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New Theory of the Aether. Ill ' 7-. '/. /. Sac.
( l " i f th  I 'apcr . )  ( \ \ I i t ) r  z  l ' 1a tcs . )

I .  ( ) u t l i n e s  o f  a  N c r v  ' f h e o r y  o f  N l o l e c u l l r
I i o r c c s  i r l s c d  o n  \ \ r r l e - A < : t i o r r ,  s ' l i i c h  i s  a l s o  i r r c l  i -
c a t c t l  b 1 '  [ , e p l r r : c ' s  C c l c l r r l t t c d  C r i t c r i o n  t h r L t  t h e s c
I i o r c e s  l r c c o r r c  s c n s j b l c  o n l l '  a t  i n s e n s i l r l c  I ) i s t a n c c s .

S in t ' t - '  t l te  rc r . tn iss : t r t , -c  o [  1 ,h1 's ice l  s r  i cnr :c  in  t ] rc  age o l -
Ga/ i l ro  ne t r r ra l  l rh i losophcrs  h : r l c  la i ro rcc l  pa t icn tJv  lo r  thc  d is -
coverv  o l -  t l r c  q rca t  las 's  o f  l l r tu rc ;  : r r i r l  thus  lb r  a l rou t  th rcc
c t ' n t u r i c s  t h c r ' l n v c  c r t c n r : j c r l  t h c i r  i n v c s t i q r r t i o r r s  l r 1 ,  n r c a n s  o f
r l c l i c a t e  c r P r : r i n r c r r t s  a n r l  t h c  l l r o s t  c \ i l c t  r n c t h o r l s  o f  n r a t l t c -
n re t i c r l  ana l t ' s is .  \ ' c t ,  no t r r ' i ths tanr i ins  t l t j s  l r r i l l j an t  rccor r l  o f
ach icvcnrent ,  i t  rcnrn ins  a  sourc r r 'ha t  rcn t : r rka l r le  fac t  t l t :L t
n r o l e c u i a r  f o r c c s  h a v e  n o t  J ' c t . l r c c n  l s s i g n c c l  t o  a n 1 ' k n o r l r . r
ph1 ' -s ica l  ca t tse .  . ' \< : r :o rc l inu l f  in  r r ro r ic rn  r r  o rks  on  I )h1 's1 , ' .  n 'a
s t i l l  s c : r r c h  i n  v a i r r  f o r  a n  i n t c l l i q i l r l c  e x p ) a n a t i o r r  o f  t h c  n r c -
chan isnr  unc lc r lv ing  thcsc  lb r< :cs .  ' l ' hc  

s r r l r j cc t  therc f -o rc  h : rs
r c n r a i n e c l  v c r l ' o l r s c r r r e ,  l n c l  c o n t i r l u c s  t o  r : h a l l c n g e  t l r c  i r r -
g e n u i t v  o f  l r o t h  t h e  c c o n r e t c r  a r r r l  t h c  u l r u r a l  p h i l o s o p h c r .

' l ' hc  h is to r l '  o f  y rh l ' s ica l  sc ic r . rcc  s l ro l ' s  t iu r t  l ' hc r r  thc
s o l t t t i o n  o f  a  ( r c a t  s t i r n ( i i n q  p r o l r ) c r n  a t .  l c n q t l r  i s  a t t a i n c . c l ,
i t  se ldonr  i s  t ruc  t l ra t  the  r l rs t  a t t : l c l i  u 'as  l  l to l l l  sur :ccss{ i t l .
I n d c e r l ,  n r o s t  o f  o u r  l l n i r l  s o l u t i o n s  o 1 - d i l - l l r : r r l t  p r o b l c n t s  r c s u l t
l ronr  succcss i l c  l r ro r :csscs  o f  upprox in l r t ion .  . ' \nd  th r rs  i t  nur l '
l r c  dou l r tc r l  l  h r , : t l r t ' r  thc  so l r r t ion  o I  thc  l r ro l r l cn t  o l '  u ro lc r : r r la r
t b r c c s  n o u ' i n  s i q h t  i s  r l t r i t c  c o n r p l c t c .

l i u t  c l c n  i f  t h c  n c u -  c l i o r t  o n l l  o l t c r r s  t h c  l ' a ) ' t o r i ' , r r r l s
t h c  f i n e l  s o l u t i o n ,  s t i l l  i t  r r r l v  l r t :  o I  t ] r c  g r c i r t c s t  s c r l i r : c  t o
sc ic r rcc .  I ro r  p ionccr  c i l ' o r t  a lu 'a ls  I r l s  to  p rc r :c r le  the  pcr fc r : t
dc lc )opnrent  o f  s r : i c t rcc ,  j t t s t  e -s  sonrcu ' lu t  r r r t l c  spr :c i r r rcns  o f
scu l l ) tu re  a l rc l  a r r : i r i t cc t r r re  p rc< :cc ie r l  thc  pcr fcc t  r l cvcJopntcn t
of ( lrcck art in thc aqe of Ir / i t trs, 1' l i l ias ntt l  Jj  a.t i l r l rs.

. . \  ccorc l  i  nq1  1 ' ,  ha l i  r r  g  a r r i  vc r l  a t  : rn  c f l l r : i cn t  p ' l r  ys i r :a l  causc
of  n ro lccu ln r  lb rccs  l t i t i ch  secn ls  to  be  in  qcncnr l  oPcre t ion
throughout  na turc ,  \ vc  ( l cc r ) t  i t  r l cs i ra l r l c  to  sc t  [o r t l t  t i r c  rcsu l ts ,
becar tse  thc  s t tggcs t ions  r i ' h ic i r  t I i s  c ic lc iop l tcn t  l l l l y  co l tyc ) '
t o  o t h e r s  a r c  ) i k c l 1 ' t o  I ) r o l c  l n r i t l i r l .

\ i )  La / la t  s  t : r i t c r io r r ,  t l ta t  n to lecu iu r  fo rccs  l rccome scr . r -
s i l t l c  on ly  a t  inscns i l r le  r l i s ta r t r :c ,s ,  sccn)s  to  po in t  to  l  r r ' ,  c -
ac t ion  as  the  unc lc r lv i r rq  l rh ls ic :a l  c : ruse .

I n  t h c  i n t r o d r r r : t i o n  t o  h i s  c : c l e l r r a t c r i ' l ' h c o r 1 '  o l - C a -
p i l la r i t v ,  ( \ l ccan i r luc  Cd ics te ,  ' l ' onre  

lV ,  r  3o6,  * ' i t i r  , su l ) l ) l c rncn t
to  t i re  thcory  i ssLrec i  in  r  t ioT)  / .a f  /ac r  cxar l incs  thc  theor ics
o f  h is  p rec lecessors  l i th  charac ter is t i c  sagac i ty .

^ . \ t  the  le rJ '  ou tse t  o f  the  c i i s r :uss ion  he  a l ludcs  to  the
re f rac t ive  po \ \ 'e r  exer ted  lx .  boc l i cs  upon I ieh t ,  a r r i l  s rys  tha t
th is  fo rce  is  the  resu l t  o f  thc  a t t rac t ion  o f  thc i r  par t i c les ,  ve t
h e  h o l d s  t h a t  t l r e  l a s . o f  a t t r a c t i o n  c a n n o t  i r e  r i e t e r n r i n c c l
b e c a u s e  > t h e  o n l l ' c o n c l j t i o r r  r e r l u i r e c l  i s  t h a t  i t  n r r r s t  b e  i n -
scns i [ r le  a t  sens ib lc  c l i s tan t :cs .<  F Ie  then Procecc ls  to  c ]ca l
u ' i th  cap i l la r ) '  a t t r i rc t ion ,  in  r ,h i< :h  e r tens ivc  use  is  madc o f
th is  sanrc  ) rvpothes is .  r \  par t  o f  h is  reasor r ing  is  as  fo l lo* ' s :

) i \  long  rvh i le  ago,  I  cndeavored in  ' r ,a in  to  de ternr ine
thc  las 's  o { - r r t t rac t io r - r  s 'h ich  rvou ld  represent  these phenomena;
l ru t  sonrc  l l t c  rcsearchcs  have rendered i t  ev ident  tha t  thc
r r ' l ro l t :  n rav  l rc  rcprcscr r tcd  by  the  same la rvs ,  rvh ich  sa t is ly '
t h c  p l r c r o n r c n a  o f '  r c l r a c t i o n ;  t h a t  i s ,  b y  l a r v s  i n  r v h i c h  t h e
at tn r r . t ion  is  scns i i r l c  on l r  a t  inscns ib le  c l i s tances ;  and l tou- r
th is  p r inc iy r l c  \ \ ' c  can  dcc lucc  a  cornp)c tc  thcory  o f  cap i l la rv
l t t r a r : t i o n .  <

>  ( . . ' / r t i t  t t t t /  su l ) l )oscs  t l ra t  thc  ac t ion  o f  r  cap i l la ry  tube
n r : r r ' l r c  s c n s i l r l c  u p o n  t l r c  i n f i n i t c l y  t l r i n  c o l r r r n n ,  r v h i c h  p a s s e s
t i r r o L r s h  t h c . r r x i s  o 1 ' t h c  t r r l r c .  U p o n  t h i s  y r o i n t  I  c l i f f e r  r v h o J I l '
f rorrr hinr, rrrrr l  t)r ink, t : ' t t ln /{a r, / :s1,rr anrl  other phi lo.sophers,
t i r : r t  t l r c  c lp i l l l r l '  a t t ra r : t ion  is ,  l i ke  the  fo rce  produc ing  re -
l r e r : t i r r r r , : r n t i  a l l  < : h c r n i c : r l  a f l r n i t i c s ,  s c n s i l r l e  o n l y  a t  i n s c n s i b l e
r l i s ta r rccs .  /h t r , / l s1 , te  o l rsc rvcc l  th r t  in  g lass  tu l rcs ,  * 'hc tbcr  the
g l l ss  i s  i ' c l v  t i r i ck ,  o r  l c l ' y  th in ,  the  rva ter  r i ses  to  the  santc
hc is i r t ,  i f  t l r c  in tc l io r  r l iamcters  a rc  the  samc.  I  ien , :e  i t  fo l io l . s
th : r t  t l r c  c r ' l i r rc l r i ca l  s t r ' : r t i t  o f  e lass ,  s 'h ich  are  a t  a  sens j l r l c
c l i s t :u rcc  I i  o l r r  t i r c  in tc r io r  sur f : rcc ,  db  no t  a id  in  ra is ing  thc
\vx tc r ,  t l ro l r , l l t  in  ca<: l t  onc  o f  t l r csc  s t ra ta ,  takcn  sc l ta ra tc l r ' ,
thc  l l r r i r l  o r rgh t  to  r i sc  a l ro r -c  thc  levc i .  I t  i s  n r t t  thc  in tc r -

l ros i t io r r  o l -  l  i r c  s t re tn ,  u ' i r i t :h  t l rc f  inc ludc  bc t l ' ccn  thcn t ,  l ,h ic i t
j ) rcvcn ts  t l rc i r  a r : t . ion  r rpon thc  u 'a tc r ;  fo r  i t  i s  na tnra l  to  sup-

l )osc  thx t  t l r c  c i r I i l l a r l '  t t t rac t ion ,  l i kc  the  fo rcc  o f  g r l i i t y . ,
i s  t ra r rsnr i t t c r l  th ro r r l l l t  o ther  bod ies ;  th is  a t t rac t ion  n t r l s t  therc -
fo rc  c l i sapp i ' r r r  so lc l r '  1 ry  rcason o f  the  r l i s tance o f  thc  1 - l t r i r l
1 l 'onr  t l r csc .  s t ra ta ;  l ' l r cncc  i t  fb l lows thn t  t l re  a t t rac t io r r  o f  thc
g lass  upon t l rc  r i ' a tc r  i s  scns ib le  on ly  a t  insens ib le  d is tanccs .  <<

1.ol l tr t  j rr-st1r '  ler.s strcss ul)on I{au,/ lshre's observation
the t  in  q lass  tubcs ,  * 'hc thcr  l c ry  th ick  o r  vc r ) '  th in ,  the  n ' : r t c r
r i scs  to  the  s ln rc  hL . iqh t ,  i l ' thc  in tc r io r  c l iamctc rs  a re  the  sanre .
' l ' l r i - s  i r r r l i r : r r , t r , t l  to  / . t f lo r t  tha t  thc  in tc r io r  par t i c ies  o f  a  th ick
tu l rc  o f  q l : rss  cxsr ts  no  scns ib lc  ac t ion  on  thc  adhcr ine  l lu i t l .

' l ' houg i r  r l c le r  s l rs l )ec tcc l  here to fo rc  th is  rcason ing  o1-
f .o f lo r  r f ib r r l s  thc  n ros t  r :onc lus ivc  ev ic lencc  tha t  mo lecu la r
fo rccs  rc r r l l r '  : r rc  r luc  to  s 'avc-ac t ion .  I t  l  i l l  be  shoq 'n  hcrea f ic r
tha t  cx l tc r in rc t r ta l  rcsc : r rchcs  i ry  l i i i r / tu 'and o thers  on  t l te
t h i c k n c s s  o l - s o a l r l r u l ; l r l c s ,  a t  t h e  c r i t i c a l  i n s t a n t  o f  r u p t u r e ,
rnakc  thc  ra r l i r rs  o l  r< : t ion  o f  thcsc  r lo lccLr la r  fo rccs  so  smal l
tha t  the l  t :o r rcs Io r t11  to  the  s 'avc- lengths  o f  the  u l t ra - r ' io le t
rc r l io r l  o f  thc  spe<: tmnr ,  a  fac t  rvh ich  r ray  bc  regarded as  an
ex l )e r in rcn ta l  r :on f innat io r . r  o f  the  l ' : r ve- thcorv  o f  these phvs ica l
forr:es.

It  aplrcars thtrt  Lal lou h' inrself  came near to this l ine
o f  a rgurncnt ,  fo r  in  exp la i r r ing  thc  p rocesses  adopted ,  in  the
in t ro r luc t ion  to  the  theor l '  o f  cap i l la ry  a t t rac t ion ,  he  sa1 's  tha t
i t  i s  ev idcn t  tha t  ) ) the  d is tance a t  u 'h ich  the  ac t ion  o f  the
tu i re  ceases  to  bc  sens ib le  i s  in rpercept ib le ;  so  tha t ,  i f  by
means of lr  \-er),  po*'erful nricroscope, rve shoLrld be able to
rnr l<e  i t  i l l ) l ) car  c t lun l  to  a  n t i l l i u rc t rc ,  i t  i s  p robab le  tha t  the
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same magn i fy ing  porver  wou ld  g ive  to  the  < l i ln te te r  o f  t l )e
tube an apparent length of several meters. ' I 'he sLrrface of
the  tube may there fore  be  cons idered as  very  nearJy  a  p lane
surf irce, for an extent rvhich is erlual to t l iat of the spirerc
o f  i t s  sens ib le  ac t iv i t y ;  the  f lu ic l  rv i l l  there lo re  be  c lc r 'a ted
or  depressed near  tha t  sur face ,  in  a l rnos t  the  sante  l t la r ) r )e r
a s  i f  i t  w e r e  a  p l a n e .  B e y o n d  t h i s  p o i n t  t h e ' l l u i t l  * ' i l l  b e
su l - r j cc tcd  on ly  to  t l re  fo rce  o f  g r i rv i t l '  and  i t s  o \ \ ' l r : r ,  L iun  or )
i t s  par t i c les ;  i t s  sur f l ce  rv i l l  be  very 'near ly  tha t  o f  a  s l rher ica l
segrnent ,  o f  rvh ich  thc  ex t reme tangent  l t lanes ,  bc ing  t l rosc
o f  the  f lu id  sur fece  a t  the  l im i ts  o f  the  sens ib le  sphere  o f
ac t iv i t y  o f  the  tube,  rv i l l  be  very  near ly ,  i r - r  t l te  c . l i l ]e renr  tu l )es ,
e t lua l l y  inc l ined  to  the i r  s ides ;  l ' hcnce i t  tb i lo rvs  tha t  a l l
segrnents  rv i l l  be  s in i i la r .  ' l ' he  compar ison o i - thcsc  resu l ts
g ives  the  t rue  cause o f  the  e leYat io l t ,  o r  depress io r r ,  o1 '  { lu ic ls ,
in  cap i l la ry  tubes ,  in  the  i r t verse  ra t io  o i  thc i r  r l i rL rne ters . r r

>> ' l ' here fbre  the  a t t rac t ion  o f  a  c :ayr i l l l r y  tu l )c  l r i r s  no
ot i re r  in f l r - ren( ie  upon the  e)evet ion  or  < lcprcss io r r  o i ' t l re  i lu ic l
n ,h ich  i t  con ta ins ,  t l i an  tha t  o f  de ternr in ing  t l re  inc : l i r ra t ion
of  the  l i r s t  t i tngent  l t lanes  o f  the  in tc ' r io r  l lu id  sLr r l r r r :e ,  s i tu rL te t l
vc ry  nL ' : r r  to  the  s ides  o f  the  tube;  and i t  i s  r rpon th is  in -
c l i n a t i o n  t h a t  t h e  c o n c l v i t y  o r  c o n v c - \ i t ) ' o l ' t h c  s u r l - u t : c
c lepends,  as  rve l l  as  the  rnagn i tude o1-  i t s  re r l ius .  <

( i i ) ' l ' h e  l , a v e - t h e o r ) '  u n d e r i i e s  t h c  r r r a t h c n r e t i r : a l  e n r L l l ' s i s
o l '  J iour i t r  l  td  . / ' o isso t t , r )  l , l sec l  o r )  t l r c  so l r r t io l r  o l -  par t i l l
d i l l ! ren t i iL l  e ( luu t io r )s .

In  the  I , 'our th  Paper ,  ncar  t l re  cnc i  o1-  Set ' t io r r  f i ,  I  l r :Lve
t :a l led  a t ten t ion  to  the  grea t  in i l )o r tance a t t r r r : l re t l  to  ) rour r t l l t r '1 .
r :ond i t ions  by  uroc le rn  inves t iqa tors  in  t i rcore t i t : lL l  1 i l r l . s i r : s ,  unr i
havc  l l so  po in ted  ou t  thc  p ronr incn t  par t  p )a1 'cc l  l - r1 'per t ia i
d i l i - c rcn t ia l  equat ions  in  t l re  mathernat ice l  u )c t l )ods  ap l ' l l i ca l r l c
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to  phys ica l  p rob icnrs .  ' l ' hese  
tu 'o  indcpenc lcn t  c i rc r r rns tances

seerned to  n re  an  overwhe lnr inE-  [ r reu l ren t  lo r  the  ivave- theor l '
l s  represent ing  the  t rue  orc le r  o f  l ta tu rc ,  rvh ich  rve  scc  exh ib i ted
nros t  s iu rp ly  in  the  re f rac t ion  o f  l igh t .

In  the  Ne l " l ' heorv  o {  the  r \e ther  * 'e  h r rve  d* 'e l t  on
the  er lL ra t ion  o f  u ,uve  n)o t ion  deve loped by  ] )p i5sp111

DtQl0 t2  :  a )  (F t t t l? . r . t - i - f iLq1 t f i - r ' t -+ ' i )e t 'A | )  ( r )

L ikerv ise  l ,bur t : t t ' ' s ' l -hc ;o r ie  . \na ly t i r lL re  de  l r  Cha leur ,
r  8  z  r ,  l e a d s  t o  t h e  s i u r i l a r  e - r p r e  s s i o n :

z*

A I O i A t ) :,t, (D t (.) i A.rt -+ A I et, '  ? _1, 
t -+ A, 0,, A rtl

0  : J ' l r ' , . ) ' , s , t ) ;  O  - . =  / ( . . ,  r , : ) ,  t  - -  o
( r )

( + )

e ( l u r t i o l t

I I I ,  \ : )

r vh i ch  ho lds  l i r r  t hc  p roPeu lL t i o r r  o l ' l r e  u t ,  anc i  o t l l c r  \ !  l ve  r r r r , I i o l ] : .
I i c l r  co t t s t r t n t  t c l l ) l ) c r r t u re  ,  i ( ' 1 , ? t :  o ,  un r i  t I e re  l i l c

A)6,1fA. t t - r6t ( - ) , ;?r t .  ? t ( l l1 . t  -  o .  l . ;
l , ' o r  t he  d i s tu rbenccs  i n  t l r c  t l r t o r l ' o { ' soun t l ,  J l , j s s t , t t

Lrsual ly  rvr i tes lbr  thc vc loc i t l . - l ) ( ) tenr i i r l  y , ,  thus:
A)  r l ,  f  A  t ' )  : ,  i t  (? t ,1 ,  i  D .u :  + -  D rU, , ,  3 , ,  :  -  i  -  i ! ,1 ,  i ' r :  |  )
a . )  t . !  . ,O . r 1 .  r J l : : :  , 7 r f : 1 r ;  , i . : - . /  t r . , . t . , : ) ,  t  :  o

I n  t l r e  t h c o r l .  o f  l i q h t ,  t l r c  s l r u c  c i i i l c r c r r t i a l
r L r i s cs  ( r : i - .  l  ) r L r c l e ,  ' l ' h co r1 '  

o l -Op t i r : s ,  l ) 1 r t  l ,  C6 .1 r t c r

A)sf  I / !  :  /u r  (015.10. , . . :1 i . i : .e, i i r1: r1 i :51f . ' : )
4 , . ,  1 ) , . 'c '  3 l r ) / _  :  l , =  f  , - r ;  . l .  . _ . /  ( r , - r , ,  : , ) ,  /  :  o .

l n  t i r e  t i r e o r l , o l  u , l r v c s  l e  i t l L l e  l o r  1 ; l l L r r c  u . l L v e s
t l r c  . r ' - : r r i s :

_ t ,  - , . l  s i n I : : . . r , ' 2 . . 1 / 7  . r . )  + , r 1

( s )

e  l o n g

( 6  r
l : ] u t  i .  t r i  r i i r r r t , r r : i . . r L l  s 1 r : r i  e ,  t l l e  ( l i s t r l r b e ' r . c  s I r e r L r i s  i .  r l i
t i t r c c t i r r r t s  s i t l i  t l r c  v c l o c j t v  l -  -  o t  ( a t ) ) : . . u r  i - l , : - 1 -  : ,
a r r d  i l - o r r  a n r '  p o i r r t  l ' ( t , , y , : ) ,  t h c  s p h c r e  s u r  l e t  c  l , c , . o r n e s :

\ 7 , /

( s )

( s )

\ r o l

I I  I J

(o. t)) :  ( : t  -+- a /  cos d) r + (. .r  + a / sir.r  d sin ro) r-r ( :  r  o I  sin 6 cos r,r) J

rvhich rve have treated i tr  previous l) irpcrs.
'  

ln  the  t rca tnren t  o l  ?o issor t ' s  e ( lua t ion  o i -  rv rve  tno t io r . r ,
D t tD l0 /  : , t .  (Dt et lC.t) -rD ) r1t lA1,z a2 t 11t f0 : :2) ;  e) :  -( l  (r , , ; , ,  z),  t  :  o

rve  have found (AN 5oa8)  tha t  fo r  th ree  vur i r l r l cs

( D : ! ) 6 , t , , r ) : ( r / S r r r t ) j { { l l - r r ( - r , , , , 5 ' ) c , s i . - ( , ' -  2 ) c c , s 1 ( , r , - - 1 ) , . o s i ( : , - , , ) c } s c l r , r l i c l t c i g c l ,

i rr  rvhich €, , , t ,  e and 7,, ,rr, ,  r ,  extend f ionr N ro -t-oo.
' l 'his nray be translbnuecl into

{[) : !) lx,,t,, z) : - ( .1  ( . ' ,  , / ,  ( )  cos l ,  ( t  - r )  cos , r r ,  (1 -y , )  cos  y  ( ( -  
" )  

d .c  r l1  r l i  r i7 .  dy r  c i l

( i" ,  , i ,  i )  , , [) .(€-. ' )+tr( l-y)r-vi(-:) ]  y '- ,  
di .  d1 cl i  t l . r . t t . , , ,  ci :

lL tn t : t io r . r ,  th is  may be  rv r i t ten  in  t l rc  rve l l  knr - r * 'n  lb rn i  o l '  the  expressron

+ i !

. . \  t ) f . F t . f t t .( t / E r ' )  l l l l l L' . J t r J J J . )

6

+ d l

,  . . ,  t t t  t . t . ( . ( .

r / E n ' )  l l l l t l - ( j'  ' d t t t t J J J

- d l

i n  t l i e  a rLr i t ra ryl l y  inc lud ing  the
f ^ .  . ' . "  t i ' . . ^  /

por t ra i t  as  a  f ron t isp iece  to  th is  I ' i f th  Paper .

. 
In his eulogy of ,1'oi.rson,
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e:  ! )  ( . . ,_ r , , : ,  a  - : . f  . f  : t , f  , r . ' t * t ; t , i : \1 - t  . r i t  (L , i ,  i ) r l l cdTr l (c t l .d , r r ,d r , .
N

. \nd  f in l l1 r . ,  in  thc  l io r t r th  I ' : rpc r ,  ( r \N  .5oE-5) ,  rvc  have rcar : l rc r l  /b i - rson  s  c lo r rb lc  in tcgra l  :

(l) : ()'-+ q)"

(  r / . r . r ) , 1 '  . l ' z '  i  \ '  I  a l  I  o s 6 , . t ' * a / s i t r  4  s i n t , , ,  : ' r r ' ' i t t  6  I ' o s ( n t ,  I  s i n B  d 6  d r ' t

t )  o  

- 2 -

- + ( , / a r )  Q l ? 4 , 1  , f t t ' r t * u t c o s 6 ,  t ' - + a t s i n d s i n  r , t ,  : : r a t s i n d c o s u , ) l s i n 6 d 6 d , r , t

O O

' l ' l r i s  
c r l t r c ss i o l  f o r  t hc  ve loc i t v -po t cn t i a l  ( / ) ,  u ' i l l  l r o l c i  r i go rous l r ' 1 -o r  t hc  \ \ ' 11 \ ' c s  e l t t an i r t i nq  f r om any  ma thcma t i ca l

1 r r r i r l t , / ' ( r . ' . l ' , ' : ) e r l r i t r : t r ' c r s i t . t g l r l I s 1 l a r . c 1 l , r r t r l t l l l t
o t  : r  r r l r s s ,  r r 11 r l  t l t r r s  \ \ ' c  l l l l s t  c x t c l t ( l  t l r c  i r r t r { r e l  o l '  / ' r t i s so t t  1n '  t l l i i r t g  t hc  t r i p l c  i n t cg ra l  f o r  t he  vo l t t t ne  anc l  dens i t l ' :

/ ; 2 n  n z n

( l )  -  
, [ , f ' . 1 ' ( , r . r t , ) . 1 ' , f ' Z ' t 1  

t ' 1 - , t / , o s A , . t - ] -  t t l s i n d - . i n ( t ) ,  i - 1 - t / s i n d r : o : r , r l l r s i n A < l t ' < 1 6  t l r , r ' l s i n d r l 4 r l r , t

()  ()  ()  ()  ()
\  I 4 l

* . f '  . f '  . f '  ( r ' . r . ,  )  ia ,  ar)  . f '  . \ '  l  l  
t , . t '  + '  a  r  <-r ts  0,  - t '  *  o  /  s in 4 s in ar ,  - . a/  s in4 , , r ,s  u ,  )  r . r  s in  d  d r  d8  do t ' t  s i r t6  d0  do t

( )  ( )  ( )
I ' h i s  i s : r  d o u i r l c  r r t

o o

( t  , )

\  r : i /

1 c  r l r r i n t r r p l c  i n t c e r a l ,  e n r i  l r v  r c [ c r r i n g  t o  t h r '  2 .  l ' ] r c  I i . c r : o q n i z e d  R e f r a c t i o n  a n d  l ) i s p e r s i o r r

{ r : )  a l r o l c  \ \ ' c r  s c c  t h : r t  ( r - 1 )  t : o r r c s l r o r r r l s  t o  o l - L i q l r t  i n  l  I ) r o p  o f  R a i n  s h o r v s  t h e  C a r r s c  o f  t h cc t l u l t i o t . t s  ( q )  o .  { r : )  a l r o l c  \ \ ' c t  s ( t c  t h : t t  ( r  - 1 )  t : o r r c s l r o r t t l s  t o

a  s i n g l c  l t o n - n r r p l c  i n t c . g r i L l  i n  t l r c  o r i g i n a l  l - o r r l  o l - t h c s c  I { i t i n l r o u ' ,  t n r l  s t t g q c s t s  S i n t i l l r  X { o l e c l t l a r  I ' l  l - t - e r : t s

r - ( l 6 r t i o 1 s ,  l r r t c u u s c  t h c  r l i s t r r r ' l i a n ( ' ( ' s  n r u s l  i , c  c o n c c i l c r l  t o  r r ' h c n  t h c  S o t l r c c  o f ' L i g h t  i s  c x t c n c l c d  b 1 ' l ) o t r l l l c

p r 6 c c c c l  l ' r o r n  c : r r : l r  r t o r r r  o l  t h c  n r a s s ,  l n t c g r r t i o n  t o  t h c  S r r r l ' a c e  o f  t h c  i ' l n t i r e  ( l e l e s t i a l

, , ,  = -  \  |  f  , i l r . i n 4 ' l r , l a , l n t
. J  . t  . l

\  r . 5  l

N , r r v  i n  t l r c  p l n  s i t : r l  t t n i v c r s c ,  s t t < : l t  i t t r l c p c n t l c r t t  q r a v i -

ta t iona l  \ \ -avcs  nrus i  l rc  in r lg incc l  to  l ) ro ( ' cc ( ' l  1 l -o rn  thc  sc lc ' r lL l

e tonrs  o I  a ] l  l>od ics  l  h r t tsoc :vcr ,  jus t  l s  l iq l r t  r r ' : t vcs  t lo  l l -o t t t

c l r ' . l r  a to rn  o l -  thc  sc i l l l t t r r i t ro t ts  gescs  o f  thc  s t rL t  s .  ' \ t ' co r t i ing lv
s r r r :h  in tcgr :L t ion  has  to  l rc  c ,x tcnc lcc l  to  thc  l 'avcs  l l -o tu  a l l
l l i r s s e s  s c l c l a l l r ' .  u r r r l  a s  t h c r c  i s  a n  i n l r n i t u c l c '  o f  l t o d i c s ,  t h c
r c s u l t  i s  a n  i n t c g r : r l  i n l l n i t t ' l r  r c l r c a t c t l ,  o r  a n  i r r l l t t j t c  i r . r t c g r n l ,
though thc  v r luc  o l '  t l r c  d is t t r r - l r t t r t : c  rc t t t l t i t t s  l l r t  i t c  r t t  c \  c r ) '
p o i n t  o f - s p : r c e .

. \ n r l  r r o t  o r r l l  i s  t h c r c  a  d o u i r l c  i n f i n i t c  o l  i n l l n i t c  i n f r n i t c

s \ ' , s tL 'n r  o f  in tc rpcr te t r i t t inq  rvaves ,  l t r t t  a iso  t l t c  rcs is t l tnccs
l ' i t i r  re l iac ' . ion ,  r l i s l rc rs ion  and in tc r f 'e rcncc  -  a t  thc  I ro t tn r l r r i cs
o f  a l l  - * o l i d s  a n r l  ) i r l r r i c i  l r o t i i c s .  I t  i s  t h c s e  r t ' s i s t : t n c c s
re l ' rec t ion-s ,  d ispc ' rs ions ,  r l i f l - rec t ions ,  anc l  o thcr  \ \ ' avc  t r { rns-
fo rnra t ions  lh i r :h  q i l c  r i se  to  n ro lecu la r  fo rces .  ' l ' hcv

rusLtal l l  arc ver\- grorr-crful at the srtrfaccs of bocl ics, ar-rcl l ry
t h e i r  m t t t u a l  i n t c r a < : t i o t r s  o n  c o n t i g u o u s  l t o n ) s  a n c l  t r o l c c : r t l e s
cause cohcs ion ,  a r lhes ic . rn ,  cap i l la r i t r ' ,  anr i  < :he t r t i ca l  a f l in i t l ' ,
and  o thcr  l rhenor rcna herc to lb rc  L r t te r ly  bcs ' i ldc r ing  to  thc
n n t u r a l  p h i l o s o l r h e r .

Norv  i t  i s  our  purpose to  o t t t l i ne  a  p re ' l im inar l '  theor ) '
o f  these fo rccs ,  in  the  hope tha t  the  l igh t  thL ts  shed on  a
vcrv  o l rscure  pro l r len . r  mav induce o thcrs  to  c r tcnd  thcse
researches .  l t  i s  o l rv ious  t i ra t  the  prc l in r inar l  t i reorv  n rus t
necessar i l v  rcnra in  very  inconrp le te  t i l i  thc  phcnonre l rA  are
care fu l lY  s tL rc l ied  un t ic r  a  c r i t c r ion  rvh ich  nra .v  o l )c ra tc  as  a11
exper in ren turu  c ruc is .  BLr t  these ver i f i< :a t ions  < :an  on ly  l re
c le r ' luced by  in les t iga tors  o f  g rea t  expcr icncc  in  the  severa l
l r ra r r r :hcs  o f  ph ls ic r l  sc rcncc .

S l r l r c r c .

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

t ro r luc t ion  to  t l rc  r t  avc- theor l ' .

J , r ' t  t h c  r : i r c l r :  i n  I r i s .  r  r e p r e s e n t  a  s e c t i o n  o f  a  s p h e r i c a l

ra in - t l rop .  , \ s  s  r tc r  i s  ) i r1 t t i c l  and y ie  lds  to  the  fo rces  ac t ing

on thc  s r r r lucc  t i r i s  h r 'po thes is  o f  spher ic i t y  in tp l ies  tha t  there

arc  (  o1r : i t ;u r t l r -  a t  t ing  lo rce  s  a t  rvork  to  ma in ta in  th is  f ieure  ;
arrcl rvc l inorv frorn thc researcires of Lorcl l iay'1ri , ; ' I  (1'roc.

l i o r ' .  S o r ' . ,  \ l r r v  - 5 ,  r 3 7 g ,  n o .  r g 6 ) ,  o n  t b e  o s c i l l a t i o n - p e r i o d s
o l -g lo i i r r l cs  o1-1 i t1Lr i r l ,  tha t  the  fo r< :es  a t  rvork  a rc  r lu i te  porver f r t l ,
o thcrs ' i sc  t l rc  osr : i l l a t io l rs  o l - t i r c  d rops  o f  d is to r tec l  fo rm rvou ld
n o t  l r c  s o  r : r p i r l  a s  t h c l ' a r e  o l ) s e r v e d  t o  l ) e .

.----------x

I i i e .  t .  I ' a t h  o 1 ' t h c  s u n ' s  r a y s  i n  t h e  t h e o r y

o f  t h c  r a i n h o r t .  
' l .  

h e  i r r g e  c i r c l e

rc l ) rcscn ts  thc  rnaqn i f i cc l  ra indrop ,
e n r l  ( ) . t  t l r c  r l i r c c t i o n  o f  t h e  s t t n .

I 9 N
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As.our theory of rnolecular forces is based upon the action

of waves of various lengttrs, ' rYe nlust be careful l lot to asstl l l le

that rvaves other than those of the visible s])ectrr-1ul are absetl t ,

yet in the probleln of the rainbo\\r ot lr  reasouittg of cotlrse

re la tes  to  the  v is ib le  spec t runr .  I t  i s  be l ieved tha t  l ' aves  shor te r

than the  v is ib le  spec t run  g ive  r i se  to  chenr ica l  a l - l rn i ty ,  cap i l -

la r i t y ,  e tc . ,  rvh i l c  the  u 'aves  o f  the  in f ra - red  reg ion ,  ha l ing

enorrrorls wave-lengths, generate heat throucl l  i rrei l l i i l )g up into

shorter and shorter rvavelengths.
ln f igure r the circle represents l  sectiotr ol 'a sl . therical

rnin-drop, rvi th paral lel rays of sunl ight 51 , ld, and thtts

internal ly refracted along t lre l tath ' l f1l i1, s 'hence ' i t  is rel lecteci

along the path -111 ,4{, and then otl trvarcl ly refr lctecl along

tlre path / i(-P1. 
' I ' i re l ine fror.u the centre O-l l ,  trakes an

a n g l e  o f  5 9 ' w i t h  t h e  p a t h  o f  t h e  i n c i d e n t  l i g h t ,  r v h i c h ,  a t

this snral l  circle d abor.rt  , ' l '1 as a pole, is less deviated by

trvo refract ions ancl ref lect iotr,  than is the i iglrt  inciderl t  at

other small  circles aLrout irr .  I t  appears t irat t l rc sttrface of

t l ie  ra in -dro1r  i s  d iv ided in to  d i f fb ren t  zones  about  the  po le

IIf ,  and the path rvithin depencls ot.t  thc poler , tngle d, rnd

also otr t l te rvave-lerrgth of the l ight.

I t  rv i l l  be  found tha t  lo r  rays  o f  the  v is ib le  s l )ec t r l l r ) r ,

the  I ieh t  inc ident  in  the  nar row zone or  s r t t f rL te

be in  such pos i t ion  the t  the  l ig i r t  en ter ins  thern  iv i l l  hnve

undergone r l inimutn deviat ion, ar-rd send to the observer l t

relat ively large antottt t t  of l ight, on a darketrcd backgroLlnd.
' l ' h is  s i rnp le  theory  b r ie f l y  ou t l ines  the  toundat ion  o f  thc

ra inborv ,  bu t  the  d ispers ion  o f  co lo rs  i s  s t i l l  to  be  exp la ined.
\\ Ie shl l l  norv inciude the eft-ects o1' rcf iact ion and re'

l lec t ion ,  so  as  to  take  account  o f  d ispcrs ion .  ' \ s  the  sun 's

rays inlude al l  the rvave-lengths of the spectrul 'n, 1ve l l lust

cons ic le r  the  produc t ion  o f  co lo r  in  the  ra inborv .  I t  i s  ob-

v ious  tha t  i f  the  source  o f  l igh t  \yere  a  po in t  and there  rvere

rnonochrorna t ic  l igh t ,  the  l t t r t t inor " rs  band u 'ou lc l  be  reduced

to  a  lnere  I inc  o f  one co io r  t : i r c l ing  about  t i re  an t i -so la r  po in t .
l ln t  rvhen l igh t  o i  the  rvho le  spec t ru tn  i s  in< : ic lc r t t  upon the
r l rops ,  the  v io le  t  rays  are  de  i ' i l t t cd  u rore  t l ta l t  the  l rver lge ;

moreover  the  l ' i c i t l i  o f  the  sor t rce  o f  l i i l r t  l t t s  t i re  s 'eves  l l l l

a t  s l igh t ly  d i t fe ren t  ang ies ,  und hence\ l t c  inner  s ide  o i  the
cone has en rnglc 1 of al-rortt  ,1 o". 

' I ' l te rrr inirorv is t i rus a
con ica l  band,  about  z "  s ' i c le ,  rv i th  thc  rcd  banc l  lbou t  4 : "
f r o r r r  t l t e  i r r ) l  i ' s o l u r  l ) o i n t .

In  adr l i t ion  to  the  pr in rary  r r in i ro tv  th t rs  L r r i c l - l y  ex-
p la ined,  there  is  t  second l ry  n t inbo l '  t lue  to  l i sh t  rvh ich  l res
been t r i ' i ce  re l le r : tcd  w i th in  the  drop ,  as  s l to tv r . t  i t t  l l g r t re  z .

Z n

l s  :  7 d 6 r s f i | J A r , l  :  z n  t r s i r t d  r I 0 ,  d  :  5 g ' '  ( t 6 )

operates to fortn u ,r"r l t ," ,  pcnci l  u\ ' ,  -11 l ' l ren t l tc ra1's l tai 'e

undergone the i r  las l  re f rac t ion  in  le l t v i r l t t  thc  r l inc l rop .  In

another  s t .ua l l c r  zone,  as  
" l {1 ,  

ner t rc r  the  po ie ,  the  inc idcn t

l igh t  fo rnrs  a  < l i vergent  1 ;enc i l  , \ i  1? , ,  rv l te t l  t l r c  o r ig ina l l y

para lLe l  rays  l tave  c le l ta r ted .  
' l ' he  d i rec t  i l l u r r r i r r : r t ion  o f  t l re

henrisphere of the drop turned to\\ 'ar( ls thc srttr  t l rus yields

snccessive. zones abottt  the pole r l l :
' l"r f (1,' 9. !,' I- r '  .  t  , t  ' l  

[ ' r i , , a r l d - + -  { ' s i n d , l d - +  { ' . i . , 9 , t d 1  ( , t )2 I r  r ' I  s t nd  i a  :  2T t  r -

o t J i l . ' i , i
' l ' o  t t t rders tanc l  t l i e  i l l u rn ina t ion  o f  the  sky  no te  d  in  r

ra inbo lv ,  rve  no t ice  tha t  in  the  case o f  an  ern i t t cd  par l l l c l

penc i l ,  the  on ly  decrease o f  the  l igh t  rv i th  thc  d is t rLncc  t lepends

on the  absorp t ion  in  the  ra i r l c l rop  as  I  t t te r i iL t t r l ,  rv l r i ch  i s

srnal l .  l lut rvi th the divergent pcnci l  the cast- '  is vcry t l i l i 'e rent,

lrec:ruse the ra1's lre sltread over i l  qrei l tcr lLt ld g-t 'eater l l rea

as  they  recc t ic  l ro rn  the i r  po in t  o f  i r l te rsec t io t t ;  an t l  l te r l ce

the  i l l umina t ion  rap id ly  decrc - lses
; \ccc . r rc l ing ly ,  i t t  v ie t r ' i r tg  sL tc i r  u  ra i l r r l ro l r  l r -o r r t  l t  c l i s t l t t l r : c ,

rve slrould receive a consir leralr le l t tr lott t t t  of Icl i lLt; tccl ) igl i t

in  look ing  a long t i t c  < :on ic : t l  su l l l r ce  1 ' r ; \ i ,  l rL r t  vc ry  l i t t l c

when r i ,e look along al ly other cr>t.t iclLi sLtr i lLr:c l t l -r t .rLtt  t i re

ant i -so la r  po in t .
A f te r  pass ing  th rough t i re  l i r l l i ng  re in t i ro l i s  t l re  l igh t  o1 '

the sun thits becotnes t 'edistr i l luted in the sl iy, atrt i  r l  I l t tr l i t totts

banr l  appeers ,  cor rcspond ing  to  the  ra ) ' s  r r ' l r i t ; l l  c r t le rge  as

para l l c l  l tenr : i l s ;  b r t t  in  the  o ther  z .o t . t cs  t i te t ' c  rs  rc la t i vc ly

increased da lkness ,  g rv ing  to  the  d ivergen l ;1 '  r  ' l  r rL l  s  cor -

respond ing  there to .
I t  \ \ ' i i l  be  seen f rom the  los 'e r  I ra r t  o i ' thc  hqL l re

tha t  the  ang le  i !  P2X '  :  y  i s  4zo ;  and hence l l l  r l i ndrops

on the surface of the cone 4zo lrot-n the arl t i -solar l loint u' i l l

l i i g .  z

5 -
frg'5

r r?.1 p 
. , .1

_ _---jg--r*^-+r-3iqgg;:- 
to--t -,.n .'$q

l i i g . . ; .  ( . i cnc ra l  o r r t l i r l c  o l  t l r c  t i r t o r y  o f  t l r c  r a i r t l r o t v  g i ve r t  i t r

\ - . c \ v t o t r ' s  ( ) l ) l l c s ,  I  7o+ .

Orr ' ing to t ] )e I 'cversed uat t t re of  t i re rc l lect ior l ,  f ron-t

be lo r v  u l lwn rc l ,  r v c  l l c r ce i ve  t h i r t  t he  co lo r s  i t l  t h c  seco l l da r y

bo\ .  shor. r i t l  bc reversecl .  
' fhr ' rs  

lvhi ls t  t l te 1 ' . r r in l l r l 'borv g ives

thc red above i rncl  the v io let  l lc lorv,  t l tc  secouclary borv has

the v io ler  above lnd t l ie  red belorv.  r \ r ld the angles 7 of

the cone are abort t  54o for  the v io let ,  at rd 5 ro for  the red'

I ' i x l , l a r l L t i , , r r  o i  t l t e  P r i l t r r r r v  r r r r l

l r 1  . r  I c r r r ' r r l  , l u r ' l , l t  r t  t l t t t i u t r
s e c o n , l a r v  r r i t r l i t t t t ' ,  t l l e  l a t t e r

r v i t l r i r r  t l r e  r a i n L l r o l I .
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The secondarl '  rainborv is therefore u' ider than the prirnary

bor ' ,  and fa i r - r te r ,  n 'h i le  the  co lo rs  a re  exac t l l ' reversed.

l i ro rn  t i re  reason inq  hcre  ou t l incd ,  i t  fo l lo rvs  tba t  there
are t\ \ 'o z.oncs fbr proclt tcine the rairrbol 's:

r .  
' l 'he I)r i tnarl '  13os',

t r . r

^  l .

11 , \  :  2 i 7  , . ' :  I  s i nd  dd ,  L t  
:  4o " ,  X t  :  4zo  ( tS )

' l
1 l r

z .  
' f  he  -qccondar ) '

cl,\ - z'r 12

rvhere 1r ,  lz, ls, /". t
an t i -so la r  po in t .

l : :  5 r " ,  7 , :  5 0 "  ( r q )

Jlou',
0 r

. l  s r n  d  ( l d ,
(),,
are  the : l r r r . l e s  o l ' t h c  c o n c s  f l o n r  t l t c" ' 5 ' , _ "  " '

Norv  cons ider  rvhat  wou lc l  be  thc  resu l t  fo r  g rca tc r

changcs  in  l r t ye  length  than r i ' e  l tave  cor rs ic ie rcd .  O l rv io r rs lv

the  rv ic l th  o f  these l t t tn inor ts  zones  s 'o t t l c l  i i e  inc rc tscc l ,  a t t t l

thel '  r-r. ,1*1. ' ,  attain art l '  rvicl th apProPriatc to the r:rngc in

rvave- lcnq th .  
' l ' hLrs  i f  t l t c  rengc  o [  * 'avc- ]c t r t { th  be  r t t t r l t ip l iec l

say  tcn fo lc l ,  t l r c  zonc  o i  l igh t  n r ish t  l rccornc  r l t t i te  l r ' i c le .
I i ina l l y ,  s 'e  shoLt ic l  cons ider  thc  c f fec t  o f  inc reas i r tg  the

rv id th  o f  thc  luur i r rous  sor . l rce ,  as  by  pu t t ing  a t l c l i t iona l  suns

to  rad ia t ing ,  s ide  l ry  s i r - le .  O l rv io r rd l l '  cac ] r  s r tn  rv i l l  gc l te ra te

i ts  o rvn  ra i r r l ro r . , ' ,  rv i thout  rcqarc l  to  tha t  c luc . to  thc  o thcr  sL t t r ;

and thus  rvc  shot t l t l  havc  a  s r tperposcc l ,  o r  acr : t t t t t t t la tcd  in -

tegra l  c l i -cc t  o r t  the  l r i t< : l<groru tc l  o f - thc  sk1 ' .  I f  thc rc  l rc  s t t t t s

side lry -sidc, l l -onr 11; . :  60 Io o, :  36o", u' I iere or is thc
az in ru th ,  the  c i r< :u la r  s t r ing  o f  s t111s  l rc l r  the  hor iz .o r r ,  r r 'o t t ld

f i l l  thc  I rc l l cns  n ' i th  r t inborvs  su l )e r l )osc( l  th rcc  o r  rnore  la1 'e rs

dcep,  an t l  the  s ,ho lc  lo tvc r  1 ;a r t  o f  the  sk t '  n 'o t t l c l  bcco tuc  very
l u r n i n o u s .  i \ n d  i f  t h c  c l e l a t i o l r  o f  t h c  r i n g  o f  s t t n s  b c  i n -

c reaser i ,  f ronr  thc  i to r i zor t  to  thc  zcn i t l l ,  i :  goo ,  : :  o " ,
s 'here :  i s  the  zen i th  c l i s t i tncc ,  l ' c  shou ld  f i l i  thc  rvho le
he i rvcns  seycra l  .  t i r l cs  ovcr  s ' i th  thc  i ig l r t  o f  ra in l ;o rvs .

' l ' l r csc  r :o r . r r :cp t ions ,  r l ra* 'n  f ro t r . r  our  theory  o f  t i r c  re in -
b o s ' ,  a s  c x t c n c l c d  b ) ' i r r t e g r : r t i n g  t h e  c r r t i r e  c c l c s t i l l  s l l h e r e ,
rv i l l  l r c rh rps  provc  o f  v r luc  u 'hen 1 \ ' | c  conre  Lo  c lca l  * ' i th  the
's'ave t ireor'1'  of nrolcctt lat '  lbi<;cs.

( i i )  Sir J ' , , /rn /1rr.r, : l r l  s rrsunrcnt that in rcl l- :r<:t ion thc
m e c h a n i r : a l  f o r r : c s  c r c r t c c i  n r u s t  b c  t e l t r c t l  i n l r n i t e ,  n r a l ' l r c
ex tenc ie t i  a iso  to  t ' l i spers ion ,  and thc  h r r rc ' l t t css  o f  l rod ics ,  as
in  sec t ion  I0  l rc lo r r ' .

ln  I r i s  cc lc l r ra tc r l  l r t i r : l c  on  l , ig l r t ,  I in r : r ' c l .  - \ l c t rop . ,  r  84g,
Se ct. 5 6 t,  S)r j 'o," i t  / l r t 'srht '1 has r: t lc;t t l l tccl thc jr t tcrtsi tv ol-
the  re i rac t i ve  io rcc  i r - r  cornpar ison  s ' i th  thc  fo rcc  o f  g rav i t l '
a t  thc  car th 's  s r r r face .  \ \ rh i l s t  h is  resr r l t  i s  o l r t l i ncc i  on  t i rc
i \Vu ' fon \n  en iss ion  thcory ,  and no t  l r l cc isc :Jv  lpp l i cab le  to
the prolr len'r bcforc us, ) 'et this reasoning, ts / [rr-rrhrl  rcnrarl is,
i s  r v e i l  c a l c u l a t c c l  t o  s h o n ' t h e  g r e a t n c s s  o l -  t h c  p o u ' c r  o I
n lo lecu la r  fo rccs ,  

' l ' l r i s  
cnor rno t ts  fo rce ' !ve  no \ \ ' r ss i r ln  to

rvaves  ac t io r r ,  anr l  cxp ia in  l r l '  the  vcry  h ieh  e las t i c i t -v  o f  the
aether ,  r i ' h ich  j r  6  :  68g32 r  6ooooo t i t res  rnorc  e las t i c  than
our  a i r  in  p ropor t io r l  to  i t s  dens i ty ;  anc l  -ve t  th is  enornrous ly
c las t i c  ac ther  no t  on l1 .  i ras  the  rvave sur face  rc f rac te r l ,  and
thus  snddcn l f  i ren t  in to  : r  r rc l '  pos i t ion ,  a t  thc  l iounc l i r ry  o l '
so l ids  and l i r l r r i c is ,  l ru t  a lso  su f ' fe rs  en  rn rer lua l  le f rac t ion  or
d is l le rs ion  o f  t l r c  u ,aves  accorc l i l rg  to  the i r  l cng th .
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/[rrsrhrl 'sanalysis
ref ract ion is  so rvor thy
to l l on ' s :

290

of the intensity of the forces producing
of  carefr r l  s tudy thnt  we quote i t  as

>\ \ rha tevcr  be  the : fo rces  by  rvh ich  bod ies  re f lec t  and
r e f r : r c t  ) i g h t ,  o n e  t h i n g  i s  c e r t a i n ,  t h a t  t h e y  m u s t  b e  i n -
corlrparably more energetic than the force of gravity. The
attract ion of the earth on a part icle near i ts strrface produces
a r ie l l cx ion  o fon ly  about  r6  fee t  in  a  second;  and,  there fore ,
in a nrolecule rnoving rvith the velocity of l ight, rvoti ld cause
a c r l r \ ' : r tu re ,  o r  change o f  d i rec t ion ,  abso lu te ly  insens ib le  in
thnt t j rnc. In fact, we lnrlst consider l l rst,  that the t inre during
l 'h ich  thc  l ' l ro le  ac t ion  o f  the  rned i r . rm takes  p lacc ,  i s  on ly
t l iat rvi thin u'hiclr l ieht traverses the dian-reter nf t l rn cr. l .n'o

o f  s c r r s i l , l c  r r  t i o '  o f  i t s  r ' o l c c u l c s  ̂ i  r n "  , , , . f * ; . ' ; i " ; i l ; , ;
so  r r r r r :h  es  a  thoLrs rnd th  o f  an  inch  fo r  th is  space is  bevond
a l1  p ro i rab i l i t l , ,  and  th is  in te rva l  i s  t raversed by  l igh t  in  thc
r f r z 6 i  z o o o o o o o o o  p a r t  o f  a  s e c o n d .  N o w ,  i f  w e  s u p J ) o s c
thc  c lcv ja t ion  produccd l ;1 ' re l rec t ion  to  l ;e  3oo,  (a  case u 'h ich
f rc r l r rc r r t i l '  happens)  anc l  to  be  produced by  a  un i fb r rn  fo rcc
a<; t ing  r iu r i r . rq  r  t ' ho lc  second;  s ince  th is  i s  equ iva len t  to  a
l i r rcar  r l c l l cx ion  o [ '  z  ooooo mi les  X  s in  1oo,  o r  o f  r  ooooo rn i les
: -t- iooooooX r(r I 'cct,  such a forcc nrttst excecr. l  qravity on
the  ear t l r ' s  snr faqe t3oooooo t imes.  I lu t ,  in  fac t ,  t l i e  l ' ho ie
cffect lrcins procluced not in one second, Lrut in t l-re snral l
f rac t ion  o{ '  j t  above mcnt ionec l ,  t l re  in tcns i ty  o f  thc  fo rcc
opcr r t ing  i t  (see  l ' l cchan ics)  t . r tus t  bc  g rca tc r  in  thc  ra t io  o f
t h c  s r l u l r c  o f ' o n e  s c c o n d  t o  t h e  s r l n a r c  o f t h a t  f r a c t i o n ;  s o
th i r t  t l r t :  l c rs t  in rp robab lc  sLrppos i t ion  rve  can mlkc  g ivcs  a
r r r c a n  l o r r : c  c r , l u n l  t o  4 9 ( : o r  z ( t z i  z X  r  o 2 {  t i m e s  t h a t  o 1 -  t c r -
rcs t r i l l  g ra l i t r ' .  l l r r t  in  edd i t ion  to  th is  es t imate  a l reac lv  so
c l ro rn lo l l s ,  rvc  havc  to  cons idcr  t l r r t  e rav i ty  on  the  cnr th 's
s r r r facc  is  the  resu l tan t  a t t rz rc t ion  o f  i t s  rvho le  mass ,  rvhereas
the  fo r r :c  d r . : l l cc t ing  l i { r l i t  i s  tha t  o f  on ly  1 } io r "  mo lecu les  i rn -
nrcc l i r t r :1v  rd jo in ing  to  i t ,  and  u ' i th in  thc  sphere  o l ' the
c lc i l cc t ing  fo rccs .  Norv  : r  spherc  o I  r  /  r  ooo o f  an  inch  d ia -
nrc tc r ,  lnd  o l - the  nrc .an  dcns i ty  o f  thc  c r t r th ,  u 'o t t l r l  cxer t
a t  i t s  s r r r l : r r : c  u  lT rav i ta t ing  fo rce  on ly

( t i  r " o o )  x ( r  i n c h / < l i a n r c t c r  o f  t h e  c a r t i r )

o1-  o r r l inar l '  r ; ra l i t l ' ,  so  tha t  the  ac t t ta l  in tcns i ty  o f  the  fo rce
cxcr tc r i  l r r .  thc  n ro lccu lcs  conccrncd "cennot  be  less  than

(  t o o o .  e a r t h ' s  d i a n r e t e r ) / r  i n c h  ( :  4 6 3 5 z o o o o o o )

i i rnes  thc  a l rovc  cnornror ts  n t tmber ,  o r  uprvards  o f  z  '  r  o  I  I

u , i rcn  r :onrparcd  \ \ ' i th  thc  o rc i i r - ra ry  in tens i ty  o I  t l re  q rev i te t i r rq

poucr  o f  n ra t tc r .  Suc i r  r re  the  cnerq ies  c ,oncernc t l  in  the

l rhcr ronrcna o l -  l ig l r t  on  the  Abu lon i t t t r  c loc t r ine .  In  the  un-
t iu la to r ,v  h1 'po thcs is ,  numbers  no t  l css  imuren,se  u ' i l l  occ t t r ;
nor  i s  thc rc  a r1) r  n ro(1e  o f  concc iv ing  the  sub jec t  rvh ich  c loes
not  c r l l  u l )on  us  to  ad l l r i t  the  exer t ion  o f  mechan ica l  fo rces
r v h i c h  r u r l ' r . , c l l  L r c -  t c r n t e d  i n h n i t c . <

3 .  O L r t l i n c  o f  N e r v  ' l ' h e o r y  o f  S u r f a c e  
' I ' e  

n s i o n
a n d  o f  C a p i l l a r i t y  b a s e d  o n  \ \ / a v e - A c t i o n .

( i )  i f ronr  the  snra l l  rad ius  o f  ac t i v i t y  o f the  uro lecu la r
fo rces  ob- .e rycd  by  Qu in t / tc  in  r869,  -  namcly  5o  mic ro-
mi l l i r l c t rcs ,  cor respond. i t - tg  to  a  wave- length  o f  on ly  one ha l f
t l ^ 'a t  o f  the  shor tes t  l vave  ever  measured -  i t  fo l lou 's  tha t  these
forces  c lcpend on  rvaves  i r r  the  inv is ib le  chern ica l  spec t rum.

lrr Poggcndorff 's r\nnalen, I37, r 869, Quinc/r.c gives

cer ta in  res l l l t s  o f  h is  observa t ioua l  researches  on  caDi l la r i t y
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and .s im i la r  phenomena,  and is  led  to  the  conc lus io r r  tha t
the nrolecular attract ion becomes sensible at a distance of
about  5o  mic ro-mi l l iu re t res ,  o re  o .oooo5o n im,  one ur i l l i on th
o f  a  m i l l i m e t r e  r p , 1 t , :  o . o o o o o r  m u r .

Rdn/nld and Riiclcr have strikingly conhrmed Q)titt/te's
conclusions by their researches on soap bubbles. ' l 'hcy lbund
that the black f i lm alrvays fomred before the stable bubble
breaks, and that i t  has a .uniform or nearly uniforrn thickness
of  r  r  o r  r  2  mic ro- l r i l i i n re t res ,  (Proc .  l toy .  Soc . ,  June z  t ,  r87  7  ;
a n d  P h i l .  1 ' r a n s .  R o y .  S o c . ,  A p r .  r q ,  r 8 E . 3 ) .

In  h is  we l l  known Address  on  Cap i l la ry  r \ t t rac t io r . r
Lord Jieluit t  remarks that the abrupt comllrer)cenrcnt aud the
per rnanent  s tab i l i t y  o f  thc  b iack  l i lm br ing  to  l igh t  l  1 ) ro -
pos i t ion  o f  f i rndarnenta i  in rpor tance in  u ro lccu la r  thcor l ' :
namel l '  the  tens ion  o f  the  f i ln r ,  wh ich  is  sens ib l ) '  co l l s t i ln t
rvhen thc  th ickness  exceeds 5op1r ,  d in r in ishes  tu  i r  r r in in r . lu r ,
anc l  beg ins  to  inc rease aga in  rvhen the  th ickncss  is  t i i rn in ishec l
to rolrrrr.  I t  is not possible, I . ,ortf  I{ t / t , i t t  conclnclcs, to explain
th is  fac t  by  any  i rnag inab le  la rv  o f  lo rce  bc ts 'een the  < l i f fe ren t

l to r t ions  o f  the  f i l rn  sLrpposed houror rc .neous ,  anc l  u 'e  a re
lb rcec l  to  the  r :onc lus ion  t l ra t  i t  c lepends u l ron  nro lc< :u l r r r
h  e te rogeneousness .

Ar :cord ing ly ,  the  r ro lecu la r  s t ruc tu re  rnd  sus ta i r r ing
forccs  c lepend on  c l i s tances  o f  these d imens ions ,  us  i l  t l i , - '
fo rces  are  dr . re  to  rva ' r ,es  in  the  chcnr ica l  s l )ec tn ln l .  ' l ' h is

reason ing  is  based on  rve l l  es tab i i shcd obsen,a t iona l  c l r r tu  on
the  rad ius  o l '  a t ; t ion  o f  r lo lecu la r  lb rces ;  anc l  t l rus  i t  r ruv
a lso  tb rorv  l igh t  on  the  canse o f  these fo rces  i r - r  suc l i  l r l r c r ronrcnn
as  cap i l la ry  x t t rac t ion .  Here  is  a  suggest ivc  sL l t r )n rar ) ' ,  i r r  * , l r i r :h
the  n i i c ro -mi l l imet re  i s  thc  un i t

r .  \Vave length  o f  - I ) - l ine  o f  sod iunr  -5 ( )o  p l {
z .  I \ ' Iax in rnnr  o f  chenr ica l  ac t ion  in  the  so la r  s l )c ( : tn l rn  .+oo )

r .  L iv is ib le  s l )ec t run l  beg ins  3oo )
.4 .  Shor tes t  wave- length  ever  l reasurcd  roo  ,

5. Quittc/te observes rnolecular act ion ef lect ive 5o ,
6. Iitittlttt/t/ .rnrJ J(iic/tcr rupture soap bubbless at thi(:l(-

n e s s  o f  r o  ,

I t  has  long been knotvn  tha t  chenr ica l  ac t ion  is  con-
f ined ch ie i l y  to  the  u l t ra - r , io le t  par t  o f  the  spec t ruur .  r \nd
norv  i t  a l ) l )ears  l iom th is  tab le  tha t  the  rno lecu la r  l i i r ces ,  i1 -
duc  to  wave ac t ion ,  a rc  ch ie f l y  deve loped in  t i te  to ta l l y  in -
visi l-r le spectnrnr, t i re violet 11 Lrnd z( l ines of the solar sl)ectnlnt
corresponcl ing to about 4ooplt, .  Lorr l  t{ t /uut est i l ratr:s the
rad i r ts  o f  ac t ion  o f  the  r ro lecu la r  fb rces  as  le  ss  than 2  So f t , fL ,
and on  the  rvave theory  th is  resu i t  i s  con l l rn red .

' I 'he tprestior-r arise s: Horv are \ve to inter 'plet thc de-
ve lopment  o f  these shor t  rvaves? In  any  ne* ,  t l teory  therc
is  n ruch  rvh ich  s t i l l  renra ins  obscure ,  bu t  the  fo l lo l ins  ou t l iue
enab les  us  to  in te  rp re t  u ros t  i f  no t  a l l  o1 ' thc  I<no* 'n  l r i r c r romcna :

t .  \n  La ! lac t ' s  theory  o f  cap i l la ly  a t t rac t ion ,  l ;ased on
t l te  theor l ,  o f  n io lec l la r  fo rces  sens i [ le  on ly  a t  iusens ib le
distances, he puts/(r) as the unknorvn fr.rnct ior.r of thc lolces,
and takes

€
a . ,y ( , )  :  , j / ( , )  a,  :  "

t l

act ion  o f  the  lb rces  is  insens ib le  beyond
d is tance r '1 ,  rvh i ih  i s  the  lo rver  l im i t  o f  the

or  the
l i rn i t ing

| \ 2 0 /

a sr-nal l
i  n tegra l .
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I i ronr the above reasoning rve lray suppose this value ot
7't  < 250 l t l t , .

z. Now Langley found by his e-rplorat ions of the in'
l r a - r ed  s l ) ec t r u r r ,  by  means  o f  t he  bo lo r l e t e r ,  t h i r t  t he  hea t

spec t ru l r  u ' as  abou t  zo  t i n res  t he  l eng th  o f t he  v i s i b l e  spec t ru rn

olrserved by t \ :Lt t , /ot t ,  rvhic l i  ntns f rom . l  :  ? 5g.4 ( t l t ,  to

. 1 f  :  393 . . ; t i , r r # ,  and  t e rn r i n : t t e  s  r l u i t e  sudc l cn l y  i t t  zOo .o f l # . ,

acco rd i ng  l o  Co rnu .  
' f hus  

t he  hea t  spec t ru l r ,  r nade  np  o f

l ong  r vaves  i r r equ la r l y  d i s t r i bu ted  ove r  a  i v i de  space ,  i s  o f

eno rn roL l s  ex ten t )  enc l i ns  i n  t he  o the r  d i r ec t i on  be1 'ond  t he

red,  at  say 7 : l  :+ o l . l r  .

3 .  t \ I agne t i c  and  g rav i t a t i on r l  r vaves  e re  supposed  t o  be

cons ide rab l y  l onqc r  t l r r i r  t he  hea t  r v i r ves ,  l r u t  r n  i ns tmn ren t
t o  de t cmr i ne  t he i r  l cns th  i s  no t  ye t  ava i i ab l e .  

' I ' hus  
t he

y r l ane ta r y  f o r ces  unc loub t cd l l . dcpcnd  on  l ong  r vaves ,  r vh i l e

the tnolecnlar  lbrces t lc l . renci  on very short  r i ' r rvcs.

4 .  l t  i s  obsc rvcc i  t l i a t  t i r e  l o r r ges t  l ' a v t ' ' l enq t l i  o f  l i gh t

y e t  n r e r s u r e d  i s  z 5 o o i r i r ,  a n r l  t h c  s h o r t c s t  c l e c t r i r : u l  c i s c i l -

l a t i on  yc t  t l e  as l t r cd  i s  so tne  6ooooo  l r / { . .  i \ nd  l  c  l i n r . r u  i r on r

t h c  l r h c n o n t e n l t  o 1 ' r v l t v e s  i n  l ' a t e r  o i  t l i e  s r u  i i n r i  o t h r r  t l L t i r l s

t hu t  l on t {  \ \ , r \ \ ' c s  l l u v  be  l r r o l i cn  u l )  j n t o  sho r t c r  ones  l r 1 '
r c s i s t l n t ' c .  - - \ < : r : o r c l i ng l r ' ,  r v c  conc luc l e  t ha t  i r 1 '  r c s i s t ance  I ong
c l cc t r i r :  \ \ ' l i v cs  gcnc l  r r t c  hc l i t  \ \ ' i t v cs ;  u .n r i  an  ad t i i t i ona l  b reak in .g

I r l r  o f  l i e r L t  s a l c s  g i v r s  f h c  s t i l l  s l t o r t c r  I i g h t  u , a v c s ;  n ' l t i l e
e  s f i l l  i i r r t l r e r  c l i s i n t e g r r t i o n  o l -  t l r c  l i g h t  r v a r r s ,  s i t r :  t l r e
r : ] r cn l i r : a l  l ' a vcs  o f ' t l t c  i  n i ' i s i l ; l e  s l ) ec t r un )  l  r e l ' on r l  t l r c  u  l t r e , r ' i o l t : r .

