvc forrnrl  clculr.  oLrt l inccl in the fourth ccl i t ion, rcvisccl,
of thc Astronorr-r1', by lYr:zuconzl and I{oldtn, Arncrican
Scicnr:c Scrics, I lcr-rry I Iolt  ancl Conrpany Ncrv York, r383.
( lh r r l r l c r  \ / ,  p1r .  r . l r - r5  r  i s  on  Un ivcrsa l  Crav i t rL t ion ,  lnd  o f
r r ro rc  l l r i rn  r . rsu i r l  in tc rc ,s t  a ,s  rc l l cc t ing  thc  n ra tu rc  ph i losoph ic
, , l  , i r r i , , r r . .  , , f  t l r i s  g r r ; r l  i n v c : i i g r r l o r .

1\/1'71rtott l)  r ls 'r ' l ls orr thc val ir i i tv anrl  l lcrnrancncv of thc
\ r 'u ton i r rn  t l rcor r - ,  l rL r t .  r r . rnnr l i s  th r r t  g ra ' " ' i t : r t ion  ur l l y  1 ,c t  bc
s l to t i  t r  to  l rc  l  l r t '  r t ' s t t l t  o f  s r ) r r rc  l r ro rc  gcncra l  l ln t  <  -  i t . l ) l )a -
r t 'n l l v  in  r r l l r r . ion  to  I I ' t l c r ' s  c lc r : t roc lvn tn i i c  la rv ,  n l rc :Ldv
( 'ons i ( l c r f ( l  i r v  l r in r  in  thc  r \n rc r icun  I lphcr rc r is  1 'a .pcr  on  th ( l
l r r o t i o n  o l ' \ T t ' r i ' r r r r ' ' s  p c r i h c l i o n ,  r 3 3 r .  I I c  a d r l s ,  h o u c v c r ,  t l r e t
r r t l rL rs  l ' ; r r  no  l l r r ,o r l  o f  t i r c  su l r j cc t  h l r . r ' i ng  thc  s l igh tcs t  p ro-
l r r r l r i l i t v  in  i t s  f r r . r 'o r  lns  l rcc t - t  p ropor rnc lcc l .<  ' l ' h is  

shorvs  th l t
u l )  1 . ( )  r  SS.3  t l rc  c )cc : t ro r lynarn ic  thcory  rvas  no t  sa t is f t rc to r i l v  dc-
v c l o l r c r l .

i \ ' . . t t .o t / t l  thcn  cx I r l l r ins  Lc  Sage 's  thcon '  o f  r r l t r r r -
nrrnrr l i r  nc corpusclcs, i in( i  thc rnutuai st:rcct.r ing cf l 'cct cl l inrcci
l i r r  1 r i 'o  l ;o r l i cs ,  unr lc r  thc  s l ig l - r t  cxccss  o f  corpusc les  ac t ing  on
l l r r i r  oLr ts i t l t : .  I l c  r locs  no t  scc ln  to  Invor  J -c .S ' ruge 's  thcorv
rur\- nrorc t lrarr Sir I I .r .7' / tont.rotr.  ( [ ,ort |  I t-c/2. 'uz) hecl clonc
f I ' rrrr ' r 'cr l inss, I{or ' .  Soc. I idinbureir,  r87z), or )y'arzue /1, in thc
r r r t i r : l c  ' \ to rn ,  I i t rc l '1 - .  I l r i t . ,  9 t l '  cc l . ,  r37-5 .

, \ - t i t t con t l t ' : ;  f in l r1  pamgr-aph is  thc  n ros t  s ig t r i f i ,  r rn t :
, r (  )nc  o f  thc  cor r rn roncs t  '  o l l ccp t inns  to  accor rn t  fo r

gr i i v i t l t iou  is  tha t  o f  a  {1u i r l ,  o r  c ther ,  cx tcnd ing  th ror rgh  a i l
sprrcl ' ,  rvhit 'h is su;rposccl to bc ar-r inratcd br. ccrtain vi l . 'nLt ions,

r R .+ " J Sortclernrrnrrr  cr '
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.r1d fo' .s a \ .chiclc, as i t  wcrc, for the trans'r ission of gra' i
t r r t io ' .  T l r i s  r r r r r l ' l l  o thcr  thco ' i cs  o f  thc  i i i nc l  a rc  s r r l r j i : c t  t
t l re ir tal olr jcct ior.r of pr.oposir-rg colnpl icatccl systcins t
:rr:coulrt  for thc nrost sirnplc ancl clcr.ncntary facts. i f ,  inr lct,r l
srrch s1,5111115 r i 'cr-c othcr*. i ,sc l inog,n to cxist,  l rnrl  i f  i t  cotr lci
Irc.shos' l  thi i t  thcy rcal ly toulcl producc t l .rc cffcct of grrrvi
ta t ion ,  thcv  rvor r l r l  I t c  cn t i t l c t l  to  rcccp t ion .  J lu t  s i l t cc ,  thc
hl i 'c bcor inr;r r ' iinrrrginccl only to accoulrt  for gravitat ion i tscl i
ancl sincc t l tr .rc is no proof of thcir cxistcncc cxccpt tha.t of
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A : lt I r : I lfi@ - r), + ( b - tSz + (c - z)zl' t"

| :,f t I, d,nt : t S S U' - x'52 + (t - y)2 + (c - z)zf-t t, 6 drc dy dz :
- [ I .f U"-')' + (t -s,) + (c - z)2f 't h cb c\t dz (zzz\

l ic lr ls thc lbrcc of gravitat ion acting aiong the r_axis upon a
l r n l t  n I t s s :

X : - a) I.-f 2o:
- .\ ' .1 .f f f..-')' 1. (1, - ),)'z + (c - z)zl-" t " o (a = x) dx dy dz (z z t)

rr- i t l r  sint i lar cxprcssions for the forccs J/ and Z .' l 'hc 
Nct.tonian latr.  of thc attract ion bctween any two

l.rsscs is givcn bv :L scxtLrplc integra.l  r .vhich oftcn takcs t.hc
sir irplcr {brnr for purt iclcs shorvn 

' in 
thc scconcl tcrrn:

t l ,

i / "  .  1224)' l  
hcrckrrr.  1hc. u. irvc-thcorv is just as cornplcx as Aiczu-

/azz 's  L t ru - ,  t rn< l  no t  l t r  io l r r  n l r , rL , \ r ) :  th t ,  l t c r fcc t  i c lcn t i t y  o f  thc
cons t iu r t  / . :  rv i l l t  t l t c  p l r r t i t : l cs  r /  in  r1 . r :  c ly  c lz  in  thc  abovc in tc_
gr l r l s  ( : :u )  r ' i t ' l r l s  t l r r :  f in r l  t r i r rn rnh  o f  thc  rya .vc- thcorv !

I r r  t l r c  J ) r - ( .s ( ' r ) t  \ , - l I I  I )apcr  thc  rvho lc  a . rg . , , . , . , i r ,1  1 ,
r : i t rc f i : l l i -  r ' r '  r ' r : r r r inc r l  in  thc  I igh t  o f  t l r c  ca lc . t r ius  o f  p robab i l i t y ,
n' lr i r ' l r  i ,  l l rr '  l t r :rr ls ci l '  / ,of/ott  rr.nrlcrr:cl  sur:1-r si5lnal ,". ,r i .c to
S. i . . t  r '  . \ . . i i  *  r '  \ ' . r1 r i rc  ro  th in i i  tha t  i f  r ,a \ /accs  . rgu l 'en ts
\vor ( '  (  ( ) l t : i ( l ( ' r c t l  l ro r i ' r t r f t r l ,  in  casc  Of  t l t c  g rCa. t  p ro l r l cn ts  $ . i th
* ' l r i r ' l r  l .  r l , ' r r l l .  r l r c  s r r . rg th  . f  thc  Prc rs . r r  i l rg r r r ) r ( . ' t s  rv i l l  l r c
f i ' r r r r l  s i r l i  q r ( ' i r t ( ' r ,  a t  l r : . s t  in  p ropor t ion  to  t . l r .  < l i l f i r .L r i t v  . r -  th t :
J , r , ' l  l , r r r , ' l ' l ' , , j r l : ( . ( ' f g r : r r i l r r l i , , 1 , r . o r r r l , r r r . , . r l  l ( , s 1 ,  l r 1 , r : , , ) , 1 , . r , , .
r r :  1 l r .  i r r r ' r i r r r r  , r ' - f t r 1 r i 1 . t ' r ' : r r r r r  S l r t r r r r r ,  r r r r r  t l r i '  \ r r l a a ' s  s t ' r ' r r r r r r
i I (  r ' r ' ] (  1 i I I i ( ) l I .

i , /  ) r '  l l \ -  p ; r  r t  I  < .on f t ' ss  to  i t s  cx t rc l ) rc  l r  sur i t r i sc  a . t  l l r c
r r rn . i  r - r , l r l  i i r f l r i t c  s t rcngth  Of  t l rc  p rcscn t  i r r { ju lncn t ,  rLs  a . t  thc
l r lu  i l , l , , r  i i rg  u . r ' r rJ in< .ss  o f  thc  a rqurncnts  o f  thc  car l i c r  invcs t i -
gi l t ' )r5. i .  rr .r  s.r: i rg thc inr:oncci ' .rrrc a'cl  ovcrrvrrcl ' r ing
s l  r l lq l l r  o f  t . l t r r  u - i t vc - thcory r .

2 4 . ' l ' l r t , O r r l r r r  o f  N a t u r c  i n r l  i c a t c d  l r y  t h c
( ' r r  l . r r  l  r r  s  . 1 -  I '  r . l r l r  l r i  l i t y :  S . r r r ,  r '  a . r c r  c ' o n c l r : . s i o r s .

r .  I ' r ' r I l r r r i . . t . i . r r  o f  rh t :  r rs r :  o f  t r rc  c ' . l cur ' s  o f  p robab i l i r . v ,
1br ir f t ' r-r irg t lrc rrr: tLr*l  l l roc{-rss.s of arrt .rc, r i ,c rcrra.r l i  at t l -re
or r l . so t  t l r i r t  rL  l r ru -o f  n i l l l l r c  r ( . ] ) r ( ' s ( 'n ts  i r  \ .as t  n l l rss  o f  Phcnorncr - r iL
' l r sc ' r ' c r l  to  o ( ' ( . r r r  i . : r  r . c . r t , i ' . * l c r ,  l ro th  in  t i rnc  anc l  spacc :
t l rc r  sc r i . s  .1 -  l , l r . r r . . r . . r r  r l r r : s  rcprcsc ' tc r l  c lc ; rcnc l  on  a  phys ica l
( ' i l l r s ( ' ( ' ( )ns1 :u t t l l  r r r . t ing  in  lL  l j xc r l  u 'a .y :  thc  nuntbcr  o f  l t i t cno_
trtcrrt  c 'onl irrrning to thc LLrv lray bc, 1r-rcl usual ly is, ini ini tcly
grc ; r  t .

Sorrclcrn urnnrcr

' l ' h c_ r l os t  
c ' l t c f u l  c x l t c r i r l cn t s  s l r o t i .  t l t r r t  no  t . hcn t i r : a l  y , r , , , . " . .

to  * 'h ich  l ' . t t . r  c ,n  l rc  s t r l r j c . t i : r l  . i t l r c r  i r< ' rc ls t ' s  o r  r l i rn i r i shcs
l t s  g . r ' t t r t t l t g  p r r r t . i l t l c  i r - r  t l t c  s l i q l t t , _ , s t , l . g r cc .  \ \ r c  c i r . ' o t
t l re re fo rc  scc  hou-  th is  p r inc ip lc  ( ' , .  c ' c r  I rc  rc fc r rc r l  to  i r . r
l l ) O r o  l ] c l t r ' l , l i  r  ; , ' t S , . . u

l ' l r i s  i s  r r  g r i o r l  sun rna r \ ;  o f  , \ ' L z t , r nm l ' s  r . i c r vs ,  l r s  l l t ou -n  t o

ar:corrnl i 'g for i t .  thcy arc not cnti t lccl to rny rveight rvhalc'cr
Ir thr '  prcscrt s1 u tc of scic'r( 'c, \r ,c u rc jrr  st. i  f i  ccl i '  rcg.rcl i '  g gravi
ta t io r - r  l r s  a r t  u l t i l l a tc  p r in r : ip lc  o f  n ta t tc r ,  incapa.b lc  n f  . l t "
r i t t ion  lx '  any  t lans for rna t ion  to  . . ,h ich  r ) r r t t c r  can  bc  sub ic r . tc r l

nrc b1' corrt 's1rorrr lc.ccr :r 'c l  l ,  t .r  Pcr:, . .  I  co. tact * ' i th h i .r ,  *.h ir . l
c -x tc .c lc r l  . r ' t ' r  r . i r r l \ '  2 .5  \ ' c i r i ' s .  l ss .1  r9o9.  I t  rv i l l  l r c  n . l i r . r . r
tha t  l rc  r l lu r l cs  to  thc  r r l lL r i r l  o r .  r . l  l r c r  t . x tcnc l ing  th ror rgh  a l
s p a c c ,  r v h i c h  i s  s r r P p . s . r i  t .  l r c  i r r r i . r r t t ' r l  l r ' c c r 1 . . i ' v i l r r i r t i . . s .

