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of Chemical, Explosive, and Vital Forces. I Universit l '  of California, r9o4t p. 146:

an e lec t r i ca l  phenornenon.  1 )  Accord ing ly ,  i f  th is  cou l t l  bc  r ro rc  in  de ta i l .<

t in t to t ts  in  her  p rocesses ;  and,  judged by  the  r l i s tances  a t  I  o r  so ' l id  s ta te ,  by  a  p rocess  s imi la r  to  tha t  above ou t l ined
rvhich they act, i t  is but a step from th.e molecular forces by Arrf ienirs as appl icable to chemical bodies general ly.
to  the  a tomic  fo rces .  Accord ing ly  the  bes t  p repara t ion  f< r r  I  I r r  v ie rv  o f  these cons idera t ions ,  i t  i s  ev ident ,  on  phys ica l
a study of the forces operative in the structure of the atoms ] grounds, thnt the great processes of nature are essential ly
is the u'ave-theory of the nrolecular forces already orrt l ined I uniform and continuor:s. I f  therefore, rve rvithdrarv heat -
in  the  f i f th  paper .  Admi t t ing  the  pro l rab i l i t ; '  tha t  thc  p roo fs  I  rvh ich  is  a  phenonrenon o f  long  u 'ave-ac t ion  -  to  enab le
there given of the rvave-theory of molecular forces are perbaps I the atomic forces to assert thernselves for the formation of
yet to be somewhat perfected, we hoid nevertheless that so I nrolect i les of t* 'o br more atoms, i t  is natural to infer that
powerfui an array of evidence as rve have presented just i f ies the cause of the molecular.and atomic forces is sir.ni lar to
our adoption of the rvave-theory as a rvorking hypothesis. ]  the heat l \ 'aves by u'hich they are overcome. I t  rvoulcl be
So porverful an argument drawn f iom sncl.r a variety of I  renrarkable i f  heat-waves ghould release forces not due to
phenomena,  a l l  mutua l l y  con f i rmatory , in  charac ter ,  i t  seems I  rvaves  o f  any  k ind .
to  me,  can on ly  res t  upon the  bas is  o f  subs tan t ia l  phys ica l  I  Accord ing)y ,  we are  led  d i rec t l y  to  the  wave- theory  o f
truth. But in order to strengthen the evidence already adduced I molecular and atomic forces. And i t  is verv dif f icult  to see
we cite the sreat authority o( Arrhnius, in the chemjcai I  horv so obvious and simple an argument cin be evadcd,
, - _ . . . - , - -  

- .  
J

' )  Vol ta ic or  dynamic electr ic i ty  rvas exci ter l  by the force of  chemical  act ion in the pr i rn i t ive exper iments of  Gnbani ,  at  Roir :gna,
t79o,  and their  i rnmet l iatc development at  Pavia,  by l 'o / /a,  u 'ho madc use of  p latcs of  z inc and copper;  as i r r  mc, , lcrn bat ter ies.

tha t  i f  we cou ld  de f in i te l i  re fe r  s t tch  nro lecu la r  fo rc  es  as  j  in to  p" i rs  o r  h igher  conrb ina t ions  as  molecu les .  
-

s t t r face  tens ion ,  cap i l la r i t y ,  cohes ion ,  to  rvavc-ac t ion ,  anothcr  i  po l lo rv ing  ihe  ,n , r "  p inc ip les ,  a l l  the  so-ca l lec l  permanent
s tep  in  the  same cha in  o f  reason ing  shou ld  eneb le  us  to  g ras l )  |  g . . . .  have been l iqu i f ie r t  o r  so l id i f ied  under  combi 'na t ions  o f
the  s t i l l  f iner  rnechan ism on.wh ich  the  a tomic  fo rces  depend.  

]  u " .y  h ieh  tempera tu ies  ry i th  very  g rea t  p ressures .  A i r ,  ox1 ,gen,
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t l o . " ,  o f  amrnon iu tn  ch lo r . i de ,  a re  sp l i t  up  i n t o  two  (o r  mo re )

Generar introductory remarks..rn the nfth n.0.. I i jT;:J":i::::;:,,:: 
rai ' ing,:i:t:Iff:::H;"TT"::T::

on the nerv theory of the aether (AN 5 r3o) we heve treated 
I studiecl by St. Claire Dtui l lc. I) issociat ion is a so-cal led rever-

o f  the  pr inc ipa l  n lo lecu la r  fo rces  -  s t tch  as  sur face . tens ion  
]  s ib le  p rocess ,  i .  e .  on  lo rver ing  lhe  tempera t . re  the  produc ts

(wh ich  g ives  the  g lobr r la r  f ig r r res  to  a l l  l i t l r id  d rops . ) ,  ac lhcs ion_,  j  o f  d issoc ia t ion  re -co lTrb ine .  A  chemica l  equ i l ib r ium ex is ts
cap i l la r i t y ,  cohes ion ,  the  tenac i ty  o f  so l ids ,  e tc .  - .Lu t_rescned 

I  be ts ,een the  or ig ina l  mo lecu les  and the  p ioc luc ts  o f  the i r
fo r  thc  s ix th  paper  a  n lo re  dc tn i l cd  s tud l '  o f  thc . . t l r t ' o . ry .  o l '  r l c t .ompos i t ion ,  

"nd  
the  s tudy  o f  the  Ia rvs  o f  th is  equ i l ib r ium

chemical aff ini ty, explosive forces, and the so-cal lcr l  ) ivinq mry be eff 'ectecl bJ, the help of thermoclynamics. ' l "his 
study

forces, which depend principal ly rrpon chemicrl  act ion. I t  1.,n, bee., r ,ery fruit f i r l  fbr t ieoretical chlmistry, and rve wil l ,
has  long been be l ieved by .chemis ts  tba t  chemica l  a f f in i t y  i s  there fore ,  cons ider  the  phe 'o rnenon o f  d issoc ia t ion  a  l i t t le

proved i t  rvou ld  fo l low a lso  tha t  exp los ive  fo rces  and the  > . lhe  s imp les t  case lo f  d issoc ia t ion  is  tha t  p resented
ch ie f  v i ta l  fo rces  are  e lec t r i ca l  in  charac ter ,  d^epcnd ing  in  6 ,  the  rno lec . les  o f  iod ine ,  rvh ich  a t  lo rv  tempera tures  are
some way t tpon the  ac t ion  o f  rvaves  in  the  ae thcr '  i  " ^ . . ,16 .gd  o f  t * ,o  iod ine  a tonrs  and a t  h igher  tempera tures

On accot t t t t  o f  the  grea t  i t rpor tance o f  the  prob lem o f  i  a re  .sp l i t  up  in to  s in rp le  a toms,  as  the  molec | la r  rve igh t  c le te r -
atomic forces and the profound obscurity in u'hich i t  has nrinai ions Iry I , tr lol  ,4[t t ,rr  (Rer. rggo, IJ.39+) ancl Crafls,
been ve i led ,  rve  have labored f i rs t  to  make ou t . the  na tnre  ]  (Compt .  rend. ,  rggo,  !o . rg4) ,  ha . , ,e  n . 'oA"  .u i , l " . , t .u
of the nrolecular forces. ' l 'his 

course rvas chosen in the hope | l t .r .htt t i r ts thus dist inct ly points out that $,hen elenrents, lof  f ind ing pr inc ip les c leduced f rom phenom"l" ,  
l l l , l . t  lc t r ra l  I  are d issociater i ,  one of  the rnost  ef fect ive modes of  uni t ing

meast l rements of  smal l  d is tances,  as in  the th ickness of  soaP 
I  thenr  in to nro lcculcs nrade up of  more than a s ingle atom is

bubb les ,  s ' h i ch  m igh t  cnab le  11s  t o  pene t ra te  i l l t o  t he  s t i l l  ] r ^  l ^ . . , . .  r l r n  r n r r r r r p r r r r r r e
smaller a.d *ore i'visible mechanism of thc n,ol,r."' 

""" 
::^.1::'t^:^t':,.fl l] l ':.Tt".,,:^ l1-'^:.f]: '::]]^' '"h::-t]l.1lonc:'h.:u'I  d r r L r  r r r t ' / r s  r r r v t s r u r c  l t t c c l r i l l r r s l l l  u l  t l l c  z t t u l l l s '  

] s , a v e s  a r c  r v i t h c l r a r v n ,  t h e  a t o m i c  f o r c e s ,  d e p e n d i n g  o n  t h e
Without elaborate argttment i t  rvould seern fair l l '  obvious ] shorter- rvaves, become powerful enolgh to group i ire atoms

For  exper ience shows tha t  na ture  is  modera te ly  con-  t  hydrogen,  and f ina l l y  he l ium have been reduced to  the  l iqu id

_ a
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As Mossotti says at the close of the introduction to his
celebrated memdir Sur les forces qui rdgissent la consti tut ion
intdrieure des corps, ' Iur in, r836:

>>C'est un argument qui me parait  rndri ter begucottp

d' intdrdt, parce que Ia ddcouverte des lois de l 'act ion rnold-
culaire doit  conduire les gdorn'dtres a construire sur t tn seul
principe la rndcanique moldculaire, comme fa ddcouverte de
la loi de I 'attract ion universel le les a conduits ir  eriger sur
une seule base le plus beau monulnent de I ' intel l igcnce
humaine, Ia mdcanique cCleste.<

In al luding thus to Mossott i 's theory of molecular and
atomic forces; publ ished 85 years ago, rve think i t  rvel l  to
point out that this theory has some similari ty to the rvave-
theory, but also very notable dif ferences rvhich rve cannot
now go into, except very brief iy,

As the part icles of nraterial bodies are not in actual
contact, Mossott i  supposes that each is surrounded by an
atmosphere of the aethereal medium, which he conceives to
be electr ici ty. 1) I Ie assurnes that the atoms of the mediurn
repel one another, that the part icles of rnatter also repel one
another, but with less intensity; and thus there is a mutual
attract ion between the part icles of matter and the atoms of
the medium, under forces which vary inversely as the square
of  the  d is tance.2)

Frorn this theory i t  fol lows that rvl .ren the material
molecules of a body are inappreciably near to one another,
they mutual ly repel each other with a force rvhich diminishes
rapidly as the inf initely small  distances between the rnolecules
augment and at last vanishes. When the nrolecules are st i l l
farther apart,  the force becornes attract ive. -A,t an intermediary
distance the repulsive and attract ive forces balance, so that
i f  we try to press the part icles nearer the repulsive forces
resist our attempt, rvhi le i f  we try to break the body, the
attract ive forces predominate and hold them together.

The rvave-theory presents to our conterlrplat ion cluite
a dif ferent picture of the physica! world. r\ l l  forces are
attr ibuted to stresses in the aether due to lvave-action, and
we seek to inquire under rvhat condit ions the stresses or
forces arise; and we f ind that boundary condit ions exercise
the largest inf luence in changing the velocity and direct ion
of waves, and thus give r ise to adhesion, cohesion, capi l lar i ty,
chemical aff ini ty, and the other molecular and atomic forces.

In his address as rector o[ the university of Berl in,
Oct. r  5,  r  9  r r ,  quoted in the f i f th  paper,  sect ionlz  ( i i ) ,  (AN5 r3o) ,
Professor Planck points out that in the breaking up of the
aether rvaves a l imit of smallness or leneth is f inallv attained.

owing chief ly to the f ini te size of the atoms of rnatter. Have
we not here an indication of the short rvaves which act to
prevent conrpression of sol idsl

r .  As  rve  have seen in  AN 5o48,  1 ) .  r4o-4r ,  res is tance
breaks up long waves into shorter ones. Now if  the process
of n'ave disintegration f inal ly stops, as ?lanch says i t  does,
there must be an inf luence at work to counteract the breaking
up o f  the  waves .

2. ' l 'his can only be the l i rnit ing rvlve lengths corres-
ponding to the dimensions of the atonrs. ' l 'o 

rnake the waves
shorter would tend to disrupt the aether betrveen the atoms.
And as  the  fo rces  requ i red  fo r  the  d is rup t ion  o f  a  med ium
68932r6ooooo nrore  e las t i c  than a i r  in  p ropor t ion  to  i t s
density, rvould be nearly inf ini te in magnitude, vast stresses
altvay's are at rvork betrveen the atoms and rnolecules, both
a t t r rc t i ve  and repu ls ive .

3. 
' I 'he 

central stress yields enornlous porver of cohesion,
and tbus  the  hardncss  o f  d iamond and t i re  tenac i ty  o f  s tee l
becorue in te l l ig ib le .  On the  o ther  hand,  the  f in i te  d imens ions
of the atoms l irnit  the redLction of thc rvave lengths, by
forces et lual ly porverful,  and hence the incompressibi l i ty of
so l ids  and l iqu ids .

t\s Lal lace was careful to point out, these molecular
and atornic forces are sensible only at insensible distances,
wh ich  suggests  tha t  wave-ac t ion  under  the  enor rnous  e las t i c i t y
o f  the  ae ther  as  the  source  o f  the  porver .