5 .  
' I ' l i i s  

t r a r t s { i r r t r t a t i on  l r 1 '  } ; 1c ' , 11ng  r . r 1 r  o l  t i r c  u r t r r ' s

a l ) l ) c a r s  t o  b e  t h c  o r r i c r  o i ' l l l t r r r e .  I t  i s  e r ] i i i r i t r r l  t  o n : t a n ! 1 1 '

i n  t h e  s u r f a c c  t r r o t i o D s  o 1 ' t h c  s c r r .  , \ r t l  l r V  t r r r n i n g  o l r  u n

c lec t r i r ;  cu r r cn t ,  -  l  l r i r : h  r r  l r s  s l r o r  n  i n  t l i c  i u . r t ho r ' s  l ' < . r r  k

o1 '  r  g  r  7 ,  t o  be  ae t l r c r  N lL r  t s  r . r l  r L  r : c r t e i n  t f  l ) e  
-  t he  c l i s -

t t t r bance  i s  obsc rv t r l  l o  l r t r t  r r  * ' i r t :  r i l l  i t  b c r : on res  red ,  l - i y

t he  res i s t ancc  c l ppose t l  t o  t hc  r r ) o t i . ) n  o f  t hc  l o r r ge r  e l ec t r i c

\ \ ' a ves .  l i u r t he r  o l r e r l r t i ou  o l ' t hc  e l e t : t r i c  t : u r r e r r t  r nakc ' s  t l r e

res i s t ance  r v i r e  g l o * '  u i t l r  t he  b r i l l i an r : y  o f  t he  e l ec t r i c  spa rk
o r  a r c ,  r v h i c h  i s  l l l l c t l  * ' i t i r  l i o l e t  l i g h t ,  l i k e  t h l t  o 1 ' t i r e  s u n .
S t i l l  h i g h e r  a c t i o n  < . r t - t h c  t : u r r e n t  c a u s e s  t l r c . r ' a l t o r i z a t i o n  o l
t l r c  l uu r i nous  f i l n r  o1 ' t l r c  e l e t : t r i r :  I i { : h t ,  and  t l r L r s  t hc  gene ra t i on
o f  c h e m i c a l  w a v e s ,  l s  i n  t h e  l i g h t  o f  t h e  s u n  a n d  s t a r s .

6.  
' l ' he  

u 'avcs  l r ro i lu t : ing  chemica l  a l l ru i ty  a re  thus  he ld
to  bc  so  shor l  i r s  to  l re  inv is ib le  to  the  l run ian  eye .  

' l ' h is

rvho le  p r -ocess  thcrc l i r re  con l l rn rs  the  fo i lo l ' i ng  v ie rv :
( . r )  A l l  shor t  r iaves  in  na ture  conte  1- rour  the  break ing

up o f  longer  * 'avcs  in  t i rc  ae ther .
(b )  t \ l l  n ro lecu la r  lb rces  opera t ive  in  c : l re r l i ca l  i r { f in i t y ,

cap i l la r i t y ,  cohes ion ,  n r l i res ion ,  sur i rce  tcns ion ,  r tc . ,  a re  due
to  very  shor t  rvarves  in  t l re  ae ther ,  rv l t i c : l t  I i c  l rc l 'on t l  the  u l t la -
v io le t ,  in  the  re  g ion  { iour  r  o  to  2  .5  o  j rp .

7 .  
' l ' h e  u u r r i n r u n r  o f t h e  c l r e n r i c a l  a c t i l i t v  i n  t h e  s o l a r

s p e c t r u n l ,  a b o n t  4 o o r r 1 r ,  i s  d u c  t o  t l ) c  e r e a t e r  l g i t a t i o n  i n -
c ic len t  to  the  longer  rvuves ,  rvh i< : l i  c f t -ec t  the  g fea tes t  changes,
l 'h i le  the  shor te r  \ \ ' t \ ,es  exer t  t l )e  g rea ter  tb rces  o f  a  s teady
c l r  u rac ter .

8 .  l f  th is  conc l r rs ion  be  adr l i ss ib le  i t  con [ r rn rs  Lu l /acc 's
theory  o f  cap i l la r i t l , ,  rv l r i ch  i s  n ra themat ica l l y  expressed by
the  lo rn l r la :

€

) 'r\r)y ' \ /  J  - d 7 : 6 .  ( : o )
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And i t  ind ica tes  tha t  d i f fe ren t  s t tbs tances

nr iss ion  o f  tbe  u 'avc- )engths ,  ) " r ,  ) . . ,  ) " ,  " '  ) . ; ,  L ;
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forces, according to their resistance or their trans-

/ a

J r

rvi l l  exert
I  / 1 :

r:),"

-+- I{, f f(t') clt'-r_ . ) .

e  a n d
for the

( ' q )

3o

different

rvhere 1d,-I i2 , I(3,/{4, '  '  ' I i r- ,  are coeff icients of conductivi t ies,

o r  res is tance fo r  the  par t i cu)ar  r r 'ave- length ,  the  res is tance be ing

the  rec ip ror :a l  o f  thc  cor tduc t iv i t y .

( i i )  L l i rcc t  p roo{ ' tba t  l ro r tndary  p ress t l rc  due to  rvaves

is  the  ca t tse  o f  u lo lcc t t ln r  fo r< tes .

r  .  A  f te r  thc  fo rego ing  d isc t tss ion  o f  t l - re  gcnera l  p r inc ip les

under ly ing  the  rva le ' thcory ,  \ \ re  now cn tc r  r tpon cer ta in  p ro-

cesses  o f  exa t : t  ca lc :L t la t ion .  
' l -he  o l rsc rva t iona l  c la ta  a re  ln -

comple te ,  ] ' c t  the  l ) ro ( lesses  d isc loscd  rv i l l  P rovc  vcry  ins t r t rc t i ve '

In treatises on ph1'sics, (<:(.  Dauir/ / 's l ' r inciplcs of I 'h,r 'si<:s,

3 'd  ec l i t ion ,  r  3g  5 ,  p .  r  4z )  , , ' e  f inc l  thc  co t r r : l t rs ion  tha t  t l r c

I i ine t ic  I inerey  d t tc  to  a  s tca t ly  f lou '  o f  t vavcs  is

e  -  | f , o , , "  ( " r )

rvhere  g  i s  the  dcns i ty  o f ' thc  met l i r tn r  a t r< i  z r  the  ve loc i ty

o f  thc  rv rvcs .

z .  Norv  fo r  s in tp le  har tnon ic  n lo t io t - t  in  a  c i rc le  o f

racl ir ts a, rvhich corrcsporlds to a rva'r 'c-antpl i t t l ( le .1, s 'c i lavc:

o - ,nof / ,  , |  :4l t .2 azf t)  :  1r-2 a2 t '2 (r i)

lvhere r,  :  ,  l t  is the rvavc-frcr l t tcn<:y.

U s i n g  t h e s e  v a l t t c s  i n  ( : z )  u ' e  o b t e i n  l o r  t h c  p r e s s t r r c

dne to thc steady t lon' of \ \ 'nvcs:

-  :  , l rg  u ' )  :  z t t2  t t2  g  t , )  \ r+ )

dynes  per  sq t ta re  ccr l t i r t t c t re ,  o r  c rgs  l l c r  c t t i l i c  cnr .

1 .  When the  s 'aves  are  shor t ,  l  i s  inc reased,  and th t ts

the pressurc ?i7 is increascd, rtuless the ampli tude a is cor-

respond ing ly  dccreescc l .  
' I ' h is  ra ises  the  q t les t ion  as  to  rvhether

re ta rde( l  r 'aves  havc  grca tc r  o r  less  anr l l l i t r t c le  than the  or ig ina l

unchanget l  rvavcs .  I t r les t iga t ion  shorvs :

(a) ' t 'ne long s'aves break up into shorter rvavcs, by

a process ftr l) i '  outl inerl  for u'atcr rvaves l l1'Sir (- lror.gr.t i t ' , r ,
- f i i l cs  anc l  \ \ :aves ,  l ' )n r :1 ' t :1 .  I I c t r . ,  I345 ,  (c f ' .  Sccond I 'apcr  on

t h e  N c r v ' l ' h c o r y  o f  t l r c  l \ e t h c r ,  r \ N  5 o 4 8 ,  l ) l ) .  r 4 r - t 1 2 ) .

I t  i s  s i ro* 'n  tha t  thc  s 'n le  f ron t  becot rcs  s tec l ) ,  ow ing

to resistance, an<l the crest 1)reaks into tw'o parts, anrl  f i rral ly

a  p v
, ,  P P P

f t l  :  " t r ' )  , \ . \ . \ " M d 9  l z ' 4  r ' : - + - s " I  ' / J  r ' ' t - r

o o o

( r t )

forms t ivo sel)arate u'aves, the lear lvave being shorter and

hav ing  the  sura l le r  anrp l i tude .

(U)  ' t ' t r c  longer  o f  thc  par ts  o f  the  broken ' i vave becomes
actua l l v  o f  la rqcr  a rnp l i tude than the  or ig ina l  rvave.  And
ivhen su l rc l i v is ion  aqa in  occurs ,  the  sa t le  tendency  ar iscs  -

l ro re  \1 'aves ,  enr l  o f  la rqer  a rnp l i tL rde .  
' fh is  conc lus ion  o f

z i i r ' , y  i s  ver i l l c t l  l r y  thc  t idc  he igh ts  observed a t  San I i ranc isco

rnd a t  1 \ le rc  Is land -  thc  t idcs  a t  t r la re  Is land be ing  h igher

I rv  thc  l -a r ; to r  r . :6 ,  r i ' h i r :h  i s  a  no t icca l ; le  inc rease o f  a r r tP l i tu r ie

in  t ravc l inq  : .5  n r i i cs  f rour  the  Go lc . len  ( la te .

(c )  In  , :ons ic lc r ing  rv ives  t rans [brnred  by  res is ta t rce  u  c

havc  to  sunr  n l )  thc  p rcss t t re  c l t te  to  a l l  l cng ths ,  a t rd  the

ef tc r : ts  o1 ' thc i r  c l i l l c ren t  r r rnp l i t r tdcs ,  rvh i r : l i  r s , l t t i res  an  in -

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

4 .  I f  n  l rc  t l r c  i r t t l cx  o I  rc f rac t io t t ,  the  re f rac t i ve  ac t ion

at  thc  bout t t l r t rv  s ' i l l  bc  ( " ' -  t  ) ,  anc l  thc  \ \ '41 'e  p ress t l re

cxcr tc r l  o t r  t l r c  bo t t r tc la r ,v  o f  thc  l lu id  s ' i l l  be ,  in  dynes  per

s ( luu . rc  cnr  o r  c rgs  pcr  c r t l r i c  c t . t - t :

a j  :  2 ; 7 t  , t 2  g  t , 2  ( " t -  t  )  ( ,  S )

l : | L r t  i t  i s  r r ' c l i  knos - t r  t ha t  l  anc l  z z  a r c  r c l a t c r l ,  t ho t r gh  no t  i r l

x  \ - c r ) '  s i n rp l c  * ' a r ' .  . \ t : c : o r r l i ng  t o  t hc  cc l c l - r r a tec l  r esca rc i l c s

o l  C , r t t r h t ' o n  t h c  r c f r a c t i o n  a n c l  r l i s P e r s i o n  o f  l i g h t ,

27 :  . .1 +-  J- l  ) "  )+-  C ) . -  t  : ,4-+ l j  y2-*  C t r l ( r e )
rvherc ,4, f i ,  C, are coe[6cients, and I '  is the rvave length,

l  t l re corrcsponrl ing rvave frequency. 
' I 'his forr lrula (26) holds

rp i tc  accura tc ly  lo r  the  range o f  the  v is ib le  spec t rum'

5 .  r \ccor t l in t l l ' ,  fo r  a  g iven rvnve-a t r l r l i t r tde ,  l ' l ve - lcug th ,

irncl acthcr t ' l t :nsity, rve l iave

aD =-  z ; r ' )  , r2  o  t , )  (n2  -  t )  (  .  n \
:  2 ; 1 2  a . !  g t , r l , ( . , 1 _ + l i r , 2 _ + _ c r r . r ) 2 _  r ]  .  

\ '  t  t

l l u t  as  the  enrp l i tuc lc  a ,  dens i t l '  9 ,  a r td  rvave- f requency  z
: r rc  var ia l r l c ,  t r ' ] r cn  s 'avcs  : r rc  rcs is ted  by  n ta t te r  and th t ts

tr:rnsforrre r '1, \ \ 'c l l rLlst takc the tr i  plc integral for these three

indepcnr len t  c leurcn ts ,  in  o r r l c r  to  ge t  n  r igorous  ca lcu la t ion

of  t i re  p re  ssurc  l t  the  bo t lnc ' ia ry  o f  the  f lu id :

6 (B') -r I  C) r, : ' -+ t  6 R C ui -+- 1s7,e) du ( ,  s )

But  i t  i s  e i ' i c len t  tha t  the  res is t ins  fo rces ,  rvh ich  t rans forn

\ l ,ave  s ,  wou ld  a lso  inva l ida te  the  t l se  o f  th is  d i lTe  ren t ia l  equat ion '

In practice s'e have to rely, for t loderately homogeneous

\vaves ,  o l1  c r l t te t ion  \27)  o r  on  eq t la t ion  (28)  rvhen any  process

ex is ts  by  s 'h ich  the  t r ip le  in tegra l  may be ,  eva lna ted '  The

difFculty of el1-ecting the integral ion for the action of rvaves

con ' r ing  f ronr  n l l  d j rec t ions  is  inc reased by  the  c i rcumstance

that they are so short as to be rvhol ly invisible, and t l .re

f requency  l  th t ts  iude ter t r - r ina te .  Hence the  ampl i t r rde  a lso

is  indeterminate ,  a t td  the  e f fec ts  must  res t  ma in ly  on  ar '

gulnents of probabil i ty drarvn from a true catlse recognized

to  pervzrde  the  pbys ica l  un iverse .

r : \ ,  r  : ) ' i

r, I tQ) dr-+ . ' ' -+ r;,[ f ?) dt
t ' : \ "  r : ) ' i - '

6.  I t  i s  to  be  re t re  tnbered tha t  the  e las t i c i t y

density Q are both variable in Aitu' lot is fortrt t t la,

velocity of a rvave in free space:

I l :  I i  t / ( t lg ) :  t i  { ( r t l r c )
so tha t  the  ve loc i tv  I /  does  no t  sens i l ; l y  vary  in  p lanetary

space (AN 5o4a) .  \ l tha t  rnay  occur  rv i th in  t ransparent  bod ies

is not definitely knorvn, but i t  is t tsrtal ly asstttned that l loth

the  dens i ty  anc l  e las t i c i t y  var ies .  I f  the  presence o f  corpr ts -

cnlar matter did not interfere tvi th the wave propagation, the

Akrulonian forunla It2 : K2 tlQ

rvou ld  g ive  d I /  :  lK2 f  (2o"h , ' / , ) ]  . (g  de  -  e  dg)

( : o )

( s ' )
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z { .  P i r l . s i c a l  ' [ ' h e o r y  
o f  t h e  G l o b u l a r  F o r r n  o f

L i q u i d  I ) r o p s .

( i)  Leest act ion leacls to mininrunr clcr. iat ion and therefore
n.r inirrunt cl ispersion in the passing \vtves, the paths for rvhich
are  hcre  i l l us t ra ted  fo r  ra indrops  in  thc  case o f  the  ra in l los , .

I f  the  d i rcc t ion  o f  an  inc ident  beam o f  l igh t  pass ing
throuqh a  pr is rn ,  i v i th  sec t ion  in  the  fo rm o f  an  er lu iangu lar
or  i sosce lcs  t r ians lc ,  be  such tha t  the  pa th  u , i th in  the  pr isn t
be  para l )c l  to  thc  Lase,  i t  i s  s 'e l l  kno* 'n  tha t  bo th  the  dev ia t ion
ant l  c l i spcrs ion  l ' i l l  be  r  n r in iml rn r ,  and thc  cx te rnr l  pe th  o f
the  t ransrn i t t cc l  l i qh t  rv i l l  be  as  near ly  as  poss i t r le  i c len t ica l
u ' i th  tha t  o f  thc  in< : ident  ray .  ' I ' h is  

rcsu l t  i s  the  ou tcor re  o f
the  pr inc ipJc  o f  l cas t  ac t ion ,  u 'h ic l i  n t l y  l rc  l r r ie f )y  ou t l inec l
irs fol lol ' -s.

In  thc  r : rsc
r 6 z o ,  i s

' I ' o  f ind  the  lcas t  ac t ion  a long the  ac tua l  pa t l r ,  rvc
re tne t r l rc r  th : r t  th is  ac t ion  is  lb r  lens ths  o f  pa th  11 ,  /2 ,  / . .1  .  .  .  I ; :

7 1  :  ( t , 1  / r t - t , , l r * 7 4  l . ; , - '  .  .  . - + r ; l ; )  .  ( : : )
Anr l  the  cond i t ion  fo r  the  min in rum o f  th is  ac t ion  is
A l l ? s :  ( ? l a t )  ( , , ,  / 1 * 7 r ,  / o * 1 t j  / , ; * .  .  . - r u i 1 , )  :  o

-  0 l 3 s ( / r - +  r f n r . / , - + r f n r . h + .  .  .  r f r , ; * 1 .  l i )  :  6  . ,  \
< ls :  c l r  ; , ' [ (D . r /Es)?+-  (? r , l0s ) , -+ (?z l0s) r )  \3 '+ /

:  47  1 / [ ( r t . r  f  d r ) , -+ ( \ ' l a t )2 - r  ( ( ]z /d4 ' r l  .
' [ ' he  

ac t ion  or  lo rk  i s  a  n r in in rum a long the  ac tua l  p : r th ,
anc l  thc re  i s  no  change fb r  a  s rna l l  r .a r ia t io r r  in  thc  l x r th :
or, in l fo.ni lozr 's phrase, the action is stat ionary.

I i  7 ,  I rc  the  n 'avc- lenqth ,  the  lc loc i ty  t ,  :  i f  l t ,  , t , ,  z ) ,
anc l  thc  t in ic  o f  l )assage bccoures

P  t  ,  P ,  r . , .  \ l.  :  J  r f  u ' c t s  :  , \  l r l f  ( i , . r , , r , : ) l . d s  .  ( s S )
r \nc l  fo r  the  nr i r - r in rnnr  p t th  onr  s ta t ioner l .  cond i t ion  is

' l ' l re  
so lu t io r - r  sho l ' s  t l r : r t  the  t in tc  o f  passage is  de6ned

by the  func t ion

r - I'' (r, J', z, ),, ru, trl) ( 3 i)
u'here rc anrl  p arc t :on-
s tan ts  o f  in teqra t ion .

\\re rr iay olrtain a bet-
te r  geomet r ica l  and phy-
s ica l  g rasp  o f these ac t io r rs
by  cons idcr ing  the  {b l lo rv -
ing  ske tch  o f  the  rvaves
of l igh t ,  in  pass ins  th roush
the  ra indrop  fo r  the  pro-
duc t ion  o f  the  ra inborv .

r .  The waves are o I
ve loc i t l '  I . '  :  3 .  ro locn t
in  the  a i r ,  be fore  en ter ing
the  spher ica l  d rop ;  then a t
the  boundary  o f the  drop ,
the  ve loc i ty  , ' -  , -  n ,
n'hich for rvater gives a
decrease o f  speed in  the

of  s imp le  re f rac t ion  ihe  la r i

5 j 1 7  : 2 7 5 i 1 1 7 -

s i n r r *  t f  n - s t n i .

of Snc//irts,

( : , )

( : . , )

I . ig .  4 .  l l l us t ra t ion  o f  the  suc lden change
of  wave- lcne th  ) .  and s 'avc .ve loc i ty
/ ;  a t  thc  bounc la ry  o f  a  ra indrop ,

l ' 1  s l r i c l r  i n r r ; r r , i  I r e s s r r r e  i s e . r c r -
ted  a t  the ,sur facc  o f  the  I1u id ,  as
the  s 'avcs  arc  bo th  coming and
g o i n q .

X
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rat io of 4 :  3. Within the drop, therefore, the rva.r,es are
sirorter than rvithout, in the same rat io, because the same
nttr.nbcr are crorvded into a less space s, :  3l+s, as shorvn
i n  t l r t '  f i g u r e . 1 .

z .  r \ f te r  re f lec t ion  a t  the  oppos i te  boundary  o f  the
drop,  thc  pa th  re tu rns ,  and the  l igh t  cmerges  as  shorvn  in
thc f iqure. I t  may be noticed that just as the velocity ancl
rvave- length  are  decreased on  en ter ing  the  ra indrop ,  in  the
ra t io  o f  4  :  3 ,  so  a lso ,  on  leav ing  the  rva ter ,  the  ve loc i ty  i s
inc rcascc l  a t  tbe  boundary  o f  the  ra indrop  in  the  same ra t io
3 : 4 .  A n c l  j u s t  a s  t h e  r e t a r d a t i o n  o f  t h e  r v a v e s  e n t e r i n s  t h e
drop q ives  a  l ) ressure  o f  the  ae ther  aga ins t  the  su i fece
i i  :  -v zr(2 tzz o t,2 (t t2 - r  ) ,  here indicated by the arro*,;  so
a lso ,  on  lcar . ing  the  c l rop ,  the  suddcn acce le ra t ion  a t  the
bonnd:Lr r ' ,  b1 '  rcac t ion ,  g ives  an  equa l  backrvard  or  negat . i ve
l ) r e s s l r r c  G i  :  -  z ; t 2  a 2 o 7 , 2 ( n 2 -  r ) . ' l ' i r e s e  f o r c e s ,  d c p e n d i r r g
on wa lcs  t lon t  a l l  r l i rec t ions ,  app l ied  a l l  over  the  drop ,  e ive
r ise  to  sur f l< ;c  tens ion ,  l .h ich  is  rca l l y  a  cent ra l  p ressure
opcra t in r r  th roueh the  s t ress  genera ted  in  the  ae ther  a t  the
I rounc la r l '  o f  thc  l iqu id ,  l ry  the  sudden change in  the  ve loc i ty
o I  t ] r r '  r  r L v e s .

( i i )  ' l ' he  ac t ion  o f  pass ing  rvaves  rounds up  snrn l l  m lsses
of  l i t l L r id  in to  spheres  or  sphero ids  o f  rn in i rnum ob ja teness :
I )c l in i t c  gcornc t r i ca l  p roo f  based on  a  theorem o l  Arc / t i t r t t t l t s .

r .  l ' hc  re  scarches  o f  anc ien t  and modern  geor re te rs  on
isopcnnrc t r i r :  p ro l r l curs ,  more  espec ia l l y  those o f  Eu l t r  and
Lo.qt'an,;.r, II:ril slras.r tnd Schuars, have shorvn that a circle
I ra -s  n rar in run)  u rc i r  fo r  a  g iven per imeter ;  so  tha t  fo r  a  f i xed
arcu ,  t l r c  < ; i rc l t : ,  o1-  a l l  poss ib le  geonre t r i c  f igurcs ,  has  the
I t r in in tunr  pcr iu re te r .

l lan l '1 'cars  uco  I ' l / t i t7s l r -ass  p laced the  Cer lc , lus  o f
\ ra r ia t ions  on  a  bas is  o l  s t r i c t  r igor ;  and fo l low ing  h is  mcthods ,
Sr I t t ,a r :  has  dca l t  cx tens ive)y  u ' i th  t l re  genera l  p rob lem o f
' r i . i r r r l  s r r r f t t ccs .  ( ) f ' thc -se  sur laccs  the  sphere  is  the  s iu rp les t ,
a n t l  i t  i s  c a s i l v  s h o q ' n  t h a t  i t  h a s  m a x i m u m  v o l r r m e  f o r . a
f i xc r l  sur [a r :c ;  o r  fo r  a  f i xec l  vo lu r .ne  has  the  min in ta l  sur face .

z .  ' l ' ) re  
s lobu la r  fo r rn  o f  l i r lu id  d rops  o f  rva ter  i s

i l l us t ra t r : t l  by  thc  ra inborv ,  s 'here  the  sn ta l les t  dev ia t ion  l ro rn
the  sphcr ica l  f i r lu re  in  the  water  c l rops  rvou ld  des t roy  the
observcrl  arraltgement of colors. \{ercnry, ntolten metal,  nrolten
g lass ,  suspcndec l  g lobu les  o i  o i l ,  and  o ther  l iqu ic ls ,  have a
s imi le r  fo rm;  anc l  we are  na tura lJy  led  to  inqu i re  why na ture
adopts n' i .nt ntathernaticians cal l  mininral surfaces for such
11)asses  o f  l ia r r i c l .

3 .  I f  r  be  the  rad ius  o f  a  sphere ,  the  vo lume t reconres
I ' t  -  4 f y r r f i \ .  ( : s )

Anc l  fo r  the  vo lnnre  o f  an  ob la te  sphero id ,  p roduced by  the
revo ln t ion  o f  an  e l l ipse  about  i t s  n t inor  ax is ,  rve  have

V - tf,rr s.2 [ : t lrn a' l/ft -e2) ( s q )
rv i re re  r  i s  the  eccent r i c i t y  o f the  sec t ions  th rough the  shor te r
axis f .  i , 'or erlual volumes, y' :  l / t ,  the strrfaces S>S', or
the  sur fu r :c  o f  tbe  s l thero id  S  is  a l rvays  ia rger  than tha t  o f
the  sphcrc  S ' ,  as  may be  proved b) ' the  fo l lo rv ing  ana l -vs is .' l ' l r c  

d i [ t i . ren t i r l  exprcss ion  fo r  the  length  o t '  a  curve  a long
t h e ; r - a r i s  i s

ds/dr : '1/ [r -+ (9, I dx)r -+ (dz I dn)r)
and thc i r - r tegra l :

, : 
.[ l lr-_.(dJ,f dn)r-r(azlar)r] ax .

(+ o) '

\ 4 r l
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l ; i g .  t t ,  J I I r r : l r r t i o n  O t  t u o r c  c \ l r r ( ) r , l j r t r r l
a t t r l  r n t r c r r r r ' -

F i g .  r . 1 .  l , r o f . . \ t c I u a t . : , s  i l l u s t r a t i o n  o f  t h c  r n i n i m a l  s u r l a c e
I ,  / \ ' 1  |  t t J \ ' ,  :  o ,  u  i th  equa l  bu t  oPpos i tc  cur r .a t r r rc
o n  t h e  t r l o  s i t l c s .

I f i g .  l - i .  I l l r r s t r a t i o n  o f  t h c  d i s t u r b a n c e  o f  t h e
s .avc , f ron t  s ' l r cn  rays  l tass  f rom a i r
to  g lass  and rncrc r r ry  in  contac t ,
q i y i n g  r i s e  t o  t h e  o b s c r v c d  n c g a t i y e
c a l r i l l a r y  f o r c c s .

I r ig .  I  5 .  Pro f .  . J r I t ,a rz 's i l lus t ra t ion  o f  another  t rv is te t l
n r in i r r ra l  sur face ,  t ,1 . I . r  - f  I  / , ' . ,  :  o .

C .  S c h . r i , l t ,  I n h n h c r  G c o r q  O h c i m ,  K i e l .



l s
L9

/r.-| '7

4.  And fo r  en  ob la te  sphero id  rve  have

; a.t  :  (  r  .-+ l , t  t ;2 f  aa 1,:) ' / '  dr .  (+, )

I f  the  sur face  bc  S u 'e  s l ra l l  have b t '  ca lc l r le t ion :

.5  :  r  r . . f . r '  ( i . r  :  : . r '  ra2  f  h : '  J [ ' ' '  1 , ' t  - -  r )  f  , ,2  - r  l , t  f  n2  t2 ] ' l "  d . ,  (4  z )

t h e  s o l u t i o n  o f  l ' l r i c h  i s :

t = : : 
';',i,'-i,1,t,ti, :'1,1 ,'l--jlll::i/l;--:li' (+q)

s 'here  log .  i jeno tcs  thc  na t t r r r l  o r  Neper ien  logar i thm.

-5 .  J io r : r  sphcrc  s t t r facc  l 'e  l tavc  thc  t l r r t ch  s in rp lc r '

a l g e b r a i c  c x p r c s s t o t t :

, \ '  -  qn  , ' z  :  Q f t  , 7 . t  ( t  -  1z ) ' l '  ( +S )

r v h c r e  t i r c  r a d i u s  z ' -  a ( r - r z ) 1 l t ,  i s  f o r  t l r c  s p h e r e  o f  t h c

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

6 . ' l ' o  a p p l l ' t h c s c  f o r n r t t l a c  t o  a  t t t t t t t c r i r : n l  c x r t l l l r l c ,

nc  t a l i c  t l i c  c l s c  o l -  t hc  c l r t h  r r i t h  c r l t t n t o r i a l  r ac l i t r s  d  -  | ,

a n d  t h c  o l ; l a t c n c s s  r / 2 q 3 . : ;  s h i c h  ( i l c s  f o r  t h c  e < : c e l l t r i c i t v

o l '  t he  t e r r cs t r i r t l  r r t c r i t l i a r . r

r : z r ; 8 . i . - r - - l ' ( r  t ' )

a . _ 6 . e f l , r s r 3 : .  
( + r ' )

I 3y  t hc  seconc l  t c r t n  o f  t he  f o r t n t t l a  l i r r  t hc  s t t r f l c c ,  r r c  f i t l t l  :

' i ,  ( ' - -  r ' r ) i r :  6 . o i a q ( > 7 .  i 1 7 l

, : t : l [ i i : ] l l i_: l l=i?zt; i t j  ( ,s)
^ \ n r l  s i n c c  2 ; 1  :  ( 1  . 2 $ j r 3 5 z ,  l l r e  s c r : o t t t l  t e r l r t ,  u i t l l

t l r e  f i r c t o r s  dcpcnc l i nq  o t i  t i r c  c r : t ' c t t t t  i r : i ' . r ' ,  l r c t : o l t l c s  :

" i r t i 2 ( . r  
r : ) , i r  l n g , [ ( r  r r ) l ( , t  . ) ]  " "  6 . u . 5 q r  r 4 o  .  ( + q )

7 .  (  ) n  a t i r l i ng  t l r c  l l r - s t  t c r r r r ,  \ \ ' c  gc t  l o r  t l l c  r r  ho l c  s t t r  -

t ace  o l  t hc  o l r l a t c  sp l i c ro i t i  . \ ,  an t l  o l -  t l r c  c r l t t e l  sp l r t r t :  ^S ' :

. S  . :  r : . . 5 : , S : 9 q  
r . ^ \

. S ' _ . :  r z . . 5 t 8 : 7 o .  \ - ) " /

' l ' h c  
r i i l , t c ' r cn r  t '  l r c t l  t ' t ' r . r  l i r t '  sn r - l - r t < ' c s  o f  t l t c  sp l t c ro i r l  a t t c l  s I l t c r c :

^ ! '  ^ l '  =  o . o o o o z ( ) .  ( S t )

'  . \ r : < : o r t i i nq l v ,  i t  t i r t r s  r l ) l ) c l r r s  t ha t  f o r  - s t t t : t l l  o l t l a t c t t t ' s s ,

t hc r c  i s  vc r r -  l i t t l t :  t l i l l i r l c r r r : c  l r c t t v cc ' t r  t l t c  s : t t r I r t r : t :  r t l '  t l l c

sphc ro i t i ,  an r l  t l r t - '  s t t r f : t t  c  o f -  e  sphc rc  o f  c r l r r l t l  t ' r l l t t t t t c .  I I r

,  a s c '  o I  t l r c  c u r t ] r ' s  o l r l u t c t r c . q s ,  r i  z o f i . : ,  t l r c  r l i i l i : r c n r : c  i i r  t l i t :

s r r r f u t : c s  i s  o n l r '  : g  l ) i l r t s  i r r  l : 5 . 1 E 2 7 o ,  a ) l ' o l t c  l ) j l f t  i t t  . 1 . i : r  o o .

3 .  
' l ' h i s  

e  r a t r t p i c  p r o v c s  t ) r t t  t h c  s l r l r c t i t : r l  s t t t  l : r c c  i s  : r

r . n i n i r t . t t t t t r ,  I r c r : r t t s c  i t  i s  t l t c  1 r ( t t r c  t o  l ' h i t : l r  t l l c  o l r l a t c  s l r h t : r o i c l

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

sn ra l l c r  t han  i t t r l '  : t s s i g t r l t l r l c  r l t t r t t r t i t r ' .

I n  t hc  t hco r t  o l -  c rL l r i l l ; r r i t v  a : r t l  s i n t i l l r  s t t r [ t , : c s ,  i t r

t l r r ee  c l i n r cns ions ,  t he  su r l u r : t r  i r as  t hc  gcncn t l  l o r t r t :

\ 5 2 /

Yet  fo r  sph t ' ro i r l r r l  r ' l rops  o l ' l i t l u id  o f  1 ;c r l -ec t  s t 'n rn tc t rv  the

a l . ro le  s in rp l r ' r  r t c t l rod  o f ' so l r r t ion  is  su l l i c ie i r t ,  and s 'c  sha l l

no t  go  i l l to  l ro [c  < :o t l l r lex  surhccs .
g. I ' 'or fronr a ph1'sical point of , '1s11,, 1\ 'e t l t tst retnctlbet '

tha t  s 'a lcs  a re  l ) ro l ) rqa tor l  t i to t 'e  r t rp id ly  i r r  a i r  thar t  in  l iqu ids ,
s r . rch  ns  s 'u tc r ,  o i1 ,  n rer ( : l l r1 ' ,  e tc . ,  &s  shorvn  by ' t l re  o l tservcd
re f r rc t i ve  ind iccs  l tnc l  c lec t r i c  t ' cs is ta r rces .  

' l ' hus ,  in  p l tss ing
throuqh l iq r r i c l -s ,  thc  rva les  encoLr r r te r  s t tc lc lc t r  res is tauce a t  t l i e

boundar r ,  t rn r i  t l r c  vc ioc i t f  in  the  l i t l r l i c l  c lcc rcases  f ro tn  z r  to  z , ' ;
as  the  u 'avcs  Iea lc  t i re  l i r lL r id ,  thc  l c loc i t f  i t r c reases  f ro t r r

u' to u. \ \rave energy is thus given up on entering the l iquid,
owiug  to  in tc rna l  re ta rda t ion .  On leav ing  the  l iqu id ,  the  rvaves
arc  no  longcr  rc ta rdcc l ,  b r . t t  ac tua l l y  acce le ra ted ,  and thus
cirarvirrs ne\y energlr f iom the unl inri ted reservoir of the
ac ther  thc l ' rcac t ,  o r  >k ick  L rack<< cor respond ing ly .

I t  l ras  lo r rs  l recn  recogn ized tha t  a  ray  o f  l igh t  fo l lo ivs
the  pa th  o1-  leas t  res is tance;  e lec t r i c  d is tu rbances  fo l lo rv  the
saure  Jan ' ,  anc l  gcncrn l l l ' th roughout  na ture  a l l  ph1 's ica l  opera t ions
takc  p lucc  accor t l inq  to  the  pr inc ip le  o f  Le  as t  r \c t ion .  ' I ' herc -

lb re  i f  an  in f in i t c  var ie ty  o f  * 'aves  f ronr  n l l  d i rcc t ions  en tc r
anc i  l cavc  the  q lobr r le  o f  l i r lL r id ,  the  ac t ion  and rcac t ion  o f
thc i r  pa ,ssngc  l ' i l l  l ; c  such as  to  n take  the  to ta l  rcs is ta t tce  a
nr in in runr .  

' l ' h is  r :an  happcn on ly  rvhen the  f igurc  o f  the

s lo l r r r l c  j s  - .phcr ica i  o l  c l l ipso ida l ,  rv i th  n r in i rnum o l r la tcncss .
r  o .  LJp  to  the  y r rescnt  t ime rve  kno l  bu t  l i t t le  o f  these

\\ 'aves, ) 'ct t l rcl '  appcar to corresponcl to the forces of surfacc
tcns io r r ,  r 'h ich  arc  sugrc r f i c ia l  in  thc i r  charac tc r  and porver .
Chcnr ic r ' .1  a l ' l rn i t1 .  i s  kno l  r - r  to  c lepenc l  on  very  shor t  s 'aves ,
as  i r r  ' .  r ' i o lc t  l i qh t ,  \ \ -h ich  c rnnot  l )cne t ra te  so l ids ,  t l r roug l - r
cvcn  t .  ' l r i r rncs l -  l : rvc rs .  S t tch  wrvcs  can I ra rc l l y  penet ra tc
s o l i c i s : r  r l 1 ,  r r n c l  J r a s s  w i t l r  d i f f i c u l t y  t h r o t : g h  t r a n s l ) a r e n t
l i r 1 r r i r 1 s ,  u r r c l  g : r s c s .  ' l ' b u s  i t  i s  n a t r t r a l  t o  a t t r i b u t e  t h c  f o r c e s
of  s r r r l i r c r :  t cns io r r  to  \ \ ' avcs ,  ch ie f l y '  o f ' thc  u l t ra - r ' io lc t  s Iec-
t r r r n r ,  l r r r l  t h c l '  1 1 1 1 1 ' t '  l r c  o l ' c y c n  s h o r t c r  r r ' r v c ' l c n g t h .

(  ) r ' i n11  t r>  la t :k  o f  pcnc t ra t i r rg  I ) ( ) \ \ ' c r  thcsc  s i ro r t  s -avcs
( ' o u l ( l  1 1 r ) 1  r  o n r c  r j i r c r : t l v  l i o n r  t h c  i n t c r i o r  o l -  t h c  g l o l r c ,  v c t
1 1 , 3 1  1  1 1 1 1 1 , 1  r : o r n c  l r o u r  t l r c  s t a r s  j n  t h c  i n r n r e n s i t l '  o f -  s p l r - - c ,
t ) r c  l r r r r i i ,  l r  s  o l  t l r r :  ; r i r ,  o n  a l l  s i c l e s ,  a n c l  f r o t r r  t h c  s t t r f a c c
o f  t h c  r l l r , i  ( i r r t l )  i 1 )  t h c  h e n r i s l r h c r c  l > c l o w  c v e r l '  c l r o p  o f
l i r l r r i r i .  I l , c  r ' ( ' : . i i l i l n ( ' c ,  r r n  c n t c r i n g  t h c  l i r l u i r l ,  a n d  t h c  r e a c t i o n
o n  l c , r v i r r q  i t ,  l l c  e r l r r a ) , : r c c o r c l i n g  i o  t h c  t l r c o r y  o f  l i g h t ,
( S i r  / / t t s t i t t l ' s  e r t i r : l c ,  L i g h t ,  I , l n c y c l .  l t c t r . ,  r 8 + 9 ,  S  5 6 r ) .  

' l ' h e

to t r l  c l l i ' r ' t  o l -  t i r c  u 'evcs  is  as  i f  thc  c l rop  s ,e re  p ressec l  in
o n  a l l  s i r l c s ,  I r J .  c e n t l u l  f o r r : e s .  ' l ' h i s  i s  o u r  e x p l e n a t i o n  o f
s r r r lu r :c  t i ' ns ion ,  u r r r ' i  t l r c  g lo l ru la r  f rgurcs  t ro t i ccc l  in  c i rops
o f  l i r l u i r l .

r  l  .  Now wr rv r .s  r :onr ing  anc ' l  to inq  jn  a l l  d i rcc t ions ,
l  i l l  t l o  l i  : r s t  l . o r l i  r r q e i n s t  t h c  q l o i r t t l e  u ' l r e n  i t s  f i g r r r c  i s
sJr ) r r : r i r : l l .  l i o r  l r  sp) rc rc  i s  a  n r in in r : r l  s t t r fecc ,  and th t ts  e i les
l c l s t  r ' l m n c t - '  o i  c o l l i s i o n  s  i t i r  t l r e  m o v i n g  a e t h e r o n s .  A n d
r r  l i c r r  r  r i l l i s ion  ( )c ( :u rs  fb r  thc  wr tvcs ,  thc  spher i< :a l  f igurc  y ic lc ls
t l l ( '  s i ro f t (  s t  i l \ ' ( ' r r {c  l r i th  f  o r  t l r c  * ,a lcs  rvh ich  en ter  thc  ma-ss
o l - 1 i r 1 r r i t 1 .  

' l ' h i s  s p h c ' r i t : r r 1  l l g u r e  c o r r c s p o n d s  t h e r e f o r e  t o  t h c

l r r i r r r : i p l r ' o 1 -  l c e s t  a r ; t i o n  f o r  a l l  t h e  \ \ ' a v c s  o I  t h e  u n i v e r s e ;
i r r r t  t l r c  t r . r r t h  o l ' t h c  p r i n c i p l c  c a n  b e  n r a c l e  c l e a r c s t  b i ' a r - r
i l l u s t r a t i o n .

' t : .  ^1t t / t t t t tr l r ' . i  slrowecl, -  in tr  fanrotts thcore rn rvhich
hc  r l cs j rc r l  c r r l ravcc l  on  i r i s  to t r rb ,  a t rc i  *  l r i ch  rvas  ac tua l l y
forrrrd t lr t ' rc l ty (. ' ict 'o rvher-r he rvas r:onsul at Syracusc, r 4 o

1 'ears  a l i c r r i ' a rc ls  -  tha t  the  ra t io  o f  the  vo lume o f  an  in -
scr ibcd  syrhcrc  to  tha t  o f  the  c i rc r in rscr ibed cy l inder  i s  as
z  :  3 .  

' l ' l rus ,  i i '  u 'uvcs  er - r te r  the  cy l inc le r  a t  the  end they  rv i l l

c l l co l ln tc r  cxac tJy  : , , / , ,  as  rnuch res is tance f iom the  l i c lu id  sphere
as l l 'onr n cor.rt inuous cyl incler of the sarne l icluid.

: \ s  the  s l rhcre  is  a  n r in ima i  s t t r face ,  and s1 ,n ln lg t1 i6^1
in  aJ l  c l i rcc t ions ,  i t  i s  s r . r fFc ien t  to  cons ider  the  s 'aves  en ter ing
the  cn t i  o l ' t i r c  cy l inc lc r  f rom an) r  d i rec t 'on .  I -e t  the  sphere

bc  imag i r rec l  to  have an  expans ib le  bu t  r rnc las t i c  s r t r face ,  and
aftcr cxpansion let thc srtrface be punctrrred, to al lorv exchange

. - ) , J v 298
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of  the  f lu id .  Under  these cond i t ions  t l re  cnc losec l  and en .
c los ing  inco*1- l ress ib re  tu id  r ray  ada ' t  i t se11 ' to  any  ar tc ra t io '
o f  the  sphero ida l  'o lu 'e .  ' l ' hcn  

t r rc  a r tc rc t l  sur r .ce  r i , i i l  be
greater  than the  or ig ina l  sp l re re  _sur t i rce ,  thoush the  cy l inc le r
rvo , ld  s t i l l  con t r in  a i l  the  l i r f  i c i .  ' l ' l r c  

d is tc . r r tc r . l  c loscd  s t r r luce
lvou ld  th r . rs  f i l l  n ro re  tban 2 f ;  o f ' the  c i rcLr rnsr : r . i i re  r l  , \ rch in rec leun
cy  l inder ;  and the  to ta l  res is tance to  a l l  t l re  l . rL r .cs  * , i th in  the
i r 'e r  'ass  o f  l iqu id  * 'ourc l  c ' xceecr  ! / . ;  o f ' t i r . :  to t . r  rcs is t r .ce
d r e  t o  t h e  I i q . i d  c 1 ' l i n d c r  a r o n e .  ' r ' h r r t  

i s ,  t h c  s L r r r : L c c  o l . t i r e
sp l ie re  *ou ld  be  inc reaset l  L ry  ds l  so  t r ) . r  i r -  the  . r ig i 'a i
sPhere  sur face  l te  S  -  .1n :  r - :  thc  e  xp l i ' r i c r i  s r r r la< :e  * ,ou lc l
becorne S' :  Sr-<lS -:  ; l i t  r . ' . r-r-clS; apd t|r , ,  or iqi 'ul  'olur 'e
I ' -  J l , t r  13  u 'o r . r ld  ber :o ruc

I / '  _  I  
-_Fr i / ' :  I i : ) . , . r  ) . : "  +  (1 l ( s . ; )

. l i r on t  t h i s  ap l t l  i r : a t i on
ol- the I I/titt's/t ttss-.Scl u,ot-;
n ra then ra t i c rL l  t l r co r y  o i '  n r i -
n inrel  sur l i rces to a i_rc i . l
vo l un rc  o l '  I i r l u i r l  con l l nec l
l , i t h i n  t l r e  r \ r t : l r i n r cc l t : en

sphc re  and  r : i r cu rnsc r i L r c t l
. : r ' l i n c l e r ,  i t  f b l l < t l , s  t l t e r . c -
fo le that  rv l rvcs plss ing l ' ronr
i r l l  t l i r ec t i ons  t l r r ough  sn ra l l
nr l .sscs ol  l i t lu id <_r l -  : r  n1 '
l i gu re  r vha t c l e r ,  l r u t  r r ' i t l r
g r ca t c r  r es i s t ance  t l r i r n  a : r ,
n c c c s s r r r i l l '  u  i i l  g i v c  l e  r i s t
rct ic . r l r ,  rv l ren t l re l rgLrrcs r . r l '
t he  l i i l L r i d  l l ) l s scs  a re  s l r hc  r r -
c r l .  l l -  t i r c  l i r l u i d  p l o l ) e s  b  e
o fapp rec ia i r l c  s i ze ,  t hc  ac -
t ion  o f  ra rav i r l ,o r r  t l r c  i igures  l " i s

o l . the  l i r lu i i l  l ' i l l  res is t  thc '
tenr lency  to  g io l ;u l iL l '  lb r r r r ;
f b r  t l r e  s t r r l ; r ,  t :  t ( . n s i o n  i j
su l rc r l i c ia l  on ly ,  rv l r i le  r r r iL -
v i ty  l )enet ra tes  a  u ] l rss ,  i tnc l
the  resu l t  i s  e  cor res l rou-
d ing  s l rhcro ic ia l  i l , tu re .

5 .  I l l L r s l r r L t i o r r  o l  i r  : , 1 r i t r . r . t .  x u ( l  c r r c l l t )
s c r i i r c r l  c y l i r r , l , . , r . ,  u . i t ] r  r t , r t r r u c s  r n
t l ) c  ( . \ . i L c l  r l t i ( )  ( ) l  : : 1 .  

. l ' l r c  
i l -

i l l s t f t i l ( ) u  l s  l r ( . 1  ( .  i 1 1 : r ( ) ( l L t c c t i  t o
l ) r o \ e  r i i i L t  i l  t l r e  c . r l i r r , l t . r  I r L . i i l l . . , l
t v i t l r  : r l r  i u c o r r r l , t  ( . - : i i ) l r ,  l i ( l  l t i l ,  r L t r ! 1
t l r e  s p l r t  r t  . , ( u  t , r c r  l r c  r i i l r i i t . r i
i r l t o  j ;  /  t +  

r l . \ '  : r l r , r y c  o r  l r t , l o u . ,  l r l
n n y  p i r r l s  u  l r c r t , l I I L ,  t r v o  g c o r r i c t r i c r t I
l r { r l r r s  l l f c  t i ( ) L  I l l  o ( ) l t l i ! c l ,  t l t c  c o I
t i r r L r o t r s  l l L r i , i  r r  i L l r i r r  t l r e  { l l 5 t o r t c r l
s J r l r c r e  s r L r l l r c c  . \ "  . l ; :  z  

r + r l . \  
i v i l l

( ) j l e r  I l 1 ( ) r e  t i t l r t r  : : . j  l l \  n l u c l t
I l a 5 l S i i l t l c r t  1 o  l l r r '  r r  L s  i t t u  \ \ . l r \ . e s  i L S
( l ( ) L r )  t l r ( '  r v l r o l c  t 1 l i r t r l c r  o l  l i r l L r i r l .' l ' l r c , \ r c l r i r r r c r l c l r r , l . l r c o r t : r r r

' I ' hese  
hgLr res  o i  l lu id

drops  cv ident ly  l ' i l l  be  o t
n r i r r in ru r r  o l t la teness ,  o r
I r rax in ruu i  spher ic i t l . ,  b r r t
be detem'r ined by the 1ra.
lance o f  Io rces  be t lygsn
grav i ty  on  the  one hanr l
rrr-rcl  surlhce tension q11 ths
o ther .  13y  e t lua t ing  the  ob-
sen.ed cornpression due ro
er lv i t y  to  the  ca lcu l l tec l
u 'ave  ac t ion  in  the  sur lacc
tension, \r 'e uri ty be nble

t l r i r s . . r ' i t , l r i s  l L  t . i r - , , r r - o , r s  I ) f ( r i ) i .  t l ) i r l
, r l  : , l l  1 , , -  i l , l , .  1 , . 1 1 1 1 . ,  . r  , l r . r , , r r , , l
t l r o p  o t  l i r l r r i , l  r n r r l .  L r r i i t : ,  t i r t ,  s p i r e r c
o i l c r s  r r r i r r i r r t r r r r i  l ( , i i s t i r r r c c  t o  t l l c
u  i r o l c  I r o r l y  o l  \ \ , i r v c s  l r r i r r r  r l l
t i l r c c l i o n s :  l u t r l  i r r  n r { t u f e  c o l y c r l s
t l l l i n g  g l o l r t r l r i r .  ( l r L ) l ) s  i n t o  l , ( . r l ( . c t
s l l l ) e r c s ,  t l i i s  r , l r ; , . i c r r i  l i r c t  i s  i r  J r r i l i f
t i l i ! t  \ y i l \ , ( , S  i t r c c . : r r r L l y  l r l ! \ , c r j c  l l l C
l l l l l y d r s c  r r r  i r l l  r l i r t , c i i o r r s .

r t

3 0  j o o

g .  N e u '  ' I ' h e o r 1 ,  
o f  L i g h t n i r r q ,  l _ r a s e c l  o n  t hA . : . : r _ t u L r l a t i n g  S t r e s s  o f  t h e ' . t c t i , e  . ' a t  t h e  I l o u n d a r

: . l .  
C o a l e s c i n g  I i " a i n d r o P s ,  : , , . r J  , 1 , "  ( , ) s c i l l a t o r

I ) i s c h u r g e .

( i )  Ocnera l  rc r 'a rks  o '  t ' e  , l te t i . r r rc 'a  o l_  a t ' ros l ;her ie lec t r i c i t . y  anc l  l igh tn i r rg .

" 

, , t  ( l t tn.ol 's l) l r1'sics, translutecl ,1.t7, 
. ,1// i t : t tsott,  i .1rt,  elJ, r gg3

\  9  9  .5 ,  u 'e  l lnd  t l re t  t l r c  t re  a t l l ) cn t  o l -  t l ) c  c luses  o f  a tn ro

: l i , l : j . l :  f1.". : , ' ] : ' , , '  
Lresins. rvi th t ire t i ,r tr , , , :r ,g sLr.! tsesrivc adl r l ss ror ) .  tha t  t l l cse  opcnLt ioDs O1-  n rL tL r re  e rc  c loLrc icc l  in  i r l

l )e l tc tn r l ) l c  t l r r r l in t ,ss  :
r , \ l t l r oL rgh  n reny  l r ) , po t l t c , . c s  I t a r . c  I . , e  c r r

t o  t  r J  l : , i . r r  t l r t .  t r r i ( i r r  l l  r r f i r r : , < l , i r r r . i ,  . . 1 . . ,  r , . i , , t , ,
c o t t l c s s c - r l  t l r : L t  o r r r  l i n o * . l e c i g c  i s  i , ,  a , t , , u , . , , , , . , , , ,

- \ l l Ln l  o l . rserya t ions  arc  e t : r .c t r r j i r r ! l t .
J r i rys i r ; r i l  ( . l t1se  i t t  l ,o r .k  i s ,n  . , , r , , ,1 ,1 . , t ' l : l - ,
v r c \ \ ' t i l r t  r r o  i r r t c l i i q i l r l r :  c a ) 1 t ( j l u s i o l  c u r r  j , c

propor rnde i
i r  r l u s t  b c

I t o r \ '  - s t l t t C .  (

t l L  t : i r l r t i ,  l r r i t  t l r c
i r i r l , l e  n  I l  o l l t  o u r

L i i r r l  t t .
I r r  t i r c ,  u , e r . c - t l r c . r . 1 ,  . 1 .  . r o l ( , . ' l : r r  l i r r c t , s ,  r ve  l r . l t i  t h l tI r l l  - . r r c '  i i r r r . c s  , :  s l t r  l . L r_e  t t , r r : i r . ; t r  , , a . ,  L , , , , , , , i , , 11 .  e f i c r : t s  o l .

i;i:l:;ll,:ii,,',;,,;"1'l' ,,i. i:l;,,,1::: lil,,ili;: ,]l,ii;. ;lr;1":::j
t : l * r e c  . i '  r r c t l r e  r .  s t r c s J  l r t  t l r c  : i r r  l : L t . t r  . i .  t 1 , "  d , . o 1 r r .  , I . h i s
t s  t  l r l l u r l  l t n  c . l c t . i r i r .  t . i r : ! r ! c  ( ) n  l j i r ,  r : t i r r r i r o l l s .  i l l r ( l  : l s  t h e
J ) r o c c s s  { ( ) c s  o l t  t l r r . o t t . q } r o r r t  t l t e  r  l o L r , i ,  1 i i . _  t l r n r n g r , r l l e l t t  o ft l t c  | ] t . r : t i i r :  e , r l r t i i i l r r i r r r D  b r t : O D ) c s , , , , l , r i , , , r , , u r , . c r l  t l r i L t  i r  ( l i s _
t  i r r L r q c  ( ) c c u r s ,  r r , l r i r ; i r  i s  c r l l c r i  l i . t l r t r r ' i : r : .

i , r r r  i r r  l l r c  c o t r t l c r r s l L t i o r r  o l - t i i l  r l r o 1 , . ,  t i r c  ,  l r ; r : r r : i t r .  l r . r rt i r e . t ' r i i r L r . q t ' t l  t i r o p  t o . r r o l t l  t l r L :  t . o l l r . i  l t , t l  r  l r : L r . g c  r l L r r t  ' .  o r r l vr r s  t l r e  . r r i l i u s  r . ,  r r , l r c r c u s  t l r e  a r r r ' r r r r t . l  . l t r  t r _ i c i L ; - : , , . , ; ; , , , , , , , ' ; , , r *
t t r l t l c r  t l r c  < : o n r l c r r s i r t i r r r r  i s  l r r o 1 r 1 r 1 t i 1 ; 1 r ; l l  t 9  t i r t .  r t r t r i r l . r c r  o fd ro ,1 r s . r ' o l l e c t c r l  t ogc t l r c r  o r  t l r r :  t o t l L l  vo l Lunc t  o i - \ . 1 [ r r ,  t i , r . , . t  ) . , j ,I t r t t l  t h u s  v l r r i t . s  u s  t l r r .  r  r r i r r -  e l  t l r . .  1 r , l i r r . ,  * . l r i c 5  i s  / r . lt i r n c s  l r t s t c r  t l r L r r  s t : r l r l c .  t , . l e t : t r i r : , . , 1 r i i l i l , r : i L r r , r  w i l l  s r r p p o r t .' l ' h L r s  

t l r c  t c r r r l e n r : 1 .  t o  r j i s r . i r : t r - { t ,  i , , , . , " , , . " ,  , , .  , O  r .
l l  l s  r c n l t i r l ( l L l r l c  t l t l r t  5 u r r i t ,  C  l r , l i : i ( ) 1 1  O l  t L  r i t . o l t  t i o e sl ) . o t  l , l l ( l l t r L s u  r r i t . l . r  t i r c  : ; i z c  r . r l  t l r t r  i i r o l r ,  r i . l r i r . i r  . l r o l . s  t l r l i t  i t

, , 1 , . : , . , : , r , ' , , , , , , , . ,  r , l t e ,  t , .  e x r L r . t l i . t l t c  5 i i l i l L , \ i ; l L t c \ ' t , r  t r C  t i : e  r l r t l i t t s .
l  ' r \  t \  \  ( . i . \ .  L i r l . . l r . r l  *  i t i r  f i t c  l - o r t : c s  . i .  ' . t L t r e ,  a r t t l  i r r r l r l i e s

l r  t c t r r i c r i r . \ '  t ,  : t  t i c t . r t l L s c  r i i ' t l r e  r ; t . , t r . l L l  l t t : t i o t i  l r )  l ) r o l ) o r t i o 'r r s  t l r e  s L r r i r r c c  i ' r : r . e , r r s , . s ,  r t t  ; t s  - 1 , . t  t . ! .  I I e . a c  i l  s , r l l L c c  t c r s i . .
l ) e  l r r r  ( ' l c c t i i t :  ; r ) r e . . ' c r r . ' ,  l r r r i r  t l r e  r l r . l i s  l r e  c o i r t l c . s i r g  t ol a r ' { c r  s i z r ,  t l r c  t e r r t l e . r : . , ,  t o  r L l l ) t , r c  t i r c  c l r c t r c  c r l . i i t i r r i l r r .
l t I  t ] t c  l r o t r n d a r y  l t 1 ,  o s c i l l l L , r r r r . ) . i i i r , , ] , , r , . g "  l . i i l  i r r , : r c : r s c  a s  / r _ : .' l ' h i s  

t : o r r es ' o ' r . i 5  ' y i 1 ] 1  
,  
t l r e  k r r , r r . .  r i i : r l t , l ' l r r r r c r r t  . i  i i g . l r r r r i ' g

r v l r c r t  t l r e  r l r o l i l c t s  c o r r l t i s , . c  i r r t o  r r L l ; r , l r l p i _ * .
. l  I  t h c  c i e  c t r j c  t r r r :  j , r r r  u r .  l r u L i r e  r  ) l t c  j 5  r t t  t l t e  L o u n d a r y

' l  l L  t i r , ; l  u * . i . s  t . r )  l r i g ) r  l L  ' r i l r r c ,  i r  I r r caks  , , , , , , , ) , -  l , r - ; ; :

i : l , i l ,  : i_ 
, ] : l l . i i , l , i " l  ' , ,  

1s .  
in thc t t isr : t , , rrse 

-ui  
, ,  r .cvt len jar.i ) i t l t rer t  r i r .Ps urcr  r r i r l r ' rc ' t  l rLrrs  o l .  t l - r .  . i " * r ' ; ; ; ' - , , , r ' ; ;

r u ' e r l r r r r l  c l cc t r i c  t c ' s i ' ' .  . , \ ' c l  r Ls  t he  c io . r . l  , l . r uo i s t  a i r

to  s tudy  the  l to l .e r  o f  the  rvave ac t ion  in  thc  cusc  o f -p rLr t i cLr )u rf lu ids .  ' l ' h is  
rne thod is ,sor .nervh l t  en l logous  to  t l ra t  usc t i  l r y

Quinc/te in his rcsearches on surf ace t.- ,rr lo,r rLnci neecis notbe further ci iscussed ar present.

t , - t 1

\ t l l l { ,L l  \ \ ' t t l r  r11 .1r1r_ l ,c ' t ie  ' - j l l r . -s ,  s '  to  s l tca i i )  t s  *  co . t i r rc tc l r
hav ing .  l ro t i r  cer . raur tv  anc l  in t r r rc t i r r ) ( : ( , ,  t i re  t i i sc :h :L rga  , ,a . , " r -
sar i l y .  i s  r_ is r : i l l a to r l ,  in  chr r r rLc te r .  . \  t l rLsh  r_ ,1  l i sh tn i ig  i s  thus
a ser ics  o1 ' r i ' evcs  l i i<e  t l ra t  s l ro l .n  l r r .  l rhorogra l i l r l ,  l rour  an
o s c i l l o g r r r p h  i r r  o L r r  l a l t o r r L t o r i u s .

.  I1 '  c lcc t roc i l ' nar ' i c  rb rccs  . . r r t r -o r  t l re  ' ro t io 's  o f -  the
p lanets ,  as  shorvn  in  the  aLr thor 's  l ,o rk  o f  r  g  r  7 ,  and in
r \N 5o .1 .1 ,  qo48,  i t  lb l lou ,s  tha t  a l l  l ro t l i cs  u re  cent res  o f
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waves pro l ) lqa tcd  l ion t  thc i r  n to t r ts .  
' l ' hus  evcry  s ta r  o r  p lanc t

is  a  g rea t  t : cn t rc  o f  \ \ ' avcs ;  lnd  the  \ \ ' r . \ ' es  r rc  i r l  thc  n lec l i t r r l l

o f  the  ac ther ,  unr lc r  a r r  e las t i c  f  o1 \ 'e  r  €  :  ( r89 : lz  t  f iooooo

t iu res  qrc t tc r  t l r ln  tha t  o f  o t t r  a i r  in  p ropor t ion  t ( )  i t s  c lcns i ty .

I r r  thc  I : ' i r -q t  l )a l te r ,  AN 5o44,  i t  i s  sho l ' r r  thn t  the

q rn l i t a t i on r l  i r o t en t i a l  i n t r o< i t t r : c c l  l t y  I ' o f i t t t ,  t i 3 z ,

, ' : .t .f .F [( ,, 
- r' ')r-r (-r'- .t '):-r- (', -:. '):1 '/ ' rr <1'r' rlj 'd: \ 5 4 1

r e l ) r cscn t s  t l r e  ac< : t t t l l r t l a t ec l  s t r css  un t l c r  t he  co r r cspo t l c l i t l g

an rp l i t t t r l c s  o l '  r t  t v cs  l r - o t t t  t l t c  t l l l t s s

rr : .\ ' ,\ ' .\ 'rr cr.r crt' cr:

thus  nra l i i t rq  t l rc  Io tcn t i r i l -  , , " , : . In "  s in rP lc  fo rnr

I  -  r t /11 '

1.5.51

( s o )
I n  t hc  s r l n t c  \ \ ' : t y  a l l  c l e  r : t r i c r l  I b r t : c s  c l c ' pc t l t i  o t l  t i  a l c -

: r c t i o n .  J n  t h c ' l ' h i r 1 1  I ' a p e r  o t r  t l t c  n c n  t l l c o r r - o I  t h c  e c t ] r c r ,

( r \ N . 5 o 7 q )  l c  h r l c ' s h o u t t  t l r l t t : t t r  c l c r ' l r i c  c l l r r ( ' l ) t  i s  I l o t h i r l g

i r t t t  * ' a v c s  o l -  a  < : c t ' t a i n  t t l l c  a l r o t t t  : r  r - r t t l r l i t '  l i r r (  r i r c ;  s n

tha t  ac thc r  a r r r l  t ' l c t ' t r i c i t l '  n r c  c i i r c r : t l l  r : on t r c t : t t - ' t l  i l l  l r  l  l t v

s ' h i ch  < :an  sca rcc l y '  l r c  t l e r r i t ' i l .  I I c t l c c  as  a t r  c l t ' t : t r i c  c t l r r c l l t

i s  s i r np l r  o r c l c r c r l  s ' l t v cs  i t t  t l r c  ec t i t < : r ,  : t r r : t l l g c r l  i t l  e  cc r t l i t r

r v a v  r i r o u t  a  r v i r c ,  r t t r t l  t r l t v c l i t l g  a \ r i l ) ' l l ' o r n  i t  l ' i t h  t l r c

l e l o c i t l '  o t -  l i q h t ,  i t  i s  n i t t r r r l l  t o  i r l r l t r i r c  i t t t o  c l l ' l l a t r r i t ' . a l t c l

s t i r t i c  c l c c t r i t : i t t ' r s  \ \ ' c  s cc  i t  i n  t hc  < : l ouc l s '

I n  c l c < : t l i t : i r l  i r r v c s t i q l r t i o t t s  (  ( ) \ ' c r i l l r {  I  r r  i t l c  l l t : l r l  u  t l

f i n r l  t h r r t  s t t ' r t r 11 '  s ' avcs  t r l a i r l t a i r l c t l  a l ong  : r  t t ' i t t  t t t ; t \ '  ( ) l r c r : t l r '

a s  r l 1 ' nan r i r :  c l c t : t r i t  i t l ' .  l ' , l c t : t r i r :  c t l r r c l l t ,  l i r r  c r : r t r t l p ) c '  i s  g t ' r l t ' -

r : r t c r i  l r l  a  r 1 r ' t t l t r r o  o t l t  o f  t l l c  t l r l t { t l c t i c ' l r c l t l  o l  t l l c  t : r r t l l ,

r v h i c i r  r t l u a i ' s  c r j s t s .  I I t ' t t < : c  a s  t l l c  l i g i r t r r l l r q  r c l ) l c s c l l t s  r i l t l l t l t l i r :

c l c c t r i c i t r ' ,  t l t t c  t o  r l i s t : h l t r q c  t t t t t l t ' r  a t ' t : t t t l l t t l l t t i t r g  a c t l l c t  s t r c s s

a t  t h c : , l t r i r c c s  o l  r l i t r r l r r ) l ) s ,  r \ ' ( t  s l r o t l l r l  s t t r r l l  r t  i l l  ( o l l r l c ( : t i r ) l l

s i t h  t h c  r i ' l v c - t i r c o r v  a s  : r  u l t o l t ' ,  s i r i c h  i r l r ' l r l r l ( ' s  t h c r  c r l t l l  s l

r r l g n c t i r :  l ' a r  c ' l r t ' l r l .

. \  r ' e l i r l  t i r t ' o 1 1 ' o i - t l r c  l i q l t t n i n r l ,  c o t l l i r r i t l i t t g  t o  t l l e  l ' r t v c -

t hco rv  o f  p i r r - - s i t : r l  f - o r r : c s ,  i s  t l t c r c l i r r c  i I  l l l o s t  t l r l { c1 r t  r i t ' s i t l t ' r r t l t t t u

o i  s c i cn r : c .  . ' \ r t t l  r r r r t i l  t h i s  i s  r t t l t l i t l c< i ,  i t l  a cc r t r c l : t l t r : i :  u ' i t h  t hc

t h c o r l '  o l  c l c c t r i c  s  l t l c s  : t t r t l  o s t : i l i a t i o t l s ,  t l r c  I l l l ' s t c t  1 '  o l -  t l r c

l i g h t n i n g  ( ' r l l n o t  l r e  i n t c l l i g t ' r r t l t '  a t t : t c k t t r l .

Nos  s i ncc  t l r c  r t t ' t l t c r  has  a11  t ' l n s t  j r :  
l ) o \ \ ' (  l  /  : - - :

6 S g : z  l 6 o o o o o  t i n r c ' s  q r c a t t ' t ' t l t e r t  t h a t  o l ' o ' l r : t i r  i r r  p r o p o r t i o t l

t o  i t s  r l t : n s i t \ ' )  \ ' c  s c c  t h n t  l i g h t r l i l l g  i s  l  l t t l r r i t t o t t s  c f i c c t  o l '

u - a v c  o s r : i l l e t i o n s  i n  t h i s  c t l o r t r l o t t s i v  c l l t s t i r :  t : r ' r j ' t t s r  l t l ; t r  t l l c -

r l i L t n r ,  r r  h i r ' ] r  e ( ' ( ' oun t s  l b r  t l r t r  v i o l c t t t ' c  o { -  t i l c  c l l c r : t r i t :  s l l o t : l <

t o  r n a t c r i a l  o l r j c r : t s  o 1 ' t l r c  * o r l r l .  
' l ' l l c  

a c t l l c r  l i l r r : L t i o t t s  r c s t t l -

t i n g  f r o n t  l i g h t n i l r r {  l s  l t n  c l c c t r i c - t Y a V c  l r g i t a t i o r l '  l l : t t l l r l t l l \ '

p ro r l r t < :e  l ' a l c s  i t t  l l l r v s i r : l t l  i r o t l i c , s ,  s  l l i ch  a r c  t l t t : t l  co t l v c r yc t l

f r o m  t h c  s c c n c  o l - t h c  t l r r t n d c r l r o l t  t o  o t h c r  l l a r t s  o 1 - t l r c  c i r l t h  l r l

l i l > r a t i o n s  i n  t h c  a i r ,  a n d  t h r t s  o r t l l ' t r a v c l  l i t h  t h c  s l l c c t l

o f  a l r ou t  r  t  oo  f  c c t  pe r  sc t  o t r t l .
' l ' h i s  

l i c r ' ,  t h a t  l i q h t n i n g  i s  o s c i l ) a t o r f  i s  p r o l c d  a l s o

l ) i r  e \ l ) e r ' en ( : e  i n  h i eh  po l - c r  t c l cphonc  l i l l c s ,  s ' h i r : h  so  f r c : -

( l uen t l ) '  ha i  c  t l r c i r  t c rn t i na l s  l r t t r n t  o t t t  b1 '  t he  r v r ves  i n r l t r r : cd

.b t ' l i gh tn i ng .  ' J ' hcsc  
i n j u r i c s  t o  t hc  t c rn r i t t a l s  r r c  q r ca t  so l l r ces

o f  l oss  t o  t c l e l ) honc  co t rpn t r i c s ,  z rnc l  c l ec t r i c  cng inec rs  t h t t s

l abo r  t o  r e l i e l c  s t r ch  i n r l L t c t i o t . t s  i n  t he i r  l i r l e s  i n  t he  hopc

o f  s a l i n g  t l r c i r  t c r m i n a l s  a s  t l n c h  a s  l l o s s i b l c .
No th i ne  l r u t  a  sc r i es  o l  e l ec t r i c  g ' aves ,  i nv i s i b l e  and

g e n e r a l l l ' u n s u s p c c t c d ,  I e t  c e n e r a t e d  i n  t h e  a c t h e r  b y  t h e

success i ve  d i sch r rgcs  o f  pa r t s  o f  t he  c l oud  i n  l i gh tn i ng ,  cou ld

! , 7
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r v h c r e  r - i s  t h e  r a d i u s  o f
r  \ c r  n r r l i n , ' l t  f o r

the  tenc lency  to  r t lp tu re
/tt '2, or incre ases as the

J " '

\ -'t
l )  -  \ ' , . .

r \  -  
/  I  

.  t

accumula t ing  to t l l l  charqe to  cap i< : i t v

causc  thcsc  t i i sas t ro t ts  induc t ions , ' rvh ich  t rave l  w i th  the  speed
of  l i .qb t ,  go  2  ooo t i r res  fas tc r  than sor tnd  in  the  a i r ,  

' fhe

l ines  so  l ru rn t  ou t  a re  in tc r rup ted  and o t l t  o f  serv ice  a t  the
ins tan t  \ \ ' c  see  thc  l lash ,  l rL r t  the  shock  to  the  car th  i s  l -e l t

sourc l 'hn t  1 : r te r ,  o rv ing  to  the  s lo tv  p ropagat ion  o f  the  ear th
rvave rn r l  the  a i r  wavcs ,  l )o th  o f  n 'h ich  t raye l  rv i th  conr -
p a r a t i r c l v  l o s '  s p c e c i .