, l . l . l . l , l . l  [ ' , ' -  ' '  :  - .  . ,  
' - J '  2  t  ( : '  -  r ) , ] - ,  *

x  r r r l , r ' r i l  d z . o , d x , d y ,  d z , : n z n t

sho* , s  t l l i t  i n  l t i s  t i . t c  i t  r r , r :  r t . t  s .  r l c r . r , l , r pc r l  : i s  t o  co t . . n . t i u t (
.on f i r le rc r ' .  I I .  l r l l r r r l cs  t .  r t ' .  /1  .7 'av lo r ' s  r rc ' . i r  in  t l r c
Srn i tbson i r rn  l i , : ' 1 r . r r  I i r r  rs76 ,  o r t i t l c r l :  I i i nc t i c  ' l ' l r cor i r .s  

o f

' l t s s t ( ) l l

\ \ ' ( ' l ) r 1 t

t/f, i ttr/Ltr/, surl .r1,.t/cnt.r itt(ra n/ltrzt, i.rt /tttr,;,,tt ln
t . t ' zs / ,  a t t r /  i I  i l  ro t r / r /  / s r : . r /71171 ' ,17  1 / ta l  / / t c t , r t rz / / t , ; , , r t t r l y l  1 t1 .11 , , /1 , , . , ,
/ lc eff 'cc/ ol ,grai, i la/iott, //t,.t '  :t,t)tt/// l !. , ttt i //tr l l ,) ).t.;t. i \/ i t)//.( l

I t  i s  s c l r . c . l '  l r ( ' ( ' c s s r r r '  t .  1 r . i r t  a r r 1 .  1 l r . t  t i r c . r '  r . , r r l r l i t i . a s
h u l ' c  n o r r '  l > c o r  f r i l l y  t . o r r l r l i l r i  r v i t l r  i n  t l r r ,  \ r . r r ,  l l r r . r , r . r .  o j - 1 l r c
A c t h c r ,  l n r l  t l t r r s  i t  i s  r . n t i l l i ' r 1  1 r i  l l r v o r . r r l r l c  l . r . r  r . l r l j l n  l , r  t l r r .
sc io r t i f i r '  r vor l r l

' I ' l t c  
i r r . s . . t  i ' - ' .1 '  r l '  1 , , 'L l tL r ' s  c i t , r . t r . r l ' . t r r . i t :  l i r rv  i s

r t l rso lu tc lv  o r .c rs .hc ln t i t - rg ,  thc  u , i l r . c  t l t r :o11. , , f  r t l r f j r r , , t i sn t
i t t c lcpcnc lo t tJ r -  cs ta . l r l i shcr l  i r ) ,  thc  l , r . r r .s  o f  t l r c  l incs  o f  Io rcc ,  i t . r r r l
1t\ '  .Jiararla-t ' '  s rot.ut ior-r of thc bc,arr.L ol- polarizcrl  i ight, r  i i4.5,
* ' h i l c  t l r u . . . r . c l i o r r  r v i t l r  g r r i ' i t r r t . i . n  i s , , r r c r i . i r J l 1 . v . r i f i t : r l  i '
t h c  o l r s c r l c r l  t l r c o r ' 1 -  o l -  t l r t '  I , . r r r t l r  u n r l  S u n ,  \ - I  l  1 , r r 1 , , . r ,  r r 1 1 1 .' l  

ha  r r . * -  t l r . , r '  . r '  l r . . r rs t i r :  : r t t * r . t i . .  r ' r l i cs  ' i s i r> rc  1<r
( ) l r r  c \ :cs  sOnr r ' .o l '  t l t t -  t lCr ,pCst  s ( , ( . f ( , t s  o f  r . t . l rVr :  1 i l ( ) t io r ) .  in
t r ; r ' c r s i . g  t l r .  r l c . s c  g l r l r r . s . l ' t h c  h c a ' r , n l v  l r o r l i c s .  . l . h i s

r l c l l cc t io r r  o f  th r ' r i l r ' cs  i r l s , ,  f i r r , l s  .o r i l ra r : r t ion  i t  tY tz t , t .o , t l i s
l : luc ' t r r i r t io .s  o f  t i r c  I Ioo ' ' s  I I c i r .  l l o t io ' ,  r9o9,  a ' r l  i ,  t i t c
l rcnd ing  o f  r : r r l io  r i ' r r . cs  u l rou t  . t l t c  tc r rc - * t r ia l  sphcro i r l ,  (AN
5o44 and r \N .s :  r  71 .

Jt inal lr ' ,  i r t  rcgurrl  lo tYezttcotnlt 's rcntark tha.t tbc thcorl,  of
.u  ac thcr  an in r r tc r l  i r r .  cc r t r r in  l iL r ra t ions  is  too  co 'p l i cn tcc l  a
svstclt t  for cxlt l l r ining thc 1rost. sintplc iLnrl  clctncntarl ,  thcts,
u.c nccd onlr.  Poir-rt  out t l rrrt  t l rc u, l t .c_thcor\.  is not ntor.c
<ronrp lcx  th i r i t  t l t c  lo rccs  o f  gnr l i t l t i on  thcnrsc lv r ,s  a rc .  For  t l t c
potcnti l l  t luc to an intcgration of thc x,aLvcs frorn al l  thc
Prtrt iclcs, acrco.l i rg to thcir scr,cral anrpl i tudes, at cl ist.nccs z,

I , ' . r  c 'rrrrr111t.,  in thc phcnorncn:r of l igl .r t ,  for al l  pr.ct ic ' l
l )u r l )os( ' s .  i r r r  i r r f r r r i t l ' o f  r l ' avcs  pass  in  a  scconc l ,  anc l  i c r ta in ly
i '  rr  ' r ' i r .  .1- t i rrc. l \nd i f  nragnctism irc a u.a.r.c_pl.,ar.ro,-, . ,a.orr.
:rs sl tou'n irr thc VII l r i t l tcr,  thcn thc u,avcs of nragltet isnl
rr. t ing orr I ;artt l t t1, 's rotatcd beatr.r of polarizcd l ight, in the
cclcb'ut.cl  cxp.r inrcnt of rE,15, . lso rcpicsents a sei ics of two
inf init ics, - orlc of thc rr, :Lvcs of poLLrizcd l ight, the planc
of t ' l r ic lr  is to bc rotatccl,  thtrs yickl ing an observed orclci  that
is  bo lh  ( 'ons tan t  anc l  c lepcu, l r r l t l c ;  thc  o t l rc r  o f  thc  rnagnc t ic
s' i lvcs irc ' t . i t rs on thc l igl-rt ,  in lr  f ixcci orclcr, to prorlucl thc
const..nc' of thc rotat ion of thc planc of thc pol ir izcd beanr
obse lvcr i .



Sinr i la r  rcasou ing  ap l t l i cs  to  a l l  thc  g rca t  g lo r rps  n f
rclutccl or lssoci lr tcr l  yrhcnontcna. Accorcl i t iglv, l 'hr:n u'c
c r lc t r la tc  thc  p robr r l r i l i t l '  o f  thc  obscrvcc l  o l r l c r  in  l ra t r l ru )
f ro rn  r , r . rc  l ro r r l r  o f  l t l i cnonrcn t r ,  u 'c  < lo  no t  < l r rp l i ca tc  t l rc  l r ro -
lxr l ; i l i t r .  frorn thc rrssocirrtccl or rcl l ted phcnomcna, lrut l lcrclv
tukc :rccount of thc inrkrpcn<lcnt grol lps rvhich rtrrr '  l t lopcrlv-
rc l ) rcscn t  l ro t l r  c l l sscs  o f  p l rcnonrcr - r : r  in  corn l r ina t io t r .

' l - l t r :  
to t i r l  p ro l ra l r i i i t y  < ' i t l c t r l i r t cd  l rv  t l t i s  n rc thor l  th r . r r . fo r - r :

i s  u .  r n i n i r n r r r r r  I

l i o r  t ' x r t r r l r l c '  i t r  u r lu l t io t - t  (A)  ( l1o)  s ( ' ( ' t i , ) l t  rS ,  \ \ ' ( '  r  r ) l r
s i r l cn ' t l  n r t ' r r ' l r -  l  l r c  co inc i r l t :n r '< '  o f  thc  o l rsc rvcr l  s r r r f  l r< ' t . s  u ' iL l r
th r :  t l r corc r t i c l l  sur fa r :cs  t l i ro t rghor r t  sp lc 'c ,  t -csu l t ing  l - ro r r r  l l t c
s'rr lc-thcorr ' .  \ \ :c cl icl  not intr. 'gnttc for thc inf ini t i r :s of s uvt.s
f ronr  t  hc  t \ \ ' o  ( ' cn t rcs  l ) ,  in  t i r c  t l r r -c< '  r 'oor r l in t l cs ,  l t ( ) r  fo r  t l r c
i r f i n i t l ' o f  l i n t c  i n . r . o l v c r l  i n  l l r c  c o n s l r l ' l t  1 l ( . t i o n  o f  g r i r v i l i r l i o n .
r rn r l  yc t  a l l  o f  thcsc  lu1- tc r  cons i r l c r i l t ions  s 'o r r l r l  h t rv t .  l r t t ' n
a l lo rvab lc .

' l ' h r r s  
i n : , i r . : r r l  o f  ; r  I r o l r r b i l i t l  o f

t h c  l r l r l i t i o ; r r r l  r r r r r l t i l r l i r , r s  :  s ' t t \  y .  E  e t ) 3
i n  e l l  . \ ' , -  r o 2 - l  . 4 1 0

ins tc r r r l  o f  8  c r :3  ,  as  g ivcn  in  r r r lL r : r t ion  ( rao)  (A) .  l lo r r 'ovcr .  : r
vo l r : tn r :  in tcgr r r t ion  is  tc r l r r i rc r l  l i r r  c r r r :h  n r l l ss ,  i l s  l i r ] lo rvs .
\ \ ' c  t t t u s t  t r i p l v  i n t r : g r l t c  l o t ' r r l l  t h c  l i l r n L t i t r g : r l . o r n s  o f  t ' r r < ' l t
t r o d v ,  i r r  r ,  u 4 ,  , p ,  i t s  i n  t ' r l r r i r t i o n  ( r ; : f i ) ,  a n t l  t l r r r s  r i , t ' l l n t l  l l r r r t .
t h r c c  n r o r c  i n f i r r i t i c s  a r i s c  1 l - o n r  t h c  n c q ' l i n r i t s  i n c i t l t ' n t  l o  t l r r :
v o l u n r t '  r t n < l  r l c n s i t y  o f  l l r r '  : r r r s s c s .  O r : r  l l n l r l  v i r l r r c  o l '  , \ ' t l r c , r c -
f o r c  l r c c o n r c s  l o r  l r l l  t l r t  r r l o n r i r '  \ \ ' i l \ ' ( ' 5 :

I  r  o : . 1  / ,  l r !

