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I  l r t '  ( ' , r  p s ( .  ( ) [  ( i r a r  i t r r t  i o r r $ *

Analysis of the Progrdss of the Problem.

] r r  t l r c  l r r c c c r l i r r g  l ) r t l ) c r s  i  h a t ' c  r l j s c r t s s t ' r l  s r r t l r c u i t l t t

c i r r c f i r l l r -  t l r c  n l t t t t r t ' o l - ! r . r r i t . r l i , ' t t ; r . ; t  r r : r r r ' - 1 ' 1 1 1 ' l l o t t t l l t o t t .  l l l r < l

i n  t h c  S c v c n t l r  I ) l l p c r .  ( ) r ' t  .  : 1 .  t ( ) t l .  l l l l l i l l v  c o t t t t c c t r r r j  l l r i s

l i r r c c  r v i t l r  r l l r g l r c l i s n r ,  r t t t t i l t ' l t  l l t u ' o l  t t ; t t r t r t ' .  n ' l r r ,  l r  i s  r , ' r i l i c r i

i n  t l r r ' p l r r - s i c l l  l h c o r v  o l  t l r c  l ' . r r 1 1  l t  r t l t r l  S u t r .  I l r t  t l t i r r t ' l i r t l r l t

r c s r r l t  l l t t t s  t t t t l l i t l i ' t l  i .  l r i g l r l r ' : r t t i : l r t . t o l . r ' .  ( ' 5 | ( ' (  i l l l l v  i r r  l r r t ' ; r l ' i r l g

r l r t l ' n  t l t r ' l t i s l o r i r ' j s o l r { i r i n  o l  g r . r r r i 1 ; t t i o t t ,  l l ' o t t t  t l t t ' r ' l l t l t r r

r l vn i r n r i t '  ; r n r l  r r ' l r t 1 r ' r l  1 -o r ccs .  u  l t i c l t  / : t t t  t r l r t - t '  t t l u  r t t ' s  l r t ' l r l  t r l  l r c

l r oss i  l >1c .
' l ' l r i s  

r l t r c s t i o n ,  l r o l r ' r ' t c r ,  l o t t g  r t l t s  r t t ' g l t ' r ' 1 r ' r l ,  r ' t ' r r ' l r r r g r ' ) 1 '

l r c c r r r s c  t h c  r v r r v c - f i c l r l s  o { ' t l r c  r t t ' l l t t ' r  l t r t :  r i ' l r o l l v  i r r v i s i l r l c .  \ ' t ' t

i n  r l c a l i n g  r r i t l r  t h o s c  s t r l r t i l t '  1 r l t t ' t t o n r t ' t t i t  o 1 - t r t t u r t '  u ' l t i c l t  l t r t '

n o t  r l i s t ' l o s c r l  l o  n r o r t i t l  s i g l r t  o r r r  l ) r o ( ' ( ' s s ( ' s  o 1 -  i t t v t ' s t i { i t t i o t r

o l n ' i o r r s l r '  ( ) r . r g h t  t ( )  l r t '  l r c n t  l l t t i t t g  r t r r r l  s o  c x l r t t t s t i v t '  1 l t l r 1

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

i r r v r r l i t  t l r c  c l r l c r r l r r .  r , l  l r r o l r , r l r i i i l r ' .
I l  i '  u t ' l l  l i r , , u  t r  l l r i t l  l t ' o t r r  l l r l  l i l g i r t l t i t t g  o 1 '  ) l i .  g t l r t t

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

r r r r ' ; r n  r r r o l i r i n  ( ) l  t l r r '  1 r ) i r n ,  ! s .  r ; ; . 1 :  l l l (  l  ) r ' t r r t t t r i c r r l  I  l t t o r r '

o l -  t l t r '  
' l ' i r l t ' . .  

l i r r '  t l t r '  1 l ( , t i ( , n -  , r l  l l r  r , , r  .  t 7 i 7 ' ,  l i t t '  I t t l r t t ' i r r l r l t

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

l r r u ' s  o 1 -  t l r t  n r o t i o t r s  o 1 '  . f  r r y r i t c r ' s  : r r l r ' l l i t t ' s ,  r ; i i - t :  t h ( '  ( . ' i r t t s t '  o l

t h e  ( i r c l r t  I n c r l r r r r ) i l v  o l '  . f  t r p i t t ' r  r r t t t l S l t l t t r n ,  r  7 l i . i ;  t l ) ( ' ( ' i t t r s t '  o l

t h c  s c c r . r l l r r  i r t ' r ' t ' l t ' r ' r t t i o t t  o 1 '  t h r '  \ l o o t t ' s  l r ( ' i l r t  l l r o t i o n ,  I 7 3 7

/ , o f l a t t  r l r v l l s  s t r r r l i c r l  t l t r ' l r l t c n o n t t ' n r t  o f ' l . t l t t r t r c  I ' r o t t t  l l t t '

p o i r r t  o f  v i t n  o l '  l l r c  l l r c r i r - r '  o l '  l r r o l r r r l r i l i t r ' .  I  I i s  r r ' p c r r t t ' < l

t r i t r n t l r l r s  u  l r c t  r '  : u r ' ) t  g r t  ; t t  l r t i l s l ( ' r s  l t s  / ' , u l r r .  (  / t t i t , t t r / / ,

/ ) ' . l l r n t l t t  / .  , r n r l  / . , r , . , t ' , t t t , g , ,  l r ; r r 1  l r r i l r ' t l ,  r t r t '  s L r l ' l l c i t ' r r t  t c s t i t t t o t t t '

t o  t l r c  v r r ] r r l  r , l  1 l r ,  n r , ' 1 l r , i r l .  I l  r .  t l t l r t ' i o r ' ( ' l t o t  s l l l l ' r i s i l r N  1 ( '

l l t r , l  t l r c  l o l l o u i n l  1 , ; 1 r o r i n 1  i n  t l t i  l l t r i o t i r '  , \ r r r l v t i r l t r t '  t i l s

l ' r , , 1 ' , , 1 , 1 1 1 ' , : - .
, t \ \ ' r ' r r t r '  : o  l r u  l r r i t t t  l i t r , , r t i t r t J ; r l i  t l t c  i r g r ' t t r  i r .  o l  l ) : t l r l l r ' ,

r r n r l  t h c i t ' t l r i , , l t r  n r r r t l t ' s  r t l ' ; t r  l i o t r .  l l r l r l  i t  r r l t t i r l  l r ,  t l t t l , t ' t  o t t t i t l l l

i r t  r t  p l t i l o . r ' l r l i c r  l o  r i c t t r '  1 l t r '  p l t l t t o n r l r r i t  . i r r r l , l r '  l r l t  l t t t s c  l l t t ' t -

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

\ \ ' c  n r u s t  t ' x r r n t i r t t  t l r c r r r  r i ' i t l r  r t t t  l t t t t ' t r l i o t r  r v h i r l r  i s  l l t t ' t t t t l t t '

s c r r r p r r l o r r s  t l r c  n r o r c  r l i l ' l i c r r l t  i t  l r p l r c r u - s  t o  l r t ' 1 o  l t r l r r r i l  l l t t ' t t t .

r \ n r l  l h t  l l i l , ' r l L r .  o 1 - p r o l l t l r i l i l i r ' .  l r t ' r ' o n r t ' s  i n t l i s I r ' t t s l r l r l c  l i l r

r l c t c n r i n i t t . q  l r o r i  l - r r r  t l r c  o l r s t ' r v l t t i ( ) n s  l n u s t  l r t ' r t r r r i t i p l i t ' t l  i t t

o r ( l ( ' r ' t o  o l r t l r i n  i r  1 ; r v r i r r t  o l -  t l t t ' l t g c n t s  i r t r l i c l r t t ' r l  l t l  l l t l t t t  r t

p r o l r i r l r i l i t v  s r r l r l r i , r r  1 o  I i r .  r c r t : o l r s  o n ( ' n ] i l \ ' l r r t l c  1 ' o r  r c j t ' r ' t i r t g

t l t t n r . t r

' \ c ' co r r l i ng l r ' .  i n  v i t ' r i '  o t '  t h t '  r l i f ' f i cL r l t i c s  co r t t i t t L r r t l l v

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

t r i  n r c  t h l t t  t l r t  l r i r l r l e r t  . 1 ) l ' o (  ( ' : s ( ' : i  o1 -g r r r l i t r t t i o t t  o f f t ' r  r t t t  c s l ) t ' c i r l l l \ -

s u i t r r l r l r '  l r c l r l  1 o r  t i t t '  u s t '  o l  1 h t '  n r t ' t h o ( l  o l '  t h c  t ' l t l t ' l t l t t s  o { -

p r o l r r r l r i l i t l l  i r t t r l  t h u s  i t  i s  r l t s i r i r b l t '  t o  i t t l < l  a  s t l l ) J ) l o l t t t ' l t t i l r \ -

L i g h t h  I ' r t p c t ' .  r l c r r l i t r g  r ' o t t r l r l c h t ' t r s i v r ' l v  u ' i t l t  t h i s  s r r l r j t ' r ' t .

,N-L-

New Theory of the Aether. l l l
I ) i g h t h  I ' l p c r ,  : \  S u l ) p l c n r c n t  o n  t h c  I ) i s c o t ' t :  r v  o f

( \ \ ' i t l r  S  I ' l i r l ' t ' s  a r r r l  :  l ' o t  l r r r i l s . )

I r r  l l r c

r  ( r l i -1 S{r .  t  r t  r t

' r r  ' l  
l r r '  ( ' r ' n l r r r l  o f  Vc r i f i ca t i on  o l '  t hc  Nc r i ' t on i a t r  La t '

i r r l r r r l i n l  l l r l  c c l r ' l r r r r t c r l  i r n r r l l , t i < ' a l  r c sc i l r chcs  o f  L ' / o i r au  / / ,

/ ' . t t / r ' t .  / ) ' .  | / ,  nt / tcr / .  / , t r . ( t  dt / .q(  i tn( l  Ldf  |d(c -  rvhich I t tay l rc

. r i r i  1 , ,  r ' l o : r ' .  r ' r r r r ' 1 ] r '  r o o  \ ' ( ' i t r s  i t f t ( : r  t l t c  J ) u l ) l i c i l t i o l t  o f  t h c

I ' r ' i n ,  i 1 r i : r .  t t  / , , r 1 1 , t , , ' :  t r i t r r l r l t : t t r t  t l i s c o v c r i c s  o f  t l i c  c l t r s t r  o f

1 ) r c  g r r ' ; r l  i r l r ' r 1 r r r r 1 i t v  o 1 '  . J i r l , i t c ' r  ; u r r l  S : t l t t r t r ,  r  7 , 9 . 5 ,  a l r t l  o 1 -  1 h e

: r ' r ' i r l l r r  r r r ' r ' r ' l c l i t l i o t t  o t - t l t t '  J I o o t r  s  r r r ( ' l l l l  t r r o l i o t t ,  r 7 3 7  - - '  r c t

u  i t l r  t l r l  r ' ( ' s u l l s  g i \ ' ( ' n  l l n r l  l o r r n  i n  t h c  \ l d c l n i r l L r c  ( i c l e s t c  v o l s .

I  i r r r r l  I I ,  r 7 9 r - r ,  v o l .  I I [ ,  r 3 o r ,  r ' o l .  I \ - ,  r l l o - 5 ,  r ' o l .  \ ' ,  r 8 z - 5 .
' l ' l r i s  

r cn r i r r l < r r l r l c  l r c r i o< l  o f  v c r i f i c i r t i on ,  u ' h i c ' h  cvc t r  l i t t c r

c r - r l r . r i n l t u r l  i n  t h t  g r ( ' i r t c s t  o f  : t l l  t h csc  t r i r t t t . t l r hs ,  -  t l i c

t l r t  o r l t i c r r l  r l i s covc r , , '  o1 -  NcP t r rnc  f r on r  t hc  Pc r t r r r ba t i ons  o f

[ 'nrr r r . rs,  l t . r -  , . l iant . r  t ' r t r l  / . tz ,crrzcr ' ,  l34f)  -  \ \ : r rs t 'hantct i ' r iz t r l

i r v  r r  co r r c t ' l t t r r t i on  o f  t ' f f o r t  o r r  t hc  l r t t l t l r - t i r ' : r l  co t t s c r l t t t ' t t , ' c s  o f

l l r r '  l r r l  r ' l - r r n i v l r s l r l  t { n i v i t i l t i ( ) t r ,  s i t h  l i t t l c  o r  t r o  t l r o t t g l t t  o i - t h c

l , l r r  ' j ,  r r l  r ' ; n r r l  u  h i c l r  n r i q h t  t t n r l t ' r l i c  t l r i s  g r c r t t  I r r t r -  ( ) i  l t l l t t l r ( ' .

I  1 r I  g ,  r r I r ' r r 1  i l s : i i l r ' r l ) t i ( ) n  o i  i r t V c . t i g r t t o r s  l i t i r t t r l  t ' x P r c s s i o t r

i n  t l r ,  , r l r . n i n g  l ) l l r ; l g r i r l ) l r  o i -  t h c  \ l c c a n i t l u c  ( ' c l l c s t r ' .  I 7 r r r r .

t l r r r l  u 1 l r ,  n ; r 1 l ) r ( ' ( ) 1  t h r r t  s i n g t r l l r  n t o ( l i f i c a t i o r l ,  b v  t l c a n s  o f

u ' l r i c l r  r r  l r o r l l  i s  t r i u r s l ) o r t o ( l  l - r on r  o t r c  p l i r ce  t o  l t r o t hc r ,  i s  no l r '

r r r r l  r r i l r r r v s  u i l l  l r c  r l n l \ 1 1 o \ \ ' r t ; i t  i s  d c s i g n l t t c c l  b y  t h c  r t i t r r r c  o f

I " o r c r ' .  \ \ ' t ' r ' r r n  on l y  r s ( ' c r t i l i t r  i t s  c f f c c : t s ,  a r - r d  t he  l r t l l ' s  r - r f

i t  r  l r ,  r  i '  ' t t , . .

i l r ' 1 ' l ' l r c  
( ' t ' t t t t r r l '  o f '  l i l t r c t r o r l l t l a t t t i t :  I Lcsc i r r c l r c s ,  l r c -

g i r r r i r r r  u  i l l r  l l r c  c r p c r i r n < ' t r t s  r l '  O c r . r / t r l ,  r S r g  r v h i c l r  v c r v

s o r r n  l r r r r r r r l  t r p r c s s i o n  i n  t l t c '  l l t u s  r t l '  , l t t t f i r c ,  r r t r r l  l c c l  t o  t h c

l r r l r g  s l r i r ' '  o l -  r ' r p l r i r t t cn l : r l  t l i s c ' ovc ' r i c s  i r r '  / ; d1 ,ddd -y ,  l hc .

n l r l l r cn r i r t i c r r l  t l r r ' , r r ' , ,  o1 ' t l r c  I ' , : r r t l t ' s  r t t l t g t r t ' t i s t t t ,  l ) \ ' ( r - d l 1 . f - t ,  r 8 . 3S ,

l n r r l  l l r l  l r r n r l l r r r r l n t ; r l  r ' l t ' t ' t r o r i v n l r t n i c  l l t r v ,  d i s c o v c r c c l  b 1 '

l l ' ,  1 , ' t  .  r  f  . 1 ( r  -  l l r c  r r  l r o l t '  l ) r og r css  ( ' r . l l l r r i l l i l t i l t g  i n  l / a . r - zuc / / ' s

i r l l (  n r l ) l  ; r l  r r  l r r l l r l r r l r t i c r i  i n l t ' r l r r c ' t l r t i o t t  < t f  t h c  o l t s e r v l r t i o r t s  o f

/ : t t t t t r l r r _ t ' r l r r r i n q . t l r t ' l l r s t  v c i t r s  ( t S 6 o  r S { r ( r )  o f  t h a . t  r t t t t i t t c t . t t

i t t r l s l i l r r l o t . .

I t  i s  r vc l l  l i r ou  n  t l r l r t  r l t : r i ng  t h i s  l a t c r  pc r i o< l  / ; a ro r / t . 1 '

u ' l r s  t l c r ' 1 r Jv  i n r l r l t ' s sc r l  s ' i t h  r t  con l t c c t i o t t  l t c t r vcc r t  c l c c t r o -

r l v r r l r n r j r ' r .  r r r i g r t t t i s t n  r r n r l  g r l t r . ' i t l t i on .  A t  l t i s  i i t l vanc t ' t l  l g c .

l r oucv t ' r ,  t hc  t ' r p t ' r i r l t ' l r t : l l  i l t t : r c l i s  o I r  l l r c  l t r o l t l c r n  f a i l c r l ,  t r r r t l

( . \  ( ' n  . 1 . / . 1 . 1  i . , ,  / 1 ' s  l r r i l l i r r n t  r i ' o r l <  r i ' i t s  l c i t  i n con rP l c t c  i t t  h i s

l ) r 'L 'nr i r tLrr( '  t ic i r th in r  379.  Yr: t  , l / r t . r ' t t 'e  /1 's  celebratecl  
' ] ' reat ise

on  l i l c ( ' t r i c j t v  r n ( l  f l l g ] r c t i sn t ,  r , 973 ,  l r c c : : r n t c  a  s t anc la rd  t ' o r l i

on  t hc  su i r j c c l  , l n r l  i s  l r o t  ve t  s r . r l ) l ) l an t c ( l  l r v  a  mo rc  ( : o t nP rche t l -

s i v c  t r ca tn r cn t  o1 -  t hc  \ \ ' ho l c  c l ucs t i o i l .
' 1 ' r r n r i ng  

i r s i r l c  1 ' r on r  t hc  p rom is i r - r g  s t a r t  t l t u s  m l t dc  l r r -

1; t rnr la. t ,ant l  ' l f t . tz t ' , ' / / ,  i I  l i r \ \ ' i t tvcst igators,  sol l lc  t \ \ 'e11t \ ' \ 'c i l rs

l l go )  l l l ) l ) r r  r ( ' n t l v  f o | go t  t hC  l c sso t l s  o f  H i s t o r y ,  an ( l  l l cga l l  a

rrovL, ln0nt  lor  cx1. , la i I r i I ' rg nral lv  rc latcd Phenol .ncl la of  nzr t t l rc

l r v  t l r c ' l ' l r ( ' o r v  o f  l { c l l L t i v i t v :  r ' c t  i t  p r o r - e c l  t o  l t c  s o  c l e a r l r '

2 t -

.  
' . ; ,  

[ ; . t ,  .  . ,  - i :  - .
2.1o \ ' ( ' r l1s sirtcc 1.hc l)rcp:t l i r t i t )r t  oi  ih{.trqincjp1q,.1" '

r l i : l i r r c t  r ' p o < ' l r s  n r a v  l r c  r c c o g l r i z c ( l : .
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rctrogratlc that i t  fai lcd, lnr l  onlv led to the cl i f fusion of a m:rss
of crrors rr 'hich ncvcr shoulcl havc l tcen given ctrrrency in thc
] i tcraturc of scicr-rcc. Sr.rch lLn cxarnplc of retrograrlat ion as
thc rcccnt i l l -adviscd attcnrl)t  to rnodifv thc Nervtonian larv,
s' i thout rclLl l i '  unclcrstar.rcl ing i ts gcornctr ical,  physical ancl
h is to r ica l  s ign i f i c : rncc ,  ln : r \ .  sc rvc  to  cnrphas izc  t l rc  in rpor t i tncc
o f  l l  rnorc  d i l igcn t  scarch  fo r  thc  cause o f  g rav i t iL t ion ,  a long
thc clcct lorlyn:r rtr ic l incs l l rcacly l tcgun l ty I ;orar{a1,, tvhcn
Ll[arntcl/  \ \ 'as i t  voung nrrn, vct r-rcglcctecl for sixtv y(:ars,
t i l l  thc  a l ) l )c : r r lu tcc  o l ' th t '  Ncrv  Thcory  o f  thc  Ac thcr ,  r922.

Contcnrpl: t t ing thcrcfore thc ort irc pcriocl of 2:1o ycars
s incc  t l rc  p rc lx r ra t ion  o f  thc  Pr inc ip ia ,  i t  i s  apparcn t  t l ra t  thc
grca tcs t  c l r r l r .  cu l t i va to r  o f  thc  : rna iy l i ca l  thcpry  o f  g rav i t i r t ion
tyas  Eu/c r .  ' l ' hcn  

c r rnc .  thc  cont l t l t t c  rcs to r l r t ion  o f  thc
Nervtoniutr lau',  unrl t ' r  1hc ytroforrrtr l  phvsic:r. l  intuit ion of
/ . r t f /a t t , l s  f in r r l l v  sc t  fo r th  in  thc  NI i ' r ' l n iqLrc  ( ld lcs tc .

\ \rhcr.r oct 'ul t ict l  u' i th anv vcrv r l i f f icult  problon i t  rr ,rrs
La l la r ls  h r r l r i t  to  cxc lu i r r r .  n l i , ' : r r l  / i t / c r l .  r t . td  Eu lc r t  h t :  i s
our  n - l rs tc r !<  L i l<cs ' i sc ,  in  cor . r r l l rn t i r .e lv  rc r : r :n t  t i rncs ,  I ) r .
C. I I / .  I l i / /  rci l tcd thrrt  thc gcrnrs of t l ru rnrthorl  cnrl t loyr:cl  in
h is  f t r " r lo r rs  l {cscarchcs  in  thc  Lunr r r  ' l ' hcor  

,v ,  r577,  : r l rcac lv
had fo t rnc l  p t r r t ia l  c \1 r r r ' : s i ,n  i r r  ; r  y r , ,1 ,a r . , f  Er t /c : r ,  t v l - tos t :
Co l lcc tc r l  Works  hrpp i l v  r r r ( .  rc i r l ) l )o r r r ing ,  anr l  ag l r in  cor -n ing
rv i th in  thc  reach o f  t l i c  r r ro r lc rn  r r . : i r l l r .

I l r r l  g rca t  i l s  \ \ ' l l s  l l t c  r rn i r l r . t i r ' : r l  n r t rs tc r t ,  o l  I iu /e r ,  i t  i s
r e t ' o g t - t i z c r l  t h n t  t h c  P h v s i , , r l  i n t ' r i i i , , r r  ' , r r , l , l r . n . r n r i r : a l j u r l g o n c n t
o l  / - a y ' / a t a  * ' i t s  i n r l i s l , ,  n : : r l r l r .  l o  r l r , .  l r r i ; r l  t r i u t l l t h  o f  t l ) c
Ncs ' ton i l rn  l : ru - .

r \ r ' r ' o r r l i r rg lv  in  o r r r  r l ; rv  t l t c  g r l l r ' .  o r i l s t l rnc l ing  l ) ro l ) l cn t
o f  As t ro r tonrv  i s  thc  t ' l r t rsc  o f  r rn i r .c r -s ; r l  gn lv i t r r t io l r .  ' l ' l t i s  

i s  an
in l tc r i t l t r t c r '1 ' ron t  t l t c  g r ( ' l l t  n l t rs tc l . s  o1- fo rn tc r  agcs ,  ln r l  . l r - t :
( - i l n n o t  s h i r l <  i t .

A l thoug l r  t l r i s  p ro l r l cn t  o l ' thc  r .a r . rsc  o f  g r r r r , i t i r t ion
proforrrrr l lv utglrgcrl  thc ir i lnrrt ion o| , \ /c;t , /nrt,  tL soltrt ion of i t
l v r rs  no t  poss i l r l c  in  l r i s  t in tc i  ) ' c t  hc .  cor rc< : t l v  l t t r i l rL r tc r l
g rav i t :L t ion  to  i rnJru lscs  (u ' r rvcs)  in  t l rc  ac t l rc r . i ; r l  rnc , l i r rn r ,  l r t : t
i t  rvas  cx lc t l v  t \ \ ' o  ( ' cn tu t ' i cs  a f tc r  thc  i r l t l t c r r r i rn< 'c  o l - th t '  l ' ,1
c < l i t i o n  o f  t l r r : ' l ' r c r r t i s c  o n  O l r t i r . k s ,  r 7 z r ,  b c l i r r c  i t  l r c t ' i r n r t '
poss i l r l c  to  r ( ' sLuno , \ t cz r ' / ,n t ' s  r rn f in ishc< l  rvor l i ,  l t r .  r l cvc lo l r ing
thc  K inc t ic  

' l ' hcon '  
o f  thc  ; \c t . l t r : r .

In  v i r : r r '  o1 ' th is  l r r l rsc  o l ' t i rnc  thc  thought t i r l  in r .cs t ig i r to r
shou lc l  no t  hcs i t i l t c  to  go  l r r r r : l i  to  thc  g rc l r tcs t  ou is tan< l i t rg
nrvs terv  o f  t l r r :  r rn iv t ' r ' s r :  s incc  t l t c ' i rgc  c t l  Ncn, /o t t .  I t  rc l i t t cs  t ( )
t l r c  na tunr  o f  un ivc rs r r l  p ln rv i t . ; r t i r - rn ,  r rn r lc r  u 'h ich  thc  l r t .avo t l r ,
l rod ics  cvcr l ' r r ' l t c rc  r t rc  n r r r t ru r l i l .  r l r i i u .n  t .ogc thcr  i r r  l , r r i rs , , r r r , I
o f i cn  ph1-s icn l l l  coup lc r l  in to  r t : r 'o lv i r rg  sys tcnrs  o l -  I l i n r r rv  S t i r rs .' l ' he  

l t l t ys ic t l  i ron< l  L rn i t ing  our  p ianc- . ts  to  thc  Sr rn ,  t l r r . : : r t c l i i t t . s
to  thc i r  scvcnr l  p lanc ts ,  i r r t r l  thc  ( .onr l )onc l t t s  o1 ' thc  l r l r l . s rca l l y
coup lc ( l  c lou l t l c  s t i t rs ,  o l t ( ' to  l r to t l t c r ,  i s  thc  n t r . : t c r ious  p , ru ' t , r
o f  g rav i ta t ion .

' l 'hc 
attnrc' t ivc f<trcc is so strrpcnrlous as to cxccr:r l  thc

tens i l c  s t rcngth  o f  n t i l l i ons  o f  in rn tcnsc  ca l r l cs  o l '  thc  s t . rongcs t
s tee l ,  vc t  t 'onvc1-c< l  i t r  r igh t  l incs  th roLrgh thc  u l l -pc r - r 'u r l ing
mediu ln  o f  thc  ac thcr .  ' l - l i i s  

sub t i l c  n rer l iunr  i s  rvbo l l v  inv is i i r l c ,
yc t  adequ l te  to  l r in r l  togc thcr  thc  rvho lc  s t ruc t r t rc  o f  thc  s t t r r r r .
hcitvens, b1. s'avc-action cvcr1,11'hg19 l tLrr-suing r l  i  ni  rrrrr rn lnt lrs,
- -  anc l  t l rus  cxcr t ing  nru tua . l  t cns ions  o l t  thc  l rc r rvcn l r '  bor l i cs ,
in l ines as recti l incar as r lcl icl . tc spir lcr rr.clrs joining thcn-r
in  pa i rs .
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It rvas fcared by Sir fsaac Neulon that under the mutual
gravitrLt ion of the hcavenly bodies the exist ing order of thc
solar svstcnr c\:cntulr l ly might be in danger of subversion, ancl
rcquirc t l-rc cxert ion of a rcstorat ive power. By improving and
cxtcn(l ing thc Ncwtonian theory, Euler was able to discover
that thc rnutual gravitat ion of the planets i tself  is largely
lrrcscn'at ivc of thc ordcr of the solar system; and when Eujrr; ,
l)roccsscs wcre still further extended by Lagrange, Laplace
rrtrl Poi-t.ron, it bccarne known that the order of the solar
svstcln is cssential ly stablc, i f  not forevcr, at least for mil l ions
of agcs. Thtrs or-r -fune r.5, 1829, Fouriez could exclaim in his
I i logc Ll istoriquc cic | .aplace:

l ln gcncrt l  r latrrrc holcls in rescrve conscrvzrt ivc anrl
cvrr prcscr-rt  forccs u'hich nct as soon as the troublc bcgins anrl
lug ln ( ' r ) t  in  p ro l>or t ion  iLs  the  c l i s tu rbance is  g rea ter .  Thev
r l r r i c l i l v  rc -cs ta l ) l i sh  thc  accus tomec l  o rder .  We f ind  in  a l l  par ts
o1- l l rc rrnivcrsc this prcscrr ' :r t ivc pou'cr. The forms of the grcat

l r l i rn r . t r rn '  o r l r i t s  unc l  thc i r  inc l ina t ions  vary  and osc i l la tc  in
thc  cor r rsc  o f  agcs :  bu t  thcse  changes are  l im i ted .  The
yr r i r t c ip r r l  r l i n rcns ions  arc  rna in ta incd  and th is  immense assem-
l; lagt. of hr:uvorl) '  bodics osci l lates al)Jut a mean posit ion
tos-urr l  rvlr ich i t  is alrvays carr ied. Evcrything is adjusted for
or< lc r .  p r r rpc t r r i t v  tn r l  har rnony .< .  .  .  .  .

r \ \ ' l r l tcvt 'r  rnay lravc been thc physical causc of the
for rn r r t ion  o f  t l r c  p l l .nc ts ,  i t  i rnpar ted  to  a l l  thc  l tod ics  a  1>ro jec t i l c
rn r i t i . r ' r  in  l r  r -onr r r ron  r l i r cc t ion  a l tou t  i rn  in r r t rcnsc  f r lo l t c :  in
t .h is  u  r rv  t l t c  so l l r r  svs tc ln  h ts  l rccn  rcnc lc rc r l  s tab lc .  ' l ' hc  

sar r r r_ ,
t . l l - cc l  i s  p ror l r r , ' r : r l  i r r  t l t c  svs tc r r rs  o f  sa tc l l i t cs  i rn< l  o f  r ings .
( ) r r l t ' r  i s  thc r r .  rna in t r r i r rc r l  l t v  thc  pou.c r  o f  thc  ccn t ra l  tn i rss .
Flcrrct ' .  t l rcrc is n()t ,  as t\ iezt, lott  hirtrsclf  an<l I iu/cr I tad srr-
spcc tc r l .  r r r r  r r r i vor t i t ious  fo r t 'e  rvh ich  shou ld  onc  day  rcpa i r
o r  l ) r ( ' \ ' r ' n t  t l r c  r l i s t r r r l rLncc  u 'h ich  t i rnc  had wrought .  

' l ' h is

is  t . l r c  l r r l ' o l -gnrv i t r r t ion  i t sc l f ,  wh ich  ru lcs  a l l ,  i s  su f f i c ien t  fo r
l l l ,  r rn t l  rn l in t l ins  o r< lc r  and var ie ty .  Hav ing  proccc( lc ( l  oncc
on lv  l - r 'o r r r  suJ) rcn tc  s ' i s r lo rn ,  i t  has  l r res i< lcd  s ince  thc  o r ig in  o f
t inrc, rrrrr l  rcnclc:rs al l  r l isonlcr irnltossiblc. Nrut/ott  and l iuler
r l i r l  no t  vc t  rccogn iz .c : r l l  thc  pcr f t : c t ions  o f  thc  un ivc rsc .  ln
g t 'nc r r r l  t ' hcncvc ' r  i rnv  t lou l t t  h i rs  a r iscn  in  regar< l  to  t l t c
( 'xir( ' t l r( 'ss of t l tr :  \cr i ' toni l ln l tw, i tnr l ,  for thc cxplar-r ir t ion of
: l j ) l ) ; l r ( 'n t  i r r r :g r r l rL r i t i cs ,  u ,c  havc  J ) ro l )osc( l  thc  uccess ion  o f  i l
lbrcigrr t ' i rusc, i t  I t ls i l lways haltpcuc<I, l r f tcr lr  profotrnrl
t i x i r n r i n r r l i o r r ,  t h i r t  t h c  o r i g i n a l  l a r v  h l s  l r c c n  v c r i f i c r l .  I t
t ' r l r i i r in :  to - r l r rv  r r l l  l<norvn  phcnor r rc r . r t .  ' l ' hc  

n rorn  I r rcc isc
th t '  o l rs t ' rv r r t ions ,  t l t c  l t c t tc r  r lo  they  r :on fornr  to  thco11, .  Of  l r l l
t l r c  g r t ' r r l  r r r r r t l r c rn i r t i< t ians ,  La f /acc  is  t l i c  onc  u 'ho  has  penc-
t r i r t c . r l  r r ros t  l r lo l i t r . rn r l l y  thcsc  grca t  r lucs t ions ;  I rc  has ,  so  to
s p c l l i .  s t ' t t ) c r l  t h c n r . r r

' l ' l r c  
l ) rvs tc r ) .  s r r r rount l ing  thc  causc  o f  un iversa l

gnrv i t r r t ion  i r t  Ncru /on 's  t i rnc  rv ls  so  cx t rcn tc ,  tha t  a l though
thc  i l l t r s t r io r rs  i r r . r thor  o f  the  Pr inc ip ia  ascr ibcd  grav i ta t ion  to
in r l r r r l scs  ( r r ' l vcs)  in  thc  s r rb t i l c  r rc thcrea l  me( l ium tha t  i s
r l i f fuscrl  or,cr t l rc univcrsc, \ 'ct as hc <:ould not ntakc out thc
nror lc  o f  opcr i l t ion , .  hc  rvou lc l  f ra rnc  no  hypot l rcscs .  f - l rc
<'ur.rt iorrs l t t i lu<lc of thc loun<lcr of thc thcory of unit ,crs:r l
gr:rvi tr t ior-r cxtcnrlccl to ]r is succcssors, irnd even to LaJ\latc,
thc gn' lr t  rcstorcr and pcrfcctor of thc Nervtonian t lrcorv.

r\ftcr thc rcsc:trchcs of .Farada1, and,,4,[arzerc//, horr,cvw,
a lcss ( 'autious ancl less despair ing att i tude becamc al lowable:
so thiLt in thc rcscarchcs on the l i lectroclynamic iVavc-Theory
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of  l )hys ic l l  I , ' on 'cs ,  bcgun in  r9 r -1 ,  l r r r l  l i r r thc r
t i r c  N c n " f h c o n '  o f  t h c , , \ r : t h c r ,  r g l t o - t g z z ,  I
rr- '<'ognizc in r l l r  vc i tct ion t l rc calrsc of ut.r ivcrsit l

t lcvclopccl in
r r - a s : r b l c  t r i

r r r : r r : i l , r l i n r r

i r n r l  t o  l r l c l r t c c  s r r l i s l i r c t o r r '  l t r o o t - t h l r t  t l t i s  l o r c c  i s  t r a n s r n i t t c c l
; r ( ' ross  s l )a ( ' ( .  u ' i t l t  lh r .  r ' c loc i tv  o f  l ig i r t .

' l ' h is  
l r roo l ' i s  l r l r sc r l  ( )n  r  g rc l t  r r r rss  o f  < . losc l r -  rc la tc r l

i t t  a s t r o r ron t ) ' ,  l l ag l t c t i s l r r .  c l c c t r o r l vn i r n t i c s ,
r r r r r i . - t r . l cg* rphr . ,  . ,gn . to -o l r t i r . s ,  ln r l  o t l rc r  l r ra r r .hcs  o f
l r h l s i c s :  s < ;  t h r r t  p c r l r a p s  l i t t l c  r l o L r l r t  s . i l l  c x i s t  i n  t h c  n r i n r l  o f
;u r r -  cxpcr " icn t ' r .< l  n i r t r r r i r l  ph i )osop l rc r  t l l r t  t l r c  rc l r l  c l r r rsc  o f
g r i rv i t l t io r r  i s  cor rc , r ' t l v  l rss igncr l .

Yc t .  i t  r r r l  l r t :  l ' t ' l l  to  t , l t r r - i r l i r t c  thc  r l i s r . t rss ion  s t i l l
f ' r r r t h c r ,  l r v  t h t . r c s c r r r c l t c s  n t r r < j c  r l r r r i n q  t h c  l l r s t  t l t r c c  v c a r s .
, . \ n r o n g  l l t c . g r r i u r t r l s  1 o r  s t r c l r  l r r o r . r ' t l L r r t ' u ' r :  t ' i l c  t l t c  f o l l < t u . i n g

i ) : r l ) ( ' r s  l r r -  t u ' o  c r ' l c l r l r t r . t l  (  i t ' r n l n t  n l t t l t c n l r t i r  i . r n s :
r .  ( ' .  / ; .  ( ; d i l . t . t ,  ' \ l l g t ' n r c i n t '  Lch rs r i t z c  i n  I l c z i c l t r . r ng  au f

< l i c  i r n  v c r l i r ' l r r t c n  Y c r l t i i l t n i s s t . r l c s  ( . ) t r r r r l l r t s  r l t . r  I . ) n t f c r n u n g
s ' i r k t ' n r ' l r ' n  ' \ n z i t . l t u r r gs -  r n t< l  ; \ l r s t o f j r r t r gs l t r i i f t r ' ,  I { c su l t i r t c  t r r r s
r l cn  l : i co l r r r ch tungcn  < i cs  l l agnc t i s r . h t ' n  \ - c r c i t r s  i n r  f l h r c  rS3 r . ; ,
L c i l r z i g ,  r S . 1 o ,  r c p r i n t c c l  i n  ( , ' r z r z . r - . r ' \ \ r c r ) i c ,  I l r l . . 5 ,  r 9 7  z 4 z .

z.  / ) .  ( i .  / .c- fcunt  / ) i r i t / t / t / ,  \ 'or l r .srrngcn i i l rcr  t l ic  int
r r n rgc l i c l r r t cn  \ : c rh : i l l n i s  r l c s  ( . ) r n r r l r i r t s  t l c r  I t n t f c rn t r ng  r v i r -
kcn r l cn  [ i r i i f t c ,  l , c i l r z i g ,  r t i 76 .

' l ' h csc  
n r r t l r c r r r r t i r - : r l  r { : ( ' r l r r . l r ( ' s  l r r .  ( , ' r z r zs . r  ; r n t l  / ) i r i r h / c /

i t r t :  o 1 -  g r c l t  c l r . g l r r t c c  l n t ' l  ,  \ t r ,  n r r .  { (  l t ;  t ; t l i t r . ,  l r r t r l  l c l r v c  r . c 1 1 ,
l i t t l c  t o  l r r .  r l t ' s i r c r l  i r s  r ( , s ] ) ( ' { ' t s  t l r l  g c o r r r c t r i r . i r l  r  o n s t . r l u t ' n c ' c s
o 1 -  { o r c c s  l r r r  v i n g  i r r v c r s r ' l r .  l r s  t h c  s ( l L l l r ( '  o 1 -  t h c  r l i s t r r n c c s .
Yt ' t  ( rzrz.r . r  ury l  / ) i t  i ,  / t / t , /  i r r l  r rs s i l t ' r r t  t rs  , \ 'c . ; t , /nt t  l t i r t rsr . l f  in
y t ' s p c c t  t o  t l t t  c r r r s r ' :  u ' l r i c h  r l i g l t t  L t r t r i c r l t ' f o r c t s  v l r r v i n g  i n  t h c
r l r t i o  o f  t l r t '  i n v c r : t '  : ( l l n r r c s .

, l / d (  / , ( u t ) ' / t / ,  u ' ho  u ' us  r L  f r i cn r l  i r n< l  r l i s c i p l c  o f  , \ ' t z t , l o t t ,
s i n ' s  o l ' h i s  g r l r t  l r l l s t c r :  u I ] c  l i r r n i r l  h c  t . l s  n o t  i r l r l r ' ,  1 - r o n r
cxpc r i r n i . n t  l r n< l  o l r sc r r . ' a t i o l t ,  t o  g i r - c  a  s l t i s l l c t o r v  i t t ' r ' o r r n t  o f
t h i s  ( sL r l r t i J c  r r r . t hc r i r r l )  r nc< l i un r ,  l r r r l  t hc  l n l n l t c t - o f  i t s  o l t c r - r t t i on ,
i n  p ro r l t r < ' i ng  t hu  ch i c f  phc r ron rcn r r  o f  n i r t r r r c r r .  ( r \ < ' c . o r rn t  o f  t hc
I ' l r i l o so l r l r i c r r l  I ) i s covc r i c s  o l -  S i r  / s t t r t t , \ ' r z t , / o t t ,  Lon r l o r . r ,
r  7 . 1 S ,  p .  r  r  l . )

- , \ r ' r ' o r r l i ng ) r ' .  , , r s  / \ - ( z t t / on  r . ou l r l  no t  n t i r  l i c  o r r t .  t  l t c  n l n l t c r
o1 -  t l r c  opc r i r t i o r r  o f  t h t '  i r np r r l s cs  ( ) r  \ \ ' l l \ ' ( ' s  i n  t l r t '  r r t : l l r t ' r ,  t o
r r ' l r i t  l r  l r l  i r s t ' r i l r l r l  gn r v i t r r t i o r r ,  r r n r l  ( , r z zz . r . i  i t n t l  J ) t r i t / t / r ' l  h l r v c
t r c : r t t ' r l  a l n ros t  u ' ho l l l  o f  l l r t  gco r r r . t r i r . r r l  r . onsc r l L r ( ' l t ( . c s  o1 -  l i r s s
o l -  t l r r '  \ r ' u  t o l t i : l l t  t v l ) ( ' ,  /  n u u ' 1 t 2 ,  r . r ' l  l r r r v c  l t ( ) t  l l l t ( . l l l ) l ( . { i  l ( )
i t s s i t { t t  t l r c  P l t v s i c l r l  c l r t r s c  o i ' s r r r . l t  l o r r . t . s  i l t  l l l t u r ( . ,  t l l r t  r r r r s o l r . r ' r l
p ro l r l cn r  o l r v i o r r s l v  r l t ' s t ' r v c ' s  i n r . r t ' r r s c ' r l  i r t t cn t i on .  I . o : .  i l '  r r
ca r c fu l  a . n i r l v s i s  s l t ou l r l  < l r ' f i n i t r ' l r .  r l i s r . l o sc  t hc  r . i r usc  o l '  gn . r r l
l l t r v s  o fn i l t r r r c ,  hc r c to fo r c  h i r l , l , . n  l r , , l l r  n r ( r r t l r l  r . \ ' ( .  t j ) r  < ' t , n t r r r i c s ,
t hc  r csu l t  r vo r r l c l  I r c  on incn t l r .  l ' o r t h r -o f  t l r c  n r c r l i t r r t i o r r  r i 1 - t hc
gcomc tc r !  r \ o  t r i un rp rh  cou ld  l r c  r no rc  * . c l co rnc  t o  i r  p l t i l o so l t l r c r
oc i ' up i e r l  $ ' i t h  t hc  o l r sc r vc r l  o r ( l c r  o1 -  t hc  hc t r r . i . n s  r

I t  l r i rs lrccr-r custonrrr\ ' ,  frorn thc t in'rc of tYcz,,/rut,  l t . t
ascr i l )c  thc  g rav i ta t ion  o l  thc  p lanc ts  to  so lnc  l tow er  cn t . r  n : r t ing
f ronr  thc  Sur . r ,  iu r r l  tCr  in tag inc  tha t  as  thc  a rc i r  o f  thc  sphcrc
surfaces in slt i rcc inr:rcascs oLrtr i . l rcl ly cl ircct l l '  us thc srlultrc
of the distant 'c, thc intcr-rsitr .  of thc in1' lLrcrrcc control l i rrg thc
rnotior.r of thc yrlanct ought to dcc.rclsc rr ' i th incrcasit-rg cl istancc

l l  ! \ i r l t : l : :  
ra t io  o f  thc  s ( lu r r rc  o1-  thc  r l i s t i rn r .cs .
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Srr t 'h  scncml  rcason ing  appcars  to  be  essent ia l l y  sound,
rrs.r.rofcrl  l>v I l ' / t tzuc// in his History of thc Inductivc Scicnccs,
.3 " r  c r l i t io r r .  r  S .57 ,  r 'o l .  I I ,  L ib .  V I I ,  ch .  I  anr l  I I ,  pp .  r  r4 - r .1o .  \ -c t
as  th is  s r r l r j cc t  r -c ry  sc lc lo rn  i s  v ic rvcd  jn  i t s  t ruc  h is to r ica l
clcvclolrrrcnt, rvc shal l  quotc I . l /hczucl/ 's cl iscussion in suff icicnt
r l c t r r i l  to  s l ro r r '  l ro l l ' thc  la rv  o f  thc  in r .c rsc  sq l la res  f i rs t  a rosc :

rr ' l  l tc rrroposit ion that the attract ir .c force of the sun
l r l r i cs  i l r \ ' ( ' r s t ' )1 '  r rs  thc  squarc  o f  thc  d is tanr :c  f rom the  ccn t re ,
har l  a l r r . r r r l v  l rc r .n  d iv incr l ,  i f  no t  fu l l y  cs tab l i shcc l .  I f  the  orb i ts
o f  t .hc  1 r1 ; rnc ls  \ \ ' r ' r { ' t ' i r c lcs ,  th is  p ropor t ion  o f  the  fo rccs  nr ig l t t
l r c  r l t ' r l r r ,  r . r l  in  thc  s l rnc  l l r i l l l r c r  as  thc  p ro l )os i t ions  cor t r :c rn ing
c in ' r r l : r r  r r ro t ion ,  s 'h i< .h  11zz- r 'g lezz .s  pub l i shcc l  in  r ( r7 . j ;  r , c t  i t
r locs rrrrt .  i r l )J). ' i l r  thl l  / / t t- t ' ,qhtrz.c ntarlc this appl icat ion of his
l r r i r r r - i1 r l l s .  i \ - t z t , /nn ,  hor r .evcr ,  ha t l  a l rcar ly  madc th is  s tc l )  sonr r l
v t ' l r s  l r t . lo r< :  t .h is  t in rc .  . , \ c ' r .o r r l ing l r ' ,  I t c  says  in  a  le t tc r  to
//o/ le.t ' ,  on //oo/i , : 's cl tr int to this <l iscovcry ( l l iog. 13ri t . ,  art.
/ /ooiL'; .  ' \ \ I l ror , / /zz,r, ,qcnius l tnt orrt  his Horologium Os-
c i l i : r to r i r rn r ,  i r  ( 'o l )y  bc ing  prcscn tc ( l  to  n rc r ) ,  in  rny  l c t tc r  o f
th r rn l ts  I  gavc  thosc  t -u l r :s  in  thc  cnc l  thc rco f  a  par t i cu la r
t -onr rncr r r l r r t  ion  fo r  thc i r  usc fu lncss  in  conrp t r t ing  thc  fo rces  o f
thc nroon l-r-onr thc cart l t ,  ancl t l rc ca.rth from thc sun'.  I , Ic
s lvs !  1 l ( ) rc ( ) \ ' c . r ,  ' l  l r r r  a l tnos t  con f idcn t  by  c i rcumstanccs ,  th i r t
Sir ( ' /n i .r /of l tr  I l ' rctr kncrv thc dupl icate proport ion rvhc:n
I  g r rvo  l r in r  r r  v is i t . ;  u r r r l  tho . r  Mr . , I {oo / tc ,  b1 ,  h is  boo i<  Conrc t r r .
rv iJJ  l r r r rvc  thc  l r rs t  o f  us  th rcc  tha t  kncrv  iL ' .  / looAc 's  ( 'onrc t i r -
l ' ; r s  l r r r l ; l i sh r . r l  i r r  r  f r713.  ' l ' hcsc  

in fc rcn( -cs  \ \ . c rc  a l l  conncc t t ,c l
s ' i t l t  A ' r7 l r ' r ' s  I r r l r - ,  tha t  t l t c  t in tcs  r r r t :  i t r  thc  scsqLr i t> l i c i r t c
n r t i r r  o 1 - t l r t '  n r ; r  j r i r  r r r c s  o 1 ' t h c  o r b i t s .  l \ u L  1 1 a 1 1 l , h r r r l  i r l s o  l x , r , r . r
l c r l  to  t l r I  r lL r l r ) i I r r t c  l ) r ( ) l )o r t io t l  l r f  ano thcr  t ra i r ,  o f  rc t rson ing ,
tuunc l r ' .  l r l  con . i r l c r ing  thc  fo rcc  o f  thc  sun as  an  en t f ina t io l l ,
u 'h ic l i  r r r r rs t  l rc r 'o l l rc  n rorc  fcc l r l c  in  p ropor t ion  to  thc  inc reascc l
s l rhcr i t  i r l  s l r r f  i l ( ' ( '  ovcr  r r 'h i r :h  i t  i s  c l i l fuscd ,  i rnd  there fore  in  the
invcrsc lrrolrrrr l ion o1- thc srluitrc of thc distan ccs. (Bu/l ia/dus,
in  r6 -1<.  l r r r r l  r rs . r ' : ' t t ' r l  th l t  thc  fo r r :c  by  rvh ich  t l t c  sun ,prehcnc l i t
c t  l r ; r r ' l r i rg r r t ' .  t ; rkcs  l ro l< l  o l 'a r - r r l  g ra l )p lcs  thc  p lanc ts ,  must  be
r rs  thc  i r rv l r5 ( ' s ( lLu l rL r  r ) f  t l t c  r l i s t l "ncg . )  In  th is  v ie rv  o f  the
lnu l  l  ( ' r ,  Jrou cvt 'r ,  thc cl i f f icrr l ty \ \  us to dctcrrninc tvh:rt  u,ould
l rc  t l r t '  r r ro t i r in  o f  iL  boc ly  ac tcd  on  bv  s r . r< :h : l  fo rcc ,  rvhcn thc
or l r i t  i s  r ro t  c i r t :u l l r ,  bu t  o l r long .  ' l ' hc  

i r t r . cs t iga t ion  o f  th is
( ' l sc  \ \ ' l r . s : r  l t ro l r l c : rn  u 'h ich ,  wc  ca .n  c l ts i l r '  < 'oncc ivc ,  n rus t  havc
r rppe l rc r l  o f  r .c ry  lb rn r i r la l t l r :  co l l l ) l cx i t \ :  u .h i l c  i t  rvas  unso l r ,cc l ,
rrrrr l  t l r t '  l i rst ol ' i t .s kinrl .  r \rcor<l inglr-,  / / t t / /c.t , ,  as his biographer
s i rvs ,  ' l i n r l ing  l t i rnsc l f  unu l r l c  to  rnakc  i t  ou t  in  any  geornet r i ca l
rvirr', first. rrpplit'rl to -\,1 r. //ooAc anrl Str Clri.rlofher Wrett,
ln r l  n rcc t ing  u , i th  no  ass is t l l r< :c  f ro rn  c i thc r  o f  thcm,  he  rvcn t  to
( ' r r rn l r r i c lgc  in  r \ r rgus t  ( r (> ,34) ,  to  ] , I r .  Nezuto tz ,  who supp l icd
h i r r  f i r l l v  r r ' i th  rv l r r r t  hc  har l  so  arc lcn t lv  sought ' . (

' l 'his 
rt 'corr l  of t l ic carl l '  history of the law of thc inversc

s(lui lrcs shrtn's l l l t t  thc dcvclopment of i t  cxtended from
Ilul l ialdu.t ' l 'or l< of rf)4.5 to thc confirm:rt ion and general proof
of thc lrrrv ir .r  thc Principia, r687, where Nezaton f irst shorvecl
tha t  i t  cxp l r r ins  thc  n ro t ions  o f  the  p lanets  in  c l l ip t i ca l  o rb i ts ,
as s'cl l  as thc ntot ions of t l -rc comets in thc thrce conic sections.