\ \ ' c  t :onc iude thcrc fo re  tha t  the  tc r r i f i c  porver  sho l 'n  in

thc  ac t ion  o f  l iqh t r r ing  has  i t s  so t l rce  in  the  s t ra in  o f  the

cnr>rnrousJ l '  c l rs t i c  ac thcr ,  end i t s  s t tc lden rc lcase,  th rough a
scr ics  o1 '  lo r r t r  s  uvcs  i i ke  those o f  an  osc i ) lograph.  ' l ' h is

< ' : rus ls  t l rc  rvho lc  ac thcr - f i c id  o f  tbc  enr th  to  os<: i l1a tc ,  in  a

scr ics  o l '  s  uves  lon t t  cnor rqh  to  pcnc t ra tc  so l id  boc l i cs .  
' l ' hc

scr ics  o l '  p i r l , s i r ' : r l  osc i l la t ions  thus  se t  r rp  ja r  the  vcr l '  e r r  t l t
v i o l c n t i r -  r ' l t c r c  t h c  l i q l r t n i n q  s t r i k e s .

( i i )  ' l ' hc  rno lccu la r  lb rccs  o |e ra t ing  in  ra indro l )s  a re  d l te

to  \ \ ' i l l cs  tnvcrs inq  t ) rc  rvor ld ,  and t l r t i s  l igh tn ing  c lepends on

s r r r : h  a c < : r r n r L r l a t i n t  a c t h c r  s t r c s s c s  a t  t h e  l r o r . t t r d a r y  o f  t h c  d r o p s .
In  n ranv  t rc i r t i scs  o l r  thc  a t t t tosphcrc  i t  i s  no tc t l  t l ra t

c l o t r c l s  a r c  i r r  q c n c r a l  c l c c t r i f i c d ,  t t s t t a l l r ' p o s i t i v c l y ,  b t t t  s o m e -

t jn re  s  n t 'q ; r t i l c i r ' ,  anr l  o r r l l  t i i i l i ' r  c lc r  t r i ca l l l '  1 - ro t l l  thc  car th

i n  t i r c i r  l r i e h c  r  o r  l o u  c r  t ) o t e  n t i a l .  
' l  

l l c  f o r n l a t i o n  o f  a

p o s i t i l c l i ' c l i ' c t r i l l c c l  r : l o t r c l  i s  b 1 ' s o t t r c  a r l t l l o r j t i c s  a t t r i l r r r t c t l

to  t l i t '  r ' r t l ro r  r l i - scnq11g1 '1 i  f ronr  thc  car t l l .  (  ) t t r  r - ies ' ,  hos 'cvcr ,

i s  t l r l r t  t l r t :  r l l l c s  s h i t ' l l  g i v c  r i s c  t o  t l t o l c c t t l a r  f ( ) l ( ( ' s  [ l r c

l l l : r l s  t r r r v i ' r s i r g  t h c  s ' o r l t 1 ,  l r r r t  t h c  s t a t c  o i  t l l c  t  l o t t t l ,  r , r

r u l r o r  r r 1  o r c  t l r c  c ; l l t h ,  l ) y  c o t l r ' l c t l s a t i o t t  o 1 -  r l r o l r ) c t s ,  r l l r r l

r  u r  v  l l r ,  r ' s i s t l r r r  c  t o  t h c  p l t . s s i t t q  1 \ ' : L v c s ,  a t l d  t h t t s  q i v c :  r i ' c

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

I l  : .  ' . ,  t  l l  i i r r r u  n  t l r l t  t ] r c  c l c t ' t r i c a l  c a J t a < : i t 1 '  o f -  a  r l r o l r
j 5  1 , 1 r r a i  t o  t l r t '  r ; L r l i l r s ,  n l t i t  h  s l i o u s  t h a t  l l l g c l  c l r o p s  l l e v c

: r n  i n i  r t ' r r ' . i n g  c l 1 , ; i c i t r ' ,  l r t i t  i t  l t t g t t t c r t t s  s l o r r l l ' ,  a s  t h c  t : t t l l c

r oo t  o l  l l r c  n r t ss .  l ; o r  i 1 '  z z r  l t e  t l l c :  t l l a ss ,  l  c  b l l c

, , ,  -= t f  . , tr  t : ' , \ l  r i
) ,  ) t | ;  :  I , - Jz) t ' i ' i  (  s ;  )

t : - t  t . - I

: r r r r l  t l r c  r ' : r l r r r c i t l '  r : t " ' l t f l y t f ; r l .  ( . 5 , . 1 )

- \ l ' t c r  c r , r r r i c n s : r t i o r r  l l r c  r l r l i t t s  o f  t l r t '  l r r r g c  d r o l t  l r c r : o t t r t  s
t  / t -  

-  
_ .  / i -  -  / - 1 -

I  \ -  l t  \ '  . \ ' ,  / _ - \A '  I  _  , ' 1 ,  ' :  l '  ) ' i : - ' ,  r ) t t ,

i  I  t - ' ' I  i - t

N o w  s  l r c r r  l r i l l i o n s  o l '  s t t c h  c i r o p l e t s  c o a l c s c e ,  t l t c

r : u p a c i t l ' o f  t l r c  r c s t t l t j t r g  t l r o p  i t t r : r e a s e s  a s  t h c  c r t b c  r o o t

o f '  t i r c  su : r  o f  thc i r  n i ts -ccs ;  bu t  thc  t luan t i t y  o f  thc  c lcc t r i c

s t l c s s  u ( : ( u n ) u l e t i n q  a t  t l r c  s r t r f t t c e  o f  t h e  c o . L l e s c i n g  d r o p s

is  rncrc lv  a t ldc t l .  F lc t tce  n 'e  h lve :

A

( 6 o )

/ : : @

. r i  -  \1 . . . : r  / ' -  ] , , .2
r i , , . z  t , t . t \ - ^ ,  ( 6 t )

the  a lc rage drop le t .
equa l  d rops ,  under  the  same charge,
thc  e lec t r i c  equ i l ib r i r rm is  c r l r ra l  to

square  o f  the  rad ius .
zo*
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Fro ' r '  th is  d isc .ss ion  i t  fo l lou ,s  tha t  thc  c rcc t r i c  tens ion
on the  sur f 'ace  o f  the  dropre ts  o f  rva ter  iuc re .scs  .s  the  drop-
Ie ts  inc rease in  s ize ,  in  genera l  as  the  s r luare  o f - the  r l innre ter
o f  the  drops .  ' l ' he  

coa lescence o f  t l i e  c i rop le rs  ro  fb rur  nL in -
drops  is  there fore  the  one ch ie f  conc l i t ion  re i l r r i s i te  to  the
d e l e l o p n r e n t  o J '  I i g l r t n i n g .

In  the  rvn 'e - theory  o f  morecLr lu r ' rb rccs ,  i t  i s  r rc r r r  th , t
the  re ta rda t ion  o f  th . -  waves  e l ) te r i lg  the  c I , .o1 , . ,  , r1 , i  t l r . : i r
cor respond ing  acce le ra t ion  on  leav ins  the  dro l rs ,  g ives  r i se
t o  a e t h e r  s t r e s s  i n  t h e  b o u n d a r y  o f ' t h c s e  g l r , i r r r l c s .  , i . h i s
sur fuce  s t ress  o f  the  ae ther  r r t  t l l c  l rou t r r l l r l ,  rs  t  hc  c : l r r rse
.nder ly i 'g  sur fz rce  te .s ion .  \ \ /hc .  t i r c  lLc thcr  r :  s ,  s t r .essed
at  the  boLrndary ,  and the  dro l r le ts  r re  co i t l l sc ing ,  t l r c re
u s u a l l y  i s  a ,  c h a n g i n s  e l e c t r i c a l  s t a t e ,  a n r l  r l r r , s  t l i c  t : l o u r l
i s  e lec t r i l i ed .

I f  rve  cons ide  r  the  in f in i te ly  r :onr l r le  x  : re  r l r , . r  l . r t ve  _ l l c ic l
about  the  ear th ,  rvh ich  we cA l t  l i t r rn  - .Orne r t r ,1 ) { . r l ) t lon  o f
f r o n r  f i g u r e  r 4  o f ' t h e  ' l ' h i r d  

l , a p e r  ( . \ N  5 o ; 9 1 .  i l l u s t r l t i n . q
t l t e  e a r r h ' s  n r a g n c t i c  i r c l d ,  r v e  s l r e l l  c l s i l i j  l ) r r (  ! , i v c  t i r : r r  i t
r s  t r o t  l t o s s i i t l e  1 b r  c l r o p l e t s  t o  c o l L l c s c e  l . i t l r o r r r  ( . n r r n g ) n ! .  t n c
e l e c t r i c . l  r e s i s t a . c e  o r  t o t i r l  t e ' s i o r . r  i '  t i r e  r c r r r t . r . ( r . c  t o  r r i c
Jrassing rvaves.

I l e f o r c .  c o n r l e n s r l t i o n  t h i s  r e s i s t a n t : c ,  i n  r r r , ,  i i l . y i n g  r i r t r
l iee  rvave n l r tver1re l l t s  o1 ' the  ae ther ,  i s  1 ; ro l rc r r . r r  ) j ) i ( r  to  I i re
to ta l  sPuce occupr iec l  by  the  drop le ts  o f - , , r l , i t c r ,  ( ) r  io  i ) ! ,  cu i )c
o 1 -  t l r c i r  r a d i i .  Y c t  t ' e  c a p a c i t y  o l - i r  c l r o '  t o  i r r l r i  r L  l l : r c i l
c -harge  is  p ropor t ion : t l  to  i t s_e lec t r i cu l  cap lc i r l , ,  ( , f  s ln ) l ) l \ .  t ( )
the  ra , iL rs .  l ' coude.s r r t io ' ,  there lo re ,  rvhc .e  l ry  r ' r r r ry  t l r_o , l r t s
coa lesce i l l to  a  s inv lc  t l rop ,  the  rvuve res is t iL r r , : . ,  . . , , r , , , , r ,

f :o l : . . , i :n : ,1  
to  rhc  s1 . ra r :e_  t i l l e r l  rv i rh  l , rL rc r ,  1 . .  : , f  , , , r '7 i : , , ,

o r  
. r ( ' ;  l ) u t  t l r r  c l l r : r t . i t y  l b r  n r a i n t a i n i n g  e l e c t r i c  . , , 1 , , i i i b . i , , , r i

on l f  inc reases  s i rn l r l y  as  .1 i .

i t  r v i l l  n o t  s u r p r i s e  u s  
. t o . r l o r c  t h a t  l i g h t n i n t  r l e  v e  l o l i s  , , t r i . i . i y

d t t r i n a .  r ' a i r ,  e s l t e c i a l l y  i f ' t h e r e  l , a  
" n ' " t n , u r 1 r l r " r i , ,  

, , , , , , , , r r . r t i o , ,
o r  s to r l r ) ,  ib r  chan{a ing  rap i i l l y  the  cou lesce n , : "  o f . t l , c  , l roP lc ts ,
r v h i c h  a l s o  n r a y  l c a d  t o  t l t e  l l . c c z i n s  o l - s o n r e  o i . r l r e r u  i n t o
h u i l  l t  i s  u ' e l l  k r o r v r  t ' a t ' . i l  L r . i r u l r y  i r c ( i o l ) ) r ) i , l r e s  r ) l o s t
v io lcn t  t l runders to rn ts .

As  a  l lash  o f  l jeh tn ine  nray  bc  severa l  k i lonre t res  in
length ,  i t  i s  obv ious  tha t  the  e le . t . i c  s i ress  accLt ruu la tcs  on
the  c lou t i  as  a  r r . l io le , ,  in  resgrec t  to  the  ear th  be lo r r , ,  r i  l t i ch
rs  se l )u ra ted  l t y  the  d ie lec t r i c  o f  the  a tu ros l rhere .  I i . r i c t ion ,
c .onde 'sa t ion  o f  d 'op le ts ,  l ' d  s i rn i la r  causes  tenc l  to  d is tu rb
t l rc  c lec t r i c  e t lL r i r i l r r iL r rn  o r '  the  ear rh  und c lour rs  i , ' r  tn .  r ; ry .' l ' hc  

l r i i t t c , rv  Porver  r . r l ' a  l l l rgc  c lo r rc l  i r t  res l )cc t  to  the  ear th
I t l i I ) ' .  cor rcs l )on t l  to  : i  5  gooo l  ce  l l s ,  as  ion [4 .  r rgo  sho* . r r  b1 ,
J)t 1o l iut . ,utt l  : l / i t1l , ,r  l i rr  . . l ight ' i rs t l r t , ; l r  , i  , , i i f"  i '  le 'gttr.' l ' l t i s  

e n o r r u o u s  c l e r - t r i c  l ) o \ \ . e r  1 c - 6 p p t L r i a t i n g  i 1  t h e  c o n -
r lc rs i 'g  c i ro l r l c ts  . ru r ies  thc  c j rc ,  t r i r :  t c r rs io '  to ,  I r ig l r  fb r  the
rc l lL t i r ,e l r , .  c lec rc : rs ing  capat : i t v  o f  the  r i ro l rs ,  unc i  tends  to
r u i ) t u r e  t h e  e l c c t r i t :  e t l u i l i l r r i u r r r  r r l l r t i ' e  t o  t h c  e a r t h  b c l o * . .' l ' h i s  

i n c l i t ' r r t c s  t l u r t  s c*,orrr; a.cr i. rre*, "ir",i,""1i1,,,;iiiii,i,,lllllJ",i:,i,:*:ji,,:.l,,:;,ljo l - ' . t L r r e  u s  r r  r v l r a r c ,  i t  i s  c i i l ' l i r : L r r t  t ' r c r c r  l r g i r t . i r r g  t , l r ' 1 :
c r L r r s c  o t i r e r  t r * r r  * ' u ' e s .  

' r ' h i s  
1 r l r 1 ' s i c u l  r : a L r s c . i o r r  * . o L r r d

r r r a l i e  p < - r s s i b l c  t r r i s  a c t : ' r r u r ; t t i . '  o f  l c t r r e r  s t i r i s  . t  t i r c  L , r r . -
t l a r y  o r '  t l r e  g i o b . r e s  . f - t r r c  c i r r r t i s ,  r r c c u u s e  a t  t h r s  l , l o u n c l a r '
t hc  \ \ ' i t ve  r novcn )c l ) [  L ] l l i u ] g ( , s  s r r t i r i c r r l y ,  , , 1 . 1  t l , . l  . " r , , f  ,  

' i . ,

e l r r : t r i t :  t r r ) s i o l t  r . c l c u . c r i  l s  i i . q l r t n i n g .
I i r  l L .  . i i t l r ' . : s  l i c r i r . r  t hc  \ \ ' . s t t r . ,  S , c i c t v  o f -  I , r ' g i ' ee r s

r r t  ( . ) l r i cago ,  I  <1  : o ,  i  ) r .  ( ' i r , t . ; .  I , .  , \ ' l t t t l t , . / : ,  t hc  t , n r r nen t  e l ec_
t r i t ' t t l  t r t ( i n c e r - ,  l r L s  r l i : , . ; 1 , . u r l  r i r c  o i r l e r , p r l  t l ) .  . . . \ \ . r r  t l ) e o r i c s
o l  i i g l r t n i r t r .  I I c  : l L \ s  t i t l L I  t . r l r u r i e l t ( ] r ,  l ) r ( ) \ , c s  t l l r t  n o t  o v c r
r  l ) c r c e r ) t  r . r l  t l r c  c i t . r  t r
crori r. , i ,1 !r,( !  , . i ,  l" i i , :":; , i l : ;*; : ' ; : :J;] i ' : , ] ; , . j ' l : i l i l ;
J ) i L r t s  ( ) l  t l r c  t . i o u , l .
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' f h u s  
I ' r n n i  t h e  r c l e t i r . c l i , i n a r l c i l L r a t e  ( j e l ) i r ( j i t y  ( l t )  o ft l le  g ro l ' ing  drop ,  cornparcc l  to  the  rc l r r t i vc ty  r r r l r i t l  g ro l , t l r

o f  n tass  (11 : l )  thc re  a r jses  r r  t c l t r l c t ) , . \ ,  ru  fu l ) tu rL . r l rc  c l t t : t r i r ;
eq ' i l i L r r iu rn ,  p ropor t io 'a l  to  1 i j .  ' l ' h is  

n , , . , , r ,  
" , ,  

r , \ . r . r '  r i r i . ( i ro l ) ,
so  t l la t  the  rvho le  c loLrd  becontes  c lc< : t r i t : l r j l y  t . i r r , r .qc t l ,  l . i t l r
the  condensat ion  o l -  the , -d rop le ts ;  und lLs  t l rc  1>ro t . t . . ;  l ) ro ( tc r ( l s, t  1 l .c ( run l  ra tes  in  d i l le ren t  J )a r ts  o f ' t l re  c r . r i , l  t r rc  i r ) ( r feas i l rq
e lec t r i c  s t ress  (11 : )  f ina l l y  lee t is  to  the  r leve lo l ) r r tcnr  o l  os r ; i i_
Ia to ry  d  i scharse  or  l igh tn ing .  . l . i r i s  

hnpPens u : i  soon us  r l rc
condLr t : t i v i t y '  o r '  the  a i r  pc rnr i t s  

"n  
os . i l i u to r l .  re lc r rsc  o r - rhe

r 'c re i rs l .g  e lec t r i c  s t ress  on  the  sur l . ce  o1-so . re  o f ' t r rc  r l i ' d rops .  I
l ' o r  observa t ion  shou,s  tha t  c l ry  a i r  i s  a  non- ( :on( luc to r

o1 'e lec t r i c i t y ,  auc l  t l r c re fb rc  rvhen thc  a t rnosphere  is  c l r_ . r ,o ic l  r
c r , f  mo is tu re ,  a  d ischarge is  d i t - t l cLr l t ,  exce l ) t  r l  r i r c  lb r rn  o l .  j
sheet  l igh tn ing ,  so  or ten  observc-d  i , r  r l ry  u ,e , r ther .  . . \ r  t . r . rn l i r r .q . ry ,  i

I  I t  t . , r r t , . i L r t i . . s  t i t l L l  i l r t : i t u s  l r o t t r  ( ) l c  l o  t r v r r  I r r i l u s  i n
l c l ) g t n  l u c  l ) l - ( ) { r e s  ' \ j \ c  i r r  t l r e i r  n l L t L i l u .  

. l . i t t . r . . t . t r f  
r v i t l i  t } r e

l ) t l I ) ( : t u r l n g  ( ) l  i r  s i ) o r t  s l ) i r c c  i ) c t \ \ . r . c l t  g r ( J u l ) s  9 1 . i i r . o l r s  o t t t  o f
c . l r r : t r i r :  e r f  i l i ' r i ' r r r ,  : o  o r . . i o , i " ,  

" 1 , , , . i ,  
r r . c l  s ' r e a .  r r r t i l

t h c  po ten t i a l s  u re  r r l L ra l i ze t l  t o  , r  v l , l t r c  , : c , . r c spon t i i ng  t o  t l ) e
vo l t agc  r c r l u i l c r i  t o  r na in ta i n . t l t e  t l i s ch t r r . e  i n  t be  , i ^ , , r 1 , l  

" i . .
' I ' l r c  

p e r i o c l  o l ' t h c  t l i s c h r r r q e  i s  1 r . o r n  o  o o o o r  r o  o . : 5  s e c o n t l ,
l b r  t l t c  s i c l r v c r - t r t : t i r r g  l l l L s i r e s  o l ' r l o r e  u r r i l r l r r r r  1 ; o t c r r t i t r l  r l i s _
t r i l r L t t i c l r r .  , \ ' l t t : t t , t ,  / :  ( . ( ) l t ( : ' r s  i r r  t l r r  I  i e i '  i r l r ( ) \ . c  e \ l ) r c sse ( l
t l r r r t  r . r r l '  l r  s r r l r r r  l - r ' r L t  t i r l . r -  t i r e  i i ! r i t , i i r g  t i r s t r r r l r l . ) . c s  l L r c
t i t l c  t o  c j i r c r : i , , t r o l i L . . ,  l l i c  r r r r t  L , , , 1 r .  i , t . f i r e  I r t a k s  i L l d
l r L t r i ) o . t s  i r e i . !  t i L l r  t o  ( . , 1 (  t . , . : r l  i r : t r t , s  * . i t i r  i r t t i r r c e d  r . o l t l t g c s
o l  l r c . r l t r  5 o o o o c  t o  I  o o ! c o o .

.  
- \ t : c o r t l i n . q  t o  t i , e  r ( . 1 ) o r t  i l t  t l r r  L i t e r l r r y  l ) i l c s t  o l . N o v .  : o ,> t l t e  r t r c t h r r t i  ( ) i  l i ( . ( . i t r t j u j i r t i r r q  t r  r . l I r r q e  ( ) 1 .  5 o o o o o o o  v o i t s  o r

P O S s i b l y  t u ' i . c  t i r i s  ' u ] r r e  o '  a  t ; i . r r d -  r r , r r s  c r l i l l r i a e t l  a s  i a -
I ' o l t ' i r t g  an  i n i t i l L i  c l i e rgc  o1  sp ta l l  l t l r l t i r ; l c s  o1  con t l ensc r i
r l ) o i s t u r e ,  t i t e  i n i t i r L l  t . h u r . g c  b c i n g  r l L r L ,  t i r  t h c  p o s r t t o n  o t - t h c
t : l t > r r r l  r v i t i t  r c s l ) c c t  t o  t l ) c  e a r t l ) .  i t  l , t L ,  ( . \ l ) i i r i l l c ( l  t l t a t  r h e
r r r r t l r  i t : r s  s r r r . r o r r r r c l c r j  i r y  t r n  e l ec t r os t l r t i r t  t l c i r i  i r i t l r  I  g rac l i en t
oL t t r v r r r r i  l - r ' a r r r  t l r c  s r r r f : r r : c ' .  - \ r . i s t L t r e  ( r oa ( r r . r s i a {  l L t  i r .  c i i s t . . ce
.1 '  o r c - l r a l l '  r r r i l c  r ' r o . r  t l r c  e  u r t l r  *  oL r l  i  l r t  r r  e  r i e r c i  a t  a
r ) ( ) t e a t i i \ l  ( . r 1 ' r o o o o o ' . r t s  t .  e . r t l i  l ' r ( 1  u . i l l t i  l r s s r i r r r c  r  c i ) i r r g e
c o r r L : s p o n t l i n . q  t o  t l r i s  I ) o r e r i I i l ] .  ) i y  r : o l l c r : t i r r g  i n t o  I e r g ' e r

( i i i )  U n d e r  c o n d e n s a r i o n  o f
tens ion  inc reas ing  as  / t  r ,2  a  c louc l
charged and lbnus  l , i th  anothcr
the  ear th  be lo rv ,  rL  conc lenser ,  -
the  < l ie lec t r i c .

| ; t t  t i t  l e  s  t l t e  c l t l r r g c .  l  o r r l r l  l r c  r r ( r c u l r ) u l i r t r ( l  r t n t t l  y a l u c s  o f
- 5 o o o o o o o  v o l l s  o r  r r r o l c  l o u l i j  l , e  r t , l L . . l r c r l  * , h c 1  c l r o l t s  o i
n t i n  l ' c r c  l i n u l l y  l b r n r e t l .  l n c r l L r u l i t i c s  ( . r 1 . r  o r :  l r c r c e r r t  o l
t h i s  r ' . r l . t ,  l t e t * , e c t r  s c c t i o l t s  . l ' u  r : l o r r d  r l L r i t e  r . l o s e  t o g c t h e r ,
w o u l r l  s u l f j c e  t o  c a u s e . a  l o c u l  c i i s c i r e r g c  u . l r i , . i r , r . o r , l t . i - r e r u i i
i '  r L  r e t l i s t r i b . t i on  o f  po te ' t i a l s  a . c l  ' r o ' ' 1 , 11 ,  i ,  i . r ,  c_ r t c ' r l e c l
l lash.  I ' ' ro. r  thc ef iects . f  c l i rect  st rokes i t  i rL is bce n estrnratecr

g l o l r u l c s  l , i t l r  r l r c  c l e c r r r c ;
o r  l ) t l ' t  o l '  l L  < : l o r r r  l  L i e  r : ou r cs
p e l t  o 1 - t l r e  c l o L L t l ,  o r  r v i t l t

t l r c  i r r t r . r ' r ' c l r i r i g  l t i r .  L , . . i r r g
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tha t  the  l los '  o f  t :L t r ren t  t ray  be  n t r l ' u 'hc rc  f rom r  ooo to
r  ooooo anrp i : r ' cs ,  thcsc  es t in ta tes  bc ing  brsc t l  o t . t  thc  s izc  o f
the  cc 'ndr rc to rs  tha t  h i l ve  l rcc t r  n re l tec l  c l t t r inq  the  d ischarcc
o f  l  s t r o k c  t o  t h c  s r o u n d .  

' I ' h c  i i l L t m i n a t i n g  c l i c c t  o f  l i s h t n i n s
r ras  usec i  to  cs t in rx tc  tha t  the  l iq i r t  c r tc r t l '  o f  a  l lash  nr igh t
be  e i l t i i l a lcn t  to  t r l r  horse- .1 rou 'c r -hor t rs .  <<

' l ' hc  r j i schargc  is  f t  rc lc r rsc  o f  c lc r : t r i c  tcns ion  in  the
aether  a t  the  s , . r r fa r :c  o f  the  t l rops ,  l ru t  i t  has  to  occur  th ror rgh
thc  lncc l iu r r r  o l ' thc  a t rnosp l rc re ,  in  rvh jch  thc  c lo t rc l  l l oa ts .
i \ s  in  ( le iss lc r - tu l rc  c rpcr i rncn ts ,  thc  le lo t : i t ] '  i s  r l rca t ,  l r t t t
l e s s  t l r a r r  t h a t  o i '  l i q h t ;  e n d  a s  t l t c  c l c r : t r i c  r c s i s t ; r t r r : c  c h e n q c s
l  i th  thc  t l i s r : 'hargc ,  o rv i rg  to  inc l t t c : t ion  in  t l rc  r ' l o t t r l s  a t r r ' l
o t h e r  l l t a s s c s ,  t i r e  q x t t h  n ) i l \ ' : l i ) p c : t r  z i { z , i { ,  r t s  s l t o t v t t  l r v  a < : t t t a l
f lnshcs .  ; \ c r ;o rc l ing l r ' ,  a l thou{ l i  thc  c lcc t r i c :  t r - ' r t s ion  is  in : r  f i r c t l
c l i r c c t i o n ,  t h r :  t l i r c c t i o n  l r l t c r s  r v i t l r  p e r t i a l  r c l c a s c ,  i t t c l t t c t i o n
a n d  r c d i s t r i l i r t t i o n  o f  c l c c t r i c  t c t r s i o n ,  s o  : t s  t o  g i l c  t h c  a r : t t t a l
z i g z a g  y r r t h s  l r r c s c n t t : c l  l r v  l i g h t n i n q .

I t  n rus t  l rc  undcrs tood,  in  v ie r i ' i nq  thcse  d ischarqe
phcnonrcna,  tha t  th r :  c lec t r i r :  t cns io t t  i s  dc lc )opcd l rc t l ' r : cn
the  car th  anc l  c louc l ,  o r  r l thc r  l rc t r r ' ccn  l r i l l i r>ns  o l  b i l l i ons
o f  ra indrops  i r r  c l i lTc rcn t  p l r ts  o1- thc  c louc l .  

' l ' hc rc lb rc  as  t l rc

c l i schargc ,  i r . t  l r  { rou1r  o f  d rops ,  y r ro , :cc r ls  f ro t l  o t rc  1 r : r r t  o1-
the  c loud tou 'a rc ls  thc  car t l l ,  o r  to rvar t l s  an  r t r l jeccn t  p l t r t  o l -

t h e  c l o u r l ,  t l r c  l o c l l  t c n s i o r . r  i s  r c l c a - s c d ,  a n t l  r c r l i s t r i l r u t c  r l  : t s
t h c  l l a s h  a t l v a n < : c s ;  t l r i s  q i r  r ' s  r i . . c  t o  ; r  \  c r l  s t t r l r l c n  r t ' r t r -
r a l ) g c m c n t  o f  t h c  c l c c t r - i < :  s t r c s s ,  l u r t l  : r s  t h c  r c s i s t l t n c t ' : r l o t t q
t h e  p r t h  a l s o  c l t a n g l s ,  l r v  t i r c  r c l c : r s t : ,  t h c  z . i g z l q  l ) l t l t  l l l l t t t l t l l \ '
r c s u l t s .  I n  s o n r c  ( ' i l s c s  l ) i l r t s  o f  c l c r : t r i l l c r l  r : l o u r l s  a r r . '  s o  s i t t t e t i , l ,
t h a t  t n ' o  o r  n r o r c  r l i s c i r a r g c s  j o i n  t o g c t ) r c r : t t r r i  u ' c  ] t : i v c
fo rkec l  l ieh tn inq .

Nou '  in  thc  c lsc  o f  t l r c  Lc ldcn  ju r  t l i scharqc ,  n 'c  h : rvc
scen tha t  i t  i s  os<: i l la to r r ' ,  r :ons is t ing  o f  i r  sc r ics  o f - \ \ ' l l cs  o r
surges  i r . r  the  nrc r l iu rn ,  r :o l t r i r tg  u ' i th  such rn l ; i r l  s t l c r :css ion  rs
to  leavc  no  in r l r rcss ion  or r  t l re  cyL- ,  J ' c t  c r l r l i r l t :  o f  l )c ing
photo t raphcc l  l rv  a  rap id i l  ro t r t inq  t r i r ro r  r : l l l c r l  an  osc i l -
lograph.  In  l i l i c  r ) r i l l u rc r ,  thc  l igh tn inq  is  an  osr : i11 : r to r1 '
d isch l rqc ,  o1-  thc  vcr l '  s rn rc  k i r r r l  ;  anr l  i t -  n 'c  cou l r l  s t .c  l l r c
s u r . q i n g  o f  t h c  n t c r l i L t t n ,  l c  s l r o t r l i l  p c - r c c i v c  l t  t t ' r v  t ; r p i , l
l r o \  c u l c n t  t o  a n t l  l r - o  i n  t l r i s  r r q i t u t i o n  o l '  t i t c  e c t l t r ' r  : r 1 o n g
t h e  p e t h ,  n ' h i c h  t h r s  b c c o r n c s  I u n r i n o u s  b c r : e u s c  o l - t h c  v i o l c n t
a g i t a t i o n s  o l -  t h c  p r r r t i c l e s  o f ' t l r e  u t n r o s p h c r c ,  t h c  l c n g t h
l j ' o r r r  thc  r ' lo r r r l  to  t l r , c  c l r t l r  l r c ing  so  grcx t  l s  to  n r t l i c
) i g h t n i n g  o n c  o f - t l r c  r r r o s t  i n r p r c s s i l c  a r r c l  t c r r i l . v i n g  o l ' t h c
p h e n o r n c n a  o f  n a t u r c  ( s c e  1 r r .  6 ,  p l a t c  z  ) .

6 .  \ \ ' u v c - ' l  h c o r v  o l -  t h e  ' \ r i h e s i o n  o f  a  I i a i n -
d r o p  t o  a  \ \ ' i n r i o s ' l ) a n c :  O u t l i n c  o f  t h c  C a u s e  o f
C a y r i l l a r i t l  r r n r ' l  o l '  t h c  P e r f c c t  S p h e r i c i t v  o f  S o n l r
l l u l r l r l c s .

( i )  \ \h le - theor ' \ '  o f  the  ac l i res ion  o f  a  ra indro l )  to  a
*  i r r d o n  P l n c .

- l ' hc  
s in rp les t  phcnonrena o f ten  g ive  us  thc  r r ros t  l igh t

on  the  inv is i l r l c  t 'auses  l tn r ie r l f  ine  thc  o l )e rx t io r ls  o f  na t r . t t ' e ;
a n d  t h u s  \ \ ' c  s h e l i  c - x a r r i n e  s o n r c u ' h a t  c a r e l i r l l l ' r v h 1 .  1 1 . 1 n '
d rop  l r ibc res  so  ser :L r re lv  to  a  l ' i ndor i 'p l lne .  No phcnonre  non
cou lc l  l r c  l rc t tc r  l<no l ' r ' r  than  th is  lac t  o1-evcr1 '  c ia l '  o l rsc rva t io t . t .
I t  i , s  cverv \ \ 'hc rc  o i )sc r led ,  rnc l  lb r tun l te l ,v  l r 'e  r re  in  l  I ros i t ion
to  x t t rck  the  pro l r l c rn  r r resentec l  by ' th is  phenor lcnon,  [ recanse
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the refract ivc index of rvater, aud glass, and thus the n'rve
lc loc i t i cs  in  the  tn 'o  mec l ia ,  a re  accura te ly  knorvn .

J  f ,  t l r c rc fo re ,  the  adhes ion  o f  the  watc r  tn  the  o less
l ,c  r l r r t '  ro  \ \ ' . \ ' c  , rc t i . r r ,  

" "  
.n " i i  ; ;  ; i ; i "  t ;  ; " ;  , ' ; ; " ;  ; , ;

ana l1 's is  o I  t l r c  fo rccs  r l i t ] r  sornc  dcg lcc  o f  con f idenr ;c .  ln
f igure  7  u 'c  s i ron 'a  c ross-sec t ion  o f  a  r , indorvpanc,  r ' i th  a
c l rop  o f  ra in  rc lhcr i r rg  to  i t .  And rve  remark  tha t  in  g lass ,
rv i r tc r ,  anr l  u i r ,  r r i r r , cs  o t -  l igh t  rvou ld  have ve loc i t ies  in  the
r a t i o  o f  r o ,  | 2 ,  r 6 :  1 o r  t h e  r e f r a c t i v c  i n c l i c c s  a r e  i n v e r s e l y
as  thc  i 'e lo r : i t i cs ,  anr l  the  approx imi r tc  va lucs  o f  thcsc  ind ices  are

, \ i r - r v a t r - ' r ,  n :  r . 3 3 : 1 ' ; f  1 ,
, \ i r - g l a s s ,  l t  :  r . 6 0  :  1 "  

1 0  .

, \ t : cor r i i r tg lv ,  the  lb l lo r i ' i ne  f ig r t re  i s  1 'g1v  511oos5 l  ve ;  fo r
\ \ ' c  sec  in r r r rc r l iu tc l l  thc  fo rccs  genemtec l ,  in  l i re  p ropagat ion

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

l i  c lcar  tha t  in  p lss ing
l iom a i r  to  \ \ ' a tc r ,  \ va lcs

I  o f  i i c l i t  r rc  c icc rcascd in
l e l o c i t y  b 1 '  t r . , '  o t  1  

L .
In  pass in .g  l ionr  n 'a tc r  to

L . rL r rw. '  g l l ss  thc  vc loc i ty  l i keu ' i se
r . .  c ' , .  < :h lngcs  f  ronr  12 /16  to rn l r , , , ,

'  t l
\ \ ' l l r ( l )  r <  / i .  I l ) c  \ \ ' i l v e

r  n r o t i o n  t h t t s  r : h a n q c s  r - c l o -

{ ' i t t  l n r l  11 ( ' l r c l  e t cs  a  s t r a i r r

,  i r r  t l r c :  l u v c r  o f  a c t l r c r  e n r i

n r i l l t c r  (  r ) n t l i n i t r q  t l t e  s u r -

1 - r r c  o f  t hc  l r ' a t c r ,  an r i
L  ' ,  ' h w r  -

l i k c l ' i s c  a t  t h e  s u r f u c e
l rc t * ' ccn  the  g l i ss  anc l
thc  r r 'a tc r .

' l -he  tens ion  o f  the
molccu les  c l r re  to  t l re
ac ther  s t ress  o f  thc  sur -
fa r :c  o f  t l r r  r r 'a tc r  i s  c : r l -
l c d  s t r r l n c c  t e n s i o n ;  t h a t
l rc tu 'ccn  the  u 'a te r  enc l
q l l s s  i s  c a l J c t i  a r i h c s i o n ,
anr l  makcs  thc  watc r

ar ihcrc  to  t i rc  r i  in r l r ) i l  1 ) iu re  .  l i ronr  thc  a l tove  f iq r t re  we per -
ce ivc  t l t r i t  l i gh t  u  avcs  puss i r t r  f io rn  thc  i r i r  to  the  ra inc l ro l r
i r rc  r l c la \ ,c t i  : r t  t l re  ou tc r  l . roundar l '  o f  thc  d rop ,  and thus  thc
r r 'avc  l l ' o r r t  I ) r ' ( ' sscs  in  on  t l te  \ \ ' a tc r ,  so  xs  to  g ivc  thc  sur face
tcns ion  o l rs t ' rvc t l .  On pass ing  on  in to  the  r t lass  therc  i s  a
sc t :ond r i c luv  o i  thc  l ' a le  f ron t  a t  the  bo t tndar l '  o f  thc  i l l ass ;
a r rd  th is  ec i l re r  s t rcss  or  p ressure  over  the  sur lace  l re tu 'een
thc  \ \ ' i r t c r  :L r r r l  q iuss  causes  the  ac lhes ion  l rv  l ' h ich  the  u 'a te r
i rc l i rc rcs  to  t l rc  q lass .

' l ' he  r r indrop ,  ho \ \ 'ever ,  adhcres  to  i t se l f  somewhat  nore
s t rons ly  than to  the  g lass ;  becar rse  i I  the  g lass  be  inc ] ined
and j r r red ,  the  l 'a te r  r l ' i l l  run  dorvn  and fa l l  o f fas  a  d rop ,
ieav ins  nrere l l '  a  th in  la i 'e r  o f  mo is t r t rc  o r r  the  g lass .  

' l ' h is

recogn izec l  unr l  obv ious  e f fec t  rv i l l  ho ld  to r  rvaves  Pass i t rq
f ronr  the  rL i r  to  the  q1ass ,  as  shorvn  in  the  uyrper  ha l f  o f
the  above f iqure .

l lLrt rr 'e must consir ier warres from al l  direct iotrs, and
thus  l 'e  ask  rvh l t  s ' i l l  happen i f  the  l 'aves  move in  the

oppos i te  d i l cc t ion ,  and ha \ ,e  a l ready  t raversed the  g lass ,  and

l f i g .  7 .  I l i r r s t r r t i o r r  o l  t l r e  a t i l t c s i o n  o f  a
r l i r r , l r o l r  t o  a  r v i r r r l o l ' p a n c ,  a r t r l  o f
t h c  s r r , l , l c n  c h a r r g c  i n  t h c  v c l o c i t v
o l  l l r . r r r r v c s  l t  t l r c  l r o r r n r l a r y  o f
t l r c  l l r r f c  r n c r l i l .  r i r ,  u a i c r ,  g ) r . < ,
u i  o r  r r  l , i c l r  t l r c  l , l l r c . i o r r  r l c I c r r r l s
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are leaving i t  to enter f i rst the u,ater, thiLr-r the air i  In this
case the effect rvi i l  be as shorvn b1, the arrows in the lorver
par t  o f  f igure  7 .  As  the  ve loc i ty  in  g lass  is  snra lJ ,  thc  waves
rvi l l  speed up on passing frorr-r glass to s,ater, lLuri  ngain on
passirrg fronr rvater to air.  Ancl in both cases thet, l . i l l  react
or  )k ick  back<, ,  g iv ing  an  ae ther  s t ress  or  ac lhes ion  o f  the
l 'a te r  to  the  g lass ,  and a t  the  ou ter  bounc la r l '  a  sur lace  tcns iou
nex t  to  the  a i r .  Accord ing ly ,  ryhe t l re r  t l r c  l .avcs  con ic  l l .o rn
the  a i r  o r  l rom the  q lass  they  l , i . l l  g ivg  t l )c  uc t l r t , r  s t resscs
c lue  to  change o f  I 'e loc i ty ,  and rcsu l t  in  thc  rno lc r ;LL la r  lb rccs
observed.

' f he  
t heo ry  hc r c  l r r i e f l y  t r acec i  cna l> l cs  us  t o  i r : r t l t , r s t an r i

t he  ac l hes ion  ' f ' t i r e  r u i n  d rop  t o  t he  r v i nc l o r v l r : L r c .  I r  i s  l r c v . r c l
d o u b t  a  l a v e  l r h e l o n r c n o n ,  b c c l L u s c  i 1 ' t l r r - r  l r r i l r c r  l r r  i r i l c . t l  n , i t l r
* ' a ' r s  n rO t i . g  i n  a l i  c l i r c c t i ons ,  t l t c se  l i r r c t , : ;  i r i l l  r t c r : c sse r i l l ,
r c sL r l t .  

' I ' h i s  
r i ' i l l  ho l c l  t r uc  f o r  l i gh t  \  r \ . t s  o l -  r i r e  l i s i b l e

s l ) cc t l u ' 1 ,  o r  i b r  u , r vcs  o l ' sho r t c r  l e . q t l r  \ \ . l r i t . l r  a r . c  l i r L r r c l  t o
co l r cspOnc l  t o  t he  r i r c l i u s  o l  nc t i on  l b r  c i L l r i l i r i r i r r . ,  r i s  o l r se r vc r l
Ity liiicltr, /(tfulo1i, A'Lluin ancl othcrs.

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

' l ' h c  
a i t o v e  c r l t l l n e t i o n  o l '  t l i c  l i t l i r t . : i o n  o l  r r  r : r i r r t i r t . ; 1 r

t o  u  l ' i n r l o * ' 1 t anc  ou t ) i nes  l r r i e  l - l r .  t h r  r v l r  r . - r l r co r . t .  r r f  t . a l r r l -
l r l i t y ,  l r u t  I  l i r l u i r l  l i l < c  n i c r < ' u r 1 ,  u j i i r . l r  c l o r ,  n ( r I  r v c t  t ] r e
g lass  l l l u s t  be  e  - r l r r r r i ncc l .  l t  u  i l l  l t c  l i r r r n r i  t l i r L l  t l r t .  l  r i ve  _
t h e o r y  r v i i l  l r o l d  l b r  t l r c  c r s c  o l ' l n c r c l l r ) . r s  w t i l  r L s  l b r  t l r i r t
o f  N ' a te r ,  l [ r t  i t  i s  r ] ecessa ry  t o  assu l ) l e  g r c r r t  r c s i s t l L r r ( r  t o  t l r ( l
ae the r  r v . r ' c s  i '  t h c  n re r c t r r l . ,  r vh i ch  i s  *  l r r L t  s l r . L r l r i  l r o l r l  i n
t he  P roPega t i o '  o f  t hese  * ' a ' c s  t l r r oagh  t l r i s  t i c r r - se  r r r e r l i u ' .
l , ' o r  i '  h i s  exPe  r i r ' e  n t s  -  a t  t he  J . , hys i ca l  Lu l r . r . i r t r > r '  i r r  

. l ' . r . i t r ,

r  g r  g,  1 ' rof i :ssor Q. t l lo lorauo f 'ot t r - td t l ret  evcn the loug u.avcs
o f  g rav i t y  a re  scns ib l f  i n t c r ce l t t ec l  by  a  l u1 , c r  o l -  n r c r cu ry ,
( c f .  I ' h i l o soph i ca l  X l aeaz ine ,  r \ l a y ,  r g2o ,  l ) l ) .  a i i g -5o ,1 ) .

l " ig .  l i .  I l l us t ra t io r . r  o fo r t l inary  cap i l la ry  I l reno* ren^ ,  lb r  rv . te r  a r r i  ' r c rcury .

Al l  n 'e  need to  do  to  exp la in  thc  negat ive  ac l l res ion  o l '
l re rcury  to  the  g lass  tube is  to  take  thc  ve  lo t : i t y  o f  l r rop lga t ion
of  the  rvaves  in  the  severa l  med ia  ap l ) rox in ta te ly  as  fb i lo l . s :
a i r  16 ,  water  rz ,  g lass  ro ,  and l ) te rcur l ,  about  ha l l ' tha t  o f
g lass ,  o r  5 .1 )  These nuutbers  a re  a l tp lox imate  on l1 , ,  unc l  in
the  case o f  n te rcury  the  va lue  is  assunrcr l ,  l ,e t  t l r c i .  u rc
suff iciently exact for our present purposes. . \ncl thus \ve see
that i f  mercury offers more resistance to the passage of rvaves

r )  on the scale here used the f igure for  r r lerc l r ry ought to be not  largcr thar)  r ,  i l  rve judge by the electr ic  rcs israrrce oi  r r rercury-

L>
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t hnn  g l ass ,  t h i s  f l L r i d  r v i l l  be  r epe l l ed  by  t he  g l nss  t r . r be ,  and
the  co l r - r . r r r  o f  t h i s  l i qL r i d  * ' i ) l  be  dep ressec l ,  * , he reas  r v l t e r
and  s i n t i l u r  l l u i c l s  a r c  e l eva t cc i .

1 ' h i s  exp l . r na t i on  i s  no t  so  ve r l , c i i l i e r cn t  l i on r  t ha t  pL r t
l b r t l r  b , v  I o ! l t ce  i n  i r i s  t l r co r y  o f  cap i l l a r i t y .  a  cen l r r l r  ago ;
l b r  t h i s  g r c r r t  ge  o . r e te r  cxP )u i ' ec l  t he  rb r ccs  . c . r g  o r l  l l r c r cu r ) ,
r c l a t i l c  t o  a  { l ass  t L r ' l l e  as  ncga t i ve ,  l nc l  i r 1 ,  h i i  ana l ys i s  o f
t h e  l i r r t : c s  l r - s s r r r r c t l  t o  b c  s c ' s i b l c  o . l ' a t  i r s e , s i b l e  r l i s i a n c c s ,
o l r t u i r r cc i  r L  ' c r ) :  s r r t i s l r r c t o r v  t hcc - r r 1 '  o i - t hc  c l cp ress io r . r  o t - . r e r -
c u r y  i '  t : . 1 r i l l a ' y  t , l ; c s .  

' I ' h e  
I ) r c s c n t  t h i , o r l . L a s c c l  o ' * , a r . e

l Lc t i , '  i s ,  l r o *  c ' c r ,  ' r o i ' c  l og i ca l ,  a ' r i  hus  t ] i e  l L t l r , r . t ^ge  o f
s ) ro r v i ' g  *  ] r '  t l t c  l b r< :e  s  _a r r  r eg . l i ' c ,  a , t l  c i . r r r  u r : t  o r r l 1 .  a t
i r r s c n s i i r l t  c l i s r l n r : c s .

l l  r r e  r . t  r r r  1 '  r v i l l  s c n s i l r l f  i r r t e  ' r ' t ' 1 r t  r , . g  q . r ' i r u t i o l r u l
\ \ ' r t \ : c s ,  : - t s  , l 1d / t ) /  ( r / / ( z  s l r o11 ' . ' " ,  - r t i l i  r no r . c  r v j l l  i t  r r , s i r t  l n t l
r l u c n i : l r  t l t e  s l t o r l r l  * ' a v e s  e c t i v e  i n  < : a l r i l l : L r i r r . .

' l ' i r c  
i l i t i s r r r L r i . r r ,  l r g .  q ,  l ) 1 .  : i ,  o l ' t h c  i r r r . r . c u s i . g  t l e l , r c s r i . '

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

' 1 ' b i s  
c t l e c t  i s  r r . l i  s l r r , l r i  i r r  I r i . r , r , r r ,  1 r l : r t c ; ,  , . l i g h r l v

r r r o r l i l l e  t l  I i o ' r  a  *  o r l i  . r r  l , r r i t  l i i  : , 1  l , i : r . : i r . . ,  i , r .  . / , l . i r , , f  u . i l
. / ) t t t , i s ,  l h c  l \ l l < : \ l i l l a r r  L i o . ,  \ c r v  ! r , r k ,  r  ( )  r ;  ,  1 t ) .  ;  4 .  : u t :  j r  e
c ( ) n t r i r s t  i r r  r l c y l L t i c i r r s  o l '  i i t l r r i t i  c O l r r r r r i s  \ \  o L i l r j  5 ! , c n r  t ( ) t u l i \ .
i r r c - r 1 r l i . l r l r 1 e  * i t l i o r r t  l i  s i r r P l e  e r r c l  r l i r c t : t  t h e o r r '  l i k e  t i r a t  l r e r c
l ) l c sen t c (1 .  , \ n t l  i l ' \ \ ' r  ( ] | l 1 l  l r r ove  t l l l r t  $ , i t ] t  t i r c  Da r ro r i , iDg  o f
t l l e  t L r l r c s ,  * ' : r ' c  u r : t i . . . r e f  i t r c r e u s i ' u l y  c l c ' u t c  t h c  h e i g h t
o 1 ' r v a t c r  i .  c a l r i l l a r i t l ' ,  i t  r v i l l  a r t o r r r a t i c . l l l '  e s t . l r l i s h  t h e  s a r i r e
c a u s c  l b r  t h e  t l e l r . c s s i o .  o 1 '  t h e  l e v e l  o f  n ) c r c u r v ,  i .  s i n r i l a r
t t t Le , ; ,  s ' l r i ch  i s  < - , l r : ; c r yc r l  t g  I eco l r c  l l l o r c  I ) r opo ln r : ec i  g . i t l i
t l t e  n l r r r o r i  i ng  o l  t l r r :  t u i r es .

: \ l r r - . , t t t  t l  r t  c t . r i t L r r  i e s  l r l o  i t  r r  i r s  c l l r s r r v r r l  I t l .  I l o t t , I s l , t e
t h l t  i i ' t u o  l c r t i t l L l  r r i n r l , l l r : r r r e s  L e  r r t ' c L r r l r t r . l r ' . . i , , t  r r  s r r r l l l
l L n g l e  o 1 -  n t r r t r r l L l  j n t : l i r r : r t i o r r  i n  r L  l l r s i n  o l '  l  l t t e  r ,  t h e  l , l t e r
i i r r e  r t s e s  i t t  t j t c  l o r r r r  l l  : L  r L , (  t . 1 ) ! t r l ; r r  l r r  l r c r l r o l l L ,  s I o w i n g
t h r t t  i r t  s r r t h  c e l r i l l u r i t y  t l r c  l i l t i n g  l b r c c '  r ' u r i e s  i r t v g 1 5 s l 1 ,  1 1 s
t h e  c l i u n t c t c l  o r  w c i s l r t  o l ' t l t e  c o l u n l i  t n  b e  l i { i e t . l .  I  h a l e
rer :en t iy  ru lde  sornc  obscrva t ions  on  the  lonn o f  thc  cur . r .c
o f  dcprc 'ss ion  Io r  rnercury ' ,  and con l lnne i i  the  s l i r le  la* .o i '
the  rcc tangu lar  l t yPcrbo la  rc lc r rec l  to  i t s  es \ .1 ) l l ) to t ts .  \ \ ' l r c rc lo re
i t  seer rs  i -n rpogs ib le  to  do ' l r t  the  * 'a 'e - thcor ' . f  t l r cse  ca l r i l l u ry
l rheno ' rc 'a ,  thc  cause c r f  * , l r i c l r  l r , .q  r . , , , , , i r rcc l  e . ig ' ia t i c l i l
a t r t l  eyen bc l ' i l c l c r ing  to  na turu l  y r l r i losop l rc rs .

ln z1//r i t tsott-(, 'zzzzrl 's I) l i l .sics, l) .  r  oo-t,  i t  is shol,r-r that
t l re  r :onc lL tc t i v i t y  o1 '  n to rc r t r ) '  lo r  c lcc t r i cu l  rvar .cs  i s  lo rv ,  r .6 ,
r i h i l c  f b l  s i l r ' c r  i t  i s  a s  i r i g h  i r s  l  o o . o o ,  a n t l  l - o r  c ( , p l ) e  r  9 g . g .
1  , i l i e  rv isc ,  (p .  j  o  j  ) ,  u 'c  l c rL rn  t l ta t  u l l ss  o ie rs  tuore  c lec t r i ca l
rcs is tance th r rn  a i r  enc l  o thcr  c l r l ' l l ses ,  rvh i le  l ,a te r  i s  a
< :onr lnc to r  o i le r ing  n t r rc l r  less  res is tun<:c  th rn  c i t l te  r  r i r  o r  g l lLss .

r \ccorc l inq ly . ,  i l '  u ,aycs  o l '  ae  the  r ,  i . c i i r re r l  to  the  lc r  c l
snr lace  l r re  to  l )ass  th rough r i 'a te r ,  in  co l t t i r c t  u  i th  g l lLss  9n
one s ide  and a i r  on  the  o ther ,  i t  rv i l l  1b i lou ,  t l r r r  the  leve l
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o f  t he  n ' a t c r  shou l c l  l r e  r r r i s cd  i n  con tac t  u - i t h  t he  g l ass  and

be  I ou ' c red  o r r  t hc  s i c l e  t o r v l r r l s  t l r e  a i r ,  i t r  a r : co rd r t n< : c  t r ' i t h

o l ; s e r v a t i o n .  \ \ ' c  s h r r l l  g o  i n t o  t h i s  a t  g r e e t e r ' l c r t q t h  i n  t l c a l i n g

u  i t h  cap i l l a r - i t v ,  l r r r l  a t  I ) r c scn t  o r r l y '  < l u ' c l l  o r t  i t  l o r t q  c t t o t t qh

to  po in t  ou t  t he  l c r i f r c : a t i o t t  o f  t hc  r v l t v c - t l t co r r ' .

( i i i )  
' l ' h c  

p c r l ' c r : t  s p h c r i c i t l ' o f  s o e l r  l r t t l r l r l c s  c x p l : r i r r c r i

l r v  l cas t  r r (  t i . ) n  t o  pass i t r g  t ' a l c s ,  r r  l t i c l t  t t t l t l i r - ' s  t l t c  two

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

Jt ts t  as lhc . ' l t  t / t inr t l r . r -  l l  i ' i r t . r / t  ass.- , \ ' r / t t t ' r r t ' . ,  thcorv o l

r n i n j n r l l  s r t r f : r r : c s ,  l r t t r l c r  s ' : t v c  r t t : t i o t r ,  u ' i l )  c r l t l l L i n  t l : c  t t t o l c t : t t l r t r

f o r c c s  r v l t i r : i r  q i v c - ' s p h c r - i t ' : t l  o r  s p h c r o i r i a l  f b r t r r s  t o  s r t r : t l l

n r l s s c , s  o l -  l i r l r r i r i  ,  s o  : t 1 s o  u  i ) 1  i t  c r p l a i l r  t l t c  I l o l c c t t l a r  r t r : t i o t r

o f  { r l n r s  i t r  s u ,  h  y r i t c t t o r t t c t r t  : l s  s o i r l )  l l t i l r l r l c s .

l i ' o r  l  so rp  l r t t l r i r i c  i s  n ra r l c  L r l t  o f  t u ' o  concc r t t r i c  s l t i r e r c

s r r r f t r r : es  -  t l r c  o t t t c l  s t t r [ t ce  a r t t l  t l r e  i t r r t c r  s t t r l : t r : c .  
' l ' h c

l ) r e s s r l r c  o f  t l r c  c t t s l r i o t r  o 1 - r i r  l ' i t h i r r  t l r c  l r r r l r l r l c -  p r c v c n t s  i t

l - r on r  co1 )u l r s i r r g ;  : r r t r l  t l t c -  u ' avcs  t r avc r s i r r g  t l r t - -  o t t t c r  s t t r f t t , : e

a c t  i n  t h c  s a n r c  \ r ; r v  a s  i n  t i t e  c a s c  o l ' r t  s r , l i r i  t l r o I  o f ' l i r l L t i d ,

an r l  t h t t s  r o t t n i l  t t p  t l r e  r n t r ss  f r o t l  s  i t ho t i t .

On  t hc  i nn l : r  s t t r [ : t r : c  t hc r c  i s  r r r : t t r a l oqo t t s  \ \ ' r t ve  l ) r c ss t l r c
d i r ec t cc l  t o r r ' ; r r r l s  t i r c  l i r l u i r l  an r l  t h t t s  l c t i t t g  i t t  e t t  r > t l t r t ' l t t ' d

c l i r e< : t i o r t .  
' l ' h i s  

i s  r r o t  l l ' on r  t i r e  co t r t r : t r ' t l  l i r ,  r v ) t i , ' h  i s  l t

d i s con t i n t t o t t s  r : L l  l t i on ,  l r t t t  l - r - on r  t l r t :  i r r l r r r r l c l l '  l r r r c  l l c i \ \ ' o l l i  ( ) l '

pass i ng  r ' : r l c s .  
' l ' l r c  

r r : s i s t r t : r c t :  t o  t l r c  t v l t r c s  t l t r oL tg l t  t i t t '  c r r t i r c

l r t r l , l r l c ,  u i t h  t l r c  r l o t t l r l r :  1 i , 1 r r i r l  l r t 1 i ,  i s  l c r s t  r v i t c t r  l l t c  t , l t l r

i n  t i r c  s ' a t c r -  i s  t hc  sho r t cs t ;  t l r l t  i - s ,  r v l t c t r  t l t c  \ \ ' l l l c s  qo  r t s

n c ' u r  t h c  c c n t r t - '  o l  t h c  l r o l l o u ' s p l r c t ' c  l s  p o s s i i r ) t ' ,  a s  I t t r t r  l , c

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

f r o r n  t l r c  q t : r > n r c t r i r : l J  i r r r i i c a t i o l r s  o l -  t l t c  l i ,  r ' r t t r t l '  u t t i t t i  l t r : t t i r .

. l  u s t  a s  t l r i ' l r l n r  o f

l l t c r  i s  p r t ' s s i : t l  t r i g c ' 1 l r c : r

i n t o  l r  t l t i t t  l l t l c r ,  l r v  l . l t l

i nu ' : r r r l  l ) i r s s : i g ( '  o l  t l r c

l ' a l c s  f r o t r t  t l r c  o r r t r i r i . ,

s o : L l s o  n ' i l l  t l r c  t h i l l i r t c s s

o f  t h c  l r t r l r l r l , - '  : r s  : r  u  l t o l c

l r c  c o n r l i r c s s c r l  l r v  i n s i d c

1 \ ' a l c  I ) r c ss i l  r c  ( ' \ ' c r \ ' \ \ ' l l c r c

r l i r c< : t c r l  t r > r yu r i l s  t hc  o l r t -

s i , l t ' .  I i o r  as  t l t c  r v l t v t ' s

n c u r  t h c  t x n g c n t  t o  t l ) c

i nnc r  l r o r t n r i a t  v  o t -  t ) r c r

l l r r i d  t l r c y  r e r r r : t  r r g r r i t t s t

t hc  ad ja t : c r r t  l i i l u i r l ,  o l ' i n r r

t o  t hc  g r c l l t c r  r r : s i s t l i r i < ' e

a l ong  t hcsc  : r r i j a r : cn t

pa ths .

l ) . v  t h i s  r eac t i on  o l r

t h e  i n r t c r  l ' r r 1 1 s  t h c  i i r l u i d

| -] - r'^ "., ",'", -'er L clrt ."...,,i -\l----1---t-

\ \  t  i
\ \  /

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

l r i r l r l r l r ' ,  s l r o i r i t r g  t : r i n i t t r t t t r r  t h i c ) i -

n c s s  o 1 -  l i , 1 r r i , l  { i l r r  l t  l l t t '  c e t r l r c ,

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

p l a i n s  t l r c  c c i t l r i r l  c o t i t r t ( : l i o t t  i t n i l

s y r n r n c l r i c a l  f r t r n r  o l  i t  s o r r l r  l r r t l r l r l t : .

i s  p resser l  to  i t s i : l f  l l -o rn  i ro th  s ide  s ,  anc l  the  laycr  be t tvccr t
thc  ou ter  anc l  innc ' r  sLr r {aces  urxdc  as  th in  as  poss i l ) l c .  r \ s
the  rvavcs  kecp thc  conf rncc l  laycr  o f  l iL lu id  synr rnc t r i ca l l i '
conr l ) re  -sscc l  on  bo th  s idcs ,  rL rp tu re  o f  the  -soap l ru i rb le  i s  no t
1  e  r ) '  e i l s \ ' .  I  n  t iu rc  i t  conrcs  a i ro t t t ,  however ,  ou ' i t rg  to  t i rc
rva ter  t l i ck l ing  do \ \ 'n  under  i t s  os 'n  g rav i t , v ,  and thus  ro r tnd ing
r l l )  in to  u  ) i r lu ic i  sphere  or  sphcro id  fo rnrer l  r igh t  on  the
lorver -sicle of '  the soap lrulrble, as i t  beconrcs r,urs) ' lnl l letr icei.

( i t )  l ) i r e c t  l r r o o l ' o 1 ' \ \ ' r l v c  p r e s s u r e  a t  t h e  b o r t n d a r y
o f  a  d r o p .

L'_
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' f l rc celebrated argunrcnt ura. lc b)r 'Jfa.ru,t / / ,  Treatisc
o n  I i l c c t l i r : i t 1 '  l t r c l  l l a t n c t i s n r ,  I 8 ; o ,  \ \  j 9 2 - j 9 3 ,  a n d  t h c
n c:ll krrorvr.r cxpclimetlts ol Arirhols utcl JJir// anrl LcItde u,,
r g o r ,  s l r o l ' s  t h a t  e c t h c r  w a l e s  c l o  c x e r t  p r c s s u r e  a g a i n s t  a n r -
-cur fu r :c  o r r  l ' h i t :h  thcv  imp in tc .  Yet  in  o rder  to  have an
o l r j c r : t i vc  l r roo f  o1-  i l r i s  in rPor tan t  t l reore tn  d rarvn  c l i rcc t i l '  f ro r -n
l r { r t1 r rc ,  l r l  o l l sc r r ' : r t ions  u 'h i t : i r  \ \ ' e  ca l r  cas i l y  ver i f l ' ,  i t  i s  ad-
v i s e l r l c  t o  q o  i r r t o  l  h i s  r c l s o t r i n g  s o n r c r v h a t  m o r e  c a r e f u l l y .
\ \ ; c  t l r c lc l , r rc  cons i ( i c r  the  tb rn t  and ac l io t t  o f  a  sc r ics  o f
s tcx t i J '  \ \ ' i L \  os  i r r  t l r c  sca .

r .  I t  i s  u 'c i l  l<nor i 'n  tha t  rvhen the  s , r r ,cs  o f  thc  sca
a l ry r r -oer : l r  t l r c  s l ro rc ,  rvherc  the  $ 'a tc r  i s  sh i r l lo rv ,  thc  n ro t ion
o f  t h c  l r l s c  o l - t l r c  \ \ ' 1 \ ' e  i s  r e t a r d e d ,  r v h i l e  t h e  t o p  o f  i t
t c l tds  to  l r l r ) \ 'L r  ( )11  rs  l rc fo rc .  ' l ' he  resu l t  i s  thc  fo rmat ion
of  l ) rc { r l i c rs  :  thc  l ,esc  o f  t l re  rvaye is  so  he lc l  back  tha t  t l re
toD l rc r :o r - . r ts  s tcc1 l ,  r r r r l  f r r ra l l y  c l t r l s  o t 'e r  t i l l  thc  $ 'ave  breaks
i n  a  n ' h i r l i n g  n t . 1 t  o t ' f o n n r .

2 .  \o rv  t i r i s  r l c lu r -  o f  thc  n roverncnt  o f  the  base cause s
t l rc  u ' l v t :  to  c \c r t  a  l ) r ' css l r re  lqa ins t  the  shore  rvh ich  res is ts
i ts  iu iv r r r rcc .  . . \ t ' r ' o r r l inq l r '  \ \ ' c  n l l \ - th t rs  vc r i f y  t l | ' a : ru t l / ' s  con-
t : lus io r r  t l r ; i t  \ v tvL-s  cx ( ' r t  l ) rcs \ tn  c  r rg : t i rs t  rcs is t ing  ob jec ts .
\ \ ' c  s c c ; L l s o  t J t c  e r f f c c t s  o f  s t t c ] r  r c : i : l i t n c c  i n  t h e  w e a r i n g
r lw lv  o f  t l r c  sc r r  shorc  n 'hcr . r  cxposcr i  to  thc  c iash ing  in rus l - r
o l - t l r c  r v r r v c s .  S r r n r l  a r r d  s o f t  c u r t l t  a r c  c e r r j c d  l r o c i i l v  a l o n g
wi ' , l r  l l r t :  \ ' r rvcs ,  an( l  cvcn  so l id  rock  is  s lon  l r .  r i ' o rn  an 'e r '
1 , t '  thc  i r r i ' cssant  l rca t inq  o f '  the  * 'a ' t ' cs .

.1 .  In  o rc lc r  to  n rakc  an  exper in rcn tL l ln  c ruc is  c l i rcc t i v
n 1 ' 1 r 1 i c r l , l c ' t . r  i l r r  l r r o i r i c n r  l t o w  i n  I t a n d ,  s ' e  s h a l l  i r r r g i n e
r n  i s l l n r l  t r r l , l r - i l r r r i  i r r  t l r e  o l ) e n  s e a  c o y c r e d  b y  t h c  l ' a t c r
to  l r  r l t  l , t ) r  , :o rn l ieu l r l c  to  thc  l cn{ r th  o f  the  rvaves  rvh i r :h
puss  ovr : r  i t .  l ' n r1cr  t l t cse  r : i rc l tu rs tanccs  the  u 'avcs  s ' i l l  be
rc t i r r r l c r l  : rs  t l r cv  cn tc r  L l l ) ( )n  the  . ; i tbmcrqcd tab le  - la r )d ;  and
i n  a r l v a n r : i n g  l c r o s s  i t  t l r c v  l i l l  l r c  s l t o r t c r  n n t l  s t c c P c r  a s
s h o s ' t r  i n  l l g u r c  r  r .  ' l ' h i s  r s  s i r r r i l u r  t o  t h c  v c r t i c a l  s u r g i n t l
o l ' t h c  s r r r l r < r c ,  i l l  r L  s I r c e n ) ,  r ' l r i t : h  t ] r L t s  s l t o r v s  u ' l t c r c  r o c k s
arc  i11  thc  l rcc i  ;  fo r  t l t c  rcs is t : r t r r :c  o l -  t tnder l l  i l r s  t t tovcnre  n t
n tan i l cs ts  i t sc l l  i r r  l l r c r l t io t rs  o l -  the  sur l -ace ,  -so  tha t  t l re  l . lu id
i s  t l r r o l v n  i t t t o  s t t r l : r c c  i r r c g t r l a r i t i c s .