: .  r \ r ' r ' o r r l i t r g l l  l l t r , r r  \ \ ' ( '  ( ' on l ] ) u1 ( '  t l t c  t o t l l  p r - o l r l r l r i l i l . r .
o f  t l t c  s ' a r , c - l hco r r ' ,  l ' r :  l l r v t '  t o  l ; r l i c  i l a cou l t t  t ' r r i t  on l l  o1 '  gco -

n r c t l - i ( ' l l l  conco rc l l l r . r c cs ,  bu t  l l so  o1 ' t l r t '  p i r v s i c r r l  l l r r i ' s  r  t . r i l l t ' r l  l r v

un l i n r i t c ( l  n r r r n l r c r s  o f  o l t s c r v r : r l  l t l t t ' r r on r c r r l r ,  o f t r . n  i n  o t l r t r

s c i c n c c s ,  s l r ( ' h  t s  c l c t : t r o r l t ' t r r r D r i r : s .  l n i t f { l t ( t i : n t , , r , , ) r ) . l i r

a t t r i l ( ' t i o l t .  s t n t s l r o t s ,  n l r g l t r l i ,  s l o r r n s .  i t u t o t ' i l {  )  l ' , l t r t l r  c r r r l r ' r r 1 . .

t h c ' s t ' t n i  r l i r r r : r r r l  n r r g n c t i c  t i c l r . ,  r . l . r : .  r \ 1 - 1 r ' r  c o n s i r l c l r l r l c  i r r v t ' . t i
g r r t i o r r  o f - 1 l r c  r c l l r t i l c  l r r l r r t ' s  o l - 1 1 r t . s c  s c v c r ; r l  l i n t ' s  o l ' r ' r ' i r l t ' r r c r ' .

c l n t r r ' n  f r o r r  t l r r ' o l r s r . r v r , r l  o r r l c r  o J ' l t ; r 1 l r r c ,  I  l r i r v c r  l r l r < t r c r l  t o
r c c l r r c c  t h c n r  i o  c r r l c L r l l r i i o n  l l '  1 l r t '  l i r l l o r v i n q  c o n s i r l c l l r t i o n s
( ) f  t l ) c  i r l ) ] ) r o P r i l r t c  q r O L r D i i l g  t r n r l  Y r r  ] r r c s .

. l " o r  cx r t t t t l t l c  1 . l t c  s r ' i t ' : r c t  r i l '  L l t c t r o r l t ' n : r r l i ,  s  t ' i , l ) r c scn t s

l u  u l t l i l n i l ( ' ( l  n l t s s  o f  o r r l c ' l ' r . r l  p l r t . r r r i n t t ' n l r .  { i r J l ou ' i r r g  r ' l t ' f i n i t c

a .n r l  c x i t c t  l r t u ' s ,  r ' c r i l i c r l  l r r -  t ' t r r c l ' u l  o l r s t . r v r l i on .  s r : r ' l r  l s :

(a"1 l i iu l  l rnr l  ^ \ 'a i , ru i ' l 's  l ; ru '  { i t r  t l tc  int r . r rs i tv  o l '  r r  crr r r r .n l .
i n  r r  s t n t i g l r t  r v i r r : ,  r ' i c l t l i ng  c ' o i nc i r l u r c ' c s  r v i t h  t hc  r , ,  r r r  r ' - t l r co l v

a t  l r l l  l r o i n t s  o l ' ' 1 1 r c  p J r t t r c '  o f  , r ' - r ,  r r o r r l l r l  1 o  . : ,  t l r r '  r r r i ;  r , l -  t l r , .
n ' i t ' e ,  a t r c l  c x l r ' n t l i n g  i n r i c f i r r i t c l r .  i r l o n g  t h a t  a x i s .  I n  r r r l r l i t i o r r

t o  t h i s  i t Lgu r r l r ) l  t l n ru  n  l ' r o r r r  g ( ' on t c t r v ,  t n t r l t : r  t l r t .  ( ' o1 t ( ' o t ' -

r l i r t . t c ' c s  i r t  r r l l  l r o i r r t s  o I  s p r r c ' r ,  ( . r : , , r , ,  : ) ,  c r l r r i v r i c n t  t . )  f i a . r : ] ,
r i c  l t l r v c ' t l r t . : r r q - r u n r ' : r t  t l r ' ; r s r r  1 - r ' o r r r  l l r r :  l r l r l s i c l r l  g r o r r r r r l s ,

t - r l r r i v r r l c r r t  t r r  3co : r  > . .  2 . t ! , . .  t 6 . t - t  ' .  so  t l r l r L  t . l r t '  t c l t l r l  t ' l t i r n t ' r ' s
1 t , . ,  r , l n r '  | 1 1  l ' r .  l ] t l r t t  . -  ,  , {  r  ?

4 8 8

(b) Ohn's lau' for variable resistance. orvariable elcctro-
r.r ' rot ivc forcc, :r t  constant distance, in l ike manncr, would
viclr l ,  frorn sirni lar considcrations of geometry and stcady

lrhysicl l  tr( ' t iolr) colrstant in t imc, a total chance not less than

c t :  t z8  cD1

(.<") Ocr.r lcd's cxpcrimcnt of r3r9, r.vhich yiclcls ordered
nrit 'nt.rrt . iorr phc.r 'rontcna, for nragncts of al l  lcngths, at al l
r l is lrrnt 'cs, -- in l ikc tnanltcr) rvould givc from gcornetr ical
< 'ons i r l tn r t ions ,  l r r r l  phys i r :a l  r rc t io r r ,  cons ta l t t  i r r  t i r l c ,  a  to ta l
,  l ) . r n ,  , '  t r o l  l r . s s  l l t ; r t t  r ,  -  t : S  c ' ?  .

(r l)  
' l 'hc olrscrvcrl  circulari ty of thc l incs of force shorvn

in irorr f i l ines frcc to arrangc thcmsclvcs in rvinrou.s, os. ing
1o t l rc  oppos i tc  po l : r r i t v  o f  thc  ad jaccnt  par t i c lcs  in  anv  t ' i n rnu ,

l ) r ( ' s ( ' l r t s  onc  o f  l l r c  n ros t  i rnprcss ivc  g roups  o f  o r r l c rcd  l thcno-
r ro r r r  i r r  phys ic r l  sc icnc t : .  I t  occr r rs  a . t  a l l  po in ts  o f  s l )uce .  a t
r r t rv  r l i s ta .ncc  ( , r . . , r ' )  f ro r l  thc  rv i rc ,  anc l  cvcry rvhcrc  a long thc
ar is . - .  A t ' r :o r r l inq l l  fo r  rc l . sons  s in t i la r  to  thc  abo i .c ,  thc  to ta l
c i l r t r< ' r '  o f  t . l r i s  o r r l c r  i s  no t  l css . than

'  1 -  t  2 8  J - ) 7
' l  

l rc  argunrcr l ts  t l t r . rs  iLc lc luccd in favor of  the rvavc-
t l r l o r r '  1 - r o rn  l l r t  f o r r r  ch i c f  g roups  o f  t hc  o rdc r cc i  phcnon t cna ,
i n  r , l c r l r o< l v l u rn t i c s ,  t l r r . r c l o r c ,  acc t r r l t r l i l t c s  t o  t l r c  cno r rnous
<  i l n r I r o t r n r l  n r r n r l l c r  :

, \ r :  - = . r  ( r  c , ,  ( ^  -  ( r : 3 ) , t  ( c t ' , t  -  z ( rS  435  456u - ;23  .  ( z : 3 )

\ \ t c  r cc i L l l ,  ) r y  t . l r c  c r l cu l r r s  o f  p ro l r a l ; i l i t y ,  t ha t  t hc
t  l t i t n c  cs  1 : r vo r : r - l r l c  t . o  t hc  s ' : r v r ' - t hco rv  i r r c  l l s  r \ r o  t o  r ,  r n r ' l  l r cncc
wer  ncc r l  no t  t ' x t c r r r l  t hc  r l i s c r r s : i on  t o  t l r c  co r r s i < l r : r l r t i o r t  o I  o l i t c r
r c ' l i r  t c t l ,  l r t r t  l c ss  un i r l uc l v  c l i ' l l n cc l  l , hcno r r cn l .  Ou r  r r u rn i r t ' r  f o r
1 . l r c  t ' l r i r t r c cs  71 , / r  1 . hc r c f ' o r c  i s  a  n r i r r i n r r r r r r  I t  i s  s r r l - f i r : i cn t ,

l r ou ' c l r ' r " ,  t o  cn t r l r l c  r i s  t o  conc lu t l c  t h l r t  t hc  l t c s t  r l c f i nc r l  phcnc l -
r r c l l r  i n  c ' l r : c t r o r l \ - r - l r n r i t : s  c rnno t  l r c  cx l t l l r . i n c r l  c xcc l ) t  b r .  t hc
u : r vc  l l r r : on ' .  An t l  r v c  c : r s i l y  con t c  t o  t l - r r t  conc l l r s i on  l ' i t ho r r t
r l c r r l i r q  l l ' i t l r  u r r r .  o f  t hc  r r r o r - c  i nvo l v r : 11  phcnomcn l r ,  i n  r v l t i ch
l l r l  i n l '  r l r r r ' 1 ; r l i o r r  r r i g h t  l r t :  o b s r : u r r :  o l  r l o u l t t f i r l .  

' l - l t r :  
l r c s t  l r n r l

r r { , \ l  l , l r (  l u \ i v l  t l i r l t r r c c  l l o r r c ,  i s  s o r r g l r t ,  a n < l  t } l t l  r . o r t r c s
l r o r r  l l r r '  . i r r l r l t ' s t  l , r l r s  : t r l n t i t t i n g  o f  : r .  r r r r i r l u c  i n l r ' r P r c t r r t i o n .

l .  l l r r '  p l r c r r o r r r r , r ' r r  r r f  r r r r gnc t i sn r  o f f u r  a  l l c l r ' l  f o r  t hc
s tuc l l '  o l '  r t r t l cn ' r l  p ) r c r r on r t ' na  sc ' r r r c l . l l  I c ss  r i ch  an r l  v l t r i c r l  t han
t l l ' t  o l - c l c c t t r o r l r - n l t r n i cs  l t r opc r .  1o  s ' l r i c ' l t  n ragnc t i s r - r r  i s  r c l a t c r l .
I l  w i r s  l 11 .  1 .1 , , ,  ; r c t i on  o f  n tov i ng  (  u r r cn t s  ( r v rL ' , c - l r c l r l s )  t hn t
,  l  t i t  l i  r , '  r lcvclopcr l  t r  pract ical  l ) ro( 'css for  rna) i  ing a r t i f ic i : r  l
r l r r ! n ( , 1s ,  i n  l l t c  1 ' cu l s  i r nn - r cd ia t c l y  f o l l ou ' i ng  Oe rs / c t l ' s  c x l t c r i -
n r c n l  o l -  r S r r ) .

l I  r rc i r t tcnr l ) t  1o ( 'orrpr i tc  thc t ' l r lurr . :cs that  tnagnct isnr

l r o i n l s  t o  l ' l r r . t ' l t : t i on ,  r r ' c  sho r r l c l  < ' ons i r l c r - s r r ch  J thcnon t c l t : L  as
1 ) r c  l o l l o r v i n g  :

f  l  )  
' l ' ] r c  

sha l r c  o f  t hc  l i n cs  o f  n r rg t r c t i c :  f o r - cc ,  r L t  t hc  v l L r i oL r s

l r o i r r t s  o l '  sp r r cc ,  r r r t r l  t l t c i r  r . r n i l o r - r r r  co i nc i r l t ' n c r :  u ' i t h  t hc  t hco -
r t ' t i ,  r r l  l o rn r s  l h t ' . y  s l r ou l r l  I r i r r ' c  r r r r r l r : r  l l r c  r l ' a vc - t hco ry .  l ' h i t ' l r
i s  i t c co r t l t ' r l  r L  l r l t v s i c i t l  l r i r s i s  b_ r '  t hc  cxPc r i n t r  n t  o f  I ) o / b t : a r  whc t
ro t l r l r ' r l  l l  s ( ' l - i ( ' s  o l ' t l i s< ' s  o l r  a  f l c x i l ) l c  u r i s ,  a r t r . l  co r - r l i n r cc l  by

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

, 1  s ? Sonclcntr .r  rrr  rrrcr

3 @3 ,  s.c non'

x 2 c a : t z 1 c r . : ?

i l r t  ror ' lucc'

,  r ' i r ' l r l i n g

i :  : ( t  ,

c f  t h .  l r ' p c :

+ \

I I I I I l , l  r ' l r

l i l i o n  o f  t l r c  i n l e g r : r l s  r v h i c h  i r l r c r d v  a r c

(:: .s )

suf f i  c icnt l l ,  crp)rL incd.[ , s u a ] l v  * - c r  u r i l , -  i i  s i r r p l l ' l l s  i n  t l r c  s c c o n , l  l t c r u l , r , r ,  t o  r r r , o i r l  r r , 1 r r