( i )  As  chenr ica l  a f f in i t y  i s  shorvn  by  labora tory  ex-
per iments  to  be  pror lo ted  and increased by  the  ac t ion  o I
u l t ra - r ' io le t  l igh t ,  th is  fac t  o f  observa t ion  must  be  he ld  to  be
a proo f  tha t  i t  depends o f  rvave-ac t ion .

\\ /e cite the fol lorving experirnents as well  calcrr lated to
i l lustrate this subject. In each case the interpretat ion rr lrpears
to be simple and unique, and thus the experiments are l 'el l
adapted  fo r  d isc los ing  the  na ture  o f  the  chern ica l  changes
i n v o l  v e d .

(a )  1 )econpos i t ion  o f  ch lo r ide  o f  s i l ver  o r  n i t ra te  o f '
si iver by l ight in photography. ' fhis is a very famil iar phe-
nornenon and has been known since the day; of Daguerre,
Tal\ol, and Eerschcd rvho first developed photography over
8o years  ago.  In  th is  exper inent ,  the  ch lo r ide  o f  s i l ver ,  e i ther
recently formed or careful ly protected lrom the shorter waves
of  l igh t ,  i s  exposed to  the  ac t ion  o f  common i igh t ,  rvh ich
contains the rvaves of the rvhole visible spectrurr"r.  As is well
known a part ial  decorriposit ion of the si lver chloride results
f rour  the  ac t ion  o f  the  l igh t ;  and the  acr ion  o f  the  shor t
rvaves is so uruch more porverful than that of the long rvaves,
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' )  , l t  has  long been an  hypothes is  aurong ph i losop l tc rs  th l t  e lcc t r i c i t ;  i s  I l re  agcr r t  rv ] r i ch  b inds  thc  par t i c lcs  o fn ra t te r  together .  We
a r e t o t a I I y i g n o r a n t o f t h e n a t u r e o f e l e c t r i c i t y ' b u t i t i s

every  par t i c le  o f  mat te r (  -  I \ { rs .  .Sor t t t t t t i / /e ,  Cor rnex ion  o f  the  phys ica l  sc i r , t rc t ' s ,  ( i t l ' t ' , l i I i o r r .  tS-1 : ,  p .  rzo .
S i r  f saac  Ntu lou  he ld  somervh i r t  s i ln i l t r  v ic rvs ,  bu t  cor r l r l  no t  rvorh  or r t  t l r r  c tuscs  invo lvc r l  to  h is  en t i rc  sa t is t l c t ion ;  ye t  hc  d i t l

med iurn .  As  rve  norv  a re  ab le  de f in i te ly  to  es tab l i sh  the  cause o f  un iversa l  g rav i t i r t ion ,  by  lb l los , i r rg  thc  sagac ious  suggest ions  o f  Ntu . , to t t  rve  deeur  i t
o n I y j u s t t o ' . i n c l u d e t h e p o r t r a i t o f t h i s r n o s t i l l u s t r i o u s p h i I < r s o 1 l h c r

' )  u I ' ro fessor  l fosso t t i  has  recent ly  shorvn  by  a  very  ab le  ana lys is ,  t l ra t  therc  a rc  s t ron fa  g rounds fo r  be l i cv ing  t l r i r t  no t  on ly  the  rno lecu la r
fo rces  rvh ich  un i te  the  par t i c les  o f  mater ia l  bod ies  depenr l  on  the  e lec t r i c  f lu id ,  bu t  tha t  even grav i ta t ion  i t se l f ,  rvh ich  b inds  rvor lc l  to  rvor ld 'anc l
sun to  sun,  can  no  longer  be  regarded as  an  u l t iu ra te  p r i r rc ip le ,  bu t  t l re  rcs i r lu r l  por t ion  o f  t  fa r  more  porver fu l  fo rce  gcnera ted  by  lha t  energet ic
agent  rvh ich  pervades c rca t ion .<  -  l I rs .  So t t tc tu i l l t ,  Conncx ion  o f  thc  phys ic i t l  sc icnccs ,  6 th  cd i t ion ,  t8 .12 ,  1 r .  I z t .

I t  rv i l l  be  no ted  tha t  i t r  these l )a l )c rs ,  we l lave  no t ,  t rea ted  o f  the  repr r l s ivc  fo rces  o f  the  par t i c les  o f  rn r t tc r  in  l iq r r ids  and so l ids ,  as
Mossotti has attempted to dor except to inrply that the resistance to compression probably depends on short rvave rnotions of the sarne type to
which molecular forces are due.



tha t  when a  p la te  has  been exposed and is  no t  ye t  deve loped
or f ixed by the action of the hyposulphite of soda rve may
examine the plate under a l ight transmitted through recl glasi,
which al lorvs only the longer rvaves to pass. . fhe hyposul"phite
o f  soda d isso lves  read i i y  ch lo r ide ,  b rorn ic le ,  and iod ide  o f
si lver, and has been general ly used in photography since the
days of Daguu're, t84o.

By  the  ac t ion  o f  the  shor te r  rvaves  o f  l igh t  on  the  f i lm
containing the salt ,  AgCl, the chlorine is separated and the
s i l ver  par t ia l l y  p rec ip i ta ted ,  so  tha t  a  change o f  co lo r  f rom
whi te  to  b lue  occurs  in  the  f i lm;  and as  t l rs  change over  the
p la te  i s  p ropor t iona l  to  the  ac t ion  o f  the  l igh t  on  tha t  par t ,
photography gives the sbades, or aspects of crbjects aboLrt as
they  appear  to  the  eye  in  cornmon v is ion .

1'he very clrernical change rvhich we use in photocraphy
we u t i l i ze  in  our  v is ion ;  bu t  the  re t ina  o f  the  eye ,  bc ing  a
l i v ing  6 lm,  has  i t s  porver  o f  reac t ion  renerved by  cer ta in  na tura l
p rocesses ,  and on ly  the  in rages  are  t ransrn i t ted  to  the  l r ra in ,
rv i th  the  chemica l  changes cont inua l l y  in  p rogress .  T .hus  i f
chemica l  ac t ion  be  e lec t r i ca l ,  j t  i s  undoubtec l l y  t rue ,  as  S i r
Oliutr lod,ge remarks, (r\ether of Space, r9o9, p. z5) that
>S igh t  i s  p robab ly  a  chern ica l  sense( .  Hence the  eye  is  sen-
s i t i le  to  ae ther  rvaves  o f  a  cer ta in  length ,  nnd capab le  o f
t ransmi t t ing  the i r  chemica l  o r  mechan ica l  e f fcc ts ,  in  p roc luq ing
images,  to  the  bra in .

(b )  A  cons iderab le  var ie ty  o f  chern ica l  so lu t ions  are
rused in photography, but the general effect is alrvays the same,
and hence we conten t  ourse lves  rv i th  the  s imp les t  ou t l ine  o f
the  changes,  rv i thout  go ing  in to ,  h r r ther  de ta i l s .  In  h is  thoueht fu l
rvork  on  the  Cor re la t ion  and Conserva t ion  o f  I 'h t ,s ica l  I io rces .
p .  r  r  5 ,  (Nerv  York ,  r883)  the  l ing l i sh  phys ic is t  I ' ro f r :ssor
W, R. Groue, of the I{oval Inst i tut ion, Lonclon, gives thc
fo l lo rv ing  account  o f  the  e f fec ts  o f  l igh t  upon l roc l ies :

> ' I 'he  e f fec t  o i  l i gh t  on  chenr ica l  conrpounc is  a f lo r t j s  us
a  s t r i k ing  ins tance o f  the  ex ten t  to  rvh ich  a  fo rcc ,  ever  ac t i ve ,
may be  ignored th rough success ive  ages  o f  ph i losop.hv .  l i
rve sl lppose the rval ls of a large rootn covered s, i t l r  l )hoto-
graph ic  appara tus ,  the  smal l  amount  o f  l ieh t  re l l cc tec i  f ion t
the  face  o f  a  perso '  s i t r ra tc r l  in  i t s  ccn t re  r 'o i r l t l  s i ' ru r tn rc .us ly
impr in t  h is  por t ra i t  on  a  n ru l t i tnde  o f  rec . ip ien t  sur faccs .  \ \ rc re
the  cameras  absent ,  bu t  the  room coated  s , i th  photo t raph ic
paper ,  a  change wou ld  equa l ly  take  p lace  in  c le ry  por t ion
r;f  i t ,  thor,rgh not a rel)rocluct ion of fornr and f igure. A.s other
subs tances  no t  con)n)on ly  ca l led  photograph ic  a re  knorvn  to
be a f fec ted  by  l igh t ,  the  l i s t  o f  wh ich  migh t  be  inc ie f in i te ly
ex tended,  i t  beconres  a  cur ious  ob jcc t  o f  con templa t ion  to
cons ider  hon '  fa r  l igh t  i s  da i l y  opera t ing  changes in  ponderab le
matter, hotv lar a force, for a long t ime recognlzecl only in
i t s  v isua l  e f fec ts ,  may l ;e  cons tan t ly  p roduc ing  changes in  the
ear th  and a tmosphere  in  add i t ion  to  the  changes i t  p roduces
in organised stmctures rvhich are norv beginning to be exten-
s ive ly  5111f l i66 .  Thus  every  por t ion  o f  l igh t  n ray  be  supposcd
to rvri te i ts orvn history by a change 

fror" o, less perrnancnt
in  ponderab le  n ra t te r .  <

(i i )  The . experinrents of Sir Eunefirq, Day1, in the
decompos i t ion  o f  the  a lka l ine  ear ths  under  the  ac t ion  o f
electr ic currents elplained by the rvave-theory.

A  grea t  epoch in  the  h is to ry  o f  exper imenta l  chemis t ry
rvas made by Sir l f i rnphrey Dauy's decomposit ion of the
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alkal ine earths, in the f irst decade of the rgth century. Wd
shall  attempt to shorv the relat ionship of these experinrents
to the rvave-theory, and thus make somewhat clearer the
nattrre of the chemical forces, rvhich Dau1, 6ysyp^me in these

:: i : : : i j . ,  
discoveries, by neans of the action of , the electr ic

\Yhen Dau1, began his career, the discovery of the
decompos i t ion  o f  chern ica l  subs tances  by  vo l ta ic  e lec t r i c i t y
had already begun to excite the interest of nten of science;
brrt althotrgh l)au1, f lsys1.ped the method rnosr powerful ly,
anc l  ach ieved br i l l i an t  d iscover ies ,  anc l  more  than a  century
has  s ince  e lapsed,  we s t i l l  have no  mechan ica l  o r  dynarn i , :a i
theory of Daults process of electrolysis.

In  tbe  th i rd  paper  on  the  nerv  theory  o f  the  ae ther'we ha lc  p ro led  tha t  an  e lec t r i c  cur ren t  cons is ts  in  a  ser ies
of $'aves, usually ql l i te long in charactcr. Norv i f  such u,aves
be in tense,  the  resu l t ing  rap id  and v io len t  ag . i ta t ion  shou lc l
obv ious ly  be  u 'e l l  s r r i ted  to  separa t ing  or  b re t rk ing  up  the
nro lccu lcs  o f  a  conrponnd in to  i t s  cons t i tuent  e lcmcnts .  l .h is
is exactly rvhat Sir l{uut!/trcl'I)auy, did.

I le  had a t  h is  command a  ba t te ry  o f  4oo f i ve  inch
p la tcs ,  anc l  one o f  4o  p la tes  a  foo t  in  c l iameter .  Wi th  these
bat te . i cs  * ' c rc  conc iuc tec l  h is  exper iments  on  thc  a lka l ine  ear ths .
rvh ich  rcsu l tcd  in  the  d iscovery  o [  po tass iunr  an . l  soc l iu ' r .

In  r3o5 I )o tS ,began to  usc  a lso  very  h ieh  tenr l )c r .a tu res ,
and in  r8o6 found tha t  e lec t ro -chemica l  phenonrena rvere
exp l i cab le  l ; y  one genera l  la t r ' ,  the  ac ids  appear ing  a t  the
pos i t i ve ,  the  bascs  a t  the  nccat ivc  po le .  He gcnera i i zec l  h is
conc lns ions  bv  s ta t ing  tha t  hyc l rogcn,  the  a lka l ies ,  ear ths ,
n te ta ls  and cer ta in  ox ides  nrc  a t t rac ted  by  negat i r .e ly ,  and
repe l led  by  pos i t i ve ly  e lec t r i f ied  meta l l i c  sur faces .