.1  .  . \ r : r :o r r i ing l r ' ,  sc  pcrcc ivc  tha t  as  the  res is tcd  l 'aves
luc l \ ' i l n ( ' c  ovcr  t l r c  su l )n )c rgc( l  t t rb le - lanc l ,  rvh ich  is  no t  takcn
to  l rc '  ncer  cnoug l )  to  the  sur face  to  fo rm breakers ,  they  are
s l ro r tc r  anr i  s tc t - 'per  than the  or ig ina l  l vaves  as  they  cornc
jn  l l  onr  t i r c  < lccpcr  sce .

Nor i '  u ' l r : r t  s  i l )  i ra l )pcn  rvhen the  lcs is tc ( l  \ v rves  r t
l cnq th  r l cp : r r - t  l - ro rn  thc  ta l r le - lanr l ,  anc l  ag l in  c l ) te r  thc  dcep
s c r r  o n  t i r c  o l r p o r , i t c  s i r l c  ?

l i i r : t ,  i t  i s  t ' r ' i t l cn t  t i ra t  thc  u 'aycs  r , . ' i l l  take  on  grea tc r
s l )ee( l  in  t l re  r i ccpcr  \ \ ' l t c r ;  the) '  u  i l l  there forc  bccorne longer

i t r  thc  l l ' c t . l v  t i c l r i ins . -  r l cep  sc t r ,  j t rs t  as  thcv  bcco l re  s 'hor tened

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

I l l r rs t ra t ion  o f  t i r c  p rcssure  cxcr tc t l  by  sca- lvaves

a g a i n s t  a  s r r b m e r g c c l  i s l a n d  p l a l . c a u .
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l , ; , ) , : : ' , '?, : l ' ' : l - ' . : l ' ] ( - . ,1 ' , , , : :s. l ' l ig l r t .c.rcr i .g r l ru rei . t t rol ,. n d  l e a v i n g  i t  b y  t h e  p a t h s  s h o r ' ' ; i  t t , "  r i , , " ' '  
r " \ -  ' a . r r t r r ( ' l

, l . h n .  - , -  r _ . ^ . . .  , j ^ . - .  " ,  
c ! ( ) ] | ) g  l r g r t r c  4' l 'hcn, n,e kliorv fro'r ,lrir,lu,,ttir'r".;:;;;,,;, ,,;,;il,,i;,l;:lli i;e x g t e t ' i t D e n t s ,  t h a t  t h e r e  i s  a n  i n r v a r , l  

' , r . , , . . , , . , . , ) , , . , r , \ ( . r  
1 r . . .

^  . .5 .  \1 /e  n tay  eas i l y  sa t is ly  our_se lves  o f .  t l re  cor rec tness

l l. l l l:^."ll.lusion by tire roilo,r,ins l;:t..;.;;",,r, cxlerinrent.)up l )ose  an  a t l r le te  s t : rnc l ing .on .  ,  ip . i , rg  boar r i ,  
"n . i  

i , , r "g i , . r "f l re  rvho le  fo .ndat ion  c . . . iec l  , lo , ,g  
" t ' , , " r i , , , to r , , ,  ra tc ,  as  i f .

] ] ] : l l g . " ,  
a  f i_xed sPeed on  

"  
. " i t .o , , , t  r r , , . , t .  I l  rhc  a th le re\v rsnes  to  acce le ra te  h is  s l teed ten t l ro l i l l j l y  I te  tv r l l  hay t t  tojunr r r .  fo r rvard ,  by  the  exer t ion  or  l i i s , , , , rs , : r "s ,  * . l r i ch  * , i r  r . resus ta inec l  by  t l te  e las t i c  rebound o f  t t r " .1 : i r ; , r l3 l ro iL r . t l .  In  o t i te rrvords ,  to  g ive  the  x t l l l e te  a_  grea tc , r  ve loc i t l , ,  l i ; r l ,a rc i ,  hc  n rus tk ick  bac l<  .gu ins t  t 'e  ibunc lJ t io , ,  nn  u , l , i , , i r '  ' e  rs  t rans 'o r ted

:1 : " i . . , - l  
l l l t  i s ,an l logous . to  ser r  rvavcs  spccc l i r )s  u l )  on  lea l ing' )e  su l lmerger l  ta , le - lanr , l  :  ac t i ' n  u rd  r l c , rc t io .  ; r r r  e i1 . . l  a ' t lo p p o s i t e ,  a n d  t i r i s  g e n e r a l  l a r i , i s  e p 1 r l i c , , l , l . i  r , ,  1 l i  n a t r r r c .

5 r 3 0
. ) . :

Second, as the lon.qer lvaves). nro. i , ing rnorc 1reeiy intothe  deep sea,  'a 'e  the .e le rnents  o f  the i r  ro t i t io ' s  acce le ra tec l ,this more rapid lr ,hir l  of the .,"rte. . ,r , i t i  lxert a blck.,r,ardpressure  aga ins t  the  subrnerged ta i . r le - lanc i .  Accor . t i ing ly  therets  no t  on ly  a  l ) ressure  aga ins i the  res is t ing  t " , r . i  on  approach invr t ,  b r l t  a lso  on  leav ing  i t . d,! ...1:i

'.

".r:;-'

'T

r r r q r  L r r s r c  r s -  i t n  t n \ \ , a r ( l  I ) r e - s s U r c  l t t i . l i i t t s t  t l t cs t t r t i r ce  o f  the  watc r  a t  the  l to in t  n t  a ] ,u , . ,L , , , . " .  r i r r l  : r  , . ^ . -l t t r l L t ) ( ' ( , ,  l u r c l  l L  c o r - -

:::l:.".111g 
rcaction :rgrinsr tlie su.t,,c..: ,,', ii,,:i,,,r,,,',,,'",;,:il_

f:',::i,.b::1::: 
tl].11,: is ., sucltlrn clr:r.gr: ,;i 1,,,," 

',,,;,::;,;;

::,*1.fii l, 
,r.i, is is tr,e pr,y,ic"i i,;:i; ;; "',,i ',,,"i,:,1'i1su l face  tens ion .

l . i g ,  r : .  l l i r r , L r , , r , r ,  r L ,  I  r i  r . , l , . L , L i l . r r  t r  o l  1 1 1 1 , 1 1 1 1 1 1 ,
l l ( , u l  \ \ l l r , l l  r i L t :  l , i r \ \  l r . r , r r  l r i l . ( ( )  \ \ i r ( r . r
l u r r i  g l . r . .  i r  e , , t r i . r ! 1 ,  { l \ L l  r t - c  t ( )  i i t ( ,
o ] , : r . r r r . , l  r : , 1 . r l l  r r y  r , , r . ,  - .

- ; .  ' i ' l r i s  
c ' u . g e  o l '  t l r c  u . u r  e  l l _ a r t  t l . o . r  u  l ) 1 . . e  s r r r l l r r : cl r ) to  t r  ( .o r1 \ , (x  s r r r l l cc t  l , i l l  oc r . t r r  r i .q l t t  l r t  t l r c  s r r r ta r :c  o l  t i ter v u t c r  u n r l  { l a s s .  ' i ' h e  

r e y .  r .  r v i l l  s p r c r t l  i n  t u o  t i i r c c . t i o n s ,lu 'c l  i t s  l ) r ( )g rcss  is  r ' r . rs t  rcs is tcc l  l ' , y  i l , "  g t " r . ^anc l  less  rcs is ted,1 '  t ' c  * ,a tc r  a t  i t s  co ' ta t : t  n , i t l r  t l te  u l , , r . r .  l i . l , "  
* ,a tc r  i s  l l , i t l ,

] l . l l l l . :  
, ' ,"  s.tass is sol ir l  ;  anrl  t t , , ,r  

- ; i '  
t t ,"  t ,avc t iont is tor c l l t a l r )  ( . o r ) t ' L r o r l s ,  t l r c  l l u i c i  r ) ' l s t .  s o  l r t l o l r t  i t s c l l  t o  t h e  { r l a , . 5i l s  t o  s e c r l r c  r . o r r t i n r r i t v  t l m t .  i s  t l r t ,  j c v r l  o l _ t l r e  l . u t r rn r t t s t  r i s e  i u . ( ) L u t ( l  t l t c  l l l r s s .

7 .  l f  r vayes  l l l l  t l r e  i vo r l t l  hav i ns  a l i  t j i r . e r : t r ons  ru r c l

l , : : ] ; : ' : l : : : . i  
i : .  

l : :11] , lbrro* '  
r l l r t  iLr th;-r , ; r ; , , (r , i . ) .  c,r-  r i r l r r i r r

.11":.1:: ^,lt^.t: .is.,a s.r i clc. r rarsir i on,,t, 
",,,",.r'";i i".",1.,j;:,'l]; i

:]l:;.:,'"i::.,rllil:l :l',: rcave, i' ,rn ;ir;";;;;;;;,:ii;;ir'li'll.i" i
L.:,.,.,.,,":t"j1.^',1-:1,,".-.r, dirc.ction...*,irl,i,, ;;:';l;:;1, 

'li;:'"r,;J::il: 
ij::: j]l:,.'.,,1,. original speed. ;t.ne r. i, rr,u.'',,':i,,;t,;" ,f;_.;,,1;to\ \ 'ar( ls the centrc,  oiv ing to t l , "  ,1. . , . , , r . -" i ' , ; . ; i ; , r ' ; r ' , i i i  Iboundar l ' ,  bu t  conr ing  ar ic l  so ing .

1" t ' l : , : , , 1 , : l o . ) l ' ] , " . ' 1 , ' l I  
t ' a r : t s  o1 '  (  ) t , sc r  * i t i o . , r1 , -

C a p i l l a r i t vl 1 : L : , , : i , _ t : , . " t r h  
C r i t e r i a  f o r  e  \ \ ' , i , " - ; r . r , ' " ; ; ' r .  " l ; ,

( i )  l ) e t , i i c d  e x r n r i ' a t i o ,  o r ' t r r c  r r i s t r r r t r . r r , r  , . l r e  * , a ' c -f ion t  anc l  reac t iou  o f ' the  l ,aves  i , ,  
" i r ,  

u : , , , " , . ,  g , luss .
r .  Cons ider  ry r r . r -es  t raycrs ing  t l re  l l r i i r  t . r . t , ,  u l  l r i l  l )os -s ib le  d i rec t io r rs ,  anc l  o l ' rny  requ i r " . i  f " , ,g , i . r .  f  f  j r l r  * . i l i  h r rp l rc r rrv l rc r r  t l r c  \ \ ' l \ ' ( , s  l , : rss  l l-r'ak e th e ." ri,,. ii,... ;,,',?1.'l :I fi ,::' ::;,;' 11 1 li,l,,';ii":,| ;il,l.a t  a b o u t  r . 6 o ;  t l r c n  i t  i s  e v i t l c n t  t l r l r t  t l t e  v c t o ( r t t .  o l  \ \ , i t v c so f  l igh t  o r  chcnr ica l  rLc t i v i t y  rv j i l  be  , , , . i , , . r ,  i r i  r r i r ,  r rcx ts rv i l tes t  in  ' rva tc r ,  and s lo* ,es f  in  g lass .  . l . . i r c  

re r . t i ' c  r .c ro t : i r i csin  the  ured ia  a i r ,  rva ter ,  g iass  are '^ ,  ,  O,^ ' ; ; ,  
'  
,  
"  

r . cs l rc t : t i vc l r , .
z .  Case r ,  rvave s  pass ing  l ion i  a i r  to  \ \ . i r t c r  an i l  g l ;Lss .
Le t  

. f igure  
r  z  represent  a  se  c t ion  o l .  p la tc  (  iass  p l r t l ysnr r .ounded by  water :  the  ray  rv i l l  t ravcrse  the  -succcss ivcnred ia ,  a i r -u 'a te r -s lass ,  and the , r ,u r , "  0 , r , . f , , ,1 . ]  r i , i l l  su f tc r  c l i s -to r t ion  as  shorvn  in  the  f igure .  As ;  

" ; i , ; "  
i , ,1 ,  ,1 , r . , , .1 ,  nu t ,

q . , l / t t . t t l , , . i l  . i t o i t t . r i  1 . l . r t , r t t i : r  o n  i , l l t ,
n c t i s t r r ,  r . s  7  o ,  \ i  7  t , ;  )  t l r r r , .  l r l l  r ' l r r  t , s  . . . r " , . ,  

t t t "  ' "  l t r l c l  ' \ l l Lg -

ru :rrrr i . r . .  o.  *  i r ic l i  t l r tv t rLl l .  l  l r rr t :c i l .  u,J, l . i t l , t i l " , r i ;*r l , i r tJl l r a t r i . s t  t l r c  l i r J t r i r l  s r r r l l L c e ,  i t  * , i l l  t i r e r c b y  L , c , : , , r r i . , , i  r r l r  a r o u . c lt l r c  q l r L s s  r v h i c l r  i s  s o l i r l .  . l . i r u s  
i t  i r - . , i , \ ,  , o  , . . ,  u , 1 , 1 , , r . r . . ,r n l r l < c . t l r e  i i t l r r i r l  l i l r n  r r s c . . l r . r . r r r r r r j  t l r c  g i : r s s ,  l r j  o i ) j c r l c ( i  i l lt ' e  l r h e ' . r r r c ' . '  o f  < : r L , i l l e r i t 1 , .  . f . i , "  

i f , o , , ,  r r r s r r r r i r r r t  u r t ii l i r rs t ra t ion  u ' i l l  ap l r i y  to  l l l  t . . rLscs  u  t , " ,  
"  

i i , "  r , rL r  r_s  r ie  s r : f  r rd .l i ' o r  i 1 ' t h c ) ' " , , , " r g "  o n  t . l r c  o l r p r . r s i t c  . , ; , f . .  u ,  t i r t .  g l r r s s ,  t l i ere : rc t io '  a l -  t l re  * , lL i . cs  * . i i l  , . " . ,1 '  t1 , , .  , , , , , . , , . - , ,1 ,  , '  t l ru t  s ic lc .I t l s o ,  n s  s l t o l n  l r y  t h c  I r u y r .  l i , r " , . , , r , ] , . 1 - . i g t , , .

5 .  L c t  L r : i  n o \ \ . i : o r r s i r l c , r . t l r e  r : u s e  i l r  l . i r i r : l r  t l r e  l . a v e sasccnc l ,  es  s l rou  r r  l r t .  t l r
,,r ,, ..n,, ,",:, ' i",, ' ' , ,, ' ; i ,.,", l l i i  

' i lrt, ' l ; 'u-"' l ' ; .rt ot l l{Lre r s,

ruuder the effects of relracrio"., 
""a 

fi,.-'r..rn;;i,l l";::;:r,::;
l ;o th  in  the  l .a te r  anc l  in  the  g lass ,  ; i , .  

" , , r ;  
i ron t  rv i l l  t rkethe  convex  lb rm shorvn  by  the  he ivy  l inc , -

' l ' ' i s  
l rs -u r .e  s l t r ; ,u .s  * . 'u t  * , i l l  ' . ' , c ,  i ^  rL l i  cascs  o f

: : : , : . r ] : i i "g  
w l \ -cs ,  l , ro l ) r r .q l te r i  n . io rc . "1 , ; , l i y  in  a r r ,  Jcss  rap i t l l l ,

: :  l t ; : r : " r ,  
an t l  

. l c l s r  n r l r i r i l y  in  g l r rss .  On t i rc  r i ! t r t  t i re  reacr ionoI  t l )e  c l l l c re i .g  * , . \ .e  i io ' t  rv i l l  1b . :c  t l re  l cvc l  o t . thc  * . r r t r_ rr tp  lLbout  t l r c  g l r rss ,  by  t l re  re r .c rscc i  n . , , r : .1  1 , r . r r , , . . ,7 .
( i i )  J ) e t a i l e ' d  s t u c 1 1 .  o 1 '  t h e  r i i s t o r t i o i r  o r  t i r t  * . r r  c  r r o . tl ' hen  the , \ ,avcs  ru .o  l ) ro l )agatcc i  in  a i r ,  * l " r r ,  , , , . . , , , , ru .
I .  In  thc  f i rs t  ins t r rnce  s r lppose , i ' .  f  , , . , r " , .  i l , r r '  ,n "
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\ \ ' a ves  ( l c sccn [ ]  f r on r  a l r o l c ,  t l r cn  t i r e

r r ave  f l  o r r t  i s  shou  n  l r 1 '  l i { u re  r  3 ,  p l a t c
(^ )  I f tbc  rcs is tancc  to  thc  l 'avcs  i t r  n rc rc l l r ) r  l re  g rea ter

than in  r i r  anc l  g )ass ,  thcn  thc  rc l iac t ions  and rcac t ionarJ .

l ) ressures  to  thc  u : rvc  sur [acc  as  i t  a r ' l l anccs  u ' i l l  l ;e  o l -  the
type l re rc  p ic tu rc< l  :  thc  \ \ 'aves  cscap inq  f ro rn  the  n)ercur ] '
a n d  s p c c r l i n g  o n  r n o r c  r a p i r i l f  i r r  t h c  q l l s s  t h a n  i r r  t i r c
nrercu l '1 ,  l  i l l  b r -  the  rcbour r r l ,  y ' ,  p rcss  thc  f lu id  back  f lonr
t h c  e l a s s ,  o n  t l r c  l c f t .  ( ) n  t l r c  r i . g h t ,  t h c  i r r r : r c a s c r l  r e s i s t a n c e
to  the  ua lcs  r l r : c  to  t i rc  n rc rc l l r ) ' ,  l s  thc  r ia lcs  l cavc  t i re
s l a s s  a n d  t r a v e l  n r o r c  s l o u  l f  i n  t h e  l i c l r i r l  n r c r c u r l ' ,  r v i l l
push t l ra t  l i r l t r i c l  r l  av  r i  i th  a  pos i t i ve  I ) ress l r rc  - fy ' .

( l r )  ' l ' i r c r  
rcsu l t  i s  t  lb rc ing  o f  thc  l ln ic l  r los  n l -a r r1 ,  b1 '

rc 'boun11,  on  thc  )c l i ;  anr l  fo rc inq  o f  i t  fo r rvar r l  l ; r '  c r lua)
d i r e c t  p r c s s u r c  o n  t h c  r i e h t .  l n  l r o t h  c a s c s  t h c r c f o r c  t h c
l le rcL l rv  i s  y r rcsscr l  u l : rv  l l -onr  thc  g1ass .  ' l ' hc  n rc r r : r r r l  thc rc lo rc
s c e n ) s  t o  a t t r i r c t  i t , c c l l -  n r o r c  t h a l r  i t  c l o c s  t l r c  q l a s s  :  *  l r i c h  i s
t h e  u s t r a l  c x p l a n a t i o n  o f  t h e  n e e a t i v e  c a p i l l a r i t i '  o f  n l c r c l r r \ ' .
l J r r t  r r 'e  r lus t  : r l so  cons i r l c r  u  hy  t l re  tube o{ '  n rc rc r r r t '  j s  l rc los '
t h e  n o r n l r l  l c v c l  o 1 -  t h c  J i r l r r i d ,  a n r l  h c n c c  u  c  p r o r : e c c l  l r >
v i c r v  t h c  e t : t i o n  o f  a s t : c n d i n q  u ' a v c s .

. \ .  : '  l ,  /  / ,1 .1 cl  l  r1.r ,  { t  t ,  I  (  t  + p:! '+ q:)  " ' ' l  i i )

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

c r p l u i n  t l r i s  l i r r n r r r l : r ,  l c  r c r r . r : u k  t l r l r t  i I  z - -  / ( r ,
v l t u r c  / -  t o t t c l r i r r g  l l r c :  < : : r l r i l l r r r v  s r r r J l r r : c  a t  : r r r t  1 ' , , i r r l ,

Accord ing l \ ' ,  i f  ,q ,  l rc  thc  a t :cc lc r i r t ion  c luc  to  q rav i t i ' ,
. t  t h e  d e n s i t ) '  o f  t l r c  l l L r i c l ,  a n r l  / -  t h e  r . o l L r n r c  c l c v a t c c l  b 1 '
the  fo r r :e  o1-c l l r i l J r r r i t r - ,  \ \ ' e  gc t  / .o1 |a r t ' s  c r lu ; r t ion ,  founc lec l
o n  t l r e  a l r o v e  i n t c g r : r l

,,' rr / 
- -- 1 

f .. / / r cost;i ( 6 s )
. \  l t c r  t l c r i v i n g  t h e  a l i o v c  r l o u i r l e  i n t e q r a l  a n d  t h i s  f b r -

n tv l ' t  / . t t f , / t ta  '  rc r ] r l l l i s :  > ' l  l rus  t l rc  nnss  o1-  thc  J l r r id  c lc r ' : t t c r l
a l r o v c  t h c  l c v c r l  i r l  t h c  r : a p i l i r r r v  a c t i o n  i s  l ) r o l ) o r t i o n n l  t o  t l r c
< : i r r : u n r f c r e n c : c  r > l ' t l r c  s c c t i o r r  o f  t l t c  i n n c r  s u r f e c c  o f - t h c  t u b c . <
' [ ' i ra t  i s ,  thc  l i l t i nq  {b r< :c  i s  l ) ro l )o r t iona l  to  thc  c \ tcn t  o f
thc  q lass  s t t r lu< :e  l r : t ing  on  t l t t :  l l u ic l ,  -  rvh i r : l t  aqa i r t  vc ry
s t r o n g l \ '  p o i n t s  t o  u ' : r v c - l t t i r ' n ,  c - r t r t i n q  s c n s i l r l c  i n l l L t c n c c
o n l ) '  a t  i n s c n s i b l c  d i s l a n c c s .  ' l ' h c  t u b e  o f  s l a s s  i s  s o l i c l  a n r l
c a n n o t  l r c  r a i s c d ,  r n c l  t h e  r c a c t i o r - r  s i r l p l y  s i n k s  t h c  c c n t r a l
c o l u ! n n  o f  u r c r r : u 1 1 ' a s  i f  r e p c ) i e r i  l r y .  t h e  g 1 a s s .  F l e r r c e  t h e
m a r g i n a i  c l c p r c s s i o n  o f  t h e  l l u i r l  i s  a l s o  r c c o n r p a n i e c l  b 1 ' a
l o * ' c r i n g  o f  t h e  c c n t r a l  c o l u n u r  b c l o l ' t h a t  i n  t h e  e x t e r i o r
bas in  o l  n rercury .

4 .  I t ronr  these ske tchcs  o f  the  rvave f ron ts  taken by
l iqu ids  o f  var ious  pou 'e r  o f  res is t rnce ,  r rnder  rvave ac t ion
f ronr  a l l  d i rec t ions ,  we I )e rce ive  t l ra t  t l r c  f r rnc lamenta l  fac ts
o f  c a p i l ) a r i t 1 '  e s t a b l i s h e d  b y  o b s e r v a t i o n  a g r e e  q u a l i t a t i l e l y
s , i th  t i re  l ' ave- theory . .  A  be t te r  concordance pro l rab ly  cou) r l
l l o t  l ,e  e \pec ter l ,  and i t  i s  d i f f rcu l t  to  i r - r - ra .q ine  such conforn t i t ) '
i n  theory  * ' i thou t  a  t rue  ph) 's ica l  cause Lrnder ly ing  the  observcd
la rvs  o f  na ture .
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z .  \ \ ' avcs  f tonr  be lo rv  $ 'o r l ld  ac t  as  sho$ 'n  in  the  cent ra l
p a r t  o l - f l ( r r l c  r  3 ,  J ) l a t e  : ,  I n  a i l  c a s e s  t h c  l e r , e l  o f  t h c  r l e r c u r l '
i s  c lcprcsscc l .

( . )  O n  t h e  l e f t ,  t h e  s p c e d i n g  u p  o f  w a v e s  l e a v i n g  t h e
nrc rc l r r t '  l b l  t ' hc  a i r  and q)ass ,  q ivcs  a  reac t ion  r r ' i th  negat iye

I ) rcssur  c ,  -  
/ ,  rnc l  the  mcrcur f  i s  fo rced l ta r :k ,  o r  lou  ered

x r o l u r ( l  t l r c  g l a s s ,  a s  i f  t h c  l l u i c l  s e r e  r e p c l l c d  b y  t h e  g l a s s .
( l r )  ( ) n  t h c  r i g h t ,  t h e  j n c r c a , s c d  r c s i s t a n c c  c l u e  t o  t h e

l l c rc r t r \ -J  l  l r cn  thc  \ \ 'a \ /cs  cnrc t r l c  1 ' ron . r  t i r c  e lass  jn t r>  thc  a i r
o r  l l l c rc t i r l '  q i le -s  a  d i rcc t  ac t ion  or  po ,s i t i l c  l ) res-c r t re ,  f i r rc ing
t l t c  n rc r r : t r l v  a r i  a \ ' ,  thc  reac t io l l  a t  the  r :onrer -  g i l ing  thc  n tos t
c lec i r l c r ' l  r lou  n l  a rc l  l ) rcssurc .  

' l ' hus  thc  l c le  l  o f  the  l l l i r i  i s
lo r i  c r  cc l ,  r r l rc t l rc r  t l r c  s  z rves  c lc -sccnr l  o r  i rsccnd;  anc l ,  as  thc
\ \ 'a lcs  (  onrc  I ronr  c  r  c r  1 '  r l j r cc t ion ,  thc  a1 t ; ra rcn t  repLr ls ion  o I
thc  n rc rc t r r l  l l .onr  thc  q lass  is  s ln rn tc t r i ca l ,  as  fonnc l  l x .
o l r s c r l u t i o n .

. j .  
' l  l r c  r : l r r n g c  r ; l '  l c v c l  i n  t h e  r : a s e  o f  a  c o l u n r n  o f

l ) r c r ( ' u r \ , c i t ' J r r c s s c c l  i n  a  t u l r c  j s  d u e  t o  t h e  a l t o v e  c n t r s e s
n l s o .  l i o r  w l t c n  t h c  n r c r r : u r l  j s  u r : t c c l  u p o n  l t o u ' e r f u l l l ' o r r
: r1 l  s ic ics ,  t l r c  ac t ion  < :on lo r r l rs  to  / .n f , | t t r ' s  in tcera l  ( l ' l t l can i r luc
( J e t i e s t c ,  i . i r ' .  - \ .  s u I p l c n r c n t  z )

r + a  [ /  ( t + / 4 ) - r q 2 )  ' h ) l i j l : 1 f  
, 1 1  r r : o s a  ( r , : )

a t  i s  a  cons l ln t  lbun< l  l ry  obscrva t ion .
' , : , )  l r c  thc  c ' r l r ra t io t r  o f  t l re  sp i rc r i ca l  sur facc  o f  rac l i r : s  o f  c r r r -
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cro-cs-scc t ion  o f  t l re

3 .

, 1 , '  -  
i t i ' t t  ? . r ' ) r +  { i z  i ' . r ) t ' + ( ? , ,  l ? : ' \ " t  

' " , 1 t ,  
.

I ' l t c  : - l x i s  i s  v c l t i c a l ,  a n c l  ? t r  ? : : :  r ;  i ' ; ,  i . r ' .  .  f  :  r : r  i ' . 1  :  ( /

i ' r i ? : :  I r - c 1 i 7 z , ' i . ' 1 r - - \ t t t  ? . t \ t ]  ' ' :  ; . t - + / \ ' :  |  . / ) \  
' '

? , - l ? \ ,  -  [ r  r ( t z / i : r . ) ! - + ( [ ' u z . i ' r ) : j  ' , . ? , ,  ? . r . -  ( r - + 1 : ) - + q t \  ' : t ,

? t , ? - 1 '  :  (  r  + - ( l z z / D r ' ) J  +  ( ? z z i t - 1 ' ) : j ' t "  ? t , l ? . t '  :  -  (  t  - r  y ' ) +  ( J 2 ) ' ' '  q  .

( 6 :  )
( o + )

l6 .s  )
( 6 r , )
( a t )

i ,e t  us  now rccur  to  the  theory  o f  the  . ra inbos ' ,  and
note  t i re  shor tcn i r rg  o f  the  waves  rv i th in  the  drop  shorvn  i r r
t l r c  fo rcgo inq  f iqurc  4 .  As  the  ve loc i ty  o f  the  ae ther  rvaves
js  r :hanqcc l  suc i r len ly  a t  the  boundar l . ,  bo th  on  en ter ing  and
cntc rq inq  l l -o rn  t l rc  c l rop ,  the  l ) ressure  exer ted  a t  tbe  l to r rn -
c l r t r l .  i s  o l n  i o u s .

( ; i i )  l l c t h o d  o f '  c a l c u l a t i n e  t h c  k i n e t i c  p r e s s u r e  r r ' h e n
l l r c  r l r r r ( i  ; i l ( '  r ' c s i s t c ( 1 .

, , \  n l rss  o1- rv l tc r  zz r ,  in  u 'h ich  \vaves  arc  advanc ing
r r ' i th  th r :  r ' c1oc i t1 '  7 r ,  has  the  cor respond inq  k ine t ic  energy
1 
f  2 t t t  1 )  :  l i  .  r \  f t c r  a  cer tn in  amount  o f  rcs is tance ,  suppose

the  vc lo t  i t l '  o l  t l r c  wa lcs  becorncs  2u ,  ,  thcn  thc  k ine t ic  cnergy
l rcconre  s  l css ,  as  u1  <  u ,  and n 'e  l rave  :

/ i ,  :  l f , n  t , 1 2  ( 0 S )
' [ 'hc rc fo re  thc  loss  o f  cncrqy  due to  re ta rda t ion  o f

le loc i ty  o f  N lve  mot ion  l rcconrcs :

( z  o )
r \ccorc l ing ly ,  s incc  a  decrease o i  depth  de lays  the

pro l )agat ion  o f  sea  rvaves ,  and cons tan t ly  reduces  the  ve loc i ty ,
rve  in fe r  thx t  so  Jong as  the  n 'a ' r 'es  o f  the  sea beat  upon the
sha l los '  -shore ,  thc re  i s  c lecrease o f  energy  in  the  rvayes .  I 'a r t
o f  the  er re rsv  i s  los t  l ; y  the  dash ing  o f  the  water  aga ins t  the
shorc .  l lu t  any  ac t ion  rvh ich  de lays  the  speed o f  the  rva ter
is  ec lu iva len t  to  l ro ld ing  i t  back ;  and rvhen the  rush  o f  the
rva ter  i s  ho ld  bac l<  i t  exer ts  r r  s teadJ '  p ressurc  aga ins t  the
rcs is t ing  s i ro re .
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) t r  -  |  :  E-  I i r  :  l f  
; z t t t  (u r  - , , r r )  -  t , , , ,  ( ;  ,

i s  incessant .

u - u ) ,
'  h " )))

'  1 l t g u ! : z r r | o 2 g t , 2  
( i .

t vhere  g  i s  the  dens i ty  o f  the  nrec l ium,  z  the  f requenc
a the  an tp) i tude o f  the  tva les .

\ \ Ihen the  \ \ , i l ves  a l .e  res is tec l  a t  t l i e  boundary  o f .  a  so l io r  
_ l i t lu id  l - lody ,  the  rc f r .ac t i ve  ac t ion  z :  _  r -an , " r .  as  a  f  ac tca .d  the  loss  o f  e rergy  ' rus t  be  in t roc luced.  ' I .hu ,  

o , ,  en ter inand on  c . rnerg ing  l ionr  sur :h  boundar ies  the  energy  o f  th* ' l t ye  tno t ion  I lec r . l tnes
j i  -  . ; t . t  u :  a1  y !  (u )  r  )  ,  ( t ,

: t ;  l L l r c : t r l l '  f o r r n d  i r r  : t , , . t i o r r  J .

: ),,,,)! "l'' ; :i:: li ;j.' :'',1:,ii il J i',''',1;,i''Ji,.:l :' J l,',:j i: IS i  g  n  i  f  i  c  l  l t  c  e  u  r . r  c l  c  r  t  l r  e  \ \ /  a  r "  - . t . t , .  u .  r .
( i )  ' l ' l r c  q e o ' r e t r i r u r  c r i t r r i r t  r ' o r  r r r i . i r r r r L l  s r l r r l r . r s  r e c o grrizeci l .ry Sciu,tt t : .

L c t  , , r ,  _ 1 , ,  :  < l c r t o t e  t i r e  r c r : i : r n 1 u i . r r  t . o o i - r l r r r l L t e s  o l  a n y

l ] : : ' l : . , : . 1 ^ . , , t t ^ .  
n r i n i r n r r l  su r l : r c c .  l ' 1 r c  c ( ) u r r i r nu r c  :  n ra r .  ber :ons ic le r .e r l  as  u  l r r r r r r t iou  o{ .  thc  t \ \ ,o  o t l re r  . " " . , , r " , i . r  

r , . ,  
r i

i ;^,_' j t^.. : ' ]" .^.rr lr i l iary 
tbrrnLrie oi / .r1,hrc t .bo"e exptainerj .

l n  l r i s  (  l t : s a u r n r c i t e  i l r L t h e n r u t i s r : h " -  . \  l , l r r L n d i L r n g c l t ,  \ . o 1 .  rr s9o ,  I l t ' r l i n ,  I ) l ) .  : 1  25 - . 1  r 9 ,  r r r o l ' .  l I . . . 1 . . \ ' i i t t t , t t t . : ,  r hc  en r i neng c . J l t l c [ e r  O l  t h c  U r i i r r r s i t l , , r l - I ] t . r ] i n ,  l [ r s  t : o n ( l c n s c c j  t h rr c s u i l s  ( ) l  i t i s  g 1 1 3 1 1 5 i 1 , g  r r s c a r c h e s  o t i  r n i n i n n l  s u r l i r c e s .  t rl 5  n ( ) t  l ) r i l c l i r r L i r l t  t o  r l c v c l o l r  I r i s  r e s r r l t s  i n  l L n v  t i c t a i l  h e r cl r r r t  t i c  l c t r : r r r . k  t i l L t  r l r e  I r r i l L l  c r l L L l L l i r r , , r . " r . , , , l r i " ' i i r " r " ' ' " l
L d ? i r t ; t  t l r  r i r c  s r i r t : r c t , t -  r l r e  i l , , i l . l  

" l " r l , , t e c l  
i '  c a ' i l l a 1 1 ,

I t l . / r ' : ;  : i t ) J  t l r : t t  t i r t .  t  rr,c",r i,'r1,.o':"'J ;, ,,,;:,1':]:,,]::::,t:-r;':)r),',!:";:'::,,,,','";J,,!:,ii:,
l l i tuo tu t ,  JL / / t / / ,  I  I - t . i t . t . s / t . t t ss ,  . \ . l t l tu , .

tL
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r  Z i r ) t t ^ S - - J ' ( 1  t t : u - r . . l y , )  .  ( S r )

t o  l r c  c x r r n d e d  o v e r  t h e  e n t i r e
s lng le  in tcgr iL l  over  a l l  e lemcnts
sense ind ic l ted  by  the  c le r iva t ion

I f  the  shore  rvere  n iade by  an  ar t ihc ia l  p la t fo rn i  o fboards ,  under  r i ,a te r ,  the  in rLrsh  o i  the ,uavcs  rvou ld  tenc l  tosweep the  pJa t fo rm  ̂ * 'ey ;  : r 'd  observa t io .  sho* ,s  tha t  on  thesea shore  vas t  banks  o f  sand,  anc l  loose grave l  a re  hur led
in land by  the  rvh i r l ing_ .  o f  the  in rL tsh i r rs  r i y lves  asa ins t  theres is t ins  sea beach.  1 .hese phenon l .nn , , . .  u , . f t  f , , r tu ,n ,  , , , r , ia re  lan t i i i a r  to  a l l  obser i ,e rs  o f  na ture .

Le t  r rs  non,  cons idcr  tyhu t  l , i l l  h r r l rpen * , l ren  ae t l te r
w a v e s  i n  t h e  f o r m  o f  l i g h t ,  h c a t ,  e l e . : t r i c ' c u r r e n t ,  e t c . ,  f u l l
upon a  rned iunr  in  rvh ich  the  ve loc i ty  i s  less  t l ran  in  a i r .As  the  ae ther  i vaves  t rave i  Iess  ray t ic l i y  in  t l ie  l . lu ic i  then inair,  there t ' r l lst be an
th e rva'e', o ri o n ",,1,." :T;i,.:.' 

";j?,i1,':i.-,, ;: :i."., J;]:'"1; " |:wc  have  a . c i e l i n i t e  phys i ca l  l r oL rn t l u r ; . ,  * , he re  t he  vc l o t : i t 1 ,
c h a n g e s  s u d c l e n l y .  I n  a n v  t * ' o  ' r c c r i a ,  t l r e  ' c l o c i t i e s  a r c
d i r e c t l y  a s  t h e  r c f r a c t i v e  i n d r c c s :  t h u s  i n , , i . , n , " t e r  r t :  t f , : ,
and  n ' e  kno rv  i r y  _Fb t t t a t t / t , s  e r l r e r i r r i e  n t  ( ) 1 .  r  S .5 -1 ,  t ha t  t l r c
veJoc i t f  i n  a i r  i s  t o  t i t x t  i l t  \ \ . : t t e r  r r l r ou t  es  +  r o  : 1  .l J u t .  t h e  e l ) c r g y  o l ' t h c  r v e v e  n t o t i o n  i s  l s  t h e  s ( l u l r r c s
o f  t he  ve lo r : i t i e s ;  an r l  he  nc . ,  l b r  l L i r - r i , r r t c r  / t  -  ,  

f  . , ,  n , c  l t r r v c
,L  :  \ t ; f  , , ,  : r nc l  r r ? -  r  :  i , , / , , .  , \ c r : c l r t i i ng l y ,  n , l r c , r r  t hc  l i c t l r t , r
w : r v e s  l ) a s s  I r o r u  a i r  t o  w a t e r . ,  t h e y : r r - c  s ( )  f c t i r r . ( i c ( i  i l r  t l l r ,
bounda ry  as  t o  sL l dden l y  su . re , r , l c r  i , / , , , r ,  < , 1  r l r e i r  k j r r e t i t :
e n e r g y  t o  t l ) e  u r o l e c u l e s  c o n s t i t u t i n g  t l r e  l , o L r n r l t r v  o l - t l r e
l i r l u i d .  

' l ' h i s  
l oss  o f  ene rgy  a t  t he  i r oL rn r l r r r r ,

A l o n g  r v i t h  t l r e .  l o s s  o l -  e n e r g y  a s  t h c  r a ) , c n t c r s  t l ) edro l t ,  there  is  re f r i rc t ion ,  c l i s l le rs io r r , ' c tc . ,  s ' ( i l t  as  * ,e  scc  i 'the  ra inborv .  In  h is  ce lcbra tec l  a r t i c le  L i rh r ,  I , )ncyc l .  I Ie t r . ,
\  56r, Sir Jo/tt t  I Icrsc/te/ cl*,el ls o^ tf , .  i , . . ,  t l rat t i re lbrccs
produc i 'g  re f rac t ion  or  t r i s 'e rs io '  * rc  o r ' ' r . c t rca l l y  in f r ' i t c
in tens i ty .  l io r  

-  
the  l igh t  no t  on lv  i s  re t : r rc le r l  in  i t s  fo r rvarc l

n r o t i o n ,  b u t  a l s o  t u r n e d  o u t  o t - i i s  r e c : t i l i n a " ,  . o u r r a ,  a n d  t l r crvaves  have increas ing  d ispers ion  * , i th  r l cc rcas i r r {  rvavc_ lengt l r .
A ' Io reover ,  s ince  on  leav ing  t l re  l i t lL r i r l  r i rop  l i r r  the  a i ra . .ga in ,  the  ve loc i ty  o f  the  rvaves  in . .e "sc  i to rn  about  J  to  + ,t l r i s ,  inc reases  the  energy  jn  the  ae t l i c r  \ \ , i r . \ , cs  l l )  i l l e  r l r t lo  o l

\ - / : J - ,  s o  i l l x t  t h e  r v a v e s  o u t s i d e ,  i n  v i r t u e  o i - s l . r e e d i n g  l l , a yrv i th  an  energy  measured by  , re ,  l ,u "e  , , I ,  , r ,o . "  energythan those u ' i th in  the  drop .  Hence the  recec l ins  ,u " r , . ,  . . , , i ion  the  i toundary  o f  the  l iqu id  d rop  rv i th  an  encrgy  a l l toun t lng
to  7 /e  o1 ' tha t  they  have in  l iee  soace.

.  
' l ' ak ing  

the  re f rac t i ve  index  as  thc  n ros t  cer ta in  o f
f ]1 fs rca t  

rJa ta ,  rve  have:  g lass ,  r , r  :  r .6og;  \ \ ra re  r ,  r .3 : j6 ;
a l r ,  I . O O O .

t r lo reover  fo r  s l .n rn ic r ry  
" , ,o  

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

-  f  :  4 . .  i ' . t ,  , /  -  i . : , D r . .
y  -  l t - , i i r ' : ,  s  :  d . : ,? . r ' i , v ,  

' /  
-  Dr5 ,  t , , ._ ,  (ZS)

1 '  :  ( r  + I2_ t -  ( / t )  ' | i  ( r_  ! . ,  _  , / , , , )  .  h  O)
t , ' . 1 ( ,  + r  1 i -  -  ( r - , l . r  + - , 1 , ) , i , t - + , 1 r )  r _ r

'  ) / , , t  s - ( ,  - 1 , ' )  / ' 1  
'  '  

( l l )

. i  :  -  7  7 r  . t  ( r  -+ - ,o r  a , , : y , ,

|  1 ' - , t ' ( t + - ' 1 2 - + r ' . t j ' ,  ( l S )

cl.S : (  r  -+-12 -+ 11t) '1". ,1. ,y,, ,  \7 g)
^t:  J 'J ' (  r+y'2-r-r l1 ' l .d:r  r l ' , , , .  (so)

I n  t l r i s  c l o u b l e  i n t e g r a l  t l ) e  i n t e g r e t i o n  1 o r  t l r c  s r i r l a c els  to  i )e  cx tenr lc r l  to  a l l  i t s  e le . ren ts .  L t ; r i c r  r ' csc  su ' ; r . s i r io .sr v e  h a v c  t l r e  c l i l i t , r e ^ t i a l  c t l u u t i o .  t o r  t i , e  ' r , r i , , r e l  s L r r . i u c e :
(0 i10 ' , - -+ -? t :10-1 , )  r1 . r .d1 ,  :  t ' ( r , !  l i t+ - , , t  t i . , )c i . \ .  - :dJ  (s r )

o f  r v h i c h  t h e  i n t e g r u j  b e c o r n c s :
' l ' hus  

the  rvave d is tu rbances  t rave l  r .6o l i  t in res  fus tc ri n ,  a i r  t h a n  i n  g l a s s ;  a n d  r . 3 3 6  r a s t e r  i n  , u a t e r  t h a r r  i ' r L i r .The l trogress in rvater, horue"u!.,  is also f, , . tc. t l ra,r i .  glassby  the  d i f fe rences :

A i r - G l a s s  o . 6 o 8  - -

A i r - \ V a t e r  o . 1 3 f  -

\ V a t e r - ( ] l a s s  o . 2 7  2  :

z.s :  J 'J '2 , ( r f  l i , -+
' I ' he  

dou l r j c  in tegr r r l  i s
sur face  cons ic le rc r i ,  , r id  , i ,a
o f  t h e  b o u n d a r y  t a k e n  i n  t h e
of  the  fo rnru l l .

.  _  
Accord ing iy ,  f rour  thcse  c la ta  on  the  rc f rac t i ve  inc l i ces ,and tbe  eas i l y  ver i f ied  phenonrena presentec l  by  se l  rvaves ,  rve  sccc lear ly  tha t  the  inwarc l  p ressure  o f  t l re  ae ther  s ,aves  a t  thcboundar ies  o f  i iqu ids  and so l i c ls  cannot  be  r l cn ied .  , l .h is

pressure  is  eas i l y  shown to  be  in  dynes  l )c r  s (1 .  cn t . :

Sc/t t t . , t t t ' :  r -cnl r rks.  that  i l -  rve appl1,  t ) te lorntr . r la thr , rs g iven

l y  7e t !1 t . in  r l i53 ,  (Sur  ia  sur f rce , lo , r i  r , , . ,o , , . t , , , . "  es rconsrante ,
L i o u v i l l c ' s  J o L r r . n a l  d e  M a t h . .  p u r .  e t  , , 1 , 1 , 1  ,  

; l : , r , , .  
t t i .  r 6 3 _ r 6 7 )

t o  m i n i n r e l  s u r l u c e s ,  t h e  t h e o r c t n  i n , l i . , , t " , i  i n  c r l u e t i o n  ( g z )rv i l l  ho ld  t rue  .  ye t  another  p roc . r i  rn lv  be  dcr i r .ed  by  thelb l lo rv ing  l ) rocess .

€rb



J ' /

\ \ Ie take the nornrals as dra$'n fror-n every point of the surface,
the  length , / r .  Lc t  thc  vo lume th r . rs  a r is ing  be  c lenotec l  by  Z ,  and rve

tl : /1 s -r\ l rt,, [,f (, f Rr-+r/-zrr) a.s-+

l lu t  there is  anothcr  expression for  th is  voluure as fo l lorvs:

I ' - 1 t . . / t . \ - + - t , , t t l . f p ( r l l i , - + , / 2 , , . ) r t . s * 1 " / , ' . f : ( l , l l ? t / ? . ) ) ( l . s + - ' t f , t / t

+ t l ' h

In  th is  e< lua t ion  X,  ' ' ,  Z  dcnote  the  cos ines  o f  thc
ang les  rvh ich  the  nornra ls  to  t i re  sur f i t cc  n rakc  rv i th  thc
d i r e c t i o n s  o f  t h c  c o o r d i n a t e  a x c s ,  a n c l  t l r c  q u : r t r t i t t '

7r,  . :  ,{ .1_F }--y+_ Z s (s s)
' l ' he  r loub lc  in teqra ls  a re  to  l re  cx tcnc lcd  over  a1 l  e lc r len ts

o f  the  sur face ,  s 'h i le  thc  s ing lc  in tcs ra ls  n rc  to  bc  cx tcndcr l
over  a l l  c lc rucr r ts  o f  thc  l roun< l : t r1 '  1 j t t " .

J lv  cor r rp r r i son  o l -  thc  coc f f i< : i cn ts  o f  t i r c  tc rn rs  in  ( l ] .3 )
: r r r d  ( S q )  n r r r l t i l ' l i c r l  l , r .  / z  a n c l  / i r  r e s p c c t i v c l r ' ,  u ' c  f i n c i  t l r c
c r  l t l r t i o n s :

/ '  . \ '  , '  / .

" .s 
:  f  , f  r (r  f , t t ' r+ ,  , t  t , ' , )  , t .s r  |  . r  , r ,  ;  (sr,)

" /  
d . r ' c i l  c l :

r . , i , / t  r \  , , t , / , ) . \  / ^ , \ ' ' ' Z

I I ( , : , - * , ' , ) , r . \ - - z I I ' , , " ) , ' * |  \  ,  :  ( s ; )
, t  , t  \ 1 r r  t \ . t /  , '  , t  , r , r , ,  

. /  , 1 . \ . , 1 ) - t l Z

l i  r . t  / t ' y - +  t  l A ' "  : =  o ,  u ' h i c l r  i s  t h c  r : o n r l i t i o n  t h a t  t h c
cur ra tu rcs  on  the  opyros i tc  s idcs  r rc  c r iu l l  rnc l  oppos i tc ,
cq t ra t io r r  (3 f , )  e i tcs  , \ r : / t t ln t ; ' s  c r i t c r ion  l i> r  thc  a rer  o l -  a
nr in i r ra l  sur lh r :c  (p .  r  7  S) .  In  l css  r iqorous  lb r rn  th is  c r i t c r ion
was f irst indir:atecl l ty l i t / l ' .  l t t t t  I I i ' i t t .s/ra.r.r unrl  .Srlr lar-. :  l r :rvc
grca t i f  i rnprovcr l  t l r c  r l cnrons t ra t io r t .  \ lo rcovcr .Sr / i zz , rz r ' :  has
d iscovercc l  l ' ro r r r  t l r corv  : r  nc rv  sL l r l - i r cc  a l - tc r l ' u r r l s  vc r i l r r : r ' l  l r y
e x p c r i n r e n t ,  a s , s l r o \ \ ' n  i r c i o \ \ ' .

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

r .  ' l ' h c  s l r h c r c ,
. . 4 _ f  l . a *  L t  :  t . l

2 .  
' l ' h e  s p h e r o i < i ,

. r t f  a t - + ( 1 2 - + - r 2 ) f  l a 2  ( r  - r : ) ]  :  1  .

3 .  
' l  i r c  s p h c r i c a l  s o a p  i r r r l r l r ) e ,  a  l r l r r r  o f  l i r l u i d

l i v  ts 'o  t :o t rcer t t r i c :  s l r i rc rc 's :

.r ' l  +- l  :  f  : :  . :  7'r ,  611{g1 surl ircc
1 1  ' - r  

- i '  
l - ' t - : , :  :  l , : ,  i 1 n c 6 u ; n , . . .  

( q o )

4 .  Sur [ rccs  s  i t ] r  c r lua l  bu t  op l )os i tc  curv i l tu rc  a t
e ' e r 1 '  l r o i r r t ,  , f  l i r - + r i l i . :  o .  ( q r )

(scc  f igurc  r  4 ,  r  5  o r1  p la te  3 .  )

5 .  Sur faces  s t re tchec l  f ro l l l  f i xec l  1 l ' l l l l c .  r ' r , l  l rnnd i r ro

runde r  g rav i ty  (see  f igLr rc  r  6 ) ,
(t .  Sr/tu'ar: 's t l reoretical ly predictccl surface afterrvards

e x p c r i r n e n t r l l y  v c r i f r c d .
' fhe accornpanyine f igure r 7, f  rom Poinmr/ 's Capil-

la r i t c ,  Par is ,  r  39  5 ,  p .  66 ,  exh ib i ts  to  the  e1 'e  the  fo r rn  o f
one o f  Pro l .  Srh  u ,o t ' : ' s  he l i co ida l  sLr r faces ,  rvh ich  he  rvas  ab le
t n  r l r l i z n  F v r ' n r ; r r r ^ n f a l l l ' .

( s s )

( s q )
i r o t t n r l c t l

2c,
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s ide  o f  the  sur faceoff thereon on the sarre

r / r .R r )as . ( 8  3 )

(s+)

I ; i g .  r  6 .  J l l r r s t r a t i o n  o f  a  c y l i n r l r i c a l
- , , , r 1 '  f i l r r r  , l r r u t t  o r l l  l r ;  ; r
. , 1 , ' r ; r t i r r g  t r l o  r r i r , ' l r r t t l ,  s  ' t t

t o  *  l r  i c l r  t l r c  f l l r n  i s  a t l i r c h c r l .

I , ' i q .  1 7 .  / \ , i r r a t I ' s  h g r r r c
o f  t h c  h c l i c o i r l r l
r n i n i r n a l  s r r r l l c c ,
f l r s t  t h c o r c t i c a l l y

'  
l r c r l i c ted  l ; y  I , ro l - .
ic,lt u' a rz, antl aftcr-

::ill],,::iin".' "'
>>\ '1 . , \ t : / t t t to t ' r  n  l )u  rca l i ser  exp i r in rcn ta lcm€nt  cc t tc

sur fa t :c  t1 ' t i r lu i l i i r rc .  <
>r  l ' o l t rcc  ln ,  i l  t cnc l  un  f i l  s r r i v ln t  I 'a rc  - ,1 /J  d  u r r  r , l . l i n r l re

c lc  l c r rc  : l l l  l l l o lon  r i c  r l c t rx  l i l s  r r rc t l l l i r l r rcs  L . f )  e t  -1 t1  s 'appr ryant
s r r r  l c s  l r r : r ' s  t l r t  c v l i n r l r c .  ( - c s  r l c u x  f i l s  c t a n t  l l a r a l l e l e - s ,  i l
1 -o rnrc  r r r rc  l l r rc  l r1anc  -s ' : r l ) l )u lan t  s r r r  les  t ro is  f r l s  z1 | ) ,C 'D, I , )1 ; ,' I , ln  

to r r r r te r t t  C ' l ) ,  l t  la t rc  -sc  d t l lb rn rc  e t  cngendrc  une snr face
l iC 'D l ;  l ) l ss l l r t  p t r  , ' l | i  c t  cor rpant  norn ta lcnren t  la  sur facc
r lu  cy ' l in t i rc .  Cc t tc  sur face  es t  un  hc l i co ide .<<

r r \ r ' c r :  r luc l t iucs  Pr t i cau t ions  on  pcut  ob ten i r  a ins i  une
sur fuce  i  p lus icurs  sp i res .  S i  on  suppr in re  l c  f i l  l e r t i ca l  , , / . / i ,
l ' l r r i l i r :o i r i c  n 'c l r  rcs te  l las  n ro ins  une sur l l< :e  d 'c r lu i l ib rc ,  n ra is
a io rs  i ' t r rqLr i l i l r re  n 'e -s t  p lus  s t : r i r l c  c t  i l  es t  in rposs ib lc  d 'ob tcn i r
cx l rc r in rcn ta lcuren t  11ne sur facc  i  p lus icurs  ,sp i res .  I I .  ,S thu . 'o rz
a  m0nre  cons ta tc  r l r re  s i ,  aprcs  a lo i r  fo rmc une te l le  sur f i rcc
i  I a i t i c  d L t  f i l  c c n t r a ) ,  o n  c o u p e  c e  f i 1 ,  l a  l a m e  h e l i c o i d a l c
c l i spara i t  c t  sc  t rans for r r l c  en  c leux  lames p lanes  fe rmant  l cs
bases  c lu  cy l inc l rc  r ie  ver re . (

( ; i )  ' t  
t r i '  t1 'pcs  o f  n r in in ra l  iu r faces  rvh ich  rvou ld  resu l t

f rom rvaves  conr ing  f ronr  a l l  d i rcc t ions .
' l 'hese nrir-r inral surfaces obviously would be classed

as fo l lo rvs :
r .  Sphere  sur faces ,  a round l iqu id  d rops  o f  any  and

every  descr ip t ion ,  in  accordance n i th  observa t ion ,  fo r  a l l
na tura l  l iqu ids  knorvn  in  na ture ,  o r  p roduced ar t i f i c ia l l y  f ro r r

have

tlr/ t t ] . :(

' 
,f I t', I tt, -+ r I R.,) d,s -+ | I ,il ![ ( r /r,,r, ) as-+

I !,'i,i,',,*'' "", / l!r!,,?ri
Il

F

2 t r
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so l ids  by  the  app l ica t ion  o f  h igh  te rDpera turc .s .  ' fhe  
l te r fec t

s l ther ic i t y  o f  f igure  fo r  the  g lobr . r les  in ip l ies  tha t  the  l ,aves
come and go  in  every  d i rec t io r - r ,  tha t  the  pressure  o l  the
enter ing  and the  reac t ion  o f  the  depar t ing  u ,aves  on  the
average is  exac t ly  cent ra l .

2 .  Ho l lo rv  spher ica l  g lobu les ,  suc i r  as  sor l r  l l L rb [ . r les ,
rvh ich  har .e  the  l i t lu id  enc losed be t rveen two cor lcen t r i c  sp l re re
sur faces .  ' l ' hese  

l lu id  f i lms  are  p : r lec t l y  synrnrc t r i ca l  about
the  cent re  and tend to  becoure  th inner  by  the  c \ te rn : r l  unc l
in te rna l  wa\ re  p ressure  a t  thc  bor . rndr r ies .  ' I ' i r c  

cor r rp ress ion
of ' the  l i c lu id  laycr  on  the  t rvo  sur l t ccs  o l - thc  bLr l rL le  in i : reascs
the  e las t i c  porver  o f  t i re  ae ther  und rna t tc r  cnc losec l  bc t * .cc r . r
t h e  c o n c e n t r i c  s L r r f a c e s  o f  l l L r i d ,  a n d  t h c r c b y . g i r , c s  t h c  l i l r n
a  cer ta in  tens i ie  s t rengt l r ,  rs  o l - l sc r . r .c . l  in  soa l r  i ru l rb l ts .

: j .  
' fhe  

ne .x t  u ros t  na tura l  c lnss  o f  u r i i r i rn r r l  sur f r r t :es
rvould be those rvhi<:h fulf l l l  the condir ion r i . l i r  +- , , i  1i ,  -  6,
as { lrst given by l l , ; f l t f iot/  ] ioLt:rts ( l , ioLrvi l lc 's JorrrnrLl r lc \ lat lr .
l ) r r r .  e t l l ) l ) . ,  I I . 3 o o - 3 r z ) .  J l o / , t r t s ' p : r 1 r c r  i r o r e  t l r t :  t i t l e  :  S u r
les  sur taces  dont  l cs  ra ) 'ons  dc  c :our l rL r rc  so l l t  r i { l r . l x ,  n ta is
d i r ig is  en  sens  oppos is .  , \ t  the  t i rne  o f 'h is  inves t ig i r t ion  no
o n e  h a d  t h e  s l i g h t e s t  i d e a  r v i t y  t h e  c u r \ . i r t u r e  l r : r , l  t r ,  1 1 u . , , , , 1 1
but  o l t l tos i te  a t  every  po in t .

4 .  Norv ,  unc le r  the  rvavc- thcory ,  we see t l ta t  i f  rvnves
come f rom every  t l i rec t ion ,  anr l  thc rc lb re  r r l so  r l c l i l r t  in  everv
d i r e c t i o n ,  a f t e r  t r l v e r s i n g  t h e  l r y e r  o f  i l L r i r l ,  i n  t l r r  r , r i n i r l l l
su r f  ace ,  i t  rvou lc l  be  ne  ce  ssury  lb r  t l re  curv i t t r l re  to  l . re  e  ra r : t )1 ,
c r lLu t l  and o l lpos i te  a t  ever ) '  l )o in t ,  -  o th r ru  i .e  u r j  r r r rs \  l r r -
r n e t r i c a l  t c n ( l , 3 n c y  i n  t h e  l i r l r r i r l  t l l r n  l  o r r l r l  r r : s L L , t ,  l r o i r i  t i r e
d i r e c t  l t r e s s r t r e  o l -  t h e  e n t e r i l ) q  l n r i  t i r c  r e i l c r i ( ) t )  o l  t i r c  i l e -
p a r t i n t  w a v e s .

5 .  
' l ' h i s  

t y J t c  o f  m i n i m a l  s u r l u c e s  i s  a c t L r u l i v  o i r , . e r r . q , c i ,
an i i  es  the  ru l theur l t i ca l  c r i te r ia  a re  r i io rous ly  t i r l t i i l c r l ,  r l r c -
( lues t ion  r r i ses  . rvhe ther  a l l y  o ther  c lL r rse  cxcc l r l  \ \ , i r vc  l l ( t i ( ) l l
t :ou ld  fu l l i l l  these geonte t r i ca l  Ia rvs  o f  rn in i rna l  s r r , l l ' , r ccs .  \ \ re
uray  ho ld  tha t  Io  cause o ther  th : ln  rvave ac t ion  c r . rL r lc l  co ' fo r rn
to  these r igoroLrs  c r i te r iu ,  bec luse  o f  thc  in i jn i te  o r r le r  o f
accuracy  invo lved in  t l ie  theory  and fbund l ry  o l )serv r t ion
to  be  lu l f i l l ed  by  l i t lu id  t l lms  in  l c ru r l  pmcr icc .

6 .  ' l h r . rs  
rve  conc i t rde  tha t  L tndcr  rv i l vc  r r t : t io t r  the  on l1 .

t rvo  ch ie f  ty l )es  o f  sur fuces  rvh ich  coLr ld  resu l t  a re  :
(a )  So l id  spheres  or  d rops  o t '  l i t l u id ,  l . i th  the  rnod i -

l i ca t ion  (b ) .
(b )  J3ubb les ,  sy rnmet r ica l  about  l r  cen t re ,  o r  o rher  c iou l r le

sheeted  f i lms  symmet r ica l  about  an  ax is ,  on  rvh ich  t l re  sur lace
is  ex tended,  Symmet ry  i s  a  fundarnenta l  conc l i t ion  o f  s tab i l i t y ,
as  rvhen a  sheet  o f  soap suds  is  s t rc tcher l  on  a  p lane r ing ,
symmet r ica l  on  the  t rvo  s ides .

(c )  \ l i n ima l  sur faces  fu i I l l i ng  the  geonrcr r i ca l  c r i te r io r . r
o f  ec lua land op l tos i te  curva ture i ( teverypo in t ,  i /11 ,  -+  t  f  / ( ,  :  o .

7  .  A  pro f  ounc l  a rguurent  coLr lc l  be  c l ra rvn  l io rn  the  thcory
o f  p robab i l i t y  to  the  fo l lo rv ing  e f f  ec t  :

(a )  ' f  he  r igorous  confor ru i ty  o f  the  conr l t l i r :a te  c l  sur faces
rvh ich  tvou ld  theore t ica l l y  resu l t  l rom wa\ /e  ac t ion  t r , i th  thc
sur faces  fu l l i l l ed  by  l iqu ids  in  ac tua i  n l tu rc ,  cannot  l ross ib ly
be  due to  u te re  co inc idence.

(b )  In  r . ie rv  o f  the  ex t re rne  r i sor  o f  these
cr i te r ia ,  as  app l ied  to  ac tua l  l iqu ids ,  the  chances
t i reory  o f  nere  acc identa l  co inc idence is  rnorc
ro  one.

geo l l l  e t  r i ca l
aua ins t  any

t h a n  i n h n i t y

z r
30 . l  ro

8 .  F o r  t h e  d i s p o s i t i o n  o f  t h e  m o l e c u l e s  i n  t h e  r e t l u i r e c i
f i l ' i s  in 'o l ' cs  the  l r range ' ren t  o f  a '  i r r in i te  ,u 'ber  o i -  these
r to lecu les  in  per fec t  o rc lc . r ,  i ' th ree  c l in te 's ions ,  and thLrs  the
observcd  co i .c ide ' rce  o f  the  l i r lu id  t l l . r s  * ' i th  the  geo ' re t r i ca l
r r r i ' i r u a l  s u r f l r : e s ,  b e c o ' t e s  x t  l e a s t  a ' i ' l l n i t v . i ' t h e  t h i r d
orc le r  (c : ' j )  to  o l le ,  tha t  thc  o l rservec l  co inc idence resrs  on . r  tn le
p i rys ica l  c r rusc ,  rv l r i c l r  thc rc lb 'c  c . i r  i re  'o th inq  bu t  * 'u r .c -ac t ion .

9 .  
' I ' i r c  

i iLc t  n tenr ione( i  1 ;y  /1 , i t ;o t . , t  (Cr1 ; i l l a r i te ,  p .66 ,
r t ig5)  tha t  ,s t l t t , i t t :  < :onc l r r r le r l  1 l 'o tn  geontc t t r . i ca l  cons ic lc , ra t ions
r v h u t  l b r u r  a  c e r t e i r r  i r e l i c : o i d a l  t v l ) c  o i ' s u r l a c e  s h o L r i c i  t a k e ,
enc l  o r - r  the  l ' r s is  o t ' th is  gcourc t r i ca l  i r rc i i i r : t io '  i t  * ,ns  shorvn
b y  e x p e r i r r r c . t  t .  r c a l l l ,  e x i s t ,  i s  a  ' e r v  r e r r i u r k l r L l c  c x l r * r 1 t l e
o l ' t l r c  l u r v s  o i ' r { c o n r e t r y ,  i r c i n g  L r s e t i  t o  l i r l t r l l  t ) r e  P r o c e s s  o f
p h y s i c . l  r l i s , : . r ' r r r ' .  l t  i s  o r l v  c s t a l r l i s l r c c i  l a r ' s ,  l i r L r . r i r . , c l  o .
t h e  t r u e  o r ( l c r  o l ' r r r t u r c ,  * ' l r i t : ) r  ' a 1 '  t l r L r s  i r e  L r s e i i  t O . # r c i e
t l r c  c - x p l o l c r  o l ' t h e  p i r r s i r : r r l  u n i v e r s e .

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

l r a n t l c i l  t l o l n  i n  t l r c  l t i s t o r v  o 1 ' s r : j c t r c : c .  I n  u l ]  t l r c  , . . l . , l , n L r r , i
c i l ) i e s  t l l e v  r e s t  o l l  t l i c  r i l : L t j t c n r . L t i r . l L l  : r 1 , ; t l i i . : L t i O r r  O i ' t r - L r c  l : r w s
. l - ' r L t r l r e .  L a / l t t i : t ,  * ' h o  t r s . t l  l l i i s , t c r l r o i l  t r >  r l i s c o ' t r  t l r e
c e u s c  r > 1 -  t h e  g r e  : r t  i n c i l u u l i t y  i n  t i r e  r D c l r r r  r r r o t i o n  o f '  J L r l i i t c r
a ' ( l  s i r t u r r ,  r  7  s  5 ,  r cea l r i c t l  t he  con l i r ' r a t i o .  , 1  r r ' r t l r c r r r a t i ca l
t l r c o r y  l r y  o i r s c r ' a t i . r - r  a s  t h c  s u b l i r ' c s t  o r - t r i L r r r p ) r s .  S i ' i l a r
' i e * ' s  h a v e  L r c e n  h e l t l  l r y  t h e  s ' c . c s s o r s  o i '  t l r e  i l l u s t r i o . s
l u u t h o r  o l - t l r c  t r [ e c a n i i l r r c  c c l e s t r . . ,  l r s  i r r  t ] r t :  t ] r e o r c t i c l L i  c l i s -
co l e  r v  o f -  Ne  l t t unc  l t , t ,  . . l t / t u t t s  . . u t r l  / . r t , , . t . t  i , . t  ,  I  S -16 ,  e r r r i  o1 -
t r t e  r n rL l  t ' o r r i r : l l  r r r l r i r ( . t i r ) n  i r v  5 i l '  l l - .  l t ' .  1 / t t i t l r , T r i l / ,  I  S . l l .

i i i i l  l  i r t  t : , r r r t . i L r , l c i i  ( : r L L : t  . l  t i r c  r . i . i r r : r i  s r r r i l L t : u s
( ) i ) 5 c r \  ( ! i  i r i  l l , t i , i l r c .

I  r O l r t  l i t r ,  . L i , , r  c  t i i : r . l t : : : o r r  O i  t i r c  r r r i r r i r n : L l  . r t r l r i r . e s  l c . r 0 n c l
l n  n r t L i f c  , \  c  (  ( ) i ) L r l u ( l e  t i r l i t  t l r e  o l i s c r r . r d  s r r r . r l L c c s  r r l l  l L r l t i l l
. ( o r o . s  . . r l ' c r l  r t r ' u r k . L r l e  . r r t h c r r ' r t i r . a l  c r i t c r i : r . ' l ' h e y
I ) r e s e r ) t  c i L I r t ' r  t l r c  r r r i n i r n u l  c l o s e t l  s u r l . r . c  l i r r  u  g i v e n ' o l u n r c , ,
. s  i n  t he  { l obu l cs  o f  r r r i . ,  r i c r r , ,  r l L r i c ks i l ve r ,  r r , r l  < , i t l r e r  l l r r i t i s
r vh i ch  co . { l - o l r t  us  o .  a l l  s i c l c s ,  o r  i r l  u r c l ose  r l  su r l : r t : e  o f
doL rb l c  bn t  o l rPos i t c  cu r v r r t u re  l i l l l l l l i l t g  t hc  gcc_ r rnc t r i ca l  con_
cl i t ior i  r / - /11 -r  r  f  1("  -  o.

I t  i s  c e s 1 .  t o  s l ) o \ v  t l i r r t  i i ' t l i r  r u i r r i r r i l L l  s u r - l r L c c  l r e  c ) o s e d ,
-  l i k c  t l l a t  ( ) l ' e  g l o i r u l c  o l ' t l c * . ,  l . i t l r  r L  s i n g i c  s p h e r i c a l
s l t r l - i r ce ,  o r  t l r e  so .p  l r L r l r l r l c ,  r i  i r i r  t *  t . r  conce  , t r i c  sp l r e  r i ca l
su r i eces ,  t he  ac t i on  o f  l ' r ves  l ' r o r r r  a l l  d i r c c t i ons  r v i l l
g e  n e  r i r t c  a c t i o n s  u n d  r e  a c t i o n s  i r t  t h e  l r O u n c i a r i c s  $  h i c h  N i l l
p h y s i c r r l l y  r o u ' r l  r r P  t h c  l l s . r c  o f ' t h e  i l u i c l ,  a n c l  r c n r i c r  t l r c
s r . r r l aces  t r ue  r r r i n i n ra l  su r l a< :es .