II / / tci t ,Ll l 's ci tat ion of l Ia//e.y's eariy vicw that gravitat ion
is : trr t .r ' ranrr. l ion, anrl  t l tclcforc clccreascs rvith thc gconrctr ic:r l

r )  T l r i s  o r i g i n a l  l ) r c s c n i r t i o r )  c o p r ' ,  r v i t h  I f u y , g / t t t t s ' a u t o g r r r l > ) r  ( l ) o u r  l I o n s i c L r c  N e u , / o n )  s t i l l  p l r i n l i '  I c e i l r l c ,  i s  n o 5 .  i n  t l r c
r r . r i t e r . s l i l l r a r r ' , - . i t c o n i i r n l a t o r r ' l . i r c t t n l s t a n c e r v h i c l r i n c r c a s c s t l r c h i s l o r i c a l i r l t t - . r e s t

t o  t h c  c a r l i c s t  f o r m t t l l t i o t t  r ' f  t l r , l  L r s '  ' r f  t h c  i n v c r s t :  s q u a r c s .  ( N o t e  r t l r i c c l  J u  1 1 ,  z ,  r 9 : - 5 . )
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exl)ansion of  .  the sphcr icr t l  sur faccs ovcr rv l t ic l . r  i t  is  d i f fusccl ,

I r s  u ' c  r ccc r l c  l - r o rn  t l r t ' S r r r r ,  i s  i r ) r po r t ; n r l ,  s i n , ' c  i t r  h i s  pc rp l cx i t r ' ,

a s  t o  t hc  l r r s '  r i f  n i l t r r r ( ' ,  hc  l i s i t c r l  - \ ' r zu /o , t  r r t  ( ' l r r r r l r r i < l gc ,

Aug r r s t ,  r  63 .1 ,  r u r r l  t hcn  i n r l r r c cc l  t ha t  g r ca t  ph i l osop l r c r  t o

p r cp i r r c  t hc  I ' r i n c i p i l ,  r 6S6 ,  as  f i n i r l l r ' pub l i she rc l  a t  / 1a / / t - v ' s

p c r s o r r a  I  { ' \ ] ' , ' l t s . .  I  ( ) X -  .

I t  i s  c l o r r l r l r -  gn r t i f f  i ng  t o  f i n< l  t l r l t  t hc  v i c r vs  c t r t c r t r t i n c r l

l * '  11a/ / t ,v  r rnt l  . \ ' tz t ' /ot t , 'as I l / Iczuc/ /  cxpl iL ins,  arc j r rst i f icr l  - -

: r l r ovc  r r l l ,  l r c causc  r . r t t r l c r  r : o l t t r ac t i on  t l r c  c ross  scc t i ons  o f  i L l l

s ' nvcs  r cc ' c t l i r r g  f r o rn  a  ( ' c l r t r c  l r r e  no \ \ ' sho rv t . t ,  l r v  nc r r - i l l t r s t r i L -

t i ons .  t o  f o l l os '  r i go ro t r s l r -  t l t c  l i r u .  o f  t hc  i nvc r sc  s ( l u r t r ( ' s .  ( l n r v i -

t a t i on  t hc r c l o r c  i n t ' o t r t c s t r r l r l f  i s  r r  * ' : t i ' r ' - l r l r c r . t o t nc t r on !

C ) r r r  con r ' l u s i on  i n  con l i r n r i r t i o r r  o1 -  t i r c  u ' r t v c - t l t con '  i s  t h t '

r r r o r c  s r r t i s f r r r ' l o r t ' ,  s i t r c t ' i t  i s  s h o s ' t t  r t  t h r  c l o s c  o f  t l r i s  l r i r p c r ,
l h l r t  t l r t ' t l r c r r n - o { ' r r l t r a - n r r r r r r l r u r c  c o r l r t r s c l t ' s ,  o r i g i n i L l l t ' P r r t

l i r r t l r  l r r '  la / io l t  J)u i / / i t r .  r r t t r l  . ' \ l r i rc  I 'ar t ,qnot t ,  r r l - tcr  conr-

r r L rn i c l r t i on  s  i l h  r \  r , ; i , 1a r i ,  l r r r t  r c - i t r v cn t c t l  hu l f  a  ccn t r . r r y  l i L t c r

l r r ' - / - r , t a , g , ' o1 - ( l t ' n cv r r .  r r r r r l  p r r l r l i shc t l  l t y  / ) r c i ' o . r /  l L t  I ) u r i s  i n

r  3  r  3 ,  i s  I ) ( ' n r l n ( ' n t l v  ovc r t l r r ou - t . r ,  l r v  dc f i n i t c  c r i t c r i a  o1 ' r u r r l o t t l r -

t c r l  va l i r l i t r ' .  I  I cncc  t l t c  w r l v c - t l r t ' o r y  a l o t . t t :  su r ' , ' i v t ' s ,  i s  s r r f f i r ' i t ' r t t

t o  cxp la i n  r t l l  phc t ron rcnu ,  an< l  t hc re l i l r c ,  i r t t i l i n s  i r  con rp l c t e

t r i un rph  I

L j n fo r t L r r r r t c l v  i L t  t l r c  l ) r c scn t  t i r nc  i t  i r l ) pc t r s  t l r r t  v c r t '

fcrv astrononr( ' rs  or  gcoln( i t ( ' rs  havc l rccn t ra i t - t t : t l  to l rxr l< r . rpotr

t hc  c t r r s t '  o f  r r n i vc r s l r l  g r r r v i t i r t i on  l s  t l i s< ' ove r ; r l r l c ,  u ' ) r c r c i r s  i t

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

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

s r r i t r r l r l c  l t v  / / , r / / , . t ' ; r n r l  S i r  / . t t t r  . \ ' t i t , / r t r z ,  r ( rS .1 .

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

s l r o t r l r l  t t t r r l i , ' i 1  p r , t s i l r l c  l i r r  t r s  t o  r t s t ' r ' r t r t i t t  t l t t ' t ' t ' l t s o n  l i r r  t l r t '

< ' t ' l e l r r r r t c t l  l l t t ' o r t ' r ' n s  r l i r cov l r c r i  b . t '  / . ay ' / oc t : ,  r  77 . J ,  t l ) l t  t ( )  t h ( '

f r r s t  l l o r v t ' r  o1 -  t l r t ' t n l t s s t s  t hc  t n : t j o r  l t x cs  r t t r t l  n t c r t n  r r r o l i o t r s  o1 -

t h c  p l l n c t s  r n t ' i n l r r r i i r l r l c ,  r r t t r l  t h r :  s i n r i l : r r  l r c l r r r t i l i r l  t l r t ' o r o r r

< l i s covc r t : t [  1> , t '  l l t i . r . r on ,  tSoS ,  t l r r t t  t hc  co r r s l . r r t . t c r - o l - t ] r t ' s t :

C l I t t t r ' t t l s  l t o l r l s  : r l s o  l o  l l t r '  : r ' r ' r r t t r l  J l r ) \ \ ' r ' r i  0 f  t l t ,  t r t ; r : . r ' .  l \ \ ' , ,

t h co rc r r r s  r vh i ch  u ' c  t r on ' gcne r i r l i z c  t o  i r l l  J ) o \ \ ' c r s  o f  t l r t '  r r r i r s scs ,

so  t h r r t  \ \ ' ( '  l n i r y  r l c c l l r r c  t l - r ca l r so l r r t t ' i n v r r r i i r l t i l i t l  o l -  t l r r ' l t l l r r r c l : r r t '

r t x cs  : r n r l  r r r t ' l r n  r r r o t i o t t s ,  so  l o r t g  l Ls  t hc  r r r r sse ' s  l r r c  i r r v i r r i l l r l t '  -

t l r c  o r r t c o r n c  r v o u l < l  l r c  t l o u l r l v  i n t c - r c s t i n g  t o  r r l l  i r r l t ' s t i g r r t o r s

o f  t hc  geo r r c tn '  r i l -  l l t c  h t ' r r v c t t s .

\ o  y r r o l r i c r l  co r . r l r l  l r c  n ro r c  r vo r t l t \ '  o f  t h ( '  ( ' o l r l ( ' l r p ) r t l i o t t

o l - l r s t r o n o r r r c r s  l r n t l  n l r t r r n r l  p h i l o s o p h c r s  t h a t r  t h c  < l t ' r r r o r r s t n r l c r l
( - l r u s t . o l ' t l r r ' 1 ' o r c c s  o r r  r i - l r i r ' l r  t h c  o r r l t ' r  r t n r l  s i l r l r i l i t v  o l ' 1 h c

t r t r i t ' t ' r s t '  r l t  pcn r  l s .

Part I. An Investigation of the Physical Cause
underlying the Forces of Nature which follow the

Law of  the Inverse Squares.

t . ' l ' h r '  ( i c r r r n l t r i c r r I  S i e n i f i c l i l r c c  o f  t l r c  I , r r n < ' t i o t r

.l' -- 12, t." . r,t' -t, - /t2 I,t" .
' \ pp l r r t 'n t l r '  i t  i s  r ro t  gcn( ' r ' l l l l \ :  rc l l i zc r l  t l r r r t  t l i c

la* '  t ' ru . t  l re  cx l r rcssc ' r l  r igoror rs lv  o t r l v  l rv  lne iu rs  o f
in tegr i r l ,  l l ' h ic ' l i  t l r i i cs  l (  ( ' ( )un t  o1 ' r ' r ' t ' r v  I ) i l l t i ( ' l c  in  (

t \ \ 'o ir t tr t tct lnf{ n)asscs :

\  r 'u ' ton i l r  r r
lL  scx t .u l r l c
' r r t  l r  o l '  t l r t '

( 1 , ) /  -  ( i  r l . r ' r l ) '  r l z  i l t  :

t l n t '  -  r i ' t l , r : '  c i t , '  t l : '  n t '  , ' =

a t  t hc  s ( l L l a r cs  o f  t hc i r  s cvc r i r l  n r

12 :  I . t ' '  - . . ' l t  F (_t ' '  - . r ' ) t  |  (z '  -  s)z (")

. l, l' .l (J, 1':,ii"-''" ii;; i1**: r : n,,,,' r 12 o
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t h u s :

, t  I f

.f'.1'.1','d.r tll rl:

. J ' i J , ' ' r l . r ' r l r , ' r l : '  
( ' )

r r tL r i r l  r l i s t i tnccs ,

' l 'hc 
usual cxprcssion for thc gravitat ional forcc is thc

l:rt tcr sirnpl i f ic<l ir-rtcgral fornt, . f  :  mtn'f  r2, rvhich is accurate
orrlv Ior sl thcrict l  lnr lsscs mirde up of concentr ic laycrs of
rrnifornr r lcnsitr ' ,  or for thc incl ivir lual part iclcs rcgardc<l as
p o i n t s .

Ur.rclcr tht:sc restr ict ions the law of gravitat ion has the
i r r tcgr : t l  {o r rn , . [ -mtn ' f12 : / t2 l12 ,  rvhcrc  /  i s  t f i c  ( ]auss ian
( 'o r )s t r l r t .  J i -o r  thc  sakc  o f  c lcarncss  anc l  s i r lp l i c i t y ,  l c t  l r s
rc l ) ros( ,n t  th is  in tcgr iL l  f r rnc t ion  graph ica l l l '  on  the  p lanc  o f  l r , .
' l ' l ro r  

l l r c  scnr : r i r l  fo r r r r  s ' i l l  bc

'  - [ - 1 2  r r  - r 1 ' \ ' 4

s ' l r r r r  s r :  l ) u t  I : , ,  * ' n , " n  i s  t h c  s i r n p l c s t  c a s c .

(+ )

r .  
' l ' hc  

casc  rvherc  n : r ,  t  rcc tangu lar  hvpcrbo l l .  I f
. f l  .-  r  \ \ 'c f inr l  _r,:  r /r ,  arrcl thus the curve obviously is a rcct-
' r r rg r r ) r r r  h1 .1rc r l>o la  rc fc r rcd  to  i t s  asyn ' rp to tcs .  I t  passcs  th rough
th t '  l ro in t  y '  ( . ^ ' ,1 ' ) -y '  ( t , t ) ,  and is  shorvn  in  the  accompany ing
f igLr r r :  I ' l r r t c  I I ,  l r v  thc  l inc  th rough thc  oo in t  rz  rvh ich  is  sy rn-
nrc t r i r ' ; r l  u ' i th  n 'spcr : t  to  thc  t rvo  lxcs .

: .  I l i r v i r rg  f 'o r rn r l  thc .gcon- rc t r i r :a l  rcprcscnta t ion  o f  thc
l i rn ,  t i r i r r  . r '  -  r . r . r ' ,  \ \ ' c  l l l tL r r l r l l v  cx tcnd thc  in r lu i r l  to  o thcr
i n t c g r , r l  v l l r r r ' .  o 1 -  t l r c  ( ' \ l ) o n c n t  , , i ,  r I n ( l  t h r t s  t a k e  z :  z .  

' l - h c

( ' i l s (  / /  o  g i l l s  r ) r )  (  r t r \ ' ( ' .  l ) l r t  on lv  a  hor izon t l r l  l i nc  t l t ro r r r lh  t l t c
pc , in t  , , r  l .  r  ; r r r r l  r r t v  l rc  t l i s rn issc t l  f ronr  cons i< lc r r r t ion .

l l r c  l i r r rc t io r t  _ r ' -  r , / . r . ' :  - . [ -A t l r '  i s  s l ro rv r t  bv  thc  ncx t
c r r rv l  t l t roug l r  t l r r '  Po in l  / ,  rvh i< :h  cu ts  th ; r t  o f  t ' :  r  l . t  in  suc l t  i r
s t r v  l l r r r t  l o r  l i r l t r c s  o f  , r ' g r c a t c r  t h a n  r ,  t h c  c u r v c  i s : t b o v c  t h c
rcc t : r r rg r r l r r r  h r ' l r c rbo l r r  rc fc r rcc l  to  i t s  asympto tcs ,  anr l  fo r  vahrcs
I t ' ss  t l r ru r  r .  i t  i s  l r r ' l ou ' thc  rcc tangu lar  hvpcrbo la .

.q .  In  ; r  s i rn i l : r r  r l r iLn l rc r  thc  f r . r r - rc t ion  ) , :  A2 lF :  l / r3  i s
shou n  l rv  t l r t  n t ' s l .  l i nc  inc l i ca tcd  in  thc  c l iagranr .  Thus  th is
c t r r l t ' i .  t in r i l l r r  to  t l r r t t  o f - t , -  r , / . r t2 ,  l ru t  rv i th  thc  c lcp l r r t t r rc  f rom
l l rc  r t  c l i rngr r l i r r  l r r 'p t ' r l ro ) i t  n ro rc  acccnt l ra tc t l .  A  curvc- r , :  r / . x4
r r ' r i r r l t l  l r r '  \ ' ( ' t  l l ro r ( ' s r 'P l t r r r tc r l  f ro t t r  the  rcc tangu lar  hyperbo la ,
lnrt l  so olr,  .r /  :  .5, (),  .  .  .  .  .  / i .  I t  is sclrrccl l '  rvorth rvhi lc to

l lL l rs r l (  th is  s t ' r i cs  o f  h ighcr  ( :u r \ rcsJ  s incc  rvc  sce  thc  tcnr lcncy
rcsr r l t ing  l - r '< r r r r  in t ' rcas ing  z ,  f ronr  ) t  :  r ,  to  t r  :4 .

1 .  I l '  r v t .  t , x t . t :n r l  th is  rcason ing  to  h igher  va l r rcs  o f  r i ,
rv t .  l l r r r l  t l r r r t ,  l l r t ' r r  r i  i s  vc rv  l i r rgc ,  t l l c '  f i rnc t ion  _ t ,  :  12 l r "  :  r  l {
i s  t l r r ' l i r r i t i n g  t - t r r v c  r r l r o v c  t h c  p o i n t y '  ( r , r ) , l n < l  l r c l o r v  c l c s c c n c l s
r i rp i r l l r ' ,  l r s  i l r ( ) \ \ : l r  in  thc  r l i ;LgnLI r r .  l t  n r r . t s t  bc  concc ivcc l  as
vcrv  l r ( ' : r r l \ '  P r r r l r l l c l  to  thc  l l x is  o f  . t ' ,  i tn r i  r : losc  to  thc  . r ; - r rx is ,
( ' \ { ' ( ' l ) t  l r ( ' i r r  th r '  po in t  y '  ( . r , r ) .  I io r  z :  co  thc  t ' t t rvc  s 'ou l< l
co i r rc i r l t .  in  r l i r c r : t ion  u ' i th  thc  i l xcs ,  c \ ( ' c l ) t  nc i r r  the  po in t  2 ( r , r ) .

s. I i rorrr this rutsoning i t  rvi l l  bc sccn ttrat a scric5 of
l inr.s nr;n'  l rc r lr i r11'n in the planc (.r,-r,) ,  for the function of thc
f irrt ' t '  r ' , r  n' ing rvith t l ic inr.crsc po\rcrs of the distances, , f  :

/ t l f r  l i o r -  t l r c  in tcgc ls  n . :  r ,  2 ,3 ,  .  .  . .  / / ,  wc  gc t  thc  i so la tcc l
r ' rrrvt 's shou'n. 

' l 'hc1' 
r lrc scl)uri t tc( l  l>.v f ini tc inten't ls rt t  al l

points of '  thc l l l rLnc (rr, ,r ,) ,  cxccpt at the point of intcrscctiorr
y'  (1 . i ; ,  rrnt l  rrrc casi lv unrlcrstoocl frorn thc i tccompant' ing f igurc
I r l r r t c  I  I .  

' l ' hc  
l incs  thus  in te  rscc t  i l t  o l l c  po in t  on l t ' ,  !  ( t , r ) ,

l rrrt  l rr t :  othcru' isc sl)rcir( l  ovcr t l tc plrrnc (r: ,1,),  rvi thin a cert i t in
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r c g i o n  S ,  l v i n g  a l r o v q  t h c  r c . t r l l g t r l r r  l r v l ' c r b o l a  f o r  . r ' -  r ,
to -r ' :co; and l tclos' the saicl hr.pcrbola .S' is the region for
la lucs  o f  . r ,  l css  th ln  r .

6 .  Nos ' l c t  our  func t io t - t  1 , : / t2 f : r "  l r c  g ivcn  t l rc  n rorc
gcncral fonr 

),_ Alf .r t+t (.5,

l ' l r c rc  l  i s  l .  c lcc i r r :L l  f i ' r c t ion ,  r ' - - -o ,  tn  r ' -  r .  f ' h is  u ' i l l  g i r -c
cont inu i tv  to  thc  f r rnc t ion  bc t rvccn  thc  in tcgra l  va lucs  zz  -

I ,  2 .  3 ,  .1 ,  .  .  .  , /  - : . t ) .

( - -ons i r l c l  thcn  tbc  r l c< ' i rn l l  f r l c t iona l  cx l )o l ro r1 .  t ' ,
, ' : o . o o o o  o r ,  ) , : o . g g ( ) g  l , : o , , , :  r .  I ) l . n ) i r l i i n g
, ,  \ ' r l r l '  < 'o t t l in r ro r rs lV  f ro i r r  l , -o .  t ( )  l ' . -  r ,  \ \ -o  sh l t l l  o l t v ic lL rs lv
f i l l  i n  thc  f in i t c  s l r rccs  l rc . t .u ' t . t . r r  1hc  c r r rvcs  cor rcs l to r t r l ing  to
in tcgnr l  v l ] r rcs  o1 '  rz .

7 .  
' l ' hLrs  

thc  f i rnc t ion  o f  t l r ( '  fo rccs  -1 , :A '1 , ' '  i '  r v i l l  l r c
c o t l t i n u o u s ,  s i n c c  t h c  c x p r c s s i o l l , i ,  . =  t  l  x " '  r ' . : c ' ,  7 1 .  -  r ,  2 ,  1 , ,  .  .  ? t .
, ' -  o ,  , ' :  I ,  \ \ - i i l  l r o l r l  r r i  a r r r '  l r o i t r t  o f  t h c  r c g i o n  u r r < l c r  < l i s -
cuss io t ' t .  

' fhc  
s 'ho lc  sc r - i cs  o f  c t r rv t :s  o l rv ious l l .  i111 '611,6 . , ,

< lo r r l> lc  s r r t rn r i t t ion  :

S  \ r ,  t . . , ,  .  ,  t ^ . ,  *  D .
_  L t l . \ ' t l . t  

t r z . t \

i l  o ' t  o

(6 r

ove  r  t hc  sp i l c c  r cJ ) r cscn t i ng  t hc  1 - r r nc t i o r - r  ) , :  I  l . \ ' " .  r / . r ' ' ,  r v l t i c I
i s  o u t l i n c r l  i n  t h c  : r l r o v c  i l l r r s t r : r t i o n .  I : o r  i r n r ' o n c  v u l u c  o f r ' ,  t h c
l l r l r r c s  o f  t l r c  f i r n t ' t i o n  o f  t l t c  1 - o t c c s  i s  r c s t r i c t c ( l  t o  l  l r o r i z o n t r r l

l i n c ,  r ' c t  , / ' , , , , , y  n r l r l  l r c  l r t  ; n r r '  1 ; o i n t  o n  t h r '  l i n t ' .  r ' o r r t ' s l t o r r r l i r r g

t r r  r i i l - f c r cn t  l r t t  s  o l  l o r c r '  . / -  / : !  r "  "  .

S .  r \ c ' r ' o r < l i t r g l v  t l r t '  l i r r r c t i o t \  . [ :  / t 2 , i  r " ,  o r  - t ' ' =  1 , , 1 . r " . r , ' . r ' '

i s  t ' on t i nuous  ov r r r  t l r c  s l t : r c c  i nc l u r l c r l  l r c t u ' cen  t hc  cx tn ' r n t '
c t r r vcs :  1 l n ( l  t h ( :  s t r r n  t o t t l  o f  t hc  c r r r vcs  r vh i ch  co t r l r l  l r t .  t ncc r l
u ' r x r l < l  bc  t he  r l o t r l r l v  i n f i n i t r :  s r : r i r : s ,

/ / - N \ /  i l

. t '  - -  . \ ' i ,  , :  : ]  : t '  / . r "  .  r / . i  '  ( . i  
)

r . lcpt ' ' r l i .g  on thc 1, , , r ' ,  l i i '  -  t r , ,  , '  thc f  orcc v i r r i .s  rv i t l r  thc
< l i s t  l r  n c t ' .

9 .  \ \ - i t h i n  t l r r  l i n r i t
o1-  r ' r rn ' t , s :  l r r r l  l r c l r i ' r ' t ' t r  t l t c
i r r i i n i t v  o f  c r r r v t ' s .  I I c r r c c
r l c s < ' r i l r c r l  r t l r o v r ' ,  u r '  l r i r l t

/ /  N v  I

. \ .  \ -  \ t  / , , , , . ,  .  / . ,"  ; 2 " '
/ /  o  Y  r ( )

)t  a, / t  -= cr:,  thcrc irrc an inf initY
l i r r i t s  l ' - -  o ,  ) ' -  r ,  t h c r c  i s  i r .  s c r ' o n r i
in  t l r c  sp : rc t '  ̂ \ ' , ,  r ,  ovcr  thc  i r rc i r

t l r c  i r r t C l r i t l :

/ /  \ ' /  I

, '  - . f '  . f . f i . . r , - ,  .  r l . r  < l r , : . . / f s )

r o .  I t r  t ' o t t c i r r s i o n ,  r v c  s c c  t h i r t  1 : r f t " .  l i r r  i r : o  i s
n ( )  c u r v c ,  l r r r t  o n l t ' r L  s t n t i g l r t  l i n c  p i r r l l l c i  t o  t h c . r ' - l x i s ,  \ ' c ' t  l o r
r r l l  i r r t cgru l  t ' i r l r rcs .  ) /  :  1 .  2 )  ) t ,  thc rc  a rc  i so la tc< l  J incs ,
c lc r \ ' \ \ : l r c rc  sc l t i r r i r t cd  l rv  f in i t c  in tc r l l l s ,  cxccp t  nc t r r  t ' hc  po in t

1  i . t . t ) .  l l y  in t ro r luc i r lg  thc  f r i rc t ion i r l  cx l toncnt  1 , ,  _1 ,  -  r l r " . r  l . t '  ,
, ' E o . .  .  . l ' : r ,  \ \ ' c  g c t  t h c  c o n l i n t r o l r s  s c r i c s  o f  l i D c s  f o r  f i l l i n g
in  thc  p l r rnc .  l r t : tu ' t ' t ' n  t l r c  in tcgr l i  l i ncs ,  n 'h ich  g ivcs  i rn  r r rc r r
^ \ ' , . ,  r 'o l r : r t '< l  l x -  t i r r .  ( 'L l r \ - ( ' s  1 ' - ( ) i . r ' , r ' , \ :

/ / - N ' / : : l
G r .

. \  /  I  l / . r ' , r  , l . r ' r l r ' - . /
r t  ' )

i l  ( ) ' /  c)

(e)

Souclernunrnrcr 4 r o

rr.  I t  apltcars that the expression for t l .re gravitat ional
forccs s' l .r i r :h go\.cm thc rnotions of the planets in their orbits,
tratrrcl l ' :  f  --  n nt ' , t '2 t  l -ras the forrn hcrc trcatccl of,

. f : : , : / t 2 f r , ' : r f r 2  ( , o )

i f  t l r c  g r r rv i t ; r t iona l  cons tan t  o f  Gat t . r . r ,  h :o .o r7zozog8r4 ,  l ;e
t:r. l<cn l ls trnitr-.  s 'hich wc can do in studying the function
of  thc  a t t rac t ion  in  i l  s ing lc  s ) ' s tc ln .

r z. 
' l 'hc 

l i rnr:t ion of thc planctir-ry forces, , f  : .y:
/ t2 f  r2 :  r / .r :2 thLrs corrcsponcls to a single l ine in a bounded
rcgion of l  l r l i rnr ' .  ; \ncl t l -rc question natr.rr iLl ly tr ises:r.vhv is
Nl.turc's lau' rr.str i<-tccl to this onc choicc? Arc: r.rot an inf ir ' r i t1.
o1-o thcr  lus 's  poss i l r l c  l rv  a  rncrc  c l rangc  o f  thc  cxponcnt  f ro ln
z  lo  t t  - f  t ' ?

r : .  (a )  l t  i s  cc r t i r in l t .  cs tab l i shcc i  l t y  obscrva t io t r  t l i l t
l to  in tcqr i r l  cx l )onL. l t t  c t r r r  cxp la in  thc  p lanc tar ) '  l l o t ion \ ,
t ' \ ( 'c l) t  / /  -  ?.

( l r )  I t  i s  cur ta in  tha t  no  f rac t ion i r l  cxponcnt ,  , , :o ,
to  r ' :  r ,  rv i l l  l ro l r l  fo r  thc  so l i r r  s ) ' s tcm.  un less  i t  i s  r , :
o .oooooo r  o4( r ,  o r  snra l l c r ,  cor rcsponr l ing  to  thc  mot ion  o f
l l c rcur l , .  I , ' o r  t l r i s  va l r re  u ' i l l  cxp la in  th t :  o r r ts tand ing  anomaly
i t r  thc  n ro t ion  o f  \ ' l c rc t r rJ , ' s  pcr ihc l ios ,  i f  1ny  s lch  anorna ly
rc r r l l v  c .x is ls .  ( r '1 ' .  , , \ .N . .5o48,  J r .  r43 . )

r 4 .  
' l ' ) t r r s  

t l t c  r c s t r i c t i o n  o f  N a t u r c ' s  I l t s .  t o  t h c  i n t e g r a l
r . ru rn l rc r  z  i s  ln  c r t ru r t r< l inury  l thenomcnon:  therc  i s  too  snr i r i l
l  p ro l ra l r i l i t r ' ,  onc  ou t  o1- r r  r lo r rb le  in f in i t y ,  to  a l lou 'us  to  ascr i l rc
th is  rcsLr l t  to  t 'h rn . r t ' t ' .  I t  i s  thc rc fo re  rvor thy  o f  thc  mcc l i ta t ion
of -ph i losop l r t rs  rv l rv  l r r l r r rc  l r rc fc rs  su< 'h  rcs t r i c t ion  rvhcn a
r lo t r l r l c  in f in i t v  o l '  o t l rc r  l i r rvs  a rc  mathcnta t ic : r l l y  poss ib lc ,  . vc t
u 'c  kno* '  l r l  ohscrv i r t ion  thu t  on lv  /z :2 . rca l l ) '  c \ i s ts .

z .  C c o r r r c l  r i r : r r l  a n r l  I ' h y s i c a l  I n t c r p r c t a t i o n  o f  t h c
L a l v  o f  N e z a l o n .

As shorvn in thc p:rss:rgc above citccl, front l,l//tezac//'s
II istort.  of thc Inr ' lLrct ivc Scicnces, the reitsoning of Hal/c1',
. i \ugust, r(rf i .1, i rrst l )r ior to his visi t  to Arezrt/ott  :r t  Carnbri<lge,
s . l r i r : l r  l c r l  to  t l r t '  l r re  p l . t -a t ion  o f  thc  Pr inc ip ia ,  r684- r63( r ,  u 'as
to  thc  fo l lou ' ing  l l l i ' c t :

r .  (  l l r v i t l  i s  l rn  c r t ran i l t ion  f ron t  thc  sun,  and c lcc reascs
in lc rs t ' l v  l rs  th t ' s ( lu i r rc  o f  t ] rc  d is tancc ,  bccause the  sphcrc
sr r r l l cc  ovcr  s ' l r i ch  l l r c  cnra .na t ion  is  c l i f fused in  space incrc lscs
< l i r t : r ' t l v  r rs  t l r t ' s ( lu r l rc  o f  thc  c l i s tancc .  Thus  two sp l rc rc
s t r r faccs  i r t  r l i s t l rnccs  r  tnd  /?  a rc  rcs l tcc t i vc ly :

. { t 'cor t l i t tg l l ' ,  rv t

s r r r l r r < ' c s :

. s  -  q , r  t ' 2  , \  :4n  R2 .  ( t  t )

Ir irvc 1-ron.r thc proport iotr betr l 'ecn thcsc

.\ '  -  ,  /?21 12 . ( t  ,)

. , \rrr l  i1 '  A':  zt ' ,  t l r t '  r t 'srr l t  is ^S:4.r,  rvhich puts / / t t / /e-1"g
g t 'o r r rc t r i c i r l  rc i l son ing  in  thc  s in rp les t  a lgc l l r i t i c  fo rnr .

t .  / / t t / /r .r 's rcirsoning is also i l lustratcd bv thc fol lorving
gcornctr icl l  i isur( ' .  \ \ ,hich sho."vs grapl i ical ly l-rorv the sphcrc
sur l : r t ' t '  i s  t l r r r r l r r rp lc< l  a l  r lou l r l c  thc  c l i s tunc :c .

' [ 'hc 
l i ru'  of '  r lccrclsc for a p]rysical onanation shoulr i ,

hou'cvcr, h:rvc rr phl,siq-1 groun(l lbr fol lorving thc larv of '
al) l)rrrcnt i l l rsul l  r  rragt 'r i tur lc, rvhich is thc invcrsc of thc
gcornctr ical eiprrnsion, lnt l  is clcr,clol)cd in para.graph 4 bclo$'.
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F i g .  r .  I l l r r s l r a t i n g  r h c  i n c r t a s c  o f  l h c  l r a s c  i n  a  J r v r a t n i r l a l  c l c n t c n t
o f  r  sphcrc  sur fa r :c ,  a t  r l i s t lnccs  r -  an( l  -4 , .  A t  a  r l i s tanr :c
l ' - : r ,  1 h c  c l c m c n t  o i  1 h e  s r r r f a c c  . ! .  4 . r ,  r r h i c l r  c x | r n s c  o f
t l rc  sp) tc rc  s r t r t rcc  t r rs  in raq inc< l  l t v  1 /a1 / r .1 , ,  r ( rS .1 ,  lo  rvea l i cn
1 l r (  l r n i r n i r t i ( ) n  o f  t l r c  S r r n .  

' I ' l r c  
r t , a l  l r h r . s i r . r r )  r t ; r s o n  l i r r  t l r i s

r r c r r k t ' n i n g  o l  t l r c  c r n ; r n r t i o r r  r t  i n c r c : r s c r l  < ) i s l l n < . c ,  l r o r v c v c r ,
i s  l l r c  r l r ' <  r c r s c r i  c r o s s  s c c t i o n ,  L r n < l c r  t l r c  s q r : a r t :  o f  t h c  a n r l r ) i t r r r l c
o 1 - t l r c  l r l t , s .  s l r o l n  i n  I ' l a 1 c  I  a l r o v t : ,  n r a k i n g  t l r c  l . a v c  c n c r g y
l o l l o *  l h c  1 t * , . f - , / ; t j y t ,  r ) o 1 "  t l r f  p L r r t ' l v  g e o r r r c t r i r . ; r l  g r o r r n , l
c , r i s i n a l l ) '  a s s i g n c c l .

3.  r \ccor r l ing ly ,  i t  appc l rs  l )y  1hc  s l )hcr ica l  I )ynur i (1
showI l  in  l - ig .  r  tha t  thc  s l )hcrc  sur lac( ' i s  r lu l t r l rL r l r l c r l  u t  t l r c
or ig ina l  c lo r rb lc  r l i s tancc ;  i rn ( l  thc rc f  o rc  thc  rv l ro lc  sphcrc

Sotrclernumnrer

i nc rcasc  o f  thc  nmpl i tu r lc  o f  thc  s ' r r les
ar ro rv  shou 's  the  l r ropcr  mot ion  o f  thc

surf irccs ol racl i i  r .  i rnt l  -P, drawn about a colnmon centre. stand
i n  t l r c  r ' , r t i o : . r : ^ t :47r  12 ' .4n  r tz  S :s  (R l r )z

$ ' l ) i l l { ' \ ' (  r  l r c  r?  : r r t t l  z .

Jt is truc, thcrcforc, as l lal ley conceived in August,
r684, lrcfolc his visi t  to Neutton at Cambridge, which resulted
in thc prt 'pirrat ion of t l rc Principia, that a geometrical emanation
frorn tht '  SLrn rvoulcl bccomc cl i f fused, so as to decrease invcrsely
as  thc  s ( lu l rc  o f  the  d is tances :  ye t  the  qucs t ion  remains  as  t ;
thc phvsir-:r) n:rturc of this cntanation, and rvhy i t  fol lou,s a law
thc  in l t , r .q '  o f  thc  gconrc t r i c rL l  inc reasc  o f  th ;  sphere  sur face .

.1. Irr r \N 5o.+.+, p. 54, l jy r igorous reasoning, in rcspcct
to rvrr l t 's lrrocccrl ing frorr i  a centrc, wc f ind that the larv of
rn r l r l i t r r r l t '  l i r r  thc  s 'avcs  is  ,1  :  A l r ;  anc l  thc  law o f  fo rce ,  g i r -c r - r
l11 ' t l r t ' ; r r '1  i r rn  o l -  thc  rvuvcs ,  undcr  s tcadv  f low,  i s  f :A2 f  i .2 ,  t t s
co l r f in r ( ' ( i  l x '  o l rsc r ' , ' a t ion  in  thc  g rav i ta t ion  o f  the  hcavcn lv
l ro< l i cs .  I t  t l rus  appcars  tha t  thc  fo rnru la  l : t l r2  po in ts  to
* ' l ' c - r r r : t i . r r  i l s  thc  law o f  na t r r rc .  Thc  anrp l i tudcs  o f  t le  \ .avcs
at  r l i f f c ru r t  < i i s tunccs  arc  i l l us t ra ted  in  F igure  z ,  wh ich  shos .s
Itorv thc acthcr is churnccl up by thc increase of antpl i tudc
tos.rrrr ls l l rc '  t ' r 'ntrc, :urr l  thcreby rendcrecl of heterogeneous
c c n s r r \ '  6 _ t ,  1 . .  ( r s )
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F ig .  z .  I l Jus t l r t r ng  t he  asvmp to t i c
acthcr hctcrogcncous.  Thc

torvards thc ccntrc,  rvhich rcnders thc
star  crrr rv ing thc s 'avc-f ic ld u ' i th i t . r
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5. This rcsLrl t  is so irnportrrnt in shotving that the aethcr
about theSun, unrlcr a stcacly f l6\\ '1) of rv:rvcs from that centrc,
cannot bc of I torrtogct-tcoLts dcnsit1.,  l tut r.r-rust clccreasc in cicnsit l '
to* 'ards thir l  ccntrc of cl isttrrbancc, orving to thc incrcasing
anrpl i tudc of t l rc s'rrvcs. thiLt r i 'c rcl)cat J):rrt  of thc cl iscussion,
A\ .5o4.1, p. 5-1.

Thc  r l i sp l r< ' r ' rno t t  o f  l rny  par t i c lc  o f  l r  n tc r l ium due to
rvrrvc ntot ion, of ir  givcn rv:rvc Icngth, is int lcpo-rr lcnt of t l ic
pcriodic: t i r trc, lurr l  sir-rcc thc osci l latorv orl t i ts of t l tc part iclcs
arc r le scri l rccl in cr lual t inres, unclcl continuous i lorv of thc wavcs)
thcsc  orb i ts  u ' i l l  bc  p ropor t iona l  to  thc  c l i sp luccn tc l t t s  o r  o thcr
horno logor rs  l incs  per ta i r r ing  to  thc  pcr io r l i r :  l r l ths  o f  th< :
par t i c lcs .  Lc t  thc  vc loc i t i cs  o f  thc  tno t ' ing  1 : r r r t i c lcs  l rc  z ,  a r t r l
n t  thc i r  rnass ;  thcn  thc i r  k inc t i c  cncrg ics  r i . i l l  bc  rcprcscntcc l
by1 f  tnz ,2 .  In  t i rc  s l rhcr ic r l  cxpr rns ion  o f  t l re  ac thcr  w i rvcs
thcrc u' i l l  l rc no loss of t 'ncrgl in frcc spacc; l t t :ncc ot1 two
suc< 'css ivc  sphr . rc  s r r r l l r . r ' s  o1 ' th ic l incss  d i . ,  thc  cn t . rg ics  l r r , .
c r l r r ; r l ,  s o  l l t ; r l  r l l  l r ; r v l

4 , ' r  t  
2 '  1  i , n t  ? )2  -  1 ; t  r ' 2 . r  f  um  z t ' 2

o r  - , : .  " , , :  _  , . . j .  , . : ( r.+.)
Thc k inc t i c  cncrgy  o f  th r :  r ' i l r r i r t ing  nrok : r : r r l cs  v r r r i cs

invcrsc ly  as  thc  sc l ru t rc  o f  thc  c l i s t . r rncc .  l lu t  thc  vc loc i ty  v r r r i cs
a lso  as  thc  t rn tp l i t r r r l c ,  in  s in rp lc  l ra r -n ror . r i c  r r ro t ion :  thc r r : fo rc
fo r  thc  a tn l t l i tu r l cs  ' l '  ; r r td , .1 " ,  r 'o r rcs l - ronc l ing  to  thc  r . r r r i i i  r . ,
a n ( l  / ' " ,  s ' c  h l v r ' ,  b t ' t r r l i i n g  t h c  s r l u l r r t '  r o o t  i l  t , r l r r l r t i o n  i r . 1 ' :

; ' t  , , 1  - )  ' . ) '  , . t s l

, l '  . l ' , ' r "  / ! ' , " .  r / )
r \ < ' t ' o r c l i n g l v  t h c  n r r p l i t r r r l c  o r  s i r l r , r l i s p l i r c c r r r t ' r r t  l r c r . o n r < , . ,

, . t  
7  ,

( t lj.)
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rvhich is thc licll ]<nown formula for the central force of
gravitat ion unclcr thc Newtonian law.

7. \\rc c:onrc thercfore to the obvious conclusion, tha.t if
grat, i t :r t ional l- : tr .cs in t l-re aether be reccding.from the Sun,
Lrnclcr stca(l \ '  f lorv - as they certainly do in the form of l ight
an(l hcrl t  -  thcn thc acthcr wi l l  rcact towards that cenlrc
rvitl-r tlic forc c f -/t2f 12, trs shorvn for gravitation by Neutlott
i r - r  t .hc  I ' r in t : i1 t i rL ,  r ( r l i7 .

(a) In l taragnrph 4 above, tve show that the ampli tude
of t l rc u'rvcs incrcascs lorvards that centrc, invcrseiy as the
nrrl i trs, . I  -  I f  r  ,  l rrrcl  t l rus t l-rc acthcr is heterogencous, rvi th
rrr 'r '  ol- l l rc lrrop.rt ics of un acolotropic inf ini te elast ic sol icl
( .A-t ' l t , i t i1, vct rr: l l l l  a rvorlr l  gas in kinetic equi l ibr ium.

(lr) 
' l 'hc 

cncrgv of r l ' i rr .c act ion is as thc square of the
iL r r r l r l i tu r l c ,  . / ' :  / t2 l r2  ,  i t s  o l rsc lvc t l  in  the  l : rq '  o f  g rav i ta t ion ,
anr l  r l i sc r rssc t l  l l rovc  i r - r  1>aragra l th  6 .

(r") ls sLr<'h rur r:rnanatior-r confornrablc to the rcasoning
o l  / /a / / t . t ' , , , \ r i sus1 .  r6 l l4 ,  rvhcn hc  r l i scusscd t l rc  p rob lcnr  u , i th
, \ i c i t , / ru t ,  l i n r l  l r roLrg l r l .  a l rou t  thc  p rcpanLt ion  o f  thc  p r inc iy r ia ,
r(rS6? 

' l ' l r is 
is ;rn irrrport: tnt qucstion, owil tg to 1\reit . t lois vicu,

th r r t  g r ; rv i t v  j s  r i r rc  to  i r r ipu lscs  ( rvavcs)  in  the  ac thcrca l  mcc l ium.
(r l ,  \ \-r '  1t ns\\ ' ( ,r  thl t  thc rv:rvcs in t l .re a.cthcr hcre dcscribecl

t ' r r r ros l r .n r l  I r i rC t l !  $ ' i l h  $ 'ha t  Ncuto t t  ca l l cc l  i rnpu lscs  in  thc
r re  th r , r ,  ; rn r l  l l r l i r l l  t l r c  l rL rv  o f  thc  invcrse  squ l r rcs ,  cn tc r ta incd  by
//, t / i t . t ' . ; \rrgrrst,  r6S.1, lrLrt a. lrc:rcly j<nown sor.r-rc t irnc bcforc to
l7y ( ' /11.1;/, t l l t tr  l l ' r tn artr. l  tYeru/on.

S.  
' l ' l t r '  

\ \ ' r l v r ' \ ,  ; t s  ; t  s l t ' l r r l r '  l l o r i '  o f  c r l i r l l r t io r r  r l i r c . r ' t . r l
i - r ' o n t  t l t r . S r r r r .  i r r r t  r ( ' r t ( . t i l r g  t o u ' l r r c l s  t h i r t  c c n t r c ,  f u l t i l l  t h t
l r r u  o l -  t l r l  i r r l r ' n r i 1 r '  r r . r l r r i r c c l  g c o r n c t r i c a l l r .  l x .  ] ) l a t c  I  a n r l
i l l t r : tn t t r l  n r , ) r { '  { "1 r (  r ; l l l l  l r v  l i i g .  z  : rbor .c .  ' l ' l i c .  

so l i r l  ang l t :
s t r l r t c r r< lc r l  l r v  i r  i ro r l r -  i r t  i l nv  d is tance is  6 :4 r r f  n ,  whcrc  rz
is  i r . r ' r v  r r r r rn l rc r  rc l r rcscn t ing  thc  fn rc t iona l  par t  o f  thc  sphcrc
sr r r l i r . c ,  r r . r r r l  l r c r r . r ' l .hc  f r r .u l '  S :s (Rf  r )2 ,  g ivcs  fo r  a  g rca tc r
r l i s t : rnc t '  A ' ,  u ' : ,1 ; t  f  t z ' ,  thc  c r lua t ion :  o ' I?2 : r , rz2 ,  whcncc

r , t '  =  14  (7 f  1712 ( r , )
rv l r i . l r  i s  t l r .  l , r r r r r r l r r  fo r  th r :  so l i r l  lng lc ,  in  l r la_cc  o f  thc  su t . f . c . r :s ,
l  i q .  r .

In  t l r i s  r i ' r r r ' .  l ; r '  thc  < l t ' c rc r rs i t rg  so) i r l  ang lc ,  onc  cou l t l
t : r l r i i r in  t l r c  cnrL : t r r t ion  cn t t : r t l i nc< l  l * ,  11o/1 t : , ,  ALrgus t ,  r f ig4 ,
t r n r l r : r  t l t .  ] r r * ' . 1 - 1 l r .  i r t ' r ' r . c , s ' l u , l r c ) . r l l - ( i L r l y  k n o r v n  t o  l . l r r e t z
i t t l ( l  - \ ' t ' i t , / / ) ) t  5 ( ) n r ( '  I  i r n c  i l r . f r . r r c .

9.  I l r r t  i t  i s  vcn-  i rn l to r tan t  to  shorv  tha t  therc  i s  a
ph ls i t ' : r l  r rs  u  t ' l l  l s  i r  gco l l t c t r i ca l  rv : ry  o f  loo l< ing  z r t  t l t c  cx -
p lcss ion  l i r r  thc  s { lu i r rc  o f  t l t c  ampl i tudc  o f  thc  wavcs  as
lbl los's. Lct rrs r lrr t 'nt l ;cr t l rat thc ampli tudc ,,1 : l f  r  is t l tc
siclc nrot ion r l t ' l r ictcr i  in t l ' rc l t lane of t l -re wave-f ield shorvn i tbovc
in prrnLgnrplt  .1 :  rrrrr l  hcncc that the squ:rrc of thc antpl i tudc
, .12 : . [ -12 f  12  is  t ] r t ' r c l r r t . i r , c  so l id  i tng le  o r  con ic { r l  c lcmcnt  o f
thc  s l rhcrc  s r r r l i r< 'c  t lo r 'oc r :up ied  by  thc  contn le t ing  \ \ . l ves  a t
iu rJ :  g rc l t ( ' r  < l i s t l r rc t .  /1 ,  so  tha t :

. l  - / r  r

atrrr /-tt lr: , l '  .t , l  ttr." _,,),,,uuiu,:;,1*n _ ,r,,
rvhich is thc LLrv of t l r t '  pr>tt 'nt i i r l  f i r-st uscrl  l ;y Iaf /orc in r Tl lz
(Ocr rv rcs  ( -o rnp l i t cs  < lc  1 .o f  / t t t c , ' l ' o r r rc  X ,  1 rp .  . j4S, ,3 .5 : ) .  

' l ' l r r rs

i t  a l tpc . rs  th . t  i f  t l r . r t ' l r c  u . t l r t ' r  * r r ' cs  1 ; roPa.g . tc r l  ' r i t * , : r r t l l v
f ro r .  any  'o lc r - r r l .  o f  . , i l ( ' r ,  thc  r r r .P i i tu r l c .  . r  r ' l r x i r r t r r r . r  s i r l t '
c l i s l r lu r :c t r rc r . r t  o f  t l t t .  osc i l l r r t ing  l r r r r t i r . l cs  o1-  th r .  : r r . t l t c r .  r i . i l i
v l t r v  i t t v t ' r s t ' l v  l r s  t i r r :  r r r r l i L r s  o l -  t l r c  s p l r c r i c ' l r l  * . r L r . t ,  s r r r l , r c r , .

f i .  ' l ' l r c ,  
thco lv  o1 '  t l t c  i r r t rp l i l  r r r l c  o f  s te  l r r l v  u ' r r r , . r .  n ro t  ion

f r o n r  t l t c  S r r n ' s  c c n t r t ' l r c i n g  t h r r s  c s t a l r l i s h c t l ,  o n  r ' ; r l i , i  g , . , , -
r n c t r i c u l : L n c l  l t h t ' s i c r r i  g r o L r r t r l s ,  i t  o n l v  r c l n a i l l s  t o  i n t l r r i r r , i n t o
t h t :  I u r v  o f  c n c r g r '  f o r  t l r i s  u ; r v r ,  , r r . t i o n ,  r r t  a n l . r l i s t i r n i . t , .  , \ s  i r
p r r r t i c lc  in  s in rp ic  h i r r r ron i< .  r r ro t ion  l r r rs  thc  r .c loc i t r ,

Sortclernunimer

l r t . t  )

( z o ) r la '  :116,711prz

i rn r l  thc  cncrg '  i s  

t '  '=z ; r  
" l l / : ( ' zn f  i )  / t f  r

l i  = |  i  " t t t  7!2 - 2n ;, ' t , t  7z '  / 'zf 7'z
t l t c cnc rgv  l r t , i ng  l r r o l r o r t i on i r l  t o  1 l on t t , 2 ,  r v t ,  l r r Lvc  f b r t hc  cn r : r g r .
o f  t h c  a c t i o n  i n  l n r . L r n i t  o f  t i n t c ,  t h c  s i r n p l c  c x p r c s s i o n

[ : 1 r t 1 , ' z

l ) I t i s r c l n l l r k l t l , l c t ] l l r t l ] l c r r . l t v t . - t l l t : o r t ' i r s l l ( ) \ 1 , t l c v c J r r 1 l c c l I c l t t l s t l l t l l ( ' ( . ( , l ( , l ) r l l t ( ' ( ] t h c o r v o f t l t c I t l s i c

$o t t l t l  l , r '  l r t ' r t r t l  o t r l r -  l r v  thc  gods ,  rv i th  scnscs  ana logous to  ra r l io  rccc i l ing  sc ls ,  appropr ia te  to  l rc ings  i i v ing  in  the  ac thcr .
L;.\ l:?'. t t.: r,t ' , ( 1/n r,ri.

i n f r n i t r ' l v  i r r r 1 1 1 1 l 1 . s  n l t l l r r .  . r l  l l r '  \ \ a \ . c - f i ( l ( l s  o f  t I c  p l a n c l s  t h t :  r r i e r l . r  i s  r . i . r r c r l  t o  c q u a t i o n  ( 7 t a ) .
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T l rc  cnergv  o f  thc  s 'a lcs  i s  as  thc  squ i r l c  o f  thc  anrp l i tu r le ;
bu t  thc  cont r l rc tc ( l  r r rca  o f  the  sphcrc  sur l j rcc  on  rvh ich  th is
snmc \\ 'alc cnclgv acts is also proport ional to (.r f /?'12 tt t  thc
r l i s tanccs  r  an< l  /1 .  F Icncc  as  t l i c  c r tc rgy  in  s 'avc  i t c t ion  is  i t s
the  s<1uurc  o f ' thc  anrp l i tu r l c ,  a r - r r l  thc  c lenrcn t  o f  thc  so l i r l  ung lc
of thc sphcrc slrrfacc clr ' r ' ,  on s-hich thc crontr lctcr l  \ \ ' { lvc lcts,
l i r l l o rvs  th r :  sur r rc  l i r l y  o f  c l i s tun<:c  invcrse l ) ' ,  thc rc  i s  i l  < loub lc
proo f  th i r t  t l r c  lau 'o f  thc  i l r vc rsc  s ( lu i l rcs  shou l r l  ho l t l  tn rc  in
l r i l tL r rL . .  I t .  rcsu l ts  gcor rc t r i ca . l l l  and  a lso  ph1 's ic i r l l v l

ro .  In  v is i l r l c  con f i rn ra t ion  o f  tb is  rcs r r l t  \ \ ' r '  r r i r l  i r rx r r { in t ,
a  po in t  on  t . l r c  asvnr l r to t i ( :  t i l l rgc l r t ,  o1-  l lny  onc  o f  t l r c  \ \ ' avc- r : t ) ' s ,
z r l ;ovc  r l cp ic t r r r l ,  to  r -cvo ivc  about  thc  ccr r t r i r l  i r x is  o l -  thc  s ' r rvc -
ra \ ' ,  so  l l s  t ( )  gcncr l t l c  in  sp l tcc  thc  basc  o f  i t  t ; t1 ' r ' r i t tg  r - r ' t t , ' :
thcn  thc  c ross  scc t ion  o f  thc  conc  u t  anv  r i i s t i rn< 'c  r  rv i l l  l - , c

l r ro l ro r t ionr r )  1o  l '2 f  12 .  
' l ' h is  

i s  thc  s r r r f rcc  o r r  u l r i c l r  t l r t :  r t ' cc t l ing
\ \ ' : l \ ' ( ' \  l l ( ' 1 ,  l r r r r l  <  o n l i r r n r s  t o  t l t t :  l l L * '  ( r f  r l t i v c r s l r l  g n t v i t r t l i o n .
l  l -  t l r c  \ \ ' l l cs  l l r c ru . l i r rc  cx is t ,  l s  pos tu la tc (1 ,  th t ' r ' c  < ' r r r r  l r c  no
< loLrb t  t l r i r t  t l r c  \e rv to t - r i rn  l l r rv  shou i r l  h rvc  thc  l r rn . f  :  f t2 f  72 .