FIe then proceeded to investigate the larv of electro-
chent ica l  ac t ion ,  and conc luded tha t  e lec t ro -chemica l  corn-
b ina t ions  and decompos i t ions  dey tend on  e lec t r i c  a t t rac t ions
and repu ls ions ;  and tha t  bo th  >>chemica l  and e lec t r i ca l  a t_
t rac t ions  are  produced by  the  same cause ac t ing  in  the  one
case on  thc  par t i c les ,  in  the  o tber  on  the  masses .  << The
d iscovcry  o f  po tass ium and sod ium * 'as  made by  c lec t r i ca l
dccor lpos i t ion ,  in  October ,  r8o7.

Since rve have alrcady shou,n that an electr ic current
consists of an ordcrecl system of rvaves of various lengths,
\ve nray norv be able to throrv some nerv l ight on the com-
pos i t ion  and deconrpos i t ion  o f  bod ies .

r.  \ \ /hen the long electr ic waves are porverful and
a ided by  par t ia l  b reak ing  up  in to  the  shor te r  rvaves  o f  heat .
the rvave asitat ion of appropriate length nray become great
enoush to eject parts of a compound rnolecule to such distance
tha t  the  a tomic  fo rces  no  longer  can re ta in  i t  in  s tab i l i t y ;  in
the  rap id  success ions  o f  the  osc i l la t ions ,  some o f  the  a toms
fly arval ' ,  anyrvhere along the l ine of the electrolysis, but
rvith opposite elements appearing at the poies for the reason
set forth in paragraph 6 belorv.

2. The atonrs which are of one type, by their perio_
dicit ies bearing a certain resonance to the rvaves, wi l l  natural lv
co l iec t  a t  one 'po le  o f  the  ba t te ry ;  those o [  r ,e ry  d i f fe ren t
periodicit ies and having a dif ferent resonance, rvi l l  natural ly
gather at . the opposite pole, in accordance with observation.

3. I t  is only when the electr ic rvaves, whiph are ordered
in a certain lvay along the l ine of the current, become of a

i
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certain intensity, aided by the shorter haphazard agitat ions

cal led heat, that electr ical decomposit ions can be expected

to occur. Otherwise the shorter and more porverft t l  waves

which cause chemical forces are predominant'

4. I t  is to be observed that in electrolysis tbe electrolyte

acts as a conductor, the circuit  being completed by the wire

connecting the poles. Around the wire the ampli tude of the

electric waves follow Biot and Sauart's law

I :  -K i l r  A :  y ' I :  t / (K i l r ) .  ( ' )

5. This n.rakes the ampli tude greatest next to the rvire,

and as the poles are terminals of the rvire, i t  natural ly fol lows

that decomposit ion occurs where the wave agitat ion is a

maximum, at the poles of the battery'

6. Ancl as the rvaves l ie f lat in the planes through the

axis of the rvire, the separation wil l  go on according to the

rotat ion in the lvave f lorv - one pole erl i t t ing thc rvrves'

the other receiving thenr - and thus the elel lrents are sif ted

by the movement of the rvaves, accorcl ing to poles ln t ire

f i i th paper, section Io, rve have expleined tenacity by ir lcreased

s u . f a c e - e f f e c t s d u e t o r v a v e - a c t i o n a t t h e b o L r n c l a r y ' ' I . h L r s r v e
have a lso  so lved the  prob le rn  o f  cohes ion  o f  I i ke  e le tne t r ts  t t t

e l e c t r o - p l a t i n g , h e r e t o f o r e s o d i f 6 c u l t t o n a t t t r a l l l l r i l o s o l l h e r s .
( i i i )  t le .o -pos i t ion  o f  water  in to  oxygen and hydrogen

g a s e s b y t l r c a c t i o n o f a r r e l e c t r i c c u r r e n t ; t h e s e e l e t r t e r r t s
again united by the action of short rvaves'

l f  rve put the trvo poles of a battery arranged to ter-

rninate in plai inurn rvire or sheet, into rvater sl ightly acidul. ted

with sulphuric acid (I I2SO), so as to render the i i t luid a

good conductor; and.let the battery act we shal l  i rnDredizrtely

ie..eirre snral l  bubbles of gas accun.rulat ing at each pole'

fuhen the experinrent is arranged as shorvn tn f irgnault 's

Elements of Chernistry, (Phi ladelphia, r 86o,

p .  r ro ) ,  each po le  be ing  inser ted  in  a

tube which col lects the l iberated gas, i t

is found that the volumes of the gases

released by electrolysis are in the rat io of

2  to  r ,  two vo lumes o f  hydrogen to  one o f

oxygen, as sl iorvn in the cut.

I t  is found that the gas disengaged

at the posit ive pole, is oxygen, that at the

negative pole hydrogen - the volumes of

gas developing in the precise rat io of z

to r,  as shown in th,e f igure. Thus one

volume ofoxygen serves fortwo ofhydrogen

in the forrnation of water, I{2O.

If  now when the battery has de'

composed the water into i ts trvo con-

st i tuent gases, we col lect the separated gases

in one vessel, withotl t  any admixture of

air or other foreign gases, the separate

molecules of hydrogen and oxygen wii l

be present in just the proport ion to torm water. And rvhen

the gases have become equably dif fused, after mixing, an

eiectr ic spark generated within the vessel as from the wire

terminals of a battery, not quite in contact, where the gases

are freely tnixed, yields the sudden irnpulse for the union of

the atoms of hydrogen with those of oxygen to form water

vapor. I t  col lects as drops on the walls of the vessel, and

I r ig .  r  .  l )ecorn l ios i t io t r
o f  \ \ , r te r  in to

oxy{er t  a i r , l  hY-

droger r  l ry  the

a c t i o n  o f  a n

c lec t r i c  cur ren t .
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was metal l ic t t)erct lrY.
ln  these ce lcbra ted  ex l )e r in len ts  i t  rvas  found tha t  rvhen

meta l l i c  l r le rcury  in  co l l tac t  l ' i th  a i r  i s  heated  to  a  ten lpera ture

jus t  be lo rv  i t s  bo i l ing  y ro in t ,  i t  g radua i ly  becomes covered rv i th

a  red  sca le  o f  tnercur ic  ox ide .  And when th is  red  sca le  i s

co l lec ted  and sub jec ted  to  cons iderab ly  h igher  tempera ture ,

the result is the separation of the oxide into i ts consti tuent

elenients, oxygen gas, and metal l ic mercLlry.

Nou' this exPcriurent in the composit ion and decom-

pos i t ion  o f  a  rve l l  k t ro rvn  rne ta l l i c  ox ide  is  typ ica l  o f  many

ox ic les ,  and s i rn i la r  co tnPounds.
r .  When heat  o r  mo lecu la r  rvave ag i ta t ion  is  app l ied

in not too violertt  a fornt, chemical combinatiorl  results'

2. l lut rvl ien the rnolecular agitat ion is made much

more extreme, by the use of higher tetnperatures, the com-

pound is broken up. ' fhis is because the cherrl ical af l ini ty,

irncler short rvave action, is able to fortn coutbinatious, rvhen

the heat agitat ion due to the longer rvaves is not too violent '

I lut the morDent the longer rvave agitat ion becomes more

extrelre, the atouric hold is released, and the elements f ly

asunder, to form val)ors and gases.

It  is dif f icuit  to irnagine a nrore convincing i l lustrat ion

of the rvave-theory than that here presented to our contem-

plat ion. 
' l 'he chernical processes appear to be simple, and

we can see the conrbination taking place, by moderate wave

agitat ion, but released by the more violent fonn of molecular

agitat ion incident to higher temperature.
' I 'his rule, for using changes of temperature for effect ing

chemical cornbinations and resolut ions, has been so widely

recognized by chemists that i t  may be said to be the most

geneial process of that science. When a chemical body is

io be broken up, we f irst try change of temperature. I f  that

tr ickles down, the alnount being exactly ecluivalent to that

decor.rtposed by the original current.

Accordingly, by this experiment rve Iearn that violent

long rvave agitat ion due to a curreDt, lnay produce decom-

posit ion of water into i ts elements hydrogen and oxygen' And

when the gases are careful ly col lected, and mixed, an eiectr ic

spark ,  by  the  ac t ion  o f  i t s ' shor t  waves  l ray  aga in  un i te  them

in to  water .
I f  any free hydrogen is present in the atn'rosphere l ight-

ning operates to fornr from it  rvi th free oxygen a srnal l  quanti ty

of iuure. vnpo.. I t  is supposed that by the cornbustion of

te lescop ic  meteor i tes ,  b i l l i ons  o f  rvh ich  are  burn t  up  da i l y

in  the  h igher  par ts  o f  the  a tmosphere ,  son ie  l ree  hydrogen is

ci i l l i rsed in the air;  and the action of l igbtning thus replenishes

to sol 'ne extel i t  t l le Nater lost by peruralent absorption in the

rocks  o f  t i re  ear th 's  c rus t .  \Vhether  the  nerv  water  fo rmed by

I igh tn ing  is  equa l  to  thx t  los t  f rom o t l r  oceans by  absorp t ion

an< i  c rys ta l l i sa t ion  in  the  rocks  o f  the  ear t i r ' s  c rus t  i s  no t  ye t

knorvn ;  bu t  i t  i s  s r :pposed tha t  dur ine  the  h is to r ica l  per iod

the  two tendenc ics  approx in ta te ly  ba lance each o ther ,  so  as  to

n'raintain a nearly col lstal l t  quanti ty of lvater on the earth'

( iv) h' i$l l t t 's experitrents for producing mercuric oxide-

(ttgO) and the separlt ion of these elemetrts by t l te use of

higher tetnPerature i l l t tstrates the rvave-theory'
(}rr Artg. r,  r77 4, Priest/t1 discovered that the red oxide

of rrrercury (t tgO) evolvcd a gas when heated to a i :onsiderable

telnperatt lre. 
' l 'he gas was oxygen and the rr:sidtte Ieft  behind
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does not sncceed, we try the electr ic current. And freouentlv
1ve use both high temperature, and the electr ic current, or
some fornr of electr ic furnace, as developed about 3o1,sn15
ago by the celebrated French chemist Moisson.

Of late years electro-chernistry has become a dist inct
b ranch o f  p rac t ica l  sc ience,  o f  the  grea tes t  impor tance in  the
ar ts ,  and indus t ry .  I f  the  above l ine  o f  reason ing  be  admiss ib le ,
i t  fol lorvs that electro-chernistry depends on rvave-action, bv
which art i f ic ial combinations of metals are effectecl usual ly
under the joint act ion of a porverful current and a hiei l
te lnpera ture .  ' l ' he  

rno lecu la r  s t ruc tu re  o f  thc  a to rus  is  .so
interrvoven that rvhen such mixtures as phosphor-l ;ronzc,
a lumin ium-bronze,  n icke l -s tee l ,  o r 'anad iur t r -s tee l  a re  e f fec ted ,
they  are  found on  coo l ing  to  have ex t raord inary  s t reneth ,
and therefore becorne extrenrely useful in the rrechanical ,r ts.

(v )  Ot le r  examples  o f  chern ica l  combina t ions  unc jc r  the
ac t ion  o f  s l )ongy  p la t inur .n ,  o r  o f  u l t ra -v io le t  l i ch t ,  wh ich  has
shor t  n 'ave  lcng th .

r .  I t  i s  rve l l  known tha t  meta l l i c  p la t inum,  espec ia l l v
the-b lack  or  s l )ongy  p la t inunt ,  condenses  gases  upon i t s  .sur fhce ,
and furthern-rore the condensation is attencled by the clcvclop-
nren t  o fheat .  ' I ' h is  n ta te r ia l  i s  ce lebra ted  fo r  occ lud ing  hyr l rogen
or  oxygen;  and i t  has  been in fe r red  f rom the  deve lopnrcn t
o f  heat  no ted ,  tha t  the  spongy p la t inum by  i t s  cavernous
structure acts to cause part ial  cornbination of hydrogen .rnd
oxygen s imi la r  to  tha t  no ted  in  f la r re  o r  o rd inary  combust ion :
th : r t  the  sponsy  p la t inum probab ly  does  no t  i t se l f  d i rec t l y
produce the chernical combination, but that as the nrolecules
o f  the  ga , "es  are  absorbcd in  the  cavernous  r r re ta l l i c  s t ruc tu rc ,
the i r  mutua l  reac t ions  are  conrp lcx  anc l  conc lensat ion  o f  thc
e lements  o f the  gas  rcsu l ts .  Probab ly  th is  ra iscs  the  tcnrpera turc
someu 'ha t ,  -  the  resu l t  o f  the  conf ine< l  rno lccu la r  ag i ta t ion
rvhen the inrush of gases is 6rst effectecl,  -  and then the
power of absorption of the plat inutn increases rvith the r ise
of temDeratr lre.