J;arar!q,,s cxltcr intcnt of 184.5, ot-r the rotat ion of thc 
' l lcanl 

of

pola.r izerl  l iglr i  lx '  nr lgtrct isrrt '  Thc chance that this vast rrass

of orclercd pLcttc,t , , ' ,14, lrb,vsicrr l ly cotl f i rmcd throush alI  spacc

ancl stci iclv jn t ir |c. 1cl) l 'cscnts the rvavc-thcorv is t- tot lcss t l latr

c r : t 2 8 c D 1

(b) 1'hc cotrucctiou of ma'gnctisn.r n' i th gravitat ion'

cl iscovi:rcr i  l rr- rr lr '  ln tr)zz, i tncl cotrf ir tr lcd.by thc nrttn' l l .crs

,a1rr.. . t , t i t t* ( i t t tr ' tst thcor.v ihl 'oughout our globc' t1-rus cxpiai-

.r-r; i rg , t ,r .  r . , t , , , ,1,, , ,1 clc,pths oI thc lr lagnctic. polcs in t ]rc ts 'o

i . r I . r t . i , , l  l r c r , r i rphcrcs ,  u - i th  thc  gconrc l r i c l r l  an t l  ph ls ic rL l

l l r s is  t . l t t t s  s l ro l ' t r  to  cs is t  i ln t l  to  l l c  co t ]s tan t  in  t i rnc '  r ' i c l r l s  l r

c l r i r l r c c  i t t  l ; t , , - o t '  o l  t l t t '  s ' l t l t l  t l l t ' o r v  t l r l t  l c s s  t h : l t l

4 8 9

a2 -  123 cL1

( t ' )  
' l  

h c  c o t . t t l c t ' t i o t l s  l r c t u ' c c t ' l  s l l l l s l ) o t s ,  l ) r ' l g l l c t i c  s t o l  l l l \ '

, , , , r n r , , " ,  I i i t r t h  c t r r r c t l t s ,  h l t v c  l r c c t t  l i t t o s ' t t  s i n c c  t 3 5 o '  t l r i s

c , r r tnc , , : t io t r  i s  i l l L rs t r r r tc ' r l  l tn r l  r ' c r - i f i c11  t i r roLrghot t t .  our  g lobc ,  i r r

thc  th rcc  t 'oo l - r l i t l r t t cs  ( , .  , - t '  ,  z )  s - i th  t l t rcc  t r 'pcs  o f  p l tc l lo t r l c -n r

in  
" r , '1 ,  

t ' oor r l i t l l t t t ' ,  , , i l  s t , ' , , t l . i  i n  l i l l r c '  
' fhc  ch l lncc  tha t  t1 ' r i s

a,,rrt  r , , , ,r , ,  o1' rrt ' r lcrct l  l rht l t lol t lc ' t l l t -  rcl)rcscl l ts thc rvavc-thcorr-

cc r t r i r r l f  i s  I lo t  l css  t l l l t t r  c t :1  23  cD1

anrl nriglrt .  l rc l l r : l t l  to bc tnltch qrc:rtcr yct '

(r1) ' l 'hcn :tsaitr rvc nright considcr t l .rc fol lorving adcl i t i -

ortal ntasscs of orclcrccl l lhct lot lcna':

i

I
I
d

il

it
lt
ti

,l

/ r r )  ' l 'hc 
i t r r : rcr tsc oI  thc tot l r l  in tcnsi ty tou 'arc]s t l lc  polcs '

( l3 j  
' t ' t t , ,  

s t ' r r r i - t l iLrr t r i l l  t lagt- tct ic  t i r les,  u ' ' l i ic l - r  so lnrzzlct l

/ ir,t, ltrt<I Sir -/ohtr /1tt.rt/tt/.

( ; ' )  
' l ' h r '  

o l , s c r v t ' r l  t t l i t g l l e - t i s t l l  o f  t hc  S r rn  an<1  t hc  f o rm

o f  t hc ' so l i r r  ( . r ) r on l )  t l l . ,  l i n t s  o f  r i ' h i ch  t  o i r l t ' i t l c  w i t h  t hc  l i n cs

o f  f o r cc  i n  t c ' r r c s t r i a l  l l l i l g l l c t l s l n '
' l 'hcsc 

rcstr l t ing l :nr-s fo l los '  both gcor l rct r ical  ar lc l  l l l rvs i -

ca l  l a s ' s  a .1 r l t l i c l l r l c  t o  l l l  spacc '  l t r < l  s t c l t dY  i r - r  t i r l l c '  r l t r c l  t l t c r c -

inr"  r .o. , l ,1 '  f . ic lc l  c l - ranccs f lvor ing thc $, i r r ,c- thcorv cr l ta in lv

\ \ I i thout .  consi t lcr i l lg  othcr  associ l r tc t l  l lhcnot l ic l l i l '  or

fur thcr  t t r r t t t t l t l  rc l l t ior ls l r ips l rc t rvccn thcsc,  rvc t ' t ' l i tY cot lc l r t< lc

thrr t  t5c totu l  chrrr . t 's  f , r r i . ra l r lc  to thc .o ' l * 'c- thcory in n-r ,g-

n t t i sn r  c t ' r t i t i t l l v  i s  t l o t  l t ' s s  t l l i t n  r \ / ,  t o  t ,  t t ' he r c

- A  , , : ( - r  
" ' , ' t : : ( r ' S 1 , i - 5  

4 - 5 6 c o 2 3 '  ( " t l )

4 .  \ \ r c  sh i t l l  l l o r v  co t r s i < l c r  t hc  r c l l r t c t l  p l l c t t o t l r cn l r  o f

r r ' a vc r l r cn r l i n [ i  o r  w i l v c  < l r ' ' l l c t ' t i o r l ,  i r l  s t r ch  t ' c l l l t c t l  g ro l l ] ) s  i l s :

( r l ,  A t  o t t s t i r '  a t t l l t (  l i o n .

(r } j  
' i 'hc 

l ) ro l ) i rg i l t ior l  of  nr t l io  u ' i i t 'cs l t l rot t t  ot t r  ; l lo l rc '

i1 ' ;  
' f - f l .  

i rss i l r r i l , r t ion of  l roth t r 'pcs of  l ' r rvcs to l ight '

( t r )  IJ t ' r 'c  t l lc  coi l l t  ic lc t - t t -cs of  thc o l rscrvccl  rcsul t  u ' i th

t l rc  inr i icut ior-rs Of thc wirVc-thcory ot ' t :ur  throt tg l ror . t t  s i r r tcc

' . ,  
,  . ' l '  ,  : ) ;  tht :1 '  ht tvc : l  l r l lvs i t ' l l  l ts  u 'c l l - l ls  l r  gcotu ' . ' t r ical  l l l rs is '

" , , i l  
, l i "  i , , , ' t .n i , l , r t ' " .  is  ste : r t l r  i l - r  t i lnc '  I ' Ic t l t 'c  on t i rcsc gl 'or ' t t r t ls

i t  s ccn rs  t ' c r t i t i n  t l t l t t  r l t t r  t l r i t ' l i t l l r i t t l  va l l r c  i s  a t  ] cas t :

r ' ,  , . , ,  t :S  @7

(l r )  J lut  st rch rv i rvt , - r rCt ion l t 'corc ls rv i th thc gravi tat ior l l r l

1 . " , 1 , , i . , 1 , , , , ' r ' r t ,  p { - i r r 1 ' r t ' l r s cL l  l ) r ( ' s s l r l ( ' l r t ' l ' o t l t l  t l r c  l r t ' l l v c r r 11 '  l r o r ' l i c s '

^ r r , l  i r t , ' . , , , , r , - . < .1  t c t l s i on  l r c t r v t ' t ' t r  t l t t : l t r :  s t l ch  r cs t t l t s  l t i tYc  l r o t l r  i t

g con t c t r i r . a l  un<1  l l h vs i ca  l  l r i t s i s  a r r r l  t r r c  s t cac l v  i r l  t i l r l c .  I i t ' o t r t

1 ' l rcrc , r , , , ' ' . idc,r t t t io t ' ts  lhcr t ' lo t 'c  r '  is  not  lcss th i r t r :

not lcss than ' l :  I : 8  @ 7  '

r , : t z i ' : ' c f ?

Sonclcrnttmtncr 490

(c' l  Associat icl  phcnomcna of thc fol lowing kind:

(rz')  
' fhc outstancl ing motion of Nlercury's perihcl ion'

i , i ' i  
' l '1-t , ,  f l rrctuations of the mooll 's ncan motion'

i ; ' j  
' r-r .r .  loss of energy in racl io transmission'

...hi,,1, ir,,.'. rt- gc'tlttrctrical ancl a phvsicrl ba'sis, steacly in tirne'

viclr l  r .rs l ' rortr sir l l i lar col lsidcrat ions:

c i :  t z8  a t

(r l)  , ' \  l lnl l  arsrt lncnt may bc clrau'n from such pheno-

l t l c l l i t  i I S :

/rr") 
' fhc corrcl lLt ion of forccs,

179"; 
' l '1r" <:otrscrvation of cnclgy,

11"'-) ' l '1.r, ,  l rr I tLtrc of t l lc potct-rt ia1 ar-rcl thc constancl '  of

t l t t :  p l l t t t t : 1 l t r \ '  l l l l l Ja ) r  l I x cs .
' l ' l t r :  

l r r , t l t r t r  i r | r l  t l rc  st r : : tc l r .  f lorv of  wavcs in th is c ' last ic  I ' r lcc l iurn

" *1 ,1 , , i , , ,  
r t l l  l l l r l s c  o rdc r cc l  phcnon l cna ,  gco rnc t r i ca l l l "  phvs i -

c , , l l r .  , , t , , 1  i r t  t i n t c .  l \ c t : o rd i ng l y ,  i n  l i l < c  mannc r )

( t : r z B q ) 7

l i rorn al l  t l tcsc col ls idcrat ions,  i t  fo l lows thcreforc that

\ \ ' ( r  n l r \ i  tn l<t t , ' \ 'o  a.s not  lcss th:rn

A i , t :  c r  ( 2  ( 3  '  , : : ( rS  43 ' 5  456  co t8  '  ( 'So )

5 r l l t t l n i l r y  l t n d  C o n c l u s i o n s  d r a r v n  f r o m  t h e

C l l t ' L r l r . r s  o f  I ' r o l r a l > i l i t 1 "

I t  t tppci l rs  f ron-r  thc atrovc t :ot ls ic lcr i r t ions that  thc tota i

chirnct '  of  t i tc  rva ' , 'c- thcory in cot l rp l r ison u ' i th any other

th , 'o r r - .  i r s  ju< lgcc l  by  the  in f in i tu< lcs  o f  ' concorc lanccs '

c , l , s t ' r , , ' r l  t l t ro r rghout  n i l tu rc  to  suPpor t  the  rvavc- th t lo r ] - ' -

1,, ,a,, , , , , ' .  t l r t '  l , rqt l tr<lt  of thc scplrate numbers It ,  ' \ tr '  -A'-1 ) r\ /1 '

In I ' r tr t  I  t t l rrn'c rvtr havc carcful ly investigated the

signif icatrt 'c of t i lc l i rs '  of thc invcrsc squarcs) and foun(l

thar  in  thcorv  I  t lo t tb lc  i t r f in i t y  o f '  o thcr  la lvs  cou ld  occur '

i f  r r l tu rc  h l , l  l  f r t ' c  h l r t t c l  in  v : r r -v ing  the  cxponcnts  in  the

lilu' of forcr: :

. l  -  42 t" '  '  -  ) '  /r ' l . r ' '  
t '

J t  - a ' ' '  i 1  -  a J )  / ' : o ' ' ' r ' :  I . O O O O O O O O O

I L S  r t l ; o v t '  ( ' s t i l l l i l t o ( l  :

I I  :  tozl(263..135456)3 cos? '

I l t r t  i t l  f i r t ' t  \r t tr trc hits t to sr ' tcl t  frccclonl,  ancl the obscrvcd

rcs t r i ( ' t i o l r  r f  t t  r l  to  2 .ooooooooo " " " '  thus  adc ls  chanccs

cr lu iv , i l cn t  to  l t l  i t l l j t r i t r -o f  thc  sc t 'o l - l c i  o r r l c r  to  thc  ind ic l r t ions

frr lol i t l t lc 1o t l l r :  s 'avc-thcon" l lorcovcr thc abovc t:ocff i-

, : i . , - r r ,  ro ra1r6s .13-5-1-56)3 ,  ac l i i s  1 ' ' r r rc t i t ' a l l y  1 ' fh i rd  
In f i r r i t y '

: ro r .1 i rCSa35a56 l l i  
-  -  

ln t l  thc rc fo rc  our  f ina l  ca lcu la t ionof  the

.1 ,, ,  r ' r ,1". f t , i 'ortr l ' , lc to thc rvavc-t l tcory, becot.t . tcs ' i i  to 1 t

\ \ ' l t c rc  ( ,  l l i
a i  :  roz4(268435,+56)3  "oee 

.  .233)

An In f in i tv  o f  the  hundrcd th  o rdcr !