\ \ ' c  sc 'c  a lso  b1 ' th is  inu 'a r r l  inc rc r rsc  o f  thc  ru rp l i t r r t l c
, ' t  :  I l r ,  th i t t  t rn r lc r  thc  s tca< ly  f l rx r '  o1 '  \ \ ' ; r \ ' ( ' s ,  t l r c  r r t ' thc r  i s
r rncqr ra l l l '  r ' l r r r rncr l  u l ) ,  so  tha t  lnc< l i r . r rn  ( ' i l l r l r ( ) t  l r c  i ro rnogcnt 'o t ts ,
l l r t  r r r r r s t  l r c  o 1 ' l t ' s s  < l c n s i t v  t o r l ' r r r < l s  t l r c  c c n t r r ' ,  s l t c r c  t h c
l r r rp l i t r r r l cs  : l l ' ( '  g rc i r tc r ;  thc  r l cns i tv  o f  th is  l i i n t ' t i c  n rcc l iunr
thcrc lb r r -  inc rc ' l scs  o r r tu ' r t r r l l r '  < l i rcc t l v  as  the  nr r l i l r s ,  : tn< l  th r ts
i t  p r c s s c s  s t t r r l i l i ' i n r r ' l r r r l  t o u ' l r r r l s  t h c  c c n t r c  f r o n r  r v h i c h  t h c
\ \ ' l vcs  r r r ( '  r t ' r ' c ' r l i ng .  

' l  
l r i s  rc l r r - t ion  o f  thc  ou t l lo \ \ ' i ng  \ \ ' l vL 's ,

t 'o r rcspon< l inq  1o  11rc  l r r r i  . / . . .  1 '2 , '12 ,  r i ' h ic l r  l r t  th t '  s l r r r r r :  t i t l c
l i c c l t s  t l r c  r r c l l r c r  l r r t c r ( ) g { ' l r { ' o u s .  r r n r i  t r n < l c r  : l c l r r l v  i n r i l r r r l

I ) r c s s r r r ( ' .  i s  l l t c  c i r r r s c  o 1 - r r t t i v c r s i t l  g r i t v i t r t t i o n .  t l r t ' l l r r v  o f
r rn r l r l i t t r< lc ,  , I  . -  / t l r ,  f  i c l r l in r l  thu  cc t r t ru r l  fo r< ' . t :  , f  .  / ' 2 l r2  .

l i ronr  thc  cons i r l c r i r t ions  : r r l r l r rccc l  in  r l c i r l ing  rv i t l r  I ' l r r t c  I I
l l rovc  i t  rvoLr l r l  l l r l r car  th i r t  n i r tu rc  migh t  t :hoosc  fo r  t l t c
in tc rscr : t ing  pa th  o f  hcr  lan ' th r r t  o l  anv  c l l r l c  o f  t i r c  t r 'pc

) , : / :2 f  v " ' "  ' ' ,  r ' r r t t i r - rg  the  l inc  a r  i t r  a t ry  onc  o f  thc  in f i r t i t c
nurn l rc r  o f  po in ts  in< ' l r r< lcd  bc ts ,ccn  1r  an( l  r i  vc t  shc  res t r i c ts
hcr  cho ice  r igoror rs l r -  l ( )  thc  onc  po in t  / ,  r 'o r r t ' sponr l ing  to
l l . -  2 ,  l ' -  O .

' l ' l t r '  
l ruc  t ' rp l ; tn l t t io t r  o1 '  t l r i s  sc i ' c rc  n 's l r i c l ion .  s  l t c t t  l t t t

in f in i t t '  o1-  po in ts  on  l l r t '  l i n r '  ,2 , :  r r rc  av i r i la l r l r ' ,  lhus  l i r l l o r i  s
i r r c o r r t c s t r r l r l r - .  I t  p o i r r t s  l o  l l r c  u ' r r v c - t h c o r l  o f  l r l r l s i c r r l  f i r r c c s
i rs  l l ) c  ( )n l \ '  (o l r ( 'oJ ) t ion  I i r l f r l l i ng  t l t c  t . rcc 'cssr r r r -  r r r t r l  s r r l ' l l c i cn t
c o n r l i t i o n s  i r r , p c , . , ' i l  l r v  g c o r r t ' l r v  l r r r i  I r r '  l l r r l  r ' l r s t r r t , l  i . t u ' s
c l l -  n r r l r r r c l

3 .  ( ) l r s c l v r r t i o n r r l  I ' r o o l ' o f  t h c  l l x i s t c n c c  o l ' I ' .  l c t ' t r o -
< l v n l n r i r :  \ \ ' l v e  s  l ' r o n r  t l r c  S u n ,  l 1  o o n  u n < l  I t l r r n c t s .

' l ' hc  
r l i r t i t  1 'u rn is l rc t l  l r v  o l rscn  r t t ion  nr l . t '  l r t '  g roupc< l  r . t t r t l c r

i r  n r . r r r l t c r  o1- r l i s t i r rc t  hc i r r l ings ,  l ru t  thcy  scvcr i t l l \ ' ( ' o l t f inn  t l )c
cx is tcnc t '  o f  n ' l vcs  p rocccr l ing  f lonr  t l t c  S t rn ,  l ' l oon  r t t i t l  o thcr
he i r . r ' c r t l v  i  ro r l i cs .

l .  I t  i s  found l rv  obscrva t io t - t ,  as  rcpor tc t l  in  ' \N  5r -1o ,

l ) .  r3o ,  |oo tno te ,  tha t  long  \ \ ' i t ves ,  u l )  to  2ooo l t t ( ' t r cs  in  l c 'ng th ,
r rc tu l l l t '  do  conrc  to  l } t c  car th  f ron t  cc r ta in  s r tnspot  a rcas :
thirt  is, i rnrgtr l lLr i t ics in thc I ' lart l ' r 's clcctronrtgncti t :  u' l tvc-f iclcl
arc dcfinitclv associ ir tcr l  s ' i th r:ornu.rot iorrs in thc Sutt,  i r-rciclort
to  thc  r l cv i ' l opnrcn t  o f  su l rs l )o ts .  On th is  po in t  thc  c - rpcr i t t rcn t i t l

l l r o r > f  i s  o l c r * l t t ' l r n i r t g ,  r t t r r l  i t l r s o l t r t t ' l v  l r r ' 1 ' o t t r l  ( o 1 1 1 r o \ 1 ' r s \ ' .

^ \ lo rcovcr ,  t l r c  lo l los ' ing  is  h is to r ic l l l v  t r r rc :
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( l )  l ' l r , c r  s ince  r85e i t  has  been rccogn ized tha t  thc
ri l  Ir i  snt,t ic Storrns<r observecl upon the I iarth are associatc(l
rvi t l r  thc r lcvclopnrent of thc sr.rnspots, and by sirni lar i t l  of
crrr-r ' r 's f tr l lorv t lrc si tnrc nrathcn-rat icai law. Thc iclentical
c-rirvcs fbr thc tu'o phcnomena nratun:ci by Rudo/f ll.'o( o(
/. i i r ic lr ,  rS75, lrrc ful ly ' r ,cr i f icd ancl lrcl 'ond question, no'w. for
:1,/ . ,  o1- rt  ( 'c l t tur) ' .

t .b) 
' t 'hc 

aurori l  upon thc Earth is nlso pcriodic ancl
lssoci ir tccl rvi th thcsc cornrnotions in the Sr.rn, bccause i t
lo l lo rvs  t l r t ' s r rn rc  l t r rv  as  thc  sunspots  anc l  magnct ic  s to rn ls .
. . \ l l  t  i r rs r '  p l rcnor r r r :na  arc  assoc ia tcc l  rvavc-phenor r rcnu,  anr l
r l t . l rc 'rrr l  on rrrovitrg u'avcs in thc acthcr, procccri ir-rg frorn thc
SLrn  ; r r r r l  l ) rss ing  thc  l , la r th  rv i th  the  vc loc i ty  o f  l igh t .  

' l ' hcsc

u ' l rv r ' .  in ,  i r l r r r t  to  thc  co tn tno t ions  in  the  Sun car . rsc  t l rc
r r r rpgr rc t i c  t t cc i l l c  to  t rcnr i r l c :  thc  l t r ' l z rgnc t ic  S tormsr  a rc  r lL r t '  to
g r r s l s  o 1 - \ \ ' l \ ' c s ,  n o t  l l n ] i k c  o r r r  g u s t s  o f  w i n r l ,  c x c c l ) t  t h r t
t l r cv  r rc t  c l r i c f l v  l r l  v l r r i i t l r l c  u ' r tvc  ac t ion  or  in r luc t ion .  

- l ' h i ;

( ' l l u : ( ' s  t l r c  I rcc r i l c  to  t rcnr l r l c ,  i t t r r l  hcncc  t ] rc  cvc lc  o f  t rc rnors
corrcspottr ls pcrfcct l ] '  to the c1'<' lcs of spot clcvclopnrcnt in thc
Srrr,  rrs grrr lr l r ical l f  i l lustratc<l by 1?udolf I I /o/f  ,  and otl tcr
i n v c s l i r r t t o r s .

( r ' )  I t  h rs  bccn l<nou 'n .s incc  the  midr i l c  o f  thc  r9 ' r '
( ' ( 'ntrrrv thrrt  thc l i l rr th ctrrrcnts of our globe, which affcct thc
clcr '1 r i t '  statc o1' tclcgraph ancl cablc l incs, arc also r l i rect lv
lssoc iu tc r l  rv i th  thc  suns l )o ts ,  aurorac  an t l  r r rLHnct i (  s lon l r \ .
Irr  rcgrrrr l  to thcsc clcctr ir :  r l isturbanccs, Sir ()cor,qa / i11',  i t t
l i i s ' l ' r c i r t j - s c  o n  \ ' l a g n c t i s r n ,  r 3 7 o ,  J ) . 2 o - + ,  s a v s

u ' l ' l r r - ' r ' r r rc  r )o t  c ( )nncc tc r l  * ' i th  thunr lc r -s to rn ls  o r  un \ -
o t l rc l  l i nos 'n  r l i s t r r r l rance o f  thc  a t rnosphcrc ;  l tu t  thc f  a r r :
inv l r r i r r l r l . ,  t  onnc ' r ' t c r l  r i ' i th  cxh ib i t ions  o f  Aurora  I lo rca l i s ,  an t l
u' i th :pontrurcous galvtrnic currcnts ir-r t l -rc orcl inary tclcgraph-
n ' i l cs :  r i r r r l  t l r i s  c 'onncc t ion  is  fo t rnd  to  bc  so  cer ta in ,  tha t  upon
rcrnr r r ' l i i r rg  t l rc  r l i sp l l v  o f  one o f  the  th rcc  c l l rsses  o f  phcnomcn l ,
\ \ ' c  (  i i l r  ;11  oncc  asscr t , tha t  thc  o thcr  two arc  o l rsc rv : rb lc  ( thc
. r \ r r ro r , r  l l o r t ' i r l i s  sornc t in ' rcs  no t  v is i l r l c  hcrc .  bu t  cc r ta in l \ -
v is i l , l i '  i n  r r  lnorc  t ro r thcrn . la t i tuc lc ) .<

:. 
' l 'hc 

abovc disctrssion of thc sunspots, aurorac ern<l
rnir!rrcl i t '  stonns nncl l l : i r th cl lrrcl l ts givcs goocl cvidcncc t l-rat
r r  u  i rvc - l l t ' l r l  s ' i th  v : r r iab lc  in r luc t i vc  ac t ion  is  pass ing  thc
l: :r  r t  l r ,  t  hr. '  rrra gr-tcl  ism of rvhich at t in-rcs shouki bc conspicuouslr '
r l i s tL r r l rc r l  i r s  i r  s -ho lc .  

' I ' h is  
i s  r l c f in i t c ly  and v is ib ly  dcnron-

s t r r r tc r l  l r l  t . l r r :  fo l lo rv ing  phcnonrcna rvh ic i r  shorv  s in ru l t lnc i t r - '
o l - r r l t i o n  i n  : r l l  p r t r t s  o f  t h c  g l o b c :

r ' r )  [n  thc  I 'h i l . ' I ' rans .  o f  thc  R.  Soc .  fo r  r39u,  t \ ,  I ) la tc8 ,
I)rol i .sscrr l{ ' .  Gr,t ,1/.s , ' ldans hls givcn a grlphical rccori l  of
s i r r r r r l t l r rcor rs  r l i s t r r r l r i rn t ' cs  o f  t l - re  magnet ic  nccr l l c  th roughout
t l rc  * 'o r l r l .  in  thc  g rca t  u \ Iagnet ic  S torm<,  o f  June zq ,  r835.
' l ' l rr .plr i tc 

is hcrc short 'n, rvi th al l  thc scparate recorcls reducctl
to ( irccnu' iclr  I lcan l- inrc, and spcaks for i tsclf  (s. I ' late IV).

I t  u'as corrcct ly interpretccl for t l .re f irst t ime in m1'
] l lcr: trorlr ,nrnrir:  \ \r lvc- ' l 'heory of I thvsical Forces, vol.  I ,  r9r 7,
p l ) .3 . j - . i5 , : rnc l  s t i l l  fu r thcr  vc r i f i cd  and ex tended in  the  Ncrv
' l ' l r c 'o rv  

o1 '  t  i r t '  . , \ c t l t c r ,  Scvcnth  Papcr ,  AN zr7 ,  Oct .  z  z ,  t  92  2 ,  lo
rv l r i ch  la t t t ' r  l r i rpc r  thc  rca< ier  i s  rc fc r red  fo r  p roo f  o f  thc  causc
of  thc  scr r r i - t l i L r rn l l  t idc  in  the  magnct is rn  o f  thc  l la r th .

3 .  
' l ' l r r r  v i r r i r rb le  induc t ivc  ac t ion  o f  thc  Sun 's  ro ta t ing

nr rgr r t ' t i r :  po l r :s  r r l ro t r  tbc  l l l r r th 's  ro ta t ing  rnagnc t ic  po lcs
cxp l r r ins  thc  scnr i -c l iu rna l  t ide  in  the  magnct isnr  o f  the  Ear th .

Sotrrlcr.t'tttnr rrt:r
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-Just as tl-re nrotion of a tlagtlct near a rvire rtas fout-rd

by l ;arat/a.t ' ,  r83.1, to give r isc to the i trr luct ior-r of i l  ctrrrcnt

in thc rvire, s'hich cotr lcl  bc tt tcasured by thc galvanot. l- tctct,  ancl

thtrs lccl to thc discovcry of t l rc c11'nlnlo, so also nr1' discovcry

ar-rcl proof of thc l 'a.r 'c-thcorv of t l ragnctistn'  VII.  J 'apcr on thc

\e' ir" l 'heorv of thc Act.her, AN zt7, Oct.zz, rgzz' lcd to t1-rc

cor rcc t  cxp l rna t io t t  o f  thc  scn t i - r l i r . r rna i  t idc  in  thc  l ia r th 's

rnirgnctisrn, s' l t ic ir  so grcatly pcrploiccl Sir George /1iry' ,  Sir

-/ohn ,I/arst/t '1, antl f)r. Ilunf hrq' I/q'11, r87o.

(a )  1 'hc  fo r r t ru l : r  fo r  the  to ta l  t r ragnc t ic  in tcns i ty .

r l i scovcrc t l  l r v  l t rc  in  Fc1 l . ,  t t )zz ,  invo lvcs  t \ \ ' o  tc r l l l s ,  l l u t

o t l t c rs ' i sc  l l t s  i t  l i t r t t r  s i rn i l i t l  to  t l l i r t .  o f  g r l l v i t lL t ion :

connccting nlrgnetism u'ith gravitation; and having sho$'n

thiLt rnrLgnctisnr is a rvave-phenotnenon, s'as able to declare
clcf ini tcl l '  that gravitat ion also is a rvave-phcnomenon.

(a) 
' l 'his infcrence is theoretical,  or mathematical,  t 'et

confirrrrcr l  l>y l7aradatls experimcnt of r84s, on the rotat ion
of a bcarn of plar.rc polarized l ight by rnagnctism. Thus i t  is
r lcr lr ,rccd nra.thcnrrrt ical ly, but veri f ied by most conclusive
t 'xpcrinrcr-rts, l tnr l  tr t t tncrical ly confirmed in the magnetic and
gr-lvi t l t ional lbrccs of t l tc I larth.

(b \  I f  thc  obsenat ions ,  p r io r  to  r9 :2 ,  con f i rn red  the

l) lsslgc lr1'  thc l i l r th of acthcr waves, some of them as tnttch
rs  2ooo nr ( . t rcs  i r r  l c r rg th ,  r rnc l  t l c f in i t c ly  known to  p rocccd f ro rn
<:crt l in r l isturbc<l arcas in thc Sun, - this is al l  the observ.rt ional
proo{'  r i-c coult i  dcsirc for thc rvave-theory of gravitat ior l ,

* hich conlbrnrs to thc rvlrvc-thcorv of nragtret ism, thc aurora,

nr i tg l t ( ' t l c  s to r l rs ,  c tc .

(r:)  
' l 'hc 

l l .* ' , f  :pz1rz points tolvavcs of the typc obscrlcd:
thcy arc shorvn to procecci front the Sun, and are thcrcfore

thc solc clrrsc of trnivcrsit l  gr iLvitat ion. Out of al l  the rvavcs

prssing thc I iarth only a fcrv rvi l l  be obscrvablc, chicf lv the

irrcgular nragnct. ic wavcs connccted with changing sunsPots;

1.ct t l rc proof of thc fcrv cstabl ishcs the existcnce of the rvholc,

irn<l thus of thc rvavcs of gnrvitat ion, through the magnetic

anrl clr: t ' t  r i t :  r 'otntrot ions associated rvith disturbanccs in

t l r c  S r r r r .
' l  l r l  ru 'g r r r rc t r t  l r c t ' c  ou t l incd  g i r -cs  cont inu i tv  to  the

thcor i l s  r , l  r r r rg r rc t i snr ,  r ' l cc t ro t l t ' t . t l t t l i t ' s ,  l t t r l  l t t i l g l l c to -n l ) t i ,  \ ,

l r l  cor rn l r  l i nq  ; r l1  r , l - t l r t sc  Pht ' t ro tnc t t t t  u ' i th  t r t r i vc rsa l  g ra" r ' i ta -

t ion ,  in  111, '  1 ' ;1 - ,  r  o i ' t l t t :  l ' , r t r t l r ,  S t r t r  anr l  ) Ioo t l ,  f ro l l r  l vh ich

ts 'o  l r r t t c r ' l ro r l i r ' .  scnr i - r l iu rna l  r r l i l gnc t i ( r  t i r l cs  r r rc  found to

proccc'r l .  l ' l r is is thc onl l '  possible rvay of cxplaining the

nr:r lSctic t i<lcs of otrr globe, rvhich so grci l t ly puzzled anrl

sr,rrl rriscrl Str (ito r,qc ,'1i r,t,Sir Jo h n Hcrsc hc/, tt.nd Dr. Fluntf lrey

L l r5 'd .  rS7o.

: .  
' l  l r c  u ' rLvc  thcory  o f  t lagnc t is tn  i s  so  c lcar l l '  p rovcc l

in  th t :  \ ' l l .  l ' r r l r c r  o t r  thc  Ncg" I ' l l co rv  o f  thc  Ac thcr ,  - r \N

z t7 ,  ( . )c l .  ) ) )  r t ) .2 ,  th r t t  u ' t :  rcc r t l l  l t l t r t  o f  t l t : r t  r l i sc r . tss io t r :

/ r r ' )  In r r rg i r rc  r i< i j r rccn t  i r t l t l i t i ona l  cc l l t r ( ' s  o f  c l i s tu rbance,
, t ' ,  , 1 " ,  . 1 " '  . .  . ,  r t t t < l  . l r ,  , 1 2 ,  , 1 , r .  . . ,  a l l  i n  v e r t i c a l

l ine  rv i t l r  thc  ccr r t l r ' . . / .  , \ t rc l  t lakc  a t l c l i t iona i  o r i f i ccs  above

a n r l  l r c l o r '  / l ( ' ,  t s  n ' ( " ,  l l " ( " ' ,  / ) " ' C " '  . . . . ,  R r C r ,  R " C r ,

JJ : t ( : t  .  . .  .  ,  t l r r r ' r rg l t  s 'h i r ' l t  t l r c  rv lvc  c l i s t r t rbances  l l l ay  P i l ss .

( l r ' i  
' l ' l r cn  l l r r  u ' iLv t ' s  in  thc  sn tnc  phnsc  rv i l l  cvcrywhcre

r r r r . r t lu r l l v  su l )J ) ( ) r1  t ' r t c l t  o thcr :  thc  c l i s tu rb ing  ccn t res  l l c ing  in

thc  s ln r t 'p r r r r l l c l  l i t t c ,  thc  u ' l vc  f ron ts  rv i l l  l l ccome s t r t l igh tc l ' r cc l

l r ) '  t l r c  r r r r l . r r r l  s r rppor t  o f  the  scP iLr l r tc  in r l cpcndent  c l i s tu rbances .

(r ')  \ou' inr;rgir. tc the ori f lces brougl.rt  closer and closer

toecthcr, 1' t l  rrrrr intu. inccl as cl ist inct ccntres of disturbances:

wc scc t lrrrt  l rclottd t lre l inc ,BC, prolongcd in both direct ions,

the wavc fronts rvi l l  bccottrc quite straight in the centre' but

rvill cr.rrvc arouncl rapidly oniy near the end of thp extreme

orif icc , / / '  ( l  '  ,  Ji ,  C,.,  a.bovc and bclow rcspectively. This

is cxactlr- rvl t l t  occurs in magnetism: the l ines of force cun'e

aror.rn(l  conspicuoLrsly as we approach the encls of the magnet.

(cl) 'I'hc poles, in fact, are the centres of the reacting

strcss in thc nrcditrm '"vhen agitated by al l  the atoms vibrat ing

in concert,  ancl crnit t ing rvaves of the kind here described. Thc

f  -  1 t  1 t '  f  s2  +  1 t  1 t '  f  , r '2
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u 'hcrc  1a  is  thc  n r tg t rc t i c  po lc  s t rc t tg th  o f  thc  Dar th ,  and / r ' tha t
o f  thc  un i t  b r r  ln r tgnc t  o r  s r . tspcr t r l cc l  l t c i l ( l l c ,  anc l  s  a t td  s '  a rc  thc

< l i s tanccs  to  thc  n tagnc t ic  po lcs  in  o r . r r  g lobc ,  r t l casurc t l  a long

the  curvcc l  I incs  o f  t laguc t ic  fo rcc .  I f  thc  magnct ic  ac t ion  o f

thc Strn varics, os. ing to thc rclat ive Irtot ion of thc polcs of thc

Earth or Sutr, thcn the tcrrcstr ial  polc strcr lgth 1 rvi l l  bc

vuriablc, by in<luction, anrl  s 'c shal l  ha.vc lL tnrc t ir lc i tr  t l lc

rnasr-rct isnr of the I ia.rth.

(b) Thc nltgnctic t iclc thrrs introclt tcccl rvi l l  t i r I 'c thc

form thcrcforc of rt  t 'vcl ical changc in 1r '  rvlr ich lrccorncs ' , ' i rr ialr lc

l rv  an  r t t tount  I  l  i r r  h r r l f  l  t l r t  r ' .  A t :c - -o rc l ing lv  tv r :  l l i t v t '  :

1 = .  1 r  ( r  1 : r ' ) , r r ' 1 . r 3 - t . p r  ( r  I ' , : i  1 r ' , t s ' 2 .
'a .+\

' l ' hc  rnagr rc t i r :  t i r l t :  rv i l l  pu l l  l r r t t : l i  anr l  lb r th ,  in  thc  l inc  f ronr  t l rc

l {cd  Sca to  l l r rc lso t r ' s  I } l r ' ,  r 'hnng ing  i t s  c l i rcc t ion  i l l  pc r ioc l i c

c l ' c lcs r  l i ke  thc  c l r l>  a t r r l  f lo rv  o f  t l t c  sca ,  ts ' i cc  c la i l l ' :  fo r  a t  s t rc l t

in tc rva ls  a rc  thc  T i i t r th 's  o l rpos i tc  Po lcs  l r ro t tg l t t  ncarcs t  thc

S u n  h y  t h c  I l i r r t l t ' s  r o l : r t i n l t .
In thc rvcl l  knorvn c<lult t iot-ts for thc t ir lal  anal,r 'sis of our

sca  wc nra) ,  pu t  fo r  thc  scnr i - r l i r r rna l  t i c lc :
'  

d I = . . , 4 c o s z n l + R s i t t z t t t .  ( t S )

111' sinri lar i t l ' ,  in thc rnagnctic t iclc, wc lrray ptrt

r' .. r) ,,r - (( c.os 2,t / + f| sin zn t (."6)

anrl hcr.rc:c rr 'c corr lcl  * ' r i tc t l rc rt l rovc cqttzrt ion in thc pcriocl ic

l b r t t r :  / : 1 t i s 2 . t r r  - , ( . , c  r : o s z t t  /  + d  s i n  z n  t ) \  1 r , '  +
1 - 1 t i . s ' 2 ' \ - t  , ' ( r t  c o s z n  t  + B  s i r . r  z t t  1 ' 1 \  1 t '  .  ( t l )

I t  i s  r tn t teccssary  to  co ln t t ten t  on  th is  rcs t l l l . ,  cxccp t  to

say  i t  i s  onc  o f  thc  n ros t  i r r rp r , ' ss ivc  a rg t l l l l cn ts  lo r  t l t c  s 'a lc -

theory of plrysical forccs. Just as t l-rc approach of thc rvltcrs of

our sea to thc yroint l lc l-reatl :L thc tr ' Ioon. lncl thc anti- lr tnrr

point, is fol lorvcrl  Lr1' 1.uu t iclcs of thc sca t ' l : r i l r ' .  so also t l lc

lnovcmcnt of thc trvo Inagt-tct ic polcs of thc I iarth. rt trdcr t l ic

rotat ion of our- glolrc. givcs r isc to scrl l i -r l i r ,rrnal incluct ivc

action in thc Itr irgtrct ist.n of ortr glotrc, ul ' rdcr thc 1;orvcrful
nra.gnctic f icld o1'thc Srtr-r,  i tr-rcl  thercforc to a truc scrtr i-cl i trrnal
t i r l o  i n  f h c  r r r e r . r r c t i s r r r  o f  t l r c  I ' . ; r r t h .

4 .  1 ' h c  \ \ r l v c - ' l ' h c o t - v  o f  P h y s i c a l  I i ' o r t r c s  r : o t r -

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

l l a g n e t i s r n ,  r t t r l  t l t c  C l  o r - r t - r c c t i o n  o f  1 1  i r g n t : t i s t r r

r v i t h  G r a v i t r r t i o t t .

r .  In  r9z :  I  cs tab l i shc t l  t l re  Ncrv  Lax '

r I  g : , i '  ( .r2 
f  sz -r r2 f  s '2) ( ' 8 )
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l ines of force being axes of rotat ions for t i .re aetherons, as thc
\\ 'zrvcs nrovc along, t l tclc is i t  tcnclct l ;y in thcsc l incs to shortcr.r
thcnrsc lvcs ,  us  in  Do l l t tau- 's  cxPcr in rcn t :  thc  rcsu l t  i s  tc r ts ion
a i o n g  t h c  l i n c s ; a n c l  l s  t h c y  a r c  o l -  m  j n i n r u r n  l c n g t h ,  t h c 1 ,
tcnd  to  kccp  s tmigh t  ncar  thc  co t t rc  o f  thc  n ragnc t ,  lnc l  to
c r rn 'c  scns i l r l l ' on l1 .  t . rc l r  thc  cnds  o f  thc  l l r r ,  jus t .  t rs  i l t  t l i c
\\ ' i r tcr-\ \- lvc cxltcl in.rct.rt  l r t ;ctvc r lcscribc<l frorn t\ :czt, /ott 's
r l i a g r a n t  o f  r 6 5 7 .

: . ' l ' l t c  r l i i tgn ln rs  fo r  i lh rs t ra t i l tg  thc  tn rc  n l t r : rc  o f
r r rz rgnc t is tn  l r rc  so  s t r i tab lc  fo r  th is  purposc  tha t  s .c  rcpror lucc
thcnr u' i thout furthcr conl lcnt. Clf.  I) l rr te I \r .

4. 
' l -hc cxpcrinrcnts hcrc r lcscriLrccl arc accunrtc rrnrl  r . tn

be ver i f i c r l  l r r -a< ' tua l  t r i i r l  fo r  \ \ .a tc r  \ \ .avcs ,  u .h i r :h  a rc  s i rnp lc
:u rd  cas i l l ,  r rn r lc rs tooc l .  

' l ' hcv  
c l i s r : losc  to  us  t l rc  tn rc  r l t tu rc  o f

l l t r g n e l i s n r .  l i r r  1 1 , a  f o l l o r r  i r r g  r c t s o l t s :

(rr) 
' l ' l rc 

rcsults <.onforrr.r tr> /)o/bcar's cxpcrirncnt, l r .hcrc
t l rc  dvnanr ica l  in l l t rcnccs : r t  * .o rk  a rc  c r rs i l v  r rn r lc rs tooc l ,  anr l
a r l m i t  o f  l ) l l t  ' , n c  i r r t c r l r r o t : r t i o n .

(b) 
' I 'hev 

arc r.cr i f ic<l in thc ar:tuiLl lnovcnrcr- l t  o1- s.:rtcr,
thc s'avcs of s, lr i r :h niso hln.c tcnsion :r long thcir a.xcrs anrl  tcnrl
t o  s t r a i g h t e n  t h o n s c l v c s  t o : r  r l r r x i r r t u n t  i n  t h c  r o t a t i o n l r l
nrot ion of thc f i l tnlcr-rts :r lrout thcir l rxcs.

.f : .J crr t 2 9 )

on thc  p r inc ip le  o f  Lcr rs t  r \ r . t ion .
l ] \ '  : r ( ' tu i r l  cxpcr in r r :n l ,  tSq \ ,  / ;a rada l ,  founr l  tha t  the

p lanc  o f  u  bc ;un  o f  po l i r r i zc r l  l i g l t t  r r ' : r s  ro t r r tc r l  rvhcn p i r .ssec l
a long the  l inc  o f  fo r t  c ,  t l r ro r rgh  he ; r r .1 .g l i rss ,  c r r rbon r l i s r r lph i r l c
: rn r l  s in t i la r  su l rs t : rnccs ,  r r r t r l  thc  rnorc  ro ta tc r l  thc  longcr  thc
1> l r ths .  

' l ' h is  
1 : rc t  s l tou 's  r - i r . r r r l t '  t l t : t t  l t c thcr  * 'a r .cs  o l ' the  t r .pc

hcrc  desr : r ibc r l  unr l r : r l i c  n r rgnc t is r r r  ' l ' hc r . r r rc  
l r rovcr l  to

cxist l ty thc prrrct iciLl cxpcrirncnts rvith n,atcr rr. l rvcs, l ;r .
J)nlbcar's expcrirncnt, on l i tngi lr lc l lo( lels, anrl  by /;aradalis
c r l t :b ra tcc l  cxpcr i rncn ton  t l rc  ro t r r t io r r  o f  thc  p l i rn r 'o1 ' IoJ r r r i z r r t ion
l r r -  n r lgnc t is rn .

' l ' l r c rc  j s  onc  o thcr  cx l rc r i rncn t  rvh ich  c r l r r i r l l \ . su l ) l )o r ts
th r ,  :Lbo ' r :  r ' .n . lus io r ,  . r r . rc lv  thc  n : r . , l r r t ion  o f - l  f l cx i l r l c  ho .1r
s c t  l o o s c l v  o n  t r n  i r x i s ,  i n  l h c  l r p p r t n r t r r s  ( . o l n t ) t o n l r . r r s e t l  t o
shou ' thc  c f fc< ' ts  o f  < 'cn t r i l i rg i r l  fo rc 'c .  \ \ r l run  thc  l ro , ,1 ,  i s  51 ,u11
r t rp id l t ' r ' l rou t  i t s  ax is ,  i t  l r ccor r r t , s  o l -  ov i r l  shr r l t c ,  l r t r lg t : r l  ou t
a t  t h c  c r l u : r t r t r  u r t r l  r l n r u ' n  i n  i r l  t l t e  p o l c s  o f  r o t u t i o n ,  l i l t t , t h c
f i g r r r c s  o f  t l r r '  p i ; r n t t s .  u l r i r . h  i t  i s  r r s c r l  t o  i l l r r s t r r r r r , .

\ o r l  i r n r r g i r r c  r r  r t ' r i t ' r  o l ' s r r r . l r  l r r r o p s  n r o r r n l r . r l  s i c l c  l r v
s i r l c .  l rn r l  t i cc l  togr : t l r t ' r '  r r ru t r ra l l r -  ; r long  th t :  l r x is .  ' l ' l r , , r r ,  

r r ,h , , i r
thc  ro tu t io r r  r l cv r , lo l rs ,  th t :  u -ho l t .  l i nc  o l ' conncc tc r l  h rx rps  u . i l l
sh r r r t t ' t - t  i t sc l f .  r rn< lc r  thc  c t :n t r i f r rg i r i  lb r r .c ,  j t rs t  iLs  in  / ;a ra t la t )s
l i n c s  o J ' l i r r c r ' .  I t  i s  i r r r p o s s i l r l t '  t o  i r r r i t g i n ( ,  i l  r r r ) r r ,  , . , , r . r r , ' i r r , . i n .
p roo f  th r r r r  t l rL t  l rc rc  s r rg rcs tc r l .

' l ' l t c  
i r rg r i rno t t  hc rc  c i tc r l  cs ta l r l i shcs  thc  w i t - \ ' c - thcory  o f

n ragnet ls ln  l l l x )n  i t "  J ) ( 'n r ' l l l t cn t  l )1 rs i : j .  r \n r l  r rs  n r . rgnc t is r r r
i s  conncc tc r l  u - i t I - r  g r i rv i t r r t ion  th rough thc  n r i r t l r t : rn i t t i r . l l  l au ,
o f  r g z : .

r  : , , r  l r ' i s2  +  1 t  1 t ' f  . r '2  , i . t r )

rvh ic l r  I  < l i s< 'ovcrcd  bv  cx tcnc l ing  Gau. r . r ' ( l cncr i r l ' l ' hcory  o f' l 'crrestr ial 
l l rLgnetisnr, r  833, i t  tbl lorvs fronr this vcri f icr l

nrathelnlt io: l l  t l rcorl '  t l -rat grrrvitrrt iou is ir  tr . l rvo-pherromcnor] .-
as  he ld  l t y  , \ -cz t ' /on  iLs  l i r r  lnck  as  r ( r7S.

Sonderttunrrrrcr

.5. Thc u'a.vc-theory of gravitat ion is also str ikinslv
r:onfirrnccl.  l ry thc closc a.grccmcnt of the calculatccl s. i th ihe
olrscrvcrl  yrcriods in t l-re l i ' luctuatior-rs of thc I{oon's mc:tn
rrrot irrn. cstabl ished l ty Arezucortt0, r909, aftcr rcsearcltcs
cx to l ( l i r1s  ovcr  40  ycars  (c f .  AN 5o4.S,  pp .  r55- r6 r ) ,  and i rv
thc sirnplc cxplnr.rat ion givcn in thc Ncrv Tl.rcory of thc Acthei,
I I .  I ' rr1tcr, AN .5o.48, p. r43, of thc srlal l  or,rtstanding anonralv
of zl i"  pcr ccrl tury in the progrcssion of \{ercury's perihel ion.' [ 'hcrc 

is no othcr cxp]anation than that hcre citecl of thc
I i luc'trrat ions of the Moon's rncan l lot ion. \{orcovcr, thc
thcorv of thc burdir-rg of the waves in passing through thc.
I larth so {rs to part lv release thc N{oon, is vcri f icd lrv thc
thcon 'o f  i igh t ,  and by  a  la rge  body  o f  phenor r rcna in  r . r t l i o
tclcgrl l thr ' ,  shori ' ing that thc waves travcl more slos. lr .  in t i rc
g lc lx :  than in  t l rc  a i r  an( l  f rcc  space above thc  I l r r i th , : r r r , l
thcrclrv thc r i-avc-front in radio tclcgraphy is bcnt r iroun(l thi,
gJolrr ' ,  cr-cn to t l tc anti l toclcs, as in thc French obscn.ations
of  tho  s ig r ra ls  f ro rn  l lo r r l caux  a t  Chatham Is lanc l ,  Eas t  o f
Nov Zca lan t l ,  (c f .  AN 53r7 ,  Scpt . ,  r9z4) .

' l 'he'I 'hcory 
of Rclat ivi tv has becn completclyoverthrown,

an(l t l tLls, orving to i ts f tr i lure to account for the motion of
Mcrctrry's pcrihcl ion - lrv postulat ing 4r" per ccntury, whcn
only ?3" or less is avai lablc - the wavc-theory alone holds
its pl lcc to-day. And as i t  corresponds to a sntal l  deviat ion
f ronr  t l rc  la rv  o f  g rav i ta t ion  f  :mn ' l r2 ,  y ie ld ing

f : m m ' l r " . " o o o o o r o 4 6  ( J o /

suclr irs Nezulon forcsar.v, in thc Principia, r686, there can bc
no r lrrrr lr t  of thc val idity of thc wave-thcory, under l l /eber's
I ' ) lcctrorlyniLn-r ic I-arv, now cstabl ishcd as the morc gcncrir l
fo r t t t  , ,1 '  , \ ' r ' , r , /aa 's  I -uw

420

. 5 . ' l ' l i c  ( l c o r n e t r i c a l  a n d  P h y s i c a l  I n t e r p r c -
l : r t i o n  o f  t h c  l i l c c t r o d y n a r n i c  L a w  o f  R i o /  a n r l
, \ d 1 ) a )  / .  r 3 2 0 .

r .  / l io/ anrl  ,9ararl 's law of rSzo for the intcnsity of the
f i ,  l , l  , r ' , , , r r t  ; r  s t r ; r i g h t  . r v i r c .

l n  t h t '  I I I .  I ) a p c r  o n  t h c  \ c w . ' l ' l . r c o r v  o f  t h c  A c t h c r ,
. ' \ \  5o ; , ; ,  l ) l ) .25-5-2 .58 ,  u 'c  h rve  r l i scussed rv i th  carc  an t l
i r ( ' ( ' r r r i r (  \ '  thc  gconrc t r i ca l  anc l  phys ica l  s ign iFcance o f  the  la r .
of / ] i , t t  trn<l , \az,ar/,  r8:o, for a straight wire. I t  is shorvn b1, l
1 ) rcc is r ,  i r r r r r l vs is  o f  the  knorvn  fac ts  tha t  the  on lv  a r l rn iss i t r l c
< 'on t ' l t rs io r rs  i r rc  the  lo l lo rv ing  i

(rr) 
' l 'hc 

straight rvirc is surrounclc(l  by a rvlvc-f icl t l ,  ls
shrrrvn rt lso l>\ Oer.r/ed's cxperin-rcnt of 18r9, for the a<:t ion of rL
( ' r r r r ( 'n l  u l ) ( )n  r r  n r i rg r - rc t i c  ncc( l l c .  ' l ' hc  

w i tvcs  are  gcncr : t t cd  b1 ,
thc srrrgc ol- thc clcr: lr ic cl isturbiLnr:c frorn siclc to side, on ni l
s i r l c s , r l ' t h t ' r v i r c ,  l i k c  t h c  o s c i l l a t o r y  s u r g c  o b s c r v c t l  i n  t h c
d ischr r r r l c  o1-  r r  l - cyc lcn  ja r :  l>u t  as  the  rvar ,es  cannot  cxpan< l
f rcc l r -  in  t r i t l i rncns ionr r l  space,  bcc : rusc  o f  the i r  s in r r r l tancor rs
origir-r i r t  t :r 'crv point of thc wirc's cyl indrical surfacc, thc
c-xpansior-r crn onlv l le cyl indrical in character; and hen(.c
thcrc rcsrr l ts t l -rc fornrula derivcd from observations lx, lJiot
irn(\ , \ 'di)dr/,  r8zo, n:rrncl\ ' :

r: k Hlr
rvhcrc -/  is thc intcnsitT,, h tr constant, 11 the
rncl z- thc rlistiLrrcc (c.t. /)iol i\nd S(tua/t, Ann.

P . 2 : r .  r I z o l .

i ' l r)  
' l 'his 

larv is vcri f iecl l ty observation at nl l  distances r,
rnrl  i i rr  rLnv f l .rcd currcnt strength 11. I t  gives ,r curve of thc

' . 3 I /
currcnt strcngth,
Ch im.  I 'hys .  r5 ,
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fol lowing t1'pc, u'hir:h is a rectangular hypcrbola
its asynrptotcs.

4 2 2

l fhis, rcnrlr l<able electrodynamic law of r8zo establ ishes
thc depcr-rr lcrrcc of currcnt act ion on waves expanding abotrt
the cyl indcr' ,  in thc onc possible dimension r,  and therefore
thc irrtcnsitr. folJorving Biot and Sauart's simple lar.v of the
invcrsc  c l i s tanccs .

(d) 'l 
his lrrrv is cliffercnt from n.rost of the other lau,s

of naturc, s lr ich fol lorv the inverse square of the distances; but
thc rcasor.r l i r l  i t  is rnaclc plain in a way rvhich admits of no
disputc. ()nc intcrprctat ion of IJiol and Saaart 's law is
possi lr lc, rrrrr l  onJ1. or-rc: thc variat ion in thc intensity therefore
is r cl in:ct rcsrr l t  of thc only possible expansion of the rvar-cs
about  thc  l i r c  i rs  thc  d is tance z  inc reases .

r\  singlc crluation clef incs perfect ly a single unknorvn:
fo r : rn l  l i r )ucs ,  /1 ,  Jz ,  IJ ,  .  .  .  .  .  .  f , ,  there  are  the  cor respon-
r l i n g  i n v c r s c  d i s t a n c c s  7 ' t ,  1 2 ,  r J . . . . . . . / a .

(c) 'l 
irc ll.,v of l)iol an<\ Sauarl holds rigorously at an

in f in i t r -  o i -  l ro in ts .  1 ' :  r  )  .  t ' :  cn  )  and as  the  pa th  o f  the
l:ru'  t l rcrcl 'orc is l  true rcctansular h1'pcrbola referred to i ts
asyntl)tot( 's, thc yrrobabil i ty of this cvent, rvi thout a geometrical
r rnd  phvs i<  a l  c i tusc ,  i s  on lv  / :  r  '  co .

' l 'ht.  
< hrrnccs are thus r igorouslr.  inf ini ty to one that

JJiol lnr.l ,\'d?tdr'/'s larv vtould not bc verified by observation
rtnlcss thc urrvt '  t l tcorl '  $'erc truc. See section z4 for f inal
< ' l l cu la t ions  i r r  t l r c  thcor l '  o f  p robab i l i t y .

: .  
' l  

l r t '  * ' l lc-t l tcory confirmed by the form of arrangc-
nrent s.hiclr i ron f i l ings takc in the f icld about a straight rvirc.

' l 'hc 
rrrgunrcnt for thc wave-theory deduced frorn the

rvonclcrfr.r l lv sinrplc lau'of lJtot ancl Sauarl,  r8zo, is in the
h ighcs t  r l cgrcc  s i r t i s fac to r r ' ;  \ ' e t  i f  an  independer r t  a rgurnent ,
<:on6rnring the lrru'  of Riot a,ncl ,Sauarl ancl the u'avc-theory,
corrkl bc r lcr lrrr:cr l  front othcr observed phenomena, i t  u'ould
rl :r terial ly irrcrcasc thc proltabi l i ty of thc rvave-theory as
rcprescr-rt ing thc trr.rc orclcr of naturc. What do rve f incl
point ing 1o sr.rch ir-rclcpcr-rr lcnt confirmation?

( rL)  In  AN .5079,  I )J ) .  259-26o,  F ig .  z ,  P la te  5 ,  o f  the
l l I .  I ) lpur  o r r  thc  Ner rv ' l ' hcorv  o f  thc  Ac thcr ,  rvc  g ive  a  s imp le
i rn r l  obv io r rs  t : x1rJ : rn i r t io r . r  o f  thc  c i rc lcs  takcn  by  i ron  f i l i ngs
in  t l rc  f i c l t l  : r l ro r r t  r r  * ' i r c  l rcar ing  i l  cur rcn t .  Whcn the  cur ren t
f lou's t ' r<' lr  ) i t t l r '  fr l ing bccor.r-rcs a magnet; and the f i l ings
thcrcforc lornr into conccntr ic circles about the axis of the
rvirc. 

' l ' l rct-rrct 
l i l<c thc rr-ragnetic ncedlc in Oersted's experir-uent

, r f  rSr9 ,  l ry  sc t t ing  thc i r  axes : i t  r igh t  ang les  to
tht: r l i rcct ion of thc <:urrcnt in t l-rc * ' i re.

(b) fhis situation assumcd by thc f i l ings,
rrnclcr thc inductive action of the u'aves, rnakes
thc north polc of onc f i l ing adhcrc to the south
of thc ncxt acl jaccr.rt  f i l ing, nncl vice versa. Tl.rus
thn  f i l i ngs  f r 'nn  i r r to  rv in rorvs ,  o r  concent r i c
r: irclcs, about thc axis of the wire bearing the
.Lrrrcnt; ancl thc more the plate on which the
l i l ings rcst is gently tapped, the more perfect be-
conrcs the circular rvinrows of f i l ings.

(c) Thc ordcred phenomena exhibited bv
sLrch f i l ings on a plate of glass involves thousands,
vca nri l l ions of small  pieces of iron; they al l  obey
tlrc t : i rcula.r lalv, rvi th the north pole of one joined

to  thc  south  po le  o f  the  o ther ,  and v ice  versa .
z8 '

Sortclcrnur.r.rrrrer

rcfcrrccl to I
l

I . ' i g .3 .  I l ) r rs t ru t ion  o f  t l t c  la rv  o f  R io l  an< l  .9auar / ,  I l l zo ,  fo r  thc

i n t c n s i t v  o f  r r  c r r r r c n t  i n  a  s t r a i g h t  r v i r e .  T h e  c u r v e  i s  a

rcc tangu l r r  hvpcr l ro la  re fc r rc< l  to  i t s  as- ! -mpto tes ,  I :  I  t f  r ,  - t ' :
t i . r ;  anr l  thc  y r l r rs ica l  l ras is  fo r  s r rch  a  Iaw is  exp la incd  l ry

l h c  t c t i o n  r > 1 -  s a v c s  r c s t r i c t c d  i n  t h c i r  c x p a n s i o n ,  a s  i l l u s t r a t c r l j
i n  f rgurc  4  l rc lo rv .

(c) In thc cxpancl ing cyl inclr ical surface about
l l t c  c l c r n c t t t  o f  s u r l : r t  l  i s

t l . r : < l / . r d o t

thc 'rvirc,

( : ' )
' s 'hc rc  r l l  i s  thc  c lcnrc r - r t  o f  l cng th  pnra l l c l  to  thc  ax is  o f  thc
cyl in<lcr, lnr l  r-r lro is thc prorlLrct of thc r l istance into thc
c lc r rc r . r t  o f  t l i c  ang lc  c ln r ,  sh i t 'h  g i r -cs  thc  c lenrcn t  o f  thc  i r rc :
a rounr l  thc  rx is .  When thc  in tcns i t l '  o f  thc  wavc- : rc t ion
dctrrcascs i t  nrust bc invcrsel, , '  as r '-  thc other cler-ncr-rts r l1
and clr ' r  bcit ' rg constant.

d s  =  ra . . l l
I r ig .4 .  I l l us t r r t ion  o f  thc  la rv  o f  I l i o l  anr l  .S 'az ,a r / ,  in  rvh ich  thc  ua .vcs  r : : r l tno t

c x p a n c l  c n c l s i s c ,  a ) o n g  t h c  r : v l i n c l r i c a l  a x i s  o f  t h e  w i r e ,  L c c a u s e  o 1 ' o t l r c r

rvaves  or ig ina t ing  a t  cvery  po in t ,  and thcrc fo rc  a re  rcs t r i c ted  to  cxJrans io r r

in  thc  c i rc lc  r  d t l ,  as  shorvn  jn  thc  f igurc .  Waves,  undcr  such rcs t r i c tc r l

c x p a n s i o n ,  a r c  t h c  o n l l - p o s s i b l c  e x p l a n a t i o t r  o f  t h i s  s i m p l c  1 a v ,  I = h i l r ,

r rh ich  thcrc fo rc  bccomcs a .  r 'e ry  porver fu l  a rgunrent  fo r  thc  t 'ave  theorv .