2. ' I 'he 
experirnents in thermo-chemistry by l l tr i l t lot

show tha t  heat  usr ra l l y  deve lops  in  chemica l  combina t ions .
I t  i s  found tha t  ozone is  fo rmec l  in  smal l  ouant i t ies

when rvater is decomposed by the electr ic current. I t  is forrned
in  the  a i r  by  l igh tn ine  d ischarge,  o r  near  a  f r i c t iona l  e lec t r i c
mach ine .  In  the  convers ion  o f  oxygen in to  ozone,  the  vo lume
of gas contracts by one-third, three molecules of oxyeen fur-
n ish ing  two molecu les  o f  ozone thus :

Oxygen Ozone

3 O 2 : z O s . ( " )
When the ozone is again converted into oxygen, u,hich

may be  done by  heat ,  -  the  decompos i t ion  a t  zooo C.  be ing
very  rap id  -  the  or ig ina i  vo lume is  res to red .  . l ' he  

use  o i
heat to break up ozone into oxygen, perfect decomposit ion
occtrr ing before iooo C. is reached, shows that the tr iple
molecule 03 is rerrt  asunder by the long wave agitat ion due
to high temperature.

According to Ru.lhclol no less than z96oo units of
heat are evolved fronr ?z grammes of oxygen in the reaction:

z O s : 3 a 2 .  ( : )
And a corresponding amount of energy mnst be exlended
in the formation of ozone from ordinary oxygen. Thb con-
version of ozone into oxygen, however, takes place in trvo
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I t  fol lorvs frorn the modern doctr ine of energy, that i f

stages: f i rst,  the molecule Os is converted into Oz-+_O; and
second, the ttvo free atoms of oxygen form trvo molecules
o f  o z o n e ,  t h u s :  

O t + O l . :  o  o ^
o ' - F  o i :  

2  ( ) x '  ( + )

Oxygen has considerable aff ini ty for i tself  in the form
of common ox)'gen, O2, but relat ively l i t t le for the third atom
of oxygen, in the form of ozone. Hence ozone is a great
oxidizer. ' I 'he 

separation of the atoms of the oxygen moleiulei
f rom each o ther  invo lves  zg6oo heat  un i ts  fo r -  . j z  g rammes
of  ox1 'gen;  bu t  in  the  break ing  up  o f  ozone e  in t i  Or_rO
on ly  a  s r ra l l  amount  o f  energy  is  requ i red .

.3. 
' fhis 

use of heat for the formation of new bodies
rvas 6rst recornmended by Robert Boyle, in the Sceptical
Chenrist,  r  66 r.  ' f  he rnodern science i l lustrates this t ireorv
by hundreds, yea, thousands of exarrples, of rvhich *" . i te
rnerely simple types. Rut i t  is only since the erroch of Lauoisier
tha t  the  na ture  o f  cornbus t ion  and the  par t  p layec l  by  oxygen
has been unders tood.

we c ln  dc ter rn ine  the  heat  evo lved in  cornbus t ion  or  any
sirni lar l)rocess, rve have a nuurerical lneasure of the energy
rvhich nrust bc expended to cffect t l re corresponcl ing decoi i-
pos i t ion  o f  the  e lements  p rev ious ly  un i tec l .  ye t  somet i rnes
this energy may be mnde effect ive in one rval, ,  sontet imes
i n  u n o t h c r .

.+. -, \s far back as 1775 Torbent I lergttan of Upsala
wrote a disscrtat ion on elcct ive attract ions, as he cal let l
aff ini ty, ancl set forth that the compounds forrned by the ad-
mix tu rc  o f  re  asents  c iePcndcc l  on  thc  snm o f  the i r  a t i rac t ions .
I t  rvas  f ,a t ,o is iu  ( t j+3- t7ga) ,  horvever ,  rvho  gave a  new
spir i t  to chcnristry, by clevising methocls for thiol ins nerv
l igh t  on  proccsses  long known,  bu t  never  be fore  c lear ly  unde._
s tood.  I l i s  theor l '  o f  oxygen was no t  indeed ac lon ted  bv
Ii tr tho/l t l  (r7 48-r8zz), yet i t  f inal ly prevai lecl 

" i t . ,  
th;

es tab l i shment  o f  the  mechan ica l  theory  o f  l rca t .
5 .  

' I ' he  
d iscovery  by  Farada1, ,  in  rg34,  tha t  the  de-

compos i t ions  e f fec ted  by  the  vo l ta ic  cur ren t  ind ica te  the  ouant i t v
by  rvc igh t  in  wh ich  the  e lenren ts  combine ,  o r  the  rve igh ts  o f
the  a toms accord ing  to  the  a tomic  theory ,  z r t  once inc leased
the  probab i l i t y  o f  the  hypothes is  tha t  the  sar re  opera t ions  are
a t  work  in  bo th  chemica l  and e lec t r i ca l  phenomena.  Out  o f
th is  theory  o f  e lec t ro l l ' s i s  g rerv  in rpor tan t  c leve lopments  in
electro-chemistry. And rvhen i t  rvas shorvn by Lourent that
h1'drogen rnay be substi tuted by an equivalent of chlorine
or  b ror l ine ,  and the  dua l is t i c  theory  o f  pos i t i ve  and nesat ive
elements n'as shaken, Berzt l ius and others tr ied to reconci le
th is  subs t i tu t ion  o f  an  e lec t ro -pos i t i ve  fo r  an  e lec t ro .negat ive
e lement ,  by  cer ta in  mod i f i ca t ions  o f  the  dua l is t i c  theory ,  sorne
compounds o foxygen as  a  four the lementbe ing  bo th  an  ox ide
and a chloride. The prirnit ive dist inct ions for i imple elements
thus become modif ied for comoounds.

(vi) Chernical aff ini ty under rvave-action related to ex-
plosive forces.

We norv consider the chemical act ion of l ight and heat,
which represent shorter rvaves than are present in the electr ic
current.

r.  I t  is noted that hydrogen does not spontaneously
enter into reaction with any of the elements, though i t  has



6or '59 5  I 4 0

a powerful affinity for some of then:, such as oxygen. Accor-

dingly when hydrogen and oxygen, are rnixed nothing occurs;

but i f  a burning taper or a heated wire be applied, or st i l l

better an electr ic spark, a violent explosion fol lows, and the

gases are united to produce water, 2I{z-rOr: zI{zO,

z. As energy is thus given out in the formation of

water, i t  wi l l  natural ly fol low that energy must be expended

on water to dissociate i t  into i ts consti tuent gases, whether

by violent heat or the wave agitat ions of an electr ic current.

This composit ion and decomposit ion of water thus beauti tul ly

i l lustrates the rvave-theory.

3. Again, chlorine gas C/2, and hydrogen gas l /2, are

each biatomic, and without act ion upon each other in the

dark. But i f  the mixed gases be exposed to a bright l ight,

especial ly a beam of ultra'violet l ight, or violently agitated

by the passage of an electr ic spark, the gases unite rvith

explosive violence to fonn hydrochloric acid. l 'he reaction

is  shown to  be :

4-rClr :  I f  Cl - r I f  CI .

Evidently the forrnation of hydrochloric acid grs is

prececled by the separation of the two atoms of the chlorine

molecu les ,  and o f  the  t$ 'o  a toms o f  hydrogen in  the  hydrogen

molecu le ,  f rom each o ther ;  rvh ich  ca l l s  fo r  the  expend i tu re

o f  som€ energy ;  then fo l lo rvs  a  g rea ter  evo lu t ion  o fenergy

in the fqrmation of I fCl,  or of H2O in the case of rvater

considered above.

4. 
' l 'he general restt l t  is that more energy is given out

in the forr-nation of tlie more stable cor-r'rportr"rds' 
'fhe ator-ns

of hydrogen ira'r 'e less aff ini ty for.thernselves than for chloriue,

and the chlorine has less aff ini ty for i tself  than for hydrogen.

Hence under wave agitat ion the rnixed gases undergo the

changes shorvn by the fonntt la:

H2-+- C/2 : z EI Cl '  (O)

As soon as this change is started in a ferv ruolecnles, the

agitat ion thus set up spreads to the rvhole ntass, at ld al l

the molecules are translonned into new chetlr ical bodies, -

namely  water  vapor ,  as  descr ibed in  paragrap l i  z  above,  o r

hydrocl i lor ic acicl gas, paragraph 3.
In the wave-theory of physical forces i t  is bel ieved that

the energy exhibited in chemical reactions is drarvt. t  f ionr the

unlimited storehouse of the aether everyrvhele pervacl ing the

universe. The chemical reactions therefore involve sinrply an

exert ion of this unseen power when the atomic rearrangement

occurs, and the resistance to the passinl l  lvaves is suddenly

changed. 
' l ' l ie result is the exert ion of unseen and rtnsttspected

forces which frequently are explosive in charactcr and often

extremely terr ible, as in dynamite, and other lbrr ls of nitro-

glycerine, the tr i-nitrotolt lenes, and other high explosives.

2 .  G e o m e t r i c a l  A r r a n g e m e n t  o f  t h e  A t o t l t s  a s

c o n c e i v e d  b y  R e g n a u l t  a n d  o t h e r s  f o r  e x p l a i n i n g

C r y s t a l s .
( i)  fne forces underlying the cr1'stal l ine forn.rs referred

to the aether.

I t  has long been recognized by chemists that the atoms

in certain molecules occupy definite relat ive posit ions. This is

inferred part ly from the chemical formulae of the substances,

part ly from the forms of the corresponding crystals, the study

of their symmetry and the isomorphisms, both of special and

ofgenerai physical propert ies, as tested by optical and magnetic

methods. Indeed the study of crystal lography is a very exten-

sive branch of science, and nruch improvetnent has become

possible of late years, since the Swiss physicist Iarc began

the use of X-rays for explorat ion of the internal structure

o f  c rys ta ls .
' I 'his subject is now so extensive that only a general

ou t l ine  o f  resu l ts  i s  pern iss ib le  in  a  paper  on  the  ae ther .

We shall  give therefore merely a sketch of the method by

rvhich the problem is attacked.

In the f i f th paper on the new theory of the aether rve

rvere enabled to throw l ight on the porverf i t l  refract ions,

dispersions, and other disturbances experienced by tbe aether

a t  the  bor rndar ies  o f  bod ies ,  by  wh ich  th is  u red ium is  p laced

runder extraordinary stress, and we made i t  probable that the

result ing reactions produce the observed harlCrtess and tenacity

o f  boc l ies .

1 . l t  rvas shorvn in the f irst I)aper t l)at the aether is

6 8 9 3 2  r  6 o o o o o  m o r e  e l a s t i c  t h a n  a i r  i n  p r o l , o r t i o n  t o  i t s

dcns i ty ' .  Ac t :o rd ing ly ,  i f  the  rvaves  t ravers ing  the  t tn iverse  be

concer tcd l l '  t l i s t r ibu ted ,  by  a  sys tenat ic  a r rangc t l l cn t  o l '  t l l e

a tonrs  u  i t i r in  the  t ro lecu les ,  and o f  the  n to lcc t t lds  rv i th in

crys ta l l ine  [ rod ies ,  -  such a  ure t l iu tn  i s  s 'e l l  ca lc t t la ted  to

g ive  c ry 's t l l s  no t  o t r l y  spec ia l  and geotne t r i c  lo rn ts ,  bu t  a lso

great  harc lness  and o ther  phys ica l  p roper t ies  wh ich  have long

caused c rys ta ls  to  be  assoc ia ted  rv i th  n tagnet isu i ,  as  oher ing

ex t raord inar l '  n ro lecu la r ,  op t ica l ,  n ragnet ic  i i l rd  o ther  phys ica l

p roper t ies .

z .  \ \ ' e  have a lso  scen tha t  tnagt re t i s r r  dcpends upon

conce rted u ave -actiot. t ,  t)  ancl s' l to* 'n t lre 1lh1'sical and geo-

nre t r i ca l  re la t ionsh i l t  o f  the  waves  to  the  e lec t r i c  cur ren t .

And i t  i s  ev idcn t  tha t  i t ' s t rch  porver l i t l  ac t ions  and reac t io l ts ,
rvlr i<:h s'c t :an <:ontrol in ntagnetisnt atrd electrocl l ' l lat l l ics, are

dtre to r:oncertct l  l 'zrve-at:t iort;  t l rct. t  at cot 'reslrolrt l ing, though

dif l 'erently arrangeri,  stress of the aether shor.r ld exist about

c rys ta ls ,  in  v ie l  o f  the  a tomid  ar rangeuet r t  long  recogn ized

to exist,  and ntacie evident to the senses b1' /-zztre's X-ray

photographs  o f  c rys ta l l ine  s t ruc tu re .

3 .  We may say  tha t  c rys ta ls ,  so  fa r  as  o l r t i ca l  and

phys ica l  p roper t ies  a re  concerned,  shou ld  p rese l l t  to  our  con-

templa t ion  a  k ind  o f  genera l i zed  magnet is ru .  And th is  rve

find to be a fact, as shorvn by the elaborate researches of

crystai lographers such a.s l /oigt,  Laue, and others. The crystals

have var ious  axes  o f  s ) ' lnmet ry ,  and phys ica l ,  op t ica l  and

magnetic propert ies corresponding to t lre geonretr ical fort lr

o f  the  c rys ta ls .