?iI : g3roo

. l . h i s < . l r l c l u l l t t i o r r o f t l r c t o t a l C h a n c c s f i L r . o r i l l l l c t o t l . t c

u rr r . t : - thcorv involvcs no I ' io lc l l t  l - rvpothcsis,  nor cxtrenlc

lssrrnrpt iotr ,  lx t t  is  basccl  on concorcla l lces eve rywhcrc obscrved'

, , r , ,1 , r j l , t ' . , '  tht :  l lhct ' lo l l l t l t l l r  of  n l l t r ' t rc  arc so s i rnplc anr l  * 'e l l

< l c l i n c ' t l  l l r l r t  t l l c  i n t c rp r c t i L t i o r l  i s  t t t r i <1uc '  A  r cs r ' r l t  suc l r  as

t l rc  i r l rovc for  .n is  l - roPclcssly anr l  forcvcr bcyonr l  concciv ing

cvcn l rv l l  gcolnctor .  l ior  thc vr luc of  6t  is  cquivalcnt  to an

ir r tcgni l  of  i .hc hrrnt l rcdth orc lcr ,  bctx 'cen inf in i tc  l imi ts:
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r1r, cl r,, cle , 'cl.r:, dy, clz"x

x cl.r:" d;,, de.. . .d,r ';ci1' ;dz; (235)
rv l rc rc  z :  roo .

\ orv i t  is u cl l  l tnos'n that a tr iplc intcgral bctrvccn inf ir i tc
j i r l i t s  i s  c r lL r iva lcn t  to  an  in f in i t t ' o f  thc  t l r i rd  o rc lc r  a I r< l  rc -

l ) rcscn ts  a  sunrnra t io r t  o f  a l l  thc  l to in ts  in  spacc ,  ta l i c t ' t  s ing l r ' .
r \r-r inf ini tv of t l rc sjxth orclcr rcptcscnts i t .  sunrnration of al l
thc  po in ts  i r . r  spucc  la l i cn  s ing l r ' ,  a .nc l  thc t r  cach po in t  ag l in
corl lr incrl  l r ' i th cvcn. ot l tcr point, t l rr-rs grouping al l  points
in  pa i rs .  

' l ' h r . rs  
i r  L r ip lc  in tcgr i r t io r - r  in to  a .  t r ip lc  in tcg le t  io t r

l cads  to  t l rc  scx tLrp lc  in tcgr . r l .  t ' i th  in f in i t c  l in r i t s .
' l ' l r i s  

tvpc  o1 '  r . ron-nr :p lc  in tcgr r t ion  is  an  in l in i t , v  o l  th t :
t r in th  o r r l c r ,  cc l r . r i v l r l c t - r t  t .o  t -c l rc l r t ing  ag l in  1hc  a l rovc  scx t r t l t l c
in tcgnr t ion  fo l  c lch  po in t  o l -  s l r r rcc .

A  r i r ro - t l cc i rn tn r rp lc  in t r ' l l r r r t  ion  is  cqu iva lcu t  to  conr l  r i t t i t rg
rga in  t l - rc  non-nup lc '  in lcgnr l  s - i t l t  c r .c ry  po in t  j l1  s l )a (L- ,  o r
rcpcr r t i r rg  lg r r in .  in  cor r r l r in r r l io r r  r i ' i t l i  1 .hc  scc 'o t r r l  scx t r rp lc :
i n l l g n r t i o r r ,  r ' r ' r ' r \ -  s 1 r ' p  i r r  l l r c  f l r s t  s c x t r r l r l t '  i t i l r ' g r r r t i o t t .  l ' o r
in  t l rc  r l r ro  r l t ' r ' i n rn r r r l r l t '  i n lcgra t ion  l l r r : r t :  rcs r , r l t s  l i l r r  s r rcccss ivc
i r r t r .g r r t ions  fo r  cvcr l '  po in t  in  thc  in rmcns i ty  o f  spr r :c !

J , t ' t  u s  n o r v  c x i r l r r i n r :  l l r t ' s c ' i n r l r ' c s s i v c  r c s L r l t s  p h i l o
s o p h i c a l l r - ,  i n  l h c  l i g h t  o f  t ' x p c r i c r r c c ,  i r r r r l  t h c  h i r l r i t s ,  j r r r l g c n r t ' r r t .

r r n < l  u s i r g t :  o f  t h c  g r c a t c s l .  n r i t l r t ' n r r t i c ' i l n s  o f  l i r r n r t ' r  r e { ' s .
I r r  t l r c  t i r r rc  o f  tY tz r ' /o t r ,  t l r c '  r lo r ' l r i r rc  o f  r ' l r rnccs  \ r l s  n ( ) l  \ ' ( ' 1
l c d u c c ( l  t o  l .  s c r i t ' t r l i f l r :  l r r s i s .  u r r r l  l l r r r s  l l r c  r r r r t h o r  o f  t h c  I ' r ' i n -
c i p i : r  r l i r l  n o 1  l r v r r i l  l r i n r s c l l - o l ' s r r r ' 1 r  l r i r l s  i o  t l t t ' l t r r n l r n  r r i n r ' 1 .
l J t r t  f ronr  l rg in r ings  a l  1hc  t ' Io r '1 r  o l -  - \ ' r ' ; , ' 1 , , t t  l l t , t '  r ' r r l r  r r l t t s
o f  p r o l r r r l ; i 1 i t r '  1 o o l i  r l c f i n i t c  s c i t ' n l i l l c  i l ) n ) r  r i  c c r t t r r r r -  ] r r 1 r ' r .
c s l t c c i i r l l l  i n  L a f / : r t ' s ' l  h r i o r i c  , \ n r t 1 r ' t i r l t t t '  < l c s  l ' r r i l r : r l r i l i l t i s .
r3 rz ,  r r , l r i ch  l l r cc l  thc  p r inc ip ics  o f  thc  Sc ic r - rcc .

An in f in i tv  o f  thc  f i rs t  o r< lc r ' .  r , i c lc l ing  a  p ro lx r l r i i i t v  o f
in f in i t , v  to  onc  jn  f l vor  o f  r rny  

' l ' hco t -v ,  
was  jus t l y  hc l t l  l r y

/,a?lt t tc, thc l i l rnr lcr of t l rc t l rcorv of plolr lbi l i ty, to lr t- '  con-
c lus ivc  anr l  r ' l c f in i t c  g rou t r r l  fo r  t l r c  conv i ( ' t ion  tha t  t l i c  thcory
u n c l c r  i n v c s t i g r r i i o r r  r c l ) r c s ( ' l r 1 s  i t  t n r c  l r t s ' o f  r i t t r t r c .

T  con< r r r  in  t l r i s  cor r r ' l r rs io t t  o f  t l r t :  i l l r rs t r ious  u t t t .hor  o f
t h c  l l d c r r n i r l u r ' (  r i l t ' s t c ,  s i t t c c  t t o  g r o u n < l  i s  l c 1 - t  f o r  s r r p p o r t i r r g
lny  o thc t '  t l r c 'o r r ' .

Yc t  as  tbc  i r l ro lc  c l l c r . r l r r t c r l  in f in i t l  o f  thc  roo t r '  o r t l c ' r
rcsu l ts  l l r t r . r ra l l v  f ronr  thc  i r r rc r rs ing  c 'onr i r i r l t t io t ts  o f  scp l tn r tc
and i r - rc lcpcnc lcn t  o r r l c rcc l  p l ru ronrcn l  sLrppor t ing  thc  u ,avc-
thcorv ,  an t l  thc rc  i s  no  gror rn r l  fo r  r l r rcs t ion inq  t l rc  l cg i t in r l cy
o f  t h c  i n c r c l s c  o f  t h c  l o t a l  p r o l n l r i l i t l  u ' j t h  t h c  n r L r l t i l r l i c r r t i o n
o f  in f in i t i cs  o f  

'h ighcr  
o r t l c r ,  u  c  conc lu r lc  lh l r t  thc  to ta l  chr tncc

in favor of thc u' l .r-c-thcory is ol t l rc ordirr of @100 to I  r l1 ulr
In f in i tv  o f  thc  hur rdn ' r l th  o r r l r ' r !

I t  scons  l l r t : rc fo rc  c t ' r t l i t t  an t l  i r - rcon tcs t l l r l c  th l t  t l r c
\ \ 'avc- thco lv  cor rcs |o r i r l s  to  t .hc  t ruc  la$ 's  Of  n i l tu rc ,  l r t l r l  a l l

other thcorics arc forc:r 'cr lr :rrrccl fron'r t l tc consi( ' lcr l t iol l  of
gcolnctcrs an(l  l r i l tul ' l r l  l r l r i iosophcrs.

Concluding Note on the Lunar Theory.

H i thcr to  l ' c  h lvc  t 'ons ic lc ' rcd  carc f t r l l y  r -c r ta in  as |cc ts
o f  t h c  p l u n c l e n ' t l r c o l ' ) ' , : r t r c l  n u u . r v  o t l r c r  l u r g c  g r o u p s  o f
ph1-sical phcnonrct-t i t ,  1'ct l ralt :  givcr.r sonrcu'hat sl ight rt t tctrt iot-t
to  the  lun i r r  thcor -1 ' ,  s 'h ich  is  cspcc ia l l l  su i tab lc  fo r  cx l r i l r i t ing
t l ' re  g r :av i t r t io rn l  thcon.  o f  fo rccs  as  r i i r cc tcc l  t r tagn i tu r lcs
r l c p c t r r l i n g  n n  r r  ; r t ' n - i t ,  t i o t t .

4 9 2

I f  l [  l le thc mass of thc Sun, act ing at a distance g,
and i /r  t l rc anglc of clongation of thc Nloon from the Sun,
z t lrc l loon's cl istancc, and nt i ts mass, (t l -re Earth's mass
Ircing rrnitr ' )1 t lrcn thc conrponcnts of thc Sun's disturbing
forcc, rvhich act on t i-re rnotion of thc l{oon, to changc i ts
pa th  in  s i racc ,  in  rcspcc t  to  thc  cent re  o f  thc  Ear th ,  a rc :

' l 'hc '1-rrrrgcrrt ial  
Conrponcnt: T: i l t l . t  rn rf  g3'stnzr! ("56)

' l ' l r c  
I l r r r l ia l  Conrponcnt :R: ,4 {  nz  r f  93 . ( r  -3  cos2 , l t )  Q l i )

' l 'hc 1)crpcnrl icular Conrponcnt :  -P:
: t , /1.1 m z/g3'cos r lr  sin f i  sinl (r:8)

thc tot l l  r l isturlr ins forcc bcing thc r,cctor nragnittrr lc,

l ; : l ' ( 7 ' 2 + I ? 2 + ? 2 ) .  ( r S q )

r \s  thc  to ta l  c l i s t r r rb ing  fo rcc  1 ;  a .c ts  in  var ious  d i rcc t ions
r l r ' l r cnr l in r l  on  thc  r -a r i r r l r i l i t v  o f  2 ' ,  o ,  t l ) ,  f i ,  nnd , / ,  thc  N loon 's
pr l l r  i s  con t inun l l l '  c 'h lng ing .  \Vc  sh l l l  anu lvse  br ic f l y  a  fcu '
o f  t l r csc  c l t i t t tgc rs :

( : r ) ' l ' h r :  tungcnt i l l  cornponcnt  7 '  ac ts  cons tan l l y
l o u ' r r r r l s  l l r r ' l i r r c  r , I  s 1 ' z v g i t ' s .  I n  t l r c  I i i r s t  Q t r a r t c r i t  t c n r l s  t o
r c l l l r l  l l r c  o r l r i t l r l  r r o t i o t r ,  l r r r t  r c i r l l l '  : r c : c c l c n r t c s  i t ,  I r y  c l c . -
c rc ls ins  t l rc  c t 'n t r i f t rg l l  lb rc 'c  anc l  l c t t ing  the  N loon c l roy ;
r r r ' : r r t . r  1 l r , t  L r r r th ;  in  thc  Scconr l  ( ]u r r tc r  tbc  cornponcnt  7 '
l r .n r js  1o  r rcc r . l t . r ' r r t c  th r :  o r l r i ta l  rno t io r . r ,  l ru t  by  inc rcas ing  thc
c ln l r r l -ug ; r l  lo r t  r :  l cng th t ' l r s  thc  rad ius  vcc tor ,  an t l  thc rcby
r r ' ; r l l v  r r  l r r r r l s  th r '  \ , loo t t ' s  n ro t ion :  in  thc  ' l ' h i r r l  

Quar tc r  thc
t  1 1 r ' r ' t  i .  . i n r i l r r r  1 o  t h i r t  i n  t h c  I ' ' i r s t  Q u : r r t c r :  a n r l  i n  t h c  I i o u r t h
( . ) r r r r t l r . t l r c  r ' f f c c t  i s  s i n r i l r r r  t o  t h r t .  i t r  t h r :  S c c o n r l  ( ) r u r r t c r .