: , J
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I ; i g .  i .  I l l r r s l r r t l i o r :  o f  : r  r l , r q r t . t i l  r r l r i r l  r r l , , l r t  j ,  \ \ i r ( ' .  \ \ i l l r  u r r v r ' l l r t o t r  , , 1  t l r i -  u l r i r l .

o n  t ) r c  r i 1 1 l r l .  l ' , r r r ' l r  l i t t l r ' | i e . r ' r , l ' i r o n  l i i i l r g  l , c c o n l ( c  a . n r l l l  n r i r g l r r .  r n , l
t h e l  l u ,  r l r r r s n  l o g c l l r c r  l r v  t l r t '  i l l l r ; l (  l i ( ) n s  o l  t l r t ' i r  r ' p p o s i l c  I ' o l i . .  

' l  
l r , '

l l l i n ( r  r r l s o  l r . r r r l  l o  1 , , r n t  s i n r , r l s ,  r r l r c r t  t h c v  r r r t ' r l i s t r t r l r c t l  l r v  L r l ' l ' i r t H .
l , r ' , r r r s c  c r c l r  I o l e  s l i q l r t l v  r c l l e l s  i t s  r r t . i q l r l , o r  o l  l l r t  s r r n r c  | o l l r i l l  i r r  t l r l
l l ( ' \ l  r ( ) \ \ - .

' I ' l t c  l r r r r ,  thcn ' fo r t ' i s  r igoro l rs  ru r ( l  a lwavs  fu l f i l l c r l  -  r r  tn lc
I : r r r 'o1-  l ra tu rc I

\ \ I c  rnav  cx l ) lu in  r r l l  th is  o r ( l c r l y  l r ] ' rangc lnont  l rv  l ss ig -
n i r ) f l  1 o  l l r c  l r c t l r t ' r  l ' l r v t . s  l o l r r t i o n s  i r r  t h c  p i r r n c  t h r o r r g l r  t h c '
l x i s  o 1 -  l h c  l  i l '  l r t ' r L r i n g  l l r c  t  r r r l t  n t .  ' l ' l r i s .  

a n r l  t l t i s  l r l o n , ' ,  u ' i l l
: l (  (  o u l r t  1 - o r  l l r t '  o l l s t ' r v c r i  p l r 0 n o n r 0 n l r  I  

' l ' l r c  
c x I l t r t l i l t i ( ) l r  i s

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

( . ' l ' h c  I ) r o l t e r  I n t ( ' r l ) r c t n t i o n  o f  O I n ' s  I - r r u . ,
l 8 : ( r ,  a n ( l  o l '  O r r - r l e d ' s  l i x l t r r r i l r c l l t ,  r S r ( ) .

r .  ( ) In t ' s  Luu '  o1-  l {c .s is t : rncc .  iLn( l  i t s  rc l i r t ions l r i l r  to
Jl i ' , /  nntl  . t . /2,(1, ' /  r  Lir\ \ '

I n  t h c  I I I .  I ) : r p c r  o r ]  t h ( ' N c u ' ' l ' h e o r i  o f  t h c  r \ c t h c r ,
AN .5o79t .  l ) l ) .  r iS -2 .s ( ) ,  \ \ ' c  h i l \ ' ( '  t  ons i r l c rc t l  thc  gcontc t r i c ' r r l
i rn ( l  I ) l r l s ic i l l  s ign i f i r ' r rncc  o f  O ln 's  L rLrv  o f  r326,  t runrc l l ' ,

' i '
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2. I t  thus appcars that O/zz's iaw is
a spccial casc of lliol itrtcl, ,Sauarl's larv of
r 8zo. Tt is u'hat fol los.s r indcr r. l r  r ialr lc 1
o t ' /? .  In  AN 5o7, .1 ,  J ) .258,  thc  fo i lo r i . in { - r
sulr l lal 'v of conclusions occurs:

>(a) In Jl iol  anclSaztarl 's larv rvc vary
lhc cl istancc, rvi th f ixccl clcctrornotive forcc,
ancl obscrve thc chrrngc in the intensity: thc
olrscrr.ccl rcsult  confirrns thc rvavc-thcorv.rr

; ,  l r )  In  OIn 's  l i r \ \ '  \ \ ' c  a lso  ,1 , ' , r l  u i i t l r  i r
(  r lrr( 'nt in l t  rvire, or * ' i rcs, ancl s. lrcrr t l tc
t ' l ec t lo rno t i ' , ' c  fo r r :c  i s  f i xc r l ,  rvc  s t r r t l r . thc  l : rs -
o1 '  n 's is tuncc  ( ,z l ) ,  o r  in tcns i ty  o f  ac t ion  ( / ) .  r r t
r r  f i r r . r l  r l i s t lncc ,  rvhcrc  thc  nccd lc  o f  thc  g l l -
v i l  no lnc tc r  r r r i r r -  l r c  loc l t t cc l .<

ir ir ' )  ' l ' l rus 
/ l t , t l  ;vtr l  ,9ouorl 's 1.:rrr,  l l . i t l t

a  f i xc r l  s tc r t r l v  c t r r rcn t ,  sc rvcs  fo r  c i t ) r .L r ) l r t ing
thc  vary ing  in tcns i t l .  l r t  :u ty  r l i s t ru rcc ,  in
ruccordancc s' i th t lrc rcquirentcnts of thc
rvrrvc-thcory. In t l tc salrc way, Oim's lav,
l 'hcn ,/ /  is constunl.,  l rut .rvi th v:rrying resi-
st lurcc, /1, scn'cs for calculat ing thc intcnsitv
rrt  l i  f ixcrl  <l ist iLncr:.r<

3 . ' I - h c  t r v o  i i r u ' s  a r e  b r o r r g h t  i n t o
nr l r t r r i r l  rc la t ionsh iy r  as  fo l lou 's  :

,>\\ 'c nur'  * ' r iLc Bio/ and ^Saz,ar- l 's l i ru'
i r r  t l re  fo rn  I : / t 'H f r  tnd  Ohm's  iau ' in
t l r c  l b r r n ' l : / 1 f 1 ? . <

rrAccorcl ingly on corr-rbining thc two cx-

J)rcssionsJ rvhich s'e ntay r lo by equating thc
ir lcnt icl l  intcnsity at any point, rvc obtain

I t / { l r : l l l l l  or  K:r lR.

l ' l ' lrcrcforc lvc finrl on sulrstituting for rf its
: r nv  v r r l r r t '  / /  t r n r l  r ,

/: r //i lt r: lll /i r33,]
s 'h ic l r  r rg r r i r r  v ic l r l s  ( ) / r r ' s  )as ' ,  in  thc  fo r r r r  rvh ich  ho lds  fo r  any
l l x c r l  r l i s l r u r c  r ' . r r

' r ' l ' l rr .sr.  tn'o lrru's thcrcforc t :onfirr.n thc wavc-thcory of
thc cntirc I iclr l  tbout t  rvirc bezrr ing a stcady currcnt. Ohm's
l irrv inrpl ics t  <:vl inclr ical wave-f icl( l  -  thc rcsistan(:c and
intcnsitv lrcing thc axcs of lr  rcctangular hyperbola refcrred
to i ts irsvnrlrtotcs Riol anrl  ,Saztarl 's lau' i .r lso rcpresents a
rcctzrngulur hr.pcrlrola of thc samc tvpe, but with /" r 'arying
instcirt l  of . / l . t

-1. ' l 'his thcon' of nrirgr"rct isnr col l f i r lncd l ty Oer-r/er/ 's
c x p c r i n r c n l ,  I 3 r 9 .

()tr .r /rd's cclcbrlrted cxpcrirncnt of r8rg throws a. much

su l ) l )os ( ' .

(rr ' )  \ \r i rcr-r thc crrrrcnt in the rvire f lows, the needle sets
itsclf  at r ight anglcs to t l ' re axis of the rvire. I f  thcreforc rvc
coulcl provc thc nuturc of the magnctic. f ield by some other

J)roccss, as l) \ '  thc rvinrowing of tbc iron f i l ings fornted on n
platc picrcct l  bv iL vcrt ical wirc - the f i l ings beconring minute
nragncts rvith oppositc ends joined, in the concentr ic circles
of thc rvir-rror\'\ - then we should have good proof as to rvhy

(.r+)
value, for

\ . ) . ) . '
t h e i n t c n s i t v - 1 . r l r c l c t . t r o t r l r l t i r ' c f o r t ' c ' i s c r 1 r r i r l t o i r r l o t l s t i t l l t - / 1 C l C i l r C r l i g l r t t l n t h c t l i t t r t r c o f n 1 a 8 n c t i s l l l t I r a n I o s t p e r S o n S

r l iv idcd lx. thc rcsistrurt ' r '  /1.
Tl.r is larv is shorvn to bc iclcnticl l  rvi th JJiol trncl , \d7td/t 's

las .  a t  a  f i xer l  d is tancc :  l rcc l r r rsc  i r t  su( 'h  f i xc r l  d is t t rn t :c  t l t r , ' on l t '
changc that rvi l l  be felt  rvi l l  l rc thiLt clcl ;cncl ing on 1 or /1. \Vhcir
the resistancc 1i is f ixcrl ,  thc onlv charlgc rvi l l  bc inciclcnt to
changc of the electronrotivc forcc, -1. I f  1is constant, a crhl l lge
mav occur lx '  r 'arving /1, thc rcsistancc, i1ncl \ ' ice VCI'si t".  No
othcr changcs are lrossi l) lc at tr  l ixed distancc.
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thc nccr l lc  scts i tsc l f  at  r ig l r t  
"ngl .*  

to t i rc  axis of  thc rv i rc

l r c l r i ng  t l t c  cu r r c t r t .

( l r ) ' l ' h c  t hco r l  o f  so l cno i c l s  anc l  o f  c l c c t r o tnagnc t s

vcr i f ie s t l r is  t 'hcorv of  I lagnct is t t t .  
"1 

nz|) rc 6rst  r t racic a.r t i f ic i l l

r r i lgncts l rv  t l rc  r tsc of  solcnoic ls,  in rvhich stcady r : t l r r t ' t t ts
. , r ' r ' r c  n r i r < l c  l o  f l o r v .  

' l ' l r i s  
t : o t t f i r r r r c t l  t l t t . '  n r t t l t r t :  o f  so l t ' t t l r i r l l r l

n r i l f { nc1 . s ,  l n r l  l r r o r t g } r t  s t t c l t  t n t g t . t c t i sn r  i r l t o  t l i r c c t  r c l a t i o r l s l l i l r

to t l rc  s ' i r r ro l 's  o1- i rotr  f i l ings,  u,hcn st tc l l  f i l ings r l rc  spr i r l l i l t ' r l

uJ)on a pl i r tc  nort t r r l  to a vcr t i t ra l  r i ' i rc  br :ar ing a cLlr rc l r t .

(c)  \ \ I i thout  such rvavcs ol  nragnct isnl  s . ' i th rotat ior-rs of

t l rc  act l rcr  f i l i rncnts about t l ic  l i r tcs of  forcc.  l t 'arodo, t"s

cxpc r i n r r : t r t  o f  r 8 .1 -5  f o r  r o ta t i ng  t hc  l r can r  o f  po l : r r i z t r d  l i g l r t

u ' ou l r l  no t  l r c  poss i l r l c .  As  t hc  r o l . r L t i on  o f  t hc  1 ; l anc  o f  po l r t r i z c r l

l i gh t  i s  l l t r  obsc rvc t l  f t r e t ,  t t t ; t g t t ,  t s  l l . l t t s t  c ' t t l i t  l vavcs  o f  t l l t l

t r ' p c  i r l r ovc  r : x1 l l l i r t cd :  i r t t r l  t t o t l t i t r g  l ; L t t .  sL t ch  ro t i l t i o l l s  ( ) f . t l l ( l

c l cn r cn t s  o f  t l t e  ac th t ' r  i t l r o t t t  l l t t ' l i t l t ' s  o f  f o r cc  u ' i l l  i t t - t - o t t t l l  f o r

t h r :  t cns i on  o f  t l r t ' s c  l i t t c s .

( r l ;  
' l ' h r r s  

o r t c  i t r g r l t r l c t t l  < ' o t t l l r t t r s  i t t l r t t hc r ,  l Ln< l  t l t t :  r v l l o l c

o f  t ho r r  l r c  so  i n t c r l o r ' l <c t l  n r t t t u l t l l v  t l r a t  l t t l y  l r r c r t l i i ng  t l o t ' r r

o l ' t h c  t : o t r t c c t i on  i s  i t t r poss i l r l t ' .  
' l ' l t t '  

p roo f  i s  l t l t s t : t l  o t t  l l c ( ' ( ' s s ; l  r l

an r l  su { ' f i c i t : n t  t ' on t l i t i o r r s :  ( ) r r c  ( ' i l r l s c  l t t t < l  t t n l v  o t t u ,  t t l t t t t t ' l t ,

t l t c  r o t l t i o t t  o f  t hc  i t c t hc r  i t l r ou t  t l t c  l i n cs  o f  f o r t ' c ,  r v i l l  l r l r ) r t i t l

r r r i r gnc t i s r t r  i t n r l  c l c< ' t r o t l l r t l t r r r t ( ' s .

Part II. The Geometrical and Physical Significance
of Laplace's Potential Function Vz Lagrangu's l"orce
!'unction U, for Neu,ton's Law of the Mutual Attrac'
t ions of  the I leavenly Bodies in  Pai rs ,  Expla ined by
'Wave,Action, 

giving Tension on the Aether pull ing
in Straight Lines between the Bodies: I l lustrations
o[ the Known Processes of the \7ave,fhg61y in
Acoustic Attraction, and in Newcomb's lrluctuations

of the Moon's Mean Motion.

7 .  ( i r i t i c r r I  l ' l x i r n r i r r r r  t i o t r  i t t t o  t h c  S i g t r i f  i t ' a t l t ' t :
o f  t h t '  I ) o t c t . r t i r r l .  r t s  f o t t n t l  i n  t h c  I l r r r l i t ' s t  U s a g c s  o f
( ' c o t i l t ' t c r s .

I . '  :  I  r  f  r '<1n ,  s ' l t i< ' l r  cor r t ' spon< ls  to  t t t r  i t . t t cgra t io t t  o f  th i :

s i L v r ' - t : l l i r c t s  l l ' o r r r  l l r t ' s t ' r ' t ' n t l  l r r r r t i t ' l t ' s  t r t r t l t ' r  t l r t ' l i t u ' o l - r v i t v c -
r r r r r l ; l i t r r r l c .  , 1 : / t , ' t ,  l i l r ( , \ \ ' n  t o  t ' x i s t  i l t  I r ; t t t t r t .  

' l ' l t c  
l t t t t c r r t i l l

th r rs  < lcpcnt ls  on  lhc  t t r t ss ,  i t t t t l  i t r vc rsc  t l i s t i t t t t  c ,  l t t : car . tsc  t l l i s

i s  thc  lau '  o f  a rn l r l i tu r l c ;  th t '  r ' i t l r . t c  I t :  i l l  f  r  fo r  a  sphc l i c i r l

bodv bcing of thc * 'cl l  l inou'r. t  l i rrnr givct-r l rv thc alrovc tr i l l lc

in tcgrn l  : t l , f l r .
' l ' hc  

po tcn t ia l  i s  thus  i r  s ta tc  o f  s t ress  i t t  thc  ac thcr ,

incir lcr-rt  to thc nuss of rr l roclr ' ,  anrl  i ts iuvcrsc ( l ist irn(:c, ancl

thcrcforc r lcpcnrls on \\ ' i lvcs proccc(1ing front the scvcral
part icles of nr;rt tcr,  r .rnclcr thc law' of i t l -r) l) ' l i tu( lc A : hf r.

In A\ .5o:1.1, I) .  7o, t  l rr icf srrnrntarv of t l re nrathct-tr i l t i t ' i t l

r ( ' i l so l ts  fo r  th is  cor rc l t t s i r , t t  r l . . l l r s .

Sondcmummer

' [ ' l r c  
c x l r n ' s . i o n  i i r r  l l r c  1 r o 1 r ' t r t i i r l  o 1 '  l t  p l i t t t t ' t l t r v  l r o t l r '

. l  r t r ; t s '  . l /  , \ '  . \ '  . \ ' , , , I  r .  , l . r  , l  -  
. 1 5

r v i r s  l l r s t  t t s c r l  l r r '  L t 71 /a t c  i n  r  7 l i :  f (  ) t ' t t v r cs  ( i o r t r p l i t t ' s  r l c

Laf /acL,  
' I 'onrc 

\ ,  p l ) .  J-+3 J.53)
I  t t , "  ,  /  t  t i  ( l . 1 . f l 1 , f l 5  . U

t '  
, l  ,  

=  
, l  , l  . l  , l  , ,  ,  i ,  , , 1 . , ' I * ,  t  -  z ) 2 1 '  r  

( ' 1 l r

( c l ' .  r \N  . 5o -1 .1 ,  pp .  ( r f i -  7o , ) .  
' l ' l r i s  

i r t t l i t  r r t es  t h r t t  * ' t '  t r t l i c  i t

s t r n rn ra t i o r t  o1 ' c r r . ' r ' r v  i r t on r  o f  l ) r i l t t ( ' r - i t t  i t s  r cspc t ' t i v c  t l i s t t t ncc ,

426

T'ai<ir.rg tlrc cxpressions for two indepcnclent curves, the
ampli tuclc :rncl 1lrc poter-rt ial ,  we have:

. - 1 : y : A l r c  Y t : y : M f r .  ( : Z )

It  rvi l l  l rc noti l t ' r l  that they belong to the same geometrical
spccics - lroth lrcins rcctaugular hyperbolas referred to their
1r-synrl)tot( 's - rrrrr l  can bc r-nadc identical throughout, frorn
,r:o, to :1 : .ar, l rv introclucing a sumlnation ),  such that

) / t :  '1/ :  f '  clnt.

.f .f .\' ,,1,.a." 111, ts: [ [ ! n1,.a, rt1, <tz . (; s)
Ac ' t 'o r r l ing lv  i t  appcars  tha t ,  by  thc  rncre  var ia t ion

of  r  p l t l r rc tc r .  thc  cL l rvcs  are  made to  co inc ide  r igorous ly

Po in t .  l x 'Po in t ,  f lo rn ,1 : -o ,  to  J :co .  There fore  the  chanccs
rgainst srrr- i ' r  i i  r igororrs coincidcnce accidental ly occurring
t l r r o r r { l r o r r t .  i n f l n i t c  s l ) i r c c , . 1 ' : o ,  t o  r : o o ,  b e c o m e s  i n f i n i t v
t o  o l t ( ' ,  o l - .  N

. : . [ ,1. . :  -  ( l , r )

: r r r r l  t l r r rs  i t s  l r r '1  ru r l  occrur rcncr  po in ts  t tn t .n is takab ly  to  a  t ruc
l l r r r ' o f  l r i l l r l r c .

I l .  sccnrs lhcrcforc ccrtain ancl incontcstable that thc
potcn t i r r l  r ( ' l ) r ( ' s ( ' l r t s  gcomct r ica l l v  and phvs ica l l y  thc  to ta l
l rcc r rn r r . r l : r t t r l  s t l ' ss  c luc  to  thc  rvho le  mass  unr lc r  thc  avcrage
s ' i r l c  rn rp l i t r r r l l  o f  thc  f i c lc l  about  t l r c  a t t rac t ing  l ro r lv  in
r lucs t i r t t t

ln  , r r i l t ' r .  l r l vcvcr .  to  rcnrove fo rcvcr  the  poss ib i l i t l '  o f
C i rn tcs t i r lg  1 l r0  lo rcgo i rg  in lc rp rc t : r t ion  o f  thc  gcomet r ica l  a l td
y rhr , . i c  r l  s ig l r i l j (  i rn ( ' ( '  o f '  th< :  po tcn t ia . l ,  rvc  s l - ra l l  now t raversc ,
ls  rn  l l ( l ( l ( ' n ( l r rn r  to  t l r i s  scc t io t t  7 ,  thc  h is to ry  o f  the  sub jec t
f ro r r r  i t s  { l rs t  i r r t ro< lu< ' t io r - r  l - r1 ' Ia f lacc ,  r782.

t .  / ,oy'/o, ls tnl l l 's is. In thc Mdm. dc l 'Acad. I toy. dcs
iSr : i c r . r r :cs  t l t '  I ' r r r i s ,  r78z ;  t785,  ( rcpr in ted  in  Oeuvres  Compld tcs
<lc , / ,r t f  1ar,: , ' l 'onrc X, pp. 34r-4r9), "/-a! lqce has a cclclrratcd
n ' rcnro i r  cn t i t l c r l :  u ' l ' h io r ie  dcs  At t rac t ions  des  Sphdro idcs  c t
< lc  l ; r  I i i g r r rc  r l t s  P Inn i tcs . r ,  A f tc r  pu t t ing  fo r  the  e lcnrcn t  o f
n r i rss  o1 ' r r  pJ r r r t ' I ,  t l , l [  -  12  dr  dp  dq  s in l  ,  so  tha t  in  thc  po la r
c r x r r r l i n ; r l r ' .  l l r c  t n l t s s

-r,: ,\ '.\ '.1," rtr <e dq sinT (+o)

/, iJr/d.. sit,\ 's

lS i  I ' o r r  l l { )n lnc  / ' l a  sorn tnc  c lc  tou tcs  l cs  mo ldc t r les  c lu
sph i ro i r l c  r l i v i s r l t ' s  1 r : r r  l t ' u rs  t l i s t l rnces  I  un  po in t  cx td r icur ,  o r1
i l u r i l

. \ '  ,

! + r )
' l  l r i s  l i r t l c l  r r ' . r i l l .  l r c  t l r cn  wr i tcs  in  a  s l igh t ly  d i f f c rcn t  no ta t ion .
' l ' b is  

c i r r l i r ' . t  r l c l in i t ion  sho lvs  the  sensc  i l t  * 'h ic l - r  I ' '  o r ig ina l l , v
u ' r rs  r rs t ' t l .

On pagt '  : ,s: 3 of. the saurc rrrctrtoir .Lay'/ace colnes to
t . l r t '  t o l l o s i n g  n ' s u l t s :

rrSi I 'on <ir isignc par / , 'h sonlnrc de toutcs les moldculcs
rlu sphdrolr lc, r l iv isccs par leurs cl istances respcctivcs i tu 1-roi l l t
i r t t i r i ,  qLrc  I 'on  no t ln rc  x , l ,  z  les  coordonndes d 'une t t ro lcc r . t l c

r1,4f r lu splrcroir lc, ct a, b, ,  cel lcs du. point att ird, on rtura

.,t,v : ,f S :, dr dp ds sinl> :
: I l- fl'', . r2) d1t dq sinl ,

- . t  . t

t '  - .\ ' l  " 
--.r) ' -r (t, _t, ' , '  + lc - z)2]-' i '  d 'r ' t ,( (+r)
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enablcd to gir-c thc conrplcte theory of the ntot ion of rvaves in
ar.r indcfinitclv cxtcnclcd f luid.<r

In r lenl ing rvith thc action of elcctr ici ty (p. rg), Green
r.rscs / 

-  
to clenotc thc surn of al l  the clectr ic part i . ies o. i ing or.,

a l toint r l iv idc<l l ty thcir respectivc cl istances from this point.
I f  . r ' ' , , r " ,  z '  bc  thc  coord ina tcs  o f  thc  c lec t r i f ied  par t i c l l  and
.r ' ,  ,r , ,  :  l l rc coordinatcs of an exterior point, so that ih. dirtn., ."
r "  i s  , l ,  l l n c , l  b y  t l r c  c q u a t i o n

rJin clCsignant ensuitc p^r .4, f) ,  C les attract ions clu
sphdroicle, pamll i lcntcnt rux i lxcs <lcs r. ,  r lcs1, et des z, on i l l l ra

'4 : Sl(." 
- r)' + (.t, - r12 + (.c - z',21-', /a -.r.) dM: *a l,-laa (a j)

on ar l ra  parc i i l c t l cn t

R : - A I ' lA/, c: ,0|:f Ac \ .44)

d 'o i r  i l  su i t  g t in i ra lc lnc l ) t  ( luc ,  s i  I ' on  < :onna i t  / . , ,  i l  scnL fac i l c
c l ' cn  conr ' l r r rc ,  l )a r  la  scLr lc  < l i f f6 r i :n t ia t ion ,  l , l t t ru t ' t ion  t l r r
sphcro ic lc ,  l r ln r l l i ' l c r l t :n t  i ' r  r rn t_ .  < l ro i tc  quc lco l t ( luc  1 / ,  cn
<'or.rsi t ldnrnt ccttc clroitc col l l l ro unc <lcs <'oorclontrdcs rt ,r . tunglcs
< l r r  1 ;o in t  a t t i rc . (

lL i l  va lcur

r .  l '  
r t . t /

, l  I  , t r 2  .  12  r ' 2 ' )

* ; ,  
(r ,1..  t ;  11t1, + zc z 12 

- l t  -  r ' ) '  - . . '1, .  - ,'  (o" r l f  r  rzlz 
'  "-. ]  t15l

ccttt- '  srr i tc '  cst ls<tcnclantc rciat ivgncnt trux cl in-rcnsions du
sphcroir lc ct r lcsccncl lrntc rclat ivcrncnt irux coorclonnics du
point att ir i ,  ct si  1'on n'a cgarcl qtr ' i .  son prcrnicr tcrr)te, cc
rl tr i  suff i t  lorsqrrc lc point att ird cst ir  unc tr, is grancle r l istancc,
o n  i r u r a  I ' : , 1 / 1 a z + 1 2 + . 2 ) - ' l r ,  , 4 1  i t a n t  l l  n r a s s c  c n t i t r c  c l r r
sphdroiclc. ( 'cttc cxprcssion scrlr 1>lus cxactc cncorc si l ,on
p l l cc  l ' o r ig inc  r l cs  coor r lonnr lcs  lu  ccn t rc  r l c  g rav i t i  < lu  s l rh r i ro i r l c r ,
c r l r  o l l  a ,  l ) l l  l ; r  p ropr i i te  r l c  cc  ccn t rc ,

. f ' . r ' < 1 . 1 1 : "  . f . ' .  < t , t f  - o  
, f z d , t t : o  l 4 ( , )

( ' n  s o r t c  r 1 t r c ,  s i  l ' o n  c o n s i r l i r c  l c  r a p J r o r t  r l c s  r i i n r c n s i o n s  r l r r
s l l l - rd ro i r l c  a  s i t  ( l i s tancc  au  po in t  l t t i re  co tnn tc  r ,n rc  t r i . s  l rc , t i t r .
< ;uant i t c  r lu  p rc 'n r ic r  o r r l rc ,  l ' c r l t ra t ion

I/:,tl[ (,a2 + b2 + cz') 
,i2 (,+t )

scrzr cxactc ar.rx quirnt i tds yrrds du troisidmc or<lrc.<r

Thcsc passagcs givc a clcar and sinryrlc cxplar-r iLt ion of
thc <lcf ini t ions cnrplol 'ccl by Laplace in thc carl icst papcr
rlcal ing I ' i th thc strbjcct. ' l 'hc 

r lcf ini t ion hcrc citecl givcs r.ro
phvs ic ' r l  s ign i f i t - r rn t ' c  to  t l rc  l i rnc t ion  / , ,  cx ( :c l ) t  to  r . l c f inc  i t
: r s  t h c  s r r n r  o f  a l l  t h c  r n o l c c : t r l c s  o f  t h c  s p h c r o i c l  r l i v i r l t : < l
l r 1 '  t h r : i l  r c s l t c c t i r - c  r i  i s t i t n c c s  f r o n r  t l " r c  i r t t r : r c t c t l
l r o i  n  t :

s ln l
(+r l)

so that by dif fcrcntiat ing /u- \ \ .c gct thc forcc ir .r ing in lny
dircct ion. Ir-r this rcsl)cct I j  rcsctnblcs thc Forcc l iunction, (z-.
irr trorlucccl l ty , [ .agrange for r lcal ing x' i th thc ]rutLr.r l lv ir t tr :rc-
t ing plancts of thc Solar Systun.

z. ' l ' l rc Artal l '5is t>f Gct,rgc G-rec2, tSz3.
' I-hc 

rvci l  knorvn prLpcr cnti t lccl:  rAn I issrLy on thc
App l ica t ion  o f  l {a thonat ica l  Ana lys is  to  thc ' l ' hcor ics  o f
I: l lcctr ici ty and l t lagnetisnr(, was f irst publ ished at Nott ingharn,
r828, ancl rcprintccl in Grcctt 's I lathcmtrt ical l)a.pcrs, ccl i tcd
bv ,Ferrers, r37o. In thc prcfacc to this essay. pagcs 37-38,
of this rcprin t ,  Gtcen rcmarl<s on thc usc of analysis in ph1,sical
scicnt-c :  t \ '1 .  J;ouriez, b1' his invcstigations rcl lr t ivc to Hcat,
has not onlv discovered thc gcncral cquations on . lvhich i ts
motion clcpcncls, but has l i l<or- isc bccn Icr l  to nov analyt iciLl
forrntr lae, bv t,hosc aid XII '1. Catrt/n'  nn<l Poissott have bcen

, ' :VLG' - r)2 + (t' - y)' + (z' - z)zl
thcn (,) ' r ,r 'zz puts:

r/ :  :  r  l / ,  .  g, d.r,  dy, dz,

\4e)

(s")prcc i r lo r tc  dc  /  
- ,  

r - i r lu i t c  cn  s i r i c ,  r l cv icn t

f  ,  ,  ,  ro  . t '+  zhy  +  z r  z  - . r2  . -v2  -  . r2

L ' - '  a z + h z r l

thc  in lc ! r : r l  co tnprehend ing  every  par t i c le  in  the  e lec t r i f i cd
.rrss rrrrr lcr consiclerat ion, g'  bcing thc dcnsity of thc electr ici tr .
in t i r is lr i rr t iclc, rh. '  , \ , '  dt '  being thc clemer.rt  of volurne, ani
thcrcftrrc o'  cl . t '  <11, '  ciz '  thc quanti ty of clcctr ici ty in t5e clement
o f  r .o l r r rn t ' .

' l 'hc 
fur.rct ion Z thus clcf incrl ,  ancl shorvn to fulf i l l  the

cl i l fcrcrrt i i r l  ccluations of La4lace , for an cxterior point
02ltf0rz +A2I/lAtz +A2 IlfAz2:o

ar-rrl of /)oi.r-sott for an intcrior point
Uz7;f0x2t 02 I/f022+02 lzf7z2: -4frQ

(s ' )

(s r)

.f  r lr  .<t^tt :  . f  , f  , f  '  t , .  rz <tr ce <tq

l,'[(a -."-)z + (.., - 92 + (c - z'Pf

( ir t t : t t  t '  r l ls thc Potcntial I iunction, (p. 
" i .  

This is thc err l iest
rrst '  o1' l  l rc tcrrn, ancl prcccde cl Hc/m hnltz's thcory, of thc
C 'onscr r ' : r l i on  o f  l inc rg l ,  r8 . t r7 ,  by  somc twenty  ) .cars .

I"r ' rrr l l r is outl inc i t  u' i l l  bc secn that Green fol los,s l l -re
r lc f l r r i t i , ,n .  o l '  / ,a , ; / t t ra ,  thor rgh  hc  cx tcn< ls  thc  rescarches  on
c lcc t r i< ' i t v  r r r t r l  rn : rgnc t i - \ ln ,  no t  on lv  to  vo lumes o f  rna t te r  l tu t
a lso  to  : r r r f i r i  c  u r . t ion ,  anr l  therc fo re  c levc lops  the  ce lcbra ted
tnrns for rna t ion  kno* 'n  ts  Gr tcn 's  Thcorc rn  (p .  , : ) .

.3., \rr ir l l 's is of Cattss, 1839. The results of Gous.r i
rcsclrclrt 's olr forces varying inverscly as the squarc of tbc
cl istancc, :Lrc givcn in Resultate aus clen IJcobachtunccn des.
N lagnc t ischcn Vcrc ins  in - r  Jahrc  r839,  Le ipz ig ,  r84o,  ( repr in tcc l
i t ' t  ( iou.r-s'  \ \rcr l<c, I)anri  V, pyt. r97-z4z). On page r99 of,
Oau.s.s' '  \ \ 'cr l ic, Jlrrnrl  \ ,- ,  rr 'c f ind that this cclcbratecl geometer
also fr i l lous /,ay'Iatc vcn' str ic:t l1' ,  ptrt t ing for thc potential:

1. . : t f  l /o+  1 t ' f  r '+  t r , , l / ' ,  +e tc . :  2  f l ,  (S : )

r :l f(a -.'.-)2 + (.t -i ' + Q - z)'z1 (s+)
whcncc  th t '  cxpn:ss ion  fo r  I ' ta l ies  the  fo rm:

v  ? j i  r
F t ' h/ ' - . 1  . l  , l t l r . A r 2 s i n u d u i l , d r  ( s s t

/ t  <I/ :  rrr l . .r '  r l l  cl :  ' , . t ;  ;"  mass in an elcment of volur 'e
cl l  :  12 sinu du dI dr (SO),

in  po l iL r  r :oor r l ina tcs .

r\cr:ordinglv it altpcars tlta"t Gauss does not depart from
thc dcfinit ions or nrathcmatical anal1'sis of Laplace, polssott
a.n<I Grtctt ,  thotrgh his results are more general and comprc-
hcnsivc than thosc of thc earl ier intcst igators, who founclecl
thc thcorl '  of the potcntial funr:t ion, and f irst introcluced the.
usc of i t  into l thysical science. As bcforc remarked, La/lace,s.
potcntial function I/  for the part iclcs of an attract ing nrass is,
cxactlv irrr iLlogous to Lagran..Te's force function U, as appl ieci
to thc nrrrtual ly attract ing planets, in that a simplc dif fercn-
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t iat ion of the exlrression in rcspcct to

thc force rcsolvccl ir t  l tnv dircct ion.
the coordinatcs gives

4. Ana.lvsis of Dir irhlc/,  r85(r-57, ando[ Rie n.attt i , t86r '

Thc lcctrrrcs ol l ) i r fuI lct nt Gott ingcn for thc rviutcr

senrcstcr of r8.s6 \7, \ \ 'crc f ir-ral ly publ ishccl b1' Grultc, vnrlcr

thc t i t lc: Vorlcsr-rngcn i iber dic im urlgckchrtcn \/crhi i l t l r is

r lcs Quirclrats r lcr l lntfcrnung rvirkctrdcn l{r i i f tc vo:n P. G.

I-e Jcnne-.Dir ir I let,  Lcipzig, r876. Dir ic/t lat tal<es thc

I 'otcntial as thc sum of :r ,11 activc mass-part iclcs, cat: l t  dividcd

ln' i ts r l istancc fronr thc :rt tractcd point, thtrs (p.4):

I  :  \ l  t f  r ' r n : n f  r + m ' f  r ' + n " f  r " . . .  .  ( - s z )

Accordingly, as in thc u'orl is of Gau.rs ancl Laf /arr.  this
js rr lso wli t tcn l ty Dirt ' th/c/ (p1r. 69-7o):

I : : . f r l r 'A , l ' : . [ . [ . [ ' , ' ' ' I r l . r c l -1 'da  (ss )

I  :  clqrsir) ' ,  , '  :yl( .o -. t) t  + (.h -1;12 + (t  -  z ' l2l  .

I t '  l 'c introdr.r<rc l tolar coorrl i t tatcs,

a -- /? cos i)' .r: : g cos ,'/
lt - li sit'r !|' <-os t1i J, : o sin ,',l c:os rp (.sq)

r :11 sin 
",1'  

sin g, '  z -,)  si l t  , ' /  sin g

t lre cxprcssion for r bccotncs

/ : l t \R2 *  92  -zR o  [cos , ' /  cos  , ' / '+  s in , ' /  s in  
" / ' cos( r t , -  

y , ' ) J ]  
1a .^ )

(-os (, .: cos ,'/ cos ,'/' + sin .'y' sin #' cos (y - 7')
s'hcre rr is thc lrnqlc lr t : tu'cctr thc radi i  vc(:torcs R, o, rcfcrrcrl
to  thc  o r ig in  i r t  t i r ( '  ( ' c l r t rc  o f  thc  l t t r i t c t ing  nr tss .

] ' o t cn t i r r l  I i r u . t c t i o t . t  l r c< ' o r r r cs :

;
, ,  ' . f  A ' t n t -  2 R Q ( ' o s r , ) - t  1 r , - ' '  , s i n , ' / ' < 1 , ' / '  ( f i r )

s  h ich  iL r l r l i t s  o f  c lcvc lopnrcn t  in  co t rv t ' rg i r tg  sc r ics  o f  sphcr ic r r l
'harnronics, 

l- lLving thc fort l
rc

t '  o \ 1  , . , 1  t t " l ' ( "  "
. L  - '  " . ' . 1  . l A '  1 ' ' ,  ' <  o s r a \  t i 1 1  

" 7 ' r l " / ' r l r 1  

'  ' 6 2 '

: ,
J i r r  i r n  j n t t l r  p o i n l ,  o . . . . r 1 ' ,

N

l '  * ' \ t  L ' 1 , ,  
'  l ' l " '  ^

t  . .  t t  , '  r , . ' ' ' ' . 1  , l h '  P , , l c o s , ' r )  s i n i l ' d ! l ' t 1 , 1 '  ( r r . t )
4

l b r  ln  ou ter  , ,o , , t , ,  U ,  ' r , .
' l ' l re  

Vor lcs t rngcn c lc l i vercd  by  1? ian , rzz  a t  ( i i ) t t ingcn,

r S(rr,  i rncl closcl l '  relatcrl  to thosc <tf /) t l r i rhlcl ,  s 'cre Irubl ishcrl
lry 1/a//cndor.f [ ,  unclcr t ]rc t i t lc: Schrr 'crc, l l lcktr izi t i i t  uncl
\ lagnc t isnrus ,  I  lunnovcr ,  r87 .5  J? icnont t ' s  c lc f in i t io r r  o f  the
l 'o tu r t ia l  l i r l l o r i  s  tbc  s tanr ia r< l  fo rnr :

F F P

/  -  
. l  , l  , \  ,  l , .u  t ta  r th  < t r

, -l l(,.u -..)' + (.1 - :') ' + ( r - z')zl

Accorrl ingl l  i t  i rpl.rcars t l-rrrt  thc furtct ion of tht '
t lct incrl  by f.Qlarr '  in t  7Sz :rs

, . i . [ . ] ' ,  
r '  r ;  r  I .r '  r  l .v r l :

s 'as irr loyrtcr l  l>t '  his succ'cssors u, i thout chtngt:.  
' l 'hc 

occasion
t b r  t h c  r . ( ' o n l " l r i ( ; l l  s i t , n i f i , ' l t t t , ' c  . f  t h c  f t r n t ' t i o t t ,  i n  c n t t t t , ' r ' t i , ) t t' ' r "  " "

r i ' i th  thc 'phvs ic l l  l ras is  r rpon rvh ich  i t  rcs ts ,  \ \ ' i l s  no t  c lL rc fu l l v

inquirccl into until the problem rvas taken up by the present
rvri tcr jn the Nerv 

' fheory 
of the Acther, r92o, AN 5o44.

It  is norv obvious that thc intcgral of the dcnsity into
thc clcnrcnt of volut lc, divided by thc cl istance:

,t - .f,f,f rf..-,u)2 + (1, - ),)' + (c - z')z)*'t, dx dy dz (66)
rrcans plr lsical lv that cach atom scnds out a wave of arnpl i tucle
A : / t i r  ,  rrnrl  thr,rs t l ic potcntiai is the ir .r tegral of thcse supcrpo-
scd u' lrr ,c lrnrpl i tur lcs, for every clcmcnt of mass, at i ts appro-
priatc <l istrLrrr:c. 

' l 'hc 
accumulatcd stress of the aether is

thcrr:forc proport ional to thc supcrposed effects of al l  the
atons, :rncl thus proport ional to the rvholc mass, and invcrscly
as  the  c l i s tancc ,

, '  run':  l '  l '  1",,  , 'o,:ot!""--'  
, 1  ,  J  , l  J  l l  a  -  xSz  + ( .b  - y ) '  + ( c  -  z f f

anrl thc forces rcsolvcd parallcl to thc coordinate axes:
A l -  , '  , ' f  , r ( a - . r ) d . r d ; ' d z  _' ' '  - - 
uo 

: 
,l ,l J (o - ^.), +rb _ s)z ",1r 421{,

) . _  _ a t '  _  f  f  (  -  o ( b _ y ) d x d y d z
?1, , t  , /  , )  [ ("-1. ; '  f1t ,-r , r+(r- ; f f ,  

(o7l

A t '  , '  
"  

(  , r ( c - x ) d x r J . y t l z  _z : * - . ,  :  |  |( .  , ,  , ,  , )  [ ( " - r ) ' + ( 1 , - J ) ' + ( r - z ) z ] l ' '
' l ' i rc 

resr.r l tant total forcc thcrcfore is

R : l l lx,  + \ '2 + Z2l (68 )

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

Llf  a.tzt,c// 's cclcbratcrl  
' l ' rcat isc 

on Electr ici ty anrl
\ ' l tgnctisnr, r873, contains cxact i lcf ini t ions and suggestive

I r l iscussiorr of the geomctrical and physical signif icancc of thc
potentilrl : in fact Maxzuell is the bcst guicle I knorv of, in
<lcal ir .rg l ' i th this hithcrto obscure subject. I lut as he says in
sectiorr 863 that he cotr ld not solve the nrvstery fron C. Neu-
n tann 's  l i r t cs t  t rca t rncn t .  I  f ina l l v  rvas  lcd  to  the  t l - reor1 'dcvc-
l o l ' q ' r l  i r r  l l r i s  p a 1 ' o r .

; \1tt :r  stLrr lyi l tg , l fatrue/1's cri t ic ir l  <l iscussion, which is
conc lcnscr l  in  ( ih lLp ter  23 ,  Scc t io t i s  346-8( ;6 ,  I  conc ludc  tha t
thc  u 'h r . r l c  casc  n l rv  l rc  surnmcr l  t rp  i t s  fo l lows:

i  r .  l 'hc vrLl idi ty <tf l l 'eber's funrlamental electrodynamic
larv of r i i -1(r is lclmittcr l ,  and that inrpl ies rvave action propa-
gatc(l  in t inrc, and thcrcfore gcnerating inductions, l ly t l -rc
action o1' thc rvi lvcs, - not only elcctr ic and magnetic, but
iLlso gnrvi lrLt ional. ( lravitat ional rvaves are similar to thc

' nragnctir :  \ \ 'Avcs, cxccpt that thcy arc not polarizcd, and thus
(' iurnot. l rr .  rrscrl  in a <1ynanro, nor can thcir effccts bc perccivccl,
cxcept  l rv  t l r r :  . l s f l c ' i ' 1 i1 rns ,  c tc . ,  in  t r i tnsmiss ion  th rough thc
l ia r th ,  r r t  thc  t i rnc  o f  lunar  cc l ipscs  -  such as  occur  in
Alcutrotnh's l i luctult ions of the Nl[oon's Mcan N{otion.

:.  
' l 'hc 

cri t ic isnr of Clau.rt)u-r (PoggcndorJf 's Annalcn,
I l i rn<l r. i .S, lr .  (rr: ' r  r :orrect ly shows t l"rat Riemann's clectro-
dyni inri ,  l i rnnrr l i r  is inr idnrissible, in that i t  implies a propagation
of  t l r c  l ro t  cn t i r r l ,  l i l<c  l igh t ,  undcr  thc  rnod i f i cd  fo rm o f  Po i . r . ron 's
c q u i l t l ( ) l l :

tl2 /'/rl.r.2 + d2 I: f cl_1,2 .- 6z 7z f clzz * 4 ;r o : r f a2. d2 Iz f dtz (Oq)

a : Vclocit) '

anrl  othlrr i ' isr:  r locs ttot confortn to Weher's lau',  and other
l<non'n r'lcctrodvna.nric llru's, such as tltose of Antpire. Manae//

Soncleruumnter

((r.1.)

'po tcn t i r I

( t  s, i

4 3 0

; \ n r l  t h c

2 7

r  r , :  { ' , t

o



+ . 1 r

notcs thc cqual l \ .  r .a l ic l  r : r ' i t ic isrn o l -  ( - lnt r - r i t r . r : rg i r i r - rst  C' .  , \ icu-
, ) t d / t ) t  s  t ' h co r t '  o f  t he  t r ans : t r i s s i on  o i -  t l r c  po t cn t i r r l  f t on t  pa r t i c l e
t o  l r r r t i c ' l r : ,  bu t  i r r  a  l l i l l l t ( . r  r l i l l t ' r cn t  i ' r ' o : l  t l l r t  o f  l i g l t l .  , l [ a . t z l t , / /
s i r v s  hc  < ' o r r l c l  r r o t  1 i . l n r r  f r on r  . \ ' c t o t r a t l t ' s  t hcon ,  t hc  r (  l ons tn r i r . -
l r t r r c \ ' ' o r s t c l l u l r g (  ( ) 1 ' t 1 r r '  1 , r , , ,  r ' . \  o i  t r ; l n s n r i s s i . n  l ' l r i c l t  i r l r I r , ; r r . r . r l
l l ( l ( 'CSsa l ' 1 '  l o  On t r . s . , .  j n  t h i  l ( ' t t c r  l o  I l t c / t c r ,  f l a r c . l t  r 9 ,  rS .1 i .

. 3 .  r \ J l  : r t l l t  l l r l o t  i l s .  i p t p l v i r r g  l l r l t  t l t q  l r r i l l p t i r r l  i :
l r r t t t s r r i t l r ' r l  j n  l i r n c  n t ; r r r i l r ' . l l r ' : r r c :  t r r r l t ' t t l r l r l r ' .  

' l ' l r r , p o t c r r t i r r l

i s  r r .  s t i t t c  . 1 '  u ; r l r . - : t r r ' : s  i n  t hc  l c t hc r ,  r l c y t c r t r l i ng  l ' o r  g r r r t . i -
t t r t i o t t r r l  l r o r l i l r  1 1 , , , , , t  t l t t  l r i p l c  i r - r t c g r a l

I '  -  
. \ '  . \ '  . \ '  

, ,  [ 'a  -  1 ' r r  + ( . .1,  - ) , )2 + ( t  ,  r ' ;z)  
"  

r ]  r .  c l - r ,  r l :  ,7o)

a t t r l  t i t r r .  l t  i ' r r n r ' t i o r t  o f  t l r c  l t a s s  i r n < l  i r r r - c r s 1  t l i . t r r 1 r . c ' .  l r l r . a r r s l
c r t r ' l t  l i t o n r  l n r i t s  t ' h i r n t c t c r i s t i c  \ \ - i t \ . ( . s ,  r r n r l  l l t l i r  l t r r l r l i t r r r l t s
v i l r v  r r \  t , r . , ' l v  l r s  t h c  d i s t r r n c c s .  

' f h i s  
s t a t t  o i  \ \ . . r \ . r ,  : r l . r : .

v r r r i c s  u  i t l r  t h c  n r a s s  a n r l  < l i s t a n c c  s i n r l r l r . ,  I ' - - , f ' r  
' r . r i l r .  

l l r r

< l ocs  no t  r l cp r . r - r i l  o r1  t l r c  t i n r c ,  c xcc l t t  i n  n ro l i ng  l r o r l i r : s  l s  l
chrr  r - rgcs.

I ; o r  e l cc t r i ca l  anc l  n r rg r . r c t i t :  l r o r l i c s  < .o r r cspo r t r l i ng

l rotcnt ia ls cx ist ,  rs  c lcf i r icr l  l ry-  , .1/a.rzt 'c1/ :  brr t  thcsc potcrr t . i i r ls
t oo  a r c  s t i r t c s  o f  s t r css  i n  t hc  i r r . t l t c r  r l r r c  t o  \ \ ' i l v cs .  

' l ' l r t :  
s ' l v cs

p ro rh r t : r .  I b r r ' r ' s ,  u ' l r i r : h  t ho r r sc l vcs  : r r c  t n rnsn r i t . t c r l  i n  t i r r r c  l i l i t :
l i gh t ,  r i ' l r i i c  t l r r '  po t c t i t i ' r l s  i l l - c  su l ) c r l ) osc ( l  s t . l l t c s  o f  s t r css ,  r r o t
: r gc r . r c i t ' s  o f ' ac t i o r r .  r \ l l  h r ' po thcscs  o f  t l r c  t r ans r r r i s s i on  o f  t l r r :
p o t c n t i a l  i r r  t i n r c .  r s  i f  r c ; r r c s c n t i n g  l r c t i o n ,  i r r c  r n i s l c l r r l i n g  l

[ ' r ' r ] r r 1 r s  r r ' u  o r r g l t t  t o  a r l r l  t h t r t  t h c  l i r n . t ' s ,  l . l t i c l t : r r c
t r a n s r r r i l t , ' r l  i n  t i n r r ' .  r . o r r l r l  l r c  r . h r r n g c c l  o n l r -  l x ,  r . l r i r n g r .  o f  n u r s s :

[ '  -  t ) t o rn  t , i  .  / u , ,  . 1 .  t t t  nD t  " l .  I n . n  +  , t n i l t , , '  . l n  
" .

+  ) ) t  r t 2 t 2 ' .  /  r . n  +  t t t  r n t . r l .  l  r . . r .