4. l t  is true that crystals of dif ferent substances, with

the sarne geometrical form, have dif ferent ph1'sical,  optical,

and rragnetic propert ies. This dif lbrence doubtless depends

( s )

r )  In  the  ou t l ine  o f  the  wave- theoryo fmagnet is rn ,  anr l  e lec t ro -dyn l l t t i cs ,  i \N  5c '44 ,  p .73-74,  we re fe r  to  the  co l lapse or  expans ion  o f

the  mec l iu rn  when the  waves  in te rpenet ra te .  The-ba lnnce o f  the  k inc t i c  equ i l ib r ium o f  the  med iunr  a t  the  sa lne  t i r i l e  invo lves  vas t  exchange

of  the .  ae therons .  Th is  essent ia l  cond i t ion  o f  the  k inc t i c  equ i l ib r iu rn  i s  there  assurned,  bu t  i t  shou ld  be  borne in  u r ind  t ry  those rvho may be

inclined to overlook the foundations of the kinetic theory, rvhich rest on i ltcessant rnolecular exchange.
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on the molecules which make up the crystal l ine structure.
I\{olecules in which the atoms are held together by powerful
aff ini t ies rvi l l  natural ly give r ise to hard irystals; ond thu.,
as some substances have great aff ini t ies betrveen their atoms
and molecules, strong resistance by the crystal l ine rnass does
not surprise us.

5 .
infer that
throrv the

If the crystal is easi ly dissolved by heat, we should
increased agitat ion by these long rvaves tend to
atoms and molecules beyond the range of the

shor te r  waves  ho ld ing  the  a toms to  the  molecu les ,  and the
molecules to one another, for the n-rake up of the crystal.
I f the crystal be dif f icult  to dissolve by heat, then the opposite
conclusion rnay be assumed.

6. Accordingly, the study of the physical propert ies of
crystals wil l  throrv l ight on the propert ies of the molecules,
and v ice  versa .  Opt ica l  and magnet ic  p roper t ies  bear  s in r i i l i
relat ionships, but as yet they are l i t t le understood.

Fig. z. Illustration of the L,aue Ra<liograph of the arran-
gcmcnt o[  molccular  st ructurc in calc i te ( lcelant l -
spar), frorn an arricle by Il. Lt/. G. fi\rcftoll', 6rn"r.
Jou r .  o f  Sc i cnce ,  Nov .  r 9zo ,  p .3z r .

( i i )  nxl i tr i t lon of the theory of crystal l ine structure
conceived by Rtgnault.

The celebrated French chemist l{cnryt [2167p, Re.qnaull
was one of the most careful and exact investigators of tne
middle of the rgth century. His Elements of Chemistrv. in
two volumes, (English translat ion by Betton, phi ladelphia, r g6o),
not only is a model treatise on chemistry, but also contains
very. profound and sagacious remarks on the physical pro-
pert ies of al l  elements and their compounds, - so that i t
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Iays the foundations of_ physical chemistry since more ful ly
developed by Bertltelat, Moissan, Ostwald, tr/an't Eqf, Arrhe nius
and others.

' fhis is not the place to go into the detai ls of chemical
th-eory, but we may properly reproduce the sagacious outl ine
of crystal l ine structure conceived by Rcgnault,  and since
elaborated, from dif ferent points of vierv, by Voigt and his
fol lowers, arrd_recently_ confirnred by the photographic X_ray
researches of Lauc ancl the nulrerous investigators rvho ha'e
taken up his nerv methods for exploring crystal l ine structt lre.

- I l t ,gnault begins his theory of crystals by the discussion
of divisibi l i ty, and shorvs that horvever f ine the mechanical
division n.ray be carr ied, i t  falrs short of molecnrar and atomic
sizcs. In this connection i t  is well  to recal l  Ntu,ton,s remarks
in  the  Opt ics , .  r7zr ,  p .  365,  ) tha t  i r  i s  d i f f rcu l t  to  conce ive
of the agency by rvhich attract ion is produced, rvhen two
smooth  bod ies  are  in  very  c lose  co t r tac t ,  ye t  rea l l y  touch or
approx in ra te ly  touch on ly  in  a  few po in ts ( .  In  the  h f th  r r " r r " ,
on  the  new theory  o f  the  ae ther  rve  bu i l t  up  a  theory  o f
molecul:rr forces based on wave-action sensible only ai in-
sens ib le  d is t : rnces ,  because the ' rvaves  are  very  minu te .

After exarrl ining very profoundly the six systems of
crystals and working out the numerical relat ions, often ex_
tremely simple, rvhich exist between the faces, axes. and
dinrensions of the crystals, Repnault comes f inal ly to the
hypothes is  o f  mo lecu la r  decrements ,  (p .  ++) .

Rtgnauh's rcasoning quoted in detai l :
>' lhe larvs of syrnmetry rvhich exist bet*ieen al l  the

crystal l ine forms of the sante substance, are very easi lv ex-
plained by start ing rvith certain hypotheses on ih"t form o[
the  c rys ta l l ine  molecu lcs  and the i r  mode o f  g roup ing .  I t  i s
useful to study, at this t ime, these hypotheses, not only-tecause
they give us, as i t  rvere, material explanation of these laws.
but also because, under their guidance, I{ai l ,  f , js2syered, by
induction, the larvs of crystal lography, which he afterwards
verif ied by rneasurement. Let us take a mineral snbstance.
as galena, rvhich crystal l izes according to the regular syste-j
and assurnes many forms of this system. Let us, in the f irst
case, examine .a cubic crystal of galena (f i-g. 3", plate r).  I f
qe endeavour to fracture i t  by violence, o_r by-applying a
cutt ing edge, in various direct ions, we sha1l soon f ind that
the crystal cleaves, very readi ly, in three direct ions naral lel
to the laces of the cube, rvhi lst i t  resists al l  otheri .  The
fragnrents thus detached from the cubic crystal,  as well  as
the remaining nucleus, have al l  the forms of rectangular
paral lelopipedons. ' Ihis 

mechanical division may be cair ied
very .far, for the l i t t le fragments may be fnrtber divided, and
the microscope rvi l l  show the most minute dust to be con.r-
posed of rectangular paral lelopipedons. We are natural ly. led,
by induction, to infer that the ult imate crystal l ine p*. i i . l " . ,
that is, those which resist cleavage, wi l l  affect the same fo.,r. , .
These part icles are therefore cal ied inte gral crystal l ine molecules,
each one of which is formed of a great number of chernicai
molecnles, separable, perchance by other mechanical means,
and grouped together by means of forces hitherto unexplained. <

)Let us now take an octahedral crystal of galena (f ig. Sb,
plate r).  I f  we endeavour to cleave i t  in a dir ict ion p"iutt . i
to i ts faces, rve shal l  not succeed, We obtain, on the contrary,
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a very ready cleavage in the direct ion of planes equally
incl ined toward the four faces comprising the sol id angles
of the octahgdron. By effect ing these successive cleavages
at al l  the sol id angles, we shal l  soon destroy i ts octahedral
form and obtain a nucleus in the forni of a rectangular
para l le lop ipedon,  wh ich  cont in r red  c leavage rv i l l  d im in ish ,  bu t
not alter i ts cubical form. We therefore conclttde that the
crys ta l l ine  molecu les  o f  the  oc tahedr ic  c rys ta ) ,  as  we l l  as
those ,of.  the cubic grystals, are small  rectangri lar paral lelo-
p ipedons.  <

> L e t  u s  s e l e c t , . i n  t h e . l a s t  p l a c e ,  a  c r y s t a l  o f  g a l e n a
present ing  the  fo rm o f  rhonrb ic  dodecahedron ( f ig .3c ,  p la te  r ) .

We sha l l  aga in  f ind  tha t  th is  c rys ta l  does  no t  c leave in  a

direct ion paral lel to i ts faces. ' l 'be only natural cleavages

are  in  the :d i rec t ion  o f  p lanes  eq t ra l l y  inc l ine . t l  toward  the

faces  :  o f  the  4-s ided so l id  ang les  ,4 .  I f  we e l lec t  s t tccess ive

c leavages on  the  s ix  '4 ' t1 , i .6  so l id  ang les ,  we sha l l  des t roy

the  faces  o f  the  dodecahedron,  and ob ta in  nuc le i  hav ing  the

form o f  rec ta r rgu la r  para l le lop ipedons,  resenrb l i r r  g  in  a l rpcarance

and the  phys ica l  .p roper t ies  o f  the i r  faces  the  nuc le i  s 'e  ob-
ta ined f rom the  cub ic  and oc tahedr ic  c rys ta ls .  \ \ ' e  a re  there-
fo re  led  to  conc lude tha t  the  c rys ta l l ine  molec t t les  cor t rpos ing
the  dodecahedr ic  c rys ta l  l rave  the  same fo rur  o f  rec tangu lar
para l le lop ipedons as  those o f  cub ic  and ec tahedr ic  c rys ta ls .<

>But  rvhat  i s  the  ra t io  o f  the  lengths  o f  the  s ides

of  th is  p r im i t i ve  para l le lop ipedon? We rv i l l  observe  tha t  the
three  d i rec t ions  o f  c leavage wh ich  lead to  th is  para l le lop ipedon
present no feature dist inguishing theut from each other: they
are equally easy, and the faces they produce l tave t l te sanre
lustre. lVe are therefore induced to admit t l rat the three
d imens ions  o f  the  para l le lop ipedon are  equa l ,  and tha t  i t  i s
consequently a cube. i l 'he crystal l ine part icles of galena are
therefore cubes, and, i f  induction has not deceived trs, we can
reproduce, by the juxtaposit ion of these snral l  eleurentrry cubes,
the cube, the octahedron, the rhonibic dodecahedron, and,
in short,  al l  the crystai l ine fornrs of galcna. We are about tcr
show that this can be readi ly effected.<

<In order to render the fact more apparent, we shal l
greatly exaggerate the dirnensions of !he stnal l  elementary
cubes. This lve may do lvi thout inval idating the accuracy of
the. denronstrat ion, for rve only consider the tangent planes,
the direct ions of which renrain the same, whate'r 'er nay be t lre
d imens ions  o f  the  in tegra l  c rys ta l l ine  molecu les ,  p ro l ided
that their forms and mode of grouping be the sanre. ' l 'he

cub ic 'c rys ta l .w i l l  be  d i rec t l y  fo rmed by  the  jux tapos i t ion  o f
the el€mentary cubes. Let us place, on the several faces
of  the  cube a  b  c  d  c / ,  ( f ig .+o ,  p la te  z ) ,  s t ra ta  o f  cub ic
molec t l les ,  i  a r ranged as  they  are  in  . the  cub ic  c rys ta l  i t se l f ;
but suppressing, in each stratum, a ,rorv paral lel to ear:h side of
the face of the cnbe, so that each nerv stratunr shal l  contain,
on  each S ide ,  one rou ' less  than the  preced ing .  I t  rv i l l  be
read i ly  seen tha t  we thus  ob ta in  the  rhombic  dodecahedron
( f i g . : . ,  p l a t e  r ) .  F i g . 4 a  p r o v e s  t h i s  f a c t :  i n  o r d e r  n o t  t o
complicate this f igure and destroy i ts general aspect, rve have
suppressed the  l ines  wh ich  mark  the  separa t ion  o f  the  jux taposed

e lementary  cubes ;  bu t  we have ind ica ted  them on f ig .  4b ,
plate 2, which represents, on a greater sr:ale, one of the
sol id angles of the new formation.<
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nBy supposing the cubic molecr.t les to be inf initely
small ,  the asperit ies arising from the subtraction of the rows
rv i l l  d isappear ,  and the  faces  o f  the  dodecahcdron w i l l  l recome
perfectly plane. 1Ve may theref ore say, tbat the rhoml; ic
dodecahedron is  der ived  f rom a  cuLe Ly  theVecrement ,  on
the  faces  o f  the  cube,  o f  a  ro rv  in  length  and a  ro rv  in  he igh t .<

It i i )  I icgnaull 's theory of the renioval of rows of ele-
mentary  par t i c les .