' I  
l r ' ,  n r o : t  c r ' l c l r r ; r t c r l  I r r n ; r r  i n c r l r l r l i l r '  r l L r t :  t r )  t h c  t a n g ( . n -

t i r l  r l i ' t L ; r ' 1 ; i n g  1 - r , r l l  i s  l l r r ' \ ' r r t i r r l i r i n .  u l r i c l r  s ' a " s  r l i s c o v c r c t l
i ' l . r r n )  , , l r - ,  t v r r t i o n  l x '  

' /  
t ,  / t , t  / l t t t / t L  l r l r o t r l .  r \ .  I ) .  1 5 9 o ,  l l r t  l t ; r r l

l r cc r r  l i r r r r rvn  to  t l r r :  ' \ r i r l r i l r )  i r s t r ( )no lncr  , , l l ou /  I I ' ' da  as  r : t r l v
,1s  1 \ .  f  ) .  9So.  , \ t  i t s  n lLx i r l r r r t r ,  in  thc  o t ' l t rn ts ,  t l ' :45"  ,
r  J .5" ,  2 .3 .5 ' ' ,  3 : .5 " ,  thc  Y l r r i r r t ion  ln rounts  to  r l rou t  j z '  o r  t t
l i r l l  t l i l r r rc tc r  o f  thc  X loo t r .  cor rcspond ing  to  an  orb i ta i  n ro t ion
of olcr rrrr hour. I t  rvts l l rst cxpla. incd thcorct ical ly l ty / \ : t i t t lott
i r r  l l r ,  l ' r  i t r ,  i l ' i : r .  r r r ! 6 .

( l r '1  
' l ' hc  

r : r< l i i r l  conrponcnt  1 l  ac ts  o r r ts 'a r r l l v ,  c lcc rc r rs i t . tg
t l r r :  \ i r ron 's  g r - l v i t y  to  t l rc  l iu th ,  l i ' onr  r / / :o ,  to  r / r :5 r " ,
: r r r r l  i r r u r r r r l l v  l - r - o r r r  r / , - . 5 5 "  t o  r / r - r : . 5 " ;  r r n r l  . t h c n  n g a i n
r r r r t r i r r l r i l r ' ,  l / r -  r , . 5 o  t o  ' t l t : z t , \ " ;  i n r v ' r r r l ) r . ,  t / r : e 1 - 5 o  1 , ,
U,  . .  30 .5  :  a r r r l  t l r t ' n  ugr i t r  o r r t t ' l r r r l l r ' ,  r / , - :05 '  to  r / r  :36o" .
' l  l r c  i r , s  rL r t l  fo rcc  l t t  t ) rc  ( . )u l t r ln t t r r r t ' s ,  ( 'os  l / ,  -  o ,  i s  1 i :
) /  tn  r lo t \ ,  rvh i l r '  r t  t l r c  Svz lg ics i  cos l / ,  -  : t  r ,  i t  i s  i ' :
-  z , l /  nt r ' , /o:] .  , \s t l rc rtrc t /r  ort rvl t icl t  t l rr :  outl .arr l  forcc acts
is : r l ro t : t  zzo" ,  in  rL  rcvo l r r t ion ,  * l r i l c  thc  in l 'a . r r l  fo rcc  cx tcnr ls
ovcr  ln  u rc  o f  r l ro r i t  r -1o ' ,  anr l  n rorcovcr  thc  ou t * 'a r r l  fo rcc
is trr ' iccr rs pou'r 'r ful ls t l rr :  ins'arc1 forcc, thc avcri tgc cffcct
1 -or  thc  c r t i rc  rcvo l l r t ion  is  to  dccrc lsc  thc  N ' loon 's  gnn ' i t r '
lx. r /3.5Str '  l ) iu ' t  of t l tc rvholc, artci  thus lcngthcn thc IIoon's
pcriocl l rv ln alrount corrcsponcl i t- tg to a clccrca.sccl angular
nro t ion  o f  r i  r  79 'h  l ) i r l t ,  o r  a l rou t  4  hours .

' I 'his 
<locs not altcr- the scctot '  <lcscribcd by thc raditrs

vcctor) sincc thc con)l)oncnt acts in the dircct ion of the radius;
vc t  thc  \ Ioor - r ' s  rca Ivc loc i t l ' a r - rc1  a .ngu la r r -c loc i t l ' z r rec l i rn in ishcc l ,
ori ' ing to thc cffcct of placing thc l loon at a grcntcr cl istrrnr c.
' l 'hc 

cortr- i l i rgrLl forcc is cqr,ral to i ts gravit l .  cl i rninishcd by
thc  ac l ion  o f  thc  S l rn ,  anr l  t l r c  md ius  vcc io r  dcscr ibcs  thc  san. tc
sector t l rrrt  i t  rvoul i l  clcscribc n, i thout this act ion, - thc racl ius
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\ /ector, horvcver, bcing aurrncntccl l tr .  t /3.58,1'part of thc
rvholc, ancl thc angLrlar nrot ion r l inr ir-r ishcd Lry a r79tl '  p:rrt .

(c) The Annual I iquation rcsults frorn the annual
changc in o3, r ' ic lr l i t ig ra<l i l i l  disturl t ing forccs grcatcr l ty a
zo th  par t  a t  pcr ihc l ion ,  thus  rc ta r r l ing  t i t c  l {oon l ry  ehout  i . j ,
and  less  l ry  a  s in r i la r  an tou l t t  a t  aphe l ion ,  u . l t i ch  cor rcsponr l ing ly
accc lc r : r tcs  t l r r :  l l oor r ' s  n ro t ion .

(.1) 
' l ' l rc 

I , lvcct ion, cl isco', 'crct l  l>y pto/an4t r,1o A. D.,
is a cl istort ion of thc forrn ol thc lunar orl t i t ,  ur-rclcr thc act. ion

t \ t ,  : 4 ,  '  c z ' t } "  '  ' ' r - , 0  :  6 6 1 0 0

t t )  :  c jc . " r

of thc cl istLrrbing forccs, bv u'hich thc ccccntr ici t l .  is incrcascrl
o r  t l i n r in ishcc l  I r f  i r .bout  r /5 ' r '  o f  thc  I 'ho lc ,  i t  c lcpcnc ls  on  t l rc
rc tu rn  o f  thc  Sun to  thc  s ln r r , ' l ros i t io r - r  rc lu_ t i r -c  to  thc  y rc r igcc .' fhe  

I Ioon 's  long i lu r lc  n r i r .  l r c  in r : rcascr l  o r  < lcc re i i scc l  l r r .
n l ) r ) u I  I  r q ' .  ; l l t ( l  l l r r r :  l ] r , .  ,  r . r ' e l i , t t  i s  I ' r .  f ; r r  t l t c  l t r r g c s t  o f  l r i l
thc  Lun l r r  Inc11Lra1 i t . i c r ,  t l t r -  t ' ,  r , ' n t r i c i t l :  l r t in r r  g rca tcs t  rvhcn
thc  l inc  o f  u l rscs  pusscs  th rough t l - rc ,Sut - r ,  anr l  l cas t  rvhcn
thc  l i l r c  o f  r rpscs  is  l t  r igh t  a r rg lcs  to  thc  l inc  jo in ing  th t :
J l l r r lh  an< l  SLrn .

. .  ( " )  I t  rc r r r r ins  t r>  t ro t i r : c  thc  p rogrgss ion  o f  t l r c  pcr ig t :c ,
rv l r i ch  : r l so  r l cpc . r l s  . r : r in l l '  on  thc  r i r ( l i1 r l  co ' r l )o 'cn t .  ' I ' l r i s  

i s  thc
r r - ros t  c l i f f rcu l t  o f  a . l l thc  iun l r r  t ' l l cu l r r l ions ,  r rn r l  i s  vcn 'cc lc t rn r tc r l
as  con6r rn i t rg  f in iL lJv  thc  r . igor .  o f  t l r c  Ncrv ton ian  la rv .  In  h is
a t l < l r c s s  t o  t h c  I l r i t i : r h  A s s o r . i l r l i o n  i n . , \ r r s t r u l i r r ,  r 9 r . 1  ,  I , r o _
f . s s r r r  / 1 .  l [ ' ' .  / i r o i i ' t t . s r i r ' r r t ' r i  1 l r .  r ' x p , r r t ' r r t  i n  t ] r t :  r l r * , r r , r .
1o  < l i l f c r  f ronr :  l r . , -  r ro rc  t l l rn  r  I ) i r r t  i t r  - loooooooo.  o r
2 . O O O O O O O O O  : 1 :  O . O o o o O O c O i .

( f ) ' l ' h e  p c r l r r . n r l i r ' r r 1 ; r r  ( . ( ) 1 l r J ) ( ) 1 r t , n l  / )  a r . ( . o r r n t s  I - o r -  1 h c
r c g r c s s i o t r  o f  t l r c  \ i , ' , l r ' s  r t o r i t , s  i r r  l S . ( r  1 r , i r r : :  t l ) i s  r . 1 r 1 1 l r i 1 r . r r t
I t t ' t s  l r l * ' l t r r l s  1 l t t .  l r l ; r n ,  , r l -  t l r r '  , ' ,  l i J , f i , . .  i i l t ( l  i i 5  t l t i ,  \ 1 1 1 p
rc lo l l cs  l i r ru ' r r rc l ,  l l l :  r to r l c  o r  in t t , rs t ,c . t ion  i to i t r t  lnor r . i  l r ;L , . l i_
s - u r r l ,  t h c  i n c ' l i n a t i , n  i r l s o ' l r n ' i n g  l r c t r v c t ' n  c c r t l r i n  I i r r r i t s ,
act 'onl ing lo l . l rr :  pou.r 'r-  of l l rc fon.c , /-).

(g )  \V i t l iou t  r i x -c l i ins  on  thc  n thcr  t .h ic f  inc r l r rL l i t i t , s  in
t h c  l r r r r r r  r ' o t i . ' s ,  s r r . h  l l s  1 h ( ' s c . . l a r  i r c a c r c ; i l t i o l r ,  t l r c
i t . r 1 r ' r l i t i . s  i r r  l r r l i r r r r l .  r r r r r l  ) . . g i t r r r l c  r l c p r : ' r r i n g  o r r  t . h c
f i g L r r c  o 1 -  t l r c  I , . r r r l l r .  t l r r '  1 r ; 1 1 . ; 1 1 1 1 1 1 . 1 j r .  i n e t l u l r l i t r . ,  t h c  i n l r l u r r ) i t i c s
r l r r t '  t o  t l t .  r r r ' t i . r t  . 1 - t 1 r i '  1 ; r i r r r . i 1 ; l r l  i r l l r r r c t s ,  r t r . . ,  * . t :  r . r , r , c , l 1 .
r c t t t t t r l i  t l l t l  t l r r : r ' i t J l  r . r i 1 l l 1 y 1 ; 1 1  . 1 r i r . t l r ' 1 o  g n r i . i t r r t i o n l t i  l t r i r r c i P l t : s ,
i t t t r l  t l t t t s  t l t t '  c i i s t r n J r i n q  I , , r ' ,  |  \  I r  l ) r . r , . , , l t t  y , , , . t ( ) r  l t i r o l t i t r ; ( l c s ,
r ' ( ' t  r c s l , r ' n ( ] i l ] {  I r }  \ \ , r  r  r " . r ,  I  i , , l t .