O f  a l l  t bc  poss ib l e  i i r r - r ns  r i , l r i r : h  r uuss  o i ' l l r r i c l  r uev  t ake ,
t h c  s P l r c r c  h l s  u r i n i n r a l  s u r l u c e  l i l r  g i ' c r r  r  o l u r r r c ,  o r  u r , \ l ' l r - l ' r
vo lunrc .  lb r  g ivcn  s r . r r f rcc .  I t  i s  r ro t  by  rLcc i r i cn t  t l t r r t  in  a i l
I i r lu id  d rops  na t r l rc  J ) rescnts  r rs  r i , i th  lL  r re 'c r - i r i l i ng  recur rence
o1 '  th is  bcaut i l i r l  und  ryont le r . l i r l  s1 .n rur r r r1 ,  o l  t rgurc .  - - \ccor -
t l ing ly  rvc  n l lu ra l l y  conc lu t l c  t l r : r r  t i r c  observec l  la rv  c r rn  res t
O I )  l l O  C i t t l s J  O t l r e r  I l I t n  \ \ ' i l \ ' ( . - i r ( . t i O r ] ,

l " o r  t h e  c l r r n c c s : r r c  i n l r n i t l .  t o  o l t e  t h l t  i l n  i n l l n i t e
n r u l t i t u c l e  o l ' d r o l r s  o 1 ' o n e  l l u i d  r v o u l r i  n o t  r r t t a i n  t h i s  h g u r e
e . \ c c p t  i ) ) . t l r c  s t c u d y  t c t i o t )  o 1 ' a  t r L r e  p h y s i c i r l  c r r u s e .  , \ n . l
as  the  surne  lu* ,  ho lds  lo r  au  un l in r i tec l  ser ies  o t -n r tu r i i l
l i r lu ic is  t l te  i :h rL r rces  tha t  a  t rue  cause is  a t  r i .o rk  r re  ag l in
inde l in i te ly  iuc reased.  1 , - ina l l y ,  as  the  g lobu la r  lb rn r  tb r  l iqu id
c l rops  is  obser r -ec l  to  i ro ld  fo r  every  so l i r i  rock ,  n re ta l ,  and
other  so l id  cornpound o f  the  c rus t  o f  the  u iobe,  rvhen rendered
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l ) r c s s t l r c s ,  \ \ ' e  s c c  n r l o t h e r  i n d e p c n d e n t  i n f i n i t e  p r o b a b i l i t y  t h a t  i  G e o n r e t e r s  o r r  t i . r e  C a u s e  o f  C a p i l l a r i t v .

p l r r - s i c a l  c e r r s c ,  r ' i r i r : h  c a n  l r c  n o t h i n g  l n r t  l ' a r , c - a c t i o r r .  l a r i t v ,  r 5 o o _ l S o 4 ,  A . l )

than the  t t ta r in r t t t t t  in l in i t l '  o f  thc  th i r t l  o r r l c r ,  c r lu iva lcn t  to  I  apprec i r tc  thc  success ivc  s te l )s  in  o r r r  p rogress

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

r l i s t r r t t < : c s '

r l c t r i c : r ' l  r : on r l i t i o : r  r  
'  
/ t ' r  - r  1  , '  1 r , ,  :  o ,  i s  s i r l i l a r -  t o  t i r a t  i '  ( i l )  l ) r .  ' ) ' t t t ' r t t ,  i r t  t hc  Ph i l -  

' l '
r ) r c t r i c : l I  r : o t t t l i t i o : r  r  t '  / t ' r - l  1  

'  
1 r ' ,  :  o ,  i s  s i r l i l a r -  t o  t i r a t  i '  ( i l )  t ) r '  - ) l

l i r ; u i d  q l o l r r r l c s ,  i t  f o l l o r v s  t h a t  i n  t l t i s  r : u s c  a l s o  t l r c  c i l t  r : t  : r t t t l  t  7 l  q ,  l l o

7;_
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t ) r o l t e n ,  b v  a n  i n f i n i t e  s e r i e s  o f  c h a n g i n q  t e n r p e r a t u r e s ,  a n d  J  f .  i l i s t o r i c a l  S u r v e y  o f  t h e  I { e s e a r c h e s  o f

the  rss r r rn l ) t ion  o l '  the  q lo l ) l t ]a r  f iq t l re  depends on  a  t r t te  ( i )  Rc fc re , rccs  to  the  o lder  sc ien t i f i c  l i te ra tu re  o i  cap i l -

, \ ccord ins l l  the  conrpot tnd  pro) ra l r i l i t l  o f  a l l  these ' l ' he  l i te ra tu re  o f  th is  sLrb jec t  i s  so  ex tens ive  tha t  a
severa l  events ,  e le r l t vhcrc  recur r ing  r :ons tan t l ) ' ,  i s  no t  Icss  b r ic f  descr ip t i ve  suntn tary  a lone rv i l l  enab le  the  reader  to

a l l  the  po in ts  in  s l )acc  to  onc ,  na tnc l l ' :  In  a1  cx tens iye  cxar t r ina t ion  o f  the  h is to ry  o f  the  su l l jec t ,
NNN rlttotccl 1>.t' '4[asu,r//, I'o.g.4,rttr/ot'/i ' held that Lronat'rlo tla l/inri

l ' :  , 1  , [ . f  n r . 1 - , , 3 ,  -  c o 3 .  ( q r )  ( - r 4 - 5 2 - r q , r 9 )  r r L r s t  b e  c o n s i c l e i e d  t h e  d i s c o v e r e r  o f  c a p i l l a r . v
o  o  o  p l t c t t o t t t c n e ,  l l u t  t h e  s c i e n t i f i c  o b s e r v a t i o n s  o n  c a p i l l a r i t v

\ \ ' e  t hc r c l b r c  c i i sn r i s s  t i r c  su l r j ec t ,  a r r r l  cons i c l c r  t l r c  cause  o f  I r ; L r .  1 i 6x l l 1 '  heve  a l l  bcen  t t l a c l e  s i nce  t he  aec  o i  A l cu l on ,  anc l

t l r e  g l o l r t r l a l  l i g r r r c  p rovec l  j nLon tes tab )y  by  t l r e  r nos t  r . e r i c r l  l ' c ' { i n  w i t h  / h t u ' / " ' r I t '

yr l renor r rcnr r  o f  r ra t r t rc .  r  .  / / t t  t r ' / : . r l t r r ,  i ' hys ico-mcchan ica l  I ' ) xper in ren ts ,  London,

\ \ ' i r c n  w e  c o n l c  l o  t h c  n r i r r i n r r L l  s u r f a c c s  o f ' c r l u l l  l r r r t  l 7 o 9 '  . I r J )  r 3 9 - I 6 g :  a l s o  l ' ] h i l " l ' r a t l s ' ,  I { .  S o c ' ,  I 7 o 9 - r i .

o l r l r r rs i t c  (  u rv i r t r r rc ,  t ,  / i r -+  , l t r ' ,  -=  o ,  \ \ ' c  scc  t l r i r t  thc  ' ro l r l c r r  
( " )  / / t t t r ' / "s / ' t r  ascr i l ;ed .cap i l la r i t y  to  an  

-a t t rac t ion  be t -

i s  p h r . s i r : l l i v  l c s s  s i n r 1 r 1 c ,  r c t  t l ) c  r l l r r s c  i r . r r . o l v c r l  i s  o l ' t 6 c  
\ \ ' c c l l  \ \ ' i l t c l '  l t r l t l  t l r c  g l a s s  t t t b e s  o r  p J a t e ;  a n d  o b s e r v e d  t h i t t

s r l r e  g c l r c r : 1 1  t v p c ,  l r c c a u s c  t l r c  s u r f ; r c c  i s  l : c p t  t r r r r ( h t  l , f  
t h c ,  c l 1 c c t  

, ' t ,  l t t : ,  
s l t r l c ,  $ ' h e t h e r  t h c .  t t l b e s  I e , t l r i c k . o r _  t h i r t ,

s t r e t r : h r . q ,  j u s t  l i k c  t h c  r t r l r l r c r  l . v c r  o l  e  t . , v ' l , r l l o . , ]  , , \ .  ; r t r t l  t h t t s  i r c l r l  t l r r t  o n l v  t h o s c  p l r r t i c l e s  o f  e l a s s  r v h i c h  a r e

t l t c  s r r r l lL r .c  tcnr is  i r t r : cssant l \ ,  to  ( .o l t t ra ( . t ,  i t  ib l lo rus  t i re t  i t  YCry  l l c l r r  t l l c  s t l r l i l cc  h : rve  any  sens i l ; l c  in f l t tencc  on  thc

r r r rs t  l rc  : r r : t c r i  rpor r  l r l  l i r rccs  tcnr i ing  to  n r : rkc  i t s  cx tcn t .  ;  Phenonrcnon.  
' l ' h is  

cer l1 '  obscrva t ion  o l  I {a ru / tsbu  thus  la id

t l l i t r i t l l t t t t t , a s i l i t l l c r . : r s t . r l f g 1 c l 1 l t t ) i l s o | l i , 1 r r i . l t t r l r l c r t l t e t l l c | o r r l r r l a t i o n o 1 . t l l e c c ] c l l r a t c c l h 1 ' 1 l o t l r c s i s , a f t
s r r r . l r r c c  t f  r ] , s i o l )  t l . i ,  t ,  \ \ , l r \  ( ,  r r . t l o ) r .  

-  
l t y  / ' o y ' / r r r z  t l r l t  I n r r l c t : t t l a r  f o r ccs  a r c  scns ib l c  on l l '  a t  i n scns i l r l e

' u ' / ) t ,  n l  t i t c  l ' h r l .  l ' r a n s . ,  r  7  t  S ,  n o .  3 . 5 5 ,  l )  7 3 g ,
3 6 . 1 ,  I ) .  r  o , S  j ,  c x t e n c l c c l  t h c  o b s e  r v a t i o n s  o n

i s  r l l e  t o  \ . i t \ ' . - - . r 1 t i o l t .  t : e p i l l l r i t r ' ,  a n , l  r l i s t : o v c r c d  t h c  l : r * '  t h a t  t h c  h e i e h t  t o  q . h i c [

l l o r c o l c r ,  t h c  t ' a v e s  < : o r r r c  c r l r r : r l l r -  l - r - o n r  a l l  r l i r c c t i o n s ,  
t i l c  s a t l l c  ) i r l r r i t l ,  s r r c h  r s  \ \ ' i r t c r ,  r i s c s  i n  t L r b c s  i s  i n v c r s e l v

a n r i  t h r r s  t h c  o p p o s i t c  c u r \ ' : r t u r c s  o l ' t l r c  s u r l a c c s  n c r : c s s r r i l r '  P r o P o r t i o r r a l  t o  t l r c i r  r r r i i i  
' l ' h i s  

i s  e a s i l y  ' e r i 6 e d  I r t ' t h e

x19  g r l r r a l .  , \ n r l  l , r , : l i  o f  pe r l c r : t  s \ . r ) r l l c l r \ . ,  i n  t l r c  r l i : t r i l r r r t i on  
r  t t r v c  t a l i c l l  l r t '  t h c  s t t r l l t < : e  o f  \ \ ' a t c r  l l e t t veen  t u ' o  ve r t i ca l

o f -  t i t c  u ' l l c -

rcr lrr irccl / iul l ' -  I I : t ' i rr-r/ra.r.r-. \r i t trru' : :  gt 'orrrctr ir : :r l  conrl i t iorr.  ' l '6e olt  t l rc lcl i  o(- t l lc forcgoinq f iqt lre g.

t h c s c  l l n s  c r r p : r i r l r :  r r l ' r r s c  i r r  r l r s r ' o v c r r ' .  t i t c  c l c n s i t r ,  o l  t l t c  i i r l r t i r l ,  r z  t h c  a n q l c  o f  c o l ) t a c t  r c c k o n c f l

i r l  t l t e  t : c l c l r r r t t t ' r l  c l t - s c  o l -  t l r c  p l r r r r c t  No I t t r r e  ,  r l i s covc rcc l  l > r '  
' l ' h cn  

t hc  vc r t i ca l  cou t l ) oncn t  o f  t hc  * , ho le  t ens ion  ron r r c l
l I d o l t t s a n r | / l t , t l . l ' i t ' l - , r S . 1 6 ; o r t l r c c i c 1 l c r r t l l r 1 l i l i t r ' o f t l l c r r ' a r ' c .

t heo r l '  o f  1 i g1 r t ,  u  l l i c ) l  cn r t l r l c r l  ̂ \ j r  / /  .  A ' .  / / t u t r i / l o t t  t o  p r c r i i < : t  l i r l r r i r l  co l r r r r r n ,  a r r r l  n ' e  havc  t hc  cqL ra t i on
t i )e  e \ tcnra l  < :on ica l  re l l ' rL r : t ion ,  o l rs r rvc r l  l t r  / . /o - r t /  fo r  < : r1 .s ta ls  i r  12  / t .  o .q .  :  2 r r  r  Tcosc t .  (s : )
o 1 -  a r r l g o n i t c ,  r  E . 3  . j .  , , . r  : ^  _ :  - -  . ^  . ,  

'  
,  .  ,  ,  

\ - / ' ) /

A  f t e r  r : . r e  f r r l  r : o r r s i de r . t i o .  o f  t hcsc  r c r : . . r . r i t c  r csca r< : l r c s  

' l ' l l i s  
g i ' c s  f o r  t i r c  n l ca l r  hc i gh t  /  and  s t l r f r c c  t ens io l t  7 -

l \  |  l  ! L  l  L i L . l l  \ - J  I L J

o f  , \ t : h r t , a r . t  on  n r i n i n ra l  s t r r l accs ,  r vh i ch  r vc  h l r r . c  r r o l ,  app l i c r l  / 1  -  27 ' cos f t f r o , g .  \ g l l

to  t l rc  n ' r r ' c -nc : t io .s  ince , .san t11 .  to ins  on  in  na ture ,  * ,c  l rc  o f  7 '  :  h rQ.q lzcosru  ,  ( , rS)
t hc  o l t i n i o r t  t ha t  f - c t v  t no r c  usc f j r ]  r c s r r l t - .  l t : r v c  l r ce l  o l r t a i t r e r i  I r r  t l t c  cesc  o f  g ' a t e r  t hc  dens i t r ,  0 :  r ,  r vh i l e  t he
s i t rce  the  lb t tnd : r t ion  o1 ' t t roc lc rn  n ra the t r r t t i r :o -phvs i r :a l  sc icnr :e ;  ang le  r r  :  oo ,  cosrz  :  r ,  anr l  51 '  oLrscrv ing  /2 ,  anc l  z .  * .c
and th t rs  i t t  v iew o l -  t l ) c i r  t t sc fu l t rcss  these rescr r r : ' i r cs  on  nr in in ra i  n ray  ca l< :u l l t c  7 '  c i i re  c t l r ' .
s t t r faces  descrve  to  ra r tk  u - i th  the  ) r )os t  ( :c le l ) ra tcc l  c l i sco lc r ics  1n  thc  .5 t l '  cc i i t ion  o f  the  Propcr t ies  o I  I Ia t rc r ,  rqo7,
in astronoti t l '  and rtatt lral phi losopity. l ) .  2( i-5, I)rofcssors 7't t . i /  : . t ' rcl  Jl . t / t / t : t  glve the fol lowinc taSlc i)

' l t \ ' i l l l r r ' n c l t i c t ' r ] L h l i l ( ) l t u t : l '

g r a l i t a t i v c  a c t i o n ,  n c a r  t h c  t i n r c  o f  l r r n a r  e c l i l r s q 5 .  ( c f .  I . l l c c t .  \ \ ' a r c - ' l ' h c o r y ,  o f  ) ' h y . s .  J r o r c . ,  r , o ) .  l ,  r 9 r 7 ] .  ( C o n l i n u a t i o n  s c c  P . . 3 2 3 . j
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use f i r l  and  sugges t i ve  concep t i on  o i  t he ' - su r f nce  t ens ion  o f
l i qu i ds .  He  asc r i bec i  t h i s  su r f ace  t ens ion  t o  a t t r ac t i i , e  l o r ces ,
t he  sphe re  o f r vhose  t c t i on  i s  t aken  t o  be  so  su ta l l  as  he re to fo re
no t  t o  be  pc r ce i vec l  by  t he  senses .

(U )  5 i 1g " r r  t h r i s  l a i d  t he  i bunda t i on  o1 '  t he  t heo ry  o f
su r f ace  t e l l s i ou ,  i r r oc l uccd  by  r t t r ac t i ve  l b r ces  sens ib l e  on l y
i r t  i n se  ns i b l e  c l i s t un r : cs ,  -  us  i n  t he  t heo ry  o I  Lo l / ace ;  t t nd
hc  used  t h i s  ne r i '  t h c r - r r 1 '  o1 ' su r f ace  t ens io l t  t o  ca l cu l a te  t he
c u r v a t u r e  o f ' u  n r e r i c l i o n a l  s e c t i o n  o ' f  a  t l r o l r  o f  l i r l u i d ,  b u t
d i d  n o t  i n v e s t i g r t e  t h c  c u r v e t u r c  i n  a  l r l e n e  a t  r i g h t  a n g l e s
to  t hc  n re r i d i an .  l t  i s  P ro l . r ab le  t h l L t .S r ; q , r r r ' r ' r e { r r t i e r j  t l ) c  t ense
n rcu r l l r ane  o f  t he  sL i r l l i c c  o l '  t hc  l i i l L r i c i  l s  s r r r t (  l l c ( i  e r l ua l l y
i n  a l l  c l i r e r : t i o n s ,  u n l e s s  t h c  c o n t r a r y  l  l L s  s l r o l  t r  i r v  t h e  c u r -
i a t u r c  o i -  t l r e  s l r r l l r ; e  c l bsc r vcc l .

( . )  S , . q , r , ' r ' s  t l r c r> r r '  l o r r nc l  con f i r n r l r t iOD  i r )  oL5e f  \  l t i ( ) i i s
o l -  L t i t l t t / t  l s l  o i '  l ) L r i s l r u r q ,  r  7  5 6 ,  o n  t h e  c o r r t r l r t i u n  o l  : t ) . r 1 ,

b r . r l r b l c s ,  i r l  u  l i i ch  i t  l  r r s  shou  n  t l r a t  t i t e  a i r  i n  t l r e  I - r L r i - , i - r l e
i s  e x p e  l l e c i  1 , 1 '  t h c  (  o r r t r i L ( : t i o l l  o l '  t h e  n t e r u l r r a n c  o f  t h c  s o u l r

l r t r l r l r l e  .  l r r  t h t  . \ l t r n .  c l r  l  . \ t  r L r l .  t 1 .  S i : . ,  r  7 S T ,  l ) .  5 o 6 ,  ' l / o t g t
: r d u l r t s  t i r c  v i c t  t l i r L t  t i r e  u r i l r u r t : r r t : c  o l -  t h c  l l r r t i c i c s  o l - l l L r i d
i n  t : l p i l l e r i t y '  I r a l c  r n l l t i c n t : c  t . r r r l l  u t  t h r :  s r r r l ; L < : e  i t s e l i  a n c i  i n

t l r c  d i r e  c t i on  o l -  t i r c  su l l r r r  c  l  l r i c l r  t l i L i s  l i r l l ou ' s  ̂ \ i l g z r r ' r ' ' s  t he  o r y
c r f  s r r r f  a c c  t c n s i o n .  , l 1 r t t , \ , t  r L 1 , 1 , i i t t i . t l r c  t l r t o r v  o l ' s u r l l r c c  t e n s i o n

t o  c x l i l a i r t  t l r c  l p p u r r : n t  l r ' . t r r r r  t i ( . , n s  : L n , l  l r l r u l s i o n s  b e t l r ' c e n

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

4 .  ) ? t t t . q ' s  t l r c o r ' 1 '  o l  c r r l , i i l r L r i t r ' ,  r  S . - 1 ,  i t , u r r r l r . t l  o n  t h c

a c t i o r l  o i  s u r l u c e  t e  n s i o r . r  l i k c  t l i l r t  o l '  ^ \ ' , , q z , / . ,  r ; 5  l .

l n  l r i s  c s s l y  o n  t i i c  C o l r e s i o n  o 1 '  l J l u i t l s ,  i l ' i r r i .  l r l n . .

rSo ; ,  1 i .  6 -5 )  l l r .  7 ' / t o t nas  )a i zz .g  c l eve iopc r i  u  t l r co r l  o l  c rL l r i l -

) a l i t 1 '  l s  S r l g i r r ' z ' h l i r l  c l o n c  h a l i  l r  c e n t u r l ' b c l o l e ,  l i t u n c l r r l  o n
t h e  p r i n c i P l e  o f  s u r l a c e  l e r ) s i o l ) .  I l e  o i r s c r v c d  t l t c  c o r ) s t a l t c y

o f  t h e  a n g l e  o f  c o n t a c t  o f  t b e  l i t l u i c l  s u r l r r c e  s  i t h  t h c '  s o l i d ,

a l l ( l  s h o \ \ , c d  h o r v  t h e  c o n s t r r ) c ) '  o f ' t l r c  a n g l c  a n r l  t l r c  t c n s j o n

o f ' t h e  s r . r r f a c c  e n u l ) l e  t l r e  l l u i c l  t o  e r h i l r i t  c e l r i i l u r v  1 r ) r c n o n r e : r a .
\ \ t l r i l s t  t l r e  t l r c o l v  o 1 ' ) i , u r i z , \ '  i r r v o l r  t s  l r o t h  c o l r c : i o n  a n d  s L r r i i r c e

t r n s i o n  l i r r  r - r l , J l i n r r r g  c l r l , i l i u r i t v ,  i t  a r o j r l s  a s  l u r  u s  l r o s s i L r ) e
t l r c  r r se  o i  r r u t l t e r r l L t i c i r l  : r ' t r r Lo i s ,  ) ' ( ' t  i t  i s  hc l c l  | t y  t l l t . t t t , r ' / /

t o  l r e  e s s r l l t i l L l l l '  t : o r r c t  t .

( i i )  
' t ' f , e  

n ro r c  r ec rn t  r cseu r< :hcs  on  c l p i l l a r i t l ,  l t T ,  L2n7 , , , , ' ,

.1'ttissott, (itrttss, Qrtitttl 't, )Iu:cu,r//, Jit/uitt.

5 .  / .Q lacL ,  ; \ l e r i r o i r  o t r  c l i p i l l r r l ,  i t t t r  ac t i o r ,  SL ipp len ren t

t o  t hc  t en th  booh  o f  t he  t r l c can iqL le  Cc les t t : ,  r  f i o6 ,  r r n t l

S r r p p l e m e n t  t o  t h c  t h c o r y  o f  c e p i l l i r r - ) ' u t t r r r c t i o l l ,  r S o 7 .
' I ' l r c  

t hco ry  o l '  , [ . uy ' / o r t  i s  , . o  l  i : l l  k r t o i vn ,  r Lu t ]  so  r r r uc l r

uscd  by  a l l  s t u t l cn t s  o i  t l i c  s t r l r j c c t  t i l l t  \ r c  s i u i l i  no t  he r r  g r - r
j n t o  i t  i n  c l c t l i l ,  e  \ c e l ) t  t o  n o t e  (  r r t i r i n  r l i l t l c r . r l t i c s  t o  r v h i c h

I t t e n t i o r r  s h o u l d  l r c  c u l l c r i .  l n  l r i s  e r r l , i l l : r r i t c ' ,  I ' a r i s ,  r 3 g 5 ,

I ) .  r - 3 ,  I ) o / / / i t t t  t ;  conc l cnscs  | , t t ! / t t t t  s  t i r co r ' \ '  j n t o  r  l t l '  l ead ing

lb rn ru l ae ,  L r y  t ak i ng  t he  e t t r u t c t i o r )  t o  l ) r ve  t ' i r e  sene re l  l b rn r

.l : ttt ttt'J Q) : D 1.'17r (q4,,)

t r ' l t e r e  r , r i  l L n c l  r r i ' i l r c  t l t e  l l ) i l s s e s  o l ' t l r c  r n o l c c t t l r ' - . ,  r - t i r e i r

c l i s t a r r ce  apu r t ,  und  /  ( r )  m  l t l t k r t o \ \ ' n  l l t n c t  j r r n  o t '  t he  r l i s t r L r r ce .
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' f h e  u n i t  h e r e ' e r l p l o l ' e d  i s  o n e  d 1 ' n e  I ) c r ' ( l i n e . r r , )
centirrretre. Nlore elaborate trrbles o[ Qtt i t t t / t t 's c]ete u' i l l  be
lo r rnd  i r i  ,4 ,1orue / / ' s  ce lebra ted  ar t i c le  Cap i l la ry  r \c t ion ,  Sc ien t .
P r p . ,  v c - ' I . 2 .  l ) . 5 E g .

z .  L - la i rdu /1 , ' l ' hcor iec le la I i igurede l l ' I ' e r rc ,  l ' u r i s ,  r  74  i .

\u )  C lo i roub u 'as  the  i l r s t  to  a t ten) l ) t  to  rc r luce  cayr i l -
ia r i t y  to  the  la rvs  o f  the  equ i l ib r iunr  o f  l l r . r i c is ,  i r y  an  cxrc t
a n a l y s i s  o f  t h e  l b r c e s  c o n c u r r i n g  t o  e l c v x t e  t h c  l i r l u i c l  i n  a
g l a s s  t u b e .  H e  e x p l a i n e d  t h e  e l c v e t i o n  r L s  t h e  r c - s u l t  o l - t l o
lb rces ,  one due to  the  a t t rac t ion  o f  the  n)en iscr . l s  r - r1 ' t l r c  l i t l L r i r i ,
a n d  t h e  o t h e r  d u e  t o  t h e  d i r c c t  a t t r a c t i o n  o l ' t l r e  t u L c  i t s c l i '
on  the  n io lecu les  o f  t l re  I i r lu id .

(b )  But  C lu l rau / l  e r rec l  in  regard ing  the  a t t r r tc t ion  o1 .
the  tube as  the  pr inc ip le  fo rce  -  iu rag i r t i r rg  i t s  po* 'c r  to
ex tend as  fa r  as  the  cent ra l  ax is  -  u 'h ic l i  i s  (  o r ) t r r l ry  to
t l re  carc f r r l  researches  o l  Ia ! la r t ,  rv l ro  s t tbse t l t t c t r t l l '  s l tou 'cc l ,
( r B o 6 - r  8 o 7 ) ,  t l r a t  r r ) o l e c u l i r r  l b r c e s  a r c  t o  b e  s l r a r p ) y  r l i s t i n -
gu ishcd l iom long range fo rces ,  s t tch  as  gr lv i t y  lu r t l  tn rgnet is rn ,
bec l r . rsc  o l tserva t ions  J ) rovc  th i r t  t l t csc  t r to le t : t t l i t r  l i r r< :es  urc
s e n s i b l e  o n l y  r t  i n s e n s i b l e  d i s t a r t c c s .

La l lo r t ' s  thcory  thus  becotnes  a  s t ro r )g  a rg t t rncn t  lo r
t l r e  r v a v e - t h e o r y ,  L e c l u s e  o f  t h c  n r i n t i t c  r l n g r ' o l ' u c l i o r t  o l '
t h e  n r o l r ' c u l a r  f o r c e s ,  l . i u t  u s  t l t e  r t n d r t l r t t c i r t ' t l r c o r v  o l  l i g l i t
rvas  re jcc ted  by  -1 .a71 lo t t ,  l re  I ra t t t ra l l l ' t l i t l  r ro t  su : l r r t : t  t l ra t
r v a v e s  c o u l d  u n c l e r i i c  t h e  a c t i o n  o f  n t o l e c u l l r ' l i r r c c s .

(c) Orving to these de fect ive hypothcscs, L' l t t i t , t t / /  l ' t r i lccl
t o  d e r n o n s t r a t e  f r o m  h i s  t h e o r y  t h a t  t h e  a s c e n t  o l - t h e  l i r l u i d
shou ld  be  inverse ly  y r ropor t iona l  to  the  d iamcter  c f  the  tuLc
- as note(l  by observers s ince the t ine of- Jttr t : t ,  r  7 r l i .
Anr i  a l t l ro r rgh  C la i ro r l t  a r r i vec i  a t  a  nu t r l rc r  o i ' l r vpo t ) tesc-s ,
s ,h ich  u ,ou ld  accoL ln t  fo r  the  observed c lcva t io r t  o l - the  l lu i r l ,
nonc  \ \ , c re  based on  t ro lccn la r  fo rces  scns ib le  o r t l y  a t  i r t -
s e n s i b l e  c i i s t a n c e s ,  a n d  t h u s  i t  s u b s c r l u e n t l y  r e , l u i r e t l  a l l  t l r c
rrratherrat ical ingenuity of Lal loct to clccjt tce tront Clairatr/ / 's
theo. ry  an  ex l ) lanr t io l l  o f  the  e leva t io r t  in  t t t l l es .

(cf) Clarrau/1, however, shol 'ct l  t l i r t  i1 '  thc attrrrct ion
of  the  rua t te r  o f  the  tube d i t l ' e rs  on ly  by  i t s  in tens i ty  o r
coefhc ien t ,  i i om tha t  o f  the  f lu ic l  on  i t sc l l ,  t l ren  the  i lL r i t i
r v i l l  r i se  xbovc  the  sur ronnd ing  ieve l  l  hc r t  t l te  a t : t ion  o l -  t l te
t r . rbe  exc :ccc ls  ha l f  tha t  o f  t l re  l lu id  on  i t sc l l '  a  rc tnarkab le
theorenr aftcrrvards urore fui ly developtd by La1,/t tcc rn his
theory  o f  cap i l la ry  i i c t lo r t .

3 .  S t .g t t r ,  Cournent .  Soc .  l leg .  Cot t ing .  I ,  t7  5 t ,  l ) .  3o  I .

(*) l ) ight ye.ars al ' ter t l ie pLrlr l icxt ion ol '  Cloirutr/ t 's
' l ' heory  o f  the  F igure  o f  the  Ear th ,  t7 .1  '1 ,  con ta in ing  the

o u t l i n e  o f  h i s  t h e o r y  o f  c r p i l l a r i t y  a b o v e  d e s c r i l r c c i ,  t h c r e
appeared in  the  conurer l ta r ies  o f  t l re  I {oyrL l  Sot : i c ty  o f
( io t t ingen an  in rpor tan t  l ' o rk  by  Se.q t t r ,  rv i ro  i t t t loc luccd  thc

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

in  the  rnoon 's  u rean lc rng i tude is  a  no tab le  t r iu tn l r l i  i t r  cc lcsL ia l  t l tec i ta t t i cs .
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Lay ' /o t t ' s  ce lc l r r : r tec l  hvpothes is  t l rn t  t i re  cap i l la ry  fo rces
a r e  s e n s i l r l e  o n l l ' a t  i n s e n s i l r l c  r l i s t a n c e s ,  i e a c l s  t o  t h e  f o r r r u l a
fo r  zc ro  Ib rccs  a t  l l l  r l i s tenr :cs  q rcn tc r  t l ren  r ' :

,7 Q.) : .f f {,) ,s,. : o

u 'hcre  l  i s  thc  ra r ' l i L rs  o f  n ro lc r :u le r  a r : t i v i t ) ' ,  shor i 'n  l r1 '  g r -

l rc r in re  n t  r . t l -  ( ) t t i t t t l ' t ,  r  869,  to  l )c  / '<  -5o / r / / ,  5o  nr i l ) ion ths  o1 '
a  n r i l l i n r c t r c .

I n  c o n s c ( l r c r r c c  o f  t l r c  l l r s t  h 1 ' p o t h c s i s  i n  c i l u a t i o n  ( o 6 )
t h e  r l o l c c r r l a r  { ' o r c c s  a d n r i t  o l - a  p o t i : n t i a l

\-]
,  : ;  1 / t  f  \ t ' )

l l  i t h  t hc  cou r ] ) oncn t s  f o r  r r n i t  l l r ass  a t  r r , . . t ' ,  t

o1 -  t i r e  n rnss  r z :

s ' : ? r - i ? r ,  L ' : A r 1 ? ! ,  Z : A I ' ? :  ( q q )
I f  the  u 'ho le  o f  thc  l t t rac t inq  nro lcc t r l cs  fo rnr  l  vo lu r r ie  ,

the  cxprcss ion  o f  thc  po tc r r t i : r )  bcconrcs ,  fo r  thc  c icns i ty  o :

t '  :  
, f . i . j 'o ,1, (r )  r l  r .  r i  l  r l :  .  (  r  oo)

Orv ing  to  t l rc  h ish  inconrprcss i l r i l i t v  o f  1 i r1u i r1s ,  Io f lo r r
a t l o p t s  i n  c l i t c t  t h c  h v p o t h c s i s  t h a t  t i r c  d e n s i t y  o  i s  c o n s t x n t .
I n  h i s  N o r r v c ' l l c ' l ' h r : o r i c  c l e  I ' r \ c t i o n  O a p i l l a i r c ,  t 8 7 r ,  . / ' o i . r s o n
reje<:ts / .of l trrr 's lr1'pothesis; l ikes.ise f 'oi t tcot /  rcnrarks t ir i r t
La l l t rc ' s  assunrp t ion  is  i l l cg i t in ra tc ,  l recnuse i t  i s  y r ro l ra l r l c
t h a t  t h e  r l e n s i t y  i s  n o t  t h c  s a n r c  : r t  a  t l i s t a n c e  l e s s  t h a n  t h c
rad ius  o l - :no lc r :u lu r  a r : t i v i t t '  l l -onr  thc  sur fa t :c  as  a t  a  c l i s tancc
greatc r  th : rn  th is  rac l ins .

l lu t  u 'ha tever  l rc  thc  c rec t i tudc  o l  / .a l lo r t ' s  hypot l rcs is ,
i t  l c r , j s  t o  t l r ( :  c r l ) r c s s i o n  [ o r  t l r c  p o t c r r t i r r ]

\ q 7 l

( q 8 )

Lrudcr  the act ion

\ r o r )

\ r o 2 l

l '  :  p  f  f  f  , n  t , )  r l . r l l r l :\ . ) . ) . 1  r  '  '

t \ n d  i f  g :  r  i n  t l r e  l i t l u i c l  c o n s i d c r c c i

/ -  :  , f . [ ' . [  ' 1  ( r  )  t l t  < l . r ' r l :  .
' l ' hc  on l l '  o t ) re r  po in t  in  th is  thcor ,v  to  i r 'h ich  s 'c  shr l l

ca l l  s l rc< : i r r l  a t tc r r t ion  rc l i r t cs  to  / .a f  lo r r ' s ,z r - ,  ( \ l c ,c .  C i l . ,  L i r ' .  - \ ,
S u p p l .  i  l r ' l ' h r o r i c  c l c  l ' . \ c t i r , n  e r p i l l e i r c ) ,  r ' l r i c h  i n r p l i e s  t h a t
in  c le rv  l i , l r r i r l  thc rc  i s  a  g rca t  j t r t c rna l  J ) rcss11rc .  Ncar  thc
end o f  th is  supp lcnran t  / .o | \o tc  t le r i vcs  thc  fo rn tu l le  fo r  th is
j n t e r n a l  l ) r c s s u r c ,  2 1 ) _  1  :  . t / { i l . :  \ r 0 3 /

. t :  r ( / q  -  ( , , t -  t )  / r : , , ' 4 , q '  ( t o . l )

n 'here  / /  :  r , c loc i t ) '  o f  l iqh t ,  1 r '  -  1  :  i  , . , ,  thc  rc fmct i l c
ac t io t l ,  l tnc l  ,q ' :  accc lc ra t io l t  o f  g ra ' i t1 ' ,  . r  -  l c l tq t '  o1-  thc
co lunrn  o f  u 'a tc r  o f  e ryua l  l ) ress l l rc ,  in  un i i s  o f  thc  su i t ' s  c l i s t : rnce .
' l ' h is  q i l cs  . r  :  r  2  ooo,  a l t l l rox i r la tc l \ - ,  o r  a  co lu lnn  o f  s . r tc r
over  i  oooo t imes longcr  thar r  the  c l i s tance f ron t  t i te  car th  to
the  s t rn .  Lo f  lo r r  h in rse l  f  adds  tha t  > rLrne  : russ i  l t roc l iq ieLrse  v r icL t r
nc  I )e t l t  y ras  0 t rc  adnr i -se  avec  v r r i senr l r l rncc<r ,  so  thu t  hc
a l rparen t l l  c l i c l  no t  rcqarc l  thc  va lL re  o1 '  ,A-  :  .g  s  as  p ro l rab le .
r \ccor r l inq lv  i t  $ ' i i l  no t  surpr isc  us  to  f ind  nroc lc rn  ph1 's ic is ts
re jec t i r le  i t .  ln  h is  l ) ro ; re r t i cs  o f  \ la t te r ,  r3qg,p .  zq4 ,  7 'a i /  se .ys :

>  I n  s o m e  s t a t i r : a l  t l r c o r i e s  o f  m o l c c u l l r  a c t i o n ,  e s p c c i a l l y
th t t  o f  / .a ! /a rc ,  one o f  t i re  n ros t  s t r i k ing  c lcduc t ions  is  th r t
there  mus l  be  a  ver t '  q rc . i r t  in tc rn r  L  I , rcssurc  in  every  l i r lu id
mass:  -  a  l ) ressure  l 'ho l l f  inc lc l t cndcr r t  o f  thc  fo r r -n  anc l  s ize
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of  t i re  l ro r rnd i : - rg  sur face .  Th is  i s  usua l ly  kno l 'n  as ,La f lace 's
l i ' .  La f  lacc 's  o lvn  es t imate  o f  i t s  va lue  in  s 'a te r  i s  g iven
( l ' i th  thc  car r t ion  ,  [ J r re  auss i  p roc l ig icuse va leur  ne  I )eu t  pas
0t re  i rc ln r isc  avec  v ra isenrb lance ' )  as  the  rve igh t  o f  the  rva ter
s 'h ich  s 'ou l r l  f i l l  a  tube o f  un i t  sec t ion  rvhose length  is
roooo t in rcs  thc  d is tance o f  the  ear th  f ron t  the  sun:  i .  e .
sonrc th ins  l i kc  ro1 :  tons  * 'e igh t  per  sq l ta rc  inch .  ' l -h is  

rvas
bescc l  o : . r  t l r c  corpr rscr r la r  theory  o f  l igh t ,  thc  nurner ica l  da ta
i rc inq  thc  rc l l ' ac t i r , c  index  o f  rva ter  and thc  speed o f  I ieh t .  (

I t  lou lc l  be  cas l  to  shorv  f ron t  p rac t ica l  cxpcr icncc ,  -

as  in  i ru r la r r  r l i v ing ,  anc l  f ro rn  the  surv iva l  o f  f rcsh  rva ter  anr l
n rar i l rc  i i l c ,  in  sur :h  dc l i ca te  an ima ls  as  f i sh ,  rvh ich  have
l r ladders  f r l l c t l  s ' i th  a i r ,  e tc . ,  -  tha t  thc  v ie rv  o f  an  cnorn tous
in te rna l  l ) ressr l rc  fo r  * 'a tc r  i s  no t  va l i c l .  I f  these v ien 's  rvc re
tn lc  $ 'c  r :ou lc l  no t  t l i ve  * ' i thor r t  hav ine  our  lnngs  c rushec l ,
anc l  the  b l r r iders  o I  the  f i sh  cou ld  no t  o l )e ra te  as  thcy  ac-
tua l l y  r lo ;  fo r  the  f i sh  no t  n rerc ly  surv ive ,  bu t  a re  no t  in ju red
rr 'hen tnkerr 1-ronr t lre \ \ ' : r tcr a short t ime.

Lo t ' l t r r ' s  f ina l  cxprcss ion  fo r  the  l ) ressure  in  the  in te r io r
o f  a  l l u i d  h a s  t l r c  f o r n r

f  :  l t ' -+1 , ' r I t ( t , '  I i r -+ t f  l i r ) (  '  o.s)
i l e rc  - / i  i s  t l re  a -s ,sumcc i  cons t l rn t  p ressr l re ,  in  tha t  theory

ver .v  i r rqe ,  l l ' h ich  l rou 'evcr  c joes  no t  in f lL rence o l rsc rvc t l  cap i l -
la r r .  phcnor .n  en t t ,  I f  i s  enothe  r  cons t ln t  on  rvh ich  a i l  cap i l -
la r i t y  phcnonrena r lepcnc l ,  and -R1 and 1?"  a re  the  rad i i  o f
curva ture  o f  any  t rvo  normal  sec t ions  o f  the  sur face  a t  r igh t
r n o l c q  t o  n r c l r  n t h n r' _ " b  _ '  _

l f  i r r  t h e  a b o v e  f o r m u l a  r v e  p n t  t f  R r + - r f  R , :  o  i n
the  se  conr i  t c rn r  o f  the  r i sh t  n reurber ,  as  in  min i rna l  sur faces ,
' | \ 'e sce thrt rvi thin such f i i r- l ls the prcssure T rvould ire equal
to -/r- on11',  rvhici-r shorvs the connection l tetrvecn such f i l rns
i ts  so l l )  l ru l rb lcs ,  s ' i th  c lou l t le  sur facc  tu rs ion ,  anc l  cap i l la r i t y .

6 .  ( /a i r .s . i ,  I ' r inc ip ia  gcncra l ia  thcor iac  f igurae  f lL r i c lo r r r rn
s t a t u  a t ' r l r t i l i l r r i i ,  r  3 , j o ,  ( \ \ - c r k e ,  \ ' .  1 r .  z 9 ) .

( ; (71 l . r . r  ionrs  thc  fo rce- fL rnc t ion  fo r  the  po ten t ia ls  o f  a i l
thc  p l i rs  o f  par t i r - - )e -s  in  t i re i r  n ru tua l  ac t ion .  \V i th  the  s ign
rc lc rscr l  l r c  th r rs  o l r t r ins  t l rc  po le r r t ia l  energy  o f  t l r c  s1 's ten t .
(, ' rzrr.rs trt :ats the problcnr of the forccs ureing t l te J1,uid rvith
h is  r r ,sua l  )uc id i ty ,  i r r  t l - r rce  par ts :  the  f i rs t  c icpend ine  on
qrav i ty ;  thc  sccond,  on  the  r ru tua l  a t t rac t ion  be t l 'een  the

l ra r t i c les  o { -  t l re  l lu id ;  and the  th i rd ,  on  the  ac t ion  bc tu 'eer r
t h c  p a r t i < : ) c s  o f  t h c  f l u i c l  a n d  t h c  p a r t i c l e s  o 1 ' t h c  s o l i d  o r
l l u i d  i n  c o n t : r c t  n ' i t h  i t .

1 / ' / / / / . i r  tn t t r i cs  t l r i s  ngqrCqntc  cxpress ion  a  n t i r r in r r rn r :
( t :  , , .  ( ' - , 1 . r - r t f . c r . [ . [ . 1 r , 1 s , , ,  ( . l s . c l s ' )  

t  . \' \  I  ' r  2  

* ,  C , [ j :  , t ,  r t . r '  r l r  ( .1 ,  651 .  
(  r  ooJ

In  th is  lo rn r t t l l  .g  :  the  fo rce  o f  g ray i ty ,  z  -  e le 'a t ion
e l rove  t i rc  l rase  p)ane I I ,  c  :  c lc r - rs i t v ,  taken as  r rn i fo r rn  in
thc  sp lccs  .s  anr i  . r ' ,  C ' :  c iens i t ] '  o f  the  so l id ,  o r  f lu ic l  o f
c l i l l c rcn t  l< i r r r l  ;  anr l  thc  syreccs  s  and s '  a re  f i l l ec l  bv  the
nro l r i l c  f lu i r l ,  anc l  .S  l r1 .  thc  so l i c l  o r  f lu id  o f  c l i f fe ren t  k ind .
\ \ : i th  th is  cx ; r lannt ion  o f  Gat t . t s ' fnndanrenta l  eqnat ion ,  rnadc
r u p  o f  t h r c e  t c r n r s ,  i l  o n l i '  r e n r e i n s  t o  a d d  t h a t  t h e  p o t c n t i a l
so  cons t i tn tcc l  i s  a  n r in i rnurn ,  a r rd  there fore  fo r  snch a  lcve l
sur face ,  thc  sunr  o f  the  space d i f fe ren t ia ls  van ishes :

(l-(.1 : (e_(tia.r)d.r-+-(a_r.l/ar,; d.1,-r-(a9la|) 6l; : 6 . ('oz)
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In  der iv ing  more  genera l  cond i t ions  1br  the  l l ' ce  s l r r f l ce
than Laflocr had done, Gazzss thus iut l ;roved thc thcorr ' .  i \ t
the  c lose  o f  h is  papcr  he  recornmenc ls  the  nrc thoc l  o l  ^ \ r .g t t t t '
and Go1,-f.4ssar, rvhich Quittc/te has since extel lsivel) '  lppl iccl,
by  measur i r " rg  the  d in rens ions  o f  l l rge  drops  o f 'n re rcLr r r .  on  u
hor izon ta l  p lane,  and those o f  la rge  l - rubb lcs  o f  i r i r  o r  o rher
gases ,  in  t ransparent  l i cp r ids  res t ing  aga ins t  thc - .  unc ic r  s i r le  o1-
a  hor izon ta l  p lu te  o l -a  subs tance * 'e t tcc i  l r y  the  l i i l u i t l .

7  .  ?o issou 's  Nouve l lc  thcor ie  de  I 'ac t ion  c lp i l la i rc ,  l ' l l i s ,
r 8 r r ,  p p .  r - 3 o o .

I 'o isson 's  nerv  theory  o f  cap i l la ry  ac t ion  is  t l cvc lopc t l
rv i th  such geonre t r i ca l  e leeance,  thL l t  i t  n rus t  a l lavs  ( )ccu l ) \ '
a  p rour inent  p lace  in  any  s r . l r \ rey  o f  thc  su l r j c t : t .  l l t r t  i t  i s
j t rs t l y  rc rnarked t i ra t  a l thoLrg l l  ?o isso t t  : rc lop ts  l ) rocrcsse  s  r i i l l i , r c r r r
l rc r r r  t l i o ,sc  cnrP lo l 'ec l  by  Lo l la r t ,  ye t  in  r l cnrur i  thc  (  ( r r ) (  lu5 i ( ) rs
a r e  i d e n t i c a l ,  e \ c c l ) t  i n  r c s p e c t  t o  u r ) i l i ) r r ) ) i l l  o 1  t l r t . i n r . r l r L L
< i t ' n s i t y  o l ' t h e  l i r l u i d ,  e x p l a i n e c l  i n  c r l r . r r t i r . r n - s  ( r o o i r r n t t  i r o r )
a b o v e .  r \ t  t h e  c l o s e  o 1 -  p a r l g r e p h  - 5  l i l r o r e  l c  l u r r t , i r r t l i c l l e c l
reasor ts  lb r  adopt inu  , [ .a / , l t t t l s  l i c r t '  t ] lL t  g  I ru l  i , r  t i r l i un  I r ( ' r r i
t t t t d c r  l l r t '  i r r t c t 1 r i L l  s i q n s  i r t  ( , l u i r t i u n  r  r  c c  ( , , i / , r . ,  I . r , . ,  r , i r . r r '
a c c o r c l s  r v i t h  t h i s  v i c i i ' a J s o ,  l r s  \ \ c  s r e  l r 1 . 1 r i s  l r l i n r : i 1 / r L l  r ( L u l r l i ( ) l l
lbr JJ aboyc.

/ ' r t is-rot i  s t :r i t i t : isur t l tat . l ,u!/ t t t t 's theor) '  nt i ikr s t l rr  ton-
s t i ln t  I ) r ( ' ssure  z { -  r 'e r1 ' la rge ,  l ' } re re ls  i t  rn r rs t  bc  i r r  l l c t  r , c ry
s n r a l l ,  i s  r r n d o u i r t c c i l l ' r ' a l i d ,  1 r ' o r n  c o n s i ( l e  r i r t i o n s  a l r c a t l l  l r o i n t r c l
or.rt  in trerrt ing ol '  [ .of lorc's thcory. ' l 'hrrs 1'zrrr.rrrr i  rcut ' l rrr]
rcs t t l t s  i r r  gencre l  i rccorc i  rv i th  t l rosc  < t l ' / . t t1 ,1a ;1 ,  l r r r t  t l i t l  r ro t
t :on l lmr  t l re  g rea t  co l l s ta l l t  I ) rcssr . l rc  , / r -  in  l i r lu t r l s ,  :Ln i l  r r r l t l t . r l
t h c  c l l i r n  o l '  a  r u l r i c l  v a r i u t i o n  o { -  t l e n s i t v  n ( . i n  t l i r ,  : l l  i i . (  1 . ,
r v l r i c h  c l o t s  n o t  t d u l i t  o l '  e x l t c r i r l e n t i t l  ( l c t t r t r r u t r r i t L . n .

' - [ ' h c  t h e o r l '  d e v c i o l t c c l  i t t  t ] r e  l r r c s c l r i  l r r r ] j c r ,  t i r u t  t i r e
w l tve  s t ress  unde rg r . res  su t l t l cn  char rge  u t  t l ) r ,  5ur  l l i L  e  o l  i i , l r i l t i "
a l ) l ) e a r s  t o  r e c o n c i l e  t l r c s c  s c v c r u l  t l i l l r c u l t i c . ,  l i , r '  \  i r i l . r  i t
a s s i g n s  t o  t h i s  s u r l i r c c  t c n s i o r t  t h c  g l o l - , u l a r  l o r  r r r  o t  t i r o l r s ,
a n c i  t h e  e l a s t i c i t l ' o f ' t h e  l l l r r r  o f  s o a l r  L u l r i r l t s ,  i t  t i o c s  n o t
g i v c  a  g r r : a t  i n t e r n e l  [ ) r c s s u r e  l b r  l i t l u i d s ,  l ; u t  o n l y  r l ] c  s o l l ) c -
w l r a t  l e c b l e  s u r l a c e  s t r c s s  n o t i c r c l  i n  o s t : i i l e t i n g  r l r c ) p s  a n c l
e las t i t :  l r l rns .

In cleal ing u, i th the Stgntr- \ 'outt.g cctntt i i rut iorr to t l te
t h c o r y  o 1 '  ( ' a l ) i l i a r i t y ,  r  7  5  r  -  I  8 o 4 ,  r v e  n o t c c l  t l r c  l r L c t  t ) r r r t  t l r t ' y
snccess i i l l l y  exp la ined cap i l la r i t y  l . ry  sLr r luce  tens ion ,  anr l  th r rs
i t  i s  appropr ja te  fo l  us  to  d raw a t ten t ion  to  the  r l t l i c r  l i , cb lc
i n t e n s i t y  o f ' t h e  s u r l ' a c e  t e n s i o n  o f  v a r i o u s  ) i t l u i c l s ,  l s  d c t c r -
mined by  Qu i t r / t t ,  end  g iven br ie f l y  in  the  abovc  tab lc .

l io r  rva ter  in  a i r ,  the  sur face  tens io r . r ,  ' l '  :  S  r ,  l i y  t l re
forn-rula .  "7'  -  /11'gg1' 21.6s1v . \q 5l

Here  a  i s  the  ang le  o f  con tac t  re  ckonL.d  l j  on i  thc
dorvnrvard  ver t i ca l .  For  \ \ ' a tc r  in  contac t  rv i th  g lass ,  c ( )s . ( :  r ,
and T is lbund from the radius of '  the tube / ' )  lu( i  observccl
he igh t  o f  co lumn h .  t "o r  mercury  in  a i r  the  va lue  o l '  7 ' :540,
b u t  i n  t h i s  c a s e  s : 1 2 9 o  5 z ' ,  s o  t h a t  t h e  c o s i n e  i s  n c g a t i v c
and the  co lumn depressed.

The dyne is  the  fo rce  produc ing  an  rcce le ra t ion  o f '
one  cent i lne t re  per  second iD  a  g raDr  lnass ,  rnd  in  v ie rv  o f
the feebleness of these forces of surface tension, u'e sc.e rvhy
we cannot  exp la in  cap i l la r i t y  by  suc l i  a  f 'eeb le  fo rce ,  and a t  the
same t inle admit the enormous constant f luid l tressr,rre [buDd
by Lay'lacc's theory.
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8.  t l ' fa ru 'e / / ' s  a r t i c le  on  caPi l la ry  ac t ion ,  I , )ncyc l .  Br i t .
e c l . ,  r 8 7 5 .

l n  c o n c l t t r l i n g  t h i s  s e c t i o l t  i t  o n J l ' r e r n a i r r s  t o  l ) o i r t r

3 o

9  
t l t

o u t  t h e  l a s t  g r e a t  c o n t r i l i u t i c t r  t o  t l t e  l r  l r o l e  t h e  o r y  o f  c n l r i l -
l n r i t l ' ,  i n  r e r : cn t  t i n res ,  t l t c  a r t i c l e  on  c l l r i l ) e r y  l c t i o l  b1 '  t l [ r t r t t ' t / / ,
I i n c l ' c r .  l 3 r i t . ,  g t l ' e c l . ,  r e l r r i n t e r l  i n  l l u : r u ' t / l ' s  Sc rcn t i t r < :  Pape rs ,
l o l ,  l l ,  l ) l ) .  5 . 1  l  

- 5 9  r .  
' - l ' h o u g h  

l  r i t r e n  r L l r c ; u t  l r a l f  a  c e l l t u r y
ago ,  i t  i s  s t i l i  t l t e  l ) t os t  ex te l t s i ! e  l i n c l  : r c cL r r l t t c  s l t r ve ) '  o f  t he
su i r j c c t  1 ' c t  av l i l l b i e .  On  pL r t e  . 5  l i g  he  q i vc - s  a  t ab le  o l '
( ) t t i t t t / t t ' s  c rpc r i n r cn ta l  r e  su l t s  n tu r  h  n ) ( - r r c  e  l l r l ) o r l t e  t ] ) t n  t hx t
( l L l o t c ( i  a l ) o Y c .

' l ' l r c  
r uo le  r cccn t  con t r i l r L r t i ons  l ; 1 '  Lo r c l  / ' , ' t  / t ' i n ,  | . o r t l

L ' u . t / , i , ; , / t ,  u n c l - o r l r r r  i n v c s t i g u t o r s ,  h u v e  e t l d c c i  t o  t i l c  e \ t r r ) s i \ c
l r t cnL t r r r e  r r l r c -e r l r '  <  i t e r l ;  l t u t  ( ) t t t n r / : t '  s  r escu rchcs  s  i l i  l ong
r t ' u l L i n  t i r c  c l t i t l -  s o r . t r (  c  o f -  c x l t c r i r t r c n t l l  t i l r t a .

I 0 .  \ c l  
' l ' h t o r v  

o { ' C o l r e s i o r r  r i n c l  , \ r i  h e s i o r r .

l i )  l i c l l - l L r  t i o n  l i n ( l  ( l j 5 i ) ( . r s i o r t  o 1 '  u l r r s  r i t  t l t t  s u r l l L t . c
o 1  s o 1 i , i s ,  r l t i { \ '  t , r o ( l L t (  r  l n r d r r r . . .

[  1 r  t o  t i ; i :  l r r r i n t  u t .  i r l r \ c ' t t r ' i r t ( ] ( 1  l t t i r  s l r r ' r i l t l  l t t t c r r t i o n
t l r c  r  l L r : t  t i n t i t . r J I i n g  s l r r l l L C r  t c n , . i O D  l L n c l  r  l r l r i l l : r r i t 1 ' ,  l t c , c t r r r s c
r r c  l n r e  l r l t  t l r r r t  i i  t l r c . s c  < : a u s c s  c o u l r l  b e  < i t l r n i t e l y  a s s i g n e c l ,
i t  u o u l t l  n o t  l ) c  i c r t  r l i l l l c u l t  t o  l ) u s s  o \ . c r  t o  r h c  r c l u t c c i
ca r t se  o1 '  cohcs ion  a l t t l  l r l l r t , s i o r r .

l n  l i r c t  i r d h c s i o n  i s  < l i r e c t l r .  r c l r t c r l  t o  c u p i i l l r i t r ' ,  l i r r
r v l r c n  l i c l u i d s  r i s c  i n  t r r l r c s  t l r t .  l l u i r l  t L l u l L r . s  \ \ ' r t s  t l r r  t u l ) e ,
s o  u s  1 o  a t l l r c . r ' e  t o  i t ,  a n t l  l i l t  r l r t  r o l u r r r r r  l 1 , u r r r i  i r v  t j r e
l r t r c c  o l - s r t r i u c c  t e l : i r r n .  - \ r r r l  r r l i t n  t l r e  ) r , 1 r r i i l  i i o t . :  r r r , t  r i r t ,
l , t r t  i s  t l r l , r t - s : r ' t l  i t r  t i r c  t L i l  t . . .  : , .  i n  i l t t  t . r - r  r , l  r r t r r t r l r r . ,
t i r u l . t  t r  n o  l l r l l r t . i r  l ,  i , L ; i  r i r l l i ! . l  r r l r u ] : i ( r l l ,  ( r l . i l s  i s  c o r l l t t o n l y
: : r j i i ,  l ,  ! : ( i r l u t  : , i t r . i t t i ( r t r  o l  t i t c  i t t l L L i t i  l o r  i t s e l l ' t i r : r n  l b r  t h e
: o l i r l .  

' i  
i t u s  t l r e  i l , ( ) i ( (  u l u r  i o r t c s  i r r  a t l l r e s i o n  e r . e  t l r c  s n r l e

r i s  i n  t  r r l r i ) i u r i t l ' ;  u n t l  r . o i r e  s i o r r  i s  s i r r r i l a r  t o  t h c  l r t t m c t i o n
o l  ) i , 1 L r i r i  p : r r t i t  l r : s  l b r  o r r e  u r r o t l r c r ,  e \ c r c l ) t  t i ) i t t  t l t e  c o l r c s i r . c ,
l o r t  c  t l t l r t t t t i s  g r t ' l r t i v  ( ) t )  t c t l l ) ( ' r i r t t r r c ,  l r n r l  t l t r r s  l i e c . o n r e s
t r r t t t  ] r  r r o r r  1 ; r t l c r l L r l  i n  s o l i r l s .

' l ' r r o  
t t l t t r r r i e s  l g o ,  i r r  t l r r  ; " 1  e t l i t i o r r  , , 1  1 i 1 a  ( ) 1 , t i <  s ,

r i 2 t ,  p .  . 3 6 < ,  - \ , , / 1  / ' r ' ,  ( l i 5 (  u 5 : c t l  t l t r  r r t r . s t c r . r ' O l  t i r c  r D o l c c r r l a r
l o r t : c s  l t s  l o i l r - r u  - s :

r r \ n r l  h o u  s r r t : i i  r c l t  l r L r c l  l r r r t i c l c s  ( i n  s o ) i t l s )  l ' h i r . ) r
l L l c  o n l l '  l u i c l  t o . g e t l r c r  a n r i  t o r r c l r  o n l i '  i n  l  l c u ,  l i o i r r t s ,  c l r r
s t i c k  t o g c t h e r ,  a n d  t I ) r r t  s ( )  l r r n r l y ' a s  t h c y  d o ,  * , i t l r o u t  t l r e
l s s i s t ance  o f  son te th i t r g  l , h i c : h  c l l r ses  t hen l  t o  l r e  i r t t r a t . t c t l
o r  l ) r esscd  t o r va rds  < . r ne  ano t l t e r ,  i s  vc r y  d i l l i cu l t  t o  co l t c c i \ . c .  (

. . \ccordingly,  i t  apPears 11), rL , iYt  /1, /0/ t  *  us vcr l '  nrucl r
b l l - 1 l c c l  i n  h i s  c f l ' o r t s  t o  c o n c e i y c  o l ' t h c  c u u s c  r v l r i r : ] r  u n i l c r i i c s
c o h c s i o n  r n c l  N d l l c s i o l ) ,  n r o r e  e s p c c i u l l y '  i n  s o l i t l s .  

' l ' l r c  
d i l t r c u l t v

i D  l i t l u i d s  \ \ ' a s  n o  d o r . l b t  a l l r t o s t  c r l L i a l l t ' { r r i i t ,  l ) l l t  o u r  t r e a t -
n ) e l ) t  o 1  i t  i s  a l r e u d y  o u t l i n e r l ,  a n r l  u  c  s l r l l l  t h c r c l b r e  t i c l l
ch i e l ' i y  u  i t i r  cohes ion  anc l  a t l hes ion  as  e  x l r i b i t e  t i  by  so l i t l s .

l n  the  lvave- thcor ) .  \ ' e  ho l ( i  t l l i r t  no  re f rac t ion  o f  the
\v rvc  l ion t  can  occ l l r  rv i t l i ou t  the  erpenr i i tu re  o f  encrg) ' ,
i l ra l 'n  l ionr  the  uene r r r l  reservo i r  o l '  the  lc t l i c r ;  therc fo re  i rs
\ \ ' l r \ ' cs  n rove  n tore  s lo rv ly  in  so l i c ls  than i r r  l r -ce  s1 ;acc ,  therc
ncccssar i l y  i s  l rve  cner l j y  exer ted  aga ins t  thc  so l i c i  o r l ins
to  derar )gen)ent  o i '  the  ryar "e  f ron t  a t  the  Loundr r ic ,s  o f  such
l l t  as ses.

t r lo reover ,  the  re f iac t ion  o f  \ \ ' xves  usur l l y  i s  l ssoc i r r i cc l
rv i th  d ispers ion ,  o r  separa t ion  o l '  \ \ ' : . rvcs ,  os  ing  to  the  unet luu l



l,-E

3 2 9

re f rac t ion .  l lo th  o f  these chnnses  in
s 'o rk  donc  a t  the  boundar ies  o f  so l id
is l 'ale strcsscs ancl reactior-ts * 'hich

the s'ale f ield involve
bod ies ,  anc l  thc  rcsu l t

o i . n  r i c o  t n  . n i . n < i ^ r .  l )

a n d  a r i h e s i o n .
' l ' hc  fu l l  c lcvc lopnrcn t  o l  th is  thcory  o f  cohes ion  and

ac lhcs io r r  in lo lvcs  t 'he  conrp l i c r tcd  prob lcnr  o f  rvavc  t re l rs -
f o r r n i t t i o n  e r r r l  s c p a r a t i o n  i n  e  n ) c ( i i u n l  6 E o :  z  r  ( r o o o o o  t i n r c s
m o r e  c l a s t i ( :  t l r a n  a i r  i n  p r o p o r t i o n  t o  i t s  c l c n s i t l ' . ' l ' h i s
p r o l ) l e n r  i s  n c r i ' i n  s c i e n c c ,  r n r l  a s  i t  h r s  n o t  ) ' c t  l ) c c n
t rca tcc l  cx l ra t rs t i vc l r ' ,  s ' c  l r rs t  o t t t l i nc  thc  ph l .s ic l l  cons ic lc ra t ions
s ' h i c h  I r u s t  l r c  l r o r n c  i n  n r i n d .

r .  \ \ ' hcn  t  ra ) :  o l -  l i g l r t  en tc rs  l l  d ro l )  o f -  u 'a te  r ,  rv i th
r c f r a c t i v c  i r r r l c r  . , 2 : ' , ' ' , , ,  t h c  s o - c e l l e c l  r c [ r a c t i r . c  l l c t i o l t  i s
t t t  r  :  '  

: , .  
' l  hc  rv rvc  rc loc i ty  i s  d in r in is l rc r l  o r  a t :< :c lc ra tcd

at  thc  bounr ia r r '  1 r1 '  1 / .1  
;  nnc l  7 / r ,  o l  t l r c  cncrg l  i s  cxcr tcd

a.qn ins t  thc  s r r r f i r cc  lavcr  o f  thc  c l rop .  
' l ' h is  

s los  ing  c lou 'n
o f  tbc  r r 'avc  s l rcc r l  o r  i t s  ac<:c lc ra t ion  th t ts  c \c r t ,s  i l  l ) rcs .curc
aqe ins t  thc  l rour rc l r r - j '  o l -  thc  ( l ro l ) :  lb r  lonq  t .go  ,1 fo . r ; r l r i l
r t ,  o , l r r i z c , l ,  ( ' l ' r c r L t i s c o n  l i l c c t r i c i t v : r n r i  \ l : r g n t ' t i s n r ,  \ ( i  ;  S  r  - l  q r )
t h a t  p e r t i a l  s t o l ) l ) i r q  o 1 '  r i : r l c  n r o t i o n  l c a r ' l s  t o  t h c  c x c r t i o n  o f

l ) r c s s u r c  o n  t h c  s u r l l c c  o l r s t r r r < : t j n {  t h c  l r r o g r c s s  o f  t h c  r r ' a v c s .
I f  l ' uvc 's  l cavc  tbc  c l royr  fo r  l - rcc  s l r t r : c ,  t l r c rc  i s  r :o r rcsponc l in r l
r c a r : t i o n  o 1 - t h c  f r c c : r c t l ) c r  : 1 t  t h c  l r o u n r l a r r ' ,  u n r i  t l r r r s  a  s i r n i l a r
c lcve lopnrc r r t  o f  r : r ' r r tn r l  l ) r ( ' s -c r l rc .

z .  I l o r c o v c r ' ,  j t  i s  e  v i d c r r t  t h a t  i n  p r o p o r t i o n  a s  t h e s c
u n v c  a c t i o n s  u n r l  r c l c t i o n s  : r r c  s u r l r i c n  a n r i  v i o l c n t  a t  t h c
bounr ln r l '  o l '  l  l ro t l r ' ,  so  t lu t  t i r c  rc l i  a< : t i vc  u< : t ion  . r r :  r  i s
i a r q c ,  i n  t l r c  s r r r c  p r o p o r t i o n  t l r c  r c l a t c r l  r l i s 1 ' t r . i 1 , '  ' , , 1 , , ' ,
a l s o  i s  l a r g c .  . \ r ' r : o l r l i n g l r ' ,  a s  r l i a n r o n t l  h a s  t h c  g r c l t ( ' s t  ( ) l '

knor l r r  rc l l -ac t i vc  r r r r l i r : cs ,  / /  = :  2 . .+ ( ) ,  and is  so  Iou ' t  r l i r l  in
t h c  r l i s p c r s i o n  o l - r ' o l o r s  a s  t o  r - i c - l t l  t l r c  r u r a p p r o a < : h c r l  l u s t r t '
r v h i r : l r  q i l c s  t l r r :  q r r ' : r t  r ' ; r l l r c  l o  t l r i s  c r 1 ' s t a l ,  i t  o r r g i r l  t l r c o r t ' t i -
c : r ) l y  t o  l r c  t l r c  i l r r r l c s t  o l  l r o r l i c s ,  l r r c l  i s  s o  l i ) l u r ( l  l r l  c r -
p c r i n r c n t .

I n  i r i s  t S i r  L c c t r r r c s  o n  L i g h t < ,  s c c o n r i  c d i t i o n ,  N c s '
York ,  r  336,  p .  zo ,  7  t 'n io / /  l r rc jc l l l  cxp la ins  to ta l  rc l l cc t ion ,
thc  i in r i t ins  ans lc  lb r  i vh i r :h  in  \ \ ' a tc r  i s  ' t8 " : lo ' ;  lb r  l l i n t -
s l a s s  : l l i " 4 r ' ;  f o r  r l i a n r o r r c l  z . i "  - t r ' ;  t h u s  r i r p i t l l l ' r i i n r i n i s i r i n . q
u ' i th  in r : rc -ase  o f  t l r c  re l - ra r ; t i vc  inc lcx .