))Let us now suppose t l tat front each new stratum we
remoYe 2 ,  3 ,  o r  4  rows o f  e lementary  par t i c les ;  i t  i s  ev ident
that r,r 'c shal l  produce, on each face of the cube, 4-sided
l ry ranr ids ,  o f  rvh ich  the  e leva t ions  w i l l  be  t  

l r ,  
t lu ,  o r  1 /1  o f

the  ax is  o l '  the  cube,  and tha t  we sha l l  ob ta in  the  r -a r ious
t e t r a h e d r o n s  , ( f i g .  : d ,  p l r t e  I )  m e n t i o n e d  i r r  t h e  p a r a g r a p h
above.  \Ve sha l l  thus  have e l lec ted  a  decrement  o f  r  row
in  he igh t ,  and z ,  3 ,  o r  4  ro rvs  in  length .<

) )Le t  us  now take  a  la rge  cub ic  c rys ta l  ( f ig .4c) ,  and,
s ta r t ing  f ronr  the  cent re  o f  one o f  i t s  edges ,  and syrnmet r ica l l y
as  regards  i t s  con fornra t ion ,  renrove a  molecu le  f ronr  the
l i rs t  uy rper  s t ra tum,  z  f ronr  the  second,3  f rom the  th i rd ,
rve  sha l l  ob ta in  a  tangent  t runcat ion  o f  thc  so l id  ang le  o f
the  cube.  l iepeat ing  the  process  on  each o f  the  ang les ,  we
sha l l  have a  regu la r  oc tahedron (hg .  +d)  Ib rnred  by  the
decrernent  o f '  a  ro rv  in  length ,  and a  row in  he igh t  on  the
ang les  o l '  t l te  cube.<<

))Let us now return to our cube a l t  c d e/ (f ig. .{e),
and add to  i t s  faces  add i t iona l  s t ra ta  o f  cub ic  rno lecu les ;
bu t  l c t  us  u r i i ke ,  lb l lo rv ing  the  edge y ' ,  a  decrenrent  o i
2  ro \vs  in  length  and r  in  he ig l r t ,  and,  lb l lo l ' i ng  the  edge

, / ,  a  decrenrent  o f  r  rou '  in  leng th  a : rd  z  in  he igh t ,  rve
sha l l  o l r ta in  t l )e  pentagoDal  c lodecahedron ( f ig .  4e) .  $ 'e  haue
o ln i t ted  in  th is  t ig r . r re  the  I ines  o f  separa t ion  o f  the  snra l l
e l e n r e n t a r y  c u b e s ;  b u t  t h e s e  l i n e s  a r q  s e e n  i n  t h e  f i g . 4 f ,
rvh ich  rcpresents ,  on  a  la rger  sca le ,  the  an ter io r  por t ion  o f -
f ig .  q . .  

- l  
hc  pentagona l  dodecahedron is  a  hern ihedra l  fo rnr ,

a  hcnr i - te t rahexahedron ( I r ig .  3d) :  the  o ther  hemihedra l  fo rn is
o f  the  rcgu la r  s ) ' s tem are  ob ta ined in  the  same nranner ,  by
runsynrnre  t r i ca l  r l cc ren ien ts  on  s i tn i la r  ec lges .  <

>>I t  rv i l l  be  eas i l y  seen,  rv i thout  mu l t ip ly ing  examples ,
tha t  rve  can reproduce,  b1 '  anr logous  add i t ions  or  sub f rac t ions ,
a l l  the  f igures  o f  the  regu la r  sys teur . (

)  l t  can  be  shorvn  tha t  a l l  the  fo rms o f  the  second
sys tenr  o f  c rys ta l l i za t ion  may be  cor )s t ruc te t l  rv i th  c rys ta l l ine
nro lccu lcs  hav ing  the  f igure  o f  a  r igh t  pan l le lop ipedon,  rv i th
r  s ( luare  base,  bu t  o f  rvh ich  the  e leva t ion  is  no t  e ( iua l  to
the  le  ng th  o f '  the  s ides  o f  the  t rase ;  the  ra t io  be tu ,een th is
e leva t ion  and the  s ides  o f  t l re  base be ing  a l rva l ' s  iden t ica l
in t lre sanre substance, but dif l 'er ing in dif f 'erent substances.<

) I -c t  us  take  a  c rys ta l  hav ing  the  fo rn . r  o f  a  r igh t  p r ism
wi th  a  s r luare  base,  and add to  i t s  base s t ra ta  o f  c rys ta l l ine
mole<u les ,  rv i th  a  decrernent  o f  a  ro l  in  leng th  and a  row
i n  h e i g h t  i n  t h e  d i r e c t i o n  o f t h e  s i d e s  o f t h e  b a s e :  w e  s h a l l
ob ta in  a  sc luare-based pyramid ,  o f  rvh ich  the  e leva t ion  rv i l l

l ) resent ,  to  the  s ides  o f  the  base,  the  same ra t io  as  the  bor lo -
logous  lengths  o f  the  c rys ta l l ine  molecu le .  1 ' rea t ing  the  in -
ferior base of the prisrn in t lre sane manner, rve shal l  obtain
a  r igh t  square-based pr ism,  te rmina ted  by  t r lo  po in t ings ,
wh ich ,  un i ted  by  the i r  bases ,  fo rm a  square-based oc tahedron.
Assuming this octahedron as the prinri t ive octahedron of the
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F i g .  4 .  a , . b ,  c ,  d ,  e ,  f ,  g ,  h ,  i .  I ' u r t h c r  r l c t a i l s  o f  / t ' t g t r a t t / / ' s  t h c t t r y
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Fig .7 .  Const ruc t ion  o f  c rys ta ls  by  thc  gcomet r ica l  a r rangement  o f  smal l  e lements  as  descr ibed by  l t cdd tc .

Tafel 3.

t

. \  I
., a,

/ r :
/ v

/ g
/ \

C. Schaidt, Inhaber Georg Oheim, Kigl



As t ro l r o rn .  Nach r i c l r t en  t Jd .  2 r  5 .

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

c . ' l ' r i a l < i s o c t a l r e r l r o r r

S t a r  o f  t h c  S o r r t l r

' l 'he l icgent  or  l ) i t t .

I r ig.  8.  ' I 'he gcornetr ical  forrns ta l<cn

T.J.J. See. New Theory of the Aether.
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Fig. to. r. |l[ayer's stable forms of groups of floating magnets.
z. Geometrical forms taken by crystals of snorv.
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c <  C e n t a u r i

Fig .  t l .  The apparent  o rb i t  o fA l l thn  Cer r taur i ,  s , i th  c r t rc rn t '11 '  v r r iab le  ra r l ius  vcc tor ,  yc t  r r r r r l c r  the  cent ra l  fo rce  6 f  un iyersa l
g rav i ta t ion  s rveep ing  over  equa l  n reas  i  n  cqua l  r , i rncs .  . I ' - r0 rn  l iesea rchcs  on  th  c  e r ,o i  [ t ion  o f  the  s tc l la r  sys tcms,  r 'o l .  I ,  r  89  6 .

*
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T.J. I. See. New Theory of the Aether.
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Fig. tz. Graphical illustration of the progress.of the wlve-fr9yt, in the case of sound, propagated thruogh the
arr and through the carbon dioxide (COr) of the balloon. This gives acoustic attraction, owing fo the
advance wave-mbtion rvorking some of the air particles out from between the source of the sound and
the balloon, and transferring them beyond the balloon, so as to give a vis a tergo, a shove from behind,
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T.J.J. See. New Theory of the Aether.

Tafel 8

l 6 t e r p r e t a t i o n  " f  t h l  r . b o v e  S u n ; c a c e s .

l ' i g .  r5 .  D iagram o f  thc  equ ipo ten t ia l  s r r r f i r ces  about  t \ t ,o  equa l  masses ,  ! r  and p ,  o r ig ina l l y  g iven  in  T f ionsot t  anc l  7 ,a i t , s  Trea t ise  on  Natura l
I 'h i losophy ,  l s t  e ( I . . I873.  \v i thout  regard  to  the  causc  invo lvcd  th is  d iagra in  r "p . i r "n t .  the  ac tua l  sur faces  g .h ich  ex is t  under  the
poten t i l l  o f  g rav i ta t im; -  an t l  

_ in  
the  l igh t  o f  thc  ner r  thcory  o f  the  ac the i  l ve  now in te rpre t  the  mcan ing  o f  the  d is to r t io rs  sho*n

rvh ich  le re  f i rs t_pub l ished about  ha l f  a  century  ago.

I

C  S c h a i d t ,  l o h a b e r  G c o r g  O h e i m ,  K i e l .
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I r ig .  r8 .  Gcomct r ica l  i l l ns t ra t ions  o f  the  opcra t ion  < t f  A- t1 / t r ' s  las 'o f  cqua l  a rcas  in  cqua l  t imes fo r  the  c l l ipsc ,  para l ro la ,  hyperbo la  -  in
rvh ich  con ic  sec t ions  a lone p lanets  an< l  conets  n ray  rn ( ) \ 'e  un t lc r  the  fo rcc  o f  g rav i ta t ion  d i rcc ted  to  thc  s r rn  in  the  focus .  On the

r igh t ,  the  or l r i t  o f  i  \ - i rg in is ,  rvh ich  i l l r rs t ra tcs  / r ' , ' y ' / t / s  las 'o f  a reas  arnong thc  r lo t rb lc  s ta rs ,

C ,  S c h a i d t ,  I n h a b e r  G e o r g  O h e i m ,  K i e l .
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See. New Theory of the Aether.

l - ig .  r9 .  Gcomet r ica l  i l l us t ra t ion  o f  thc  rv i rvc -hc l< l  a l rou t  t ryo  cqua l  s ta rs .  
' l ' hc  

rvavc- r tn rP l i tu r les  inc reasc  asyrnp to t i ca l l y  to rvards

e i thcr  bo< ly ,  rvh ich  ren t le rs  the  ac t l re r  o f  var iab le  t lens i ty  o :  vz ' ,  s 'h i l c  thc  lnvc 'mot ion  in  concent r i c  sp l l c res ,  rvhcn

re f lec tc {  f iom the  sur faces  o f  thc  confoca l  c l l ipso ids ,  y ic lds  s t rcsscs  a long the  tangents  to  the  hy l rc rbo lo ids ,  r rh ich

in te rscc t  the  e l l ipso ids  a t  r igh t  ang lcs  and s i th  thcm cons t i tu tc  the  sys tcm o f  co t l foca l  con ics .

In  na tu ie  the  ae the i  .va tes  f rom the  ts ,o  cent rcs  a rc  no t  re f l cc tc t l  by  thc  c l l ipso ida l  sur faces ,  bu t  p roceed

onrvar t l  in to  in6n i te  space;  ye t  the  rcac t ion  o f  the  med i r rm g ives  s t resses  a long the  tangents  to  t l re  hypcrbo lo ids  cxac t ly

thcsameas i f the .uu t " . * " ra  per fcc t l y  re f l cc tc t l  by  the  confoca l  e l l ipso ids ,  and thc  s ta tc  o f l ' a l ' cmot ion  rcn t lc red  perpetu t r l .

,

r.J.J.

C .  S c h a i d t ,  l n h a b e r  G e o r g  O h e i m ,  K i c l
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Asronom. Nachr ichten Bd. z l5.

T.J.J. See. New Theory of the Aether.

Fig. zo. Double plate showing the aether strcsscs in the rvavefield about twQ equal stars:

r .  The tquipotent ia l 'sr , . iuccs, l is tor ted by gravi tat ion to t$ 'o centres,  imply ing corresponding

tension and pressure in the aether.

z. The double wavefield showing the decrease of density of the aether towards either

centre, and the stresses from'infinite spacc acting along the hyperbolas for rendering

the state of the medium PerPetual.

C. Schaidt, Inhabcr Geors Ohcim, Kiel.
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substance, i ts dimension wil l  immediately indicate those of
the integral crystal l ine molecule.<

>We may construct on the 
'same 

base other a-sided
pyramids by making decrements of r row in length, and
2, 3, or 4 rows in height. lVe shal l  thus have octahedrons
with square bases, more and more acute, of which the ele-
vations wil l  be 2, 3, or 4 t imes as great as that of the
prinri t ive octahedron. I t ,  on the contrary, we rrake a decre-
nrent of only r rorv in height, and z, 3, or 4 in length rve
shail  obtain octahedrons more and more obtuse, of whiih the
e leva t ions  w i l l  be  t l r ,  t l r ,  o r  r fa  o f  tha t  o f  the  nr in r i t i ve
octahedron. We can thereflore construct, with the same integral
molecule, an indefinite series of obtuse and acute octahedrons
of the same class, but whjch wil l  al l  possess this property,
that, when referred to the'same base, their elevationi rvr l l  be
to  each o ther  as  the  very  s imp le  nuntbers  r  :  2  :  3 :  4 .  .  .
o r  r : r f 2 : r f  s : r f  n . . . . o

(iv) Rc.gnault
manndr .

shows that other forms result i n  a  s i m i l a r

with a sqrlare
o f  genera t ion  is
most  complex

Rcgnault next considers a r ight prism,
base,  and f ina l l y  shorvs  tha t  a  s imi la r .mode
applicable to the hexagonal and even the
systems of crystal l izat ion.