+  ) ) t o r r t l ' .  l "  1  +

1 = n - l  /  . , 1

_ \r  \ ' . . .  . . .  r  ,
^ L i  .  " ' ! t " t r t ' ' , t ,  . l ' i  , i : ( . t t - . t , ) t  + ( t , ; - 1 ) 1 2  + ( t / - s r ) t  ( i . )

? :  O  J  T

.Sott  c lcrnrrnr rrrcr . t a a
+ J -

i r  l l r r r t .  s . rs .  thc  po lcn t ia l  a lso  rvou ld  bc  changcr l  cor respo 'c l -
i t tg l r - . ; r r t r l  t l r c  c l r . rngc  l -ou ic l  r :o rnc  about  r i . i th  the  r .c loc i tv  o f
J ig l r t .  I : lL r t  rv l r i l s t  t l t c  fo rccs  uc t  l r l )o r1  bor l i cs  r r . i t l t  the  r . . io , : i t r .
o t - l i g i t t .  l l t c  p o t c n t i l l  i s  r l c r e l v  a  s u l ) c r l ) o s c ( l  u . l r . t - - s t i r t e ,
. r r rJ i i .q  l rc iss i l r l c  thc  s t rcsscs  fo r  gcnera t ing  thc  fo rccs  o l rsc r r .e r l
in  1 r111. i1 '111 i rc t ions .  ' fhcsc  

la t tc r  ac t  u l )o l t  l ro r l i cs  anc l  thus  c lo
*  r i r ' l i .  *  l r i l s t .  t l r c :  Po lc . t i r r l  i s  .  f i xcc l  s ta tc  o f  s t rcss  r r i r l i i .g
l r o s s i l r l c  t l t t :  l t c l i o r t  o l '  l l t r .  f o r . r ' c s

. y .  I t  i s  r o l r r l i l b l c  t h a t  t h c  s i r n p l c  t h c o r y  o f  t h c  p o t c n t i a l
s c t  l o r t l r  i n  l h c  N c u " l ' l r c o r t - o f  l l r c  A c t i r c r  s o  l o n g  c s c a p c < l  t l r c
r ro t i cc  o l -gco l l c tc rs  a r t r l  n t r t t r ra l  l th i )osophcrs .  I t  i s  < l i r -cc t l r .
r i c r l r r c i l r l l  f r o n  / , a l l a r t i s  r l c f i r r i t i o n  o f  I - : , f  r i r . c l n t ,  r i t i 2 ,
l r ,1  1 l r .  n r r t r tn r l  c l i : vc lopnrcn t  f ron t  thc  an tp l i tuc lc  o f  t l t c  s , iLvcs
\\ ' i1: r  ) , ,  r  ' i r t . l icr l  for :rborrt r40 ) 'cars. : \s thc l i t*,s of I I ' t / , tr ,
. lnt l i  t  i .  / j t t l  anrl  Saztar/,  O/im, Otrs/ct l ,  clc.,  arc hlrnronizcrl
l r v  t l r i '  ' i r r r l t l r ' thcorv ,  rvc  havc  no  I tcs i ta t ion  in  a f f i rn r ing  the t
t l rc  i r ' , r r ' , r  t l r corv  rcprcscnts  thc  t ruc  o rc lc r  o f  l t i r tu rc .  . . \ r t r -
a t t ( . n r i ) t  1 o  r l r ' l . r r ' l l r i s  o b v i o u s  c o n c l u s i o n  i s  c q r r i v a l c n t  t o  t h .
cont r l r l i c l io r t  o f  thc  l t la incs t  t ru ths  o f  geomet ry ,  an( l  the
r t . j cc t ion  o1-  thc  b r .s t  cxpcr in rcn ta i  cv ic lcnce o f  our  scnscs  in
thc  v l rs t .  sc icncc  o1 '  I r l c< . t ro r l ln ln r ics .

I n t t r l r r c t ; r t i o n  o l '  / , a . g r t t t , q t , ' s  f o r c c  f u n c t i o n  { , / .
\ \ ' c  l r rv  r ro rv  po in t  oLr t  t l r : r t  in  t l t c  fo r r .c  func t ion ,

introrlrrcc<l l>v ,/-a,grange for thc rrtrrtLlt l  ;rotcntial of a s\.stcln
o l '  l r , r , l i , . .  1 ; r l , c r r  i r r  p t r i r s ,  z l ;  r ) t . . ,  a l  n r r r l r l r l  t l i . t , r t t . " .  . 7 , . r .
thc  v t . r ' r '  l i r rn r  o f  thc  cx l t rcss ion  fo r  th is  func t ion ,  n l l re l \ . :

" '  I  n t , r u t , , l . . / n . , ,  t : o t  j  : t r . . . j  : t t

. . .  t  l t r n t , , l . / r . , ,  i :  r ,  J : 2 r . . . j  : n

' - .  .  ) ' t , t ,  . l ^ . .  t - 2 ,  J : 3 , . . . J - t t (z ')

l t ) t , ,  r , ) t ,  . 1 , , - , , , ,  i : n - r r  j - n

shou  s  t h r t  t l r c  g r r r l i t a t i on r r l  l i r r t ' c s  l c t  j t . r

l h c  l r o r l i c s .  s ( ' \ ' ( ' r i r l l l  c o r r n c c l i n g  l l t c n t
c o n s i s t  j n  t t ' n s i r i n s  ( ) r  \ t  r ( ' t (  l t i n g  o J -  t l r c

thc  l r r r r l i r ' s  a rc  t rc i r tc r l  i r s  par t i r : i cs  o f  r t l r ss  , l t i  n t j  l t c t ing  f ron l
l l r t ' i r '  : i ' r ' r ,n r l  ( 'Ln t rcs  o f  g rar . i t r . . ' l l - tus  f -agran .gc ,s  fo rce
i ' r . r r rc t  i , ,n  h ls  a  f in i t c  l lgc l r ra ic  fonn,  und c loe  s  no t  invo lve
ln t ( .g r . i r l '  u ' l r i r . l t  g rca th-  s i tn l t l i f i cs  r rn r t r .  ca lcu la t ions  in  t l . re' l  

l t , ' , r .  , , l  u t t i r ' ,  t : : r l  g r ; r . . i l ; r 1 i , , . .

In  lo r r r ing  r r  l lo rc  c r i t i ca l  juc lgenrcn t ,  horvever ,  o f
. f ,agrtt t ,qt s I iunt ' t ion, i t  sl tould bc bornc in mind that thc
t ( ' r l r s  ( ) l -  thc  p1 : rnc t i r r ) '  po tcn t ia l  r lo  rca l l , v  invo lve  scx tup lc
in tcgr r r l . ,  th t '  r l i f l c ren t ia t ion  o f  rvh ich  g i r ,cs  thc  Nerv ton ian
fon 'cs  l , r r l l i n -  i r r  r igh t  l incs  bc t rvccn  thc  bod ics  in  pa i rs .  Owing
to  l in r  j t ; r t ions  o f  s l r r r .c  s .c  s l ta l l  hc rc  I ' r i t c  on ly  s ix  tcnns  o f  the
s o r i - r  1 r r r r t l r i l r r t t . r l t I  o f  i n t c g t . a I s  :

r i g l r t  l i n c s  b c t * c c n
i n  p l i r s ,  i r n r l  t h r r s

l rc ' thc rc i r l  rnc< l i rn t . r
l i l l i n g  t h r .  r ' < , l c s t i i r l  s l ) r i ( ' ( . s .

Accor r l j r rg l l  l l l  th r '  1 -o r r :go ing  t l i sc r rss ion  : rpp l i r : s  t< r
Iogran .gc 's  ib rcc  l i tnc l i r in  1 ' ,  t -o r  i r  s ) .s tc ln  o { -  s r .p l r i r t c  l ro r l i cs
i n  s p i r c c ,  l r t  r n u t r r i r l  r l i . t l r n c t :  . / , , r ,  l r s  u . c l l  i r s  I o  / . a f / a t t i s
func t ion  / ' ,  l i r r  t l r c  l l r r l i c l cs  r ,1 - r r  . ing l t '  n r r rss  l i i i c  1hc  I , ) r r th  r t r
Srrn. \ \r t- .  noticc nrcrr ' l l  t l rrr t  in . / .a.qrtncc's l i rrcc 1-Lrtrr. t ion Z/

u - .f ,r .F ,f .f ,ir.,,,l; _1,1.",:l,t 'l 
I,i I li;l ".;,r . .l"r.f .r.[.f'r,r,;: ]:l; i'i;. '' j;i i'l;: li:,,,, . "fi"f.f.f.fii(.::" 1;]r; .,.

, i,i.t'.i.1'J;f(.ll l:]i'j i;" Ij ;ll'll l;:,,,..f,fii,f.fi:i..*,;l,i .
.i.f.fJ'.f"fr'?t*#' .

: t >t f f {. f f f. .,,t' 
n..',.1.,', rt:; ri, rt.t, c|r, ct:,

d  

" r  

' t a ) " t t r  r l lG t - ' t i i t + ( - r ' '  - r 1 )2  + ( : ; _  z r )21  
'

Tt ri ' i l l  bc sccn tltercfore ri-rat Lagrange's function in usc thc l initc algebrlric forrn
real i t f  is  r radc u1t  of  a ser ics o1-scxtr rp le in tcgra ls :1,c t  s 'c  of tur  hc: rvr :n l l  bodic i  as having

+ . . ' ( 7 r a )

\ 7 2 4 )

for thc ternts rvhen rve treat the
their r lasses col lected at their



. l a .
+ J J

dln
' I 'hc 

intcgnr l  for  a l l  suc 'h

l N

,f - .F
( - -

.Son dcnrtrrnnr'cr 43+
( 'cntrcs of grar. i tr . ,  s ' l -r ich at a. cl istancc is r,ery ncarly <-or-rcct,
ou ' ing  to  thc i r  f ig t r rcs ,  unc lc r  un i r .c rsa l  g r l r . i ta t ion ,  t r r l< ing  t l )c
f . r ' r  o f  sPhcro ic ls , r i rdc  r rP  o f  cor - rcc ' t r i c  sphcro i t ra i  shc l l s
o f  r - rn i fo r '  t i c ' s i t r - .  

' l ' hc  
abo 'c  in tcgra ls  (7 ra)  a rc  * ,c l l  ; rc l .p tc r l

t ' r  sho*' i .rg t lrc r:o.plexit '  of the lr l , ,n,, i"r" ' fo,.ccs, . iclcr thc
rvavcficlcls of thc cl i f fcrcnt bodics, *,hich, i f  spa.cccl . t  sLri t i r l r lc
in tc rva ls ,  n r ich t .  g ivc  r i sc  to  thc  l lus ic  o f  thc  Syrhr : rcs ,  as
cxp l : r inc r l  in  th r :  foo tno tc  o f  scc t io r - r  2 ,  bc tu .ccn  u t l r r r r t ions
( r 3 )  a n < l  ( r . 1 ) .

8 . ' l ' h c  I n t c g r a l s  r c < 1  L r i r c c l  f o r  t h c  I , l v a l r . n r t i o n
o f  t h c  1 1  u t u a l  I n t c r l c t i o r - r  o f  t r v o  I n f i r r i t c  I n t c r _
J ) c n c t r a t i n g  \ ' i a  s s c s .

In  ta l< ing  r r l ;  thc  n to rc  gcncn l l  p ro l r lo l  o l -  r r t t r i r r . t ion
* 'c  sha l l  bcg in  * ' i th  the  i r r tcgnr ls  u ' l r i ch  r r r i sc  in  t l re  c 'a l r r . t ion
o f  thc  ' t . tua l  i . t c r ' c t io 's  o f  Po ' r l c r i r l r l c  bor l i t , s ,  * .hc '  t l t c
l ro r l i cs  in tc r l )cnc t r i l t c  an< l  l r rc  o f  r rn l in r i t c r l  c \ tL , l r t ,  so  i rs  to

"  
' '  r '  

-  1 (a: 1)-a t  t l - t 'cJz. \ ' - . ,  I ' ; 4  I  I  1 , .  : i ^ \ " ; : ' / - u t : r  u 1
,)  , /  , t  f (a -r)r+ (1,- t) t+(c_z)21' t"

l '  l ' ' * l ' ,  
' : : r  

. ! ) ' rr '<r;  dz
. t  , t  J  [ ( "  . t ) ' r ( . b - y ) 2 r ( r - z ) z ] " t ,

- - * -

f  t '  l ' _  _ , r ( r - z ) t t . r .  d r , < l a  _
,  t ,  |  - /  [ ( " - . ' ) '  + ( b  -  y S 2  t ( r  -  7 ) t l 3  z

) ' :  -  ? l ' t !?/ t

Z:  -?  r ' i ?c

( t t t )

( ;  s)

(zs)

Anr l  as l l rc  to ta l  forcc is
l ? - j ' f J r + ) , 2 + Z 2 f

so  t h i r t  t l t r .  r ' o r l l t onc l t t s  l l r c :

( ) ( ' c t lP ) r  r t l l  s1 t : r c  r ' .

L c t  u s  i r r l r g i n c  t l r c  u n i v c r s c ' f l l l c r l  t . i t l r  a r r v  o n t :  I i i n r l
o f  ma t t c r ,  such  as  I  I t ' d rogcn ,  o f  r l r : r s i t r '  ( r ,  s ( )  t l ) i r t  t l r c  t . l , . r r , , . t
of  mtss bccorncs rvc. clsi ly r,r :r i ly thr: fornr of (7 7) al;ovc, rvhcn the mutual

potcntial cl tcrg\r is sought l tct.rvcen both ntasscs, by means
o1-  t l r .  s .x t . r rp lc  i r t cgr . t ion .  I t  n rus t  inc l .c lc  each e lcmcnt  o f
c i tbc r  r r rss  * , i lh  thc  cor rcspond ing  c lc r rcn t  o f  thc  o thcr  a t
a l l  < l i : 1 : r n c c s .

-  ' \ r ' r ' o r t l ins ly ,  i t : rppears  tha t  a  t r ip lc  in tcgra l ,  o f  the
fornr  o1-  1 .7 .1  r  t r ) tovc ,

'/ f flf rr Lu. dl rlg

i nc l t r r l cs  r r l l  po i . t s  . f  spacc ;  and s incc  the  in tcgra l  (76)  a lso
i r t . l t r r l cs : r r r r i t l r t ' r  i . r l r .pcnr lcn t  s .mmat ion  o f  a l l  po in ts  o f
spacc ,  i l  l i r l l , * .s  th i t t  thc  scx tup lc  i . t cgra l  (77)  inc lu i les  a
sunr ' : r t i . r r  o f  l i l  p . i . t s  o f  spacc  in  rcspcc t  to  a l l  o thcr  po in ts
o f  sp ; rcc  r r t  th i ' i r  scvcnr l .d is tanccs  r : l i l (1 ,  _  r ) ,  + (1 ,  * ) , ) ,  +
I  ( : '  - : ) '? i .  ' l  

l r i s  con< 'c l t t ion  is  r .c r r .  in ry ror tan t  no t  on ly  in ' the
t l t con '  o f  l l r t :  po lcn t iu l  t rn r l  a t t rac t ion  o f  g rav i ta t ing  mat te r ,
b r r t  : r i so  i r r  l l r c  thcorv  o f  t l t c  vc lo r : i t y -po tcn t ia l  rD ,  rvh ich  comei
rrp in thc 

' l ' l rcorr. 
of thc Acthcr, in lvhich the forccs are ex_

piainccl lrr- u' lvc-rr. t . t ion.

. 
I lcforc'  lcaving thc problern of potential encrgy, we may

citc n prirct ical cxanrplc givcn by Lord, t{eloin, 
- lutt i-o..

l -cc r t l r rcs ,  r  ( )o+ ,  l ) .  27o,  as  fo l lows.
If  , / l  r lcnolc thc rcsultant forcc acting on any part icle

rlnt. :rr t l . r '<l l  cl .? l t  i r-nv point 1 (r,) , ,  r) ,  t l tc cxhaustion of
g r t r , i ta t ion l l  cnergv  pror l r r , . cc l  bv  l t r ing ing  a  vas t  number  i /
of cqLta. l  nr i lsscs frorl  rcst at an inf inite distancc to an couallv-
spr rccc l  c l i s t r i l ru t ion  th rough a  spherc  o f  rad ius  z  i s  

-eas i i y

sltorvn to l tr ,

- 0 /l l?.t- - IIXz + Y2 + 721-1tz
?A' f } r  = ) ' [Xz , -  lzz y  721- '1,

-0/(lAz - ZIS-z + J'2 + 7.21-'tz

: r; cl.r djr rl: .

n ra t tc r  i t r  thc  Un i . , ' c rsc  i s
+ r c : N

|  |  , r  ' 1 . . , 1 ' ,  . l ^| | ,

( ; ; )

0+)

J1-  t l rc rc  l r .  l r . . thc r  k in r l  o f - 'a t tc r ,  s r r t .h  ' s  I  I c l i r r . r ,  sprc . r l
( ) \ ' c r  lh ( '  r rn ivc rs t . ,  o1 '  r l cns i t r l  r l ' ,  r rn< l  n . i th  th r :  t , l cn rcn t

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

\75 , l

Ga)

dtn' :  o'  r lr '  c11,, <lz,

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

^11',
l N  + N  I  N
I . P P- l  I  1 , "

N N- ail

- \ l r t t t ' r  o l -  thc  t r .pc  o1-  l l l c l rogcn iLnc l  I  I c l iunr  u ,o r r l r l
f rc [ ' l '  i , t c r l ) ( ' . r ] t r i l t c ,  rx i ing  to  t l i c  n t , i ' . t , c , - r t  o f  t l r r :  r ro lc r . r r l cs ;
anr l  thus  to  co ' ] )u tc  thc  n rLr t ru r l  po tcn t ia l  cncrgv  o f  t rvo  s r rc l . r
i . l l r i t c  . i l sscs ,  * ' c  s l ro r r l r l  h r r ' c  to  t : v . lu i r tc  a  scx tuprc  in tcgr . . l ,
rvhich r-rot .nJ' i l t r : l 'c lcs c'cry p, rt iclc of '  clLr:h rn,rss, l t i , i
g ivcs  thc  po to t t i ; r i  o f  cach c lc rncn t ,  < l tn  -  o  r l . r .d_1,  t l :  in  rcspcr : t
to  cvcr \ .  c lcnrcn t  o f  t l t c  o thcr  l to t l l . r l z i ' -  r l '  d . r . '  c l - t , ,  < lz ,a t  thc  in_
f in i te ly  van- ing  r l i s fan t - t ' s  r ,  z  _ - -1 ' f t . r ' '  - , r , r2  + , , r , ' ,1 , )p  +  (2 ,  -  z )2 ] ,
u 'h ich  m. t . , l l v  co . .cc t  thcse  t rvo  c lc ' r r : r t s  i .  p . i rs  th ro .ghoL i t
a l l  spacc .

.  
' I ' hc  

n tu tu l l  po tcn t ia l  cncrg) '  o f  t s ,o  in f in i t c  in tc rpcnc-
trat ing rrasscs can thcrcforc lrc cxltrcsscd onl1, lr1, nrcans of a
scx tup lc  in tcgra l  o f  thc  lo l lo rv ing  fonn:

J J" ̂r'll,1,! i'rtrlt-l'r!,'!d'1' ,r, or)
potcn t ia l  c luc  to  onc  bodf  in  rcspcc t  to  un i t

t  t  t  ( ,  ,1 . i .  < l_ ; .  daI '  |  |  |  ^ , ,  ( i 7 a 1
, t  , '  J  l [ ( o - . , ' + ( h - 1 ' ) 2 + \ ( -  - . ,  t

the forccs rcsolvcd along thc coordinatc axes for an incief initely
cxtcndecl mass u'ould tte:

t t  , '  , '  /' ':J J J ,J
I ; 'or i f  thc

nrass l)c

dy clz: ,36F r (8o)

rvhcrc / clcr.t .s the rcsultant force of the attract ion of the -4l
cr lrr ir l  rrr lsscs on :r ntaterial point of mass M equal to the sum
of their nrasscs, ,r l1 :Nlt, ,  r .vhere 1a is the masi of any one of
thc globcs, placccl at the spherical surface of radius z.

I lr .  srrr.h rrcthods i t  is possible to calculate the resultant
force of an indefinitely expanded nebulous mass upon a

- l  G)  +cc  +oo
. o F n

r ' S r . l  I  l R 2 d r, t  . )  cJ
_ N  _ N  _ r c
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part iclc, \vi thin or \ \- i tholrt ,  r l t( l  \ \-c nlav also stLrdv thc tnlt tr tal

a<'t ion of trvo ir-rf ini tc i tr tcrpcuctr l . l ing l lclrr.r lous l t . t l tsscs, sttcl t

as  thc  hvr l logcn anc l  hc l iL r rn  o f  thc  s i r l c rc l l  r . tn i l ' c rsc '  l l u t  i l r

vics- of our iqnor-rtncc of thc la.t 's of clcnsity, i ln(1 of thc r l ist lrnccs

z ,  a t  r rh ich  thc  c lc tncn ts  c l tn ,  dn t ' l c t ,  thc rc  a rc  l i l r l i t s  on  thc

prar:t icr1 rrsr: l ' r t l r tcss of thc calculat iol-ts, orvit lg to lht:  ulrc-cr-

t :r int\ .  o1' thr: h' , 'pot l tcscs r.rt tclcrh' ing thc t l lctnct l ts o1' t l lc

in tcgra)  unr l  t  l t c rc fo rc  l f fec t i l l g  i t s  cv r t lua t ion .

9 . ' l ' h c  \ ' I u t u a l  . t \ t : t i o l r s  o f  I ' I a s s ( r s  i t r c  t o  b c

g r o r r p r : < l  i n  ] ' a i r s ,  t r t r t c l c  u 1 t  i r t  A c c o r r l  : l t l t l c  s ' i t h  t l r c
' f c r r n s  o f  L o g r a t t , q c ' s  I i o r c c  l i r t n c t i o n .

I f  a .  s r -s lcnr  o f  boc l i cs  l rc  sLr l r j cc tc t l  to  thc  tn t t t r ta l  z rc t ion

of t l rcir  gnLl i tr t iot l t l  fort ' t 's,  u'c sct: l r l  t l lc folnr of I 'acran,gc's

lb rcc  func t . ion ,  cqur t ion  (7  r )  l i ro lc ,  th t r t  thc  g ror . rp ing  o f  thc

n l l l sscs  is  in  p l i rs ,  thc  g t r t t c r i t l  fo r t t t  fo r  thc  po tu l t ia l  l l c i r lg

i  i  / " ' i

a ' - )  ) , , , , , , , , , ' - t , , r .  ( s ' )

For thc forccs arc forrnd bv di f fcrcnt i l t i r rg I , ' in  rcs l )c( ' t

t o  t hc  coo r t l i r t a t cs ,  s i ucc  t ha t  g i vcs  t hc  con l l ) ( ) r l c l l t s  o l -  t l l c

s t r css  ac t i ng  a l ong  t hc  axcs .

r .  I ; o r  i l r s t .  t l - o  l r l l : ; s t . s  t hc  l t o t n l t i l l ,  l i l i t '  t l l c  f o r t - r ' .  i s

c o n f i n t ' r l  t o  l t  s i n g l c  t c r t t t  o 1 ' t h t ' s a t l l c  i r l t c g r l r l  t i l r l l l  l t s  t l l l t t  f o r '

t h c  \ c r i t o t t i r t t t  l ; t $ ' .  I ' -  ) ) t  ) ) t ' , 1  ) ' :

(  ( )  
t , t , r r t t r , l . / r r . r :  ( s . )

* ' h i l c l i r r t i r r t ' t  t t t l t s : t ' :  l l t t ' r t ' l r r t ' 1 s ' r l  l t r l t l i t i o n t t l  l t r t t l s ,  t t ; t t t t t ' l \ ' :

( ' ( ' : )  -  / , 1 i l ) t  t l . / , ,  t  ) -  t t t n t t t r l  / n . ,

+ nt  ,nt . l  .  / , ,  
"

(sr)

Ar - r t l  i n  g t ' nc r r r l  l ' o r  i z  l r o r l i c s ,  t ' a c l t  i t t c r c i t s t :  i t t  i z  r t t l t l s  t l t t '

co l r r n r t t  o f  t cn l s  t o  t h r :  r i g l t t ,  i n  t l l c  se rn i - t l r r a t l r i l r r l t ' r l t l  l o r r l l

o r r t l i n c r l  i n  c r l t r l t i on  ( 7 r ) .  
' l ' hL r s  

l l l c  t t r r t t r t l t l  i t t t t ' r r t c t i r l t t s  o l -

t h c  p a r t s  o f  l h t '  s v s t c t t t  l r t ' t ' o t t t t '  \ ' ( ' r \ '  ( ' o l l l l ) l ( ' \  n i l h  i t l c r t ' l t s t '

i t i  l l t , '  t t r t t r r l , '  t '  , , f  l ' , ' , 1 i ,  <  , , r t r t 1 " ' . i r r l  i t .

A s  r i ' c  s t ' t '  l r v  t ' r l t r l t t i o t t  '  7 7 1  l t l r o v t '  t l t t '  l l l t t t l t l t l  l l o t t ' t l t i l t l
e n c r g v  o f  t n ' o  i r t f r r t i t c  i t t 1 , ' t | ,  t t r ' 1 I  r l i t t q  t t r : t r s , .  i t  ' i v c l ' t  l r v  t l l c

s e x t r r l i l c  i r t t t ' g n r l  :

r , . . l r  , l r r , , ,  
(s .1 )

l i r  r o l -  |

i r r  r r l r i t ' l r  r l t t t n . = , ; n  r l . r ' n  t l - t ' , r  t l : , r  i s  1 ) l l  t ' l c t l l t ' t l 1  r t l  l i l r '  1 t t : s t  t t t l t s s ,

l r n t l  < l z r ,  - r i . r  ( l . r ' r  r l , t ' ,  < l : , '  l l t l t t  o l '  l l l l  s r ' ,  r l t l t l  t l l l t s s .  l t t l t l  l l t t '

c l i s t i t nccs  l t  r r '

. / r  r - ,  l L ( , ,  , r , , : r  ( _ r ' , - . r ' , ) ? + ( 3 ,  - . - , . r 1  ( s - s )

1 b r  t h c  r l u t t n t l  r l i s t t t t l t  t ' s  o l -  t h c  c l c l l l u l l t s  ( l / / 1  l t t l t l  t l i i t , .

I 1 -  t h i ' r c  r vc r c  t  o t t t ' L ' i v t ' r l  r r  t h i n l  i n f i n i t c  t l r i t s s .  s ' i t h

e l en r ( ' n t  < l t n " :  t t n  r l . r ' "  r i r ' ,  r l . - ,  t l t t '  t t t t t t t t a l  po t . cn t i l t l  ( ' 11 ( ' l ' g \ :

r e l a t i ye  t o  r l 2z , . ,  g ' ou l r l  i 1 r ' q l ye  t r i ' o  u r l r l i l i o l i t l  i l t t cg r r l l s :  l t i nn ( ' l \ '

t ha t  r e i a t i ve  Lo  d tn  o

r i l " -2 )  -

r o .  I I o l r '  l l r t '  W r r v c - I j f f c c t s  s p r c a r l  f r n m  t w o
( ' r ' r r I l t ' s  o l '  I ) i s t t r r l r l t u c c ,  t o  g i v t : ' l ' c t l s i o r l  b c t r l ' c c t l

t l r r ,  l l o r i i c ' s  r r - n t l  I t r c r c a s c  o f  I ' r t r s s t t r c  1 ; c v o t r c l  t h t l l l .

I r r  cxp l r tn rL l . io t r  o f  thc  c : t r l i t t r  r r :s t : l t r t ' l t cs  o t r  thc  s ' : rvc -

l l r c o r v  o l -  g r r t v i t l r . t i o t t ,  r v h i r : l t  t o o l i  r l c l l r l i t t '  , 1 1 t ' a ,  1 i r r r r  s i r r (  r '  l ( ) l  l ,
i 1  n l r  r '  b r '  ; r r l r l cc l  l l r l . l  1or  l r t i l l t \ '  \ ' c t l rs  I  h tc l  l r t l cn  f l t r r r i l i l r r

r i ' i t  l r  l  l r c  op t  i c i r  l  i t r t t : r l - c r t ' t t cc  p r l t t c rns . '  fo r t t t c r l  r r 'hc r l  l l o l l r  r i zc r l

l i g l r t  i s  1 r : r rsnr i t t c t l  t l -noug l t  t r t t i l t x i l t l  l r r l c l  l r i i t x i i t l  t : r1 's ta ls ,

i l l L r s t r r L t c c l  r n  ( l a t t r t / ' s  I ) l t v s i r : s ,  r 4 t l ' c r l i t i o n ,  1 3 9 . 3 ,  A r t .  6 6 7 ,

l ) l r r1 r '  I I ,  l rqs .  -+ .  5 ,  ( r ;  i t t rc l  in  S i r  John l l c rsc le / ' s  g rca t ' I ' r ca t i sc

on L ig l r t .  I incvr ' .  \ l c t r -op . ,  l ,o l t c ion ,  r8 .19 ,  I ' ' i gs .  I  76- r81 ,
i \ r t s . , q 9 - 2  r ) o 2 .  l ) l ) . . 5 r 3 - 5 r 9 .  C f .  T a b l e  \ r .

Sir Jcltn l lcrst/ tz:/  expcri t lctrtal lv testcd thc forrn of

t l r i s  l r i r l t cnr  l r r -co t t rp l r t ing  i t ,  as  obscrvcc l ,  rv i th  thc  c t t rvc  l . t ros ' l . t

rs  t i r r ' l cn rn isc i l t c ,  so  care fu l l v  s t t r r l i cc l  by  Gauss .  I l t r t / t t1 's

r l isr ' ,  r  s s ion rt  tus thr.t  s :
,r ' l 'his r ' :rr iat ion of form, as s'cl l  as the gcnern ) f igure

o f  t l r t  c r r rvcs ,  bcr t rs  a  pcr fcc t  resenrb lance to  what  ob ta ins

Sottcleru u rrr trr cr

1; i . , ' t )
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fourt lr  inf ini tc nrrss dnt,-_ t f ,dr, d-r, ,  dz,,
ld in l i l ic manncr thrcc addit ional intcgrals:

, [, l' u:d,n: :;fl ; fH"r;;ffi1 r,,r

, I' I,ll:!" - # i\;;-j,ffr if :'u ( s o )

- o c

I f  the lc  bc  a
rvc shoLrlcl  havc to lc

, 1  N

, t  , '  l t  , '

t i , " . ) - l  |  |  |' ,  
, t  , t  , t  . l

- c E

. F N

f  r '  { '  r '- t t  t l
, . /  , t  , , /  , ,

N

t '  t '  t )  i '  , '  , '  r r .  t l r ' ,  r l ' z  d s " ' r i .  d r 1  d y r d z ,  /  \/ ' . ' '  I  I  I  I  I  t . , . r  \ o  ,  \ o  /  r , . ' \ e o /
, ,  , t  , ,  , t  , t  , ,  l l l t . , r _ . 1 . 2 J -  

'  1 . r ' 1  
_ _ 1 , 2 ) ' + \ J 3 _ z i l - J

t  t . ,r . ' , ,r ' . .  high thc orclcr of the system rnay bc, the
intcg r ir  ls n' i l l  l  ol lorv thc forrn of the algcbraic terms tn Lagratzge's
forcl l l rnct ion, anrl  thrts rnay bc sltntmccl up l ike the algcbraic
l ,  l  r 1 r -  i l r  r ' , 1 r r ; r t i , r r t  ( 7  l ) .

I r r  p i rss i r . rg  f ro tn  the  a lgc l ; ra ic  tc rms o f  (7  r )  to  thc

intr.grir ls (s r) (q") inclusivc, wc go froln ln act ion conccivcd
as  t 'o r rc t 'n t r r r tc t l  in  thc  ccn t rcs  o f  g rav i ty  o f  th t t  t r lass ,  a t  thc i r
rcspcc l i vc  i t rvc rsc  c l i s tn r t , ' cs ,  to  l t t r  r t r ' t i on  rvh ic l t  t l l t : s t  bc

in l r '11r ; r l c r l  l r s  op t 'n t t i t tg  l rc tu ' t t t ' t t  th r '  pnr l i c lcs  th ro t :ghot t t
sp l r c r ' ,  i r r r < l  ( ' l l r l r ( ) L  l r t '  t r l t t c ' c i v t ' t l  l t s  t o t t t ' cn t r i r t c< i  l t t l v r i ' h c r c .

\ r r u '  i l ' t l r c  r l i l l i r s c  l l t l t t t c r  o f  l t  n r : l r t t l l l  n t av  bc  concc i vcd

r r s  r l i l l i r s r , r l  i r r r l r ' l i n i t c l r - t h r o u g h  t h c  r t n i v c t ' s c ,  a n r l  t r v o  s u c h

in1 ( , r l ) (  n ( ' t r i i l i r . t q  r l l t s scs  < ' o r t l r l  t t t r t t u l t l l v  i n t c ra r : t ,  l l < ' < :o r c l i ng

to  1 l r '  \ r . u t on i r i n  l r l v  o f  un i vc r sa l  g r l v i t a t i on ,  s t i l l  r no r c  i s

s r r r ' l r  i n t c r r r r ' t i o t t  concc i vab l c  f o r  r v i l v c - c l i s t u r l t a . n< ' cs ,  p roccc t l i l l g

l - r 'onr  1rr  o : ( ' l ) l l l r l .c  ( 'c l t t rcs,  rv i th t l tc  wavcs so i t t tcr l lc l - t t t t r t r t i t lg

l r i  r r l l  po i n t :  o f  sp i t c ' t ' .  t l t l L t  t hc  t n t t t r t i t l  a t t t i ons  o f  t hc  r va l ' c s

l l r L r \ l  l ) (  i n 1 r ' g r ' ; r l t ' r l  t l r r o r r g l t o t t t  ; t l l  s 1 t : t c ' t : .  \ \ t c  s h t L l l  i n t ' c s t i g : r t c

t l r l  . l l l c l :  o i - t l r i s  n ' l t v t '  i t r t c rpc t t c t r : r t . i o t t  r t f t c r  * ' c  h l t t ' c  r l c f i t l c r l

l l r c  I , , r r r i l r - l ' r i i s . o t t  I ; r r n c t i o t t  ( / ) .  k t r o s ' n  i r s  t l r c  v c l o r : i t v

po t l n l i r r l ,  s t r ' 1 i o r t  r . 3 .  l r t r t  t nca t t r r ' l t i l t :  \ \ ' ( r  l t r i t y  co t r t c t r t l l l a t c  t l l c

\ \ ' l l \ ' ( '  n ro \ ' ( ' l l ) t ' n l  l - t ' o r t r  t hc  l t hvs i c i r . l  po i n t  o f  v i cu ' .

'  , '  f '  
l '  

, , , , , 1 r , , , 1 r ' , , , 1 : , , . r , ,  r i . r ,
/ t " ' I I I I I

, '  , t  , t  , ,  , t . /  l l ( r ,  . r ' , , , , '  , r ' r  l n ) .

t l , r 'n  t l l 'o  1 l ; :o '  r i ,  t i . t2 t l  t ' "  c l . ; , '  r  .  -  rI I I I I L " ' , '  
' , ' ' o , ' ' , , ,

J J .l J .) ,.1 111.r', .r 'n)2 +-(-r ', --r 'o)2 + (:" - znr'1

Anc i  tha t  re la t i vc  lo  dn ,
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in thc cu^.c *,el l  l inorv'  to gcol 'ctcrs r, , tcler thc na'tc of thcle rnn isca tc ,  l ,hosc  gcncra l  r : i l r ra t ion  is

_ 
(,r,2 y 1t2 L72',P : a2 (12 + 4r,2) , (o r )rvhcn thc prr.rrot( 'r  

.  
/  g.acl.airy'  air-, .r ini . i r . .  r .o,o inn)1tr1to 

.z.cro; zrz rcprr.scntins t l tc constant , t ;r tnn"" jr . i rr , ; ; i l ; ;
polcs.<,

rT' irc rrpprrnrtLrs jrrst crcscrirrccl afforcls a rc:r<r1. anrr r.cryac(..ratc rrcthorl  of co'rp.r i .g t .r :  rcal forrrr of 11r",r i ;- . ; .  . ; ; i i - ,
l t l t : . . . .T_ ' , ] l t . : r l r c r  Pr -oposcr l  i i l po thcs is . ' t f  r ; r r . , l  aga ins t  anopc l l l tg  rn  t l t c  s l tu t tc r  o f  l r  r ]a r l t cncr i  roor r r ,  l . r1 l t  t l t c  Icns  / /o r r t * - : r r r l s ,  ' ' c l  l r  l r c . rn . . f  so la r  I igh t  l rc  r1 . , r1 , . , , , ,  r i .  1 'c  ) ,11 .c r ,p : t ra i l c l  to  thc  ax is  o f  thc  appr r r ; , t i , r ,  t l r "  . , , , l l r , . r l . ,  : i r . t c , . , , r  o f  r ings
l i , i , l . ]1"^:, , :- l  

nncl l .pr-ojccrcrl  rrgl inst rr s<.rccn hcLl :rr rr nrodcrarc

ii ili il::iJii:l i;,,,:" :i",t l: i il', i:.::l L h:';Tl l,'liali, ITf i' r a ' r ' a ' i l ' ' e  t r r r - c r l  u ' i t ' r r  ' r ' r < ' i l  on  i i . , r r r r r  r hc  po rcs  r r r , i . gi r r  l i l ic  r r i r r rcr  . r ; r . l ic r r ,  . , ' , '  r ' r , , , , ,  , ,  i , i i i , r , , i " . " ' rcs. r t i r t . io '  o f1 . c ' r i ngs .  * ' r r i r ' r r  r r r r r . ' c . o . r y r r r r c , r r  r r ; ' l ; : , . . ; , . "  * . r 1 r r . . r , . 1 " , , ,  iof tc,.niscarcS, o-,n\, 
^o.lT.1.l lllri gl,, i,j,;,"rry ;;,,'i,;j:,",i, iso us to 1 ' rss t ' roLrg '  'o i ' ts  i '  thc, t  . l tos. '  \ \ , l lc rc  thc t i t r t  is  lr .ost  c lcr . i r lcr l .  ' l ' ^ is  

I res accorr l ing ly  1,"" , ,  ,1n, , " ,  , r , i  ; i , - , , , ,  i * " r - '  I
i;::ii.'",l]:l: lllil:]]i';'j": 'so ..o"sr',('1,',r .,,;,,,1i,i,,",i]':i,:i]::ii ltr,c rings .o ,,t,.,i,r,"ir,:';',:liii,.";:ilij]ll;,il"i1,.l";",:ill";l;,,? /o t r  t hc  pc r r c i l i c r l  o r r t l i r r c s .  ' t  l , c  g r , , p i , i . , , t  , i , r n . r . , , . t i . : r r r  o f  t ) r c sc  

I( ' L r r v c s  r s  r c r r r l c r c r l  r , ; r s r . i n . t h t ,  r r l c l l  l i r r o u . n  y r r o p c r t v  o l  t h c .l c t t r t r i s c l t t ' ,  i r r  u . l t i r . l r  t l t c  n , r . t ; t r r q f  , .  , , , , f  a a '  t u , o  l i n c , s  / ,  , 1 ,

1"., i . : l : l l l l l  
l . r . r , rrr  11,r , ,  1,otcs. ro , , , , i ]  1, . , i , ; ; ' , /  in rrrc lcr i l , t r t . rvr s  r n v i r n i r l r l c  t i r r o r r ! l r o r r t  t l r c  r r h o l t i  r . r r r v r . .  . l . h i s  

i s  c l r s i l r -s i t o r | r r  f r ^ r r r  r l t , ,  ; , 1 , , , \ , , { . , l l l , l , i , , t t .  , i n ( l  l l ) ^ , . , , t , , . , , f  l l t i r  r . o r r . l , r r r . tr c t  t r r t t g l r .  i n  i r n r -  on ( ,  c r l r \ . ( .  i s  r r : p r t , sun t r , r l  l * .  a  x  / t . <<
r> \ \ - l t cn  u . t  s l t i l i  f ro rn  o r . rc .  r ing  to  , rn , , l l t , , r . ,  a  rc r r r r r insthc  s r r ro ,  l rc t ' . r rs t ' t r r . ,o r .s  a rc  t . c . "L , , ,  i . r . ' , , r r  - r .o  

r ra tc r r r incthe  ' . r i i i t i o r  o l '  l , l e t  t l r .  r ings  t , , ,  i i l , , , r , ; , r , , t ,1 ,1  , r i t l ,  Ln , , . ,ogcncousl igh t  (o r  ' i . * ' r ' r l  r i r roLrgh  , i  . "a  f i , , . r j , ' rn , r 'n , , t r i , r . r l  l r '  r r ro -j r : r ' t i on ,  rs  : r l ro r - t , .  . l . l r ca ,  
i f  * . r :  r l t , l r , r r . i r rc  th .  : r< . l r ra l  v , lu .  . fa  l t  l t  n r r ' : rs r r r i r rs  1 l r r .  l . ' l rg l  l r s  , ,1  , , , , ,  i ] , , i , . " ' / , , .1  ,  / ) ,A  < l ru* .nf i ' r ' i r r  / ) ,  , / ) '  l .  r r r r .  1 , , , i , r1  

. , ,1 : " , , ,1 , . , . , , . r . , ;  , ; , . , ; i , ' c .a l< rLr l l r t i rg  l l r c i rp roc l r rc t ,  ( t , r  r i .h ich  r :  /  rs_  1 .1111;11 . , ,  i t  g . i l l  l r t_  l6 t t rn r l  tha t  t l i i sl t ro t l r rc t ,  l r r t r l  1 l t r . r , , fo r

1:l1ll,lJl.,,' ,p,;i,1'..r:;' :1, ,1,',1: ,ll:'li j;, "I;.:,';l: il ii;c l i t r - l i  l l t t c r v l r i s  o l '  t l r r .  rp-ros.cssion , /,, .1,,, ,i::'"i:: 
*l]:'i,T..';.ll;,f:J"i,,.,lfl,:l.l,:Jl:

sp l rccs  ' I ' o  
t ' r s r r rc  : l ( ' c l l r i l ( ' \ - ,  r r r .  . rc l r r . r  o f  a  i i , r , . , r rc r  o f  r .a lucs  o fP , .1 ,  1 ) ' ,  l ,  a r  < l i f f c rcnrto obviatc tr,. .r..t'ni'l?;' ;Ji jll:,,f,lll',]]i'ilj.',lli.. lI i, 

*.,, 
i

."_^.. . ,1t."", , f  . i r l  ,U]., ;  r l . l rr .r .r  srrr<lr. ing Sir . lol . t t t  / I tr .r :  / t t / ,s 
,)

l  rca t lsc  on  l , igh t  I  l r ccantc  g rca t lv  in t l r rcsscc l  l )  I . i th  t i t t :r lo rk  o f  Cat rs . r , . , \ I Igc rnc inc  t .hcor lc  , f  . . i  n . , i r r l " ,rvhic' incrrrd., ,r,,. r,,i1,,,.i,;s fi;,;;'a;;;:ll'lil::i:::"lli;,ii1l; Ip. r 7(r).

l , ' i c .  ( r .  f , r ra . rs ,  i i l r rs t r r r l ion  o f  thc  
-maqnct ic  cqu ipo tcn t i r l  sur faccs  aLouttNo nc is l r l ro r ing  Do in ls .  Z"  

"na  
Zr - !  

' ' . . . i r i . i ,  

havc  max inrumv r r l r r c s  o f  t h c  p o t c n t i a l  / . .  
, n r - . 1 ,  i , ; ' " , r . f  / , , * * ,  l i k r :  t r r oar l j r r r . r ,n t  po lcs .  ' l . l r c , .  

po tcn t ia l  {o r  , r . -1 -  po ; r r i ' , l , , , , . vccn  thcn t ,  as/ , * * ' .  h i r s  a  s n t i r l lrrt.r.rc;rst,s,,,,i,,: i l l l.,,l i;. i,,,,;*i" ;1"1i,.,,1,,1,"*.,i1,[J:rj il :l i nr;l' : l, uli :i; ; :,'l:1:';.,, ;,,i fi :,;:,i,,Tj, .ii:l *fj;lbr ihc r 'rr 'c_rhc.r).  .r  -rgr" i i . ,rr  "*.^r i i i ." l , .r ,  
and sir ' i l : rrl r l r t  s i r . a l  l o r r . c s _

()rvirg to ( 'onstrult  farni l iar i ty rvi th the naturc of theattract ion alrout tq,o milsscs, rvhich i  hlr-cl  strrcl iccl for zs years,l l r c  f o r r r r s  , , f  l l r , . . , . s r r r f a . n s ,  
" , , , t  

i t ' t " i . . o n f " . , , , , , , 1 o n  a l , o l r t  t h et \ \ -o  cc l t l r ( ' s .  _  cor rcspond ing  to  t l t c  t r r .o  axes  in  c rys ta lsr ro r r r t r l  r ' l r i c l t  i i , i i , /az 's  r ings ' i t r  thc  in tc . fc rc . . , cc  pa t te rn  a rcfo r r r r . r l ,  u . ) r t , r r  l i g i r t  i s  r ra : rs i . i t t c ,a  t f r .n , rg i_ r i f r in  layers  o f  thert l  rr  t  c r i  r  r  l .  r  r  .  r  lcsr. r i  l  rr .r  l  t  n I  /  t  r  s r: . / t . t  / ,  s 
"_p..1?rrar,a 

:r l ,ove citet l ,  _1r t  o rc ( .  i . r l r rcss t , r l  r . c  .s .  fu rn is l . r ing  n i  
" , ; , ; ; ; , "  

p ic tu rc  o f  t . c\ \ ' i l v ( ' -o l ) ( . r l l  t  rons  r rnc lc r j
c,t( . .  

\ . lng unrversal gravitat ion, r.nagnetisnr,

Ar.r.or.rl ingll-, in.thc Ii lcctrotiynanric Wavc_Thcory ofl ' lr1'sicrLI l;orccs, r,ol. [, 
, 
,!r, z, rrir 'r 'J i l 'rJ'1, I discussccl thecr l r r rpotot t i l r l  sr r r j l rc . r ,s  

. l .borr t  tu ,o : r t t ract ing rnasscs,  _ o l tccrts(' r-cl)r 'cs('n{i lrg rr tr,,. l- 
: l  

crlual stlrs, t l.,c ?rlr", ."r" fro"i"f1 ' l t s s . s  i ' . 1  l t c  r . t r l i , . f  t o  t o  r , . s  t r . t r t c c l  a l s o  s o n t c r v h a tc l i r l ro ra tc rv  i r  r r *  I {cs . r r rc 'cs  o . ' t r . , .  n r jn r , , t ion  o f  the  Stc l ra rS ls tcnr l  r 'o l .  I I . -  r9 ro  ._  : rn< l  shorvcd  t l r . t  o t  evcry  po in t  o ft lrc surf ircc .1'  t l tc, l torrr-glrtss f igurc nfro* , f . ' "  d : ; ; ; ; ; ;r thc tota. l  rcsrl tant f i rrcc is r. ,orn.,, , i  to thc surface and c,.recteclinrvard. l ' l rcre is l l t rrs rr proccss of constr ict ion at rvork, undcrthc gravir 'r i" .r  rrr '1 i .rr  oithc rwo i l i ; ; ;^.;rrt . .  is ress powerful:rs thc strr lrrr.r ,s lr t .r .onrc nrorc r l istant f in,r_, t l . t"  ccntrcs. . I_he
('onstant <t l '  . /r t tol t i  al :
surrr..s,",.,.,i",,u,r ;;;:',,,::'::;]]:il:;liil 

crccrcases, as trrc

.:,t i.'ilt, 'r'i,.;;;,; 
;;;ii;"t;;j;.1:Hl),i1il1iil* , ,,, ,,lll,:l,li;ili:,"l[liTili::,]TJi:t:T:[JJ,,n 

"*ff:'121l ' r ' f '  
" \ l lgcrr rc i r l . ' l 'h .or ic  dc i  Er<lntagr t , , t ; r ' , r . ' . , . ,  rs .1s,  iL ' r l  . r r ' i r .s  , l l l ic t  o f  t l ic  tc .s ion in  t i re  rnecr iurn.<rlrrdcs tlrc 1ri l l .* ' irrg fig'ra (.Qnx' i i ' . ; i :;, i ;; in,r 

' ir, 

r ,)Tr; r)r.cssrrrc ir.r thc 'reclium rorvards the separate

H" :::r;;;::,'l:: :: "1:.,1 T:J, "'*:i::1_.::..::; :* ::l o r r r a l i o n  o f  t h c  i n t e r l i , r
1'r'1.i.,,rrf ,,i,i,'i',",,lliiii,rl,l",,i"i,',:i,l:llJlf,?J;li,l;:i,fJ,:,,:,'ililr,ll,,i,:,:ii,lrl,,,",*rr,crcn,niscateof Brl
; i s 1 i t c s t I r [ t t . r : f o r r n i . l l r c t o i n t c r | c r c r j c c l r , , , i l l " . t . " n . ' . i . . i o u o i t l r e I i { h t . ' , ] " * , : , i ' g . . . ; , " i i " " . ' p . . ; ; 2 i i ! , f , : . } , ,

:l.l::.:i '.]]::':....jii.i..:l:l:l*,"..t.n.'.i-.i-'.i^',l..z.,,,.,,sil.ii-'i].l,li l ' i,l"|,tI,;;;1i:]],.."-;];:i.l,..",
sttr t l tc. t 's. . ,ni ; . ' ' , | . l . ; ; '1 l ] ; ; ' . : : : " ,"1, . , j } : l : , i ] " ; i ;

ri::',,:;:i;:li l;,,":i':";j:lr",;;fr:l ll*il;iii*{l:?,jlrrr;ix}ili: i:fjl ".,,:,ij;'.:,t"#11,;jf;::.fit.,.11g3",1;;r



4 3 9 Sonr lcr t r  t t  r l  t t tcr

t i r us  g iYcs  t c t t s i o t t  l ) c tN -cc : l  l l t c  1 ro< l i c s ,  t c t r r l s  t o  t l a t - r o l r - t l l c

S l r r f r tCCs  9 f  r . ons t l r r r t .  r ' r ' l t t t i v l  c l t c l g \ ' ,  r l r  c ' t 1 t l i 1>6 t t ' l l t i l r l  s r . t r f l t l t ' s ,

an< l  g i vcs  t l r c t t r  l l l t r  l i r r l l r s  l l c r c  s ] l r l s t t . <
- l ' h c  

s r r l r i t ' r ' t  l r t ' r c  t r t ' l t c r l  o f  i t l  r 9 r7  i s  t l i s t : t r s s t ' r l  r v i t l ' r

r u o r e  c l t ' t i r i l  i n  t l r t '  \ : 1 .  l ) r r l ) ( ' r  o r l  t l l t :  \ c l ' ' l ' h c o r v  o f  t h c  : \ t t l l t : r ,

; \ \  5 r - 1 o ,  T ) l ) .  I o . l - r  I o r  t ( )  u ' l r i c ' l l  t l l c  r c i t < l t ' t -  i s  c s l r c c i r r l l v

r c l i , r r t , r l .  
' l  

l t r .  l r gL r r r : s  t r n t l  r , t ' r ' l r t r i t t l  l t t t l r l \ ' s i s  $ ' i t l t  g cO t r rC t r i c l l l

c o n r P o s i t i o t t  g i Y | r t  i n  , \ \  ; r 1 o  ( c ' f .  l ' l i r t t ' \ i l I  l r c l o r i ' ) ,  r r l l o r c l

1 t c r l ' c c . t l v  r . on r ' l t r s i r . c  cv i c i c r r cc  l ' o r  t l r e  \ - i iVe - t l r t ' o r r -O f  t t t l i \ . r ' r s l t l

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

r . c c t r l r s ,  r l i r t : t . t c c l  t r t  t l t c  tNo  ( ' c l t t r ( t s  o i '  l t l t r i t c  t i o t l ,  i s  1 r t ' i r t t r t l

o f  i n  . l \ N  - 5  I . + o ,  l ) l ) .  l o i  t o 6 .  I ' l r r t c  \ i l l  l r t ' l o u ' ,  r t l l t l  r t l l  t h t '

l r l r cno t r t c t l r -  t ' r t t t f i t  t t t  l l l t :  r i ' l t v c  t l l co r t ' .