> ' l ' h r rs  a l l  thc  l i ch t  rnc idcn t  f ronr  tu 'o  conr l ) l c tc  ( lua( l ran ts ,

o r  r  8 o o ,  i n  t h e  c n s c  o f  c l i a r n o n c l ,  i s  < ; o n r l c n s c t i  i n t o  a n  a n g u l l r
s p a c e  o f  4 j " , 2 ' ( t r . , i c c  z 3 " 4 t ' )  b y  r e f r a c t i o n .  C o r r p l c c l  s ' i t h
i t s  q rca t  rc l lec t ion  : r r  c  the  qrc t t  c l i spcrs ive  anc l  q rca t  re l l c ( ' t i \ - c
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po\\:ers ot diamond; hence the extraordin:rr; '  116l1"nce of the
qcr l r ,  l ;o t1 r  rs  le (a r ( l s  rvh i te  l igh t  and pr ismat ic  l igh t .<

l/ ' t t tdol l 's remark that al l  the l ight incident fronr tn'o
conrp lc tc  r luadrants ,  o r  r8o" ,  i r - r  the  case o f  the  d iamonc l ,
i s  < :onc lcnscc l  l rv  rc f rac t ion  to  an  angu lar  space o f  47"22 ' ,
4 1 ? 3 i l r g 6 o . _  r / : . 3 ,  c o n t a i n s  t h e  g e r r r r  o f  t h e  s e c r e t  o f t h e
nrost I lo\\ 'crf ir l  nroleculnr forces, srrch as t lrose lvhich produce
h i t rc lncss .  I io r  jL rs t  as  the  rays  in  a  p lane ang le  a re  thus
r :onc lcnscr l ,  so  the  r l1 's  f rom thc  so l id  anq le  o f  a  s ' ' l ro le  hen- r i -
s p h c r c  : r l c  c o n r l c n s c d  i n t o  r / - l . 8  o f  t h c i r  o r i g i n a l  d i s t r i b u t i o n ;
so  th :11  o1r  t l l l \ -  a rc : r  thc  concent ra t io r - r  o f  energ f  inc rcascs  ns
thc  s r lunrc  o1-  1 .3  rn t i  bccomcs t  4 .44  t imes gren ter .  . ' \ s  the
c l i spcrs ion  is  jn  : r l rou t  thc  sanrc  p ropor t ion ,  the  combined c f l cc t
o f  rc l l l r : t ion  ^ l t ( l  (1 is l )c r -s io t r  i s  n tagn i f iec i  sonre  zoo t in tcs .  - )

Cons ic lc r rng  thc  tenr lc r r r ; r ' to  rup ture  the  ae ther  by  th is  sudr len
r l i scor r t in r r i t v  a t  t l r c  l rounr l r ry  o f  the  d ia rnonc l ,  i t  i s  no t  re l 'n i l r -
ka l r le  tha t  thc  ac t ions  anr l  rcac t ions  o f  the  n io rc  porver fu l
i r r v i s i l r l c  r : r v g s  g i r  c  t i r c  c o h e s i o n  u n c l c r l v i . n g  t h c  l r a r d n e s s
o l '  d i : r n r o r r r l .  I t  i s  c l i d c n t  t h a t  t l r e  h a r d n c s s  o f  r l i a n r o n c l  a n c l
o t h c r  c r l s t r l s ,  t i r c  g r t ; r t  t c n a c i t y  o l  s t e e l  a n c l  o t h c r  s ' i r e s ,
d c p c n r l  o r r  l  r r v t - u c t i o r r  a n d  - r c a c t i o n  a t  t h e  s r r r l a c c ;  a n c l
t l rc rc . f r r rc  t l rc -  s t r t  nq i i r  o f  such a  so l id  depenr ls  on  sontc  such
c o n r l r i r r r t i o r r  a s  t  j r r :  l i r l l o l  i n q :

r  .  I i . c l l  a r  t i l c  ac t ion ,  (n2  -  r ) ,  rv l - r i ch  c lcpcnc ls  o r - r  tbc
d e n s i t v  o l ' t l r e  s o l i c l ,  r r ,  a n r l  t h c  c h a n q i n g  n ' a v e - l c n q t h  7 .  a n d
t h r t s  o n  s o n r c  u n k n o r r n  f t r n c t i o n ,  t  ( o , ) . ) ;

2 .  
' l  

l r c  r  i o l c n c c  o l '  t h c  i n c c s s a n t  l r c n d i n g  o f  t h e  s ' a v e -
l l c r n t ,  1 o r  l : r r c s  c o r r i l r g  l i o r r r  e l l  r l i r c c t i o n s ,  q \ B ) ;

. l  l  l 1 1  r  j o i c n r  c  o f  t l r e  i n r : e s s a n t  c l i s p c r s i o n  o f  t h c s e
i n t ' i r l c r t t  l  l r v c ' s ,  t / '  , r l J .

. l  .  
' l  i r c  co :n l . r ina t ion  o f  s1 .s te r .n : r t i c  s t resses  dr re  to  the

< ' r1 -s t : r1 ) inc  i r rn lngcn)cn t  o1 ' the  a tonr ic  p lancs  s ' i th  thc  e f fec ts
o [ -  t l r c  t rvo  l : r t t c ' r  v io l r rn t  t cnc lcnc ics ,  thus  lear l ing  a ln ros t  to
t ) r c  r l i s r r r p t i o n  o l -  t h c  n r c d i u n r ,  1 ( z ) ;

5 .  
' l ' l r c  

cnor r r rous  I )o \vc r  o f  re l lec t ion  s ' i th  very  s l igh t
a i r -sor l r t io r r  o l -  cncrer . ,  : r t  the  sur f rce ,  6  (o 'e - " ) ;

6 .  ' l ' l t c  g rc : r t  r : cn t r r l  l ) rcssurc  c lu r  to  the  in tesra t ion
o l  t i r c  s t t , r r r l r '  : r c t i o n  o l '  t l r c  s h c a t h  o i  l t e r t i a ) l y  d i s r r r l l t c c l
\ \ ' : t \ r ' s  i l l \ \ ' ; r \ .  c r t r ,  l , , l ' i t t g  r l t r -  s r ' l i ' i .  , ;  ( r ' l ) .

r \ c : r ' o r c l i n g l v  i l - t i r c  c o n d i t i o r l  l r e  i r n p o s e d  t b a t  t h e
nonr i l l  c l l s t i c  pou c r  o t -  thc  ac t l l c r  i s  no t  g rea ter  than r rn i tv ,
w h i r : h  i s  r .  -  ( ; g q 3 :  r  6 o o o o o  t i n r e s  t h a t  o f  o u r  a i r  i n  p r o -

lrort ion to i ts clc'rr, . i t r- ,  thcn \\ 'c shal l  havc (cf.  Toihttn/u's
In tcgr r l  ( la lcu lus ,  cc i i t ion  r  9  r  o ,  \  z7  7 ,  1 ' t .  z6z) :

( r o 8 )
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r )n (o l ) . ) rp (p )11 , (6 )y ( , )8 (g , - , ' ) a ( to \ . t t ( o ' ) . )  c rpc ldc l zd (s r - . ' ) d r , ,

t l  l n  I r i .  , , , \ c l l r c r  o f  S | a c c ,  I g o ( . ) ( ,  l ) .  r o 9 ,  S i r  ( ) / t t , t t  L o r / S ' t :  t r ( ' i r t s  ( ) f  c o l r c s i o n  i n  r r  v c r r - s i r n i l  r  * a y  t o  t l r a t  h c r c  a r l o P t c d :

' \ \ ' h c n  a  s t t ' c l  s p r i n g  i s  b c n l  o r  r l i s t o r t c < 1 ,  r r l r a t  i s  i t  t l u r t  i s  r c a l l t ' s t r r i t r t ' r l i  N o t  t h e  a t o r r s  -  t l t c  a t o m s  a r c  o n l y  t l i s p l a c c d ;  i t  i s

r n a t t c r  o n l v  t l r r o r r g h  t l r c  a c t h c r . <
' l  Shor r ld  thc  o t l rc r  la r ia i r l c  c lcmcnts  ind ica ter l  bc los '  inc rcas t '  in  abor r t  t l r c  sarnc  I ro Io r t ion  as  t l rc  t \ \ ' o  r re l l  l i norvn  c lcmcnts  hcrc

ca lcu la tec l ,  thc  rcsu l t  lou l r l  l r c  an  i r rc rcase o f  s t rc -ss  o f  t l r c  o r r l c r  o f  f ioooooo t i r r rcs  thc  la l r rc  o thcru ' i sc  e f fcc t i ve .  r \n11 as  therc  r rc  s r rdc len

so) i t l ,  -  assumec l  to  bc  l css  than thc  l ' r rvc - lcng t l rs  to  rvh ich  thc  fo rccs  arc  r lL rc  -  t l r c  r r l ro lc  r r .avc-ac l ion  in  thc  ac thcr  scems amplc  lo  account

fo r  the  hardncss  o l  t l ru  r l iamonr l .

2 2
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11u t  a l t ho r rgh  t l t e  na t t t r e  o f  t he  u ' ave  f unc t i o r l  p rod t l c i r r g

so l i d i t y  and  r i g i d i t y  i s  t hns  recoq t r i zec l ,  ) ' e t  \ \ ' e  c r r l r l o t  r t

l l r esen t  eva lua te  t he  resL r l t i ng  sex t r t p l e  i n t eg ra l ,  bccaL l se  t hc '

pa r t  co r . r t r i bu ted  b i '  each  va r i ab le  i s  i l l  c l e l l ned '

( i l )  ' t ' i t e  
ass i gned  cause  o f  t he  ha rdness  i I t  t l i r imond

sugges t s  a  s i n r i l a r  o r i g i n  o f  t en r t c i t l ' .
' l ' he  

t heo ry  o f  t he  ha rd r l ess  o f  d i an ro r l c l  he r r :  oL r t l i r r c c l

l  i l l  a l so  exp la i n  t enac i t y ,  o r  t he  g r c r r t  l - i r cak i ng  s l r c r r q th  o l -

such  subs tances  as  s tec l l ) ,  r vh i ch  a t t a i ns  l l l r l \ i l r l t r l r r  I ' ( ) \ \ ' c r

in p ianofor te rv i re.

r .  I t  i s  a  r e rna rkab ie  f ec t  o f  o l r se r va t i r >n ,  t i r r i t t  r l  l l  o t r l

c x l r c r i e n c e  f r o n t  t h e  e a r l y  a g e s  o l '  h i s t o r y .  t l r r t t ' . t ' r i r t t ' i t 1 '  t s

i nc r cased  t h rough  c l r as ' i r r g  and  ro l l i l l i { ,  l r y  l  l r i ch  t l l t  t r t t t a l

i s  g i ven  a  sn )oo t l l e r  and  t t r o re  co t t t l - r r c ss t t l  s t t r l - r L t  t .  l i o r

ex l n rp l e ,  r ve  u rake  s t r c l nq  u ' i r e  l o l l e s  L1 '  l r r s t  t l r l r u i r l g  t i l e

n re ta l  i t r t o  f i t r e  r v i r e ,  c l i c l t  s t r l nd  be in (  g i vc r l  l t  ( r ( ) l l l l ) l l c t

anc l  co t l r p ressec l  s r t r l acc  l a rge  co t t l l l a re i l  t o  t l l e  t : r ' i i r l t l r i ca l

con ten t  o f  t he  so l i d  u ' i r r ' ,  a t t t l  t hcn  t l ' i s t i ng  t i l e  u  i l c  i r l t c r

a  r o p e ,  r v h i c h  t h u s  b e c o t t r c s  I t o t  o r ) l ) ' s t r o r ) g ,  I r t t t  a l s o  l l e x i l r l c .

2 .  
' l ' he  

f ac t  t ha t  i t t  l l ne  u ' i r c  t he r r :  i s  r l t p i t l  i t l r : r c l r s c

o f  su r f acc , comparec l  t o  t he  cy l i nc l r i c l t l  co l l t c l t t ,  l ' l l c l t  t l t e  r v i r c
' i s  sn l l l ,  shows  t ha t  t he  l a rge  l r l l l o t l l l t  o l '  s t t t oo t i r  s t t r i t ce  i s

t l r e  essen t i a l  e l emen t  o1 -  s t r eng t l l ,  a l l d  po in t s  t o  r t ' l t v cs  i r l  t hc

: r e the r  as  g i v i ng  t he  f o r ce  o f  cohes ion .  
' l ' l i e  

t c l r r t i o i l  o l  s t t r l r t c c

t o  v o l u n r c  i n  a  c i r c t t i a r  c y l i n d c r  o f ' l e r l g t l r  /  a t l c l  r r t t l i t t s  r -

i s  eas i i i '  founc l ,  thus :

\ /o l r tn ie  o1-  cy l inder  I '  -  ; t  t :  / t

Cr r l vcd  s r t r facc  o f  cy i inc le r  , \  :  2 ;7  1 f i

Iiatio of .Sf It : zrr rf rr v) - 2f ; : 1, .

r \ c c o r d i n g l y ,  a s  r - d i n r i r t i s h e s  t l r e  r a t i u  r ,

c reases ,  accord ing  to  the  curve  fo r  a ' rec ta l )g t l la l '

i  r  o 9 l

1 r  r  o )

l l l r i r l i y  r n -
h  1 ' l re r i ro  I  l

rel 'erred to i ts asylnptotes.

3 .  On account  o f  the  f rn i te  c l imeus ions  o l ' the  r r to lec t t l cs

of the rvire, and the f ini te but greater lengtlr  c.rf '  the l i rrht

\va les ,  i t  i s  o f  course  no t  poss i l l l e  to  decre i l sc  thc  rad ius  o I

the  rv i re  be lo rv  a  cer ta in  l in r i t ,  u ' i thou t  t l - rc  t r t c ta l  los i i rg  the

porver  o f  cohes ion  ar - rd  b reak ing .  A io r lg  u ' i t l r  t l i i s  l ) ro l )e r t l r ,
by  rvh ich  a  f i r ' r i te  rad ius  is  requ i red  fo r  s t rcns t l t  i r t  r t  t r le t r t l ,

.qoes  a lso  the  c lose ly  re la ted  l ) rob le r l l s  o f  rna l l c r r l . r i l i t v  an t l

duc t i l i t y .
(a )  Go ld  i s  the  most  r r i r l l ea l ) le  o f  u re ta ls ,  gc- r )d  le l f

hav ing  been redr tced to  a  th ickness  o f  I , / iooooo ' l '  o f  ' tn

inch ,  o r  r / r  r  8oo o f  a  n ' r i l i i u te t re .
(b )  I ' l a t inun i  i s  the  tnos t  duc t i ie  o i ' tne t r t l s .  I i1 '  < :oa t ing

a l ) la t inurD tv i re  o .o  r  inch  in  d ia r le tc r  r i  i t l r  s i l vc r  t i l l  t i l e

thickness oi the rvhole was o.2 inclt ,  l )r .  I I 'h/ loslt , t t  cl lerv the

cy l inder  ou t  in to  a  rv i re  as  l lne  as  poss ib le ,  and l ry  bo i l ing

rv i th  d i lu te  n i t r i c  ac id ,  he  removed tbe  s i l ver  coat i l l s  xnd

obtained the plat inum rvire alone rvit i r  a t l iamcter of ap'

p rox imate ly  r / roooo mu near ly  the  santc  th ickness  as  the

th in  go ld  lea f  descr ibed in  (a )  above.

4 .  
' l ' he  n te ta l l i c  coa t ing  used to  d r r t rv  thc  p l r t i r t t r l t l  r v i re

in to  such f ineness  rvas  o f  s i l ver ,  t v l r i ch  i s  t l te  n ros t  per l ' cc t

of al l  electr ical conductors, and t irLts the rvttve-actiot l  s 'as

' )  Steel  is  a
that  the great  st rength
non-cont luct ing carbon
elernent ,  carbon,  rvhich

?
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l " i g .  t f i .  C L t r l c  t r t  t l r e  r . r t i o  o i  t l r c  : L r r i r r c e  t r r  r ' o l u n t c ,  i t t
a  r l r i r r t n  t : _ i l j u , l r j c r r l  u i l e  o l  r r u l i r r -  r .  / \ s  i t  i s  r r l
O l r s c r Y r ' , 1  l r r c t  t l r i r t  t l r e  . t r c l g t l r  ( ) l  i l  g r ! e l l  r ) l r 5 s
o l  r r t c t r i l  i .  i r r c r t r s r ' , I  l r ;  r l n i r v i r r g  i t  i r r t , ,  s  i r t ,
t l i i s  c r r r v c  s l ) o \ \ ' s  t ] ) l r t  t c l n c i t y  r l r ' l r c r x l s  o r r  t l r c
r t ' l l r t i v c  i n c r t ' r r s t  o f  s r r r l i r c c  c o r r r l r a , r e , l  t o  r o l r u r r e ,
l u t r l  t l t t  r t  l i r r c  o r t  r t r t v c - l r c l i o n  l i t  t l r t  . L r r l u c e  o l  t l t c
r r i r t . .  I n c r t r L s c o l r i . r r l c i t y ,  I i t l r 1 1 ,  . \ '  / - , r . , 1 r r .  r  r r , ,
l , t  g i l '  t o  l r r i l  l r ;  . l r o r t  \ 1  r r \  ( '  l (  l g 1 l r \  l l l , l  r r o l r '
e r r l , r r , l r r r r ,  r ' i , r r r .  r r r t .  r r l , l , r o . L c l r c r l .

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

t l i i ,  t i l i t r '  ( ' \ l ) ! ' r  i n r u n t .  . \ ' ' '  t l r c  1 o , L l  ) c l i l -  r  l r s  i n  r i r r t i l e r  : l t c c t :

l  i t i l c  i , c i r r g  i r : L r r r r r r u r e r l  l i i c  c o r t r i r l i r r r i s  e l s o  *  c r e  l l t v o r l t b l c

I o r  r r r l l l c e i r i i i t r ' ,  l i t i r o L r t  r i r s r t t l ; l i o r t  o l  t l r c  n r o l e c u l a r  f o r c e s

h o i d i n g  t l r e  s o l d  l e r l - t o s c t l r e r .

N o t *  i t h s t a n r l i n g  t h e  s c  l a v o r a l ; l e  t ; o n d i t i o n s  i t  i s  a  l i t t l e

r cu ra r l i l b l c  t l i a t  go l d  an t l  p l a t i nun r ,  r v i t h  t he i r  ve r y  h i gh

a to rn i c  r ve i gh t s ,  s l r ou l c l  I ) r ove  i l l no l r g  t l l e  n ros t  co l l t i l t t l ous l \ '

f  i c l c l i r r g  o l -  m e t a l s .  
' i ' h i s  

g r u c l u t l  y i c l r l i n g  o 1 ' t n c t r r l s  i s  c l i r c c t l v

opposec l  t o  hu rc l r t ess ,  r vh i c l r  l e l i l s  t ( )  r t l l ) t r t r c
( ] l ass  t h reac i s  c l l uu ' r t  l r 1 '  I  ) r .  / r ' r r l l  l i e r  e  i r c cn  r cc i t t ced

to  a  t l i l r nc t c r  < r l '  a i r o t t t  r  :  I  ooooo  o l -  u t t  i t t c l r ,  o r  t i t r ce  t i l l t e s

tha t  o f  t he  d i au rc t c ' r '  o l  t l r e  t r t i n i r t t t t n i  l r l e t i n l t t t t  w i r e  above

n ren l i onc r l ,  r v i t h  s t r cn< r i t  l r o r t  c r ' , : r  r i l r p roa t : h rng  t ha t  o l -  s t ee l

r v i r e ,  r v i r i ch  s l r o l ' s  t l i a t  s t t r l r r ce  * r t ve ' ac t i o t r  l ) r oba l r l y  has

inc reased  t l t e  s t r cnq t i r  g r ce t l y .

5 .  I t  i s  no t i c cL l  i n  n roc l c r t r  n t e t l l l u rgv  t l r e t  t hc  l n t r c
n re ta l s  gene ruL I l r '  ' r r - e  so l i c r  t i t an  t he i r  a l l o t ' s .  l j o t h  l r e rdcn ing

nn t l  i n c r case  o f  s t r e  ng t l t  t nay  be  e  l l l t : t cd ,  l t o l  evc r ,  b l  t be

a d n r i x t l t r e  o l - l  s r u u l l  l ) c r c c l t t t s L -  o f  c u r t r t i r t  o t i l c r  I l ) e t a l s .

N i ckc l  un t l  r  i t nec l i t u l i  l l r c  use  L l  i n  t hc  t t . t l t t t t t l i t ( ' t t t r c  o l -  l r a r c i

s t ee l  :  and  suc l r  cou rpounds  as  phospho l  l r r onzc ,  a r t t l  a l t t t r t i t r i t t t t l

b rouze ,  h r ve  g l e r t l y  i r t c reascd  t c r t ac i t t ' .  \ \ - e  I nav  cxp la i n  a l l

t hcse  c l l c c t s  l - r y  t he  u ' a r , c - t l t co r ) ' ,  t hc  n to l t t : r . r 1 rL r  l b r ces  be i r l g

: u . l gn ren tec l  l r o t  me rc l ) '  r t  t he  bo t t r t t l e r l ' ,  l r t r t  t h roughoL r t  t hc

n r r ss .  
' . 1 ' h i s  

s lme  re l sou in t  a l t p l i es  a l so  t o  t hc  i t t t t ' r ne l  s t r e l ) g t l l

a r - r d  s t r t i c l u re  o f  c r ys ta l s ,  s t t c l t  es  t l i l n t on t l ,  ( l L l r r t z  r I n ( l  o t l ) ( ' r

substances.

m e c h a n i c a l  m i x t u r e  o f  r  v e r y  l r n c  n l i r t r i x  o f  c a r b o n  i n  i r o n ,  a n d  a s  t l i l t t r o r t c l  i s  c r i r t t l l i z c t l  p r t r c  c t r i r o t t .  i l  $ ( ) u l ( i  5 e ( ' r r i

o f  s tee l ,  over  i ron ,  t lus t  t l c l re r t r l  in  sornc  \yny  or )  such rvave- t rans lb r tna t io t ts  as  rc i i rc t io t r ,  t l i spers io l l ,  ( ' t c . ,  to  \ r l l i c l l  t l r c

c o n t r i b u l e s  a t  t h c  b o u n t l a r y  o f  t h c  u i r e .  l t  s u r e l y  i s  n o L  a c c i d e n l a l  t l r a t  t l r c  s t r c n g t l r  ( ) f  s t c e l , l c l , t r t , L t  o r l  t l r c  s i i r l ) c

in  c rys ta l l i zcd  fo r rn  g ivcs  t l ia rnout l  i t s  t i t . t l t l ra l l c lc t l  hard t less .
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6.  ' l ' hc  mcta ls  i t rc rease in  hardness  sor l re rvhat  in  the

fo l low ing  orc lc r :  1cac l ,  t in ,  a l t tn r in iunr ,  go lc l ,  s i l yc r ,  p la t in t tn r ,

z inc ,  copper ,  i ron ,  s tcc l .  ' l ' hese  res t t l t s  ma1 '  be  exp la incc l  l l y

the  assunrp t ion  o i  n to le< :u la r  p roper t ies  v i r r f  ing  i rom t - t le ta l

to  meta l ,  l x r t  on  thc  rvho le  dcpcnc l in r r  on  thc  g r ip  o f  the

s 'avcs  about  the  a to t rs  a r - rc l  n ro lecr t i cs ,  t tndcr  the i r  s ta tc  o f

conr lcnsat ion ,  l r t c l  c lcc t t ' i ca l  condt tc t i v i t l '  o r  l lo l l - co l iduc t iv i t y .

Lcad,  fo r  exnnrp lc ,  i s  loose l l 'hc lc l  toget l t c r ,  a l rc l  , r ' i e l t l s  cas i l . v

to  pos 'e r fu l  fo rces .  I t  so t r te l 'he t  rcsentb les  p i tch ,  n ' l i i ch  i s  a

v is r :ous  11u i r1 ,  o r  so i id  fo r  c lL r ick  ac t in t r  lo rce-< ,  rvh i l c  thc  l cac l

i s  a n  e a s i l y  f  i e l d i n g  s o l i d .

In  the  sanrc  l ' av  hardness  is  l ) teas t l rcc l  by  the  fo l -

lo r l ing  sca  le .
r .  

' l ' a l< ;

z .  I i o c k  S a l t
j .  ( l r L l c  S p a r

4 .  I f l  u o r s p a r

.5 .  ' \pe t i te

6 .  FcJc lspa l

7 . Q_uartz
8 .  

' l ' o p a z

g .  C o r u n c l t t t n
r o .  I ) i a n r o n r l .

( i i i )  tY t  t t ' to t t ' s  Prob lenr  o f  cohcs ion  t r re l  l r c  so l l cd  l ry

r ro t i c ing  t l ra t  s ' : rvcs  * 'h ic i - r  havc  c l i l - l i c r r l t f  i r t  p r tss ing  th ro t rg l l

bc t rveen t \ \ ' o  conr l )ac t  n )asscs  rv i l l  na tLr ra l l l '  t l kc  thc  pe th  o I

L c r s t , \ c : t i o r r  a r o t t n t l  t l t c t n ,  a n r l  t l r L t s  1 - o r c c  t l l c t l t  t o g c t l t c r .

r .  S o  l o n t t  r s  t w o  l l o r l i c s  e r c  I l o t  l l c e r  t o g c t h c r  t h c

rvavcs  f ronr  thc  l to t r ts  o I  car : ] t  t t t : l ss ,  :1s  l  c l l  : rs  f ro l t l  t l t c  rcs t

o l  t h c  t t n i v c r s c ,  r v i l l  c a s i l 1 ' p : r s s  i r c t r v c c t r  i l l l ( l  i l r o L l l l ( l  t l l c  t u r r

n r i l sscs .  l " ,a r ;h  t t tass  w i l l  h : rvc  i t s  o r r ' r l  s ' l t yc  f reJr l ,  a r r r i  t l r cv

l i l l  no t  scns i l r l t '  i n lc l l c rc .  l lL r t  l r 'hen  thc  tu 'o  l ro t i i cs  : r rc

l t rought  l c r ] '  nc 'u '  togc thcr ,  c tch  obs t r t t r : t s  thc  u 'avcs  l ro l t t

thc  o t l rc r ,  anr l  t l r c  wevc  f i c lc ls  l re< :o l t t c  cn t : rng lcc l .  \ \ ' hcn  thcy

are  broL lqh t  vc rv  ncar ,  so  as  to  fb t  t t t  a  s t t too t l l  con tac t ,  thc

t 'ho le  u 'ave  r r r : t ion  is  so  l t r t t t :h  l css ,  u 'hen thc l 'a rc  l l r csscc l
t igh t ly  togc t l rc r ,  tha t  na tL t rc  adopts  th is  I l c thod fo r  Lcas t

Ac t ion ,  a r r r l  l i r r r : cs  t l t c t r  as  so l i r l l l ' tosc t l t t : r  as  poss i l r l c .  
' [ ' h is

g iyes  r ts  a  qcncr l l  i t i ea  o f  thc  ca t t -s t l  o l -  co l tcs io t l ,  s  h i r ' l l  so

r r r r tc l r  1 r t tzz .1cr .1  , \ ' r , ' r ' l o t t  th : r t  hc  l te t l  c r t r t ' t l l c  t l i f l r r r r r l t v  i t r  r :o t t -

ce iv ing  thc  r :a t tsc  a t  l ' o r l< .

2 .  In  o r t l c r  to  t lakc  thc  co t r ta r : t  c l l i r c t i vc  a t rc l  l l o rvc r l i t l ,
i t  n rL rs t  l rc  vc r l '  r : losc  inc lcc r l ,  so  the t  thc  t r ro lc r : t t les  l l re  l lo t

s 'ho le  l ' r vc - lenqt l rs  a l te r t .  
' l ' l r c  l ' r r : t  t l r l t t  o l l sc rv l t io t l  shou 's

tha t  thc  contac t  l t )11s t  l )c  r : losc ,  ap l rcars  to  l lo in t  c l i rec t l y  to

the  rvave- thcor ) ' .  \ \ ' ha t  ex l t l l tn r t io r l  o thcr  th ln  t ) te  u 'avc- thcor l '

i s  p o s s i b l e  ?  ' l h e  p r o l r l c r n  i s  l i k c  t h c  i t r ' p o t h c s i s  u n d c r l l  i n *

I . t r rn la t r ' s  theory  o f  caP i l la r i t l ' ,  tha t  thc  I t ' ,o lcc r t l l t r  lb rccs  l rcco t l l c

sens ib le  on11 '  a t  inscns ib le  ( l i s t r t t cc -s ,  r t  h i< :h  as  l ' c  ha i 'e  shor i ' r l ,

can  po in t  to  r ro th inq  b t t t  rvave-ac t ion .

3 .  
' l ' hc  tncas t t re t r tcn ts  o f  J i i i r / t r t  shos '  t l l a t  the  r r l t ra -

v io le t  u 'avcs  arc  o f  thc  rcqr t i rec l  o rdcr  o l  t r tagn i t r . t c lc ,  an t l  rvc

knorv  tha t  thc i r  s 'o rk ing  a t  snra l l  c l i s tanccs ,  in  i r  u tcc l i r t tn

6 8 g 3 2  r  6 o o o o o  t i n r c s  r - n o r c  c l a s t i c  t h a r r  a i r  i r l  p r o p o r t i o n  t o

i ts  dens i ty ,  shou l t l  p ro t luce  vcr ) ,  g rea t  power  o f  a t t rac t ion ,

s ince  thc  pa th  o l '  Le ts t  Ac t ion  r tsur l l y  i s  a ro t tnc l  the  or t ts ide

of  so l id  lnas ,scs ,  anr l  th t ts  t i r c l '  a rc  fo rced togethcr  by  rcac t io l r

o f  the  s ' l ro le  l ' ave  f ie ld .
' l ' h is  

e ivcs  us  a  very  tang i l r le  conce l t t ion  o f the  prac t ica l

rvork ing  o f  the  l 'ave- thcory  s 'hcn  app l icd  to  mo lecn la r  fo rces .

\ \ 'e  may ver i f y  the  conc lus ion  i rc re  c l ra rvn  by  observa t io r ls

on the clashing of n'ater 1\ 'a\:es t lpon trvo f loats anchored so

c lose  together  tha t  tbe  waves  do  no t  pass  f ree ly  be t rveen

?'34

thern .  . ' l ' hc  resu l t  i s  a  fu l l  p ressure  o f  the  rvaves  rv i thout ,  no t
per fcc t l y  ln l lnccr l  by  thc  c l in r in is i red  press t t re  rv i th in ,  so  t l ta t
the f loats rrre cirarvn together as i f  by an attract ive force.

4 .  Norv  i t  i s  ver l '  renrarkab le  tha t  na t t t re  shou ld  be
f i i l ed  n ' i th  such a  r lu l t i tuc le  o f  r r i in i rna l  s t t r faces :  ra indrops ,
c l rops  o1 'c lc* ' ,  { lo l iL r les  o f  t le rc t t ry ,  iod ine ,  o r  any  cbemica l
l i r lu ic l  r r 'h ich  c locs  t to t  ac lhcre  to  the  s r rppor t ing  s t r r face .  A l l
n re i te t i  n rc ta ' !s ,  - "uc l t  as  l cac len  shot ,  take  t l re  sanre  f ig l t re ,
lunc l  so  a lso  o f  n ro l tc r r  r r . , ck  o f  any  and every  descr ip t ion .
, \ccor r i inq)1 ' ,  g lo i r t r l cs  o I  l i r lu ic i ,  * ' i th  n r in in ra l  s t r r faces ,  ac t r ra l l y
arc  un iyc . rsa i  in  nn t r r rc .  \ \ ' ha t  i s  the  cause o f  th is  un ivc rsa l
t c n ( l c n c J ' t o  n r i n i n r e l  - s u r f a c e s ?  I t  n t i t s t  b e  r e l a t e t i  t o  t h e
coa lcsc 'cncc  o f  con t i .quot rs  s t r ta i l  c l rops  in to  la rger  ones ,  as
i n  t h c  p h o r o n r c n a  o l -  r a i n ,  a c c o t u p a n i e d  b y  l i g h t n i n g .

5. I t  has lons bcen held, f i rst l ry . f l fat/erhis, Ett l tr
a.wl Lo.qron.qr', anrl -rulrserlLrently by I[ani/lon, Jacobi, Ktluitt,
Jhlt t lo11:, 7' tr i l ,  / 'oi t t t : t t t / ,  Lorl to/ ' ,  and nrany other eminent
nra thcr ra t i r : ians ,  tha t  ; . t i t . t t t re  a l t lays  fo l lo rvs  the  pr inc ip le  o f
Lcas t  Ac t ion  .  J , l t  l ta l ' s  p r in r : i I l c  u 'as  o f  ear l ies t  da tc ,  anc i
ga lc  the  l l r s t  i r r r l j c : r t ion  o f  thc  r lo rc  {cnera l  theorem o f
Lc:rst r\ct iorr dcviscd \>y '1fartf  r t  / t te. i  at l t l  confirrned l :y I i rhr
tn t l  / .a .q t ' ,u t .g r ,  I t  i s  knou n  t l ra t  t l t c  fo r r :es  qove rn ing  the

n r c ' r : l r a n i c a l  o p c r a t i o t r s  o f  I t t a t c r i a i  s l s t e n ) s  o b c v  t h c  p l i n c i p l e

o l  l , r ' u s t . ' \ t : t i o n ,  a n t l  c o r r e s p o n t l  t o  t h e  s ' a r " c - t l i c o r l  o l ' l r l l l s i c r t l

l o r c c s .  ( l : u r  i t  l r c  p o s s i l r l c  t h a t  t h c  f i g u r e s  o f  g l o l r t r J c s  o f  i l L r i ' . 1

nr i rsscs  :u r r1  c las t i c  s t t r lhccs  s 'o r r l c l  cxh ib i t  n t in i r r ta l  s t l r f l t r : cs ,
s i t l ro t t t  r l so  r l cJ rcnd i l rg  o l l  \ \ ' a lcs  l vh ic l r  a rc  rcs is tcc i  in  t i l c i r

l ) r o q r c s s  r r t  t h c  l r o r c l c r ,  a n d  t h u s  t r a t r s l o t m  t h c  ) i , 1 t r i r 1  i r l i o

rn i r t i rn r t l  sur l - l t r : r ' s  l

6 .  l r r  th is  r r  avc- t l rcor l ' ,  r l ' e  f inc l  a  d i rcc t  and s i r t tp lc

cxp l rn r r t ion  o l '  a t lhcs ion ,  cohcs io t t ,  cap i l la r i t y ,  sur face  tens ion ,

chcnr ica l  a  { -hn i ty  a t rd  c lcn  o t '  cxp los ive  fo rces .  
' l ' he  rvaves

cunnot  l r r r t  o f lb r  c l i f t c ren t  rcs is tancc  in  the i r  penet ra t in (  l )o \ \ ' c r
whcr r  r l i l - l i ' r c r r t  su l rs ta r r r :cs  a rc  i t . t  con ta( t t ;  anc l  tnorcover  thcy

r r c  r r ' f r L .  t t ' r l  u n r ' r l t t a l l y  i n  I r t s s i n q  t h r o L t g l t  J i r l n i r l ,  s  h c n c c

\ \ ' c  n r r v  t ' r 1 , i : r i n  ; r t  ( ) n ( ' c  l r l l t e s i o t r  a n c l  c : a p i l i r r r i t r ' .  C o h c s i o t l

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

r c s i s t u r r ,  t '  r  l r c n  t l t c '  ] , e r t i ( t l c s  l r c  r : l o , s c s t  t o g e t h c r .

i  .  I l '  t h c  p r r t i r ' l c s  a r c  s c l t a r a t c d  a p p r c c i a b l y  s o r n e  o f

t l rc  u  l vcs  I ) l ss  l )c t \ \ ' cc r t  thc t r r ,  a t rd  on  the  l ' l ' ro lc  t i l c  two

sep: r ra tc  l rod ies  o f le r  g rca tc r  rcs is tance to  l lass ing  \ \ 'avcs  t l la l l

r r ,ou l r l  l r c  o l l c rc r l  l r y  onc  t t ta ,ss  n tac lc  by  a  so l id  r tn io l l  o f  t l re

t l r 'o  par t i c ics  h r rn ly  tooc thcr .  
' l ' h is  o f i ' c rs  a  s i rnp lc  thcory  o f

thc ercrrt  cl i f f icult ,v cl jsr: trssccl lry tVn,/ott  i t ' r  t7 z r.  Strr lace

tc r . rs io r r  hes  : r l rcad l '  bce t t  ex l t la ined i r r  r lescr i l . i i ng  t l re  rav  o f

l igh t  cn tc r inq  r  d rop  o f  s 'a te r ;  b t r t  s ' c  t r t r l '  l l ; r ve  to  inc l t rc ie

s ,avcs  l ro th  lonqcr  anr i  shor te r  than thosc  o f  l igh t ,  to  cor l l -

p lc tc  thc  gencra l  t l t cor r ' .  I i xpcr in lcn t  sho l ' s  th ; r t  r :hern ica l

a f f in i t l , i s  t re l t l y  I ) ro rno tcc l  l l y  u l t ra ' r ' i o le t  l i1 ;h t ,  and th is

conf i r r l s  thc  u 'a t ' c - thcory  o f  ph l ' s ica l  fo rces .  
' l ' l l t r s ,  i t  on ly

reura ins  to  sav  a  $ord  abor r t  cxp los ive  fo rccs ,  rvh ich  are

re la tcd  to  r : l rc rn ica l  a fhn i ty ,  anc l  o f  l ' h ich  no  su i tab lc  thcor .v

has  been pu t  lb r t l i  here to fo re .

E.  i t  nppears  to  tne  tha t  in  the  molec l l les  o f  exp los ive

bod ies  thcrc  i s  a  cer ta in  res is tance to  the  pass ing  \ \ 'aves '  as

thc  a toms are  then ar rxnged;  bu t  i i  the  a toms mt l tua l l y  a re

so  read jus tec l  i t s  to  cor t te  c loser  tose ther  s t ld ( le r l l ) ' ,3nd  re -

ar ranged i r r to  a  rno lec t t le  o f  max i t lun l  sy ln t re t r ) '  and  conden '
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sation of i ts parts, there wil l  suddenly be ntucir less resistance
to  the  pass ing  waves .  The grea t  energy  o f  t l i e  rvaves  a l rvays
passing through the aether, is thus reieasecl or set free by
the  read jus tnren t  o f  the  a toms in  the  uro lecu le ;  anc l  th is
sudden ly  ava i lab le  e r le rgy  is  so  1 ;ower fu l ,  in  v ie rv  o l '  the
aet l le r ' s  enor l ) tous  e las t i c  power ,  -  t r 'h ich  is  68g3:  r  6ooooo
t in res  tha t  o f  our  a i r  in  p ropor t ion  to  i t s  c iens i t l ' ,  anc l  thus
much nrore powerful than our air i rr  nny rcadjr-rstnrent of the
wave l ie ld ,  -  tha t  * 'hen  t l te  re leas l  occr . r rs  b1 ,a  sudc le r - r
read jus turen t ,  a  v io len t  osc i l la t ion  o f  the  rno lecu la r  s tn rc tu re
resu l ts ,  -  in  rvh ich  d is ru l> t ion  : rn r l  nc rv  combina t ion  o I  the
osc i l la t ing  a toms takes  l t lace .

g .  ' I ' h is  
nerv  theory  c le r i r .es  the  s to re  o f  ex l rJos ive  cner {y

f rom the  e las t i c  porver  o f  the  ae ther .  ' l ' h is  
l ro l ' c r  i s  shor r ,n

to  e . r i s t  by  the  enorn tous  observed speer l  o t ' t l te  p r .opeg l t io r r
o f  l igh t  and e lec t r i c i t y ,  3ooooo ku t  per  seconr l .  \ \ ' c  r :anuot
deny  the  observec l  f l c t  o f  such u  ve loc i t r '  lo r  u .uvcs  in  t l i c
ae ther .  Accord ing l  y ,  the  enornro l rs  e las t i r :  po*  c r .  6  S  9 .3  :  r  6  o  oo  o  o
t i m e s  g r e a t e r  t h a n  t l r a t  o f ' a i r  i t i  l t r o p o r t i o n  t o  i t s  ( l e i t s i t v ,
neccssar i l l ' fb l lo rvs .  And i i  the  un iv r r - .c  Lc  l r l l r r i  rv i r i r  l ' a r .cs ,
o f  var ious  Iengths ,  l iom the  s i ro r t  * ; . i vcs ,  l l r (J5 t  ( l t cL l i \  c  in
chern ica l  a fhn i ty ,  to  thc  longer  r r  r i v ts  o t  l jg i r r ,  l r t . r t t ,  un t l
rad io - te legraJ)hy ,  i t  n t tu ra l l y  s  i l l  i b l l< . r * '  r l l r t  sL t t l t l r .n  t  l i ru rq i t
i n  t h e  p o i v e r  o f ' r e s i s t a n c e  o f  b o d i e s  i n r . i r l t . n t  l ( ,  r l i e  r c -
a r range lnent  o f  t l i e  a ton)s  in to  l r  nc t ,  l r r r r l  l t l o rc  ( to l l t l ) i r c t ,
less  res is t ing  l l to lccu la r  s tn lc tu re ,  rvo t r ld  gcncr l r tc  v ls t  s to rcs
o f  encrgy  h i ther to  I t ten t .

r  o .  ' l ' h is  i s  bcs t  i l l us t ra ted  by  t l re  uerv  t l rcory ,  o { -  t } re
cruse o f  l igh tn inq ,  a  phenonrenon rvh ich  hr rs  l re r :n  c r1ua l l1 ,
n rys te r ious  and bcu ' i l c le t ' ing  to  t ia tu ra l  p l r i losop l re rs .  I I c re  i s
w h a t  o c c u r s  i n  l i u h t n i n g :

(a )  I . ' i r s t ,  rva ter  ex is ts  in  the  a tu tos l rhere  in  t i rc  lb rn r
o f  inv is ib le  vapor .  Lorver ing  te rnpe r l tu re ,  usr ra l l l .  rv i t l r  t : r r r re  n ts
o f  co lder  a i r ,  p roduccs  a  c lond,  rv l r i ch  i s  v is i l r l c ,  l r c i : rLu :e  t l re
l igh t  docs  no t  l )ass  th rough i t .  1 \ t  l l r s t  the  r : loLr r l  i s  r r ru r lc  L r l r
o t ' r 'e ry  r .n inu te  l ta r t i c les  o f  . * 'u te r  -  rn i t : ros t . , r1 r i ,  in  > izc
b u t  i 1 '  t h e  c o o l i n q  a n d  t e n d e n c y  t o  l r r e r : i p i t r i r i r , r r  r  1 , 1 1 1 j 1 , , ' . . ,
the  per t i t : les  o f  u , t te r  g ro iv  in  s ize ,  anr i  t l cc r tu .e  i r r  r r r r r r r l re r .

(U)  fVncn the  se l ra ra te  rva ter  g lobu lcs  co i r luscc ,  u t to
l-es,er br:t  largcr globules, their rcsistancc to I)ussrng \\ ,uves
is  dccreased.  Ant i  i1 '  the  reg ion  o f  the  ear th  lnd  u t r ) tos l ) l le re
prev ious ly  rvas  in  e lec t rodynaru ic  c r lu i i ib r iu rn  -  thc  i le ther
wryes  o l ' th is  reg ion  depar t ing  a t  the  sanre  ra tc  t l ) r t  they
ar r ive ,  so  as  to  e ive  r i se  to  no  accurnu la t ing  ac thcr  s t ra in  -

o  t A
J J "

i t  r v i l l  exper ience * ' i th  the  condensat ion  o f  d rops  a l t  ac -
cunrult t i r lg stress on t lre surf lce of the globules. ' l 'he 

rvaves
u' i l l  l lorv fronr the earth and celestial sl)aces at the old rate,
b r . t t  the  res is t i rnce  to  the i r  p lssage a t  the  sur iaces  o f  the
en larged drops  is  c lecreaser l  u ' i t l i  the  condensat ion  o f  the
dro l rs .  A  pos i t i ve  s ta te  o f  the  ra in  c lo r . rd  resu l ts ,  and aug-
nren ts  ray t id ly  as  the  ra in  d rops  gro l ' .

(c )  ' I ' he  resu l t  i s  accunru l r t ion  o f '  such  a  s t ra in  in  the
e lc< : t r i c  u red iun t ,  o r  the  ae thcr ,  tha t  l igh tn ing  deve lops  fo r
rcs to r ing  the  e lec t r i c  ec lu i l i l r r iL rn r .

i1 -  so  te r r ihc  a  l )o \ \ 'e r  as  l ig l t tn ine  can resu l t  f rom the
c l ians ing  c lec t r i c  s t re is  o r  res is ta l )ce  o l  thc  en la rg ing  c l rops
to  t ]1c  \ \ ,avcs  t r l vc rs i r rg  thc  un iverse ,  i t  na tura l l l . r i . i l l  be  easv
t o  i r n e q i n e  t h a t  c - r p l o s i v e  f b r c e s  a n d  s i u t i l a r  u t o r r t i r .  l , o \ \ e r j
o1- in r : rc t i ib le  r lagn i tu t le  n rLy  l ra r ,e  thc i r  sea t  in  the  e l l . r j c
l iou 'e r  o1- the  ae ther ,  anc l  t l r c  r : ] tunges  in  the  c r lu i l i i r r iunr  o t '
t l r i '  n r c c l i u r n .

I I .  ( l c o r n c r r i c l l  C r . r n i l i t i o r r s  i r r l l ' i l l e d  1 . r 1 ,  a n  l n _
l ' i n i t e  S l . s t c r n  o l  \ \ ' r t v c s  ( i o r r i i r r g  l r o r n  t L l I  l ) i r e c t i o n s
e n r l  p u s s i n g  t h r o L r g i r  u  L i , l r i i t l  S l r l r r r e  u n c l  e r  L e a s t
' \ r : t i o n .

i i I  ( ; ! . o t l ) c t r i ( . i r i  i : O n i i i t i o n - s  o l  r D i l t i l i l t r r r r  i L ( i I i ( r t t .

r .  \ \ ' e  t c . r r i : i r l c r  i i : l , i t c r t  o l  l l u i L l ,  * l r o s r  s u r l l L c e  i s

1 r ' - - , r 1 r - i - l , l  t ' t ! : -  ;  , l r  , t )  ( r , r )
' l ' i r e  

l l l L r t . o l ' i L . r i t { h t  l i n e  i n t c r r : c l r t u r l  l , t . l i r c t . r r . r r r , .  t r r , r  l r o ; t , l -
1 ' ( r ' , _ y ' , : : ' ) ,  p " ( t " , - r " , : " )  t n  t i r e  : p l i c r c  : t i r  l r L r  e  ,  i s  c , 1 i r , L )  r t ,
t hc  l eng th  o l -  t hc  cho r r i  :

Z  :  l " l l . t '  i ! / / ) r + ( 1 '  " _ v " ) r + - l : '  : " ) , ,  .  ( r  r  : J

No* ,  r vuves  l r ass i r r g  t l r r oug l r  t he  l l L r i c l  sphc , r c ,  a l i e r  r c -
1 l ' r Lc t i o r  . . d  d i s l r c r s i r ) '  a t  t i r c  l r ou r r t l r L r l ' ,  i i r i l o * '  so r ' c  o l ' t t r e
s ) r s t c l ns  o l -  c : ] r o r c l s  i l o r r r  c vc r l ' l t o i n t  o f  t l t e  s t r r i ucc  i n  evc r y

l r . r s s i l r l e  t i i r e c t i o r r ;  s o  t l l u t  t l r e  l n t l r s  o l '  r . i n i r r r r r r r r  a t ; t i o n
* , i t l r i ' t l r c  s u r i i t t ' t ' r r r r :  u l . ' . g  t l r e  i t r l l r r i t e  s ] . s t c l l l  . l  t : h o r d s
t l r l t u  r r  l l ' . . r  t :  \  e  r '  i ) o i . t  o t  t l r r - -  - s r t r l r r . e  ,  . r t l  t l r t . r c i b re  r i o r r l - r 1y
i r r l l r r i t r :  i n  r r r : r r r l , r . r .

l .  l o r  i l  r l e  s l t l r ] r ( r \ (  \ \ ' . r \ ( . \  1 , ,  r , 1 ! i 1 : r t r  l i t l t i r r  t l r e
s 1 r ) r c r e ,  i t  i s  ,  i t - i r l  t l r r r t  t l r t  v  l  r l l  i , e  l r r o p r L g : r r r , r i  s l r l r c r i t . a ) l y ,
r L l on {  t l r c sc  r : l i o r t i s ,  unL i  r i o  t i c ' i u t i on  i l - o r r r  r c t : t i l i n cu r  u ro t i o r r
r v i l l  o c t ; u r  t i l l  t l r c  r v i l v c  l l - on t  r cu t . i r c s  t hc  bounc ia r l ,  o f ' t he
l i t l u i d  s l t l r e re .  i { e f r ac t i on  an r l  r i i spe rs i on  u i l l  t r k c  p l acc  a t
t l t c  l r oun r l a r ) '  \ \ ' he  n  t he  r r . ave  i s  go ing  ou t r va r r l ,  e  xec t l y  t i i e
re\ /erse of '  rv l tat  occnrs i l t  corning inrv l rc l  ;  so t l l r r t  i l .orr r  one
o f  t hese  n to t i ons  t l i c  o the r  can  l t e  ca l cL r l l t c r l .

( '  ' s )

3 .  I n  A N  5 o 4 8 ,  p .  I 6 5 - 6 ,  i t  i s  s h o i v n  t h e t  t h c  r v a v e  l i r n c t i o n  - Q  ( r v ,  1 , , : ,  l )  h a s  t h e  v e l o c i t v  l ) o r e r ) r i a l  d ) :
( D : ! ) ( r , ) , , " , 2 ) : ( r / s ; r ) J ' ] ! ! J [ ; . t y ' \ - , ) r . l ( i . ,  

1 , ( , r ) c l s - d r 7 d ( d i . t r p c l i ,
. '1 : (;c - t) i-+(4 -t') p-+- (i - ,) ,, .

4'  And Poisson has redrrced th is  sextuple in tegnLl  to  thc c louble i l tcgra l :

t t t  :  ( r l a r r )  
J '  J '  l ,  1 . t - r o t cos l , . v *a /  s i nds in  e ) , , - t a t s i nd  cos t r )  / s i n  0  t 16  t l u t
o o

, . ^ , ^  a .  ( t- + - \ r l L , r r ) \ d l 0 / )  
)  )  l l \ , r t - u l c o s 6 , ) , - + ( t t s i ' d s i n , , , : * t t t s i n |  c o s , r )  / s i n d d d d r , r
o o

( t , + )

5 .  
' I -hese in tegra ls  a re  r igoroL ts  fb r  thc  l ' r rve  c l i s tL r rbances  f ro r r r  any  po in t ,  so  long as  the  pror .e rnr . l t  rc r la i l s  * , i th i '

the  l iqu id  sphere ,  and they  rv i l l  ho ld  t rue  r igh t  up  to  the  bounc la ry .  L i  the  fbur th  paper ,  sec t iop  6 ,  ( , \N  5og5)  * ,e  have
e)itended the integration so as to in<:lrrde the t 'aves f iom every aton-r rvi t i t in the boundary ol the spSere lr-,  d, ' . ,) .
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6. .As the rvavc distrrr l t i lnces el)terging from al l  atonrs

rv i i l  y ie lc l  a  Ie l fec t  reverse  in rage o f  those coming in  f rom
al l  d i rec t ions ,  i t  su i f i ces  to  f ind  the  geomet r ica l  cond i t ion
under  rvh ich  thc  vc loc i ty  po ten t ia l  y ic lds  n r in in runr  ac t ion .
' l ' h is  cond i t ion  ob l ioLrs l f  i s  a t ta ined rvhen thc  mass  o f  f lu id
is  per fe r : t l y  sphcr ica l ;  fo r  i t  may l ;e  shorvn  tha t  an1 '  c le l ra r tu re
f rom pcr f t ' c t  sphcr ic i t y  y ic lds  a  rcsu l t inq  ac t ion  by  a l l  the
1 \ 'a lcs  g rca tc r  than the  nr in imr l r .  I f  thc  to t r r l  s 'a le  ac t ion
i rc  g iven  l rv

P O P

J J : , l  , l  , l  0 t o , ' -  s i r r d t l l t l d , l a  ( r r 6 )

thcn  i t  * ' i l l  fo l los '  tha t  lb r  a  sphcrc  on lv  i s  thc  ac t ion  a
n r i n i m u m :

r ) - ( l  :  ? l l lh . r i r : - re - r ) /8 , r , .d r ' -+ - lJ l , r?3 .6 i^  :  6  ( t  t ; )

\ \ re  n ray  rcach a  s in r i la r  conc lus io t r  a lso  f ronr  the  * 'avc-
thcory  o f  c ra l i ta t ion ,  i rv  no t inq  tha t  thc  fo rcc  o f  s rav i t l  i s
c lue  to  s 'avcs  rcccr l ing  f ronr  t i re  ccn t rc  o f  n r lss .  ' l ' i re  

e t lb r : t
o f  thc  ac t :un i r l l t i nq  ee thcr  s t ress  is  thc  cent ra l  fo rce ,  l r 'h ich
s ives  a  l rod l '  J ikc  o r l r  sur l  a  scns i l r l y  sphcr ica l  f ignre .  ' l ' h is

conr : l r rs ion  f ronr  thc  l 'avc- thcor f  i s  con f i rn rc r l  l r y  o l rsc rva t ion ,
s ' l r i r :h  shou 's  th : r t  thc  ) rcaven ly  l r r>d ies  rvou l r l  l r c  per fcc t l l ' sphcr i -
< : ; r l  cxccp t  l i r r  ro ta t ions  a l rou t  thc i r  axcs .  ' l ' hc  o l r l l t c .ncss  o l - thc
s r r n  i s  l b u n r l  t o  l r c  s ' h o l l y . i n s c n s i l r l c ,  l r n r l  t l r c  o l r l a t c n c s s c s
o l ' t l re  r l i f Jc rcn t  p lanc ts  cor rcsponc l  sc lc r r l l y '  to  thc i r  rcs l tc r : t i ve
ro ta to r ' '  rno t ions .

Accorc l ing l ) ' ,  in  the  casc  o f  in rn rcnsc  lnasscs  thc  rcccd inq
gr l ' r ' i ta t iona l  l \ ' avcs  {JCncra tc  thc  cer r tn r l  ac t l rc r  s t rcsscs  rvh ich

l ) r o d u c c  q l o l r u l u r  I i g u r c s  o f  t h c  s u n  a n d  p l a n c t s ;  u  l r i l s t  i n
t h e  c a s c  o f  s n r a l l  l i r l r r i c l  c l r o p s  t h c  q l o l r L l i a r  l i g u r c s  a r e  n r a i n -
t a i n c d  l r 1 ' t i r c  n r i n i n r u i r  e c t i o r . r  o i  t h c  p a s s i n { r  \ \ ' a v c s .

( i i )  ( l e o n r c t r i c a l  c r i t c r i a  f o r  t h c  t l r c o r l  o f  n r i n i n r a l
s u r f a c c s  r s  a p p l i c d  t o  l i r l u i d  r ) l a s s c s  a n < l  l l l n r s .

In  our  l r re l io r ts  c i i s r : r i ss ion  u 'c  fonnc l  tha t  i r r  qcncra l
a  r r in in ra l  s t t r lacc  is  a  sur lhce  o f  dou l t l c  c r l rva ture)  such t i ta t
thc  func lunrcn ta l  < :on t l i t ion  fu l6 l l cd  i s  tha t

r i l i l t - r f  / i " :  Q r - 1 - q r . 2  :  o  ( q , )

s 'herc  g r  anr l  q r :  a rc  thc  rad i i
o1 '  the  cun,a turc  o f  the  ts 'o  p r in -  

\ t

c i p a l  s e c t i o n s  a t  a n 1 ' p o i r r t  o f
thc  sur fa< :e .  

' l ' he  
rad i i  o f  cur -

t l t u r e  f l r c  c '  l u : r l  l r l l t  o f  o I p o s i l c

s i (n ,  rs  s l ro l  n  in  s t tch  f ig r r res
a ;  t h o s e  o f  n  s ; r d d l e .  : r  r t r o r r n l r i n
n r q s  t h e  s r r r f r c e  n f  r  o l n t e  l r e t -

rveen thun)l) and foref inger, etc.

[  |  z ; l z [ ,
o o

' l 'he t\ \ 'o principal sec- I" ig.

t ions  l ie  i r r  c l i f ie ren t  p lanes ,  bu t
nray  be  pro jec ted  ls  shou 'n  in
f igure  rg .

' i 'he theorl '  of nrinir-nal surfaces involves the treatment
o f  func t ions  o f  th ree  quant i t ies  I ; ( . r ' ,1 , , : )  rvh ich  may be

t 9 .  S l i e t c h  o f  t l r c  r a r l i i  o f
c l l rv i r t r l rc  fo r  a  mi t t in ta l
sur facc ,

? r  + ? : -  r  i A ' , - +  1 f  7 , ' , -  r ' t  ,

2q

5 r 3 0 a a Q

- r a t c o s d ) - + n ( r ' a - o l s i n d s i n r , t ) - + - t t ( t - r o l s i n d c o s r , i ) - ( a z - + - s ) ]  1 2 s i n d c l r d l d a t t s j n g d , 6 d ( , )

f l  Q -+ a t cos 6) -+ n (1' -+ at srnd sin ar) -r n (z -r at sin d cos a;) - (al-r s)] x
x rz  s in4  d t 'd6  do  t  s ind  d6  da  .  ( t  t  S)

deternrinccl as functions of trvo indepcndent variables t.  and u,
o f  t h e  g c n e r a l  t v p e :

/ l

' ,  :  
:  F ( r , ) , , s r , 1 , r , d x r f d t ,  a y r f a l a t  ( r r s )
ln

rvhere cl.r : /cl l  :  rr ,  d,r, /d/ :  J,1, are equations of condit ion.
eac i r  in i  o lv ing  t rvo  var iab les ,  as  r  and 1 , .

I io r  t l r c  n t in in ta l  sur faccs ,  then,  s 'e  have no t  a  s ing le
l r r t t  a  c lo r r l r le  in tcgra l  o f  the  fo rn t :

-,f :,f,f ,/ ' (.u,.r', :, D.t | ?,,, ?_t', ' ?,,, ? r,r ?,,, ?, I ? r, \, I ? r, 0 z f 0,,) x
X d u c h , .  ( r r S )

(c f .  I ) r .  / / r r t t to t / t ' s  Lcr : tu res  on  the  Ce lcLr lus  o f  Var ia t ions ,
C i n c i n n a t i ,  r  g o - 1 ,  1 , .  r o g . )

I r r  the  pro l r )cnr  o f  u to lccu la r  fo rces  norv  be fore  ns  rve
are  con(  ( ' rned ch ic l - l l  r v i th  the  sphere ,  rvh ich  fo r  a  g iven
lo iunre  has  the  min in ra l  sur face .  ' fhe  prob lenr  o f  the  sphere
is  thcre fore  one in  n rax i rna  and min ima,  cor rcs l )onc l ing  to  tha t
o f  thc  c i r< ; le ,  o r ig ina l l y  < l r re  to  Zu tor lo ru- r ,  ( r  5o  l l .  C . ) ,  l .ho
sought  thc  p lane f ieure  \ \ ' i th  n r in i r t rum l )e r iu tc tc r .  r \  t rea t rnent
o f  i t  \ \ ' i l l  l r c  founr i  in  1 ) r .  J lo t t ro r l ' s  Lcc turcs  on  \ lax in ra  and
l \ l i n i n r : r ,  p .  9  z .  l n  t h c  s a n r c  s ' o r k ,  p .  7  5 ,  t h e r e  i s  a  s o l r r r i o n
o f  thc  p ro l r )cn t :  ' l ' o  dc tc rn i i r re  thc  g rca tes t  and snra l l cs t  cur -
va ture  : l t  a  regu)ar  l ro in t  o f  a  snr face  I i ( . r ,1 , ,  z )  :  o .

' l ' ha t  thc  s1 ; i re rc  i s  a  n r in ima l  s r t r facc  is  fa i r l y  obv ious
s' i thout enl '  clairorate r"natheruatical trcatment. In the ntore
gcr rc ra l  s r r r la .cc  o f  doub lc  curva t r l rc ,  the  fnndarncnta l  cond i t ion

Qr+Q:  : -  o  r r ' i l l  l l r va ls  ho ld  t ruc .  I io r  in  thc  casc  o f  t rv is ted
sr r r l l<  cs  i t  i s  o l rv io r rs  th : r t  thc  curv i l t r l r c  n . tus t  I te  o l t l ros i te  on
thc  t \ \ ' o  : i ' i cs :  unr l  cvcr r '  Io i r r t  o f  thc  sL t r face  n tus t  be  about
a  cc l t t rc  o l  r : r r r  v r t t r r r  c  l v ing  in  the  y r r inc i l ta l  pJanes.

\ c r v  i n r r q i r r c  l  p h v s i c l l  s u r f a c c ,  l i k c  a  f i l r n  o f  l i q u i d ,
to  r l cpa i ' t  l ' ro r t r  t ' i t c  n r in in re l  sur facc ;  thcn  obv ious ly  onr
cont l i t ion  u 'ou l r l  l re  g l  - l -  

1 l t  :  . . ,  so  tha t  g r  :  -q2  - f  r r .
r \nt l  t l rcrc{brc thc (:ur\ 'aturc in dif ferent plancs rvouid not
l rc  thc  s :u ) lc  on  oppos i te  s idcs  a t  thc  same po in t .  ' l -he  

resu l t
o { '  th is  cond i t ion  t r 'o r r l t l  bc  t l ia t  the  f i1nr  cou ld  no t  i rc  o f
ec lun1 th ick r rcss  or  e r lua l  tens ion  in  d i f fe ren t  < l i rcc t ions  a t
any  po i r - r t .  ' l ' h is  

obv ious ly  rvou ld  no t  1 )e  a  n r in i r ra l  sur facc ;
fo r  i t  cor r ld  be  s t re tched and somerv i ra t  th inncd ou t  a t  the

l ro in t ,  s ' i thon t  a l te r ing  the  c r r rva turc  on  one s ide .

In  fac t  the  mathemat ica l  conc l i t ion

9 t :  
- Q : r - F r v ( r  z o )

wotl lcl  inr l) ly a s\\ 'el l ing in thc physical surface, or a sheet
o f  uner lua l  th ickness .  I f  th is  inequa l i t y  ex is ted ,  i t  rvou ld
eradua l ly  ausment ,  t tnder  rvave ac t ion ,  and the  lump o f  l iqu id
l 'o r r ld  tcnc l  to  inc rease to  a  d rop .  But  th is  rvou ld  d is rup t
t h o  l i . r ' i r l . r r . f . . p

LI.n." the condit ion of physical stabi l i ty is

Qr - f  92  :  o

and a  l i , lu ic l  sheet  fu l f i l l i ng  th is  cond i t ion  is  s tab le  so  long
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as the  tendency  to  a  d rop  does  no t  deve lop  under  g rav i ta t iona l
ac t ion  on  the  f lu id .

A  drop  is  a  load,  and may be  s l igh t ly  uns l 'n )met r ica l ,
so  tha t  i t  leads  to  ins tab i l i t y ;  the  more  i t  i s  a t tgmented the
more  r ins tab le  i t  becomes t i l l  the  l i tp id  f i ln r  i s  d is r t rp ted .
For  in  pass ing  the  rvaves  tend to  make the  c l rop  round by
everyrvhere decreasing i ts surface, and thus the] '  ol)erate to
d is rup t  the  l i lm,  by  d rarv ing  in  the  l iqu id  on  a l l  s ides .  ' l ' hese

in fe rences  are  eas i l y  ver i l led  by  ac tua l  exper in ren ts  rv i th  soap
bubb les  and o ther  f i ln rs  o f  soa l )  \ r 'a te r  con ta in ing  cnoug l r
g lycer ine  to  make the  sur faces  e las t i c .

Norv in vierv of the abor-e reasoning \\ 'e sec u' 'hy i i
l i t l u id  sur face  o f  so l lp  rva ter  n r r l ' s t re tch  rnc l  ho lc l  tnu t ,  rs
a  min in ra l  sur face ,  even rv l ten  i t  i s  a  sur lhc :e  o f  c loLrb le  cur -
va ture .  I t  nx ty  take  the  fo rnr  o f  a  sac ld le ,  and ye t  l rc  l rc r fe 'c t l1 '
s ta l . r le ,  beca i l se  on  the  t rvo  s ides  o f  the  l l l n r  0 r *Q. :  :  o ,
enab les  the  pass inu  u ' i l vcs  1 r 'onr  a l l  c l i r c r : t ions  to  tn r r  e  rsc  t i ie
l i r lu id  f i l ru  rv i th  min i rnunr  res is tancc .  I f ,  l rou 'cver ' ,  Qr -1  g j : ( / ,
the  in tegra l  fo r  the  ac t ion  o f  the  l r l ss ing  r ravcs  l l -o rn  a l l
d i rec t ions  is  no t  a  rn i r . t i tunu t ;  and t l i . '  l , r inc i i , l t '  o i -  I cus t  u r : t ion
is  v io la tec l .

Accord ing ly  rve  conc luc le :

r .  ' fha t  rn i r r i rna l  sur faces  cor rcspc- ,n r l  to  t i i c  l , r inc i l r i c
o i  l c l L s t  a c t i r - r n  l b r  r r l l  t r : r s s i t t g  u : r v r ' . .

2 .  r \ny  dcp l r t r r rc  l ionr  min in ra l  s t r r i r . rccs  re  r ) r l ! ' r s  t l re
rvave ac t io r . r  g rea ter  then the  Ieas t  poss ib le ,  anc l  t l r c le lb re  i s
no t  n r l the  nra t ica lJy  ac lmiss ib le ,  nor  u  i l l  i t  occr . r r  in  1 rh1 's ica l
na tL t re .

3 .  
' l ' he  re lb re  d rops  o f  I iqu id  a ln 'nys  ta l i c  rL  i i r rn r  us

near ly  g lobu la r  as  poss ib le ;  and l i t lu id  l l l rns  lb l lo l '  the
mathenra t ica l  la rv  o f  n t i r t ima l  s r t r faces  so  i r . s  to  r r iakc  t l rc
phys ica l  ac t ion  o f  the  lxLss ing  wu\ /es  u  rn in in r r . ru r .

4 .  
' l ' he  ins tan t  a  l i cpr id  f i lm dcpar ts  r rn t l rc r r r r r t i ca l l y

f i o n r  t h c  m i n i u r a l  f o r r n  g L * q ,  :  o ,  r s  l r y  t h e  l r r r t i r l  r l c v c l r > p -
r u e n t  o 1 ' a  c l r o p ,  t h e  i n e r l u a l i t y  r a p i d l y  u u g r r ) e n t s ,  : r r r r i  t l r c
sur fece  is  c l i s rup ted .

( i i i )  i i x a r n i n a t i o n  o f  t h e  u a l e - l e n e t l r s  r r 1 r 1 r r o 1 , 1  i r r t t '  t u
the  sever l r l  fo rces .

Frorn  the  theory  o f  phys ica l  fo rces  resLr l t ing  l ronr  t l re
ne iv  theory  o f  the  re ther  i t  lb l lo l ' s  tha t  u 'uves  o l ' t l i l i e ren t
iengths  g ive  r i se  to  d i f i c ren t  phys ica l  e l fec ts .  ln  a  gener r r l

way  we knorv  tha t  the  chen ' r i ca l  lb rces  cor rcspond to  the
u l t ra -v io le t  reg ion  o f  the  s1 ;ec tmrn ;  thc re  a lso  prob lb ly  rv i l l
be  found the  rvaves  produc ing  sur face  tens ion ,  ca1> i l la r i t y ,
cohes ion ,  adhes ion ,  e tc .  Nex t  in  o rder  o f  inc rcas in (  ry l le
length  comes l igh t ,  then heat ,  rv i t l i  the  in l ra - r 'ec l  rays  in -
vestigated by Latryky, twenty t inres longer than t lrc space
covered by the visual ray's knorvn Io i \ teutlott .

In  an  ear l ie r  sec t ion  lbove,  rve  l rave  found the  gener r l

express ion  fo r  the  po ten t ia i  o f  the  rno lecu la r  fo rces :

' I ' h i s  
t l L l r l . ' g i v c s  r t s  u n  r n s p i n n g  v i c t y  o 1 - l r n  i r n n t c n , r c

s t r l r j c c t ,  l r r r r l  n r r v  r ^ n l r l , l e  t t s  t o  t t n < l c r s t a n t l  t l r t :  t r  l l r s  o l  l  l t r  r s
t : l l c c t i i  c  i r r  t l r c  r ; r r  i o u s  o p c r a t i o r t s  o l '  n i [ t L r r c .  