>Star t ing  f rom a  po in t  in  one o f  i t s  ver t i ca l  edges ,  and
symmetrical ly as regards this edge, let us subtra. i  ,  ,olu
from the f irst stratum,. z from the secopd, 3 from the thircl ,
and so on; in short,  let us operate on lhis p. isrn, as rve did
upon the  cube to  ob ta in  the  regr r la r  oc tahedron.  \Ve sha l l
thus  ob ta in  an  oc tahedron wh ich  rv i l l  be  the  oc tahedron o f
the  second c lass  o f  the  pr im i t i ve  oc tahedron,  and o f  wh ich
the faces rvi l l  have the direct ion of the edges of the latter.
By subtracting a row in length and z, 3, or i  rorvs in height,
we sha l l  have the  ser ies  o f  acu te  oc tahec l rons  o f the  secJnd
class. Lastly, we wil l  obtain a series of obtuse octaheclrons
of the second class, by srrbtract ing r rorv in height and z,
3 ,  o r  4  r o w s  i n  l e n g t h . <

>In the entire, or holohedral forms, of the hcxasonal
system, we must take the regular 6-sided prism as the integral
c rys ta l l ine  molecu le .  By  rneans  o f  th is  iame pr is rn ,  * . "  .on ,
by suppressing the decrements according to a certain larv,
construct the hemihedral forms of the same syslem. It  is,
perhaps, more easy to consider these last forms as consti tuted
by integral molecules, hemihedral themselves, and having,
for exanrple, the forrn of the prinri t ive rhonrbohedron. \ \ ie
shal l  nrerely show horv scalenohedrons nlay be derived: in
th is  manner ,  f rom the  pr im i t i ve  rhombohedron hn l ing  thc
same lateral edges. Fig..4g represents this mode of genciat ior5
o f  the  sca lenohedron ( f ig .  3e)  o f  carbonate  o f  l ime:  th is -
sca lenohedron has  a  p r inc ipa l  ax is  t reb le  o f  tha t  o f  the  pr im i t i ve
rhombohedron having the sarne lateral edges, and is f iequently
found in this substance. I t  is enough to place; on each lace
of the primit ive rhomltohedron a b c d e, strat^ of molcculcs
sirni lar i tr  form to this rhombohedron, by effect ing on i ts
lateral edges a decrement of z rows in breaclth 

"nd 
, .o,u

in  he igh t .  The l ines  o f  separa t ion  o f  the  e lenren tary  rhombo-
hedrons are not seen in frg. qg, but they are clearly exhibited
in f ig. 4h, which shorvs, on a larger scale, the upper courses
of  f ig .  4g .<

"  - -  :  , .  ,  
' I - . 1 ' q

' '{1'\ti ^ir:\I{1;'\

0F t'llli
ul'lIvERSIT::

40 66 '  oF

>If we effect a decrement of r row in breadth 
"oo"rt'ni,r1,9:r1.' 'in height, rve should obtain a scalenohedron which, rvi th the

same secondary axes, rvould have a principal axis double of
that of the primit ive rhombohedron.

>>In the fourth, f i f th, and sixth systems of crystal l izat ion,
the  in tegra l  mo lecu le  w i l l  be  a .para l le lop ipedon,  o f  rvh ich
the elements may be detern.r ined, from those of the octahedron,
ch.osen a.: the principal.  At one t ime, the small  generating
so l ids  rv i l l  be  the  in tegra l  mo lecu le  i t se l f ;  a t  o t le rs ,  the ]
rvi l l  be formed by definite aggregation of these molecules.
F ig .  a  i  i s  an  exanrp le  o f  the  angn lar  decrement  o f  one o [
the complex generatins sol ids a b c d cf g. ' fhe 

faces thus

l9r-1"d, either .  on the edges or o" i t  e angles, wi l l  have
different incl inations, rvhich may be inclef ini iely varied, by
vary ing  thc  mode o f  compos i t ion  o f  the  genera t ive  so l ids
themse lves :  bu t  a l l  these faces  w i l l  p resent  th is  common
charac ter_ ,  tha t  the  lengths  inc luded by  them on the  honro logous
axes rvi l l  be proyrort ional to whole nunrbers. ' I 'his 

is the gerieral
law proved by  observa t ion ,  and to  l ,h ich  rve  have i l ready
f requent ly  re [e r rcd .  o

(v )  f 'ne  s 'ave- theory  o f  c rys ta l l ine  s t ruc tu re  and fo rces
i l lus t ra ted  by  thc  phenonrena exh ib i ted  by  a  g ra t ing .

The above reasoning of Rcgnoult has been d.,ue l t  unon
at  leng th ,  because i t  seemed i imp le  and r r .e l l  ca icu la te j  to
br ing  to  l igh t  the  no lecu la r  cond i t ions  and fo rces  opera t i 'e
in  c rys ta l l ine  ar rangen)ent .

' I 'here 
is another famil iar i l lustrat ion which may now

be u-"ed to . i l lunrinate tbe effect of crystal l ine structure. lVe
re fer  to  the  gra t ing .  I t  i s  to  be  bornc  in  mind  tha t  c rys ta ls
are  produc t ive  o f  the  ' ros t  beaut i fu l  exh ib i t ions  o f  on t ica l
phenomena.  Thus  i t  i s ,  des i rab le  to  po in t  ou t  the  ana logy
wi th  the  gra t ing ,  by  n 'h ich  c lass i6ed \ \ ,ave  ar rangement  i s
produced,  accorc l ing  to  spec ia l  d is t r ibu t ion  an t l  ,ua"ue Iength ,
because th is ,  rv i rh  the  molecr r ra r  s t^ lc tu re  a l ready  descr i ted  j
w i l l  c x J r l r i n  t h e  c o l o r  p h e n o m e n : r  i n  c r l . s t a l s .

g ra t ing  cons is ts  o f  a  meta l l i c  sur facc  ru led  in  para l le l
l ines  by  means o f  a  very  f ine  eng ine ,  rvh ich  rv i l l  enJ le  the
l incs  to  be  drarvn  exac t ly  J ta ra l le l  and on  equa l  d is tance apar t .' I 'hc 

f inest grat ings hcretofore rnade are those constmcte-d by
Jlou,land at }laltimore and, Mirhelsorz at Chicago. To car.y
out this rvork * ' i th the dcsired accuracy l loi land had to
produce a very perfect screw, for use in sett ing the diamond
po in t  fo r  n rak ing  the  f ine  l ines ,  f rom roooo ro  2oooo to
the  inch .

' I 'he grat ing is thus modeled on the principle of paral lel
groves, ruled by a f ine point, I f  the metal srtrface *er" ."t

angle, i t  u'ould present the aspect of a side
conceived by Rc,qnault, for thc theory of

tup at the proper
o f  a  pyramid  as
crysta ls  out l ined
the grat ing and
of a crystal.

above. There is thus a close analogy betrveen
its dif fract ion phenomena, and the structure

Norv in the theory of the grating rve have f irst,  seconrl,
and higher order spectra, and in each spectrum the maximum
and minintum for the dif ferent wave-lengths are arranged as
shou 'n  in  the  accompany ing  i l l us t ra t ions  ( f ig .  S ,  p .  6Z) .

r.  In the upper i l lustrat ion, apertures are used instead
of ref lect ion from f irrrows in the grating. The imag6 formed
rvhen the lorver telescope is directed normally upon the
gra t ing  g ives  the  >cent ra l  image<.

/{.
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a)  The d i f f rac t ion  gra t ing .

2.  As  the  te lescope ax is  P  moves to  le f t  (o r  to  r igh t )
we encounter other secondary maxima of l ight. ' Ihe 

f irst
intense i l lunrination on either side wil l  occur when DE is
equal to as many wave lengths as there are spaces on the
grating, for then C.B rvi l l  be eclual to one rvave length, and
the l ight from each aperture rvi l l  reach the surlace zl I)  tn
precisely the same phase. The l ight concentratcd at 1" gives
the rspectrurn o[ the f irst orderc.

3. On either side, at greater angular distance from the
centre, higher orders of spectra occur. The forntulae are:

For bright band (a-rd) sinl :  zn 7lz
For dark band (a-+ d) sin d : (zn-+- r) ) , f  z ,

where an-d denote thd distance between the sl i ts, a being
the width of sl i t ,  and d of the bar, and z is the order of
the spectrum.

4 .  When the  l igh t  i s  no t  normal  to  the  p lane o f  the
grating, but incl ined at an angle z, rve have the correspon-
ding formulae:

(a -+d) (s ind- r -s in i )  -  271) . f  2
(a -+d )  ( s i nd - r s i n  i )  :  ( z t - r  t )  ) . 1  z ,

This brief discussion shows rhat the phenomena of
gg"j::ftry:_""d refraction, in a crystal - rvhere

5 r 4 0

b-l 
' I 'hc 

rellcction grating.

! - ig .  5 .  I l l us t ra t ion  o f  thc  fo rmat ion  o f  the  d i f f rac t ion  l )aner r l  by  re f racr io r r
o r  by  rc f lec t ion ,  the  rvave ar rangc ln ( 'n t  o f  rvh ic l t  l ) rcse l r l s  cc r tx in
ana, log ies  rv i th  c rys ta l l ine  s t r r rc tu re .

68

the nrolecular structure is so arranged as to
make the rul ings - are extremely complex.
It  is no wonder that a variety of optical,  and
physical phenomena develop, and give the cry-
stals many wonderful propert ies. This necessari ly
results from the wave-theory.

3 .  
' f h e  W a v e - T h e o r y  e x p l a i n s  t h e

H a r d n e s s  o f  D i a m o n d  a n d  t h e  G r o w t h
o f  C r y s t a l s  b y  A c c r e t i o n  a l o n g  A x e s .
' l ' h e  V  i e r v s  o f  E e d d l e  a n d  o t h e r  C r y s t a l -
l o g r a p h e r s  c i t e d  i n  s o m e  d e t a i l .

( i )  ' f  he extraordinary hardness of diamond
due to extremely violent wave-refract ions and
rvave-d ispers ions  a t  the  boundary ,  rvh ich  tend
to  d is rup t  the  mel iunr ,  bu t  there 'uy  resu l t  in
maximum powers of cohesion for the hardest
of knorvn crystal l ine bodies.

As  we examine the  prob lenrs  o f  c rys ta l -
lography rvith sonre care, we f irst cal l  attention
to the extraordinary refract ion and dispersion
of  l igh t  in  d iamond.  ' I ' h is  v io len t  wave ac t ion
tends  to  d is rup t  the  med ium a t  the  boundary ,
but only drarvs around the crystal such an
e las t ic  sheath  o f  s t resscd ae ther  as  to  g ive  r i se
to  the  ex t raord inar l '  hardncss  o f  the  d ia rnond.

In the l i f th paper, sectjon I O, rve have
dea l t  rv i th  th is  ques t ion  in  some deta i l ,  and
* 'h i l s t  l re  have no t  fu l l y  so lved the  prob ie r r ,
* 'e did separate the elernents on rvhich the
hardness depends, so as to lay bare the causes

at rvork. \Ve have there pointed out that in the case of
diamond al l  the l ight incident frorn two conrplete r luirdrants,
or r8oo, is condensed by refract ion into an angular space
of  on ly  4 i "  

" r '  
:  47?37 f  f ioo  :  r /3 .8 .  I t  appears  tha t  th is

enonnous concentrat ion of lvave energy is the secret of the
n)ost powerful ruolecular forces r).  l ior on any area of the
crys ta l  thc  concent ra t ion  o f  wave energy  is  as  t i re  sc luare  o f
r .8 ,  o r  r4 .44 ;  and i f  the  d ispers ive  e f fec t  be  about  equa l ly
pou'erf ir l ,  the combined ef1-ect of the refract ion and dispersion
beconres nragnif ied 2oo t irnes.

Norv the effect of such extremely violent concentrat ions
and dispersions of wave energy is a tendency to disrupt the
medium,  bu t  as  th is  cannot  be  done,  owing  to  the  nore  rap id
mot io r l  o f  the  ae therons ,  7  :1 f  2n .  I t ,  th i  resu l t  i s  the  deve-
lopnrent about the crystal of a stressed envelope or sheath,
which binds the diamond l ike a shel l  of steel.  As the rvaves
go in to  the  d ian iond the  nrovement  i s  conccnt ra ted ;  as  they  go
but an equally violent reaction, scattering, and dif fusion occrlrs.