I n  f i r r ' l  i 1  t t r t t v  l t c  s l r i r l  t h l r t  i f  i t t : t t l r - ( ' 1 t s ' '  \ \ - i I v c s  i l r ( l

l <1og , r . r  l o  cx i s t ,  l r s  I ' t , t . . r r l r . < l  l r v  o l t s c r v t r t i l n  i n  s . , l l t r  < l i s t l t r ' l r i l n l c s ,

so  sys t c t l a t i l r r l l l  s t L r r l i c t l  i t r  t l r l t g t l t r t i < :  s t ( ) r l l l s ,  : t r t r o r : t c ,  l ' ) l t r t I

( . r l r r en t s ,  - - -  t I r , p  t l t c  l t c r c  ch i l t c c  t l l t t  s r t r ' l l  o r t l c r c r l  ( ' o l l ( ' c l ) t r iC

su r f aCcs  Co t r l r l  c x i s t  : r l r o t r l .  t r vO  l t t t t ' l t t ' t i t t g  l l l l t s sCs ,  u ' i t ho r r t

depcnc l i ng  o l t  w l t \ ' ( t s  f r o t l t  t l r t ' s t '  (  t l l t r ( ' s r  r vo r r l r l  t r x c ' t ' r r t i  i r l l

t h r :  p o i n t s  i n  i r l f l r l i t t r  s l ) : l ( ' ( ' l ( )  ( ) r l ( . '  ( ) r

l ( . . l N r l N r

r , - l  I  I ' l \ ( l l ( l - : l
l , l , t , l

t u , N  \

i l l r  i l r l i t t i t l  o l -  l l r r '  l l l i r r l  o r r l l r l

S  r ' l :  t  -  , - ,  ( r 1z ' 1

r I .  \ ( ' u ' l ) i r r g r r t t t l  f o r  i l l r r s t r r r t i r l g  t h c  \ l o t i o n

o f  t l r t '  \ l o l t ' r ' t t l r ' s  o f ' , \ i r  i r l  t l l t '  I ' l l ( ' l l ( ) l l l c l ) ( ) l l  r l f  
" \ -

c o u s t i c - ' \ t t r l t r ' l i r t t l : ( ' o t t t - i r r l r l t t i o l t r , i ' t l l r ' \ \ - i r v t ' - ' l  i \ c o r v

o i  t l l r i v c r s r t I  ( , r r r l i t r r t t o r l  l r v  I ) t ' l - i t r i t t '  L l t l r o r l t l o r v

l : , r p c r i t l r ( ' l l 1  s  t r t i r r l i l  t i l l g  o f  l ) t l t  r ) l l t '  l  t l t ' ' l  l r r  I t ' l  l  i { ) l l

' l ' l r c  
r l i l r g r r r r r r  l ' l ; r l r ' \ - [  i ] l r r s t r : r l t ' s  i l l  < ' o t r s i t l c r i t l r l c ' < l t t r l i l

t h c  s r t v e - t h c r l r t ' r t l - ; t c r l r t s l i t ' l l l t r l l ( t i ( ) l l  s ' o r l < t ' t l  r t t t t  i r V  t l l t '

i n  r r ; r  7 .  l t t t l  t r r t t  p r r l r l i s l l c r l  t r l l l . i l  l l l t  i l l ) l ) ( ' : t r ; l t l ( ' ( '  o 1 -  t l l r '  \ ' '

a n r l  \ - 1 .  I ' r t p t ' r s  o t r  t l t t '  . \ r ' l l l c r .  . ' \ \  ; r . ; o ,  . 5 r - 1 o ,  \ o r -  t t , t : r ;

J r r n . ,  t  9 : : .
l i r o n r  l h t  s l r t t l t '  o l -  t l l i t  l r g t r r r '  \ \ ' ( r  l l l i l \  t t t l t l i t '  o r t l  l l l t '

l l r l r r r i , o l  l l t I  r l i s t r r r l r ; r r r , . r . s  0 1 -  l l t 0  l r i r  l r t r r - t i c l c s  i n  r t t ' 0 t t s 1 i r '

i r 1 p r r . l i 6 r r .  q l t i , . l t  l l l ( '  { ' \ : l (  l l y  t t t t : t l 6 g 3 t t :  1 6  i l l t '  r l i s l t l t ' l l ; t l l t t ' s

o f  t h t  r r c l l r r  l ( ) 1 1 \  i l t  l l t r '  r l l t v r '  l l r t  r l r v  c l l '  g r l t v i l l t t i . r t

I .  I 1  \ \ ' i l l  l r t '  s t ' r ' t l  l l t r t l  r t s  l l l c  s o t t t r t l  \ \ ' l l v c s  1 r ( ) l l l  ( ' i t l l ( ' r

( c r ) 1 r ( ' .  ^ \ ' o r . \ ' ' .  l r ( 1 \ ' r t l l ( { ' l l t l o t r g l l  l l l r l  l l l l l l o o l t s  l l l l c r l  u i l h ( ' i l r l ) o l l

r l i ( ) r i r l c ,  i r  g ; r s  1 r , ' l t v i t ' r  l l t i r n  r r i r . 1 l t 1  * ' : t v c ' i l l  t l l t ' l l i r  ( ) t l t . r L l l l s

l l r i r t  1 t r 6 r ' r ' r ' r l i 1 g  t i r r o r r g l r  l l t l  l t t ' ; t y i t ' r  g l l s C o t l s  r l l t ' t l i L r r r l  l i l l i r l q

t I c  l l r l l r i o n : .  
' l ' h r r :  

i n  t n t r '  p l l t . r :  o 1  1 l r t ' u ' l t v c  t l l t '  r l i s t L t r l l t r t t ' r '

o r r t s i r l c  t i t l r c r  g ) o l r c  i .  l t l t c i t r l  o l '  t l l r r t  p l t s . i l r g  l l r l . o r r g l l  t l t l t t

i n t , r l  n t , r s s :  t l t r '  r e s t r l t  i s  l t  s t ' r i c s  o 1 '  t t l l t  r l l l r l l c t l s l t l t ' r i  i r l r p t t l s c s

c x t . r t r . r l  i r t  r l l t i r l  s u l r ' c s s i o t t  ( ) t 1  t l l ( ' r t ' l t r  o f  l l l t ' . l r l t l l 6 o t t : .  r v l t i r ' l t

I r r c  c l : l 5 t i ( . p r r . t 1 l r 1 r n 1 s  v i t , l r l i r t g  l r l l l s i . l r l  r ( ' i l ( ' 1 l o l r 5  ( ) l l  1 l l ( '

u  ho l t '  t r l t s sc ' . .

: .  
' l ' l t e sc  

l r l t l l oo t t s  r o i l ( ' t  t o  t l l c  t t t l t ' o l l rPc t r s l r t c t l  l r g i t l r t i o r l s

o r  i n t l ) u l s c s  i n  t h c i r  r t ' i r r s :  r t t t t l  l l r t '  r C l r o t t l l t l  o f  c i t l l ( ' r  l r r t l l o o t l

i s  t os l r r r< l s  t he  o thc r !  
' l ' h r r s  

t hc '  I ) r c ss r l r c  i s  i ' < r c i r sc t l  l r c ' o t t t l

e i t he r  ba l l oon ,  b1 ' t hc  s ' r t v t ' s  1 ' r o t t l  t hc  o t l t t ' r  u ' o r l < i t l g  t l r c  r t i r

l ) i r r t iC lCS  ou t  l l - < t n t  l r c t $ 'CC t t  t h t .  l ) i t l l oons ,  l l l l ( i  g r i t r l t r r r l l r -

i r ans fe r r i ng  t hcn r  : r r oun r l  t o  t hc  r e : r r ' .  r i ' hC r t '  s l i g l r t  i r r l t L t l s t ' s

a r c  ( l c \ - c l o l ) c ( l  u ' i t h  t he  l r ass i r l g  o f  c l t ch  \ \ ' l l v c  o f  soL t t l t l  A t ' co r -

c l i ng l l - ,  l r r i  t h i s  i ) r ocess  o f  u ' i r r . c  r r g i t r l t i o ' ,  u  l ) r r r t i i r l  r i r r ( ' f . c t i o l r

t l e vc l ops - l , e t , t ' c c t - r  t hc  l ) l r l l oons ,  r . i c l r l i ng  i r  t c l r s i on  i r r  t h t '  l i n t l

,S  ̂ S ' ,  r r r r r l  r t t r  i t rc t ' c lser l
l ; , , , , r , , , t * i s  l ) r o l o l t l { ( r ( 1 .
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prcssr. l l 'c lrcvontl  thc lrnl loot-rs, on t l lc

. i .  
' l  

l r c  i t t c r c r t s t t  o f  1 l t - c ssu rc  l l c t ' on< i ,  r v i t h  s i t r l t t l t a t l co t t s

t l c vc i opn r r r i t  o1 - t t ' r t s i o l l  i r - r  t l i c  l i l l c  ' 5 ' , t ' t : o t l ncc t i ng  t hc  bod i t ' i ,
' i s  p r cc i scJv  t l r r : : r c t ' h r t t r i t ' a . l  c f f c c t  r c c l t r i r c r l  f o t ' c xp l i r i n i r l g  t l r c

o l r sc r v t ' i l  i - r r r ' l s  o1 -  r l l l i v c r s i l l  g rav i t a t i o l l .  A l l  t hc  k t t o r i ' t r

gmV i t r r l i on l r l  I l t c t r o t t r c t l i t  \You l ( l  l ) c  1 )o r f cc t l y '  r r c ( l o l l l l t c ( l  f o r

i 1 - t l r i s  r ' , r r r l r l  l r c  p r o v c r l  t o  o ( r c u r  i n  t t r t t t t t e .  A n d  s u c h  p r o o f

i s  f i r r t l rCOnr i r r g  t t o t  o t l l v  i t r  t l - r c  i l i r ,  1 l ' o r l l  t hc  expe r i l l l o l l t s  o l l

: rc() t rst i (  : t t t r r l t ' t i r r t r .  lx  Gtr .yo/ ,  Schc/ / l t t t r / t ,  Gul l t ie  l lnd Sir

I I ' .  7 ' / r r t n r t o t t ,  r cpo r t c r i l  i l l  t h c  I ' h i l .  ) l agaz .  f o r  . Ju l l c ,  r 37  r ,

l r i r t  l l so  i n  t l r c  i r c t ' h c r  l ' r o t l l  t h c  p r cscn t  l t non ' n  f a< ' t s  o f  r a r l i o

\ \ ' a vc - t r i u l s r l r i s s i o t t  i r l l o r r l  t hc  Da r th  ( r f .  AN  53 r7 ,  Scp t . ,  I 92+ ) ,

i n  r v l t i I l t  Nu r - r :  l r c r t r i i ng  i s  cx t r c t l v  s i n t i l a r  t o  t l l i l t  l ' r c r c  dcsc r i l r c r l .

- 1 .  1 ' hc  l r o t d i r r g  o l  t hc  r ac l i o - r vavc  l r i r o t t t  t hc  I i a r t h  i s

s l r o r i ' r r  1o  cx t c : t r < l  t o  t hc  vc r v  a l l t i J ) o ( l c s ,  i n  t hc  ca re f i r l  c x l l c r i -

nrcrr ts t 'o t t t lL t r : tcr l  l r t '  thc I i rcr lch f ro l l r  thc to\ \ :crs at  I lorc ic l t t tx ,

s ' l r tn l  l rc  \ \ ' l tvcs wcrc t lot t : r l  i t t  ChlLtham ls land,  sc) l l lc  . l ,oo

n r i l c s  L r r s t  o f  Nc \ \ ,  Zc l l an t l .  I t  has  bccn  r ccogn i zc ( l  by  r l l e

s in i  t  r  , ;  r  -1 ( t ' f .  r \N .5o.1-1,  Pl) .  7o-7 r) ,  that  thc rar l io-s-ar-e

l r ( . p r l s  l r , i r r r r r l  t hc  I t ) a r t h ,  f o r  t i t c  s . l l l t c  r c l l so l l  t ha t  l i gh t  bcnc l s

i n  l , i r s r i r t g  t l r r ough  a  l l r i s t l l :  t l a l l r t ' 1 t ' ,  l l c ca r t sc  t hc  ve loc i t y

i s  l i ' s r  i n  t h t :  r l t ' t t s c  t l l r s s ,  o l v i ng  t o  t hc  wavc  mo t i on  l ) c i ng

t l r r , r c  r ' ,  s i s1 r ' r l  l r y  t hc  I ) on ( l c r i t l ) l c  l l ' l i l t t c r  i r l  t hc  pa th ,  r v l t c r c l r v

t l t t , r r 0 t n r r r l  t 0  l l r c  r v i r Y c  l ' r o t ' r t  i s  t i l t c r l  t o $ i t r t l s  t l t C  t l c n s t ' r  l r o c l l ' .
' l ' l r i .  

r , r | . t , r . t  l l t co r y  o f  r gzo  I I i s  l rCc l t  r l c t t t o t t s t r i t t c< l  t l l o ro  l t r l < l

n r ( ) l  (  .  , r \  l rY  t  o l r c ' t - ' r t s  hca r t l  i n  t l c c l l  r l l . i n cs .  : r n t l  i t t  r t ' l l l o t t l

co r r t i n ,  n t . .  
' l ' h t r s  

i t  { b l l o r r ' s  t ha t  t l r c  : I c t hc r  w2 rvcs  i t r  r ; r c l i r r

t c l t g r r r l , l r l  r l o  1 t ; t s s  t l l r ough  t hc  g l r l l r c .  
' l ' h i s  

i s  a l so  r c r l u i r c t l

l x '  1 l r  r  n ( ) l  n r ( ) l r 5  r ' l l r s l i c i t l '  o f  t h c  a c t h c r '  ( : 6 8 9 1 2 I 6 o o o o o

t i r r r l s  g r ' , , i r l r  l h r t t t  t l t t t t  o f  a . i r  i r l  p ropo r t i on  t o  i t s  dc r l s i t y '

, ^ - l 1 i 1  l 1  r l o l s  n ( ) l  l ) ( ' r t t t i l  t t  l l r c i L l <  i n  t hc  con t i r t u i t y  o f  t ha t  t ncc l i r ' t t r l

\  . \  r ' r t : t  t r t i tss r l f  t l l lscr l 'c t l  l l l rc t lot r l t : t i l t  conncctc( l  \v i th

S l l l t 5 l ) ( ) 1 5 . 1 t i r g 1 t , l i r . : t O r l 1 S ,  [ I r l r O I t ( ' i t t r t l  I ' ) l t r t I  C ] . l r r C l l t S  l ) O i l l t

t o  t ' l l r ' 1 r , , , l v r ; t t r i ,  \ \ ' i I \ ' { ' :  f r ( ) l l l  t l t e '  S r r r l .  
' l ' h c  

s ' l t ' " ' t l s  a re  i t l t l l < l s t

i t r r . r , s s r r n i  l r '  I i r , . i n g  t l t 0  L l r r t l t .  i l t t ( l  t l t t t s  t t r e  s i t r t r . t l t a t l c o t t s l l '

o l i . t ' r ' r ' i  t i  ; t 1  r t l l  p r t i r l t :  < l l  o t t r  g l o l r t " l - hcsc  u ' avcs  i t l so  l t r c

l r c l l  r r l r o r r l  t l r c  l , , t r r t l t  l t s  i n c l i t ' i t l c r i  i l l  t l l c ' t ' t ' l t : i l r i r t C r l  l i l r t < : t r t a l t o t r s

r r f  t l r r '  \ l oo t t  s  \ l t ' r t l l  I I o t i o l l ,  l l r s t  l i r r r l r r l l a t c t l  l 11 '  A : cz t t ( o i l b t

r o o t 7 ,  l ; t t t  l i r s t  t ' x l r l l r i n c ( l  i ) ) ' t l l c  l ) r ( : s c I l t  r v r i t c r ,  I ) c c ' l o ,

r  r . r  r  ( r .  '  
l ' l l c r ' 1 t  r t t l vn i r  r t t i r '  \ \ r av r :  

' l ' h l on '  
o f  I t l l v s i ca l  I i o r ccs ,

v o l .  I .  r r ) t - .
( , .  \ o i v  l l t c  l t l r r l v c  c t ' l c s t i l l  l r l l t ' t t o l t t cn i r  i n v r l l v i ng  x ' l t v cs

i r r  t i r t  r t t ' l h t ' r  t ' r l r r t : sponc l  c x l t c t l r -  r v i t h  t l t c  r v i t v c  t hc t l r y  o f

r r cous l i r '  i t 1 t r ; t i ' t i l t l ,  l t s  i l i r r s t r l r t c t l  i t l r ove .  , ' \ t l d  s i nc ' c  i l ( ' o t l s t i c

, t t r ; r r . l i o r r  i s  i r  t t r l g i l r lC  I l h l l o t ) t c l ) o l r  O f  ou r  l i t l r o r l t o r i c s ,

l . l t i l l t  r l i r y  i r c .  t l c r r l t  r v i t h  r l c l l n i t c l v ,  i t l  p r cc : i se  l l l c i l s t l r e l l l e l l t s ,

r r r l r r r i l l i ng  o l ' t r o t  t i r c  s l i gh t cs t  t l oub t ,  i t  i s  j us t l - v  c i t c c l  as  an

6 l r j 1 r . 1 i yc  r l t . r r t 61 - s t r r t i o l t  o1 ' t hc  t r ue  l r c l - r ay i o r  o f  t he  i t e t l l c r  1 ' avcs

prrssi t tg t l t rotrqh iu l ( l  rc f r i rc tct l  about the hc:rvenlv bodies '
' l ' 1 , , '  

r , i , ' . , '  t h t ' o r v  o f  t r n i vc r sa l  g ra l i t a t i on  t he rc fo re  i s  a rnp l y

Con f l r . r r l r , < l  l r r .  r ' xPc r i n r cn t s  o f  t t nc l o t r l l t cd  va l i d i t v ,  r vh i ch  ac l n l i t

o l -  o t t c  i t t t t ' r p r c t a t i o t l  l t n t l  o t l l v  onc .

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

\ l o 1 i r , t r  t ' s t r r l r l i s h c < l  b v  l : ( ' i t t . o / n l '  l 9 o 9 '  p o i n t  t o  t h c

\ \ I  r r  v  r '  I -  l r  < ' o  r  t ' .
' l 'h is  

st r l r jcct  has bcct l  c i iscr-rssed at  length in lo l r ' r t r te I

o1 ' r r r v  I ' , l t ' r ' t r r r t l l u l l t n i c  \V i l v c - ' f heo r . v -  o f  l ) hvs i ca l  I i o r ccs ,  r 9 r7 ;
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but at  tha. t  t inrc the pror-r fs  of  thc u 'avc-thcon'  s 'crc tnnch

lcss conrplctc t lnn thcv rrc no\ \ r )  l tnr l  thcrcforc rvc shal l  b l ing

thc  r r r g r rn r cn t  u l )  t ( )  t l r r t c ,  l r v  i t  f cu '  t  t t t t s i c l c r l t t i ons ,  * ' h i c l - t

sho r r l r l  l r c ' bo rnc  i r r  r n i t t c l  i t t  t hc  1 r t ' c sc r r t .  t l r n ' .

r .  I t  i s  r r o r v  f u l l v  r ccogn i zc ( l  t h t t  r : r r l i o  u ' i t . r ' c s  o f  t l t c

l cng th  o f  t ho r . r s i r t r r i s  o f  I nc t t ' c s ,  s ' h i c : h  i t r c  c ' n rp l ovc t l  i r t  l o t t g

c l i s t anc r :  lmnsn r i . s i o t t ,  go  t h ro r t g i t  t hc  I ' ) r r r t . l r  i l s c l f .  l l t : s i c l r l

con( ' { r r ts  t 'on, ,  t ' r ' r ' r l  l r1 '  sLr t 'h u ' lvcs i l rc  l tcrLrr l  i r t  c lcc l r  tn i t r t :s ,

I r r r r l  c l l ' n  i n  t l i s t l t r t  con t i nc t . r t s  -  u .  l ) i t l s l ) r l r g  concc : t  l t c l r r r l

i n  ( l Lk ' r r t t : r ,  u  ( i ) r i c r i go  co l l c c r t  i n  X I c i l l ou rnc )  c1 ( ' .  An t l

f i na l l i ' s i gna l s  f r on r  t l ' r c  L i l f i t l ' t : t t c ' J ' o r r , c : r - s  a t  l l o r r l c r t t t x ,  t r s i t t g

u ' u ' , ' c  l cng t l t s  o f  : 2 . . 5  i <n r ,  r v c r c  l r t : l t r r l  r t l  t h r :  i t t t t i po t i t ' s ,  l t ( ' l l r
( l ha tha l r r  I s l l t t r r l ,  s . r n r c  f , oo  t r r i l c s  c r t s t  o f  \ c s .  Zc l t l r r t t r l .

z . ' l ' h c  o n l l ' s ' a 1 '  \ \ ' c  ( i t l r  t ' x l r l i t i n  t h c s c  1 t ' l t c t r o r r r c ' l ' u t  i s

l r r ,  r , , , , , , * t - t t r t ng  t h l t  1hc  u ' i t v t ' s  1 r r r v t  l  l l t r oug ) t  t h r :  l i i r r . . t h

i t se l l ,  bu t  a t  i r  s l o * ' t : t  l t r t c c  t l t r t r r  t l r r o t t g l r  t l r c  a i r ,  os ' i t r g  t o  t hc

i nc r cas t :< l  l c s i . l r r r r r ' c  o1 '  l l r r '  : o l i r l  g l o l r c .  l t t t r l  t hc l c l r v  t hc  r v : r v r : -

l i - o r r t  i s  l ; c n t  r r r o u n r l  l l r c  I ' , r r r  l l r .  r ' r ' r ' n  t o  t . l r r r  i r n t i p o c l c s ,  a 1 .
( , ' h a t h a n r  I s l a n t l .  

' l ' h c  
t l r c o r v  o f  t l t i s  l n o v c l r l c l ) t  i s  c x r r c t l v

s i n r i l u r  1 o  t h i r t  o i ' J i g l r t  f  i r r o t r g h  i t  p r i , , t t t ,  r t r t r l  r v i r s  f i r s t  p r r l r l i s h r : r l

l r v r r r c  i r r  A N . 5 o . 1 , 1 ,  p . . 5 r ,  i \ l r n ' ,  r r , t : o .  . A t ' r ' o l r l i r r g l v  i l - g n t v i l i r l i o t t

l r c  c l uc  t ( )  \ \ ' 1 . \ ' r ' s ,  l l r c sc  n ' r t v t ' s  s ' i l l  r r l so  l r r :  l r c t r t  i n  1 l : r s s i t t t :
t h r o u g l r  t h c  l ' l r r r l l r ,  r r n r l  t l t r r s  t l r c  S u n ' s  r t r : t i o t t  o t t  t l r r ' \ l o o n

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

t h c  I l l r r t h ,  i r s  : r t  t l r c  l i t r r t  o l -  l t t n r r r  t ' r ' l i p s c s .

3 . ' l  l r i s  s t t l , i r ' , ' t  r v r t s  l l r s l  l o r r r ' 1 t r : t l  t t l r o t t  l r l  I ) r .  / t - .  / : .  / i , t / 1

/ t n . q c r ,  t n  r  (  r ' ( ) \ \ ' n ( ' ( l  l l r i z c  l r t r r t : g t t n r l  I ) i s : r ' r ' l l r 1 i o n .  l r l  l l l '

I t n i v c r s i t v  o 1 -  \ l r r n i ,  l r .  r ( ) r : .  r ) r i n l ( ' ( l  i r r  I ' r r ' i l r r r r g .  r ( ) r  l .

I l L r t  : t l l l r o r r g l r  / l r ' / / 1 t 1 1 , t , , ,  t i r  ,  t r c r t t r ' i l  t l r r '  ; r r o l r l l n t
c i r r l l i r l l r ' .  l r t :  r l i r l  r r o l  l l n r l  l l r l  r t : r r l t  h t  t x P c r ' 1 r ' r 1 .  r r o l  i r c i n g

r r l r l c  t o  r l i s c o r t ' r  1 - r ' o r r r  t l r r ' \ l o i r n ' s  r r r o t i o n  t l r c  t l t c l r l t i c i r l

c c l i l r s c  c r ' < ' i c s  t  o r r t sponc l i ng  t o  t l r t - '  o l r s c r v t ' c l  l l t t t ' t t u t t i nn * .  I r r

r r r v  r vo r l i  o1 -  l  r 1  r  7  I  u ' as  r n : r r t '  s r r cccss f r i i ,  l t s  s l t ou ' t t  l r i -  t l r c

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

I l r r c t u i r t i o n s  r l t ' l r c n r l i n g  o n  c c l i p s t '  t ' v c l c s .

I ' r ' r i o i l s  o l  l l t r '  , , l , s l r v l r l  
' l  

l t r , o r c l i c r r l  l l r r c l u r r .

l l r r r ' l r r i l i o n s ,  r r r ,  r , r < l i n g  I i , , u '  r l c , l u <  r ' r l  l r , r r n

l ( i  , \ ' . i i , t , r n t / )  / i . I [ . / 1 r , , ; , ' t t .  l l r c  l ] r l r r r r  , r i  l L r t t r t t

r t t t r l  o l l t c r : .  , , 1 i 1 r . , . ,  r r 1 r 7 .

I  ) i  l l r ' r  t  r r r  r  .
(  ) l , \  (  . , 1 , .
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fror.n olrsen'at ions rccorcled in t l ie chronology of the era of
/\ ial totta.r.rt tr .  \ lodcln invcstigators thcrcforc arc unable to
rlcrrv t irc vrr ' l i r i i l r .  o1' thcir obscnration:r1 foundation, basccl on
tirc lccorr ls of r ioo vcars. 

' I 'hc 
onlv rvlry they can cv:rdc the

rurgur lc l r t  l l r i l t  r rp  in  rg r6- r7  i s  to  ho lc l  tha t  t l i e  I ' l oon 's
urotiorr lrrs rro rcqrr lar pcriorl i r : i ty. t \ Iczt. ,cott l t ,  lJrozun ttxl
ot l lcrs i l r( '  on rccort l ,  l tos'cvcr, as vcri f \  ing t l-re periodicity,
b r - l l r c i r  l csc : r i ' r ' l r cs  i t r  t l re  lunur  thcor r ' ,  rv i th  thc  cyc lcs  abovc
c i t r : r l .  

' l ' ) rc l  sp , r i i c  r :on f l r l c t r t l y  o f  thcse  obscrvcd  f luc t r r : r t ions
a l i r \ \ ' \ . ( ' i l r ' \  l r i ' l i r rc  I r l i scovcrcd  thc  t l rcorc t i ca l  cyc lcs  o f
r :< ' l ips r :s  r i t t  r i l r i ,  h  t l r t ' i '  r l c l t cnc l .

s. I f  rrorv l ' rol-r:ssor Brozatt.  hcsitatcs to Lrpholcl a t ircory
r v h i c l r  l r , ' i r r r l i r ' ; r l c r i ,  v l t  r l i d  n o t  c l c d u c c , r )  w c  n r a ) r  r v c l l  d i s n r i s s
t l r r :  r l i sc r r .s io l r  rs  i l  ( ' l l sc  o [  Rrozan,  r9 I4 ,  vers l rs  I ] rozu t t ,  t t l zo .

' I ' l r r '  
\ loor r  cor r t in r . rcs  to  c lc l ra r t  rL  l i t t l c  f ronr  i t s  l ) rcc l i ( ' t c ( l

l r J r r c r ' .  . ; r s  r r t .  l l r c  r c c ( ' l r l  c ( ' l i l ) s c  i t r  N c r v  Y o t - ) < ,  J a n .  2 4 ,  r 9 2 < .
n  l rcn  i1  l r ro i ' r ' r l  to  l r r r  a i rou t  - l "  l r ch i r r r l  o f  i t s  c i r l , :u la tc r l  p lacc .
' l ' h i s  l c s r r l l  s l r r i r i . s  t h i r l  l l r c  o l c l  t h c o r v  i s  r l r : f c c t i v c .  ' l - h c  o n l v
l r c r r '  l r o 1 , r '  l l r c r l f i r r c  l i c s  i r r  t h c  l u n r t r  c r ' l i p s r :  r ' y ,  l 1 * ,  u ' i t l r  r h i '
l i r c r r r c l i r ' : r l  f l r r r  l r r r l i o n s  i r r  r , 1 . o i ,  ( ) t . i a a 6 ,  l t n r l  : 7 7 . 5 ( )  \ ' c l r r s ,
r v o r l i c r l  o r r l  l r v  n r t  i n  t 9 r i .

( r .  l ' l r c  I l r t l r c t i r ' : r l  l l t r c tu l t l . ions  th t ts  < lc< luccr l  l c :n 'c  no
o u l s l : r r r r l i n t { ; r r , , r n r r l v  l r c t r v c c n  t h c  y c a r s  r S z g : t n c l  r 9 o 9  - , 3 o

\ ' ( ' ru 's  ( )1  1hr '  l r r ' : l  rnor lc r r t  rc ( 'o rc ls  -  rv l r i r :h  i s  lnuch in  cxccss
of  r  "  o r  i r l  n r ( ) : l  : " .  I  c r t t ' t t ' to t .  l r c l i cv t :  th i r t  thc  la t r : r  rc :co l r l s
u ' i l l  1 , r '  r n ; r 1 r ' r  i r r l l l  r l i f l ' r ' r - r ' n t ,  i f  t l r c  L t r n l r r  l r l c ' u l r r t i o t t s  u ' c r r :

l ) l - ( ) l ) r , r ' l \  ,  r r l r i ,  r l  o n 1 .  I 1  i s  n r ( ) s t  i r n l r r o l r r r l r l t '  t h r L t  t l r c  \ l o o t t
u r r L r l r i  . r r r l r l r  t r l .  r l r ' 1 r , 1 1 1  i - 1 1 1 1 1 1  r ' r ' r ' ] t :  : l t o s t t  l r t -  o c c u l t r t l i o t t s

: i t t , ,  t t , , s ^ .

i .  I ' r o 1 ' ,  - . ' , r '  / : .  l l ' .  / i t , , ; , ' t t  s  \ t ' r t  i , t t t t i t r  
' I ' a l t l c s ,  

r 9 z . u ,
g i i  r '  , r n l r  v c l r  . l i g l r t  r l i l l i ' r cn t ' c s  l r on t  / / o t t . r c t z ' s  

' I ' a l ; l c s  
o f  t h< :

\ l o o n ,  ' s 5 i .  \ t  i t l r c r  r , f  t l r c s r :  t i r l r l l s  r c r t l l l ,  r c P r c s c n t  t h c

: r t  t r r r l  r r r r l  i r r r r  o l - t l r c  ] I oon .  , , \ s  f i t r  l r ac l t  as  r 873  N t t t t r o t n l  l : l r l

t o  i r r l r < t r l r r r '  : r n  t ' r r p i r i c l l  r : o r r c r : t i on  o f  r ( t " ,  r v i t h  p r : r i od  o f

r 7 s  \ ' ( ' i l r s ,  r r r r r l  l r r ' f i r r c  I ( ) o 7  I 9 o 9  l r c  t l i s c o v c r c r l  i r r l o l h ( ' r  ( ) f

( r o  vc i r r  pc r i o r l ,  r l i t l r  t ' o c l - f l c i c r ) t  ( ) i '  . 1 " .  l l o t l r  o1  ' , hcsc  
1 ;u r i o r l s

r r r c  r l i s t i r r l t l v  i r r r l i c r r t c r l ,  l u r r l  s o t n t '  i r r t : g r r l ; r r i t i c s  i t l r c r t < l y  s ' c r c

l i r r r r r v r r  t , t  / . t 1 , 1 t t t  i  i t t  t  So : .  \ ou '  t l t t '  I c r i o r l s  i t r c  f o t t t t t l  f r on r

l l r r . ] r r n r r r  l l r l o r r ' ,  i r r  l c l i l i s t ' r ' r ' , ' l t ' s  t t s t t i  s i r t t ' e  t h c  i t g c  o f  t h t :
( i r c t ' l i s  r r r r i  I ) ; r l r r ' l o t t i l t n s .  I t  i s  t t o t  ( ] l t s v  t o  s e e  h o w  s t t c h  a .

r cs r r l l ,  r L ' l c r r t ' r l  t o  t r r r c  l l h l s i r . l l  ( ' r l L l sL ' s ,  < ' an  be  cvadec l  l r y

i nv t ' s l i g r r l l r '  i n l t r t ' s t c r l  i n  t hc  p rog rcss  o f  t ' e l es t i a l  n r c t ; h r rn i cs .
' I ' l r t '  

r ' t ' r t  r ' :s(  n( ' ( '  o1- t l rc  \cr ,vtoniatr  thcory in astronolny

i s  t o  r t ' l l r  o l r . r ' r v c t l  phc t ro rncna  t o  I i no r vn  phys i ca l  causcs .

S .  
' l ' o  

g t ' t  r r t  t hc  l r as i s  o f  t i r i s  r c l son ing  $ .e  no t i ce  t ha t
j us t  l r s  t l r c ' l ong  * ' i r c l r : s s  \ \ ' i t \ r c  f r ( )m  l l o r t l ca . r t x ,  I i r a t t c c ,  i s  l r c r " r t

Sonclcrnunrmer

2 7  .5  \ 'e  l l  l . :

6 o  v t ' l t r .

1 7 i . 5 ! )  \ ' ( ' l r 1 5  r . i 1 )  \ ' r ' 1 i l 5
( ) r . 7 o o ( )  \ ' ( ' i l r :  I . 7 o o ( )  \ ' ( ' l l f :

r  f i .  o.1 \ ' ( ' l l  r \

4 .  
' l ' l r c  

t ' r ' l i p se  r : v c l t : s  t ' n rp l o l cc l  l ) \ '  n r c  l t r r v c  l r t ' t ' n  i t t  usc

s i ncc  t he  t i n r c  o1 -  1 ' / o / t n t t ' ,  i r nc l  u ' e r - c  r l c c l r r c t ' r l  l r r -  t l r c  ( i r c t ' l i s

1 )  I n  l l r c  A r l  r l  r t s s  1 o  l l i c  I l r i t i s h  . \ s s o c i i r  l i r , r r  i n  A u s l r , ' l i i r .  , \ r r q .  i t .  l g t - 1 .  I { c l r o r t ,  | P .  1 t S - . 3 r c ) .  I ) r o f c s s o r  B r o u , n  f t r s t

l , r ' l 1 r ' r  r l c t c r r r r i n r , < l  l r o n t  o l r s c r v r r t i o n .  r r t r l  i s  r r o l  l i h c l v  i o  l , e  c o n l , r u n , l , , l  r l i t l t  r t n k n o r v t t  s c c u l , t r  c l t a n g c s . r

l ) r .  / i t / 1 / i i l g r r '  s  c t t t t c  s l r t , r r s  t l r i s :  t l r t ' r c  i s  r t o  l r ; r ' c  o f  t l r l  l l r t c t r r r r l i , , t t . u
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i t c  d c n c i t . ' .

accclcrat ion

(93/

(s+)

around to  thc  rn t ipoc lcs ,  t . t c l r  Nc l 'Zca la t rc l ,  so  a lso  thc
gra.r ' i tat ional r i ' iLt 'cs fronr thc Sun shouicl bc bcrrt tos'alcls thc
ax is  o f  t l r c  I i r r l th 's  shac los ' ,  rs  shr r l - t r  in  t .hc  fo l lo r r ' i t rg  f ig r t rc ,
r 9 r 7 ,  r i i l l r  t ' ; ' r ' '  f 1  o 1 1 1  1 r r 1 l  i t t  r , , - ' o :

I i i g . 7 .  I l l r r s t r a t i o n  o f  t l r c  i r c n r i i r r g  o f  t l r c  S L t n ' s  g r a v i l a l i o n a l  r v a v c s  i n  l l ( J I ) i r g i r t i , , 1
t h r o r r g h  t l r c  I i a r t l r ,  r t  t h c  t i n r c  o l  l r r n a r  e t : l i p s c s .  

' l ' l r i s  
s i i q l r t l r .  r , , i , r , . , .

l h t :  S r r n ' s  c o n t r o l  o f  o r r r  S a t e l l i t c ,  r n r l  i t  t c n r l s  t o  { 1 1 .  t J r c  t r r n g c n t  
' J  

l r , ,
r c s r t l t  i s  l l r c  l i u c t u l l i o n s  i n  t l r c  N I o o n ' s  n r c l u t  n r o l i o n  r l i l l r  I , r , r i , , ' l s  , , 1
I S . ( ) . l .  ( ) L 7  r t r r r l  : 7 7 . . 5 q  \ ' ( ' i l r s ,  i t s  f o r r n r l  l , v  l l t c  r c s c r r t . l r r . s  t ) f  , \ ' . 1 ;  t , t , t i ' : .
I S ( ) q  I o , ) o .  I { l t r l i o ' l ' c l c g r l I l r t ' s c t r r l s  l o n g  u : r v c s  t o  l l r c  l n l i l r o r l c s ,  r n , l
t ) r i s  i , r ' r t r l i n g  o f  t l t c  r r r < l i o  l r t v t :  l i k c r i i s c  i s  r l r r c  l o  l l r c  s l o l , ' r  l ) r . ) l ) . r g i r l i , , r l
i n  t l r c  s , , l i , i  g l o l , r '  r , f  t ) r c  l , i r r r t l r ,  j r r s t  a s  i n  l l r r :  r . ; r s c  o l  l ) r c  S r r n  s  q r ; 1 i
t r r l i o n r l  r l r r v c s  I t r ' r c  i l l r r s i r r r t t  < 1 .

I t  i s  casv  to  scc  tha t  t i r c  vc r i f i c r l  rad io  \ \ ' i r vc  l rc r t r l ing
abso lu tch '  con f ln r ls  th is  t l r cor r ' :  i t  i s  thc rc fo rc  vc r i f i c ( l  l>y  t l rc
bcs t  obscrva t iona l  r l : r t l r  in  r r rc l io  tc t l lg r r rp l t , , ' l l l l ( l  l ) \ ' thc  rvho l r :
\ \ ' i l - vc - t l r ( ' ( ) rv  o l '  l i gh t .  J lc t t r . r  p roo f  o f  t l t c  n 'J - r - l c t  ion ,  r l r . f l  t ' r ' t i o t r ,
a n ( i  i l l ) s ( ) r l ) t i o 1 r  o f  g r r r v i t r r l i o n l l  \ \ - r v c  ( ' n ( . r H l  i n  l , ; r s s i n f i
th rough ( ) r r r  g lo l )c  cor r l c l  no t  l rc  r l c . i rc r l .

g .  ' l - l r c rc fo rc  
s incc  t l rc  \ \ ' avcs  o l  g r i l v i t i t t i ( ) l t .  u ' l r i ch  r r r r r ,

bc  o f  r rn l  l cng th  l rc ts -ca 'n  a .  l r r ' t r : c  l in ( l  11  thous i ln r l  J i i l onr t ' t rcs ,
wou l ( l  l ) c  l rcn l  i rs  s l ros 'n  i r l ro r .c ,  i t  i s  c lcar  th t r t  t l r c  i t t t r i l ( ' t i o l l
o f  t l t c  Sr r t r  u l ) r )n  th ( '  J loor r  rv i l l  v i r rv  a  l i t t l c  i t i  r l i f l i ' n :n t  p r r r ts
o f  t h i s  s ' h r r r l , r u .  I t  u ' o r r l r l  l r c  l r  r n i m r ' l c  i f  t l r c  i n t r . r p o s i t i o l r
o f  t h c  L : r r t h  s  s o l i r l  n u r s s  i n  t l t c  p a t h  o f  t h c  S u n ' s  g l ' l l i t a t i o n r l
u - l v t : s  c i i r l  n o t  r l c c r c r r s c  s l i g h t l r , t h r :  s o l l r r  p u l l  o n  t h c  \ I o o n ,
l rv  r i ' h i t : ' h  our  s l r l c l l i t c  u 'o r r l r l  t r 'n r l  to  l l v  thc  tungc l t t  nca t  t l t c
t i rnc  o f  lL rn l  r  cc l ipscs .  I i ro r i r  thc  n rovcnrc l t t  o f  thc  sor r r r< l
\ \ ' a lcs  l l )ou t  thc  car l ron  t l iox i t l c  l l r l l oor . rs ,  thc  p rcssr t rc  i s
inc lc lsc r l  l r c ton< l  thcnr :  t l t c r r ' fo ro  thc  I ) rcssurc  in  thc  u .c th r : r
b c r - o r t r l  t h c  l ' l l r t h  u ' o u l r l  1 , , ' . i l . t { - r c i t s c r l , , ' n , l  t l r c  S r r n ' s  t c n s i o n
on t l )c  l loon  rc laxcr l ,  l r v  thc  i r r tc rpos i t ion  o f  thc  l , i r r th 's
g lo l rc .  

' [ ' l r c  
: rn r log l  i s  pcr fcc t l v  p l : r in ,  anr l  th is  cor t r . lus ion  is

incon tcs ta  I  r l c : .

ro. Rol/ l i t t ,gcr 's nrct l t()( l  of nrralr.sis i .s suff i<: icnt l t .
con(lcnsc(1 in vol.  r  o1- tht,  I ' , lct ' trorlvr. lrr l i r :  \ \ iat 'c, ' l 'hcrorv of
I ' [ r ' : i ,  r r l  l r o r , , . .  ] , 1 , .  r  r J  r  r 5 .  I I ,  , , , r r - i , l o r .  l | r .  i r r l l r ; t r i l i . r r
be tu-ccn  n .  n r i l ss -po i l r t  t r r r r l  l r  sp l rc rc  ln l ( l c  u l )  o f  honrogcncous
c o t t ( ' ( ' n t r i c  l r t l t ' r s .  I 1 ' 1 r  l r c  t l r c  n l r s s  o l '  t l t r :  r n l r s s - p o i n t , , l , /  t l r t

/r :  bcing thc Clrrrssian constant of attract ion, z thc
l l l ) sor l ) l io t - l  co l ts tan t ,  a r rd  ry r  t l l s  ang lc  a l )ou t  thc  l t x is
o f  s1 '11111ra1t r ' ,  anc l  thc  o thcr  r l r ren t i t ies  as  i l l us t r l t cc l
i r r  t l r r :  f ig r r rc  3 .

/ l o l / l i t t , q c r ' s  t h c o r  l  o f  a  s l i g h t  a b s o r l - r t i o n  o f
l  l r r r .  o f  g r . r v i t a t i o r l  i n  t r a v c r s i n g  t h c  l l a r t h .

, \ r ' r ' o r r l inc ly ,  thc  a t t rec t ion  l rcconrcs

1  
, l  

, ,  t  ( \ \  ( (  ( I ) ' l

. .  r .  ( .  r .  
- ' ' ( :  ' 4

- /,t.\ .\ ,\ o rlu clrt rl7 sin rz cos r^r e ,,'' (l-s,r

i f  rvc  in t ro r lucc  t l rc  ang lc  p ,  thc  in tegra t ion  bc ing
br, ' ts 'ccn o ancl l ,r ,  rvc havc

s i r r r r -  l l f / ' s i n f  c o s . {  d r v  : R l A - c o s B  d p .  ( S a r )
' l  

hcn ,  t l r c  r l c f in i t c  in tcgra l  fo r theat t rac t ionbecontcs :

nrass  o f  thc  sphcrc ,  3
th r in  1hr :  a t tmct ion  on
\ : ( ' (  to r  to  t l t c  c lcn tcn ts

its racl ius, and o:o(r)
r r  i s  t l t e  i n t c g r r l  o f  t h c

b " _ '  
l j " '

o f  n rass  o f  t hc  sphc rc :

z :  
, l  

tJ  ( t ) ) l

- , ( "  a o
l t : h2 f92 'e  ; '

rvh c rc

x  o  c iT i  r l o  < l 11

, , r ' l rcrc 
c:  o l t . . )  _, r  lR2 +

^ a

_ z f c  d p
sin 7g cos B c i l  (Ci

,52 - zR S cos P]" ' '  (Sg)

t l " 7  2 T  2 / c o s l

- /,2 /t2!.,t2..f. ipl. l,rnl,[tut
( ) ( ) o

llo///in,qar poir.rts out tlia.t in tl'ris cxprcssion thc intesral
is inr lcpcn<lcnt of . , / ,  thc distance of the point 1r. frorn the
sphcrc ,  anr l  th t :  a t t rac t ion  o f  thc  sphcre  o f  conccnt r i c  layers
rcc ip roca l l y  as  thc  squarc  o f  thc  c l i s tancc ,  as  in  thc  Ncrv ton ian
l r rs ' .  

' l ' hc  
cons t i rn t  o f  l r t tn rc t io r . r  a lonc  rcmai r - rs  indc tcn l ina tc

l rrr l  i r .  spcr: i i r l  frrnct ior-r of thc prolrcrtv of thc sphcrc. He
t l rcn  l r rocc 'c t l s  1o  shon ' tha t  a  fac to r  shou lc l  bc  in t roduced
of  t l rc  fo rnr :

(.r -' lz. o /t) (sq)
t l rc f l rct ion : l  z r i  l i  rcprcscnting thc loss of gravitat ional

/v

I ; i g  S .
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cncr[ l) '  dLre to absorption. He cal ls this factor / ,  and dcduccs

for  t l r c  l ' l r r r t l r ,  l5  -_  r f  r6oooo.  ( roo)

r r.  
' I 'his 

cxlt lair-rs thc nrcthod of proccrlurc. 
' l 'he

absorption cocff iciclrt  is z, ancl frorn rvha.t rvc l i r lor 'r 'of u'a'r 'c

r lot ion i tr  gcncri t l ,  t l t rougltout naturc, this cocff icicl l t  is not

zcro .  t l to l rg i r  i t  rnav  be  I ' c ry  smal l '

. [ ,ct us cxlt t tr i t tc thc problcl l ' r  in anothcr r i ' i tv. Is t i rc

Sun 's  g r i rv i t r t t io r r i r l  ac t ion  o t r  thc  \ Ioon co l . t s ta r l t ,  in  sp i l c  o f

t l-rc bcnri ins of thc gravit ir t iorrrLl s 'avcs i tr  l lassing throtrgh thc

I: lart l-r 's mass? I )ocs t. tot thc intcrl losit iol l  of thc I ' l l t r th's t l rrss

in the lrath of thc Sun's \ \ ' i lvcs, rr ' i th thcir rcfr irct iol-t ,  clcf lct: t iot l ,

absorption, t"rcccssari l l '  c lccrcirsc thcir act ion ot l  thc \{oon at

thc t irnc of ecl ipscs, - as 6rst cotlsi t lcrccl l ;y )) ' t / l / t t t ,gt:r '  t912,

t ' c t  f i r s t  p lovcc l  b1 ' t t t c ,  rg r7 ,  f ro r l l  th t :  t : rL rc f i t l  s tuc l l ' o f  c< ' l i l l sc

c1 'c lcs  o l '  thc  rc r lL r i rc t l  pc r io t l s?

I t  scc tns  r l i l f i cu l t  i f  no t  i rnpo ' .s ib lc  to  do ly  the  var i r r l r i -

l i t t ' o f  t h t ' i r r t c r l r r l  f o r  t h c  r t l t n t c t i o t t :  l r n r l  t l l t l s  \ \ ' c  l l r a t v  p t t t ,

r r s  t r r n [ i r n r t ' t l  ] r v  l l r c  t ' t : l i p s t '  r ' t t  l t  s :

rl
d ( z ) l 6 r :  , ,

: : l  z c l i .  ( r o r )

r  z .  
' l ' h c  

\ \ ' a vc  P roccss  l t t  r vo r k  i l l  a co t t : t i c  r l t t r i l ( ' t i o l r

l c r r r l s  s r r ppo r t  1o  t hc  : r bo l c  c r l u i t t i o t r .  d ( z ' i l i t  t r c ccss r t r i l v  i s

l i r r i ab ) c ,  r t n r l  < ' o t r l l r t t r c r l  l ; r ' t h c  cc l i l l s c  c r -< ' l c s  i t r  t l l co r t ' t i t ' r r l

pe  r i o r l s  o1 '  rS .o . i  l c l t r s ,  6 I . 7oo ( r  vc l r s ,  l t t r <1  : 77 . . 5 r1  r ' c r t r s  I

( ) t h c r r v i s c  l r r t u ' r t r t ' l ' c  t o  e x p l l t i t l  s t t r ' l l  t ' l o s t ' l l t ' r ' o r t l l t t t t ' r '

l r t t u ' c c r t  o l r : r . r ' r ' i r l i on  l r n t l  t l t t ' o r r ' ?