I t  i s  o l x ' i o u s  L i t r r l  t l t r . s c  r . i r r i t , r i  l r r n r r r  i n c r l L r a l i t i c s ,
< lcpcnr l ing  o '  thc  r .spur . t i ' c :  r l i s t r r r l r i .g  f . r t . i : s ,  r r l l  t . , . , r f . r - r r
t ,  t h c  N c r i ' t o r i i r r  l r r * ' ,  . . t . r l ' i r t  a J l  p ' i . t s  o f  s p r r c c  i .  t h c
th rcc  .oo* l i . : t t cs  ( . r . . . r , ,  : )  l ^ r t  i r l so  fo r  a . l l  l t , ' g ths  o f  thc  lh r . r :
r t ' so lvc r l  ( 'onr ] ) ( ) r ) ( ' l r rs  (7 ' .  R ,  P ' ) , ln r l  n ro rcor ' ( ' r '  t l r roughor r t  r r l l
t i r . c  lo r ' : ( r .1 .5  \ ' r ' l l r5  i r t  1 t . l t s i . ,  s i ' cc r  th r :  lL r ' l r r . cc l i l t : ; . s  rcc< t r t le i l
: r t  I : i r r l x ' l o n  i n  t h c  l , i g n  o f  \ l r r r ( l o < : c n r p a r l ,  i z o  J l  .  C .

I t  i s  c r rs r -  to  s lc  l ro r i .n r iu tv  j )o \ \ , c1 . f i r l  l r r .g r rn tcn ts  fo r  t l t c
* - l r ' c  thco lv  c .u i t l  l r c  lnscr l  .n  rhcs t - .  t .o r t t 'o rc l lnccs .  I i ronr
sonrc  J r r t ' l i n r in r rn - r 'ons ic lu r i i t io rs  I  l r c i i c r . r :  th rL t  i f  rvc  inc lu r lc
l i kc r r  i sc  lh r :  cor rcs l tonr l i r rg  inc r l r r r r  j i t i cs  o f  t l r c  c igh t  l la jo r
I ) l r tnc ts ,  l l rou t  h l l f  o I  r i ' h ich  rn r r r .  l t c  ia rgc  cnough to  bc
fount l  i l ' o l rsc i ' r ' l r t i .n ,  i t  n r ig l r t  c r i i l ' l r c  shon-n  th i r t  r i ' c  cor r l r l
c r t l cu l i r t c  fo l  thc  r i - l r v r ' - thcon.  t l r c  r r r l r l i t i on t r l  c l ta t r r : r , . s ,  ( r :  CDro ,
(2 :  c r ) lo ,  "  " '  c ro  :  ( r )1o ,  anc i  thus  l tu t  l t t  t l t c  n t in i tn , - rn t :

n ra l< ing ( r+o)  i
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I t  i . ,  horvcver, unnecessary to accumulate furt l-re r
argumellts for thc u'avc-thcory I ancl thcrefore lve mcrely
rcrnarl< thlt  this thcorv rcprescnts the true ordcr of na.ture,
as ccrtai. ly as Ncrvto. ian gravitat ion governs the i l l imitable
opcrat. ions o1- thc starry l tcavcr-rs!

Ir-r his rc{ lcr:t ions on thc law of universal gravitat ion,
I ixposit ion r lu Sr.st imc r lu Nilonclc, Liv. IV, chap. X\r,  Iof larc
not.crs horv thc r lrr : .rv of gravitat ion has confirmcr-i  the rnotio'
of thc l i rrrth, rt i rc,Lcly cviclent frorn i ts sirnpl ici ty; anrl  thcn
s lg lc i . r rs lv  rc ' ruJ ts :  ) )wc  lnay  inc rcasc  thc  p robab i l i t y  o f  : r
thcor r ' .  r ' i l  l r c r  b r .  r l i rn in ish ing  t l t c  nunr l rc r  o f  l - rypo t l rc ics  on
ri 'hich i t  r( 'sts, or Ir1'  :r .gmcr-rt i .g thc rrr.r lrcr oi l thcr.ron,en,r
s ' h i c h  i t  c r l r l l i r r s . t r

I I c  th t ,n  shou 's  tha t  a l l  t l - rc  cc lcs t ia l  l rhoromcna fo l lo rv
f ro , r  th r :  l r r i ' r ' iP Ic  .1 -gr iL ' i t . t io ' ,  by  wh ich  thc1 ,  a rc  co .ncc tcc l
i r r t r .  t ^ r .  s c i c . r . r . ' 1 ' t h c  h c a r r c n s ,  w i t h  c o n c o r d a n c c s  o f  t h c
l r ighcs t  . ( ' ( .L l r ; r ( . \ ' :  l r . r l  r . . ' r rJ<s ,  th : r t  i f  u ,c  cons ic lc r  tha t
t l t t ' r c  < locs  r to l  t , x is t .  l r  s in ( l r :  l th "nontcnon u ,h ich  cannot  l t c
rc l t ' r r t ' r l  to  t l t c  l , r rv  o f '  g r r rv i tu l . i c tn ,  rvc  sha l l  h i i ve  no  rc i rso l t
t .  l i l r r  t l r ; r t  i r r t r . . r r .  * ' i l l  r l r res t io .  i t s  t . r t l r  in  consequcncc  o f
l r l t c t . ro rn t 'n r t  t io t  l r l l t ' to l i r t ' r '  o l rs r . r r . r ' r l .

S o  i t .  i s  s ' i l l r  l h c  \ c s - ' l ' h t ' o r v  o f  t h c  A c t h c r !  I t  c x p l a i n s
n o t  o n l y  t h c  t ' : r r r . r ' . 1 -  g r . L ' i t , r t i r , . . , r . , l  r . . . t . l c c t s  t h i s  f o r c c
r v i t h  r ' l t ' r ' l r . t l v n r u r i r : l i r r . r ' s ,  i n . l t r r l i r r g  n r o l r : r . r r l : r r  a n r l  a t o r l i < r
fo'r 'cs: l) . t  r lso slrori 's thc * 'rLy in * 'hich thcsc r.^r iorrs forccs
r r r i s .  f ' . . r  * ' r r ' t : - r r r . t i .n ,  so  tha t  thc  rn l , r i i r r l - fo l< l  o rc lc r  o f  'as t
i ' r l t ' p . r r r i r r . t  g ro . l )s  o f  l rhc rorncau. ,  cornccr tcd  by  t i rc  Ncrv' l ' l r corv  

o f  thc  , \ t ' 1 l r t ' r ,  u rc  ( .onr l ) l c tc ly  c_rp la incr l .
, \ l - t t ' r  t l r i s  r , r1 r 'ns i , , ' r ' i nvcs t isa t ion  o f  thc  in r l i ca t ions  o f

t l r .  t ' r r l . . l r s  . l - l r r , , i r r r l r i i i l i t ' s ,  i t  o ' l v  r c ' a . i n s  t o  c ' , p h a s i z c  t h c
r l i s t inc t i v r .  l - r ' r r l r t r l i  i n  l l t t :  l r rogrcss  o f  thc  thcory  o f  un i r .c rsa l
g r ; r r - i 1 ; r t i . '  r i , r ' i ' ' I  t l t r '  I l r s l .  l . 5 o ' c l t r s . ' l ' h i s  g r c a t  a r l v a n c e
c . n s i s t c r l  r ' : - r ' n t i ; r l l i - i n  t l r .  r ' c r i f l r - l t i o n  o f  t h c  N c r v t o n i l u r  l a u . ,
r l r r r i ' g  t l r .  l l r : t  ( ' (  l r lL l r - \ . t  lL . r i  thc  r l c ' c l ,P . t r : ' t  o f ' c lc r : t ro r ly 'a r ' i c
) i t * ' s  t l r r r i .g  th .  s . r ' r . r l  ( ' c . tu r \ ' .  ' [ ' h is  

l i r t . tu r  l ) r ( )g r ( ,s ) i t  l r t ^ r .c r . t . r - ,
s to l rPcr l  s l r . r t  . l -  r t ' rL l  1 l ' r r i t io r .  i ' r l c f r r r r l t  o f  thc  I i i r c t i c ' l -hcory
o f  l l ro  . , \ r ' t l r r : r ,  rv l r i r . l r  u . r rs  l rcgun in r lccc l  l x  S i r  / tanr , \ , t . ; t , /n t ) ,
r ( ) 7 : ; - r 7 2 r ,  \ ' e l  r r r i t  g i v c n  < l c l i n i t c  l b r n r L r l a t i o n  t i l l  t h c  a p _
l )c i r r i ln ( ' c  o l -  t l r i s  

"c r i t : s  
o f  I t i r l t c rs ,  re2o rg2 .5 .

SLrch  rL  l r r i c f  o r r t l inc  o f  thc  l c lL r l ing  fac ts  obv ious lv
jus t i f i t : s  rL  t l i s .c r r i .g  i ' r ' cs t iga to '  i '  dcp ' r - t ing  f ro r .  t r re  s tc rco-
t r 'pc r l  r rsug .  r l ' t l r .  pc r io r l  s incc  thc  c losc  o f  thc  rcsc^rchcs
of / .af laiL, rS:7. rrhir: l r  bccan-rc largely stal. ionary, in thlLt i t
.cglcctcrl  thc Lrr l i . ishccl rcscarchcs ol Nczalott rclat ivc to the
cr tusc  o f  l r t t ra r : t i v t :  fo rccs .

' l 'o-r lrr .v 
i t  n,r longcr srrf f iccs rncrcly to vcri fy t l .re t l teory

o1-  gnrv i t l t ion ,  r rs  l rc fo rc  t l i c  pub l i ca t ion  o f  t l r c  I , I i can iquc
(  . i l . s tc .  r  7 r ; r ; -  r3 : ; :  \ \ .o  l ' us t  car ' cs t l t .  rcsL l l ' c  thc  un f  i s l i c r l
rcst ' i rrclrcs ol- Sir / . tzzau A-L.i t t /o)/.  r lcf ir i i tclr .  assign and provc
thc  c r i r rsc  o l -  r l t i vc rs l r l  g ra r - i ta t io t r !

.  r \ l - tc 'r  l tcing t.onccalcd fronr rnortal sight for ccnturics,
th is  su i r l in rc  phr .s ic i r l  a f {cnc \ r  bccomcs to -day  the  grca tcs t
olrtstancl irrg nrvst( 'rv of thc unir.crscl Ancl thereforc i t  clr l ls
fnr tht:  r 'csrrrrrpt ior-r of thc *-ork of cl iscovcrv, as in othcr
crci l t lvc cpoc:hs o1' Scicnce.

As thc strpp)crncr-tt  hcre brought out \ \ ,as the occasion
of dcvclolt ing thc t l icory of thc Inf inite h.rtegral,  by lr ,hich
alonc thc cxtrclnc conrlt lcxitv of thc interpcnetrat ing rvave-
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' L"'^^"ri 'rrr I ' l 'his lrtst rctrtark shows ho*'cl 'ccply N:y-!::1:?i:;:: ' : l

rrclcls of gravitatio. courcr rrc .dcqtratcrv trcirlr'tl, lcc:olrling \ ., ,,l it; '; l: '; ' i l; l-i;1lri.-^"a *." or rnolccular forccs'

to rhc ,,crr,r-,,i, ur Fo,,)))i;, i''l*".*lli1::il,:"" 
{r'or.rtispiccc 

\ Hi,:::" i," .".,,i'"a l"'-:ii :::l*;::':} ;]r:I:,1 rJ::::
'i':';.",1,i1,1;:^;;';i,:;;, 

i-l;;;:1:11:.i:::1,1"" 
{ro'tis'iccc I *":'':::" 

ii::";'5i;:i'l"i1l' various causes invorv.d ihc

rf  this prt l lct '  to t lrat urlr i t ]alcci , .athcnri i t ic i l rr l '  I  an(l  I

r. ric*.or thc co.r,,c or.,v o*'r:r '"""''l'"''' rlrrritrs'l'" \ ::::l';ijili';.Ti:itl"ill.,t|i.tJ'ff,;,]ill*:X
r ' rst forr.r 'vc.rs) 11otl"t tr . , i  i i  wi l l  scc'-r I 'crv t tatt tr . l  t .  ar lr l  als'  I  t l t t t t  jur '" t i '  

i ."  t t t ' t ' "1 
"^"ii,"'1,.,:.i,.i, nr r,oplo,,),"i',':;,;:.t;it;"..:i,:1r"n'; ll:llll.,-,1 '.i.,;;ti.**l;illlnuil"nmi:,i$i!!"JlJ.n:llli
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ilr,iii:::i.**:li#iiii*ttl,-l+n*';l,rl::ri',:i I ::ilili:ii,r*iinffiiniltr*ffi'l'',il\i'tl:

[ c )  L t l L :  I I r L I r r U

'  ' '  " r  t ^  t l r r t  t t i t t i r ' : t l r t l  l l l ; t l l l c l l l i l t l c l i l l l
o l  l l l l S  l r . r l ' (  r  t '  r ' r ! ' r  "

l { -  i l r  t h t '  N o f  l i S  ( ) l  r r  e  z t ' t '

| . l r i : r r . r i t -c r ,s r r rc t I i t l r t io r - r f ; , ' . . ' ; ; . i '
In rcr- icrving t. l r t '  Progrcss of thcsc tc'scatt 'hcs' I  l : : t t l l  r loctr incs of I{clrrt ivttv '  rvtr
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death, I clo not f incl that any onc of the problems has been
stirrcd by a singlc pcrson.( (Sir i". L l lcaif i,s English cdition
of the \\rork s of , l rcfi lrnclc.s, p. 15r).