' l ' l r e  
l l r s t  r c g i o r r

c r l '  r l r r r  c  l r ng t ) i  l r e re  o r r t l i r r c r l ,  ) , , ,  l t t  ) . r ,  i s  r r r r r l r : r L r l r t c t l i t '  t i r e
r cg io l t  o l  r  c r r '  - s l i o r t  r l r r r gc  r t r o l e  t : r t l l i r  l i t l r : c s .  I t  t : o t r l d  Lc
I r r r t l r c r  s r : 1 , t l i r  i r i c d ,  i n  t l r e  o r c l c l  i n t l i r ' a t e r l  o n  t l r e  r i s h t :
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A  r , l Ar  C I . d y :  ] f o i e t u l : t r  l b r c e s :
a i ' f rn i ty ,  Sur l r rce  tens ion ,  Crp i l la r i t y ,
' I ' cnac i t l ' ,  

r \ c lhes ion .

A ffDt :  Lisl t  ancl ]reat

C l  Cr : . \ I l g n e t i s m ,  ( ) r a i  i -
i x i l o l 1 ,  e IC .

I , .  lc  ( r  t  r [ ) ( l  Yn a l r )  i  r ]

a c t l o n .  t t : r l

| ( i l r c r l i t : u i  l i l - l r n i t v ,

I I . - r 1 , ) o s i l e  l o r c e s .

:  ( l 1 l i t . : i r p .  I  r n l r c j t r ' .
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the  second in tegra l  o f  u ,h ich  becomes
r  exceeds the  rad ius  o f  ac t i v i t y  o f
a t  work .

Accord ing ly ,  rve  con ld  make a  tab le  o f  rvave lengths
with their corresponding forces somewhat as lbl lorvs:

I t t  r L  
' g t l t e r r t l  

s c l i t ' t r r c  o l '  t l r i s  l i i r r i l ,  i t  i s  o l r i  i r . r r i .  t j r r L t
i l  t l r t  l i , r ,  c .  p r r i n t t ' t l  ( ) u t  i r c  r i t i t '  t o  r r l L r r s  s i n r i i ; r r  i t r  t y l t e
L L r t  o l  t i i l l c r c r r t  ) c n g t i r : ,  t l r c  r o r r t - s l r o r r t l i r r g  l r ,  t i r r l t ;  i n  r r x t r . t y

l r l r c r r o n r c n l i  r v i l l  s O r r r t r i  h l i t  o ! c r i l L p ,  I L D L i  l r c  r r r c l r e  o r  i c s s
r n c r g c t l  t c i q e  t l r e  r .  

' l ' l r t t s  
t  l r c r n i r : i L 1  u l l r n i t y  i s  l L  r r r t . r i r r r u r r r  i r r

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

l i gh t .  r \ nd  i n  t hc  sa r r r c  l ' a y  t he  i n { i u - r e i l  s l ) c c t r u l l t  i n ves t i ge t cc l

by  Lan .g / t 1 , i s  o f -  suc l r  i u rn r cnse  c \ t c r ) t  t h i r t  i n  l l l  p ro l r l b i l i t l .

t he  n ragne t i c  anc l  g rav i t i r t i onu l  r i ' e ves  * , i l l  o v r r ' ) up  r r t  l c i i s t

pa r t  o f  t h i s  r eg ion .  i : ] u t  t hese  ( l ues t i o r ) s  r n r r s t  l r r  l t : l t  t o  t l ) e

l i t t t l r e ,  i n  t he  ho l l c  t l t l t  . g re r r t c r  c . r 1 , r l i r r r .  c  r v i l i  c r : L i r l r  us  t o

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

I ) r escn t ,  sL r l l l t : c  i t  t o  su \ ' l l l u t  n ) r l gn t t i c  aD t i  g r l t v i t t L t i c , n r l  N l r I L ' s

u tus t  be  l ong ,  o the  r l  i se  t i r c l  r vou ld  be  l r r c k i ng  i n  po l ' e r  o f

I ) enc t r i r t i on ;  so  t ha t  r . l r e '  s r r n  s  ac t i ou  on  t hc  moon  r vou l c l  be

a l r l os t  u ' ho l l ) .  cu t  o t f  a t  t he  t i r nc  o f  l una r  cc l i pses ,  r vh i ch  i s

cont ru ry  to  obscrva t ion  in  the  lL rner  i iuc tua t ions

( i v )  N c * '  t h e o r y  o f  r c o u s t i c  a t t r a c t i o n  u n d  r e p L r l s i o n :
Con l l rn r l t iou  r - r l '  thc  * ' i r vc ' thco ly  o f  g rav i tu t i c ,n .

I n  t l r e  N e s ' ' l ' l r e o r y  o f ' t h c  A e t h e r ,  - ' \ . \  5 o . 1 - 1 ,  - 5 o - 1 E ,
5 o 7 g ,  5 o 3 5 ,  r r ' e  h a v e  t r e a t e d  o f  t h c  u ' a v e s  b t t * c c n  t u o  b o c l i e s
rnc i  shorv l - r  th l t  in  the  process  o f  rnLr t t ra l  in t t r l , r r r t rn r t ion  by
the  i t rc lc 'pcn t icn t  \ \ ' l t ves  l io ru  cuc l t  ccn t re  t l rc  n rc t l i t rn r  i s  th inned
or - r t  u ros t  in  the  s t ra igh t  l ine  jo in ing  thc  bod ies .  r \s  the  k ine t ic
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€xchange tcnds  to  keep the  ae ther  q f  r rn i fo r r r  den-
s i t l ' ,  the  tc r rs ion  is  th r rs  a  n rax iu . r r ru ' r  in  th is  l inc ,
r v h i l e  t l r c . i r r c r c i r c c  o f  s t r e s s  o r  I ) r c s s u r c  i s  a  r n r r i r n r r n r
beyond t i re  tu 'o  l r ) : rsses .  ' l ' h is  cou ld  l rc  o t ' l t c ru ' i sc
ex l ) ressed l ry  say in r  tha t  under  t l rc  u 'ave-ac t ion  soute
o f  thc  ac thcrons  are  rvorkcd  ou t  f ro l ) )  l r c t rvccn  t l rc
l ;oc i i cs ,  anc l  t rans lc r rcc l  beyonc l  thc rn ,  as  l ' i l l  l ; c  rc : r ( ' l i l y
tu rc lc rs tooc l  f l ' o ru  thc  < lo r r l r l c  s 'avc  l rc lc l  s l to l l  r r  u t
I r i g .  8 ,  , \ N  . 5 o 4 3 ,  p .  r  6 3 .

In  o rdcr  to  i l l uu t ina te  th is  sub jec t  s t i l i  f r r r thc r
l ry  s 'c l l  cs ta l r l i shcd  p i r l ' s i t :a )  c la ta  f ro rn .  kno l 'n  ( i rscs ,  -

\ \ ' e  n o \ \ ' 1 )  t r c ' t t  l e r y  l r r i c l i y  o f  a c o u s t i c  a t t r i r t ; t i o n
a n d  r c p u ) s i o n ,  * h i < : h  h : r s  l r c e n  e x l t c r i r n c n t u l J l  i n -
v e s t i g a t c r l ,  l ) r r t  n o t  c o r r c c t l ) r  c x p J n i n c r l  l r 1 ' t h c  f o l -
I o u  i n q  a u t h o r i t i c s .

r .  
' l ' i r e  

l ' h i ) o s o p h i c a l  t r l a s a z i n c ,  l b r  . , \ 1 r r i 1 ,
r .S7 r ,1 r .  z8- i ,  r i ' l r c rc  l ' ro l .  C / ta | l t s  c i t cs  t l rc  Cx |g1 i111"n1
of  C l t  l t  t  t t  l  a  r r r l  cons ic lc rs  h  i ' 1 ]  rn ,1 ' r ' t , ,  n r  i  ce l  cor r  r l i t  j  ons .

2 .  ' l ' l r c  l ' h i l o s o p h i c a l  X T I t r l z i n t '  l o r . f  r r n c ,  t  8 7  r ,
rv i th  cxJrc r in re l r ts  on  lcous t ic  a t t rec t ion  : rn r I  rcy r r r l s io r . r
1ry' Ou-ro/, Sthr///,ar/t, Otr/ht ir, :rnri Sir Il'. 7'horrsott )

\Lorr l  , / . ' ' r /r ' in).
' l ' h c s e  

c r p c r i r ) r c n t s ,  { l s  r r n r l c r s t o o r i  l r y  p h y s i c i s t s ,
h a v c  l c d  t o  t h c  r : o n < : l u s i o n  t l r a t  t h c  l i l r l a t i o n s  o f  x n

c l a s t i c  n r c c l i u n r  i l t t r ; l c t  l r o d i c s  l  h i r : h  e r c  s p c c i l r r : a i l v

h e a l i c r  t h a r r  i t s c l l  l n r l  r c 1 i c 1  t l r o s c  l l r i r : h  : r r c  s 1 ' c ,  i -

f i ca l l 1 '  l i g l r t e r .  ( r : f .  ( ; d t i ( ) / ' s  I ' i r l s i r ' - s .  r . 1 t r '  I , . r r { l i sh  e r l i t i on ,
l t y  f ' , . , 1 / I i t s o t t ,  r S g q ,  p .  : 7 . 1 ) .  I n  p r o o l - o 1 ' t l r i s  v i c s '  i t  i s
p o i n t c c l  o r r t  t l r a t  : r  l r a l l o o n  o l '  q o l c l l r c a t c r ' ' s  s l i i r r  l l l l c r l  s  i t h

c a r l r o n i c  a c i c l  g a s  i s  a t t r a r : t c r l  t o l  a r t l s  t i r c  o l r c r r i n g  o i '  : r

r c s o n a n < : c  l r o r ,  l t c e r i n g  : r  v i i r r a t i n g  t r r n i n g  1 , r r 1 i ;  r ' l r i i c  e

s i m i l a r  b a l l o o n  f i l l c d  l ' i t h  h y d r o g c n  q a s  : r n r l  t i c r i  r l o r r  n  l r l  a

s t r i ng  i s  r e l r c l l c c l .  1 , ) r l r c r i n ren t c . r s  ha l c  l - oL rn r l  t l r : r t  t h i s  r t su l t

a l u  a i ' s  f o l l os ' s ,  e  vcn  t  hen  t hc  hy r l r ogen  i r a l l oon  i s  r r r i l c  hca i  i i : r

t h a n  a i r  l r v  l o a r l i n q  i t  r v i t h  \ \ ' n x ,  o l ' o t h c r  s u l r s t l n r : c s .
' l ' h i s  

l as t  r c r r r r r l <  l e r r l s  n i e  t o  see  i n  t hcsc  cx l r c r i n l c l t t s J  l t o t

a  l r n '  b a s c t i  o n  t l r c  r c l r t i v c  s p c r : i 1 r c  d c n s i t i e s  o f  t l t c  l r o r l i c s ,  l n t  o n c
b a s c c l  o n  t h c i r  r u t t '  o f  c o n c l r t c t i l i t y '  r , ; , t , "  s o u n t l  l i i r m t i o n s .

J n  s t u c l v i n g  t h c  p h c r r o m e r , a  o f  a t t r ^ c t i o n  r n c l  r c l ) u l s i o l t ,

d t r c  t o  e l ec t r oc l ynan r i r :  a r : t i o r r ,  \ \ ' c  r r e  p )a r : cd  a t  g r ca t  d i sac l -
l an tage  l r _v  t he  eno rn ro r t s  spce r l  o f - s t r ch  ac t i on ,  s ' h i < :h  conccn l s

f r o n r  o t t r  l i e u ' t l r c  n a t u r e  o f  t l r c  p r o r : c s s  i n v o l v c c l .  I t  i s

t hc r c fo r c  l ' c l l  t o  r : o r . r s i t l c r  t hc  s l o l ' c r  l ) r o ( ' c sscs  r ' l r i ch  n ra l '

l r e  t r o r c  a c c e s s i l ) l c  t o  i n v c s t i q a t i o n  l ) \ '  l a l ) o r a t o r v  c r l r c r i n t e n t s ,

c h i c f l y  i n  s o u n < 1 .

I t  i s  t v c l i  k t r os ' l t  t ha t  as  h1 ' 6116oqv1  has  t l r c  g r ca t cs t

mo lecu la r  l e l oc i t y  o l -  any  o f  t he  gasc -s ,  i t  conduc t s  sound

v i l r r a t i o n s  n r o r c  r a p i c l l l ' t h a n  a n l ' o t l l c r  g : r s .  
' l ' h c  

f o l l o r i ' i n c

da ta  a re  t aken  f i on r  t he  t a l r l e  t n  l l , ' i r / / n r t ' s  I , , xpe r i n r cn ta l -

P h v s i k ,  L e i p z - i e ,  r 3 3 2 ,  \ ' ' o l .  I ,  p . 8 o 4 ,

t r a S

_. \  1 r
Oxygen
Fl l'd.n*.t.t
Carbon ic  ox ide
C a r b o n  d i o x i d c
A n in ron i  a

I )cns i  t1 '

I

r . r o 5 6
o . o 6  g  z 6
o : 9 6 7 8
r . . 5 2 g o
o . 5 g i  6 7

1 i a
J + -

o f  t l r c  l ' a y c - J r o n t  s h c r r  s o r r r t r l  l a v c s  ; r r l v a n c c
'  I ,  a n i l  t l r r o r r g l r  a  b a l l o o n  c o n h i n i n g  c a r b o n

Ant '  p l rasc  o f  thc  sor r r t r l  rvar -c  thus  rcac l rcs
t ' o i n g  r r o r r n r l  t h r o r r g l r  t l r c  a i r  q r r i c l < c r  l h a n

I l lus t ra t ion  o f  thc  enormous ly  rap i r l  ac lvancc  o f  the  sound
s ' a l c - f r o n t  i n  a  b a l l o o n  6 l l e d  s ' i t h  h y d r o g e n ,  7 : 3 . 8 I .  T h e
in tc rna l  advance o f  the  sound s 'ave  is  so  rap id  tha t  the  ryave
f ron t  revcrscs  i t se l f  be forc  thc  cent re  o f  the  ba l loon is  rcached,
an t l  t l r c  e las t i c  reac t ion  aga ins t  thc  sur rounc l ing  a i r  thus  repe ls
the  ba l loon f rom thc  source  o f  the  sounc l .  

' I ' h is  
accor rn ts  fo r

t l rc  o l rsc rved 1 ;henomenon o f  acous t ic  rcpu ls ion .

J + r 5 r 3 0

\ r c l o c i t y  o f  S o u n d  i n

'  r ' l g .  2 I .
o . g  5 2  4
3 . 8 r 2 3
r . o r 5 E

! ' 7 E t z
1 . 2  5 3 4

))>+>

t ;  ' l ' h is  
c rp lanat ion ,  based on  the  l 'avc , thcory ,  r l i th  the  fo l lo l ' i ng  p la tcs  fo r  ba l loons  o fcarbon d iox ide  and hyc i rogen,  s 'as  deve loped

i n  t h c  l c a r  r 9 1 6 ,  l r r r t  p u b l i c a t i o n  h a s  b c e n  d c f c r r c d  t i l l  t h c  p r e s e n t  t i n r e .
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I t  appears fron"r the numl-rers here givetr t l rat in the

very  l igh t 'gas  hydrogen sound has  3 '8 r  t iu res  the  ve loc i ty

irr" i  i ,"r*r ' in ni. ;  ro."hi l .  amrl lorr in, a gas u' i th rel ir t ive den-

s r , y  
" i  

o . 6 o ,  h a s  a  v e l o c i t y  o f  t ' 2 5  t i m e s  t h a t . i n  a t m o s p h e r e '
' fhe facts tht ls suPport t i ie vierv that a bal loc.rn fr i led rvith

Imnron ia  rvon ld  a lso  be  no t iceab ly  rc l l c i led  by  the  sound

rvave s  emi t ted  1rom & reso l lance box  bear ing  a  v i l r ra t i r lg

tun ing  lo rk .
l f  t l i i s  phenot r tenon o i  rcp t r l s ion  lve  re  c lue  to  t l i c  sn t l i l c r

averrtge clensity, i t  rvoLrlcl  r lot 1'rersist rf ter t l r t :  l rel i t .ron rvl ls

loacled r i ' i th rvax, or othcr t t tr t ter ial,  as l t l ts l>cen t ir t tr l t l  I i1 '

observa t ion  in  the  t :nse  o l -  h1 ' t l r c . rge l l '  l t  t l r t rc f t - r rc  t t t r t s t  l r c

au"  no t  to  the  re la t i ve  l ig l r tucss  o1-  the  l roc ly  i l t> r t t i r rg  i r t  t l t c

rL i r ,  b t ' t t  to  the  grc r t  l t t loc i t l '  o i  t l t c  s r r t tn t l  v i l ; r rL t io r l s  t t t  t l te

}t1'11.o*"r ' , ,  the rvavcs ol- * ' l i i t : l l  rre contl t l t : tccl thrr- 'Liglr t l ic l ;Odr'

o f  the  ba l loon l l lo re  r l l i i t l l y  t l i i rn  t l l roug l t  - t l r t '  
rL i r  r i l ro t l t  l t '

I l  i s  o b v i o n s  t l i a t  f h c  r r l r i t l  r c l v a t l e c  o i - t l l t  s o t l r ' t i  u r t v c s

t l r r o r , r gh  t he  l r c t t e r  cond r ' r c t i ng  l t v r l r  ogen  g i r  t s  a  r t r l ( : t l o l l  r i g i l l l l - s t

i h "  , r i r . uu , , . l i l l g  i r i r  be f ' o r c  t l l i s  e t l ve l o I i l l g  g r r s  i s  l ! i t r L t e i l  i ) l '

t he  r va ' es  . on i i ng  t l i r o r . r gh  t he  a t t t t ' s l r l t e  r c  r t l o l r c ;  t i r e  e  l l i ' t  t

o f  t h i s  ndvance  ag i t a t i r l n  t h ro r t gh  t hc  l i y t l r oq ' c r t  i s  r t t t  e l r t s t t t : .

r eac t i o l )  o f  t he  hyc l r ogcn  ba l l oon  l t ga i n ' s t  t h t '  q r c r t t t  r  l ' : L t  t  . ' ) l

' l ' he  
ae the l  r s  o l '  c l ec re r s i ne  dens i t y  i n  t he  d i r ec t i on  o f

a t :entra i  r lass sr tch as t } re sut- t ,  i rnt l  rv}retr  r r  body l ike the

ca r t h  i s  a l so  i n t r oc l l t ced ,  r v i t h  c l ec reas ing  dens i t l '  t o r va rds  i t s

. . , t  r . ,  - -  t hus  e i v i ng  t u  o  i nde l l en r i en t  t l e c r case  s  o1 -  dens i t y

i nc i dcn t  t o  t he  waves  f r o t t l  eac i r  ce l l t r e  -  i t  f o l l ou ' s  t ha t

t he  ac tu t l  dens i t y  be tu ' ce t l  t hc  bo t l i e s  i s  I ess  t han  i f  t he

o the r  bo<1y  r vc re  a i l s t t t t  
- I ' he re  

i s  a l so  i t t c re r ' se  o f  s t r ess  o r

; ; . ; ; r . , _  beyond  t 5e  5o r l i e s .  
' l ' he  

r esu l t  i s  t 6e  i r t r essa . t  pu l l i ng

iD  t he  r i gh t  I i ne  l ) e  t \ \ ' e  e l l  t hc  t t t r t s ses  -  * ' ] r i t : h  r t  e  < :a l l  p l a l l e t a r y

1b1 , , , j , . .  iVe  co t t l t l  v i c * '  e i t hc r  bo t i y  as  o l ) e ra t i r l g  l l f  i t s  r va l e -

, . . . i o n t o a g i t a t e l r r l t i e x l l c l s o n l e o i - t } r e a c t l r t : r o l t s l . r o r r l t i l e

r cg i o t r  l r e t r veen  t l t c  l l l l t s ses '  and  i t r c r c i r se  t l r c r t r  l r t l ' ond  : o

r t , , , t  t l t "  c l e l r s i t y  i s  a  t r i i r l i t r t r t t l  l " l o t t g  t he  l i l l e  s t t l l - ca r t h '

1 2 .  ( l e l r e r a l  C o r r s i t l e r a t i o n s  o I l  t l r e  \ \ - a v c -

' l ' l i c o r ' f  i r l  l i e l l t i o n  l o  J ' l i / 1 ' / i ' s  ( l t t a r l t t t t l ' I ' h e o r v '

r r , i t l i  r t n  e x t e n s i o t ' t  o 1 '  J ) i t t t t r i i s  v i e r v s ,  r r ; t 3 '

( i )  ' t ' enc l en t : y  t o  gco r r r r t l i t  r L l  l b rn t s  c rp l a i ne  c1  by  t i r c

\ \ ' l L vc - t l l  e  o r v

i t s  as  ye t  und i s t u i l r c c l  enve lo l r c '  l t  t hus  r c l r o r t l - t t i s  l r l l i l l n s t  t l ) e

i , t a r ,  
" i . ,  

e t t d  i s  r cpc l l ed  f r on r  t he  r cso l ) l t r l c t :  box '  l L s  i o t t t i c l

by  obse rva t i o l r .
I r t  t he  l i gh t  o f  t l r i s  ex l l l r t l l a t i o l r ,  s ' l r i ch  i s  t hc  o r t l l ' o r l c

a c l r n i s s i l r l c ,  r v e  r e a t l i l l ' s e e  r t l s o  l r y  t l r c  a l r o v c  t l l i l c  r v l r l ' r t

b a l l o o n  h l l e d  s ' i t h  c a r i r o n  d i o x i d e  s h o u l d  b c : r t t r a c t c c l  t o  t h r :

r e s o n a n c e l r o x . l " o r t l t c c l e n s i t l ' o t ' c n r l r o t r t l i c ' r x i t l e i s l 5 z q '

and  i t s  cond r . r c t i v i t v  o f  souu t l  on l l '  o  ;  S  t l r l t  o f  l i r '  
' l ' h c

so l t nd  t v i r ves  o t r  e t r t e r i ng  s t t t : l l  i r  l , l l l l oon  * i l i  l ' t  r t 1 ' 1 ' r t c i l l ' i 1 '

ou t r t t n  by  t hose  i n  t he  s r t r r o t t t t d i t l g  a t t r r t l s l ' l r i l r t :  t i l r ' l s  t l l e

ou t s i ( l e  a i r  r v i l l  g i ve  a l t  adv i i t l ce  e l as t i c  r c : t t ; t r o l l  r l q : l l l l s t  ! l l e

enc losed  s l ugg i sh  ba i l oon  o f  t ; r t r bo t r  d i o r i c l c '

V i e r ved  k i ne t i ca l i y  i t  i s  obv io r ' r s  t hx t  son re  o l  t i . r c  l i g l r t c r

anc l  u ro re  r ap id l y  mov ing  n ro l cc t l e  s  o f  t he  a i r '  t t t t t l t r  s t i t l t t t t

ag i t i r t i on ,  a re  t h r r s  t r r t ns te i r ed  beyo r l t l  t hc  heavy  t uass  o l 'C ' ( ) ' ;

anc l  as  t he  a i r  be t r vcc l t  t he  b l l l oon  a l i t l  t l t c  so l t n r l i t r g  Lox  i s

t h t t s  somes 'ha t  t h i nned  o t t t ,  t he  i nc reasc  o f  c ' x t c r r l r l  l l r c ss t l r c

anc l  i n t e rna l  t ens lo l l  i n c i t l en t  t o  t h i s  k i nc t i c  t r a l l s l b r  o f  s t ' ' t r t c

o f  t he  a i r  pa r t i c l es  t o  t he  space  l l e l ' onc l  t he  ba l l oon '  ca t t se  s

i t  to  be  a t t rac ted  to  the  sound ing  box '

I  hnd on  exatn i r l i r t io t - t  th r t  a l l  the  o ther  l r l te t lo t r le t l l  -o f
acons t ic  a t t rac t ion  and repu ls ic l r l ,  rvh ich  are  rc l ro r tcc l  l r y  the

eminent  exper in - ren ters  abo l 'e  nau led ,  ca t r  l ' c  s r t t i s lxc to r i l y

exp la ined in  the  san le  w ly ;  so  tha t  i t -  i s  ne tur l t l  to  in le r

tha t  rve  have here  a  re r ra rkab ie  genera l  la rv  o f  t ra t r t re  As

itra a*parln' , .nts are clef inite and decisive, i t  rvoult l  sccrl l  t l ) l t

there  is  no  escape f rour  th is  conc l r ts io t . t '  and  t i l c  resu i t ing

law must therefore be taken as f i tnclanlcntir l
' fhese we l l  es tab l i shed exper in ren ts  on  acor ls t i ( :  l i t t rac t ion

and repu ls ion ,  in  the  a i r ' ,  rvh ich  we can expcr i r r r t t t t  l i th .  in

our  labora tor ies ,  con f i rms o t l r  theory  o f  g r r l ' i ta t iona l  l t t t ra t : t ion

through the  ae ther ,  rv i th  p i t r t i c les  n tov ing ,  I  5  7  . t in )e  s  fxs tc r

i i , " "  T ig f r , .  For  in  the  fo i r r t l t  pape ' ,  ( ^ ' \N  5o t j5 ) '  *e  hu 'e

shown frorn the coufirtnation of ' / l t issotis reseerches' ho*'

int imate is the connection betrveen the theorir:s of l ight

and sound,  as  cor rec t ly  he id  by  tha t  i l l t t s t r ious  georneter

a  century  ago.

' l ' he  
p i r r L r - s i l r i l i t y  o t -  t l t c  r r ' r t r  c ' t he  o r f  i l l ) l ) t a r s  l i o r t l  t l r c

I ' i r c t  t l l r t  r l  \ v c  t i rKe  r  so l i r l  unL l  l l t l l t  i t ,  l y c  gc t  i r  g l ou ' i ng

rn l ss  w i t h  p r cc i o t t t i l t l t t r t  n ' l r r  c s  ( l l '  h ce t ,  l c l Lv i l l g  t l l e  l c t l on

o t '  t l r e  s l r o r t c r  \ \ ' l I ves  O l -  t l t e  t r tO i c t : r l l ' t r  t t ' t c t ' s  I t ekcDcc l '  l l r t t

s t i l l l a r g e l y i l r t a c t . I i . u , e s t i l l i i r r t i l t , r i l l t : r . ' l t s t t l l e l r e l L t , t . I r e

so l i d  f i i i e s  i . t o  a  I i i l . i t l  -  t 5c  i t t r : r e , r i t r g  aq i t r L t i . r r  o i  t he

i ong  hea t  r t ' l t t  e  s  I t l t r ' ( :  s c t  I l t r  ovc r t  o t t l c  t l l t  ' l t " l t c r  l  l t v cs

,u t , f . i r f  i ' i ng  t t t o l e r : l t l a r  l i r r t ' e s  t l t a t  l l r c  t t t o l c cL l i c s  I r c t  o l r l c  r c l t a - t cd

an t l  t l i e  i i , r i t l  i s  t l r t t : ;  l r c ' c  l o  i l ou  t i ' r o t ' t t '  S t i l l  l r i g l r c r  t c t t t -

l ) c ra tu r c  r v i l l  Y l r pOr i zc  t l r e  l i t 1 r r i t i  a t l c i  c c>n l c r t  t t  t t r t o  r t  ! r i s '

l , i t h  p l r t i < : i es  l l y i ng  abo t r t  * ' i t h  h i g l i  v c l oc i t t es '

N o r v r v i t c t t t ' c c o l i s i t l e r s u c h t r a r l s i t i o l l s o l - t l l e s t l t t c

o[ '  l l r i t t tcr  throt tgh var iot ts tc l l lJ)e l 'atures atrc l  c  r t t t : ia l  s tates '

l  i t h  l r r e  t l on r i n l n t  ee  t i r c r  \ \ ' l l ves  o f  va r i o t ' t s  l t l l g t i r s '  \ vh l t t  c ' \ -

1 , 1 " , , , , t i , . , t ,  o1 '  t l l e  t i i s r : o r r t i n r r i t y  i n  l r l r i ' s i t : r r l  t : r > t l d i t i o l l s  i s  so

i , l l LL r s i i r l . :  l L s  t l r r t  u l l - . r r l c r i  l , v  t l r L ' r ' l L t  c - t l t c . r '  i  l i i s i l t g  t e l l r l ) e l l t t l r e

l i , l L r i l r c :  l L t i t i  r : r 1 r o l  l / . r :  l L l l  l ' L ' L i i c s  I  t l c c r e e s i t l g  t c l l l l ) e r l t u r e  a n d

r , ] ,  r " , l ' . i t , g  i r l ( ' : : t l l t '  l l r l - i  u t t r r l ' l c t l  t l i c  c x l r c r t l l ) e 1 ) t t r  t < l  l i r l t r i t l '

eD t i  , . o i i t l i t v  l r i i  i r o , l i e - ' ,  r l l , : l t i , i i l i {  t l l c  t t l t ' t s t  I ) c r l u l l l l e l l t  gxscs '

s r t t : 1 t  u s  o \ \ g c t l ,  i l v t l r t ' g c t i .  l t t l t t l t t t  
' l  

i t c  r r e v e - t l t c o r f  i s  d i r e c t l l '

i n vo l r  e  c l  i t r  l L l l  t e  u l l r c ra t t t r e  1 ' r o i r l c t t t s ,  t t nd  r i ' e  I t l ve  s i t t - r r t  n

ho r i , r uO lcc r r l i | r  l o r r : c s  t l e I cn t i i l l g  O t t  S ] )O l ' t  $ ' l t v cs  t l eve loP  a t l d

L r cco tDe  e t l ec t i  e  $  l t e  n  t l t c  l ong  he  a t  \ \ ' r tYes  r t r e  r i ' i ' t hd ra$  D '

I s  nc i t  s r t c l t  a  ge t t e r i t l  i l l d i ca t i r - . r n  i t r  t l a t r t r e  s i g l l i t l can t  o f  t he

undcr l f  ing  c r t t t se  l

I t  h " t  iong  been rec :ogr l i zcd  th i t t  t i re  r r i r ld rops  ere

spher ica l ,  l r t r t  ta i  too  l i t t l c  a t te r l t io l l  l tes  l - l ce t l  d i re r : ted  to

t l " " , y u . r , i o , ,  o i  t h i s  e x a c t  s p h c r i c i r v  o l ' l r g t r r t '  h o r i  t t

, ,r i r . ,  *n.t  hr-,rv i t  is maintr inecl f lolectr lar l i . rrccs indeed

are  t l te  rLssrgr led  c l t l se  o f  the  s1r 'her ic i t l ' ,  b t t t  as  no th ing  rs

kno*'n as to the lnu's of thcse force s, or l tol '  the-y act '  t l te

cur ren t  ass t t t t i l l t i ons  are  ac lu l i ss ib le  o r l l i '  i r l  de i lu l t  o f  x  be t te r

e*1 , l "n " t ion .  Unc tc r  thc  c i rc l t t r t s t lL t l ces  i t  bccoures  ac lv isab le

to ' i r - , ,1 , t i . "  i r l to  the  deg lee  o t '  s l rher ic , i t y  o f  t rgure  ac tu i l l i ) '

, r r r i u t " l , t . . i ,  r r ' i t h  a  v i e i ' o i  t h r o w i n g  l i g h t  o n  t h e  c l u s e  o f

n ro lec l t la r  fo rces .

r .  I t  i s  genera l l y  agreec i  tha t  the  co lo rs  o l  the  r r r in -

bow are Nell  sel) i l rated, &ttpt for the c-rvcrlrp of iurages'

due to  the  l ln i te  c l imens ions  o f  the  s t tn ,  uh ich  renders  the

,1ra.,ruut i tr l l r ' t re. So far as one can see, t l )ere iore' the drops
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of  ra in  a rc  exceec l ine ly  spher ica l ;  and no  depar tu re  f rom
perfect spherici t ,v cln lrc inl 'crrc<i fronr t lrc obscrvcd t:olors
o f  the  ra inLrou ' ,  o r  f ronr  the  con ica l  fo rnr  o f  tha t  sp lcnd ic l
a r c h  o f  l i e h t .

2 .  Nor  i s  there  any  e .  i c icnce inc l i ca t ine  no t i r :ea l r l c
osc i l la t ion  o f  f i s t t rc  i r r  the  droyrs  s 'h ich  produce the  ra in l ro rv .
( ) s c i i l n t i o n s  o f  l r g u r c  u ' o u l c l  r c n r l t r  t h c  r c f r a c t i o n  a n d  r c l l c c t i o n
i r rcqu la r  a r r r l  r -a r in l r le  i  -so  tha t  thc  anq le  o f  thc  r :onc  o f '  thc
r i r i r r l row f ronr  the  ar r t i -so la r  y ro in t  s 'ou lc l  l ; c  var iab lc .  I t  i s
t n l c  t i r : l t  t h c  r l r p i r i i t l ' o f  t h c  o s r : i l l l t i o r r  r r ' o u l r l  r c r t r l e r  t h c

l rhenonrenon c l i l ' l l t : r r l t  o f  de ter : t ion ;  1 'c t  i l '  a  g rca t  nunr l re r  o f
c l rops ,  enough o f  thenr  to  cons t i tu te  e  r :ons idcra l t le  f rac t ion
of  the  rvho le ,  s 'c rc  incessant lv  in  osc i l la t ion ,  i t  sccnrs  ccr te in
tha t  thc  separa t io r . r  o f  co lo rs  a long thc  co t r i ca l  o r r t l inc  u 'ou l r ' l
i r c  b lu r rcc i ,  anc l  the  ra inbo l '  x l ) l )car  as  rn  o lc r l rpp inq  hnz i '
a r c h  o f  l i g h t ,  d c v o i d  o l - c l i s t i n c t  r : o 1 o r s .

3 .  N o * '  t h i s  h a z l '  a r r : h  i s  n o t  o l r s c r r  c r l  i n  t h c  s k v  l  h c n
n a t u r a l  r a i n  i s  f e l l i n q .  \ \ ' c  c a n r r o t  s a v  t h r t  t h i s  a l r s c n r : c  o l '
: r  n o t i c c r l r l l  h a z t ' l r o r < i c r  t o  t h c  r a i r r l r o \ \ ' l ) r o v c s  t l l t t  n o  r i r o p s
d e l ) a r t  f r o r ) )  t h c  t n r c  s p h < ' r i r : a l  l l g r : r c ;  l r r r t  o n l v  t h a t  s u c h
t le l )a r tu rc  f ro rn  vcr r '  pc r fcc t  sp i rc r i c i t r ' ,  i I  thc l  c r i s t ,  e rc  c r -
c c c d i n g l , v  f c s '  o r  o l ' c x c c s s i l c l v  s h o r t  r l r r r r t i o r . r  f b r  a n y  i n d i -
v i t l t t a l  c l r o p ,  a n r l  t h u s  t h c  c o r r c s l r o n r l i n q  o s c i l l a t i o n s  o 1 - l r g r r r c
c - x c r t  n o  s c n s i l r l c  r l i i l i r s i o t r  o f  c o l o n r t i o n ,  i n  c o n t ; i : r r i s o r t  l  i t l r
t h c  i n t c s r a l  c l l - c c t  o f  t h c  l i g i r t  1 l - o n r  a l l  t l r c  s P h c r i < : a 1  r i r o I s .

I n  t h c  l ' r o r : .  I i o r ' .  S o c . ,  J l a r . i ,  r S ; ( ) ,  n o .  r o 6 ,  t h c  l e t c
l , o r c l  / i o , r / r i , g /  h r s  r l c v i s c c i  a  n r c l n s  o l  r l c t c r n t i n i n q  t h c  t i r l c
o f  v i l r ra t ion  o1-a  r l cs '  c i rop .  Lor r l  / t - r / t ' i t t  l -o r rn r l  t l t c  fo r r r r r r lu
fo r  the  pcr io r l  o f  l i l r r : r t ion  to  l rc

7 : l i r n " l ,  s c r : o n r l  ( r r + )

l 'here  rz  i s  the  rac l ius  o f  the  sphcrc  o f  l ' a te r  n reasurcd  i l r
cen t in rc t re ,s .  l ro r  a  r r rd ius  1 / r  

f  r r  the  l )c r io ( l  i s  l / .3 "  sc< :onc i ;
a n d  h c n c c  t h c  t a l r l c :

l .  
1  ( i l l )

I

-  : ) +

. l
r ( r
3 6

r 4 0 7

1 l- , / , ; r  
S C C O t l ( l

l i  n
, I

I ) )

2 '

t 6  )

Z ( t  )

I 7 , 2 O O  ) )

r \ccord inq l l ' ,  r i ' hor  t l r c  t l rop  is  one inch  in  c l ianrc te  r ,  2 . .5  4  cnr ,
a  s 'ho le  sccor lc i  i s  rc r lu i rc r l  fo r  thc  l i l r re t ion .  I t  i s  on lv  fo r
snra l l  d rops  tha t  thc  l ib ra t io r r  i s  rap icJ ,  and thc  {b r< :cs  po l ' c r l i r l .

l ' |eforc thc t irnc of / ' /o/o thc ( )rcck qcol lrcters ha(l
no t iced  the  sphcr ica l  f igurcs  o l -  the  sun anr l  moon,  and in -
fe r red  a  l i kc  spher ica l  f i sure  lb r  thc  cnr th ,  f ro rn  thc  c : i r< :u la r '
s e c t i o n  o f  t h e  e e r t h ' s  s h a c l o r v  a t  t h e  t i n r e  o l ' l t r n a r  c c ) i p s e s .
A s  t h e  o r l r i t s  o f  t h c  p l a r r c t s  a l s o  n p p c a r c d  t o  l r c  e s s o i a l l y
c i rcu la r ,  anc l  thc  ( l rcck  na tur : r l  ph i losophers  no tec l  the . tenc lcn<:y
o f  r l rops  o1-c lcs ' ,  o i l ,  anc l  o thcr  l i r lL r i r l s  to  : rss r ln te  t l rc  sp l rc r i ce l
fo rnr ,  s 'h ich  was then hc ld  to  l rc  a  per fcc t  f iqurc ,  i t  i s  norv

l ross i l r le  to  u r r r ie rs tend / ' /a lo 's  c loc t r ine  tha t  the  dc i tv  a lu 'ays
ceomet r izes ,  -  , i  e r i c  r i r i  yc t , r l t { t .g t t .

r \pparent i l ' th is  conr : lus ion  \ \ 'as  no t  an  id le  re tnark ,  bu t
represented  a  genu ine  ph i losoph ica l  inc luc t ion  f ron- r  the  ob-
served orde l  o f  na ture ,  u 'h ich  rvc  a rc  on ly  beg inn ing  to
in te rpre t  a l te r  thc  lause o f  sonre  two thousand th ree  hundred
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years .  ' fo  the  rnodern  na tura l  ph i losophers  i t  w i l l  appear
xs  $ 'onder f i l l  as  i t  d id  to  the  ( l recks  tha t  na turc  approx i rna tes
these vcr l '  beaut i fu l  geonrc t r j ca l  f igures .  Thus  the  cause o f
such o l )served phenonrena shou ld  engage the  a t ten t ion  o f  the
l o r d i n o  s n n r n e t c r s  o f- . . . . _ . . - b  D -  - - - - . . -  o u r  o \ \ ' n  x g c .

In  v ic rv  o f  the  fo reeo ins  d iscuss ion ,  i t  appears  tha t  the
yr l r l ' s i ca l  c : rusc  o f  thc  ra inborv  i s  a  t l ' o - fo ld  one.

r .  ' l ' hc  
exac t  spher ic i t l '  o f  the  ra indrops ,  the  spher ica l

f i t tu rcs  o f  s  h i r :h  a re  Ina in ta i t rcd  by  pass in t  l ' aves  shor te r
t h l n  t l r o s c  o { ' l i g h t .  ' l ' h c  c a u s e  o f  t h c s c  n r i n i n r a l  s p h e r i c a l
sur l : r r :cs  i s  norv  ass iencd fo r  the  f i rs t  t ime anr i  shorvn  to
accorri  wit lr  t l rc I I-r in slr 'ass-.\c/tutarz ntathcnratical t l rcorl '  oI
I r i n i n r l l  s t t r l a c : c s .

z .  
' l  

l r c  r l i s p e r s i o r r  o f  t h c  I i g l r t  i s  d u e  t o  t h e  s p h e r i c a l
f i surcs  o1 '  thc  r l rops  u  i th  thc  re f rac t ion  o f  the  inc ic lcn t  l i sh t
lo1)orving thc l l l '  r>f , \nc/1it ,s, ls Dtsftu' /( , t  founcl l tr .  ar:tLrai
ca l r  u la t ion ,  .  r  6  .1  7 .  

' l  l i c  t ruc  thcory  u 'as  o r iq ina l l r .  d rs< :overcc l
l , ] '  T  l ro r l r t t  i r / t ,  tbor t  r3  r  r  A . I ) . ,  bLr t  h is  cxp lanat ion  las
n o t  l r u l r l i s l r c d  t i l l  r 3 r 4 .  t r [ c a n n ] r i l c  i t  l ' a s  i n d c J r c n c l c n t l y
c l i scovcrc r i  15 , t l t t /o t t i rsdr  / )o t t r i t t i s , , , \ r<  h l r i s ) rop  o f  Spa)a to ,  about
r  5g  t  .  A- r  t , lozz  6 rs t  c lcve lo l tc r l  t l r c  conr  l ) l c tc  thcorv  o1-  s l tec t ra l
t :o lo rs  th roug l r  t i r c '  dc r :onrpos i t ion  r r r r i  rcconr Ios i t ion  o{  u  h i te
1 i { l 1 r t ,  i r r  a  s c r i c s  o l ' c x p c r i n r c n t s  l r c g u n  j n  t 6 6 ( t ,  u r r r l  l ' L i l l r -

l r r r l r l i s l r c r l  i n  h i s  ' l ' r ' c a t i s c  o n  ( ) p t i c s ,  r  7 o . 1  .
I r r  r  i c u '  o 1 -  t l r  j s  r l c v c l o p n r c n t ,  i t  i s  l ' c l i  t o  r i l  c i i  o n  ' , : r . .

rcu l  I , l r vs i ,  r r l  s iq r r i l r cancc  o I  thc  ra inbou ' .  \ \ rc  shor r ld  rc r .ncnr  t  r
t l t : r t  t l t c  r  l r  r .  c r i s t c n c c  o 1 '  t h i s  ( r c a t  l t a t u r a l  l t h c n o n t c r t r ' : t
i n ; p 1 : c .  : r r r  i n l - : r r i l t  r : r r i c t l  o f ' u l v c s .  O t h c r r v i s c  t h i s  s p l c n r i : ' :
1 r ( ) \ \ '  ( ) l  r  .1 r .1  11  6 ,111,1  l t c \  c r  s  j ) :u )  thc  hca \ ' cns .  J t rs t  as  t l t c
t : o l o r s  i t r  t l r c  s k v : t r c  a  l ) c r J ) c t t t l l  r c n t i n r l e - r  t h a t  s o n t e  5 o o
t r r l l i o n  \ r u v c s  c n t c r  t h c  c l c  c v c r v  s c (  o n ( 1 ,  s o  a l s o  d o  t h e y
tac i t )y  in rp )1 '  no t  n rc rc l ) r  \ \ ' a les  l - ronr  thc  rcq ion  o f  thc  v is i i r le
s l )cc tn l l ) r ,  l ru t  a lso  inv is i l r le  l ' aves  f rom thc  reg ion  o f ' the
u  l t ra -  r , io  l c t .

I t  r l -o r r l r l  bc  i r r  the  h ig i res t  degrce  in rpro l ra i r l c  tha t
r \ - r l \ ' cs  conrc  on l r '  l ronr  the  v is i i r i c  s l )cc t runr ;  lb r  thc  longcr
l tc : t t  l  a r  t ' s  : r l l  l vs  : l ( ' co l t ) I lanv  t l t c  -s ru t ' s  l ig l t t ,  a r r r i  a rc  kno l .n
t o  c o n l ( -  l r o r n  t l t c  t . c r l  l t n r l  i n l r a - r c r l  r c . q i o n s  o i '  t h e  s p c c t r u l l ;
l L t t t i  l t s  r  l t t t t t i c a l  l ) r o (  c s s c s  r t l t t  r t v s  a r c  q o i n q  o t r  i p  n e t r t r c ,
lunr l  r r rc  knor ln  t r r  r l cpcnr i  on  thc  shor tc r  v io lc t  and r r i t r : r -
v i o l c t  l : t v t  s .  i t  l o l l o r v s  l - r ' o n r  t h c  c h c n r i c a l  p r o c e s s e s  o f  t h e
l  o r l r l  a l o n c ,  t i r a t  r r l t r r r - r  i r ) l c t  r a ] ' s  a l s o  f i l l  t h e  s k y . ,  t h o u g h
r l u i t c  i n l i s i i r l c  o n  t i r c  l r l r r c  l ; o r r l c r  o f  t h e  r a i n b o r v .

' \ r : r : o r r i i n g l r ' ,  n  l r c n  l ' c  b c h o l d  t h c  g l o r i o u s  a r c h  o f  t h e
ra in l ro r ' ,  \ \ ' c  l l r c  e t  t l l c  sarnc  t in re  rc rn inc lcd  o f  r l r rac l r i l ) ions
o l  u 'aves  too  s l ro r t  to  be  l i s ib lc ,  1 'c t  en tc r inq  the  c1 'c  evcry
sccor r r l .  

' l  l l o r  too  f i l l  every  par t  o l -  thc  sky  and t ravcrse
cvcr ) '  ( l r r ) l )  o l  ra jn  jus t  as  thc  wa lcs  o f  the  v is ib le  s l )cc t run t
c l t te  r  th ( '  r 'o r rcspot tc l ing l ] '  sn ta l l  pup i l  o f  the  cye ,  to  thc  nurnber
o l ' a l ) o u t  h a l f  a  r l u a d r i l l i o n .  U n d c r  t h c s c  c i r c u n r s t e n c c . ,  i t
i s  s t ran{c  tha t  we ha l ' c  no t  Sooncr  recogn ized horv  thc  $ 'a les
g ive  t ) rc  ra indrops  s l l ch  n t t thenra t ica l l y  per fec t  spher ic i t r ' ,
an( l  l ) \ '  thc '  resu l t ing  d ispers i6n  ac lc l  to  the  beaut l '  o f  the  r i ' o r l r i .

( i i )  ( leneral outl ine ol- ?/ancI 's Quantun.r 
' I 'heor1',  u' i t l r

in f t ' r cncc  s l rgges te( l  l r y  t l :e  l ' : r vs -1 i lg9r -1 ' .

l i rom the l ,ave-theor) '  thus brief iy outl ined i t  fol lorvs
tha t  a l l  the  phenon. rena o f the  phys ica l  nn iverse  shou ld  depend
on the  mutua l  in te rac t ion  o f  s 'a ' r ,es  and the  cor respond ing
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lorces of nature. ' I 'his relat ionship is shorvn in the theory
o f  the  cor re la t ion  o f  fo rces ,  and the  doc t r ine  o i '  the  conser -
va t ion  o f  energy ,  rvh ich  have beconte  fundanrenta l  in  r lodern
science. But there are soure dif f icult ies to be oi crcorrre, untl
here to fo re  a  rne thod o f  a t tack ing  thent  has  t ro t  becn deve loped,
even by  the  nros t  eminent  au thor i t ies .  I t  seents  l i ke ly  tha t
nros t  o f  the  supyrosed d i f f i cu l t ies  o f  t i re  \ \ ' ave- t i reory  \y i l l
d isappear  the  rnoment  rve  a t t r ibLr te  the  ib rces  o1-  na ture  to
'wave ac t ion ;  fo r  then we l t rny  use  the  lb rces  o1 '  na ture  to
s tudy  the  rvaves  by  rvh ich  the  fo rces  are  prodLtced,  anc l  e lso
inves t ige tc  the  fo rces  obser i 'ed  rv i th  a  v ie rv  o f  in ie r r ing  t l re
type o f  * 'aves  f iom rvh ich  they  migh t  a r ise ' .

Accorc l ine ly ,  a l ie r  th is  ske tch  o l - the  s , r rvc - thcor ) ' ,  \ \ ' c
l r i r v e  n o l ' t o  c o n s i d e r  t h e  y i e r v s  l n n o u n c e c l  l r v  I t r o l c s s o r
J ' l t tuc l t .  In  h is  address  as  l {ec to r  o f  thc  Uu ivers i tv  o i - l ie  r l in ,
O c t .  r  5 ,  r  g  r  S ,  r e l ) o r t e d  i n  t h e  l i e v u c  S r . i r n r i i i , l u c ,  I , r L r . j s ,
l ieb .  r  .1 ,  rg  r  4 ,  P lanc l  g ivcs  a  surn l t ) i r r )  o l -  l r i s  r  j r i r l  i  on-
c l u s i o n s ,  t o  t h e  c l f e c t  t h a t  n e i t h e r  r r r o t i o n  n o r ' l r i r r ' , . i t : r L l  l i r r r . c
i s  s t r i c t l y  c o n t i n t r o r . l s  i n  c ' l t r r r r r c t t - r ,  l r r r t  c r i r I r  o l  t i r r r r i  r u l r l c
r . r 1 t  o l  s n r a l l j r t n r l r s  o r  s t r r l d c n  t L l t c r r r t i o n s  i r r  I r L l r r . .  ' l  i ) i s  ( . L r L i l r l t u u l
t h e o r y  p r o b a b l v  i s  n o t  i r i c r ) t i ( i l l  r v i t i r  t l r c  *  a r  c . t l r e t _ r r \ , ,  1 c t
i t  h lLs  cnor . rg i r  c lenr tn ts  in  t :o r r rn ror r  to  i - rc  rvor t i r l .  o l ' ca rc l -L r l
c x r n r i n : L t i o n ,  o n  t h e  l r r o l r r L i l i t l ' t l t a t  t l r e  t r r ' o  t h e o r . i e s  r n a y
be rcconc i le t l  l r r '  { i r tL r rc .  r levc loPnrents .

J ' lu t r ,4 's  t l reor i ' i s  dcscr ibed very  l i r i t f ' l v  in  th r  l i r l l o -
\ \ ' i l l g  accour ) t :

)Supposc  l  r l : l ss  o1-  \ \ ' l te  r  in  u  l r i t : l r  v io l t . r r t  *  i r r r i s  1 r : rv t :
l r r o r l u c e c l  a  t r a i n  c l f ' r , e r y  h i g i r  u ' a i ' r s .  , \ l t e r  t l r r  w j r r , l  i r r r s
ccascc l ,  the  * 'avcs  s t i l l  rua in ta in  th rnrse lvcs  iu i , l  ! ( )  l l r . r r r t  o r i t
s h o r e  t o  a n o t i r e r .  ' l ' h e n  t t l i e s  l . r l l r c c  a  r j l t r r r l r r  t c r  t . i r  (  i r . i l ) < c .
' l ' he  energy  o f  n to t io t t  o t ' t l te  longcr -  un t i  le rgcr  *  u r  cs  gnr r i t l l l l l '
c i r a n g e s ,  e s p e c i r L l l l '  r r , l r c n  t h e v  u r e e t  t l l e  s h o r c  o r ' o t l r e r  s o l i c l
o l ) jec ts ,  in to  th l t  o l  s l io r t r : r  anr l  sn l r l le  r  l ' avcs ,  r rn t i l  l i n r l l y
t h c  r v a v e s  b e c o r n e  s o  s n i a l l  a s  t o  b e  r l u i t e  i n v i s i l r l c .  ' l ' i r i s  

i s
t h e  r v e l l - k n o * ' n  c h u n g e  o l - v i s i b l c  u t o t i o l )  i n t o  h c e t ,  o l ' l l l a s s
l roycn)c11t  in to  n to lecr . t l t r  lDoVet l )e l ) t . (

> > l J u t  t h i s  l ) r o c e s s  d o e s  n o t  g o  o n  i r r t l c l r n i t c l r ' ;  i t  l l n t l s
i r  na tuml  I in r i t  in  thc  s ize  o1 ' t I )e  t i ton)s .  ' l ' l r c  l l t rgc r .  t l r c  lL tours
e r c ,  t h e  s o o n e r  c o n i e s  t l l c  e r ) ( l  o 1 ' t l r i s  s t r l r c i i v i s i o n  o 1 ' t h e
to t lL l  cnergy  o f  rnoveurent .<

)Now su l )pose a  s in r i la r  l ) roccss  l ' i t i r  L r r r t lL r l iL t io r rs  o l '
l i gh t  and he  a t ;  sLr l t l tose  tha t  t l )e  ra1 's  e ru i t t c r i  l r v  rL  l ro l  e r f i r l l y
incandescent  boc ly  a re  concent ra tc ( l  in to  u  c lose t i  cev i t l '  L iy
rn i r ro rs  lnd  thcre  cont inua l l y  re l ' l ec te . l  to  enr l  l r -o .  i l c rc  l l sc r
u ' i l l  take  p lace  u  l ) rogress ive  t rans for t la t ion  o l  t ) re  r rL r l i r r r r t
e r )e rgy  in to  shor te r  and shor te r  tvaves .  - , \ ccorc l i r tg  Lo  c l l ss i< :
theor l '  u 'e  shou ld  expec t  tha t  the  rvho le  c l te r .q ) .  o f - t l i c  r r rc l ia t ion
shou ld  l rna l l y  be  conf rncc l  to  the  r -L l t r l -v io le t  l ta r t  o l  t l r c  spr tc  t rL t ru .  <

) )  Now,  l lo t  the  s l iqh tes t  tn rce  o f  an1 '  such i ) l l c  j ) ( ) t r t cuo l t
can  be  d iscoverec l  in  na ture .  ' I ' he  

t rans forn ta t i r . in  reaches ,
sooner  o r  la te r ,  a  per fec t l y  c lear  and rve i l -de terur ined l in t i t ,
and  a f te r  th is  the  s ta te  o f thc  rad ia t ion  is  s tab le  in  a l l  rcspec ts .<

>To rna l<e  th is  t 'ac t  agree  s , i th .  the  c lass i , .  t l r cory  the
most  d iverse  a t te rn l ) ts  have been rnade;  bu t  i t  hes  i r t ' r .n  s l ro rv r r
tha t  the  cont rad ic t ion  penet ra tes  too  dee l t l y  in to  the  roo ts
o f  the  theory  to  lea . r 'e  t i re rn  in rac t .  So  t l re  on l l , rh ing  to  d -o
is  to  overhau l  the  foundat ions  o f  the  theory .c ,

> In  the  case o f  the  rva ter - rvayes  the  sLrbd iv is ion  o f  t i re i r
energy  o f  rno t ion  cane to  an  end because the  a tonrs  re ta ined
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t he  ene rgy  i n  a  cc r t l i n  t vay ,  because  each  a tom rep resen t s
a  de te r rn i na te  quan t i t y  o f  r na t t e r ,  r v i r i ch  can  n rove  on l l '  x5
a  r vho le .  A l so  i n  t he  l i gh t  and  hea r  r i r d i a t i on ,  a l t housh  i t
i s  t l L t i t e  imn ta te r i u l  i n  i t s  na tL t r e ,  t he re  n tus t  i ) e  ce r t a i n  p ro -
cesses  i n  l c t i o r ]  t ha t  r e ta i n  t l i e  ene rg ] '  i n  c l e te ru t i ne te  ( l uan t i t i e s

and  re ta i n  t heu r  t l t e  n to re  po r i ' e l f u l l v  as  t l i e  l ' a ves  a re  sho r t e r
anc l  t hc  v i b r i L t i ons  rno rc  r ap i c i .  <

' l ' h i s  
ou t l i n c  o l  , 1 ' / t t t t t f t ' s  t he  o r y  ess t r r cs  us  t ha t  t he  t r ans -

l b l nu r t i on  o l  ene lg l '  u , avcs  i t r t o  sho r t r r  and  s i t o r t e r  r vave -
l eng t l t  r vou l c l  l ce r l  onc  t o  ex l ) ec t  ) ) t l l i r t  r l l c  * ' ho l e  cne rgy ,o f
t h e  r e d i r r t i o n  r r o u l , l  i r n a i l l ' b e  c o n i i n c d  t o  t l l e  u l t f r r - \ , i o l e t  p a r t
o1 '  t l r c  s l ) e  c t r u l ) t .  \  c ) \ \ ' ,  no t  t he  s i i gh t cs t  t , r a t : c  o l '  en1 .  s t r ch

l r l r e n o n r e n o n  ( ' l r )  L c . l i s c o v e r c c l  i l t  n a t t r r e . ' l ' h c  t r . . u t s f b r r r t : r t i o r r
r cuc  l r c s ,  soo r re  r  o r  l u t c r ,  r r  l r c r f e  c t l y  c l e  a r  l L r r r i  l ' c l l  r l r : l r nc t i
l i r n i t ,  r r n r i  a i ' r e r  t h i :  r i r c  s t u t c  o l - t h c  r a d i a t i o t r  i s  s t a b l e  i n
l L i l  r r : 1 . r c r : t s . .

I t  : l r O L r l , l  i r c  l ) o i l l r ( , ( l  o u t  t l i i t t  r l ] o l c i : u l a r  l o r c c s  l i r r n i s l r
c r i t i c r r r : t  o l  5 L l (  i l  : l r o r t c r  l t r ) i l  s l i ( ) r t u r  $ l i V c s ,  a t  l c a s t  u 1 t  r o
l i  r ' r r t u i r r  l i r r l t  l r i t l r c l t o  r l r r i t c  u n k n r . r *  l l .  , \ r t r i  i t  i s  { - o r r n d  f r o r n
t l r c  o i r s e  r v c t l  t l r i t  k n c s s  o l '  s c t u p  l ; r r l r i r l e  s ,  j L r s t  l r c l b r e .  t h e i r
r u l ) t u r c ,  t l l t t  t l r r s  I L l l ! t l t  co r res l r o i r t i s  t o  t l r c  r i ' u vc  -  l eng th  o l '
t l r c  u i t n r - r , i o l c t  s l r c c t r l r t n  unc l  L l cyon r l .  , \ t : t : o r t i i ng i y . ,  i t  seen rs
to  r uc  t h : t t  J ' / t u t t / :  i r es  r r o t  d ra * ' n  l r l l  t l r c  ac l n r i s - . i b l e  con -
c l u s i o r r s .  l i o r  i l '  n t  t : r ) r r t c r l r  t h l L t  r n o l c r . r L I r L r  i i t r c e s  l r c  t l n c  t o
* ' l r v r s ,  t l r c  c v i t l r n t : e  i s  t l t l r t  s i r r i r t t . r  l n r l  : l r r t r t t : r  r v i r v e s  r c l l l v
c r i s t ,  l r t  l c t L s t  t o  l r t o r r r i ,  l i r r r i  l t e r i r : t 1 r .  c l t r  i r . o n i ,  i l i r n c n s i c n t s .

\ i t l t l l - ( '  t i l c l c l r t r c  l , r ,  - \ ' l r l i  t L  r  ,  '  . ,  t  r r t r k  9 l  t r t t . s t c r i c s

l:lll:l' :i. "li'. ',ii,.' ,l1".:,,illi; ::;,;::l;,,':,ii;::,i;,"i,:l:,il::ll
t cn : r c i l . r ' ,  ( ' t c . ,  \ \ ' c  (  r u t r i o ' .  r r t  t r u t . i i l i t l l ) '  5 i r . ) .  \ ' l l a t  i s  t l t e  l i n t i t
r . r t '  t i r e  s l r o r t n ( r ss  ( ) t  r i t c  * . l t  es ,  un l css  t h i s  i s  l r na l l y  sc t  by
the  r i i u t cDs i c l l ) s  O l  t l ) ( j  l L t r>n rs  anc l  c l ec t r ons .

l r r  t he  l as t  l r i r r ag rap i r  o1 ' t l i c  a l r ove  t l uo ta l i on  l ) / an r l
d c s r : r i i r e s  t h e  s u r a l l n c s s  . J l ' t l l c  l l l s s e s  r L s  l l x i n g  l i r n i t s  t o  t h e
sho r t ness  o l ' l ' l v cs ,  l l c r : e t r sc  s t t c l t  s rn l L l l  l l r : r s scs  c : r n  c l n l v  r r r ove
l s  r  u  l r o l r .  I i c  t l o c s  r r c l t  s l r o r v  l r o l ,  t l r c s c  c i r n r c n t a r r '  ( l u : r n t t
o l '  I l l a t t e r  r  i l ; r i r t i r r g  r t s  r L  r v l t o l e  i L r e  r ( . 1 ' r c s c n t t t r l ,  i r t r t  t h c  i n -
l c r e r t r : t '  i s  t l t r r t  t ) ( )  s o u l i c  i :  r L l , l e  t o  l r i t . o t i t  c l t u r q ) ' t i l l  t h e
c n e  r g v  l r i L s  r c l L c l r , . , i  l L  c c r  t : L i r r  r : L l r r c ,  l r r '  t ) l t r l r i t l  s t ' r t r P a t h l ,  o f
t l r e  v i l r r r i t i ng  s \ ' , \ t cn r  o l  o t i r c r r v i s c ,  . t s  j n  / 1 ,  11 t / t o r : , ' s  r cso l t a to r s ,
* , i t l t  t r ' l r i t : i r  t l r c  l L t o t r i s  l n i r u  r r r : r r 1 \ '  J ) r ( ) l r c r I i ( j s  i r t  c C , u t t t r O I r .

( i i i )  l ) i s t : o r r r i n r L i r i c s  i n  t h c  ( l u x n t u u ) - t l r c o r - y  r r a t L t r a l l l
a t : c r ) t i i r t e t l  l o r  Lv  t l l c  \ v l ve - t i l co r \ ' .

I t  i s  t : l r i r l ' l v  i r v  t i r e  c l i f l c r c n c e s  o l ' l ' t L v c - l e n g t h s  i n  t h c
i n t c ( r l l s  l i r r  t l r e  r r r o l c c u l l L r  l i r r t : e s  t h a t  r i . c  c - r p l a i n  t l r e  r l i t l c r e n t
l o r ccs  r r i - l l i t t u r c .  

' l ' h c  
bo io r t r c t e r - r esc l r L . i l e s  o l '  / . u t t , g , l L1  o l t  t he

sc ) l l r r  s l ) ec t f L rn t ,  sho rved  t h l t  t hc  \ \ . ave - l c r ) g t l l 5  . r r u  { l r L i t r  i n . e -
gu la r l l '  d i s t r i bu ted  ove r  t l ) c  i n l ' n r - r cc l  r cg i on .  l l  t he r . e i b r c  t he
o l ) c ra t i ons  o1 ' hea t i ng ,  a t  d i l l t r cn t  t L . i l t l ) e r i r r r l r es  / ,  r r n r l  / ,  shou ld
b r i ng  i n t o  p rou . r i nence  t l r e  pu l  1 r i a1 ' e  c l  l r 1 '  r i  a r  c s  o f  l cng ths
be tu  een  1 .1  and  l " ' ,  i t  n r i g l r t  i r c  poss ib l c  t o  ; l c ( r oun r  l b r  t he
discorr t i r ru i t ies noted by I ' l tut t / t .

I i o r  as  chang in t l  r es i s t ence  b reaks  r . r p  e  l e  c t r i c l l  i i  r L r . e - s
l r o rn  l onge r  t o  sho r t e r  r v rLve - l eng th ,  anc l  l l t  t he  s l L r r r e  t i n t e
hea t  r v l ves  a l ) l ) ea r  l r o ru  t h r s  c l i s i n t ec r r t t i on ,  i t  i s  r  c i l '  l ) r o i ) r b l e
tha t  i n  sun ru r i ng  r - r p  t he  e l l - ec t s  o f  w t vcs  oVe r  u  g r cx t  r ange
o f  r vave - l enq ths  n tany  spec ia l  phenou leu i t  woL t l d  a l ) l ) ea r  sudden l y
a t  ce r t l i n  t empe ra tu res .  

' l ' h i s  
p robab le  con l ) ec t i on  be t r veen

the  t l uan tu rn - t heo ry  and  t he  wave - t heo r ) '  see l ) t s  t o  r nake  i n -
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t e l l i g i b l e  a  s rea t  body  o f  phcno rnena  i nvo l l i nq  sudc len  t r an -

s i t i on ,  s ' h i ch  he rc to fo r c  have  becn  r l t t i t e  obs t : r t r c  t o  t hc  t l a t r t r a i

ph i l osophc r .  I t  i s  necess : r r y  t o  have  sou re  t t l en ta l  p i c t L l r c  o f

t he  cause  o f  t hc  l ppa ren t  ( l i s co t t t i t r u i t y ,  an r l  a t  p r cscn t  t h i s

can  on l1 .  be  s r rpp l i c c l  l r y  t hc  r veve -dhco r l ' .

l ) rofessor I ' l t t t t / t  c lescr i l rcs t l ie  a l tparent l l '  d iscont i r r r rotrs

: r nd  exp los i vc  i ' i r l r ; r c t c r  o l -  t : c r t a i t t  n r t t t r a l  l l h cno t t l cna  as  f o l l o \ \ ' s :

) j  l n  e  nJ '  ( ' l s c  t hc  hy ' po the  s i s  o f  r l r t an ta  hns  l c r i  t o  t l r e

i d e a  t h a t  t h c r c  a r r t  i n  t t a t t t r c  c h l r n g e s  t h l t t  l r c  t t o t  r o t t t i t r t l o t t < ,

l r u t  c x I l o s i v c .  l n c c c l  o n 1 1 ' t ' c r t t i n t l  i - o r r  t h a t  t h i s  r e l l r c s c t . t -

t u t i o l l  i s  n r a r l c  r t c c c p t l l r l c  l r v  t l r c  < l i s < : o v c r 1 '  a r l r l  c l o s c  s t t t r l v

r r {  r : r r l i o : t r : t i v t '  1 , 1 r < ' r r o t t r t t r ; t .  
' l ' l t c  

l r i ' p o t l l c s i s  o {  r l t t ; r t l t : t  h : r s  s r r

l l r r  c r r a l r l c r l  us  t o  o l r t e i t r  r es t t l t - s  i t r  be t t c r  a t ' co r t i  r v i t i r  c x i s t i r l q

l l r e r s r r r cn l c l l t s  o { -n r r l i l t i o r t  t h t t r  t hose  o1 -  l r ) l  l l r c t l c t l i l l q  t heo r i e - s .  (

) .  l l u t  t h c r c  i s  s o n - r c t l r i n q  l i t r t h c r .  I f  i t  i s  I  P o i n t  i n

f - r r r - o r  o l - : r  n c u  i t r ' p o t h c s i s  t l r r t  i t  i s  v c r i i l c d  c l r ' t . t  i l l  t c { i o t t s

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

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

t o  c l l l  l t t c n t j o n  h c r c  o n l v  t o  : t  s i t t { l t t  s t r i k i n r :  ,  i r c t : t t l s t ; r t r ,  c .