\ o  r r n roL rn t  o f  c r r t t t i o t t  * ' i l l  j r l s t i l , r t  l t t  i r r v cs t i ga t t l r  i t r

t r v i n g  t o  c l t ' n l  t l t c '  , ' r t r t r t ' , t f  t l t c  l t l t l l t t ' f l t t c l . t r l t t i o t r s ,  t l t t t s  l t r ' -

( ' o r . n r t c ( l  l i r r  o t r  v r r l i t l  c t  l i p : t '  r ' r ' r ' l t ' :  t l r t t i t l g  l r r t < ' l <  t < l  t l t t :  l t g t :  o f  t l t t r

G rec l i s ,  i u r c l  t ' < l r r f i r t nc r l  l r v  l r t l r on t t o t v  t ' x l l c r i t r l c t . t t s  i t r  so r t t l r l ,

r . h i c l t  i t n v  o l r c  ( ' i l r t  I ' c r i f i ' ; t r t t l  i l l L r . t r l r t c  111 '  1 l i ' 1o1 "1111s  n l i r l < i t - t g

t i r c  l r cn t l i ng  o f  t l t c  l ' a vcs  v i s i l r l c  t o  t l l c  t ' r - c .  l t s  j l l  t l l t :  r - l t s t ' o1 -

t l r c  r ; r r l i o  u ' r Lvc ' s  obsc rv t : t i  t o  l r e  l r t ' t ' t t  r t r o t t t t r ' l  t l l t l  g l o l r t l  l o  l l l c

l n t i po r l t : s .  
' l ' o  

r i t ' r t , v  suc l t  t ' r ' i r l c l r c c  i s  t o  r c j c<  l  t l l t '  l r c s t  r : xpc r t

r r t t ' t t t r t l  < l r t t r t  i t t  l i g h t ,  r l r < 1 i o  t c l c g r l l l i l r r - .  l t t t t l  t l l ,  t 1 t " ' 1 1 '  r r l -

so r . r n t l :  l t t t r l  l l t t t s  t c t  dcn r -  t l l c  l l l a i ncs l  c i ' i < l c t l ce  o l  r r r l l  \ {  l r \ r ' : ,

s ' h c n  t h e  i n t l i c l t i o n s : l r c  s r l l ) J ) o r 1 c d  l x ' s r : r ' r ' r i r l  i n r l r - ' 1 r t ' l l t l t ' t l t

s c i cnccs  I

Part IIL The Velocity-Potential r/t, with Solution of
tlne Fourier-Poisson Partial Differential Equation in
the Case of \faves from more than one Centre: the
State of the Aether trnder the unlimited series of
\Zaves from the Stars of the Sidereal Universe leads
to an Infinite Integral, which may be integ;rated by

the Process of Sttccessive Approximations'

1 . 1 .  
' l - h c  I ) l r 1 ' s i c l l  S i g t r i f i c r r n c c  o f  t h c  \ r c l o c i t r ' -

1 )o t cn t i a l  ( / ) ,  i n  - ' \ c r co r r l  t r t t cc  s ' i t h  f ' o ,g ra t t gc ' s  
' l ' h co rc l t t '

z c l . r ' - l - a c l t ' + z r , d z : c l 0 )  f o r  t h c  l t o t i o n  o f  I : l u i r l s .

.{  rctrrrrr l<a.l t1e thcorcrl l  i r l lpl icl lblc to thc t l lol iotts '  r l -

f l rr icls n'rs f i rst cntrnciatcd b.v I 'o.grattge. Sr.r l lposc thrrt  for

anv  par t  o f  a  1 ' lL r i c l  n rass ,  \ \ ' c  exPrcss  thc  vc loc i tv  (o l r rponcnts

of thc part iclc in tcntts of the t:oorr l i t . t i t tcs e., - .1' ,  ,  i r l l ( l  thc

t inre /.  
' l -hcn 

i f  aftcr t t  strtal l  intcrval dl,  a t leu' part icl tr  has

reachccl x, ) ' ,  i ,  \1'e have for the exccss of i ts velocity over the

f i rs t  y ; r r r t i c lc  t l t c  con tponcnts :

du f t l t ' d t  du ld t 'd t  dzu fd t 'd t  (1oz)

r l 'hi lc thc cornponcnts of t i re change of velocity of the original

par t i c lc  r r re
du f t \ t ' r l t  du fd t ' d t  dza fd t ' d t .

T'lrt :  chrrtgc in thc posit ion of the ng11i part icle, in spacc,

is cxprt 'ssccl lry d/dr, atrcl  rcmains invi ir iable, while the changc
of vclocitv of t l rc origirrrLl part iclc d/dr is in rcspect to a part icle

o f '  thc ' l lu i r l  rc l i r t i vc lv  to  anothcr  par t i c lc .  Hence u 'e  have

irr l rr icf ( ,c[.  '1,/arzuc//,  Scicnti f ic Papcrs, vol.  I I ,  -4.468), for
: rn \ '  ( 'onr l )oncnt  o f  t l ' r c  vc loc i ty  rz :

t \u l r \ t :< lu f  < l t  +  u  < lu f  d " t+u  du f  dy  +u ,  du f  dz ;  ( to+)

rrrrr l  i f  t l rc rnotion is vcrl '  strta. l l ,  the tcrms z dufdx, a duf cl1' ,
' ; t ,  Ll tr , ' t1-.,  ctc.,  t l i rninish in rcl :r t ive inrPortance, and ult irnatcly

dulr \ t  -  4vf  67 . ( I  o5,)

\ott '  / .o.qrattq'r ctrrt tr t ' i i t tcd thc irnportant theorem t l lat

i l ' i r r  r r r r r ' p r r r t  o f  r L  l l t r i c l  t t t l L s s ,  f o r  l l l l y  I n o l n c n t ,  a  p c r f c c t

t l i f f c rcn t i r r l  cx is ts ,  s r tch  tha t

u d : i : + t d ) ' + ? u 1 3 ' : l { D  .  ( r o 6 )

thcn l l r i '  pcrl lct t l i f fcrcntial rvi l l  hold for al l  subsequent t ime.
' l  

l r is conrl i t i<)n cnslrrcs a stca(ly state of t l -rc f luicl  l l rass,

str i t l r l r lc to t lrc '  r tni lorr)r l )ropagatiot ' t  of rvi t l 'cs, t tnclcr -Pars-razl 's
(  { l ' )  j l l  I '  ' l )

c l ( ) !d t -  a2  ( t )2 {DfA.x2  - t -02 t | )10) ,2  +a2Of  a t2 ) .  ( to ; )

l  h i .  , , , r r r l i t i r )11  l lu ry  l rc  o thcnv isc  cxprcssed in  thc  fo r l r r

o l -  1  l r .  i r r r ' , r  l i , ,  l , j l  j 11-  o1 '  t l r c  J i t t c - in tcgra l  fo r  the  c i rcu la t ion  :

, )  [ , [ '  u , l .  t  z . , t l 1 ' + r u r l ) ] f  d t : "  ( r o 8 )

or  t l r ,  l i r r , ' i n i lg r ' , r l  o1 '  l l r t '  t r r l tgc t l t i l L l  co lnponcnt  vc loc i t . l '

l t ro r r r r r l  r rnv  r ' los t r l  ,  t t rv t '  o1 '  l t  t t t r l v i l l g  I l r t i r l  rc l l l l r i t r s  cons t i l l l t

t l r r o L r g l r r l r t  r r l l  t i n r r ' .  
' l - ) r i s  

l i r l c - i n t t g l l l  i s  k n o r v n  a s  t h c

c i rcn l r r l ion .  ru t r l  h t t rc t t  i t t  r i t t v  c loscd  l i r l r :  l rov i l lg  rv i th  thc

{ l r r i r l  t i r c  c i r c L t l r t l i o t r  r c t t t l t i t r s  ( - o } l 5 t i r l l t .  o r  r ) . [ r l r / r : o

. \ r  cor r l ing l r ' ,  s ' l t c t r  thc  cxrLc t  t l i f fe rcn t ia l  cx is ls ,

zz  <1 . r '  f -  z ,c l  r ,  .1  z r ,  115 . -  a l ( )  r  to6)

l l rc  l c ioc i l r '  i n  ru rv  r l i r cc t io t - t . i s  t : xprcssc t l  l r r -  the  cn l rcspond ing

r r r tc '  o l '  , l r rn t t '  1v f  r / ) ,  u 'h ic l l  i s  l r l l r : r l  t l l c  vc : loc i t l - 'po tcn t ia l .
' I  

hc r t l ' o r i '  l i r r  s r rc l t  co l l s t ' t  v i tL ivu  l l l {  ) \  t ' l } l r ' l l [ )  unc lc r  s tc i l c l r '

conr l i l i o r rs ,  : rs  i r t  n ' r t \ , c  J ) ro l )ag l t t lo l l  :

r l r r r r l . r .  i  r l , ' , .1 t1 . r '  I  ( ]1 i t , i i 1  - - ( '2q) !? t2  +?2( l ) , i? ) ,2  ta2(D la22.  ( r " ,1 )

\ \ ' l r t r r  l h t ' l l t r i r i  i s  i t r c o r n p r c s s i l r l c  t h i s  i n t c g r a l  r : o r . r t r r l

l r  r ' l oscr i  t  i r c r r i t .  i s  ( ' \ ' l l t t ( ' s ( ' ( ' l )1 ,  lL t r t l  thc  l l l o l - I l cn t t l l l ) ,  1 i l i c  the

c i rc r r l ; r l i on ,  i s  z t ' ro ;  l rL r t  f r l r  l t  t ' on t l l t ' css i l . r i c  l l r r i<1 ,  l l t c  cx is lc t l r : c

o1-  r r  v r ' loc i l r ' -po t t ' t r t i l r l  d )  t locs  r to t  i r r l l l l v  cvancsc t 'ncc  o f  t l l r :

in tcgr i r l  l i r r  t l r t ' n r ( ) r l rc l t t t t t t t  l ' o t lnc l  a  c loscd  c i rcu i t  (c f .  Lord

/ l , t - t , / t ' t ' . r : / t , ' l ' l t t ' o n ' o l ' S o t t n t l ,  u " ' l  e ( I . .  1 3 9 ( r ,  v o l .  : ,  P 1 l .  8  9 ) '

In  thc  c lsc  o1- t l t c  l rc thcr ,  l i o rvcvcr ,  the  f lu ic l  i s  so  near ly

alrsolrrtclv i trr :onrprcssiblc that the :rbor-e thcorenls rvi l l  holcl,

r rnc l  s ' r '  tn r tv  t i r l i c  r l (D  to  bc  esscnt i i l l l v  r ln  cxac t  d i f f c rcn t ia l ;

so t lr i  I  thc vclocit t '  in anr- cl irct: l ion is cxpresscrl  bv thc

corrcsponcl ing ratr:  of changc of d), al ld thcreforc

rlzlr l .r '  t  6f7,/111, + r\n,f  dz:A2Qf 6rz 132rDf 0y2 +02{Df Az2 '  (r  Io)

Lc t  t t s  no \ \ ' cons i ( le r ,  as  in  AN 5o85,  pp .39r -392,  the

rnotion of a s'at,c across & closed surface' such as a spherc of

-  
I i o i  

: ;  : / - c ( ) c t

t , . -

|  / :2  Rt  1 , t ' . .1  rd . . l , r \ .1  ( t , '
t  .  o  o  - x [ r , r e l

x  o<lP c lg < ly  s inP cos79 c :  )

I
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rad ius  / ,  ,g :4 t r2 .  
' I -hcn  

thc  ra tc  o f  thc  l los '  o f  thc  f lL r i c l
ou tu 'a rc l ,  ac ross  thc  c le t r rc t - t t  c l  .S ,  1 r t ' co t t rcs l  11 . ! '11  r / ) / r1 , ru .  , ' \ r ld
u 'hor  thc  c lcns i tv  i s  cons tan t .  thc  to t r l  loss  o f  f lu i< l  i r r  l i r r rc  < l l

i , s  g ivcn  l r t  thc  r lo t r l r l c  in tcgr r r l  :

r\ (,,!, ;r ,i 13 , l r\ r: .[,[a rlr,'rt z ' ct .! d I ( r  r  t )

r r 'hc rc  thc  i t t t r 'g t 'a t io t t  i s  to  i rc  cx tc t r r l c t l  ovcr  t l t ( r  c t t t i r t ' s t t r fac t r
,9 - q.;r 12 .

Nos 'u ,hc t r  thc  sphc lc  s t t r facc  S is  f i r l l  l ro t l ' L  a t  t l ' r c
l rcg inn ing  anc l  a t  thc  cnr l  o f  < l l ,  thc  loss  o1- f l r r i c l  v l r r l i shcs ,
so tl'rat

t \ ( ! ,n  c  r3 ) l6 t :  , f  Ia rn1r t , , ' d^S < lz :o ( r  r  z )

' [- l rc 
cr lrurt iotr of contir-ruit1' ,  for rtr  i tr t 'otnprcssible l luir l

r l c r luccc l  l l -onr  thc  spac i r r l  c lc t rcn t  < l . r  < l t '  r l z ,  L r t t t l c r  th is  co t ' r r l i t i o r t
o f  no  loss  o l  l lL r i r l  l ( ' r ( )ss  thc  bo t tn t l l r rv ,  i s

?2 (l) ;2.t2 + [)2 () lA),2 + A2I) l? z2 - o ( t t : )

or  l r r i c f l r '  ! r  r / t  :  o .

r\nrl  ls J'oisson's cquation of rr 'avc nrotiotr is

A2 () le/2 '  ,22 f e d) (,  r . t)

\ \ ' c  scc  th rL t  f2  ( / ) :6  c lc lu r lcs  thc  t ' x is tc t tcc  o f  tv r tvcs ,  i l '  t .h is

cor - r r l i t i o r r  hc l r l  r - igorous ly  fo r  thc  t i r r rc  t l l .

\ \ ' hc rc fo rc  rvc  conc lu r lc  lh rL t  in  t r in  c rs ing  thc  sur fa r :c  ' t ,

thc  c 'o r r< l i l i o r r  in  ( r  r  z )  s ' i l l  l ro l< l  fo r  thc  r l ' r t vc  1 - ronr  thc  cc t t t rc
l l .  t h c  l r c g i n n i n g  l r t t r l  a l s o  r t t  t l t t ' t ' r r r l  o f  t h c  t i r r r r :  r l l ,  c o r r c -
s l ronc l ing  to  l l r r - '  p lopr tg i t t io t t  o f  i l  \ \ ' i I vc  th rough a l l  i t s  ph l rscs ,
ovcr  thu  l ' r rvc - lcng t l t  7 . ,  u 'h i i ' h  r t 'p resc l t t s  i t  < 'o t l l t l c tc  c ts -
c i l l a t i o n  o f  t h r :  l l r r i t l .

l l r . r t  fo r  shor tc r  in tc r r ,a is ,  thc  cquat io t t  ( r  r : )  s ' i l l  t ro t
ho ld  r igoroLrs ly l  so  tha t  tcnrPorar i l v ,  ovcr  an  in tcn ' r t l  I css

t lrrrr t l r t :  rvavc frcqucn q, r :  2n I , ,  :  )"f  [ . /  ,  thcrc is lroth sl ight

conrprcssibi l i ty and :r l lorv of t l ' rc l luid across thc lrotrt tclary

"t -= .+tr r-: ,  at l<I,  for r l l '  . .  t  rvt:  l t i tvc :

t \ ( . \ ; r , i  r ' \ ) l r \ r : ,1 ,1 'r tot lat  c lS cl / :  : l , t lzr  (" .s)

u 'hcrc  r l l r  i s  t l r r :  to t i t l  f lu ic l  t cnrporar i l v  los t ,  l t t  in l i r t i t cs i t t t l l

n r rss  pos i t i vc  o r  l t cgr l t l \ -c .

' \ ccor r l ing l r ' ,  i r . t  thc  u ' l rvc  n ro t ion  o f  thc  ac t l t c r ,  thc rc  i s

s l igh t  conrprcss i l r i l i t l ' , t )  anr l  a  n r inu te  tcmporary  r i r t l i r t l  r r ro t io t r

o f  thc  f l t r id  r locs  t r rkc  p l l cc .  I l cn t :c  u .c  cannot  h l rvc  l lu rc ly
translcrsc lnotiolr,  i ts i tssrttrrr:r ' l  in thc tracl i t iot l i t l  forrrt  of thc

rvavc-thcorv of l ight r lLrc to J;rcsnt/ an'cl  ()au,:/ t) ' .
' I -h is  

d isc r rss ion  cornprchcnt ls  thc  po in ts  o f  c l i i c f  in tc rcs t

in  rcspcc t  to  thc  uc thcr ' ,  s ' i t i ch  has  an  e las t i c i t y  689- lz r ( rooooo

tin'rcs grcatcr thau that of air in proport ion to i ts clcnsitv.

I t  i s  in  th is  u l t in r l r t c  n rc r l iunr  tha t  t l ' r c  rvavcs  o f  g rav i ta t ion ,

rnagnctisln, clcctrociynarnics, l ight anci radiant hcat :rrc

t ransrn i t t c r l .  No o thcr  n tcc l ium unc lc r l i cs  the  ac thcr ,  l t l , l

Son t l c r t r r t t t t n t t  r r . r r R
+ + v

thus l l rc cncrgv carl  not bc lost, but only transfornrecl b1'
u ' l rv t '  ,  h r rngcs .

. \  r l c f ln i t c  p loo f  tha t .  c l rc rg f  i s  no t  los t  in  thc  ac lhcr  i s
f i r rn ishcd lx ' t l r c  l l r r 'o f  thc  i rncrsc  squa. rcs :  fo r  o l rscn ' r r t io t - t
s l rou 's  t l l r t  th is  l rL l .  ho l r l s  r igoror rs l \ '  tn rc  be tn 'ccn  thc  SLrn
i rn r l  r r  l roc l r ' : r t  a l l  d is tanccs .  I t  \ \ .ou lc l  no t  do  so ,  ho lvcvcr ,  i f  an) '
cncrgv  r , r ' r . rc  los t  in  t r lnsnr iss ion  to  inc rcasec i  d is tancc .

I ' roof of this nray bc drarvn frorn thc motion of ccrt:r in
co ln ( . ts ,  suc l r  r rs  f la / /ey 's .  

' I ' h is  
boc l l ' has  mrdc  near l l '  3o

rcvo l r r t ions  s ince  i t  u 'as  f i rs t  obsen 'e< l  be fore  thc  beg inn ing
of  t l r c  ( ' l r r i s t ian  l i ra .  ' l ' l re  recorc ls  o f  thc  car l l '  r cvo lu t io l ts ,
to  l r r :  s r r rc ,  lu 'c  too  vag l l c  to  g ive  rc l iab lc  da ta  on  thc  o r t r i ta l
nrrrt iorr.  r 'e t  sinc'c thc t inrc of Nezalon, rvhcn cxact data becarne
av i r i l l l r )c ,  th r t ' c  rc r -o lu t ions  have bccn carc fu l l y  fo l lo rved,  as
thc  conr r . t  rcccr lc r l  a rv r t ' to  g rea t  c lep ths  in  spacc ,  -  s ' i thou t
r l isclosing t lrc snral lest <leviat ion of the zr"ttract ir ,e force fronr
thc  l r r rv  o f  thc  invcrsc  squarcs .  The same la rv  i s  tes tcc l  in  the
nro l io r - r  o f  t l r c  g rca t  conrc ts  o f  r68o,  r84r  and r832,  r r 'h ic i r
har l  r r r rL rsua l l l '  s r ra l l  pc r ihc l ion  c l i s tanccs .

,\n<l rs rvas pointcrl  oLrt by Alczalon and Lal la'e, tb.c
f l r i t v  o l '  th t :  J rc r ihc l ion  o f  a  p lanc t  o f  apprcc iab lc  ccccnt r i c i t l -
i s  t l r c  n ros l  < lc l i c l t c  tcs t  o f  thc  r igor  o f  t l - re  Ncu ' ton ian  las ' .
. . \ s  l l r r 'ou ts t i r t t c l ing  progrcss io t ' t  n i  t l t c  I ' c r ihe l ion  o f  I {c rcurv
is  1 , r ' r ' l - r ' r ' t l v  i ' x l r la incd  by  thc  r r 'avc- thcor r '  (AN -5043) ,  wc  havc
in  t l r '  th r t :c  ccn tur ics  o f  obscn 'a t ions  o f  th is  rap i t l l v  rcvo lv ing
l ro r l r ' ,  s 'h i t 'h  a lso  t ravc ls  in  thc  n ros t  ccccnt r i c  o r l r i t  o f  an1 '
p la r rc t ,  t l r c  n ros t  c lc l i ca tc  tcs t  o f  thc  r igor  o f  thc  la rv  o f  thc
invt 'r .r :  s( l l r l r( 's. In vicrv of thc lr .rnar f luctuatiotts, s-hcn thc
Sr rn 's  g r r rv i t ; r t ionr r l  u -a .vcs  a . rc  t ra .nsmi t tcd  th rough the  l in r th ,
as  i r l  th t '  t i rn r -  o1- i r rnur  cc l ipscs ,  t l t c  la rv  o f  Nezaton  pcr fcc t l y
a( ' ( ' ( )un ls  fo r  t l r c  n ro t io t r  o f  Mercury 's  per ihe l ion  (c f .  AN

.5o.1fi ,  p. L1.i  .

r 4 .  I n t c g r l t i o n  o f  t h c  D i f f c r c n t i a l  I i q u a t i o n
I o r  ( l )  i n  t l r c  

' l ' h c o r v  
o f  t h c  \ r e l o c i t y -  l ) o t c n t i a l  f o r

\ \ l r r v c s  i n  t h r '  , \ c t h c r .

I r r  t i r c  \cs" l 'hcorv  o f  the  Ac thcr ,  AN 5r3o ,  pp .  233 z8( r ,
u'c shos' t l r i r t  thc' trcatnrcnt of the velocity-potcntial O) takcs
thc |onn uscrl  l rr '  , l 'oissott in the 

' I 'hcory 
of Souncl and other

c l a s t i r :  r r r c c l i a :

()2 0 f A t2 : a2 \a2 @ f A* + A2 A I Ayz + 02 @ | 0 z2l
q) - !) (..\ ' , ) ' , r, / ) (t: !) (t, y, z) t:o .

( r  r 6 )

or t lrc cqr,r ir , i r l r :nt form used by f;ourter, in the Thiorie Anaiy-
t i q r r t :  d c  l r L  C I t a l c u r ,  r 8 z r :

A'1Of A/2:a2 \A2OfA* +A2OfA),2 +02Ol0z2l ("2)
O: f  ( .x ,  ) ' ,  t ,  t ' )  Q: f  ( r ,  y ,  z)  / :o  .

In thc tl 'rcory of rvaves, rvc havc for plane *'aves along
thc . r ' -ax is :

) , :  . l  s in lz t r l ) " ' ( l : t  - r )  + c ] ( r r 8 )

r 1  I l c r . a r r s c  t h c  c l a s t i c i t v  o f  t h c  a c t h c r .  e - 6 S 9 q z r  ( r o o o o o  t i n r c s  g r c r t c r  l l r l n  t h a t  o f  a i r  i n  p r o p o r t i o n  t o  i t s  d e n s i t y ,  e n o r m o u s  a s

i t  i s .  j s  n6 t  rca l l y  inGn i tc .  
' ] ' h r rs  

thc  ac thcr  can s r rs ta in  thc  ac t ion  o f  nnv  fo rccs .  hou 'ever  g rea t ,  ve t  i t  undergocs  some con l -

l r r t s s i o n a n < l r a r c l a c t i o n a l r o u t g r c a t l r i n a r y ' s t t r s , a n c l a b o r r t a n v s t a r f r r l l r l l s t h c l a r v o f c l e n s i t y 6 : v r , o r v i n g t o t h c c c n t r a l i n -
, . , " , , . "  , r i  t l r c  s i r r .c  anrp l i t t r< l rs .  And thc  1 \ 'av ( ' s  a rc  cvcrv l 'hc rc  p ropr tg r r tc r l  rv i th  the  cnor lnous ,  r ' c t  f in i te  ve loc i ty ,  I / :36oooo km

p t r  s c c o n d ,  t l r c  v c l o c i t l  o f  t h c  a e t l t e r o n  l ; c i n g  4 7 r  z - i o  k r n .

In  AN ,537o.  t r {a1 '  23 ,  r9 : .5 ,  I ' ro fcssor  ^ \ ' . . r l fohoroz ' i l i i  has  r  s r rgecs l i ve  l )apcr  rvh ich  rvas  prcscn ted  to  the  St .  S tephan Acad-

r r f  S c i c n c c s ,  
- l l r r r l a l t c s t ,  

F c b r .  z j ,  r 9 u  - 5 .  I I c  q u o t c s  m \ '  . , ' . 1 , , s  2 . , - r / r n  r o -  1 . 5 7  I ' - 4 7 r  2 3 9  k t n  s e c - r ,  a s  c o n f o r m i n g  t o  t h c  r c r e a r c h c s

of  L ' . , . ! . t l l ch ius  ( t - , ' i , c r  d ic  I ) i ch tc  dcs  Ac thcrs  unr l  i l r rc  Bcz ichung z t r  l ' l anr t rscben Konstan tc ,  S .8  G i j t .  kung l .  Ve t .  och  V i t t . -

S a m h .  H a n c l l .  I i .  J r ,  \ X \ / I I I :  5  G r i t c l r o r g  l g : 4 ) ,  1 . c t  L y  s o m c \ ' h a t  d i f f c r c n t  y r r c m i s c s  h i m s c l f  d e d u c e s  z :  t r o l  2 = 4 2 4 2 6 3  k m  s e c - ' .
' I - l r csc  

nervcr  res ta rches  shorv  no t r 'b le  p rogrcss  s incc  t l rc  pu l r l i ca t ion  o f  thc  Nerv  Thcor l 'o f  t i r c  Aether ,  l92o-22.
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AIrd f inl l ly, in thc I V

Th is  i s  i r  < lo r rb lc  r lu in tup lc  in tcgra l ,  i rn r l  l x ' rc fc r r ing  to  thc
cqu i r t ions  ( r : : ' t  o r '  ( rz5)  t r l rovc  \ \ ' c  scc  th r r t .  ( r :7 )  cor r r :s l tonc ls
to  l  s ing lc  nor r -n r rp lc  i r - r l cgr l l  in  thc  o r ig inn l  fo r rn  o f  thcsc
c( l t ra t io l rs ,  l r cc ' rL r rs t '  t l t c  r l i s t r r r l ra l tccs  l t )us t  bc  c .oncc ivc r l  to
procccd 1 ' ro r r r  C l r r '1 r  a to t ) t  o f  t l t c  n I rss ,

F  O  t .

/ , /  I  I  |  , r  l r  . i r r  6  t l r  <10 , l t ' , (  '  z l i )

Norr  in  , , , , ,  r r , l , ' r , , ' , ' ,  r rn i l r . rsc ,  s r r t 'h  in r i cpenr lcn l  gnr -
l i tat ior-ral \ \ ' i tvcs ntust lrc ir tragint 'r l  to procccrl  fnrr l  t l tc scvcrl l
atoms of al l  bocl ics \ \ 'hatsocvcr' .  just irs l igl t t  u'avcs clo f lot l
c : rc l t  l r to rn  o f  t l t t :  sc l f ' - l r rn r i r ro t rs  g r rscs  < t f  th<r  s t lL rs .  r \ r . r :o r - r l i r rg ly ,
such in tcgra t ion  h i rs  to  l r t '  e  -x tcnc lc t l  to  t l t c  r i  i r vcs  l l -onr  : r l l
l l asscs  s ( ' \ ' c r i l l l ) : ;  iu t t l  as  thcrc  i s  a r r  in f in i tL rc lc  o f  l ro r l i cs ,  thc
rcsu l t  i s  r rn  in tcg l i t l  i n f ln i t c lv  rc1- rc l tc r '1 .  o r  un  in f in i l c  in tcqra . i ,
t h o L r g h  t l r c  v a l r r t . o f  t i t c  r l i s t r t r l r : m c t ' r ' r : r n i t i n s  f i n i t c  r t  r v c r \ .
po in t  o f  s l ) rc r ' .

( '  P F

l - r i  + . - r ' . ,  - \  - \ l l t r . t ' L a l  c o s d ,  - : l ' + a / s i n 4 s i n , , ' .  - : * r r l : i r . t  J c o s , r \ /  s i r - r d c l i r l r o( t  ' '  ' '

t ) l  |  ' -  t . r l . c  c l r ,  c l i  c l . t  r l i , c lz  .  ( t r+ )

thc rvcl l  knos-n fornt of the cxpression

\ . r  z J , /

l r 2 6 )

( r c t . r

( r :o )

Sonclermrnrnrer 4 5 0

Br.rt  i rr  tr i -dimensionit l  spucc, thc <i isturbancc sprc:rds x'hich r i-c havc trcated in pret ious prpers.
ir-r al l  cl i rcct ions *. i th thc 'clocitv In thc trca.tntcnt of porcson,s equation of ' tave motion,

I ' , n | .  ( , r / l  . r ' 2 t . r ' 2 - l i ?  ( r r , 1 )
ancl frorr irrv point P (. , t : , , t , ,2), thc sphere surfrrcc l ,rcc. 'cs, 

i '24)f i)12-a2 lr1zt l t f1#+?)2{Df01'2+D2tDfaz2} (rz)

( . a t ) 2 : ( 1 - t - a / < ' o s | ' ; z + Q , + a t s i r . r d s i r . r o r ) 2 +  ' ,  ( ' : 9 ( x ' 1 " ' z )  [ : o

+ ( z + a t  s i n d 6 6 5  1 , 1 ) z  ( r : o ) , s ' c  h r r v c  f o u r r r l  ( A N  5 o 4 8 )  t h a t  f o r  t h r e c  v a r i a b l e s  ( r , ) , , t )

d ) = = - ( . 1 ( . \ ' , . r ' , : r - ( r / s r : l ) . | . , f . i . | ' J . | . t . , ( . ' , r 1 , ( ) c o s F ( . - 2 ) c o . 1 ( , r ' - , r r ) c o s ( ( z - r , ) c t F d r T d (  c u . < 1 1 t , c 1 u  ( t z z )

in  rvh ich  . ' - ,  / r ,  (  : rnd  7 . ,  1 r ,  r ' cx tcnc l  f rn r r l  ] -  to  . t , .a .
' l ' l t t ' s  

rn l r r '  l r c  I r ; rns l i r rn rc .<1  in to

r r - . J . l  ( r . . r ' , :  { r , / s , ' )  . f , [ . { - . j l ' . f - ( ] ( i r , 4 , ( ; t o s l . i r .  1 . . . , ( . o s , , r - , /  , j ,  . o s , , i i - : ) d l . r l 1 c l ( c l l . c l 1 r  c t 2  r . r 2 . t )

. L N

n  r t  , .  t .  n

.  r / s  r 1  t ' l ' l ' t ' [ ' { ' r l r s  ,  : '  ,  [ ^ ( :  t )  ' r { t r  t ' )  ' " r ' -
' r J J t ' r  ' '  - - r : " / ! : / '

I l v  inc l r rd ing  thc  f ; t c to r  r .3 . - r3  i t r  thc  a r l r i t ra r l ' f r . rnc l . ion ,  lh is  n ray  bc  wr i t t c r - r  in
for att1, t i t t tc / ,

. ( . , 1  r / i / t r \ 1  r . r r r ,  (  ,,  r  - . 1 . * "  , l I  t l r ,  r l (  d 7 .  d 1  r l r '  .

rcat: lrc<l Poi.ssotr 's r lotr lr l r- '  intcgral :  q): q)t + q)"

, t t  < i n ! . i r r , , r .  .  r /  - i r r , J , , ' . , , ,  I  / s i n & r l 0 t l r , t

() -- !) (.t, 1, 2,t) : j.l'.fl]fj

.  l ) i tpcr, AN .5o3.5, u,c l l rvc

-  t ! . 1 : r . , [ . ] ' t t { - r  I  r t / r ' c t s | ,  j ' l

'1-his 
t ' r l trcssiorr for t l rc vclocitr ' l rotort ial  d), s ' i lJ holcl r igororrslr lbr t l rc \ \ ' i lvcs clranating frorn anv mathcmatical

po i r l t  P / . i , . r ' , : )  r t t t t l  t ra lc rs i l rg  a l l  s l r t cc  f ronr  tha t  ccn t rc  o f  r l i s t r r r l r rn< tc .  I l r r t  in  na turc  thc  s 'aves  procced f rom a l i
i t to rns  o1-  i t  ln r :s ,  r tn r l  t l t r rs  \ \ ' c  n rus t  cx t t :nd  thc  in tegr r r l  o f  Po isso t t  by  t r r l i i ng  thc  t r ip lc  in tcgra l  fo r  thc  vo lunrc  and dens i ty :

P  ?  r '  
\ '  , f t ' t , . t ' - t - a l c o s d , , r . ,  t - o l s t n |  s i n r a ,  :  i - a l s i n d c o s o r )  r 2 s i r t d d r < 1 6 c k o . t s i r - r d c l d d r , r, / ,  - .1 . l  . l  ( , , / .1 r) .1

( ) o o  o o

r - [ - f ' - f 1 , r / a . , )  : .  l ' . 1 ' l l { . u r  t t l r - c t s 6 , 1 , - r a / s i n |  s i n r o ,  z ]  z z l s i n d c o r , r } i . 2 s i n  6 c l r 1 1 6 c l o r . / s i n d c l d d r , r' , . , . , \ ,  '  
a l . t . l

o ( )

( i o r n . 1 r o u n d i n g  o f  t h c  v c l o c i t y - p o t e n t i a l s  f o r
t w o  \ \ ' u l c , c c 1 1  t r c s ,  l i k e  a  S u n  a n d  p l a n e t ,  p l a n e t
; n ) ( l  s : l t l l l i t e ,  o r  r r  l r i n a r y  s t a r .

' I 'hc 
vclocity-potcntial for a singlc centrc of disturbancc

Ira.s thc fornt :
] N

u ' : . l . l , l . l , l . \ '  c t " r  t r t  h  , ) t  - t  ' r y ' ' ( * c ,1 , ( ) c l . cc l1c l i c ] l ' d l . c l r ' .  ( t t s )

t t ; .  . t i . in t  that  for  two such ccntrcs,  thc waves of  which
rnLrtuall)r interpcnctratc, thc 'clocity-potentials would be of
thc typcs

(l) =. !)  ( . ' . \ : , ,v,. ,1) () '  :  !) '  ( t ' ,1i ,2' , t)

or q) - !)  (r + a / ( : .os6, J,* at sin9 sinot, z * al sin6 cosar,/)
0 ) '  :  ! ) '  l : t '  - t  a  l  cos0 t  f  +  a t  s iod  s in r , r ,  e '  +  a  t  s ind  cosr , r , / ) .

I , 'or i t  is clclr l thvsic:r l ly and gcomctrical ly that /  is
colrnrol l  1o lroth c\ l)rcssions, rvhi le thc coordir-rates (r,  ! ,  t ' )

3o



4 5 r Sotrclertrunrncr

nnr l  
' , r ' ' . , r " . : ' )  

a lc  r l i f l c rcn t  in  the  tu 'o  wavc- f i c lc ls ,  o rv ing  to
t l r r '  1 l ;11 ' , ' r ' , . " ,  o r ig ins  o f  thc  < l i s tu r l ) t rn r , ' t ' s ,  l t  po in ts  y '  t t t t r - l  y ' ' .
' I ' h t - rc fon . ,  

r rs  /  i s  s in ru i tuncor rs ,  thc  ts 'o  cqLra t ions  fo r  thc r
:c i ) i l r i r t c  vc loc ' i t r 'po tc r r t i t t l s  l l r c  ( ' ( )nn( ' ( t c r l  l ^ '  lL  rc l l r t jon  l i r r
r l cno t ing  thc  r lou l r l c  rv t rvc - l rc l r i s  uh i r 'h  in t r_ . r 'pc l tc t r i r t c :

+ a ! -f ^i

, D - . : : , 1 : . t . f  , ' t . r + n t 1 ) r - I . r t , i . . , r , , s - , r l r . c l r , . c i i r t l " c l 1 r r l r , { r  r [ : , f  : [ , f  r r . ,

q). . .9  (x , .1, ,  z ,  / )  [ r  + -Q'  ( r ' ,  ! '  ,  z ' ,  t ) f  :  rD(r  + rD' )
I-i l i t 'n isc, for thc sccondar)- \\ '11\'c centre,

(D' -- !)' (..r' , J/, z' , t) lr * -Q (.r:, _r, z, t)]: rD' ( + A\
' l 'hr, ' intcgral form for thc vclocitl '-potential in

rv i ivc- l l r ' l r l  thus l rccontcs :

4 5 2

.  ( t :  r )

'  ( ' : ' )
a doublc.

( r 3'i.)

r l r ' l r n i t i r r n  r , f

_ - \
t h c  i n t c g m t i o n
thc  coor r l in l r tcs

I l  t l r c
l t t L l s t  n t o f c ( ) \ ' ( ' r

A t ' t ' t 'r t r _  I  I  I  I
. t  . 1  ' t  . t  .

( )  ( )  r r

oler t i tc trr 'o f iclcl
r r l tancot :s  ch lngcs

r r r i r i rncc  l r r :  o f  I in i t
' s r r t ion  fo r  thc  r 'o l

lz sind cl |  r | , , i l  e\. ' r  I

o o o  N

so  t h l r t  s ' c  shoL r l r l  ] l r v c  i r  r l o r r l r l r :  r t o t r  nu1 ' l i c  i r r t t ' g ra l  o f  t l t c  i r
o f  t hc  n l r sscs  n t  i t ' nd  n t ' :

, ' T 2 n

, , ,  :  
. \ '  , f  , \ '  

, i  , L .  r  d A -  t '  s i n  d  < l t , t  i , l
( )  ( )  ( J

r r - h i r ' l t .  1 t v  | ' r t t . t . s l t t ' s  r c r l r r i  t i o n .  n l r v  l r r '  l t i l l l s i ' ( ) r n l ,  ! l  i l l o  l
, l n u l r l , , l r r i r r l r r l , l ,  i r r r ,  l : . r i

I t  t l r L r r  i l l ) ] ) ( l l r s  t l t ; r t  1 l t |  \ ' l r v r ' - 1 i l ' l r l  ; r l r r , L r 1  1 , , , "  , l , , , ,
l r o r l i c .  i .  l r i l ) r l r '  ' , r r r 1 , ) r . x .  

' l  
] 1 ,  , . r , r r 1 r J i r . r r l i r r n  . r ' r ' r r .  i r ' , .

l r t r r n i r l ; r l r l r . .  l r o r , . ,  r ' t  r .  i l  r r c  r t l r l l  t l t , r t l r r r . l t  r . ( n l r (  ( ) 1 ' r l i : l r r r l r r r l r r . r '

s c t t c l s  ou t  t l t r '  . 1 rh r : r i c l r l  \ \ ' i t \ ' (  \ :  (D  - .  - ( . / ,  r ' . , r  ,  - : ,  , r  , r t r , l  ( l ) '

J . l  , r ' ' , , r ' ' . : ' . / .  I  s o  t l t i r t  r l t r l t ' r  t h c  i n t c r l t c n c t r a t i o n  o f  t l t c s c  s - l i r . c .
\ \ ' c  g ( ' t  i r s  l r l r ov t ' ,  t v l t r . n  /  i s  c ' onunon  1o  l r o t l t  i i c l r l s :

@ - ! ) ( t , , r ,  z ,  / )  l r  r - r l ' ( . t '  ,  t '  ,  z '  , l ' t t t
( )  - , =  9 '  ( a : ' ,  ) , ' ,  5 ' , t )  |  r  +  - ( J ( . r , . r ' ,  : ; ,  / ) l  .

' l ' l r i s  
t ' x l l n r s s i o n  h o l r l s  l r r r c  r i g o r o r r s l r .  o n l t '  l i r r  r r r r i r l r r t .

l t o i n t  l - i r v c  c o n r r l o t i o n s ,  r r " l t i c l r  r r r r r s t  l r r . r ' - r t c r r r l t : r l  l ) \ ' i n 1 ( ' g r i t l i o n
t o  r r i l  t h r '  n ) i l t 1 ( ' r  i t r  c i r c i t  o l ' t l t c  t u ' o  s t i t r s .  i f  t l t c  q h o l r . o l ' t l r t :

\ \ ' r [ \ ' o s  a r ( ' t o  I r  i r r c l L : r ] r . r l  i r r  o L r r  i r r v r , : 1 i g l r 1 i o . , .
' l  

l t c ' r ' o r l ; r , r r r r r r l t t ' l o l t t t  l l o l t ' n l i i r l  
( l ) r t r ( l ) '  t r l t t r n r l l v t . o r r t ' s

p o t r r i s  1 o  t ) r l  c o r r i p o s i t j o r r  o l  s t r c s : t ' s  r v i t l t  r c s r r l t i n g  l i r r r . r ' s  i r r  l l r t '
l r e t l r t ' r  r r l r o r r t  l l t l  t u o  s l l t r ' .  

' l  
l l ( ' s {  l i ) 1 ' ( . ( . i  i l 1 ' { '  i r t r l i r . ; t t c r i  i n  l l r t  r t r :

t ' o n t p l u r l i n g  c l i r r g r . r r r l  I ' l r r t r '  \ ' l l l .  l r r .  l l t t  g l o r l t ' 1 i - i r . l l  r . o r l p o ,
s i t i o n  s l t o r r n  i n  l l r r . o r i l t ' r  l ) i l t t .  l l l t ( l  l r r . l l t r . r ' i s i l r l l  s t r l t r . l t i n g  l r r r r i
c l i s t o r t i o n  o f  t h c  s r r r l l r t ' r ' s  l r r . l s t ' r ' r r  1 l t c  s l ; r r : .  ; r r r r i  l l r r . r . r o u t l i n g
togc thc r  o f  l l r c  s r r r f i t t ' c s  i n  t l t c  r cg i ons  o1 -  i r t r . r r ' ; r s r , r l  l ) r ( , s su1 . ( .
b c l o n d  t h c n r .  o r r  t h c  r : x t r t ' n r i t i c s  o f  l l t t ' l r o r i z o n t r r l  r r r i s .

' l ' h c  
cq r r i y ro t c r r t i l r l  su r l l c cs  I t cn :  s l t o r i ' r t  u  l r t '  l r r s l  g i l cn

i n  7 - / t on . i o t t  un r l  7 ' t i 1 ' s ' l ' r c i L t i s c  on  \ r r t r r r i r i  [ ' l r i l o so l r h r - .  r - t
c r l i t i o r r .  r l i 7 . 3 .  

' l ' l t c l  
r r r c  r l r r r u .n  f r o rn  , \ ' t . , z t , / o t r ' s  l uu .  o f  gn r r . i -

t a t i ou ,  t r c l t t t ' r l  s i n t l r l v  r r s  r r  l l c t ,  u ' i t ho r r l  r cg i r r ( 1  t o  t l t c  r ' t r u : c
un ( l c r l y i ng  t h i i t  f o r c r ' .  \ ' r ' l  t l t c  l u< ' t  t h i t t  t hc  vc r ' 1 . o r i l l  s t t . ( , s s ( ' s
i n  t l r c  a c l l r t ' l ' i l r ( ' g ( ' { ) l ) r c t l i c ' i r l l r .  t . o n r p o u n c l l l r l c . ,  s o ; L s  t o  g i l c
t h e s e  r l i s t o r t c t i  - . L r r f l r c c s .  l r o i n t s  i t . r c o n t t ' s t t r l r l r . t o  L l r t ' r r . l r v c -
t hco r l  o f  g r ; t v i t a t i on .  I n  r cc t ' <1 i t ' r g  f r on t  t ' r r c l r  o1 ' t l t c  s t r r r s ,
t h r  s ' i r ves  ncccss l r i l r -  s ' o t r l r i  r c r t t . t  l r t r v i t r r l s  l l t o sc  r . cn t r cs .
r v i t h  f o r ccs  l ) r o l ) o r t i o r i r l l  t o  t hc  r n t r sscs ,  i n t o  t l r c  s r l r u r r . c  o f  t hc

i  l t  h /) |  - ' ' '  
t !  r(€'  l l , ( ' )  cl  *t '  r l  r , '  ci . ' '  c l l"  cl , ,r ' '  c lr ,1 |  (r33)

s 'h ich  c lou l r le  scx tup le  in tcgra t ion  rv i l l  i nc ludc  a l l
intcr- l torctrat ion of the tvavcs.

r i . i th in  r  s r : r f  l cc  o f  scns ib le  d i rncns ions ,  /2 ,  d .  r , r ' \ .  s 'e
l l r r t t c r :

t l 1  r i i  r l l .  r l , , r  r l r ' : :

bovt ' f r o n r  c r t c n r i i t ' t g  t l t ( ' i n l r ' g r : r t i o n  t o  t h c  c l c r r r c n t s

r l r '  ' r '  d 6 '  ' r '  s i n A '  d r , t '

o l '  l l r r .  rvrrvcs,  : r .s  shou'n l * '  / , t f  l t t t
r r l .  r  7 S : :

t ' , t . t /  . , f , f ' . i '  l ( " - r ) 2  r  ( /  ) , ) 2  - r ( r -  r ) , 1 - ' , , ; r t , r -  r t r  r l :
r t \  i J t r ,  l . ) l ( . r

l l l '

, l . l . l  |  , r  r  :  . ' / ,  , r ' . 2  ,  ' , .  . r , l  ' r ,  r l . r :  < l 1  r l : .

I n  l hc  t ' l s c  o l  t u , o  s t l r . r s ,  t l t t ' r - < . s r r l t i u t t  f o r t . c  " / i  i s  no t
< l i l c r : t r . r l  t o r v r r r r l s  c i t hc r  l >o r l r , ,  c xcc l ) 1 .  a , t  l l r c  cnc l s  o f  t hc  i onge r
r r : i s  r i l - 1hc  l i g r r r c ,  r vhc r c  t l i c  c l i r ec t i ons  o l -  t hc  l b r ccs  co inc i r l c
u ' i t h  t l r r ' l i n t ' r ' o r r n c r . t i n g  t ' h c  l r o c l i c s .  I n : r l l  o t l t c r  l r o i n t .  / i
p o i t t l s  l r c l l ' l t ' r r  l l t c  l l ) 1 l s s c s ,  i r s  s l t o r i l  l r r . t h c  \ . ( ' ( ' l o r s . 1 l :  g ( ' ( ) -

r n r ' 1  r ' j r ' ; r l l v  c o r r r l r o u n c l c r l  i n  l l r c  r l i a g r l n r i .  I ' l l r t c  \ . J J .

r . 5 .  S o r r r r '  ( i c o , , , , l  , r i ,  , , i  ; r r r r l  I ' l r v s i < . t L i  ( i r o u n r l  s
f o r  l t o l r l i r t r  t l r ; r t  l l t r  \ \ - . i  r ,  J l t r ' , , r ' r '  t c l ) r c s c l t t s  t h c
I r r r r ' ( ) r , l ,  t  , ' 1  \ , 1 1 r 1 1 . , . .

l , i l s l  :  \ ( ,  l r o i n 1  o r r t  t l t r L t  t l t t .  l l r * '  o l  t l r r :  i r t v l r s c  s r l l t , u . r . s
l r o l r l s  l ' o r  l l t c  g l r n  i l r r l i o n i i l  u ' u r ' ( ' s  o f  c l r r : l t  l t o d y  a l  l t l l  l t o i n t s
( ) l  \ l ) r (  ( ' .  r r r r r l  1 l r I r r ' l i r I r '  i n  g t o n r c t r i c a l  r : o r n l l o s i t j o n  r i ' i r r . r I r ' t , r
l l r c s r ,  u  l r v c s  t l u l r r t l l v  i n t c r l l c t - t t : t r : r t c .

' l  
l r t  i l l r r s t r r r t i r r n  l b r  t h c  < : r o s s  s c c t i o t r  o l - 1 h c  * : r r . t .  r r r o t i o r . r

r r t  t l r c  s r n - l : r < ' r . s  ^ \ ' l n t r l  s ,  r r l r c t t r l v  r l i s c u s s c c l  a l t o r . c ,  r r l r r . r . i c l r l
u s  i r  n r ( ) r ( ' g - r . r r r ' r i r l  i n f c r cncc  r i ' h i ch  i s  o f  s r r ch  h i gh  i n r l r o r t l u r . c
r r s  t o  l r c  r i ' o r ' l l t v  o f ' t hc  c i L re f i t l  a t t cn t i o r - r  o f  gcon t t l c r s .

r .  \ \ ' c  s c t '  t h r r t  t hc  c ross  scc t i o l t  o f  t hc  l r r r r p l i t r r c l c  o f
iu l ,v  \ r i l \ 'o  n) t r r tcvcr ,  lLt  c l is tanr:cs / l  ur-r r l  r ,  / l  bc ing the solar
r - u< l i r r : .  ( ) r  l u t v  t ' o r r vcn i cn t  mu l t i l ; l c  t l t c r co f ,  and  / .  : l n v  I i t r gL - r

J r l r r n t : t r r r r -  ( l i s t r l l r ( ' c ,  I b l l ou ' s  t l t c  l a * '  . r :  . \ ( / l f  r ) 2 ,  r vha tevc r  l r r :
t l t t ' t l i s t r r nccs  scpa r i r t i ng  t l r c  s ' uvc  su r f i r c cs  i n  f r c c  sp i r c r : .
Ac i ' o r r l i ng l l ' t l i c  u ' i r v cs  f r o rn  cvc r v  ccn t r c  con lo rn r  t o  t h i s
I r r rv o1' t l r r :  i r rvr ' r -sc s( luarcs,  u 'h ich holr l ,s  r igorousl l '  t r r . re throLrgh-
o r r t  t l r c  u l r i v c r sc  o f  f r c c  a t : t h t  r .

s  one : r l t c r  thc  o t l t c r ,
i r rc ic lcn t  to  thc  c lou l r l c

c  r l in rcns io r rs  inc l t r r ' l l r l
rrnrcr ol '  t l rc r, i l r- l t ing

/j  / /  1\ |  -r  .  r /r ,  ( : .- ,  1, (;  r l i .

t o  b c  c ' r t t ' n r l r ' r l

r u n r l  t h t ' i r . i r n

c c n t r e  o f  r l i s t

c x t t t r r l  t l r c  i n t r

E P E P P .
I . l  . l  . l  . l  Irr r ' '  t

* { ' + . f . f . i J . l ' . f  J , f  . l f , , ' r ' 2 t t r ' d 0 ' < t r , t ' l , , Q t ' t / J ' r ' 1 \ ,  
- r . i / , : . . . ' , r ' , i ' , c l - . , r 1 , , , ( l i , d i . , c l 1 c , c u , , }  

( , : r )

(  r  l ( ) )
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2.  Now lc t  us  in rag inc  \ \ .a \ .cs  n tu tua l l v  in tc rpcr - rc t r l t . ing
fror. ' ,  slrr ' ,  oppositc r l i rct: t i r ,s: tht 'rr  i t .  is r:r . i t lcrt ,  l l .orr t l t is
r igorous  gcornc t r i c i r l  l l t r v  o f  \ \ . i t vc -cx l ) i l l r s ion ,  t l ra t  as  ca<. l r
' * ' r r ' c  * ' i l l  sc i ) i l ' i l t c l \ ' l i r l l o r i ' t l t c  l i t * . ,  thc  rcs t r l tan t  o f  th i :
conr ' l r ina t ions  o f  l ' r r ' c  n ro t ions  t 'hn l rghout  spacc ,  l i l i r : r r ' i sc
u' i l l  cotrfornr to t lrr :  l ; rs 's of rr.r lvc cxPan-sion frcnr t l rc scl) i lnl t .c
ccn t r( 's.