_ lpp..cntly thc tcndorcy to fol lorv the bca.tcn path of
Least Rcsistancc aplr l ics not only to the physical s1,stci ls of thc
uni.n'ersc, Lrut also to the progress of scicncc, hotir  in thc age
of Conott anrl Arclintedcs,-anrl througliout all tintc _ 

"*""pttrrclcr t l rc crcati \ :c cfforts of. thc lnost ; traorcl inary discovcrcr.s
r lu r ing  thc  pas t  zzoo yc : r rs  !

Accorrl ingly, thc phi losophcr who darcs to leave thc
snro.oth but barrcr-r path, for thc untrodclen, yct fr tr i t fui  roacl
to ci iscovcrl ' ;  arrr l  i r-r the dif f icurt q.est foi i l lu.ninatins thc
great sccrcts of naturc, f inal11. persists unti l  l tc a.t tains ihosc
sunrnr i t s  ncar  thc  s ta rs ,  a l ready  is  bc l ,cnr l  a l l  p ra isc  !  Dvcn thc
noblcst vcrscs for etcrnzrl  u'orr< scarcclr.  honor suff icicntry t lrc
exa l tcc l  mcr i ts  o f  thc  c l i seovcrc r  o f  t l r .  h ig l tcs t  la . l vs :

,Exeg i  mot r t rmr .n lum l . rc  l . c rc r r r r ius .
rcga l i r luc  s i tu  I ry r l rn r idunr  I  l t i r rs .  ( ITor r rcc ,  [ ia r rncnXXX) .

as rcsarcls the subl imitv of sucl.r rcscarch, ancl thc
dignity of t l ic cl iscovcrl .  of thc laits of thc univcrsc, Dr. DtI_
mund Ifa//e,t ,  just lv r lcclarcs in thc l lcxarrctcr Vcrscs prcf ixccl
to  A-cz t ' lo t t ' s  I ' r i re i l r ie  :
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Vallejo, Cali fornia, Jurre 25, rez5.

\rcry gratcful a.cl<nowledgements are due to several
synrpathctic associatcs, rvi thout whose kind encouragernent
i t .u'ould hn.r 'c bc..L dif f icLrl t  to complete this Supplemen"t, u, i th
thc dctai lccl proofs ancl carcful co'f i rrnation of i i re authorit ies
qrrotcrl  during thc past 25o ycars: Rear Admiral /o/tn H.
I)ay7p71, U. S. N., Conrmanclant at Marc Island; Tjr.  C. B.
Ca,ntctcr, U. S. N., r ,hosc rvords of encouragcment proved as
hcl lr frr l  :rs his enrincnt rnccl ical ski l l ;  ld:r.  A. E. Arlunrl ,
cxpcr: icncc.cl ( i iv i l  l . )nginccr. u.ho has reacl the wholc papci
with an 

. intcrcst :r . l tpropria tc to our frcqucnt confe rcnccs
ounng utc Dast r7 \ ,cars; 

_ Profcssor,/ .  ,5. Ricard, S. J.,I) i 'cct.r '  of thc Olrs.-v.tor\. ,  -santa Clari ,  who for yar,. ,  t  n,
fo, l lou'cd closcly alr thc rcscarchcs nracrc at Mare Island;
NIr. / /1. , \ ' .  1/ 'ranft/r : ,  Assisrant, u.hose t imcl l ,  a. icl  in the p.ei
I )a ra l lo r l  o f  t l r c  l \ , Ianr rscr ip t  h rs  I . cc r r  a l rnos t  inva l r rab lc ;  and
rbovc-al l  t .  l , l  rs. .S'rr.  u,ho has contr ibutccl lnost to lengthc'
thosc ho.r 's of q. ict strrdy *i trrout rvhicrr i t  rvoulcl havc bec'
ir-npossi lr lc to rccorr l  thc traccs of l ight as i t  camc travel ing
rlolqnrvarr l  f lonr thc stars.

Souclernurnirer

Nec fa.s
Nor is i t

est proprius mortali
larvful for ntortals to
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att ingere divos.
approach nearer the Deity.

?.J.J. See.

Ausgegcben 19z6 Febr.zT
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Tafel t

Astronom. Nachr ichtcn RtI '  zz6'

T.J.J. See. New Theory of the Aether'

p i r r t c  I .  I l l r s t . L t i o n  o f  t h c  l - : r r v  o f  A m p l i t u < l t '  , 4 : h l r ,  t n t l  o f  t h c  
- d i r . i n i s h i n g  

c r o s s  s e c t i o n s  o f

t h t ' \ ' a Y c s ,  
" l t ; ; ;  

l ' y  t l t t '  i ' n ' " '  o f  t h c  c o n c s  \ ' ; L n d  ' c '  $ ' h i c h  g i v e  t h e  r c l a t i v e

e n c r g i c s , J = / l 2 i r 2 . o f t I r c \ \ , i i v c s a t a l l < l i s t a n c c s . . l . I t c s c c o n t r i r c t i t l g c o n c s i n d i c a t c t h e

Gcomr t r i c ; r l  
"n ,L  

' t ' t ,1 ' i . " t ' r r " . i .  
. i ' i r , "  Ncrv ton ian  Las '  t t tuc l l  tnore  c lcar lv  t lan-  i s  shorvn  bv  thc

cons i< lc r l t ions  
" - i , r . i . . i "  

r ry " '  ) i . t : i y  ^ "a  L 'cz r 'Lo t t '  I ( rS4;  r rnc l  I ' o i t r t  -  
unnt is takab l -v  to  thc- -Wave '

Thcory  . f  ( ) r t r i ta t ion ,  rvh ich  is  norv  p rov t t1 .  to  havc  t l ' " t t t " t  i i r  i t s  favor  cc lu iva lcn t  to  N100 to  I '

co t r . l ta rc , l  to  any  o t l t c r  conce ivab lc  cause '

C .  S c h a i d t ,  I n h a b e r  G e o r g  O h c i m ,  K i c l
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t - r a - k -,  - - l - .  -  r ^

k
F a

I l l r rs t rat ion by curves
t l re inverse porvcrs of

T.J.J. See. New Theory of the Aether.

'[afel z.

reprcscnt Forces varving rrs
lhc occasion [or  t l rc  restr ic t ion

r- ' f  thc Doublv Inf in i tc  Var icty of
t he  r l i s t l necs .  I n  Na tu r c  s ' c  6n< l

of  the Forccs

I ' l r t e  I I .
thc ! \ rnct ions . [ :L '? l r r1 '  s ' l r ich might  I re i rnasincd to

2 r+ ' / : 2 . ooooooooo . . . .  r n r l  t l r c r c f o re  r vc  he re  cxa r l i n c
to th is one intcgral  invcrsc Jrorvcr ,  a:2.

C .  S c h r i d t ,  I o h a b : r  C e " 1 ;  t ) l r " r m ,  K i  . l



Tafel 3.

in the great
Trans. ,  t8gz,  A,  PlateS,

As t ronom.  N r re l t r i c l r t cn  I \ t I .  z z6 .

' l ' o r o n t o  
H .  ! ' .

Zi- l<a-\Vci I l .  I r .

I l a t t v i a  l J .  [ i .

( i o l a b a  i l .  I , ' .

'1 
otonto \ / ,  [ i .

A l c l l ; o r r r n c  I L  I . .

S a n  I . c r r r r n r l o  I l ,  l . '

! i r r r n n  I  l .  t .  .

r i 1 . \ '  I  t .  I , ' .

\ \ ' i l h c l r r r s l r a r . c n  I  L  l

S t .  I ' c t c r s l r r r r l  I l .  1 , .

s t l r r r ' l r r r r . t  l l  I '

l . i s ] r , , n  l l .  I . '
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T.J.J. See. New Theory of the Aether.
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Plate VII. Diagram of the equipotential surfaces about trvo cqrrnl masscs, l l  anrl l l , originally given in Thomson and ?ait 's Treatise on
Natura j  lh i losophr ' .  r ' t  cd . ,  t873.  Wi thout  regard  to  thc  cause invo lvc r l  th is  uppcr  r l iagram represents  the  ac tua l  sur faces
n 'h ich  c : t i s t  t tnc lc r  the  po tcn t ia l  o f  g rav i ta t ion  to  t rvo  cqua l  s ta rs l  bu t  in  thc  l igh t  o f  thc  Nerv  Theory  o f  thc  Ac ther  we may
norv  in tc rprc t  t l t c  mcan ing  o f  thc  d is to r t ions  o f  thc  sur f rccs  shorvn ,  rvh ic l r  n 'c rc  f i rs t  p r rb l i shcr l  about  ha l f  a  century  ago.

In  thc  lo r rc r  f igurc  rve  scc  l to rv  the  vcc tors  d i rcc tcd  to  thc  txo  cqua l  s la rs  a rc  compounded geomct r ica l l y ,  in  every
par t  o f  thc  d ingr r rn r .  accord ing  to  thc  law cxpresscd in  equat ion  ( t39) .  Th is  i l l us t ra tcs  thc  s 'ho lc  theory  o f  thc  equ ipo ten t ia l
sur faccs ,  about  ts 'o  cqua- l  masscs .  and cons t i tu tes  as  t r iumphant  a  vc r i f i ca t ion  o f  1hc  s 'ave- tbcory  as  the  incomparab le  Geomet ry
o f  Ncn, lo t t ' s  Pr inc i l ia  docs  fo r  the  la rv  o f  un ivc rse l  g rav i tn t ion ,  norv  rc fc r rcc l  a t  las t  to  i t s  t rue  cause.
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T.J.J. See. New Theory of the Aether.

Pla te  V I I I .  Gconrc l r i ca l  i l l r rs t ra l ion  o f  thc  rvavc- f ie ld  
_about  ts 'o  cqr r r ' l  s ta rs .  Thc  s ,avc ,nrnp l i tudes  inc reasc  asympto t ica l l y  towards  e i ther

bor lv .  \ ' h ich  ren< lc rs  t l t c  tc thcr  o f  var iab le  dcns i tv  c : ' i z ,  rvh i l c  thc  w l tc -mr t i .n  in  conccnt r i c  aph" . " r ,  s ,hen re f lec ted  f rom
thc  sur faccs  o f  t l t c  con foca l  c l l ipso ic ls ,  1 - ic lds  s t rcsscs  r long rhc  tangcnts  to  thc  hvpcr i ro lo ic ls ,  u .h ich  in te rsec t  the  e l l ipso ids  a t
r igh t  ang lcs  and r r i th  thcm cons t i tu te  t l t c  sys tc rn  o f  con foca l  con ics .

In  na ture  thc  ae ther  rvavcs  f rom thc  t rvo  ccn t rcs  a rc  no t  rc l l cc te r l  by  the  c l l ipso ida l  sur faccs ,  bu t  p rocee{  onward .  in to
in f in i tc  spacc ;  r ' c t  t l i c  rcac t ion  o f  the  mcr l ium g ivcs  thc  s t rcsscs  i r lonrJ  thc  tangcnts  to  the  h l ,perbo lo ids  exac t lv  the  same as
i f  the  r ravcs  rvc rc  pcr fcc t l l '  r c f l cc tc r l  l r v  the  confoca l  c l l ipso i r l s ,  and thus  thc  s ta te  o f  r tave-moi ion  is  rendered ocroe tua l .

C .  S c h a i d t ,  I n h a b c r  G c o r c O ) r c i n r ,  l i i c l