S in r : c  r i ' c  i r : r v c  s t t < ' t ' c c r l c r l  i n  1 i , 1 r r i 1 ' t ' i r t g  a i r ,  l l l r l r ogc ' t t  l t t l d

l r t ' l i u n r ,  l n  a i r r r t r c l l t t r t  a r r r l  t r t ' l  l r c l r l  o l  c x ; l c r i t l l t ' t l t l t t j r , t l  l l l t s

o p c n c r l  t o  r c s c : t r r : h  i n  t l r c  r l o r r t ; t i t t  o l -  t h c  l r l u  c r  t c l r r p c ' r l l t L ) r t s ,

l r n t i  n i r c l t r ' l v  r L  l l t o l c  s c r i e s  o l - t i c r l  a t t r l  L r t r t t t t c l v  r l i t l , l i : l l l ' J

r c s r r l t s  l l t | t '  (  o l n c  t o  l i { l l t . ' l

" ' l ' o  h t ' : r t  : t  l r i t - ' t t :  o i - r ' o | l r c r  l t o t t t  : . ; o ' t o  : - l  ( . ) ' ,

t l r l t  i s ,  l r t '  o t t t '  t l c g r t : t t  c c t l t i g r l L t i t : ,  l l o t  t i l c  s a r r l c  r l t l l t n t i t l ' o l

h c a t  i s  r g r l t t i r t ' r 1  ; t s  t o  ] t c n t  i t  l - r - r , r t l  o ' t o  t ' ,  l l t r t  a b o L r t  t h i r t y

t i n r c s  l c s s .  I  l -  \ r c  s t x r t c r i  w i t h  a r t  i r t i t i e l  t c n l l l c r e t t r r c  s t i l l

l o n ' c r ,  l  c  s l t o r t l t l  l i n t i  t l r r t  t h c  r : o r r c s p o t r d i n g  r l r r l r l t i t y  o f  h c a t

l ' a s  s t i l l  s n m i l c r ' ,  r ' i t i r o L r t  a s s i g n a l r l c  l i r r l i t .  
' l ' h i s  

i s  c i i r c c t l - v

( ' o l l t r r r l  no t  on l y  t o  a l l  c t t s t o t ) t a r y  s t i l t c t l ) c r - r t s ,  l r t t t  a l so  t o

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

n ro r c  t h r l r  i I  c cn t l l r v  aqo  t o  c l i s { i nq r r i s l l  s t r i < : t l , v  i r c t u  cc l l  t t ' l l r -

l ) c r : r t l t r c  r t t t r l  r l t t l r r t t i t ) '  o l  l r r - ' r t l ,  r i t :  l l l v c  t r c v t ' r t l l c l c ss  l r c t ' l l  l c r l

l o  t l t c  con r : l t t s i o t r  t l t l t  c v t ' t t  i l '  t h csc  t l l : l g t l i t t t r l t ' s  : 1 r r '  l l o t

c x r c t l v  p r o p o r t r o n e l ,  t l t c r - r l t r l  l r t  l c e s t  i n  s o n l c  l l a r a l l c l  l l r ' . n

, ' l ' h c  h )  l r o t l r c s i - s  o i  ( l t l r t l ) l t l  l t i i s  c o l l r ' l l i c t t ' 1 r '  r ' l c r r r c t i  t t l r

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

i u r p o r t l n c c ,  n a n r c l \ ' ,  t h r r t  t h c  f o r c c s  s  h i c h  p r o v o k c  h c a t -

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

p ro r l u r : e  c l as t t c  l i i r r a t i ons .  \ \ ' c  n t i t l  t h t l s  t l o r v  ca l c t t l a t c  f r o t l l

t he  e i r s t i e  p ro l r r r t i c s  o i  : r  t no t t r t t on t j c  l r oc l v  i t s  hca t  c l l c rqJ '

a t  r l i l l c r cn t  t c r l l l ) c r l l t l r c s  a  sc rY i r : c  t ha t  t he  c l ass i< ;  t i l eo r l '

h r s  l r c l c r  l r c c n  a l t l c  t o  l l c r l i r r t l l . n
' l ' he  

r csca r r : ' h cs  he re to fo re  t t t a , : 1c  a re  t oo  i ncon lpJe te  f o r

t r s  t o  : r l ' f i r n r  t ha t  t hcsc  l r he l t o t r t e t l : l  o f  r l t l n l r t a  r : a t r  a l l  l l e

cxp l r r i ned  l > ' r '  t he  s ' ave - t heo ry ;  I e t  t he  i n t l i r : a t i o r r s  o f  a  h i t he r t o

runsuspc< : t cc i  co t r ne  c t i on  a re  so  p l a i n  t ha t  t he  < :a t l s c  t r r r de r ) f  i ng

the  o l r se r vc r l  pheno tnena  r v i l l  necessa r i l v  l l e co lnc  a r l  o l ) j ec t

o f  a t t cn t i on  i n  l u t u r c  i nvcs t i ga t i o l r s .  L l e r c to fo re  t he  phcno l l e t r a

o f  quan ta  ha le  appca red  as  c i eep  n r ys te r i c s .

( i r ' )  Conc l r r s i on  t o  t he  f i f t h  pap r - r  on  t he  neu '  t l t eo r y

o I  t h e  r r c t i r c r .

I ' ' r on r  t he  l o rego ing  co rnp rehens i ' e  bu t  necessa r i l y  i n -

r : omp l c t c  s r t r r ' c y  o f  an  ex te l l s i | c  su l ) j c c t ,  i t  t r ppen rs  t ha t  t hc

u ,ave - t heon '  o f  n ro l ec t t l a r  f o r ces  i s  ove r r v l l e l t . l l i t r g l y  i nd i ca tec l

l r y  t he  n r i n i n ra l  su r f r r ces  pe rvad in {  l t a t t l r e .  
' l ' he  

t endency  t o

y re r f ec t  sphe r i c i t l ' o f  l i g r r r e  i s  so  r cn l a r ka l l l e  a  pheno t l enou
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tha t  i t  can  r lo t  f t i i l  to  beconte  an  ob jec t  o f  research  among

l rh i losophers ,  as  to  n ' l ry  thcse  phys ica l  la rvs  ex is t .

I t  :rppears that ?1a.10 sarv in the nearly circular orbits
o f  thc  p l lne ts ,  anc ' i  in  the  sp l rc r ica l  f ig r r rcs  o f  t i re  s r rn  and
rnoon : rn r l  a l l  f iu ic l  s lobu les  the  geomct r iz ins  o f  tbc  I )e i ty
-  , i  0 t i c  r i . c i  yeo l r ( roer . .

TluL t|ru,lott, C'loiraul, and Laflacr sho*'ecl that the
thcor '1 '  o l 'un ivc rsa l  g rav i ta t ion  f i r l l v  accoLtn ts  fo r  the  f ig r t res
o f . t h c  h c e l e n l l ' b o d i c s .  A n d  r c c e r t t l f  i t  h a s  i r c c n  r e c o q n i z c r l ,
f ron i  thc  n ' r i t c r ' s  I i csearchcs  idCosnroqonv r  g  o3-  r  o ,  tha t
t l rc  o l rsc rvcd  ro t tnc lness  o f  the  or i r i t s  o f  the  p lanc ts  and
sr r tc l l i t cs ,  rvh i< :h  i ra r l  so  p ro fo t tnc l i y  in tp rcssec l  bo lh  . \V t r ' /o t t
l r t r l  / ,o f /o r r ,  i s  c luc  to  the  sccr t la r  ac t ion  o f  thc  nc l rL r la r

lcs is t i r r l  n rcc i i t t tn  fb rmcr ly  l t c rvad inq  thc  so la r  sJ 's tc l t l .
' l ' l r r rs ,  to  conry r le te  the  so lu t ion  o f  the  prob ienr  o f  t l te

( l r c c k  p l r i l o s o p h c r s ,  i t  r c l r a i n c c l  t o  a c c o t l l r t  f o r  t h e  p e r f c c t
s l r l r c r i c i t v  o [ -  l r q r r r c  o f ' 1 i r 1 u i r l  r i r o p s .  

' l ' h i s  
p r o r l u c t i o n  o l -  p e r i c c t

l i r l u i c l  s l , l r c r c s  i t r  n r t t t r c  * c  h : t v c  t t o l ' c x p l a i n c d  l r l  t h c  * ' a l c -

t h c o r r ' ,  r l r i r h  v i c l c i s  t n i n i n r l l  s t t r f r c c s  l i t h  l c r l  r t n r a r k a i r l e

r l o c l r c l r i ,  r l l r r r ' l r c r t i c s . ' l  h c p r o o f  c l e d t r r : c t l  i r o t n t h e  
" l  

t t / t i t t t t d e t r t
1 ] 1 1 ' o r r : n r ,  I i g .  S ,  s c ( ' t i o n  . { ,  t l t a t  s p h c r i c a l  c l r o p s  o 1 - ) i t l r r i d  a r c
t r u c  n r i r i n r : r l  s L : r l - r c c s ,  f o r  t h e  l ' h o l e  o f  t h e  r v a t e s  t r a v c r s i n q

thc  r in  j r  t ' r sc  in  evcr l '  d i rec t ion ,  c loubt )css  rv i i l  l r c  o f  t l l o re

than or r j inar .v  in te rcs t  to  geonte ters  r l t ( l  na t l r ra l  ph i loso l lhc rs .

I  : r rn  no t  a r i 'a rc  o f  any  prc ' r ' i o r ts  t t sc  o f  t l l i s  l rc l t r t i fL r l  thcorc ' r t r ,

in  l rh ls ice l  invcs t iqa t ions ,  s i t t cc  thc  de ls  o l '  , l t  t i t , ' t t " t r l t s .

I n  t h i s  p a p e  r  n o  r : o n s  j d c r a l r l c  o r r t l i t r c  o i ' t i t e  s  a v c ' l  l l c r r r \ -

o l  c h c n r i <  e l  a f l l n i t v ,  r t r t i  o f  c r 1 l l o s i l c  l o r c c s  h a ' s  l r e e n  l t t l t ' t l l | i t  r l .
' l ' h a t  i s  r c s c r v c r l  l o r  : t  s i r t l r  p : r p c r .  i t t  r r h i c h  I  h o p t  t o  c i r e l

a l s o  s  i t l r  t h c  l j r  i n g  i c : - i  t ' s ,  
' l  

i r c s c  r  i t a l  I ) r o c e s s c s  I o l r q  h a v c

l r e c n  c o : r s  j r l t ' r t ' r l  t  . r  r  t r  j c ; t l  i n  c h a r a c t e r ,  a n c l  y e  t  b c 1 ' o n d  t h e

rc l rch  o l '  r r ' : c11r  (  j r  so  long as  molecu la r  lb rces  cou ld  no t  be

c lc l ln i t c l l  r t ' l ' t ' r re t l  io  r ieve-ac t ion .  ' fhe  pro l ) l cms o f  c rys ta l io -

g r n l r i l l '  , i k c s i s c  l r r e  I t r a n v  a n d  p r o m i s i n g ,  a n d  I  h a v e  l e f t

thc  u  a r  t ' - t i re  o r l  o i  the  hardness  o f  d iamonc l  incon lp lc tc ,  r ' c t
s u f t l c i c n t l l  o u t l i n c d  t o  l r e  s t r g g e s t i v c  t o  o t h c r s .

I t  crrr l l  rcnr:r ins to add thal ' l /att l r l l ,  l iol / : t tann, tnd

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

lb rccs  lo  la ry  invcrse l l '  as  the  fo t t r t l t  o r  f i l - th  pon 'e r  o I  the

c l i s tanr ;c  . /  ( , r )  :  I t ' l r ' t ,  o r  / ( , )  :  i ' ' , ' r . : ,  r .h ich  rv i l l  be  foLrnd

to  a r :< :o r r l  s  e  l l  s ' i t l t  t l r c  l  avc- theor t .  Accord ins  lo  I 'a l /a r t  s

h l . p o t b c s i s  t h c s e  f o r c c s  a r c  s c n s j l r l c  o n l v  a t  i n s c n s i b l e  r i i s -

t a n r : c s ,  e n i l  t h u s  n r a r r i { c s t  t h e t r t s c l l c s  c h i e f l f  i n  t h e  i n l n r c c l i a t e

pror i r r r i t l '  o l '  phvs i t :e1  nra t tc r ,  r r 'herc  the  rc l - rac t ions ,  d ispcrs ions ,

c l i l f re r : t io r rs ,  in tc r l -e  :  c l t t : cs ,  c tc .  {11) } )ear  sc l la r l t c l l '  o r  cor l jo in t l , v

r t r r r i  i r r  r t t t k : t , , r r  t t  i t t t c t t . i t r ' .

I l ' ,  on  thc  avcragc ,  abot t t  t rvo  or  th ree  o f  these i l - r -

f luenccs  l rc  a t  so lk  near  phys ica l  bod ies ,  -  the  in tens i ty

o f  c l r :h  l , c ing  as  the  inverse  sq t ta re  o f  the  d is tance r ' ,  -  the

conrpor rnc l  c l - fcc t  o f  thc i r  jo in t  ac t io t r  rvo t t ld  be  approx in ra te ly

r , ( , ) :  / t - f  r t ,  t l - r ( r ) :  / i ' 1 r " ,  o r  7 Q )  
-  l g t r f  , ' t : .  ( t ' s )

' l ' h is  conc lus ion  accords  we l l  w i th  observa t io t l s ,  b r t t  as

the  r ' l i s tances  a t  rvh ich  phengmena are  no ted  are  near ) f  i r - r -

scns i l ; )e ,  $ 'e  mt ls t  no t  e \ l )ec t  g rea t  observa t iona l  acc t l rac l i ,

nor  a t tach  mt tch  impor tance to  the  theore t ica l  agree t -nent

rvith the rvave-theorl ' .
r \ t ie r  ou t l in ing  th is  nes '  theory  o f  mo lecu la r  fo rces ,  i t

on ly  re r "na ins  to  ca l l  a t tcn t ion  to  cer ta in  de f in i te  s teps  in  the
n n i
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theory of the rainbori ' ,  the study of rvhich, under the un-
du la to ry  theory  o f  l igh t ,  has  norv  enab led  .us  to  ass ign  the
cause of molecular forces.

r .  A b o u t  t h e  y e a r  r 3 r r  A .  I ) .  t h e  l l r s t  a n a l y s i s  o f  t h e
co lo rs  o f the  ra inbo* ' ,  i v i th  cor rec t  exp lanat ion  o f thc  re f rac t ions
produc ing  the  pr in ia ry  and secondary  borvs ,  * ,es  rnade by
Tleodorich (cl.  Vet/uri ,  Comruentari i  sopra Ia storia e le
tcrcrie del l 'ott ica, l lologna, r 8 r 4), l 'ho rva.s a conre r)t l)orary
o l  Dan/e ,  and thus  f loLr r i shed in  the  < la rkes t  pcr io t - l  o f  t l r c
Xl idcl le Ages. I lLrt 7'htot lorich's rcsearchcs \\ ,ere not pnbl islred
unt i l  r  8  14 ,  -  a f te r  a  de lay  o f  5o3 ) ,e  a rs  I  -  so  t l ia t  t l r cy
f l rs t  became knorvn  ear ly  in  the  rg t l '  cen tur ) , .

2 .  I {eanrvh i le  abont  t l ie  yc ' l r  r  59  r ,  the  cc le l r r t te r l
,1t lott i t ts de Dotninis, Archbishop of Spelato, inr lelre nrlentl ; ,
t i i s c o v e r e d  a n d  e x l t e r i u r e n t a l l l ' d e r n o n s t r l t e d  t h c  o r r q i n  o i  t l r e
t :o lo rs  o f  the  ra in l ro rv .  In  i r i s  ' .1 ' rca t isc  

on  ( ) l r t i cs ,  r  7  o+ ,
1 ' t .  rz6 ,  Abu lon  says :

> ' I 'h is  borv  never  t l )pe l t rs  l . iu t  * .hcre  i t  ru ius  in  r l re
sunsh ine ,  lu ld  n iu ) .  i te  rnnc le  a r t i l r c ia l l y  by  spr_r r i r rnv  r . l l )  \ \ , l r t c r
s 'h ic l t  rnay  break  a lo l i ,  anr l  sca t tc r  in to  c l rops ,  un i l  la i l  do* .n
l i ke  ra in .  I io r  the  sun sh in in .q  upon thesc  c l rops  cer te i r r l y
cur lscs  the  l to rv  to  l r l ) l )e r r  to  a  s l )ec ta to r  s tanr l ing  in  a  c lue
pos i t io .  t .  the  ra in  u .c l  su . .  I Ie 'cc  i t  i s  ro rv  agrcc i l  upo '
t h e t  t h i s  l r o r v  i s  n r : r r l c  l r 1 .  r e f i e c t i o n  o l ' t l r c  s u r r ' s  l i g i r t  i n
t l r o l ; s  o f  l - : r l l i l r <  r : r i l r .  ' l ' l r i s  

r v a s  u r r t l c r . t o c i r i  l r t .  s o r n c  o l ' t h c
r rnL) rn ts ,  t r r t r l  o l  l : r t c  n )orL '  l ' L r i l v  t l i scOr  e  r .c r l  :1 . ,1  cx l r la i r rec l
l - r1 . ' t l re  f r r r lo t$  . . l t /o t t t t t s  J .  / ) r )Dt / / / / J , , \ r t  i r i , i . ) r ,1 r  o r  S l l t l l i to ,  i r r
l r i s  b o o k  I ) c  l i l d i i s  \ r r s u s  e t  L u c i s ,  p L l , : i r l i t t i  I v  l t i s  l l i r r r . i
/ t ' t r lo / t t s  a t  \ rc . i cc ,  i r t  t i te  \ . c r r  r  6  r  r ,  :L r r r i  r r . i t t c r r  : r , r . r r t
t \ vc11t ) '  1 'e iL rs  bc ib rc .  l io r  he  te iLc l rcs  t l rc r  e  i r , * .  t l r c  i r r t r . r  i , r
b o r v  i s ' r a c l e  i ' r o u ' d  c l r o p s  o f  r . a i ,  l ) \ ' t \ v o  r r . l l . : L . r i r i r s , i '
t l re  su t r ' s  l ig l t t ,  t rnc l  one re l le_r ion  l rc tu .cen t l rc ln ,  ln i i  thc
rx te r io r  by  t i vo  re l l ' ac t ions  and tu ,o  sor ts  o l ' r c l i c r io r is  i re t -
u 'een t l re r r i  in  each c l rop  o f  rva tc r ,  l r r r l  l r ro 'es  l i i s  c - rP l i c rL t ions
l ry  cxpcr in rcn ts  ruade rv i th  a  l th ia l  l i r i l  o { ' * , lL tc r ,  anc l  l , i th
g lo l . rcs  o l -  g lass  l l l l ed  rv i th  rva tc r ,  u r rL i  p l rL t :ec l  i r r  t l r c  sun  to
rn lLkc  the  co lours  o1 '  t l r c  t rvo  l to rvs  up l rc l r r  in  t l re  r r r .  n

3 .  I t  i s  r i ' c l l  k r ro* ,n  l l t . t t  - \ : i  t r , / , t t t ' s  r , \ l ) r l  i t i l ( r  n Is  r ) r )
< . lo rs ,  rv i th  the  c ic r :o . t1 t rs i t io .  lL .d  rc r : , r . l r c ls i r i r r r  o i '  * , l r i t c
l i th t  l r y  rneans  o l -  p r isnrs ,  u ,c re  Le  gr rn  in  r  6  6  6 ,  l l r t  no t
1^r i i l i s l rcc l  i '  i i r l l  r in t i l  r  7  o4 ,  * 'he .  r l r r  cc le  l r r r i r t ' t l  

' l ' r ' r :a t i se

on Ol r t i cs  ayr l iearec l .  S i . t :e  r \ i r z r , /azz 's  r l rLv  t i rc rc  l ras  l rec .  uo
I u a t e r i r l  c h a r g c  i .  t h e  t l r c o r . y  . l  t l r c  , , , 1 , , , s  o l '  t l r e  r l L i n b o r v .

1 .  I l l L v i n e  l r a c i  o c c a s i o n  t o  e r l r r r r i r r c  t l i e  t h c o r y  o l -
thc  ra inbon '  rv i t l t  r r tuch  a t tcn t ion  in  t i t , :  \ . r iL r  I  c ;  r  t i ,  I  rvas
led  to  con<:e ive  t l t : r t  thc  \v r \ .cs  u r r tc l  in {  i rn ( l  l cuv i r rg  thc
drops  rvou ld  cxer t  i l  I ) ressr l rc  to \ \ 'a rc ls  the  t :e r r t r .e ,  l rnc l  t l i us
to  lb r rn  a  new theory  o f  l ) )o lecu la r  fo r r : t : s  t l t l r cnr l ing  on
wlve-ac t ion .  A t  leng th ,  a f te r  severa l  ) ,curs  o l ' r t : serLr t : l t ,  I  h lve
l rccn  ab le  to  ou t l ine  a  p roo l ' tha t  herc to lb re  rvc  l ra r .c  rccog-
n ized on ly  a  smal l  I ) r r t  o f  the  r l ' l vc  sec l .e ts  o l - r r r r t r r r .u .

5 .  Accord ing ly ,  i t  a l tpcars  tha t  thc  s tu r l l ,  o l ' t l i c  n r in -
borv  has  l rna l l y  led  to  t l le  causc  o t ' ' r . le t :u la r  lb rccs ,  i r rc l .< l i .g
the  p l tenomenon o f  l igh tn ing ,  rvh ich  so  long y r rovcc l  te r r i f y ing
to  n iank inc l ,  and u t te r ly  be l , i lder ing  even to  the  ruos t  learneJ
natnra l  ph i losophers .  ' - [ ' he  

ra inborv  i t se ] f  i s  beaut i lu l ,  bu t  i t s
rvave origin was suggestive o[ deel)er secrets of '  ntture. ln
fact, i f  our new theory of molecular forces be admissible,

}L
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t f r rs  g rea t  a rch  o f  l igh t  so  sp lend id ly  spann ing  the  hea. i ,ens
dur ing  ra ins  lnc l  thu 'ders to r ' l s  no \ \ ,  beco 'es  n ' th in { r  less
than a  t r iumpha l  a rch  o f  c l i scovery .  l3y  the  s tL rd l ,  o f  the
i l lu ' ina t ion  o f  th is  g lo r ious  arch  \ \ ,e  a re  e 'ab lec i  to  I )enet ra te
the  nruch deeper  n tys te ry  o f 'a t rnos l ;hcr ic  e lec t r i c i t v  and o1 '
the  l igh tn ing ,  rvh ich  in  a l l  rLscs  has  s l . r reac i  fear  anc , i  te r ro r
in  those rvho rc jo iced  to  beho ld  the  sp lenc lo r  o f  the  ra inbos . .

6 .  Accor t l ing l t ' ,  i f  n ranh ind  shou lc l  herea f ie r  be  ab le -
t o ' i e w  t h c . r i r l r o r v ,  r L r - r c l  t h e  l i g h t n i n (  s o  l r - c r 1 u c ' t l y  u s s o c i u t e c i
r v i t h  i t ,  i ' c a l r n  r c i r s s r l r { n c e  t h a t  l > o r l r  p l r e n o n r e r l  c l e p e . d
o . r  the  a l l -pc r - r 'a t l i ' g  ae  t l . re  r  and rc l ) rcse  . t  t l re  sa 'e  u  a r .c -o rc lc r
in  nu ture ,  i t  < ;L rsh t  to  a l lb rc i  sorue  co l tso la t io l t  to  l t i t i l oso l rhers
to  ree l i ze  t l r r r t  t i i e  i r  reseurchcs ,  l reg inn ing  * . t th  , j , / t to , / ,  

t . i c / t ' s
l r io r rcc r  c l io r r  in  t l le  uge o t '  1 )o t l t ,  sLr l . rse t luent ly .ex tendcd br
,.ltt/ottitrs rlt /)ouutis, /)L,s(dt./(.s a.nd, Ai,u,/ott i1 the r 6ri,, , -r,
a n c i  t  S t r '  c c n t u r i r s ,  h a v e  h n a l l y  b r o u g h t  t o  I i g i r t  e n  e v c n
grcr r tc r  scc l 'e t  o r  t l re  t t ' i ' e rsc .  U 'c ie r  t l re  c i rc t ta rs tJaLcs  l i
t . r c i r - i r c r r r c r  o l - t i i r  ( l r c e k s ,  r v h o  h a c l  b r o u g l r t  d o * . n  t l r c
l r g l r t n i n q ,  r L s  t i r c  n r o s t  c i r r z z l i n g  l l a s h  o l ' t l t e  a e t h e r  o l '  t h c
sk i i . s ,  r lou l r t l c : i  \ i  ou ld  h l r .c  exc l rL i rne  c l  rv i t i r  , , l t s r /n , i t t s :

\  r < u ( l r , z r , . y ) - t , o u t t  t ) ) '  t \ i  
. l ) t , g r i , L t t t t  

: , t  t , 6 i ;
l l  t , i ' t , '  t  z . ) - , , . t r t i t t t , .  ) ,  t \ t d , i . , , z , c ) . , , :  t t 7 t , t 1 ;

I l t i . r ; t , :  1 9 , , t , , i :  1 1 . , 1  i  t  t  z r t i  , r r t . i  t t . .  . 4 , , i g , , .

l ' r ,  r r .  \ - r r , , L  l o ( / .

> l  l r r o t t g h t  t O  e a r t l r  t i ) e  j l J : r r l i  o l  i t t . l L r ( . l i t v  r l f ( , ,
C o n c c a l e c l  a t  l r r s t ,  a r r t i  s r n u i l ,  l ) u t  : l ) r c i ! r l i r ) . q  : o o l )
r \ n ro r rg  t i r e  sons  o f ' t nen ,  r nc l  i . r u r r r i ng  c , , r r ,' l ' c l Lchc r  

o1 '  a r t  a r r r l  use ,  l Ln t l  l i r r r n t  o l  l ) o \ \ . r r . ,
V r r  v  g r ; r t t ' i ' u l  e r : l i no r v l ec l gcn )en t s  r i r e  c l ue  t o  ] i r .  / / , .  J .

/  t , t , t ; , ,  i r , r .  i : i , : i i : t : r t i r r g  t l r e  c o r n l r l c t i o n  o l -  t h i s  l r e p c r .
5 t : t r i i s i r l o r r  I - r r L r t r c ,  - \ l o n t g o r r r c r l , C i t l , ,  I I i s s o L t r i ,  r g : o  I ) e c . t o .

't'. j. /. Stt.

I .  l ' O s t s ( . r ) l ) t .  : j n t c  t r r t r : i t i n g  t l r e  t L l r o Y c  p u l r t r  i t  l t u s
0 t : t : t t r r e t l  t o  l r r c  l i i : r t  t ] r r .  r r r r l r i l t .  0 l  t i r r  \ , l L V c  i r ( ] u o r )  l n  l l ) i I l n -
t e i r r i r r g  t l r c  c . r : r : i l l l L t i . r l s  ( r r  l r  l i t r i , i r i e  t r l  l i , l L r i r i  r r r r g i r t  b t  c r l u u i r r c - r i
s o r r r e $  ] r r L t  i l ) o r c  (  r i r i r  i r i l \ ' .  \ \ ' ) r . r i  u  , l r , , 1 i  i s  t l i s t u r L r t l  l i . o n r
t l r c  s p i r c r i c u i  l i r r r r r  i t s  l r g L r r c  . s t i l l r r t c s  l r r r r r  r r  I r o l u t e  t o  a .
o i , l u t c  e l l i p so id ,  o r  v i c c  yc r su .  ' l ' l r us  

i t  r r l r y  Le  u ,o r t h  r vh i l e
t o  < :o r s i dc r  t hesc  cx t r e ' r c  s1 - l he ro i d . l  r o r r ' s  o f ' t he  g l obu l c -

r .  
' l ' h e  

P r o l a t c  S 1 _ r l r e r o i d .  
' 1 ' l t c  

c i l u r L t i o t r  o f  t h e  ' t e r i d i o ' r r l
seauo i l  l s

* ' l r i t : h  g i v e s  
, , . t :  ( 1 , ! i t t 2 ) ( r r . , , r r )  .

' l ' l r c  
c l i i i e  r e n t i a l  c l c r r r e  n t  o l  t h e  r  o l u r r r t  i .

l z r  . :  ; , 1  l l , ! ; u ) )  l l t !  _  . r . r J  c1 . r

r v h i c h  I r y  i r r t c { r a t i o r r  u  r v c s  :

u :  j t  ( t , ,1 , , ,1  ,1 'qrz:  
_.vr l  t l  r  ( , ) )

:  r r ( l , r i u2 )  (u r - r - t / , , . r . , ' )  r - i  \ r /
r i ' c  c i L l c r r l l L t e  t hc  vo iu rne  l ' r o t l  t he  l i l r t ne  pess ing
th i :  c c r r t r c ,  r ve  hevc  l b r  . .  :  o ,  u  :  o ,  unc l  t he re -

.  :  o .  l { e l c c  l r e  t q . ec1  t l r e  ] i r l i t s  . r  :  o ,  . ! .  :  ( 1 ,

' f  ' , ,  :  2f . ;n b2 a
' u - t f 1 ; r c b r a . (U

As n  / ,J  i s  the  area  o f  the  c i rc le  c lescr ibed on  the
con jugate  ax is ,  and 24  is  the  t ransverse  rx is ,  anc l  the  vo lunre

( , ,  )

b)



l j i g .  z : .  l  l r c o r l  o l  r v a l c ' i r c t i o n  o r r  o . r ; i l l r t i r t I  i l r  o 1 r  r r l

l i r l t r i , l ,  l l t c r r r r l c l r '  l r r o l r l c  r t t t r l  o l r J r t e ,  t l t c  c t r c L t r r r
: c r i 1 , i r g  c r ' l i r t r l c r  l t r r  i r t g  l x i s  o l r J i t l r r c ,  a t t , l  i r c i r l q
r o r r r c r v l r r l  r ; r r i r l r l r :  i r r  f i r r t n  ; t t r r l  r l i t n c t r s i o r r r ,  l  l t i c l r

l r o u c l t r  l o r  t l r c  s l l i r :  o f  s i r u p l i c i t v  i .  t t L ' t  r L -

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

o l  t i r c  r : i r  (  u n l s c r i l ) ( ' ( 1  (  v l i n ( i c r  t h r : r c l b r c  2 i t  l J a . ,  i l  f o l l o r v s  t h t t

t h c  l o l u n r c  o t -  t l r c  l ) r o l r L t e  c J l i p s o i r l  i s  t o  t l r a t  o f  t h e  c i r c t t t t r -

scr i l )cc l  c \ - l in ( l c r  : rs  :  : - i ,  r r l r i ,  h  i s  : r  rc r ) ]a rka l ) l c  cx tc l ts io t l
o1-  the  ce lc l ) ra tc ( l  t l r corc rn  o l  - . l t  t / r i r t r t l t ' . r  i l l t t s tn r tc r l  a l rovc
' i n  l i i s . . 5 .

2 .  
' l ' h c  (  ) b l a t e  S p h c r o i c l .  I n  t l t i s  r : r L s c  \ v c  h i t v c  o b v i o t t s l r '

i 7 ,  :  1 . r ' l  c l t '  .  ( r , )

A n c l  o n  s u l ) s t i t u t i n q  f o r . r ' r  i t s  l a l u c  f r o r t r  t h c  c r l t t a t i o n  o l
t h e  c l l i p s c ,  n : u n c l \ ' :

. , j . r  :  (a:/1l i)  .  (1,,  _,,  ,)  ( f i  )
' t r c  qe t  in  l i kc  ln : ln l rSr :

t ,  :  ; t  \o '  t ; ' 1  . f  (1 , ' - . , ' )  11  1 ,  -  7p  (a ' ) f  t ,2 )  ( t , J . r -  1 / . , -1 , : r )  -+ - r .  ( r )

And be t l 'ecn  the  l r roper  l in r i t s ,  th is  cx l ) ress io l l  fo r  l  l>e  corucs :
p , : t j .  ; r a ' t l  ( r )

n 'h ich  is  a l lo thcr  rcnrnrka l r l c  c \ tcns ion  o f  thc  ce lc l t ra ted
theorer r  o f  / r rh in td rs  i l l u -s t ra tc r l  in  l r ie .5  above.

I f  s ' c  conrpnr t  thc  lo lu rucs  o l - t l r c  t \ \ ' o  sp l ie ro ids  hcrc
cons iderc r l ,  \ \ ' c  f ind :

Ol r l .  Sp l re ro id  :  Pro la te  Sphcro i t i  :  I  ' .  1 t  . (r.)
I t  thus  a l ) l )ears  tha t  the  lo lu l res  o f ' t l te  t \ \ ' o  s l )hero i (1s

are  as  the i r  g rca tc r  and lesser  a \es  rcs l )cc t i re l \ ' .  Accorc l ing l l ' ,

the  lo lumes o f  thc  c1 ' l inders  o r tho .qona l lv  r : i r c t tu rscr ibec l  about
thcrr u'orr ld also bc irr the rat io ol a:| t .  , ' \nd the t irchinrietut
theoreur  on  thc  ra t io  o f  the  vo lunres  o f  the  sphcro ids  to  t i rc

or thogona l lv  c i rcurnscr ibcd  c1 ' ) inc ie rs  i r r  cach case is  : / i .

3 .  Non '  l ' hcn  rve  cons ider  a  d rop  o f  water  o r  o ther
t l t l ! r . ! l  - l  

" l lo_ut 
t l t  trcan f igrtre, r 'hich is spherical,  rvc

' )  \ \ ' r i t tcn ai rorr t  3 yerrs,  brr t  not  herctoforc publ ished

t+

5 r 3 0 J J +
a

perce ive  tha t  there  is  no t  on ly  an  a l te ra t ion  o f  f igure ,  f rom
a l l ro la tc  sphero ic l  to  a  s ; rhere ,  and f rom a  sphere  to  rn
ob la tc  sp l rc ro id ,  o r  v ice  versa ,  bu t  a lso  tha t  an  a l te ra t ion  o f
volulrc s'oLrld l ;c cxpectcd to o( 'cur e\cept for thc incor-n-
p lcss i l ) i l i t ] .  o f  t l r c  l lu id  undcr  the  s l igh t  fo rce  o f  sur face  tens ion .
' l ' i re  in f  onrpress i l r i l i t y  o f  l iqu ids ,  ho l 'e r ,e r ,  in rposes  the  cond i t ion :

or
' l ' h  i  s

a  a n d  1 ,  i n
appro1r r i ; t t  c r
e  l t c l rn t  c r l ,
s l r o u l r l  l r c

Ol r l .  Syrhcr .  -  Pro l .  Sp i rc r .  :  Sphere
'1  
f  : t r r  a r  6  -  t f  

un  b ' !  a '  -  l l sn  r3

7 .  :  f " (62  t , )  :  t (a ,b ,2 )

( r.)
\ t , )

rcc lu i res  tba t  fo r  an  osc i l la t ing  g lobu le  the  axes
thc  ts 'o  sphero ida l  fo rnrs  n rus t  take  success ive ly
la lucs ,  1 'e t  rvhen thc  fo r rn  o f  the  sphero id  has

thc  arcs  a re  no t  idcn t i r :a l  in  the  t * 'o  cascs ,  and
* ' r i t t cn  as  in  e r lua t ion  ( r ' ) .

.1 .  I f  u 'e  cons i ( l c r  thc  rcs is tance to  the  * 'aves ,  c iue  to
thc  l lu i r i s  in  t l rc  p ro la tc  and ob la te  sphcro i r l s ,  n 'hen thc  ax is
o f  thc  r : i r r :unrscr i i r ins  cy l inders  co i r rc ic ies  s ' i th  the  nra jo r  a r is
o f  t l r c  l r ro l l te  enc l  thc  minor  ax is  o f  thc  ob la tc  sphero id ,  i t
is cvir lcrrt  1l 'orrr t l rc above equations thrt the Arthiutdean
thcorcnr  w i l l  ho l r l  r iqoroLrs ly  t rue  fo r  thcse  t rvo  or thogona l ly '
'  ' r i r r r  i . l . r r t  ; ' r i : r l  I , n s i t i o r l s .  j r t s t  a s  i n  t h e  c x s c  o f  t h e  s p h e r e
t r c u t c r l  i n  l ; i g , . 5  : r l r o v c .  I n  t h c s e  c r s c s  t h e  r e s i s t a n c e  t o  t h e
l  r i v r .s  r lL r t '  to  t l rc  l l r r i r l  s1r 'hc ro ic is  i s  exac t l , v  : / :1  o f  tha t  c lue
t o  t i r t '  r  i r , , l t '  r  v l r t t , l c r  o l -  l l t r i r l .

l l r :  u  l r t . n  t l r ( '  : r \ c s  o l -  t h c  l l u i d  s p h e r o i d s  a r c  o b l i r l u e
o r  i r r r : , i n . , , i  l t  i l l r \ .  l r  n g t c  t o  t l r e  a r i s  o f  t h c  r : i r c u t l s c r i i r c d
c r ' l i n , l t ' r ,  t l r .  t l r r ' , r i t r r r  o i  t i r c  r r r t i o  1 , ,  f o r  t h e  r e s i s t a n c c  o l '
t l r c  p t s . i n g  s  a v t  s  u  r l i  n o t  i r o l r  j .  I n  t h c  o l r l i , l u e  p o s i t i o n  o i
t h c  r x c s  t h c  s c < : t i o n  o f - t h c  c v l i n r i c r  i s  n o t  c i r c u l a r ,  L r t t t  r e i r l l l '
c ) l i p t i < : u l .  , \ n c l  c v c n  i l ' t h e  r ; i r c u n i s c r i b i n g  c y l i n d e r  b c  c l l i p -
t i r :a l ,  thc  s rvc  rcs is tance duc  to  the  enc losed ob l iqueJy  t i l ted
s l r l rc ro ids  u ' i l l  l r c  l css  thnr r  : / ,  o f  tha t  due to  the  rvho le  cy l i r - rc le r .

( r )  ' l ' l r c  \ \ ' xvc  l ) ressure  a t  the  t rvo  cnds  o f  the  sphcro ids ,
pare l )c l  to  t l i c  po l l r  a rcs ,  i s  re la t i l c ly  g rea tc r  than f rom thc
v u r i o r r s  o l r ) i r l t t c  r i i r c r : t i o n , s .

l l , l  \ \ ' h i 1 ' t  t l r t ' u x c s  o t - t i r c  s p h c r o i r ' l s  r c r n a i n  f i x c c l  i n

l )o : i t ion  t l re  s i r i t ' s  ( ) l  thc  l - rg l l re  a rc  thus  fo r r :cc l  in  o r  ou t ,
r r s  t i r c  r  r . t '  r r ; r r '  l ' e  ,  t i i l  t l r c  n r o t t o n  i s  c h c r : k c d  b y '  i n e r t i a
l n l r r n c r i n r {  n r o n r c n t r l n ) ,  a s  t h c  g l o l r u l c  r l a i n t a i n s  i t s  v i b r a t i o n ;
:u rd  th is  osr : i l J l t io r r ,  hc rc to i -o rc  a t t r ib t r tec l  to  t tnknorvn  molccu la r
fo rccs ,  i s  rea l l r .  t iuc  to  thc  r tnc i lua l  l ' ave  pressure  xcc t l tnu-
la t inq  a t  t l r c  l rounr ja r r -o l -  t i )e  l lu id  in  the  d i f fe rcn t  c l i rec t ions .

(c )  ' l ' nc  a l rovc  l lgure  r r ' i l l  convcy  sorne  i l l )p rcss ions  o t '
th is  osc i l la t ion  in  r  t r 'p ic rL  case,  b t t t  the  enc los ing  c1 ' l inder
nr r rs t  be  conr :c i l c r l  as  somcrvhat  var iab le  in  f iqurc  lnc l  d i -
n rcns ions .  

' l  
hcsc  add i t iona l  cons idern t ions  shorv  tha t  t l re  r l ' a lc -

thcor l  n ra l  l r c  ac l rp tcc l  to  t l ie  bchav io r  o f  c l rops  in  osc i l ia t ion
NS \vc l l  r rs  to  t l )osc  * 'h ich  have se t t l cd  dos 'n  to  the  f ig r r re  o f
e r lu i l i l r r i r r r r ,  i l ' h i< :h  s 'hen f rce  f ro tn  ex ternx l  fo rces ,  i s  tha t

o f  a  s p h c r c .

r  q :  r  l i c l r .  r  g . T. j. j ..Src.

z .  l ' o s t s c r i p t .
' l 'hcor1. of t i re l i lorv of \1/alcs in Right I- ines throug)r

any  Cor r ica l  Spacc  ro ,  and o f  the  Change o f  the  l )oub lc

lntegral of the \\ taves over an)r Cloqed Surface S, rvhen 1{e-

f r a c t i o n  o c c r r r s  , r ' i l h i r r  t l i e  I i n c l o s e r l  S l t a c e r )
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In  the  theory  o f '  the  br igh tnes  o f '  t t , .  s te l la r  r tn iverse ,

unde i  an  equa l  d is t r ibu t ion  o f  the  s ta rs  as  concc ived l ; y

Herscfte/, Il/. Struue shorvs that for a sulall solid angle r,.r,

the  nurnber  o f  s ta rs  dy  inc luded in  the  cone th r . l s  de l rned
bet rveen the  d is tances  r  and r -+d t ' i s  g iven  by  t l ie  express io t r

d v : l a t ' 2 d t ' \ r J

in  rvh ich  / ;  i s  a  cons tan t .

As the total l ight is cletentt ir ted by t l te rtcctturtt ' latecl

e l lec t  o f  the  s ta rs  a t  the i r  scvera l  d is tances ,  the  l ' l to le  l ln lou l ) t

oi l ight receivcd frot lr  srtcl t  a conc rvi l l  bc l i r trnd L) '  inte-

gra t ing  th is  express ion  be t rveen the  l in t i t s  o  a t t t l  :> . :

) ( , / , . , , ) d r , ,  :
. -

,  t ' ,:  . l  :  t '  u  )  \ r 1 t ' t )  r r  t l ) ' -  I '  r ' ,  )  
' l t  ' :  r .  1 1 1  \  ( . t l

i n  p rac t ice  t l r i s  express ion  is  l l r t i te  rLnd Iess  t l t r t r t  t l t c
l , . r r igh tness  o f  the  sun 's  d isc ,  anc l  thus  e i thcr  t i re  r tn ive  rse  is
hnite, or an absorption oi l igl i t  by costuical cl l tst i tr  syrirce
is  cons idered probab le .

Lct l ,  be the { lorv of I ig}rt  in straight i incs, 1'r 'orrr r t

lunr ino t ts  po in t ,  undcr  cons t i ln t  rvave I ' c loc i ty ;  the  n  i l '  i -  l re

t l l c  ( l i s t : l n (  e  o l  t l r e  l t l t r r i r t o t t s  l r o i t t t ,  t l r e  i r r t t ' r r t i t ) ,  t r l  , l l l : t l l ( i t y

o l '  l i g i r t  * ' l r i c l r  passe s  th roLrg i r  t tn i t  o l -  sL l r l - r t t  t '  l r c rp t ' t l t i i t : t t l r r r
t o  t h e  r a y  i n  r . t n i t  o l ' t i r t t e ,  u i i l  i - r c  l ) r o l ) o r l i o r l r r i  t o  t l l c ' i l -

lunr ina t ion  o f  s teady  in tcns i t ;  de  t lncd  l - ,1 -  t l r c  u , l r .L , r t i (  r r )  :
r  -  )  , . : ( : r

l f ' t h e  s u r f e c e  i l l L r n r i n a t e d  b e  i l l c l i n c c l  r t t  a t l  r t t t s i c  , j

to  the  ray ,  we i rave  fo r  the  in tens i t ) '  o l ' the  i l i t rn r i r r r t t io t l  o l

s r r c h  n  t i l t e d  a r e a ' .  I , : ( r f r 2 ) ) . c o s 6 .  \ 4 /

In t l ie art icle Light, !)ncycl.  13ri t . ,  9' l '  ed., 
' l 'oi l  

l toints
out  tha t  these t rvo  in tens i t ies  a re  exa<: t l1 's in r i l l r  to  t l rc  fb l -

lo rv ing  express ions :  I i t lua t ion  ( : )  i s  the  cxpress io l i  I i r r  t l r t :

g rav i ta t iona l  fo rce  exer ted  by  a  l la r t i c le  o l ' t t t r t ss  7 -  , , t '  rL  t t l l i t

o f  na t te r  l t  d is ta r tce  e- ;  and (a )  io r  the  reso lvec l  ( ro r r r l ) ( ) r le r l t

o f  th is  lb rce  on  a  g i i ' en  d i rec t ion .  
' l ' h is  i s  ln  r r t l t l i t i ona l

ind ica t ion  tha t  g rav i ta t io r r  an t l  l i gh t  r r rc  l ro t l t  t i t t t :  Io  \ \ ' r l \ ' ( ' s .

Accord ing ly ,  i f  there  be  any  nu t t tber  o f '  se l ) l t r l l te  so lL r ( res

o f  l igh t ,  we may enrp ioy ,  fo r  ca lc r t la t ion  o l -  thc  e  t tc t : t ,  a r r

express ion  exac t ly  a t ta logot ts  to  tha t  o l ' the  grav i t r t t ione l  o r

e lec t r i c  po ten t ia l ,  t r r t tne lY :
t : l

r ,  :  ) l (  r l r ;)) . ; :
7 : l

f f f | (t - 
"') 

t -r ( 1' - 1")2 
-+- (z - :'')''' '-' r' rr tl:u d' tl.: .

And the  d i f ie ren t ia l  o f  th is  express ion  * ' i th  rcs l )ec t

i - t

\ - r , / , . , \ , , :a 9 l o r i :  , ,  t \ . ! , 1  t . . .' '4r
, : l

JJJ t(" - '') 2 -t (.v - 1")2 -r (z - z'1t1- ' ri cl;u cl-l ci: (o )
rv i l l  g ive  the  to ta l  rad ia t ion  dr te  to  an1 '  n r t r t t l re r  o f  separa te

sources of l ight, rvhen the wa\res are I)r 'opagatecl in r isht

l ines, in cones composing spheres, separatel l '  hotrogeneous

in rvave distr ibution, about the several centres of r ldiat ion.

Ivloreover, i f  n be the external norual at any point of

\ 5 i
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i r  closccl snrf ace, \ve rnay, as in the f i tndaruental proposit ion
o f  po tcn t ia ls ,  takc  the  c ioub ie  in tegre l  over  the  s l t r f l ce :

( . ( . .
)  )  

d l J  l d i l .  dS  :  -  
4 r r  ) . , ,  ( l  )

r vhe re  7 .u  i s  t he  snm o f  t he  va lues  o l  t he  l i gh t  7 , ;  f r on r  t he

seve ra l  sou rces  l y i ng  r v i t h i n  t he  sL r r l ace .

' \s  evcr l '  source externr l  to the c losccl  surfuce sent is

i n  l i gh t  r r ' h i ch  gocs  o t t t  ag l i l t ,  l n t l  t h l t s  l caves  t he  r vave -

r i i s t r j l ; u t i o n  i n  t h c  c o n e s  o f  s p a c c  t t t t . : l t a n g c t l ,  * ' h i ) e  t h e  l i g h t

f i on r  t l i t :  i n t c r r t a l  sou rce  goes  * ' ho l l y  oL l t ,  \ \ ' e  pc r cc i ve  t ha t

t l r e  l r n c . r r i n t  o l ' l r g h t  l o s t  t h r o u g h  t h e  s r t r l l c t ' p c r  s e c o r t d  t ' b r

c u c h  u n i t  s o u r c e  i s . 1 . ' r - ,  t l r e  t o t a l  a r c n  o l - t i r c  r t l t i t  s p h e r e

s r r r r ounc l i ng  t he  so t r r r : c .  I l en t : e  l ' e  ve r i i - 1 '  t l r e  a l r ovc  1 -o rn t t t l a

(7  ) ,  t ha t  l i . ' r  a l l  t i r c  i n t c rn t l  so t l r c cs  t hc  i n t eg ra l  i s  t he  s r . r t r r

o l ' t he  scvc ra l  sou rc r ' s  c , i  r l t l i r t t i on  L ; ,  anc l  t h t t s  cc i ua l  t o  q : r  ) . , r .

No rv  cons rc i c r  l i g l r t  r i l t t e s  l l r i t i ' i ng  i n  c r . r n i r : r t l  s t r e l L l t t s

i l ' o rn  t l r e  oL r j c c t s  o t -  t i t e  t r l t t t r i u l  t t r r i r  r : r se  i t t  t ' t  c r v  t l i r t c t i t . r r t .

I t  i s  eas i i y  secn  t hu t  t l r e  l r q i r t  r t ' r  t ' i ve i l  l l ' o r t t  l L  r . r r r i t b rn r l l

i l l un r i na ted  p l l ne  s t t r l r t c c ,  * ' l r c r r  t l t c  t t o r t t r a l  i s  i nc l i nec l  a t

t he  ans le  d ,  i s  r cp rescn te t i  by  t hc  t l oub le  i n t eg ra l :

,  , . t  -  
J ' ) '  I ' l r )  t :osd  c ls ' . ( s )

I t  u ray  l - , c  s l to r r 'n  tha t  1< l r  a  c lose< l  s t r r l r t cc ,  u 'h ich  has

n o  i n s i c l e  s o r l r ( r c  o 1  l i g l r t ,  t i r i s  i n t t ' r r r a l  v a n i s l r t s ,  l r e c l t t t s e  t h c
o r i g i n l r l  l r L v t  r l i s t r i l r r . t t i o r t  i t r  t l t c  c < i t t t s  c t l  s l r l t t  c  i s  t i t t t ' l t l L t l g t t l .

. \ n r l  l o r  : r l l  - . l r c L l s  ( ) i  c r L L l i t l  t L l l i l i r r  t t t  l r r i g i l I l t c : r  \  ] ) o : c  r ( l g t s

i : , :  o l t  t i r c  : : l l r l r '  (  ( ) l l t '  i l .  r  l L l LLc  i , s  t  o l l s l . ' t l l t .
' I i r i s  

t l , r ' o r c r u ,  l i r . , t  u i t c t t  l r r o p l r . g r t t c d  i t )  r i g l r t  l i n e s ,  t i l c

c \ l ) r r s 5 i ( ) r I  I ( ) r  l l r u , i l i ; t  i , r r s - l l i g  t i l r < - r L l g h  t l r ' :  c l o s e c l  s t l r f ' l t t : e

l u n i s l r c s  i - o r  a l l  c r t c r n r t i  : o r i r t  c s ,  i s  o f  t h e  h i q h c s t  s i g n i l r t a n c t :

i t  a f t o rds  an  es l . r c r i t r t cn tu t t t  c ruc i s  as  t o  t he  l l o r v  o f  l i eh t

1 l ' on r  a l l  sou rccs  i n  s l r he r i ca l  concs  i n  r vh i ch  t he  l i gh t  c l i s t r i -

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

r l i spc r s i ng  t . l i s t u rb i t nccs  -  -  r t n r i  l t n v  o the r  k i r r t l  o l ' i i o * ' . q i v cs

t l r i s  i n t c q r u l  a  l l n i t e  v l l t r e  r l i i l t ' r r n t  i r o t t t  z c t  o .  I  l t t t t  c  i t t

g e n c r a l  l e  l r a v e

J ' . f ' , r l . l , l , r ' , 1 . :  
= -  . \ ' . 1 '  r , i , '  v r l . \ '  - '  I  r  ) . , ,  . 1 .  ( s )

' l ' o  
l l r p l y  t ] ) c  i i l ) ( ) \ c  t l t c o r t  u i s  t o  t r a p i l l l i r i t l '  : r t r t l  o t i t e r

r n o l e c r L l l L r  l o r t : c s ,  i t  : t t l l i c e s  t o  c l t c l o s c  t h e  l l L r i d  a t  t h e  p o i n t

un t i e r  i nvcs t r r - l e t i o r t  l . r ,  - r ' ,  ; ) ,  I ' i t h  a  s l i he r i ca l  s t t r l i t r : e  o f  co t l -

v c r r i cn t  r r L r l r us ,  s c - r  t l i l t  t l t c  r t  l t ves  l r o t t r  ex t c rna i  so t t r ces  t t r e

r cd i s t r i bu ted  l r 1 '  r c l r . ac t i on ,  c i i s l i e r s i on ,  e t c . ,  r i ' i t h i n  t l r c  s l r he re

s u r l a c e .

( " )  \ \ ' c  r nay  neg lec t  t he  co l l e r : t i ve  ac t i o t r s  o t '  t l t c  u  a l cs

o r i g i ne t i ng  1 ' r ou r  t he  l ) r r t i c l es  * ' i t h i n  t l i e  e t r t ' l o s i t t g  sphe r i ca l

su r l l ce :  such  agg rega te  ac t i on  v j c l ds  t he  c \ l ) f us5 io t l

J ' J ' u t ' a , , . t l . r :  +  r  ) . , , . ( '  o )

r \s  the  enc loscc l  mat te r ,  by  hvpot l rcs is ,  i s  r lo t  r l  ch ie l ' source

c- i f  rad i l t ion ,  rve  knotv  tha t  7 . . . ,  i s  s rua l l ,  a t r t l  o l - the  order  o f

in tens i ty  see n  in  g r lv i ta t i ve  ib rces ,  u  l r i c l l  a re  r1* ' iL1 's  t  e ry  t -ee  b le .
(b )  ' l ' hus  \ve  i r re  Ic l ' t  to  cons ic le r  thc  e i fuc ts  o t - the

rvaves pitssing throLrgh the slr l lere sttrface et lclost ' t i  l t i . rott t

t h e  i l u i d  a n d  s o l i d  a t  t h e  p o i n t  6 , , y , t ) .  
' l ' l t e s c  r t r r r e s  i i r e

re f rac ted ,  c l i spersed,  anc l  t t t le t lua l l y  res is ted  i r1 '  the  t t t r t t te r  i t l

the  pa ths  o f  the  cones  rvh ich  nrake up  the  s t l r l l cc  + ; r  o i  the

ur-r i t  syrhere. l f  no refract ion, disl lersion or resist ir l lce occtlrret l , .

the  in tegra l  o f  these pass ing  waves  wot l ld  be  zero :

. - A
J J V
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P F ,

. l  , l  \ t  l r ' )  cosd  t l 'S  -  o
'  

r .  I "o r  an  in te rna l  po in t
F O

) ) d e l d i l . d S :  
- t n ) . n

z .  I ;o r  an  ex terna l  po in t

f f ( ' / , ' ) c o s d d s :  o .) )
r .  ' l ' hcse  ce lc l r ra ted  theorenrs  (A l lgemeine  Lehrs i i t ze ,

\  zz ,  Gzzrz . r . r ' s  \ \ ' c rkc ,  t td .  V ,  p .  zz4)  a re  based upon rec t i l i near
ar : t ions  in  na turc  * 'h ich  fo l lo rv  the  la rv  o f  the  inverse  squares ,
as slrecif ical iy pointccl out by Gauss in his introductory
r c l r ) i r r l i s ,  \ \  ' ,  r .

z .  I l ,  thc rc fo re ,  thc re  bc  in  na ture  fo rccs  due to  waves ,  -

s 'h ich  su l l -c r  rc f ra r : t ion  or  d ispers ion  r r 'hcn  the  rvavc  pa th  i s
th rough hc tc rogcncous n la t tc r ,  as  u 'bcn  a  f lu ic l  i s  in  contac t
r i  i th  a  so l i r l  o r  o f  s r rc l i  shapc  ns  to  causc  re f rac t ion  or  c l i s -

l rc r -s ion ,  
-  -  thesc  thcorcn ts  o f  Gaus, r  cease to  ho ld  r igorous ly  tn re .

r .  I t  i s  r r l ron  s r r r :h  p r inc iy r l cs  tha t  the  f luc tna t ions  o f
the  r roon r l cpcnr i .  , \nc l  in : r  d i f f c ren t  rvay ,  thc  s t ress  ar is inq
f ronr  * 'a lc  ac t ion  g ivcs  r i se  to  l lo iccu la r  anc l  a tomic  fo rccs
(c f .  scc t ion  j  a l rovc) .

r sz r . f  uly 4. T. J. J. Src.

it des Neptun 1920. Von 1( Sc/.riitlc.
stclrcrrr lc I 'nrcscyrc inr I i rclrs gc\\, i ihl t ,  f i i r  rvclchc cl ie S'r lu,arr-
.c , - /u r ' l r1 .s r 'hcn  l rho toqraph is r 'hcn  ( l r i i f l cn  angc l lonnrc r t  r i - r r rc len l ) .
I ) i c  I r l t o t o ( r r r l r l r i s c i r c  I ' ) r t i n k t i o n  i s t  q l c i r ' ) t  r l c r  : . . i - f r L r : 1 r c r t  v i -
s r r c l i c n  ( ( ' : ! l r t .  I t i t  S c l r u : i r z r r n g  j c r i c s  S c h e i l r r : l t e n s  l r t r c l c
: - .1  t l l : t l  t i : - , t l  l ' l t : i t l q i (  r ' . t le i l ' t : t t l r jCr  gesr :h l i t z t  t t t t r l  c la t rn  qcrn i t t c l t .
\ l ch  r len t  . \ ' ,  i :  r t  , - r : . . r ,  r j , ' i ' , , / . c i t cn  S lh l : i r zungs(csc tz  f i i r  q ic i r  ) t r :
l ' , x l , o s i t i o r . z c i t c i r  t b ) g t  r )  :

1 \111 :11  .  ( - r ,_ - r )  _ r r . ._ r , r

rvolrci  rr -  Skalcnl 'ert der bcnutzten Skala, nach cler tr ' lcthocle
dcr  k lc ins tc r r  ( ]u rc l ra te  a t ts  den Praesepesternen bes t in r r r - r t ;

J ,  
-  Sch\ \ ' i i r z ru r .qsrn i t t c l  r le r  \ re rg le ic l rs te rnc  I  ( r t  :  pho toera-

ph isc l rc  I , , x t ink t ion  r l c r  \ -c rg lc i r : i r s tcmc ;  r , r  . :  l ) ' ho tograph i  - .ch t :
I , , r t in l t t ion  r l r . s  Jup i tc r  un t l  Ncpt t t r . r  '  s  -  Sc l r l ' : i r zungsz i f f c r  < ics
\cp t r rn ,  l io r r - ig i t ' r ' t  rvcqcn l ,aqc  au f  r l c r  l ) l : r t t c  und Ska la ,  unc i
r ) r z  r i r c  , r r r  r l r r s  l l r t t c i  , l / ,  t i c r  p h o t o g n r p h i s c h c n  I  l c l l i { r l i c i t
< l t - r  V c r g l c ' i < . ] r s t c n r c  ( r ' o r r  [ r r t i n k t i o n  l r c l i c i t )  a n z u l r r i n g c n c l c
(  l r i i l l cn< l i f t i  r cnz  r i cs  Neptun  is t .  In  L rnsere  nr  l ia l le ,  s 'o  r  o
r l c r  i r c l l s t c n  I ' n r c s c p c s t c r n e  b e r t u t z t  l ' u r d c t t ,  i s t  , I f n : 7 T r 4 .
I ) i c  I rn t l ' i c l i c l r rns  c lc r  l ) la t ten  geschah ur i t  l l oc l ina l  r  :  r  -5
:L r 'h t  J l in r r tcn  lanq bc i  Z in rmer ten tpera tur .

l ) i c  l )a ten  6  l r rauchbarer  P la t ten  ( r \e [ r . I so la r - l ' ) r t ten
r lc r  l , ln ru ls ion  z ( t7  z  )  cn th : i l t  fo lsenc ic  ' I -a l rc l le :

S k .  s  d  . t '  d  r \ t t t  . / t t t  ) l r p

\ 2  2 . 2  f  . r  3 . r  o ' l ' 2 4 4  - l -  t ' 1 1 - 1 o  - f  o l ' o 6  3 ' l ' 6 o

5 2  r . j  3 . 6  7 . 3  o . 2 5 r  - f  r . : 3  - F o . o s  8 . 5 f

5 2  o . 3  3 . j  6 . 1  o . z ( : 5  - + -  r . : 6  - + - o . o . 5  8 . S S

5 2  2 . 2  3 . j  l . r  o . z 6 t  - l _  r . z 8  - + o . o 4  8 . + 6

5 2  2 . 4  : . 8  3 . . 1  0 . 2 5 8  - + _  I . 4 4  - + o . o 4  8 , 6 2

5 8  o . 8  : 1 . 3  5 . 3  o . z 6 ( t  - F  l . i o  - f  o . o 2  8 . + 6

rp  d ie  zugehc i r i sen  photograph ischen Ex t ink t ionen;  Spn) te  7
c l ie  Nr .  dcr  zLr r  Ausnres-sung benutz - ten  Ska lenp la t te ;  Spa l te  E
c l ie  Schrv r i rzunqsz i f fe r  s  des  Neptun  (kor r ig ie r t )  ;  Spa l te  9  Ab '
s tand l  des  Neptun  vor r  der  P la t tenmi t te  in  cn ' r ;  Spa l te  Io ,  t  t

5 r 3 0 3 5 8

l t  t )

But  u r - rdcr  the  re f rac t ions ,  d ispers ions ,  re ta rda t ions ,  e tc . ,
ac tua l l l '  occur r ing  lL Iong the  pn ths  o f  cc r ta in  cones ,  thc  in teera l
does  no t  lan ish ,  bu t  a ls ' ry -s  redur :es  to  a  f in i te  quant i t ) ' :

. f  . f  t , l , " l . osd  f l : ;  -  , 1 I t z )
' l ' h i s  fa i lu re .  o f  thc  in tcgra l  over  t l re  c loscr l  sur facc  to  vnn ish ,
imp i ies  tha t  thc  ac thcren l  n red iu r t r  i s  s t rcsscd by  the  lc f rac t ions ,
d ispers ions ,  e tc . ,  a lon .q  thc  pa ths  o f  cer ta in  concs ,  t l ) l r s  c le -
vc lop ing  fo r< :cs ,  u 'h ic i r  r lav  l rccor .nc  r ' l r r i t c  )a r t tc  in  cc r tn in  cescs .

I t  i s  upon t l r i s  i r r t cgra l  ( r  z )  tha t  thc  n to le r :u la r  fo r< :cs
depcnd:  anc l  as  the  in tcs ra l  fo r  the  c f fcc ts  o f  t i r c  rcc i i s t r i l ru tcd
\ \ 'A lcs  over  thc  c loscd  sLr r f : rc t :  i s  no t  zc ro ,  t l r c  u 'a lc -p r inc ip )c
o f  Leas t  r \c t ion  a ls 'a ls  r lakcs  thc  in tcgra l  lb t '  thc  sur t r  to t r t l
o f  t h e  a c t i o n  o 1 ' t h c  r v a v c s  a l o n e  a l l  t h c i r  a c t u a l  p r t h s  a
n r i n i m t t t r .  

' l ' ] r u s  
t i r c  r c s i c l r r e  ' /  i n  (  r  z  )  i s  r n a r i c  e s  s r n a l l

a s  p o s s i i r ) e .
A<:cor r l ing l l  t I c re  a re  p l r l ' s i c :a l  l i n r j ta t ions  ip r l tosed by

nat t l re  u l )o r t  the  gconre t r i r :n i  co l r i i t i ons  lnc le r l ] ' i n  g  Oauss 's
t h c o r e n r s  t h a t  i n  t h e  t h c o r y  o f  t l t c  p o t c n t i e l :

Photographische Opposi t ionshel l igke
I n  d c n  - l l h r c n  I  g 2 o - 2  r  r t t a t : l t t c  i t : h  l u f  A n r c q t t l l g  v o t l

Hc r rn  I ' r o { ' .  I l ' i / l ' r t t s  un r l  i t r  I i o r t s c t z . t t t t q  vo t l  c i c ssc t . l  c i qc l l cn ,

b i shc r  n i c : l r t  v c r i i l l ' c n t l i ch t c r t  l l coba r : l l t l l l r qc l l .  c r t r r l bk r l c  - ' \ u t :

n a h n r c n  d c r , 1  l r c l l c r c n  . f t r p i t c r t r a l ) e 1 l t c l l ,  z w c r : k s  I l r n r i t t c l t r r l q

i h r c r  p h o t o g r l p l r i s r : l r c t r  I I e l l i e k c i t s s c h t r t t l k t t t t g c n
. I ) a  

i n r  l i c l r r r u r r  r r n d  \ [ r i r z ,  r o : o . T t t l , i t c r  t t t r r l  \ c I t t t n  z t t r

Z c i t  d c r  (  ) p p o s i t i o n  s c h r  t r r i r c  a t r c i t t l t l t i c r  v o r l > c i q i n g c n ,  s o

be l i nc l e t  s i ch  l u l ' n t ch r c r cn  l ) l a ' . t cn  a t t r : h  r l c r  Nep t t t n ,  s ' o t l t i t

h i e r  un l r ea l - , . s i ch t i g t  t l i e  ( l c i cecnhc i t  gcgc l ) c r )  u ' a r ,  s c i t r e  pho to -

g raph i sche  He l l i g kc i t  z t t  I ncssc l t .  I  ) a  c l i c  U t t t e r s t t ch t t ngen  [ i l r e r

d i e  Jup i t e rmondc  r r oc l r  I r i r : h t  abqcsch lossc r r  s i nc l ,  s c i  h i c r  -

e i ne  sp r i t c re  aus f i i l r r l i chc r ; c  Vc r i ) f f cn t l i ch r t ng  vo r l r cha l t o l r i  - -

das  I i r gc l r n i s  c i e r  - \ t t sn r c r ss t t ng ,  so l ' c i t  r : s  c l c t i  Ncp t t t r l  l r c t r i f f i ,

n r i t gc t c i  l t .

I  ) c r  S - z0 l l i g c  I i . c f r ak to r  c l i cn te  a l s  I i i ch t f c rn roh r ,  l ' r i . h r c t r t i

d i c  . . \ u [ na l r n r cn  sc ] l r s t  t r i t  c i ncm dc r  S t c r t r l  a r t c  l o r - r  c l c r r  Zc i [ -

\ \ ' c r ken  z r r  r  \ l c r f i i qunq  ges te l  l  t c r - r  4 - z i ) l  l  i qe r r  pho to t r a  ph i  s c l r c : r r

O l , j c k t i v  von  c t \ \ ' a  r  . go  n r  R rcnn rvc i t c  a t l sgc l - t i h r t  s  r l r dcn .  l ) i c

i ) l a t t cn  ( o  x  r  z  cn r )  l r c f l nc i c r t t  s i t : i t  t  2 - I  - 1  l l l l l l  c x t r a l bk l r l  t r n t l

z e i g e n  k l c i r r e  S t e r r r s < : h c i l r c h c l r  v o n  c a .  o . 6 l n m  l ) L t r c h t r l e s s c r ;

d i cse l l r cn  s i nd  i r r  r l c r  ) l i t t e  i r o t noge t r  gcsch l ' l t r z t  r t t l c l  I l a l r c t t  t t r t r

an r  l l . anc l e  c i ncn  n re l t r  o t l c r  s ' c t r i ge r  < l r t nk l cn  s t : h r t r a l en  l i i nq .

A l s  \ r e r g i c i c l r s t o r n c  w L t r r l c  t l i c  i n  t l c r  N i l r c  < l c s . f r r p i t c r
' I ) a  

t un r  n .  L .  ( i r  .  I ' l  .  1 , ,  / , r  ( a  (  t

r g z o  l l C r z  r o . 4 6 3  , 1 6  2 4 ' r '  2 4 ' '  o ' l ' r S  o " ;  z z

)  2  2 ' : i 9 o  1 q  2 1  z ' l  o  r  2  o ' I  . 5
>  2 4 . 4 6 7  5 0  r o , 2 4  2 . 1  o . : l o  o . 4 o
o  2 5 ' 3 . i  r  . 5  I  r o ,  t  6  t 6  o  o q  o ' o q

>  2 - \ . 4 7 4  5 4  I o , ? : +  2 1  o . : 1  5  0 . 4 6

A p r i l  r 7 . 1 3 6  5 9  t o ,  1 6  1 6  o . z 8  o . r 3

Spa l t e  r  g i l r t  d i e  n .  L .  C , r .  de r  Reobach tung ,  d .  h .  d i e

N ' I i t t e  de r  I , ) xpos i t i onsze i t ;  Spn l t e  z  g i b t  d i e  N r .  de r  P la t t e ;

Spai te 3,4 /o und l . r  c i ie zt r r  r \ t ts t ressl t t - tg benrt tzten I ' lx-

pos i t i onsze i t cn  l on  I ) r aesepe  r l nd  Ncp tun ;  Spa l t e  5 ,  6  r .  unc l

r )  I ' t r b l i k a t i o n  d c r  l i r r f f n e r s c h c n  S t c r n s ' a r t e ,  B d .  V  p .  C l  9 9 .
) )  . 1 .  I l ' i 1 i ; t t t . , ,  I ' h o t o q r a p h i s c h - p h o t o r n c t r i s c l r e  U n t e r s t r c h u n g e n .  A N  4 t 2 4 - . 5  l ) .  f  i 5 .