3 .  
'1 - l rc  

\ \ ' l l vcs  n rc  cvcr l 'n -hcrc  n ru t ru r l l v  in  eorn l r in : r t ion ,
accor r l ing  to  thc  l l r * 'o f  t l r c  i ' r ' c rsc  sq l l i l r cs .  ' l ' hc  

gco 'c t r i r . r l
con lponcnts ,  r ' i c l r l ing  t l rc  t . * 'o 'c ( ' l ( ) r  l r i l gn i t r r r l cs .  r t .p rcscn t ing
t l t t '  f r r r . t ' s  r l i r t ' r ' t . r l  l '  t l t t '  t * .  l r , r l i t ' s  r r r  : t n r l , t ,  ; r r .  r , l '  l l r r :  t 1 - p . :

I J / /

/  -  t ' l - i t ; r . -
:,f.f.[ tt ' .,)" (1' -,t ' 'r2 + (, - r)'] ' o rl.r' tl l tlz

f ' -  _  i ) I ' ' f  t ' ) / ' - -  ( ' : l i )

- , f  ,1. ' i f (a '- ,1":  r( / t '  -1, ' ' ,2 *1, '  ' ' ) ,1 '  r i ' r t . r . '  <\ , '  ctz '
r \ r t r l  thc  gconrc t r i ca l  r .onrpos i l . ion  fo l lo rvs  thc  l : r rv

/c f .  , \ \  .5 r .1o ,  p .  ro .5 ) :

/i2 -- ( /t2 nt f 12 )2 -t (./'2 il?' f r' 
2)2 +- z (/r2 tn f rz': (.I! ut' ! r' 2) (: os /,

c o s T : ( r r '  + ) ' ) ' '  1 -  2 2 , " 1 1 r r '  ( I 3 9 )

lvh ich  is  i l l us tn r tc r l  r l ro r , ' c ,  in  thc  l i r l r ce ipg  f igL t rc ,  I , la tc  V I  I ,
7 l r c i r r g  t h t : . r r g l .  i r . t . r v t ' r ' .  t i r .  r - l r r l i i  ' c ' r ' t . r . s  r l r r r * ' r  1 - r - . r r . / ,
t o  t h c  t n - o  s t i r r s .

-1 .  
' l ' l r t :  

r l c ( ) l r ( '1 r i r . l r J  conrpos i t io r r  j r rs t  r l r . s r . r ibcc l  i s  knou, r r
t o  t a ] i c  p J r r c c  r v i l l t  r  i { . r o r r '  i r '  ( . 1 1 l - i L ( . \ ' .  ' l  

l t c  c r l L t i p o t c n t i l r l
s r t r f l t ccs  cornp t r t r t r i  J - i - , , ln  t l t ( .  l , r t .  n f  g r i r r . i t i r t ion  l t v  ] ,o r r l
A-c / i , i r t ,  r37 .3 .  r rn r l  n r i r . r r r tc l r -  r . c r - i f i c r l  l r r l  thc  ! r ts .o f  vcc to r -
conry ros i t ion ,  sho* 's  t  h r :  r :o inc i r l t .nc r :  o f  thc .sc  t$ .O rcsr r l t s  a t
a l l  po in ts  r f  spr rcc .  ' l ' h is  

co i rc i r l .ncc  is  l ln  o ' . ^ r 'ho l r r i .g
argulncnt for thc u' ln.c-thcor) '  of grln' i tut ion' l ' hc  

l ' avc  t l rcon- ,  i rn t l  l to  o thcr  t l t corv  rvh i r tcvcr ,  n . i l l
cxp l , i .  thc  pcr - fcc t  co i r rc i t l .ncc , f  t l r c  sLr r f r rcc .s  abovc  r l c r l r rcc r l
f ro r '  thc  la* .  o f  g r r r ' i t , t io r ,  ( r l . i t .hoLr t  r r :g rLrc l  to  thc  c . r rs r :
i r r -o l ' c r l ) ,  rv i th  t l r r :  s r : r1 .c t ' s  * 'h i< 'h  rvoLr l r l  rcsu l t  1 l .o r ' t l r c  l : r rv
o f  ' r ' t ' t . r  cor 'pos i t io . .  L - r r< lc r  th .  * . r ,c - tbc ' ry  hcrc  sc t  fo r th ,
a s  t l r c :  I r h t ' s i c r r l  t ' l r L r s c . l ' r r a i r t . r . . , r l g r . i r ' i t i r t i r , . ,  t h i s  r : o i n . i r l . , t . c
is  y rc r fcc t  th ror rgho l t  r r l l  spr rcg ,  t l t c  cx tc l t  o f  r .vh ic I  i s :

r - \  1 N  l N
. t ' P P
. \  I  I  l , l r . , l r ' , 1 : - S c o l

- N  - . t u  _ \

( A ) . . . ( r a o )

r \ r r l  t l r c rc t . rc  t l r i s  ' c r i f i c r l  t r iP l '  cx tc .c lcc l  co 'co . l . . cc
At cvL.rv point of sl)rcc, r ln inf ini t1. of thc third orclcr to ot.rc,
i s  thc  .h . r rc .  tha t  l l r c  r i ' i r ' c - thcory  r f  l ) r . sc . ts  thc  t r .c  o rdcr
of nrturc, r 'or.npurc<l to an\. othcr thcorv r i .hich rr ight bc
suggcs l  c (1 .

S  ccor t r l  :  I r r  v icu ' , r l -  thc  gcor r rc t r i c i r I  lbLrnr l l r t ions  a l reac lv
exp l l incc l  

. i r s  Po in t ing  r rnnr is t l r l i a l r l v  to  thc  r r . rLvc- t l t cor ) . ,  i t
on lv  l cml t ins  to  l ss ig t r  s r )n r r '  l r l r \ . \ i { ; r i  q r .L rn , l s  u , l t r . t .h r :  t .hcorv
o l ' * - r r ' t ' s  i .  t . l r t ' : r c r h . r ' i s . s p c t ' i r r l l ' s L r i t c t l  r i r r  c x i r r r r i . i r r g  t r r t :
t rc ' rc ' r lous  fo r t ' cs .p t ' r . t i rg  t .  l r i r r l  togc thcr  thc  hc i r ' c r l r .
boc l i cs ,  l rv  i r .  L r ' s .c .  . rc r 'h . . i s . r .  * -h ich  I to i , l s  t l r , ,  r .o r ' t . t s ,
s a t c l l i t c s ,  p ) l n t t s  a n r l  s t r r r s  i n  t i r c i r  o r l t i t s .

( ir)  
' I -hcscr 

stupcrnclous forccs urc cquir. iLlcnt to thc tcnsi lc
s t rcngth  o f  n t i l l i ons  o f  in t rncnsc  r .a l r l cs  o f  t l - rc  s t rongcs t  s tcc l .

To  1 t ' l l  t l r t ,  J lo .n  da . i l r .a l tou t  our  Ear th  requ i res  the  excr t ion
o1- t l rc  l i r l l  1 r , *c ' . f  5oooooooooooo cab les  o f  s tec l  a  foo t  i '
c l iar 'ctcr, r i  l rc:rr clrr.h s(l 'arc inch of i t  woulcl l i f t  3o tolts.
r \ rc l  to  l ro l r l  . ' r .L , r r r t l r  i .  i t s  o rb i t ,  therc  r .vou lc l  have io  l rc : r '
r  r  - ir tr :h c:r lr lc of '  such stccl on crch sqr. la.rc foot of a cross
scc t ion  o f  o r r r  gJo l rc ,  - -  thus  pr lc t i ca l l y  covcr ing  our  Ear th
ovcr  so l i t l  n i t l r  such  t  t igh t lv  c ro rvc lcd  fo res t  o f  s tcc l  cab lcs  _
l l l  s t rc tcher i  to  th< :  l in r i t  o f  thc i r  t c r . rs i l c  s t rcngth !

( lr)  \or i 'onc of t l tc ntost rcntarl iablc facts l<no.w,n to
r r s  i s  t h r l  r r l l l t . r r g l r  \ \ . r ' s ( ' ( ' t l r c  p h y s i c , l  r i . o r l c l  b y  m e a n s  o f
l l r c  l r r . l l t r . r ' u r r v r . s  r . r r l l r i l t q  o l t r  c 1 , c s , 1 . c t  t l t r . t r c t h c r  i t s c l f  i s
p t ' r l i ' r ' t l '  i r r ' i s i l r l r ' .  ' l  l r .  r r r< ' r l i . ' r  pu l l ing  l rc t * .ccn  thc  p la . r - rc ts
is  l css . ' i s i l r l c  t .o  r r r . r t r r l  s igh t  than s l r i c lc r  x ,cbs  s t i c tchcc l
r i .r .ss th. pi:rr.rct irr ' , '  s lrrccs ! 

' I 'hat 
coulcl hold true only i f

thc lrct l tc 'r  \ \ 'crc cltonnouslv clast ic, ca.palt le of renewin5, i ts
strcsscs i :rstrrrrtJy, .nrl  r-ct so supcrf inc that i ts w,vcs penetrate
thc  hcar -cn l r .  l ro< l i cs ,  rv i thor r t  rcs is t ing  thc i r  o rb i ta l  mot ions .
.. \rrr l  t l tc acthcr is shos-tr to havc thcsc propert ies ! This
rur r l c rs  i t  who l ly  inv is ib ic  anr l  a lso  non-c l i s rup t ib le  by  any
l.rccs to r i 'hir 'h i t  r .r .y bc subjcr:tccl u.clcr the at iract ion of thc
g i r r n t  n l r s s c s  o l - t h c  s t a r s .

( r :  r  ' l  l r c  c l r rs t i c i t y  o f  t l . rc  ac t l i c r  i s  6g93zr f iooooo t i r .nes
grc . tc r  th r r '  th ; r t  o l  i r i r  in  p ropor t ion  to  i t s  c lc 's i t r . .  \ \ rc  no t ice
tha t  cvcn  thc  s l r rss ish ; r i r  i s  no t  cas i l y  c l i s rup tcc l ,  s ince  to  s t l r t
v io l t 'n t  u r rv ls  i r r  i t  u .c  rc r lu i rc  the : tc t ion  o f  a  h igh  cxp ios i l c .
I .  r ' i c * '  o l '  lh is  ( ' ' r ) r ' l .o l rs  c las t i c i t y  i t  i s  thc rc lb rc  a l ' r r>s t
in f  i t c ly  r r . r .  t l i f l l . r r l t  to  s t . l r t  v io lcn t  rv iLves  in  the  ac thcr
th : rn  i t i  o t r l  l i r .  I r l r r l ,  on  thc  o thcr  hanr l ,  rvhcn waves  oncc
r ' . r i s t  in  th r : : r l t l r r . r  t l r t ' r ' r .anr . ro t  l t c  c lcs t roycd,  s ince  no  f inc r
rrt ' r l i rrnr rr.r l t ' r l i .s tht 'rrcthcr. ' I 'hc 

rva'cs rnay bc transforn-rccl
r r r r l  r . ru* 'c r l .  i r  t l r i s  rv r r ' c , rcc l i ' n r ,  yc t  thcy  t ravc l  i ' ccssar t l y ,
t t s  J ;our iL r  s r r r .s .1 ' r . r l . iau t  hc tL t ,  and t l - rc rc l ty : r rc  a l rv .ys
gcrrr- 'nrt ing urrr l  sustlr ininq t l tc for<'cs ohscrvcd to l tc at s,oi lr
l n  l L l t u f c .

( t l J  ' l  l r c  I ' t ' l c i r . i t v  o l -  1hc  s , l r . c -n to t ion  in  f rcc  spacc  is
iooooo I i rn  y rc r  sc r .onc l .  ru r r l  th l r t  o f  thc  ac thcrons  r .57  t /
:47r23 t )  l< rn ,  o r  :91ooo nr i l cs .  \ \ ' i th  th is  cnorn tous  spccc i
o1-  th r :  r rc t l r t ' r - ( ) .  \ \ . ( '  : t ' c  t l r r r t .  thc  .c thcr  a l * .a r .s  n ra in ta ins  i l sc l f
in  a  s ta tc  c ; f  l i i nc t i r . r ' , l u i l i l r r i r rn r .  ' I ' hc  

n icd iu rn  cannot  be
rl isrtrPtccl,  orvi.g to thc crornrous vclocity of the aetherons.
T f  th r :  rn r , t l i . . r  \ \ , c r -c  r r ,a l ) r .c l i sp laccd ,  r ' t  * .ou lc l  rcs to re  i t sc l f
i rr  a. 'r i l l io.th of rr scc'orcl,  anrl  yct such an acl justmcnt u,oulcl
l rc  u 'ho l l y  inv is i l r l r : .  In  the  casc  o f  l igh tn ing  c l i schargc ,
rvhi.h rcprcs'rts thc rclcasc of accumul' tecl wa'c stresics
on Ll ir-r drops, u.hcn t l tcir  sizc is grori , ing, thc ja.rr ing of thc
J : ) r r lh  i ' r l i c r r t t ' s  horv  t r - . l y  thc  .c thcr  i s  in  conr rn . t ion  th rough-
or)t our ph1'sit :al rvorlcl .

(e) tr1orcor. 'cr,  thc high vclocit l ,  of thc actl .rcrons abor.e
nrcn t ioncr l  mnr lc r -s  thc  r rc thcr  non- rcs is t ing  to  thc  p lanc ts  and
sirni lrrr urr i fortnlv nror. ir .rg bocl ics. I lut as thc planets havc
rvave- l l c lc ls : r l to r r t  thcm,  r i .h ich  are  car r ie r l  a lone in  the i r
.r l l i t rr l  nrot i<'r. ,  lht:r .  l rr iscs a. rcl .cl j .stnrcnt of thc rvave_ficlcl
r i ' l r cn  thc  vc loc i t t ' ch ; rngcs ,  a r - rd  th is  rcac l jus t r l cn t  o f  thc
.ot ior-r thLrs gi 'cs ' isc to incrt ia, and r-nomcntutn. The incrt i .
ot.  a body is r lrrc to thc adaptation of t l ic rvave-f icld about
i t  to the ]1c\\ 'statc o[ rnotion: and the nrontcntum of a boclr.
is r luc to thc adalttat ion of the lvave-f ielcl  ol a nrovine bocl i .
to a statc of rcst.
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l i rot r  thc t i r r rc of  tYtzt ' lo t t .  i t  has bcen c1i f f icr . r l t  for

p ) r i l o sophc rs  t o  cxp la i r - r  t l r c  i r l c r t i i r  an r l  t r t o t l cn tun r  o f  bo< l i c s '

in h is c lav i \ tczr , l r ,n tool i  thcsc larvs as f t tc ts,  rv i thout  assigning

an1'  cxplunat ion of  such l lhct ' ro l l lcnl l ,  
-  probal l lv  l lecar- tse

hc  cou l c l  no t  r r r l t l <c  ou t  c l c ' l L r l v  t l t c  t no r l c  o f  opc ra t i o r l  t r r l r l c r l r . i ng

i nc r t i n  an r l  n ro tnc t - t t t t t n ;  j r r s t  l s  hc  t t t i t d c  116  1 l 1 ' po thcscs

r l g r t r r l i t r g  l l t t ' t ' r t r . t s c  r l f  g r l l ' i t l r l i . t l ,  l r . r ' l l t t s t :  l t t ' t ' . t t l r l  t l r l t

r l i s r . g r , c r  t hc .1 - ; . occsscs  r r l r l c . r l v i r r g  t l r i s  ch i c f  l i r r c t : . l - r l i L t t r r ( r .

( f )  I i r on r  t h t :  r l c f i r r i t i o r t  bv  1 . t y ' / a t c ,  t  73 : ,  o f  u  l r r t l .  i s

no * ' .  c r r l l cd  t hc  po t cn t . i a l :

P  P  F  P . .

I '  - , \ '  r , t  r '  < l  )  I  :  .1- .1- .J ' [ t '  
- . . ) '  +  (h -  : ; ) '  t -  ( ,c  -  z t  ) ' ] ' '  r i  r l ,u  c l r r  c lz

rvc har-c an intcgrr t l  for  thc r r ' l lo lc  t r l r lss of  lL boclv,  t l iv i t lcr l

l r v  t l r c  r l i s t r t t r c t  o l '  c r t ch  p r r r t i t ' l c  f r o t n  r t  f i x c r l  l l o i r r t  i , a ,  h ,  , : ) .

A c c o r r l i n g l v  t l r c  t r i p ) c  i n t c g r r r l  o f  t h t r  l l o t t ' r l t i r r l  i s  r c r t l l v : r

s r r r t r r t r a t i on  o l -  t l t c  s t rCssc t s  t l r . t c  t o  t l t c  : i l ) l l t l i t r r r l c s  o f  t l l c  r r , l t vCs

f ro r r r  a l l  t hc  p i r r t i c l c s .  I i o r  t l t c  l r t * '  o l -  l r r r p l i t t r r l c .  
" l : / t i r ,

app l i t ' r l  t o  c r r ' . l r  a t o l l l  l r t  i t s  i r p l l r r l p r i l t t e  t l i s t r t t l t ' c ,  g i v cs  t l l c

abovc  t r i p l c  i n t . t r g t ' : L t i o t r : t s  t ' x1 . c ' t r t l c t l  1 r l  t hc  * ' l r o l t :  t t t r t s s

(g ) , ' \ n t l  i r t  p ro l l o r l  i o t l  l t s  l l l c  t o ' { r t l  t t l l t s s  1 l l ( ' r ( ' l l s ( r s ,  t h t l

accun ru l i t t c ( l  \ \ : l l v c  s t r t ' s s  l t l s r r  i t l t  r t ' l t s ' ' s .  s ' l l c t - t  t . l l c  t l i s t l t " t l r : t :  z '

f r o rn  t l t c  a t t r l r c t . c r l  po i r r t  i s  ( ' . ) l l s l r l l l t  I I t ' l t c c  t l t c  po to r t . i a l

o r  i t r . r - r r n l l . r l u l c< l  $ . l t r 'C  s t r r ' : s  O f  f r xu r l  l r n t l r ) i t t r t l i :  i s  P ropo r t i o r l l r l

t o  t hc  l r r ass  < l i r c c t l r - .  , ' \ t t r l  r l t  t i i f l ' c r t : l r t  c l i s t i t r l r : c s  s ' c  s t ' c  f r o t r r

t h c  s l p t t . f o r l t l l i r  t h l t  t l t c  l r o t c t t t i l r )  o r  i l ( ' ( ' l l l l l r l l l l t t ' r l  * ' l l v t :

s t r css  v i r r i c s  l s  t l t t :  r i i s t l t r l c c  i t l v c r sc l v ,  t - l t i c : h  i s  i r  p r r l o f  t ha t

t h c  a r n p l i t u c l t :  o 1 - t h c  $ ' l t v c  i s  t h c  o t l l t l r  c l r i t ' f  I r r r i ; r l r l r '  { l t t ' t o r .
' f h i s  

l r r r r l v s i s  l ) r ovcs  dc f i n i t c l v  t ha t  t hc  l r o t cn t i r r l  i s

no th i ng  l l t t  i t t r  t ' xp r t ' s s i o t " t  f t l r  t l l c  \ \ ' i t v c  s t r css  i l l ) l ) r o l ) r l l t t ( '

t q  t i r c  p l r s s  l t l r r l  i t r v t ' r s c  < l i s t l t l l c c ,  o r  : l t l l l l l i t u t l c . ' l ' l r t '  p r l t c r l t i l t l

i s  t hc r c fo r c  r r r t i r l L r c l f  i r l t r l t i f i c r l  i t s  : t t l  i n l cgn l t i o l r  l o r  l l l t '

s t . r c sscs  r l uc  t r t  s t t l r c r l l o s t ' t l  \ \ : l l \ ' ( ' s .  
' l ' h c  

t r t r c  l l i t t l l r ( '  o f  l l l ( '

l r o t t ' n l i l r l  a s  l t t t  i t l t c g r : t t i o t r  1 - r r r  t l t c  r r l t i t '  s t r c ' s s  l i t ' 1 r t ' t r r l i r r g  o l r

t l r c  t l t r s s  f c l r  l l t t :  t l L t t l r l r t ' r  o i -  1 1 t c  r i l t l t ' :  s t t I r ' r I o s I t 1 .  l t t t t l  O t t

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

l r c yo t r c ]  ( ' o r r 1  r o \ ' ( ' l ' s \ ' .

i l t ,  I  I c t u ' c r . t : r  g r ( ' 1 1  i t  l r r t t l Y  t t t : L r '  l r c t  t i l l t t  l  l l (  l l ( ' 1  I l (  r

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

Co r r t _ . sPo r t r l i ng l r '  i nC r0asc t l :  i l n r l  t hus  n ' i t l t  t l t c  i r l c r r ' ; t s t '  o f  l l l t '

' r a s s ,  t h c  l r o t c t r t i i r l  i t u g l l l ( ' l l t s .  l l n < 1  t l l t :  f o r c c . f  g r : t l ' i t l t t i ' t r

l l g n t C l r t s  r . . r 1 ' s p o n r l i n g l r ' ,  l r l t ' o r r l i p g  t r t  t l l c  l i t s ' , r f  1 l l 1  s ( l t l i l r ( '

o f  t h C  : r l t p l i t r r < 1 c .  l ' l t i s  s r r p c r l t l s i t i < t p  . f  n l t t ' r ' s  i t t c ' t t r r t s t ' s  l l t t '

s t r t s s ,  p r o p o r t i o t t l r l l v  t r l  t l l c  t l l l t s s :  a l t r l  i l s  t l l c  i l ( ' t l l ( ' r  i s  i l

I i g l t l r . c l u s t i c  l < i n c t i r :  t l ) t ' r l j r r r l r .  j t  l i t t t t . t o t .  l r t l  < l i s r r r p t t ' r l  l r v  t l r l

a t l l l l c t i o l r s  O t '  1 h r '  l t r ' ; t r ' t ' t l l V  l r o t l i | s ,  l l o $ ' c v t ' r  g r t ' l t l  t l l l t V  l r c '

t l i t ' i r  n t i t s scs .

f i ' t  r \ c c o r t l i r r g l v  i t .  i s  g r r r l i l - f i r l g  1 o  I i l t r t r r '  t l t ; r l  r v i l l t o t t l

t h c  s l i g h t c s t  < l i r t t g c r  o f  < l i s r t r p t i o l l ,  t h t l : t c t h c r  ( ' i t l l  s t l l ) l ) o r t

any  1o r . t . c  i r r . i s i ng  i t r  n l r t r r r c .  
' l ' i t i s  

i s  onc  o f  t hc  < ' l t i r : f  p ro l r l cn r .

t o  l tC  o r . c r c 'On rc  i l l  so l r , i t . t g  t h r '  l t r r t i t l c r t l  01 - t l t c  t ' : t r . l s t :  o l ' t r t l i V t ' r s i t l

gra r . i t r r t ion.
' l ' l r c r t ' l o r l '  

s i t l t c  t l l c  l r hvs i c i L l  g ro t t t l r l s  i r s s i g t l t ' r l  l i > r  t h t :

s ' l r v c - t h c o L y ,  f r o t t t  t h c  \ c r i ' [ ' h c o r v  o f  t h c  A c t h c r ,  l t r t '  j t l

c vL ' r v  u ' av  i r s  l t r o l t a l t l r :  l t s  t hc  gco l r t t ' t r i r ' a l  g ro t r t t r ' l s ; ,  i t t l t l  s r t t l l

\ \ ' a \ ' ( ' s  i l l ' c  cVCrvn ' hc t c  o l l s c r vc< l  i n  t r l t t t t r c ,  $ ' t :  t ' o t l t ' l t t r l c  t l l l t t

t h c  r va r . c - t hco r r .  uss i gns  t . hc  t n re  c i t usu  r , 1 -  L rn i r - r ' r s l l  g r l rV i t a  t i on .

No  o th t ' r  t l r co r t ' i s  a t l n l i s s i l r l c ,  u ' h t ' n  t ' l t r l  u ' r t l c - t l r t ' o r f  i s  l l r o l c l l

bv i r r r  l ccunrLr l : r t cd  p robab i l i t y ,  scc t ion  24 ,
i i  : 6111)tt to ot.tc !

Tn <'onclr rs ion i t  onlv rcmains to add a f inal  rvorc l  in

sLl l )Tror- t  of  thc u ' r rvc- thcorv and of  Sir  Fsaac Nezalot t 's  gco'

r l c t r i t ' r r l  r nc t l r oc l s .  r vh i ch  l i c  a t  t hc  bas i s  o f  t hc  P r i nc i p i a .

1\ : t 'zr , / t l r  l r ' l r .v : rvs r tscr l  gcort - rct r ical  mct l ' rods'  bccausc the

g r r r l i l r r l i on r r l  l - o r r ' t ' s  r r r c  t l i r c c t c r l  t t r agn i t r t c l c s ,  co r r cs l ; on t l i r - r g

to tht  rv l r . r ' t :  l . l rcory;  atr r l  sr tch forccs halc to l lc  conlpout ldccl

I l ( . ( ) l no l r i r ' a l l r ' ,  
-  l r v  t ' o t t r l ; l c t i ng  t hc  l l a r - a l l c l og ran l  o f  f o r cc " ^ ,

l n r l  l l r c r r ' l r r -  l i r r r l i r r g  t . hc  t t l agn i t r t < l c  : t t l t l  r l i r c< : t i o r l  o f  t hc

< l i s t r r r l r i  ng  1 -o r c t ' .

r .  
' l ' l r r r '  

t h c  r i ' l r o l c  o f  Nozu /o t t ' s  gco t r l c t r i ca l  n l c t hoc l  i n

t h r :  I ' r i r r , ' i p i r r  i s  i t t r  i t ' r co rn l l i r r ab l c  a rg l lmcn t  b1 ' t ha t  g r l r t

l { co l r ( ' 1 /  r ,  l ' o r  l l r c  u - l t v c - t hco rv  o f  g rav i t a t i on .

: .  1 ' o , r vc r t i t r o * '  t l t c  t vavc - t l r co r y ,  t hus  unconsc ious l v

sr . rppor '1r ' r l  l rv  . \  r ' ; i ' l , , , r r .  t l t rorrghort t  t  hc I ' r inc ip ia '  b1 '  t l ' rc  nrost

r r t s t c r l r - g r ron t c t r i l r i l  t t t c t ho r ' l s ,  i t  l ' ou l t l  i r - r  f ac t  l l c  nccessa rv

t o  o v l r l l r r o n ' t i r c  I ' r i r t c i p i r t ,  t h c  h i g ) r c s t  r l c v c l o p r l l c n t  i t r  t h c

l r l r v s i , , r 1  sc i c t t ,  c s ,  * ' l i l r - h  / ' a y ' 1a rc  j r r s t l y  < l ec l r r r cd  r v i l l  a l u ' ays

l r : r r , r '  r r r r  i n t t ' r c s t  s t t t - l t ass i t r g  t ha t  o f  l t n , v  o thc r  : r c ' h i c vc t l l e t r t

, ' l  t l t ,  l t r t t n ; r t t  i r t l r ' l l r c l .

. ; .  Srrc l r  is  t l rc  int 'ot t - tp l r rablc,  though hi thcr to r - l l lsuspcLl-

t c r l ,  s l r cng th  o1 -  l hc  r v : r vc - t hco ry  o f  t r n i vc r s r r " l  g rav i l a t i o l t ,

sho r i  n  i n  t h i s  J r r t pc r  t o  h l r vc  t  p ro l r : L l l i l i t l '  i t l  i t s  f t t vo r  o f  l l r o t ' t '

t h r r r . t  z t t 00  t o  r ,  ( ' o l l p i l l - c r l  t q  l t nv  o l hc r  1 ] t r . on '  u i t i c ' ] t  co r r l r l

l r c  < . O r t r . t ' i v C r l .  l r t r l  t h r . r C l o r r :  i t  i s  i n C o n t c s t l t l r l Y  c s t l t l r l i . l l C r l  l t s

t l r r '  l l r r v  o f  t t r t l t t r c .

r 6 .  I r ' ,  r ' c s l i g r r t i o l l  o f  l t t r  l

i n  t l r t " l ' l r t ' o r v  o f  t l l r '  . ' \ c ' t h t ' r

o f  t l r t '  S i t l t ' r c r t l  [ -  t l i v c r : t .

n  f r n i t  c  I  n t c g r r t l  i r r i s r t r g
i i s  r . p p l i c r l  t o  t h c  S l i r r s

' l  
l r r '  l l t co r v  r , 1 -  t i l c  l l l t l t t l l l  l l t t r i t c t . i o l l s  o f  t l l c  hcav t : n l v

l r o r i i r ' . .  r n r r l . r  l l t r '  \ t ' u  t o t . t l l t t l  l i r r r '  o f  t t t l i v c r sa l  g r l r v i t l l t i on ,

I r ; r s  l ' ' r l  1 r )  l r i l l l v  t r r r t i t l r l t  r t r l v a n c c s ,  I i o t  o t l l v  i n  t l l t :  s t r l r l i r l l c

s ,  i , ' n ,  ' '  o 1 -  , , 1 r ' . t i r i l  r r r ( ' (  l t i l l i i ( ' s ,  l r r . t . t  i r l s o  i l r  t h t l  t l r c o r v  o f  r l i f -

1 ' r ' r l n t i , r l  ,  r 1 L t , r 1 i o t r s  i t t t r l  o t h c r  i t - n l l o l - t a t r t  t l o r l l a i r l s  o f  h i g ) r c r

l r r r ; r l r ' . i . .  
' l ' 1 r r r s  

t l r c  t t t t t t l t c l t l a t i c i r l  l c r l r t i r c t t l t l l . t t s  o f  l t s t r o t l o t r t v

l r r v r '  , ' r r r i c l r c r l  gco t t r t r t r y ;  anc l  i n  l t t r t l  t l l c  i t r l l l r ovc t r l c t l t s  i t r

t l r r '  p l oc ' t : s scs  o f  p r t r c  i r n i r l v s i s  l l l t v t '  t t l l t r l t l  l l o ss i l r l c  t l l o sc

pcn t ' l l r r t i ng  l r l r v s i t ' l l  r c sca r t : l t c s ,  o l l  t l l c  t t l t t t t t a l  l l ( ' t i ons  o f  t l l c

hc r r vcn l r -  l r o r l i c s ,  r vh i ch  j t r - s t l 1 '  r i t l l l i  t h c  r cconc l i t c  t l l co r i c s  o f

c t ' l c s t i l r l  n r t ' t l l r t t i t : s  : t t t l o l l g  t hc  t l l o s t  i r l r p r css i vc  t l l o t r t l l l l ( l l l t s

o f  I  l r c  h L r r r r r r  i n l c l l ( ' ( ' 1 . ' l ' h c  r i g o r o L r s  t l c v c l o p l n c n t  o f  t l t c  t h c o r v

<rt-  r r r ivcrs i r l  g l r rv i l r r t iot l  )sx '  , \ tLzt ' lo t t  i tnc l  I iu /cr ,  F agr, t t t ,gt :  t rn<I

/ .ay ' l t ,c ,  ( r ' r2 l r . i . t  t l l l ( l  / /d) t . t ( ) t ,  / ' tz ' t t ' t ' lcr  anrL Aren' totnh,  /datns

rrr r r l  / . ) t t ' i t ,ur ,  / / i / /  . r t - rd / 'o i t t r  ar / ,  n l : r l<c thc cr t ' l t t io t ls  of

c r ' l c s l i r r l  t nc t  l l t t t i c s  t l t t t  s ' o t t c l c r  o f  s t r c t ' c cc l i ug  l r gcs !

I r r  l l r c  c o t t r s t ' o f  t l r i s  l r i s t < l r i < ' t l t ' r ' t ' l t l p t l l t l n t  i t  i s  r c t t r i t r k c t l

l h i r t  l l r c  r r n r t l v t i c : L l  I ) r occsscs  l t r oug l r t  t o  I i gh t ,  i Ln t l  a t  l c r l g t h

pc r f c r ' 1c t l  a r t ' r >1 ' cx t r c t t l c  gcue r : r l i t r ' ,  l r l l r l  r v c l l  t da l l t c c ' l  t o  t hc

i o l L r t i on  o f  1h t :  p rob l c l r l s  J ) t  c sc r r t c ( l  bv  t hc  so la r  svs t cm .  I t  i s

t r r r c  111 t t  l | c  gcnc lL l  l t r o l r l c r t r  o f  t h r c t t  l r r l r l i c s  r cma ins  i nso l r r l r l c ,

oq. i r rg to t l to lx is tcr)cc of  inf in i t r :  scr ics of  solpt ions for  c l i f fcrgr t

r l vn r rn r i c ' r i l  co t t t l i t i o t r s :  v c t  t hc  n l c t ho t l s  c l c vc l ope< l  l x '  A ; t r u /o t t ,

I iu / t r ,  / ,a,gr , t t t ,qe i tn( l  thc i r  succcssors '  apply to t l - rc doublc,

t r i 1 t l r . .  r r n r l  n t L r l t i p l e  s t i l r s ,  i t n ( l  cVe t r  g iVc  i n< l i ca t i ons  o f  so l u t i o t r s

lbr i  s i r lcrc iL l  s) :stc lns of  h igher or t lcr ,  sr tch as t i rc  g lobular-

c l r i s t c r s  o l r sc r i ' c c l  i n  t hc  l \ { i l k r ' \ \ ' r r v  a l r d  o thc r  Po r t i ons  o f
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the irnmcnsitr,  of spacc (cf.  I)r-nanrical l 'hcory of t l rc Globular
( i i L r s t c r s ,  c t r ' . ,  I ) r o r ' .  ; \ r r r .  l , h i l .  S o c . ,  r g r : ) .

\o t l ' i ths tanc l i r rg  th is  b r i l l i an t  c lcvc lopntcn t  and i t s  r r , i r l c
r r  y rp l i ca  b i l i t v  to  t  hc  svs to . r . rs  o f  thc  s idcrca l  un ivc rsc ,  u  r r  cx  tcns i .n
of nrcthocl has l tcconrc ncccssi lr). ,  in clcal ing s' i th t .hc c.arrsc
of Lrnivcrsal grrvitut. iolr,  unrlcr thc s. i tve-thcorv of pl.rr.sic:r. l
fo r t :cs .  * 'hc rc  * ' c  h l r r -c  to . r .a i l  o r r rsc l ' . s  o f  thc  p : r r t i r t l  r l i f -
l c r .n t ia l  c r l r * r t io rs ,  anr l  t l r c  l ) ro ( -csscs  o f  i r - r tcgr iL t i .n  c l i sco 'c rc< l
lty Foarit:t ttnd 1)ot.r.rott.

' l  
l r t '  n t ' t ' i l  l r ; r s  t l r r r s  r r r . i s c r r  I i r r  t r r r  i r t r . t , : s l i g l r l i o n  o f  t l r c

I ' x i s t c n r ' < '  o l -  r r n  i n f i n i t c  i n t c g l r )  t ' n < . o t r n t c r c r l  i n  t h c ' l ' h c o r v
o 1 ' t h c  ' \ c 1 h t ' r  r v h i c h  h c r t . t o l i r r c  h r L s  r c c c i r . t . ,  I  l r r r t  s l i g l i t
l u t t t , n t i on  f r on t  gco r . r r c t c r s .

I t  t r r r ns  o r : t ,  l r o r i . c vc r ,  l l r r r t  t l r r .  J ) r occsscs  o f  t r l t l t r ox i r n l t i on
n r t ' t  I ' i t l r  r r n i vc r s l r l l v  i n  t l r t '  i n l r . g r . i r t i ons  o f  t . hc  Nc . r v  

' [ ' l r t o r v

o1 - t hc  Ac thc r  i r r c  s r i n r c * ' h l r t  l <no * ' t t ,  i n  l L  m t t r : h  n r r r r c  r cs t r i ,  t c r l
f o r r r ,  i r r  t hc  r l c ' c )op r r r . . t  r f  t l r t '  p l : r . c t : r r y  a .nc l  l u ru r .  t bco r ) . ,
: r n t l  n t a n y , t h c r  l r ' r . r . h r . s  . f  r l i r t h c n r a t i c l t l  l n r l  p l r y s i c i r l
s c i cnc : c .  \ \ , ' c  sh r r l l  l l r r . r c f o r r . s t r r r l l ,  s1 ' 1 ' 1 . 1 . , , 1  o f  t hcsc  c r r i i r : r

J ) r o c . c s s c s  i n  s r r f f i r ' i c n t  r 1 , 1 , , 1 1  t . ,  n ; r l ; 1 .  r r s  t o  L l n f o l ( l  l t 1 ,  a n t r ) o t t 1 ,
t h r :  n c * ' c r  . x t c r s i . r r . 1 - : r . r i l ' s i s  i .  t h .  h i i h c r  o r r r c r  o f  r l . v c l o l r -
n r c r r t  r c r l r r i r c r l  i t r  t l r r .  I i i r t r . t i r .  I ' i r c r i r v  o1 -  t h r :  . , \ c t l t c r .

I t  i s  o n l l  l r r . s i r r . l r : r r r  r n r r l r . s i s  r i 1 -  l l r c  ( r c l r t  h i s t o r i r :

J ) r o c c s s c s  < l f  t l t ' n l t n t i c s  t l r , r t  r r ' ,  , ' , , , r .  1 , , , 1 , , '  l n  1 1 , 1 1 , i  { - o l ) l i l l l i l v
t o  t h c  s u c t ' c . s s i t  l '  s t t ' 1 t s  i t . t  l r s t r ' t ' t o n t r -  i i n r l  : t t l r t l t r . r r r , r t i , . . r l  ; r n . r l r . s i r .
A n c l  c v c r . r  t h c n  r  l i : s ' c x l r n l t l r . s  l r l l s t  s c r v r , f i r r  t h c  r . i r r i o r r .
r r t ' l ho r l s  o f  i rPp rox in r ; r t i on ,  t ' h i c i r  n r r r l  l r .  l r t t u i nc r l  l r l  n r , r n r -

l l r ( ) c c s s c s ,  u r r r l  t h t r s  i L r c  a s  l i n t i t l c s s  l r s  t l t c  l i t c r r r t u r r , . I  r r r . , t l r , i -
r r r r r t i , . r l  , r n , l  I r l r r ' . i ,  r l  s t ' i c n , . , ' .

r . , . \ s  s l r o u ' n  a l t o v c ,  l l r c  s c x t u l r J e  i r - r t c g r i r l s  o f  t l r c
J io u r  i  t  r  -  / 'o  i . r . ra iu r l  i  l l i . rcnt ia J cr lu i r  I  iorr ,

i 20 ) , t , / 2  _  ( r 2  i t : 2q ) t i ' . \ . 2  t . i 2 (D f  t t . t , 2  r  a20 f  t ) ] )  ( , + , )
rD . -  J . l  r ' , r . . . r ' .  : .  /  .  ! )  1 ' . r . .  r , , : )  /  . -  o

t t t : t v  l r t '  r t ' < l r r c t ' r l  t o  t l r r  r l oL r l r ] t .  i n t cg r r r l s  o i r l r r i r r r . r l  IN  / ) r t i s so t t
( ' \ \  s r . q o .  p . . ' N t r .  r ' ' 1 .  r . i

l i o r  l t r t . r ' i t t ' .  l t o u ' c r . c r ,  s . t ' i r r l l t r . r l  l o  l l t t , s t l r n r l r r r < i  s c x l t r p l t :
f o r r n  (A \  . 5o -1 f i ,  p .  r 66 .  t ' r 1 .  - 1 ( r r

q ) :

( ' l  l  l i  h  / t  l  t . , / , , ( . . , r , , ( ) , 1 - . r l r ,  r l t - c l . r . r l , r r  r l r ,  ( r 4 : )

a . r l  t h u s  i r ' . i r l  t l r .  l . . g . r  1 . r r r . f  t h .  r l o r r l r l c  c l L r i r t . p l c
i r l t cgra l  r t t t r l c r  / ) ru . r r / / l z  s  r ( , ( luc t ion ,  o r  thc  r r r t rc r lL r r .c< l  r ron-
nu l ) l c  i l r t cgnr I  u  h i r . l r  rcs r r l l s  rvhcn u ' r '  cx tcnd thc  in tcgra t ion
f o r  t h c  r ' < i l u n r c  r r n r l  r l l n s i t r '  f r \ \ . 5 r 3 o ,  p . : S - 5 ,  c q .  r 4 ) ,  s , r  l r s
to  i r r i ' l t r t l c  thc  t l l r v t ' s  f - ron t  c lc . l t  t r ton t  o f  ln i l t t ( , r .  ' l ' h r rs  

l . c
t r c i r t  t h c  s t i l l ' s  t r s  l t O i n l s ,  g r ( . l l t  ( ' c n t r c s  o l ' r l i s t u r l t i r n r . t , ,
r v i t l l r r . r r v c s l r r o r . r ' r ' r l i r r g t l r c r t ' l l . o n r r r r r r l c r t l r r ,  l i r r r n  ( / ) - = ! ) ( . t . , t , , 2 , / . )
< l t ' l i n c r l  l r v  t l r t ,  r r l r o v t '  s r . x t r r l r l c  i n t t , g r i r i .

r \n l  o thcr  s l l r  r  rv i l l  scn t l  o r r t  * . i r vcs  in r lcpcnr lcn t  o l '  t i r t :
1 l r s t ,  i l l l ( l  t h u s  t l r t ' s r . r i c s  o l ' r . c l o c i t r . - p o t r . n t i r r l s  r r . i l l  l r c  i n -
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of thc satcl l i tcs of Jupitcr and Saturn, that the attract ive
folcc of thc Sun or of any planet pcnetratcs r ight through
thc sphcrc of attract ion of any ot irer bocly: and that thJir
scvcrrLl attrar:t ions nrust bc calculated indcpcndcntl),  and then
conrpor r r r r l r '<1 ,  to  gc t  the  fo rccs  a t  u 'o rk  on  thc  sa tc l l i tes .  comets .
o r  u l l r ^ r  I ' o t i i c s .

' l ' l r is 
is lrs i f  thc forccs dcpended on wavcs or impulscs

irr thc rrcthc'r ' ,  rvl t ich \\ 'as the opinion held by Neza/ott for the
l i L s t  q o  y r . r r r s  o f  h i s  l i f c ,  ( r ( t 7 7 - r 7 2 7 ) ,  $ . i c a r l y  a p p c a r s  b v
. l / t t r ' / , t t l r t  t t t ' s  s t . t ( ' r ) ( ' . t  t l r r r t  hc  c rLr l '  hck l  th is  v iew,  in  h i .s
<'rrrrcslrorrr lcncc rr. i th /)o,t , l t t ,  r( t78. (,4.[ac Laurin's Accourrt
. l - t l r c  I ' l r i l . s .Ph i r . , l  I ) i scovcr ics  o f  S i r  / saac  Nczu/on ,  Lonc lon .
I ; l \ .  l '  r I I , .

In  t l r r '  ( l t ' n r . r iL l  Sc l ro l iu rn  to  thc  p r inc i l t ia ,  r  7  r  j ,  Nczu/on 's
nr i l tu r ( .  o l r in ion  is  cx l t rcsscc l  as  fo l lo* ,s :

uFI i t l r t ' r to  r i . c  h i rvc  cxp la incc l  thc  phenomcna o f  thc
hcu', 'cns irrrt l  of orrr s.u by thc Porvcr of gravity, l tut havc not
' c t  ass ign . ( l  t l t .  r . i ru : r :  . f  th is  powcr .  ' fh is  

i s  cc r t . in ,  tha t  i t
l t rust J)ro( 'cc(l  fronr a caus| t l r l r t  J)cnctnrtcs to thc very ccntres
o l -  lhc  s r r t r  l r t r l  I Janc ts ,  rv i t l ro r r t  su f fc r inq  thc  l c l rs t  d imi r - ru t ion
of  i t s  fo r< 'c ;  th l t  opcr i r tcs  r to t  l t c r .o r r l i r rg  to  thc  quant i t ) ,  o f
t l rc  s . r f t r r :cs  o f  thc  Par t i c lcs  u l )o l r  * .h i r .h  i t  . i . t s  ( : rs  mcchan ica l
( ' ; rL rscs  us .  to  r lo ) ,  l rL r t  a r ;cor r l ing  to  thc  r luant i t r -  o f  the  so l i r l
n r l t l c r  t r  l r i ch  thc l '  con t l t in ,  anr l  p rop tLgutcs  i t s  r . i r tuc  on  ; r l l
s i r l cs  t r  i . r r .o . rsc  c l i s t . r ' r ccs ,  c lcc rcas ing  a lu 'ays  i r - r  thc  c l 'p l i c . t .
l r ropor l  i . r r  o1 '  t l r c  r l i s tanc-cs .  Grav i ta t ion  to lvarc ls  thc  sLrn  is
r r r r r l t ' r i l r . r r t  o l -  t h c  g r r r v i t i r t i o n s  t o $ ' a K I s  t h c  s c v c r a l  p a r t i c l c s
o f  s 'h ic l r  l i r c  l ro r i l  o f  t l r r :  s r rn  i s  con- rposcr l ;  and in  i cccc l ing
i l ' . r r  t i r r '  : r l .  ( l c ( ' r1 ' rs .s  ; r . r ' r r * tc l '  i n  t i r c  r l . f  l i ca te  p ropor t io '
. f  t l t c  t l i . t r r . r . . s  ; rs  i ' i r r  r rs  thc  o r l t  o f  S t r t . . rn ,  as  e ' iden t lv
l l l ) [ )o r l rs  i - ronr  th t '  r l r r i r , s r - r 'ncc  o f  thc  : rphc l ia  o f  t l r c  p l : rnc ts ;
t . t : t t ' ,  r t t t r l  ( ' \ ' ( ' n  l ( )  t l t t  rc l lo tcs t : rPhc l ia  o f  thc  con le ts ,  i f  t l tosc
r r J r ) r c l i r r  r r ' ( .  l l s r )  r l r r i c s c c n t .  l l u t  h i t h c r t o  I  h a v c  n o t  b c c n
: t l r l .  t .  r l i s .o ' t : r  t l r c  r . ' .usc  o f  thcsc  propcr t i cs  o f  g ra ' i t r .  f ro ' r
p i rc r ro r rcn ; r .  l rn r l  I  f r i r rn t :  no  l rvpo thcscs . r r

. 1 .  . \ r ' r ' o r r l i n g l r ' .  i t .  l r p p c ; r r s  t h i t l  . \ ' r t t , / o t t  c r p r c s s i v
c n t p h : t s i z l s  t l r c  l t c r t c t r ; r  l i n g  l r { , r r . r ' r  , , i  q r r r v i t l r t i o n :  , l ; l ' h i s  i . s
< ' t ' r t t r in ,  l l t r r t  i t  l ] ] r rs t  l ) r (x ' ( ' cd  1 ' ro r r r  i r  ( . lL l rsc  tha t  pc l tc t ra tcs
to  t l rc  vc r  r '  ( ' ( ' n t  r { ' s  o f  t  l r c  s r rn  r r  n t l  l t l anc ts ,  rv i thout  su f fc r ing
t l rc  l c l rs l  t l i rn i r t r r t ion  o f  i t s  lo r r .c . r r  ' [ ' h r rs  

I t c  rccogn izcc l  no t
or r l y  t l ' ra t  1hc  l rc t io r r  o f 'onc  l ro r l r . * -oL t l r l  pc t rc t ra tc  thc  spherc
o l -  ac t ion  . f  l r .no t l rc r ,  l r r r t  lh l t  g r r r ' i ta t ion  is  c r -o - r  t ransrn i t t c r l
th r . t rgh  s . l i< l  r . rLsscs  l i l<c  t l r .  Sr rn ,  I i . r th ,  JLrp i tc r  anc i  Sr r t ' rn ,
u  i tho t r l  sn ts i l r l c  r l i r r in r r t ion  o f  i t s  fo rcc ,  -  o t Ic lv isc  c .9 r - r -
s i r l . r r l r l c  i r r .g r rLLr i t i cs  * 'o r r l r l  l r c  i . t roc l t rcc r l  in t .  thc  r . ro t io .s
r f  thc  s i r t r ' l l i t cs  * -h .n  i . . ro rscc l  in  thc  shac low 's  o f  tbc i r  p r i r r i r r '
p J l r  n  c t s .

I Iou  r \ i ' z r , /ozz  t .on t . r ' i v r : t l  t l r c  rLc thcr ,  i r t  * 'h i r .h  l t c  hc lc l
t l r . t  the  gr r r ' i t l t i .n . )  i r t r l tu ls r :s  t r rc  t ransr t r i t t c ' r l .  i s  s l to* -n  l rv
t l r t ' l c t l l r  1 o  / l o . t , / t ' .  I i t l > . 2 3 ,  r 6 7 l l  r ( r 7 r 1 :

u r .  , ' \ r r r l ,  I i r s l ,  I  s L r p l r o s c  t h r t  t h c r c  i s  r l i f f L r s c d  t h r o L r g h
l r l l  l r l i r t  t ' s  i rn  l rc t l r r . rcu l  su i ts tancc ,  < ' r r l tab lc  o f  t .on t r r rc t ion  or
t l i l r r t r r t i o n .  s t . r o n g . l \ - c l r t s l i c ;  a n r l ,  i n  r r  u . o r r 1 .  r n r r c h  l i k c : r i r  i n
i r l l  r c s l t c c t s .  l r u l  f i r r  r n o r c  s r r l t t i l c . r r

r r : .  I  s r r l rposr .  th is  ac thcr  pcrvac lcs  i r l l  g ross  bor l i cs ,  l l r t .
l c t  so  : l s  lo  s tunr i  r i r rc r  in  thc i r  l to r -cs  than in  f rcc  spaccs ;
r r t t r l  so  rnLrch  thc  n l  rc r ,  : rs  t l t c i r  porcs  urc  l css . (  ( t \ tez t , /on 's
( . )pcr r r .  r ' r l i t i on  / /n rsa l t l , ,  \ ,o1 .  I \ , ' ,  r782,  l )p .38 .5-3S6) .

( )  r ^ "  . ,  -
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l l l i l t

<lc { rn i tc lv  in< ' rc r rs t ' r l  :
(l), (l)' , (l)" . (l)"' ( l t '  / ' - o r . . . .  t ' - . r _ . .  . ' + . i l

: .  I n  t h r :  I ' r i n c i l r i i r .  r 6 8 f r ,  ( l , i l r  I l l ,  p r o p .  \ ' I ) , \ : r z r , / o t t
s h . * ' s  c l c a r l r ' .  * ' h . .  t r c i r t i n g  . l ' t l r c  . r o t i o r  o f  t l r c  l l o o r  , r r r 1