From a study of this stressing of the aether about the
d i tu rond,  rve  conc luded tha t  as  the  ae ther  i s  r :6893 z  r  6ooooo
nrore elast i i  than air in proport ion to i ts density, the tendency
to the disruption of such a medium would develop forces

1)  I t  w i l l  be  no ted  tha t  our  theory  o f  the  harc lness  o f  d ia rnonr l  res ts  la rgc ly  upon the  cause o f  the  tenac i ty  o f  rv i rc ,  shoryn  to  be
t raceab le  to  s t resses  in  the  sheath  o f  ae ther  about  the  w i re  by  the  equat ion  n :  i l  I : : ' /4 r ,  wh ich  ind ica tes  tha t  the  ten( lcncy  to  rup ture  the
aether  a t  the  boundary  must  be  the  source  o f  the  porver  when the  rne i r l  i s  d rarvn  in to  rv i re  rv i th  re la t i ve ly  n rore  sur face .  I f  thc  cause o i  tenuc i ty
in -  d rau 'n  rv i re  i s  cor rec t ly  le fe r red-  to  boundary  s t ress  in  t l re  ae ther  -  a  conc lus ion  f ro rn  rvh ich  I  cur i  see  no  escape,  rn  v rew o f  the  resu l ts
o f  observa t ion  agree ing  w i th  the  above fo rmula  -  then the  cause o f  the  hardness  o f  d ia rnond a lso  fo l lows incontes tab ly .  Th is  conc lus ion  is
to  be  taken in  connect ion  lv i th  the  above cons idera t ions  on  the  wave osc i l la t ions  and the  resu l t ing  fo rces  wh ich  res is t  iompress ion  in  l iqu ids
and solids.

c )  . l ) r f i i ac t ion  I 'a t tc rn .
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correspondingly larger than worrld arise in the

the porver of the air forces are impressiveiy

concentrat ion of power in natttre.

o o o o  o  o

where the elernents involved may be descr ibed as fo l lorvs.

Fig .6 .  S t resses  in  the  ae ther  a t

the  boundary ,  o lv ing  to
re f rac t ion  and d ispers i -
on  o f  s 'aves  by  d ia rnond,

r .  A s  i h e  $ a v e s  e n t e r  t h e y
are  cdndenscd in to  about
|  ' .  |  4 .44  o f  the i r  fo rnrer
s 1 ' h e r i c r l  r l i s t r i l r t r t i o n ,

w h i c h  i s  e q u i v a l e n t  t o

a n  i n t e n s e  c o n t r a c t i o n
of  the  enc losed ae t l rc r .

z .  When the$ 'aves  ernergc ,

they  undergo an  equa l ly
pou 'e r fu l  sprcar l ing  o t r t ,
a n d  t h i s  e x p a n s i o n  o f  t h e
rvave- f ron t  l cads  to  a  rc -
a c t i o n  i n  t l r e  l r t e d i t t t n

a lso  cqr r i va len t  to  a  con-

t rac t ion  o f  the  enve lope
a b o u t  t h e  t l i a r n o n d .

3 .  Thr rs  rvhethcr  t l re  rvavcs

entc r  o r  l cave  the  d ia -
nronr l ,  there  is  v io len t
s t r c s s  i n  t h c  e n v c l o p e  o f
a e t h e r  a t  t h e  b o r r n < l a r y ,
and s 'hen the  r lo lecu lcs
h a v e  c r y s t a l l i n c  a r r a n -
g e m e n t  i n  a  s o l i r l ,  t h e
harc lncss  rcs r r l t s .

r .  Ref rac t ive  ac t ion ,  (u ' - t ) ,  rvh ich  depends on  the

dens i ty  o f  the  so l id ,  4  and the  chang ing  wave ' length  , .  and

thtrs on some t lnknown function, n(ol)");
2. ' l 'he violence of the incessant bendirrg oi the lvave-

front, for waves coming from al l  direct ions, f  ( f  ) ;
3. 

' I 'he violence of the incessant dispersion of thcsc

inc ident  weves ,  V / (d ) ;
4. 

' lhe 
combination of systematic stresses due to the

crystal l ine arrangement of the atonric planes with the effects

o f  the  two la t te r  v io len t  tendenc ies ,  thus  lead ing  a lmost  to

the  d is rup t ion  o f  the  med ium,  I ( t )  I

5. The enortnous power of ref lect ion rvith very sl ight

a b s o r p t i o n  o I  e n e r g y ,  a t  t h e  s u r f a c e , 6 ( q ' e - " ) ;
6, Tbe great central presstrre due to the integration

of the steady action of the sheath of part ial ly disrupted rvaves

a lways  enve lop ing  ths  se l i f l ,  a ( { ' r ) .

Accordingly, although we recognize the val idity of the

above integral,  in the present state of our knowledge, 1ve can

evaluate i t  only very approximately. I f  the other variable

elements increase in about the same proport ion as the energ)'

in refract ion and dispersion, rvhich we cAn calculate, the result

l vou ld  be  an  inc rease o f  s t ress  o f  the  order  o f  zooXzooX2oo:

8oooooo t imes the  va lue  o therw ise  e f fec t i ve .  In  v iew o f  the

sudc ten  d iscont in t r i t ies  in  the  phys ica l  s t^ te  o f  bod ies ,  as  i r r

sol idi f icat ion. etc.,  i t  seeurs certain that the rvave-theory is

ample to accottnt for the hardness of diarnond ancl other

crystals, as well  as the tenacity of steel and similar substances'

air.  In nrany physical experiments and natural phenonrena, such as cyclones,
exhibited to our senses. 

' I 'hese 
ohenomena leave no doubt as to the Dossible
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Thus rve concluded that the strength of a sol id st lch as diamond would depend on the sextttple integral:

o / I  I  D  x ? e - d a

e :  S  :  S  :  S  5 , .@2- - r )n (o l ) " ) y (p )q r  (d ) r ( , )  6 {s . ' - " )o t (o t )d (o l ) . )a1dddzd(q .c - " )da  ( z )

7o

2 ) 0 '

In  the  Opt ics ,  r72r ,  p .  365,  Neuto t t  po in ted  ou t  tha t
great power of adhesion is obtained rvhen two sol id plane
surfaces f i t  with extreme closeness. In this sixth paper, our
l ine of argument is to show that this same wave-pon'er, based
on the enormous elast ici ty of the aether, operates above al l
in chemical combinations, rvhere the distances are ultra-mi-
c roscop ic  in  smal lness

In  thc  cnsc  o f  carbo l r  1ve  have the  s rna l l  mo lecu la r
rve igh t  o f  rz ,  and the  e lenren t  moreover  c rys ta l l i z ing  in to

d iamond,  p robab ly  under  very  h igh  pressure ,  as  in  the  ex-
periments of ,4[oissott and others in the production of art i-

f icial diamoncls, - and thus rvith sttch st lal lness of molectl lar

we igh t ,  and c rys ta l l i za t ion  under  cond i t ions  o f  the  c loses t
poss i l r le  mo lecu la r  con tac t ,  the  resu l t ing  so l id  c rys ta l  ought

to  be  thc  hardes t  o f  known s t tbs tances .
' I ' h is  theory  o f  the  hardness  o f  d iamond fo l lo t l ' s  a t  o r )ce

front )\ :rplott 's remarks, al l  knorvn experience, and the result ing

wave-theory of nrolectt lar and atomic forces. In ottr discttssion,

to be sure, \ \ 'e usl lal ly refer to the refract i le index appro-
pr ia te  to  l igh t ,  bu t  th is  i s  on ly  fo r  the  sake o f  c le6n i teness .
\ \ te  ho l r l  t l re  c l r ie f  a tomic  fo rces  to  depcnd on  waves  shor te r
than the  r r l t ra -v io le t ,  : rnd  th r ts  the  theore t ica l  cohcs ive  po* 'e r

is al l 'ay's r luch greater than rvott ld fol lorv from the theory

o f  l ieh t  u 'avcs  o f  tbe  v is t ra l  s l )ec t r t t ln .
, (ii) \ricrvs of l'rofessor tl[. ?'. Ilrtldle, on the growth of

( l l ' J ,s ta ls  b ,v  nccre t ion  a lOng axes .
Tn t l rc  r :c lc l r ra ted  ar t i c le  on  \ { inera logy ,  I incyc l .  I } r i t . ,

9tr '  er l  . ,  I ' r 'of i 'ssor t1f .  ,1i .  f  {rdr//e siyes an interesting outl ine

o f  t l r c  s , r l , i ' os r : r ' l  u roc le  o f  g rorv th  o f  c r ,vs ta ls  by  dominant

lcc rc t i ^n  r lo r r -  l r c " .  I kdr / l t ' s  a rqu l t tcn t  r t tns  th r ts :
r  , \ ,  1 , ' , . ,1  ;1 ls  l l c rc  geo lne t r i c  n re ls t t rement ,  there  are

scv t , r r ' l  r l l r r r  t ions  in  s 'h ich  axes  nra) '  u ' i th  near ly  equa l  ad-

vnnt rqc  i r t '  1 , r^ jec te r l .  For  example ,  in  the  c r rbe  ( f ig .  f  b ,

pl ir tc i)  t l r- \ '  nrr) '  be drarvn frorn the centres of opposite

fa r :cs ,  rs  l r ' i 1 , ' r t ' r l  O;  o r  f ro rn  oppos i te  so l id  anq les ,  as  le t te red

C;  o r  i - , , r r  l l r r '  r ' r ' : r l r cs  o f  oppos i te  edges ,  ns  le t te re t l  -1 ) .  
' I ' here

is  a l r rn r l r r r r r :c  o I  cv i t l cnce  tha t  each o f  these d i rec t ions  mt ls t

be  ro l : r r r l r ' ,1  l s  l in r :s  o f  dor t t inan t  accre t ion  o f  n ro lecu les<<.
>> T lu t  the  accre t ion ,  may be  no t  o l l l , v  t lo t t l inen t  b t l t  over '

r1 'h r ' l r r r i r r { t11 '  s r t  i t r  one on ly  o f  these d i rec t ions  in  cer t r in  cases '

61  s r i . . { r -  r r i  iL io i rg  one se t  o f  axes  a lone in  cer ta in  o thers '

In  a  s1 , , . t i r ,  t  r r  o l -  I ra t i le  s i l ver  f rom AIva  in  Scot land ( f ig '  Z  
" ) ,

a long O t l r i , ;  i s  :o  t t r t t ch  the  case tha t  the  concre t ing  mole-

cu les  hr r  r l  i l , r i r r  l i t t le  more  than de l ineate  the  fon 'n  o f  an

or : tahr , , l r  r . , r , ,  : i ; i i l  i l r i s  they  have on ly  been ab le  to  do  by

agr | ' t ' g r r t i r i l  L l ' r ' r ' s t l v r :s  in  l ines  o f  r r in r t te  c rys ta ls  o f  the  very

sh lpc  c . '1 'u ) r i r : ) r  t l i c1 ' \ \ ' e re  p ro jec t ing  the  ske le ton  lb rm.  N{ore '

ove i ,  A  i ) ( ) l , r l  i r l l g r ! 'ga t ion  a t  the  te rmina l  ends  o f  these oc ta '

hcr l ra l  : r r t  s  i r  l t .  t c  s l to l ' t t  by  the  a t l lo r tn t  o f  concre t ing  and

crys t r r l l i ; , . i r ' ;  i r , r r lL , t - i ; t l  l re ing  la rgcr  a t  the  te rmina t ions  o f  these

axesr t lrarr L' l ' j "1,,)! 'e. In the hol lorv-faced cubetagain (f ig'  7 b),

an aggr,:gati ,Jtr of t lolecules in the direct ion of the I ines 'D
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and C has f i l led the edges and sol id angles, rvhi le none have
been deposited along O. This occurs in crystals of salt .  In
the hol lorv-faced ocrahedron again (frg. Z.),  there has been
no deposit ion of matter along the l ine C. Cuprite oftcn shorvs
this fornr; and i t  as frequently occurs in hol lorv-faced dode-
cahedra ,  rvhere in  the  vacu i ty  i s  in  the  d i rec t ion  o f  D.<

.  ) ) In  the  spec imen o f  pyr i te  f rom l i lba  ( f ig .7d) ,  a  de-
posit ion along D and C would ult inrateiy have erected the
scaffolding of a hol lorv cube, in twelve l ines of nrinute com-
binations of the cube and octahedron. Such diret: t ional
arrangements lnay, moreover, not only be intermittent but
often alternate. ' I 'he 

pyri te frorn ' l raversel la (f ig. 7 e) is an
i l lustrat ion of the f irst.  A large pentagonal dodecahedron
having been cornpleted, a nerv accession of nraterial has been
attached, not uni iormly spread over the l i re-existent crystal,
to enlarge i t ,  but local ly arrangecl, in equal anrount, l t  the
po les  o f  O.  But  here  the  spec ia l  method o f  the  ar rangeu ien t
has deterrnined the forrnation of a nuutber of snral l  t :rystals
o f  the  same fo rm as  tha t  o r ig ina l l y  p ro jec ted .<

>An a l te rna t ion ,  as  i t  rvere ,  in  p lan  is  shoryn  in  such
a crystal of calcite as rhat in l ig. 7 f .  I{ere a scalenohedron
is seep in the centre of the irgure; then a rhombohedron
has been perched upon i t s  surnmi t ,  and Ias t l y  bo th  have
been sheathed in  a  s ix -s ided pr ism rv i th  t r ihedra l  surnrn i ts .
Different as these three forms are, i t  is found that thcy al l
here  s tand in  a  de f in i te  pos i t ion ,  one to  the  o ther ;  tha t
definite posit ion is the relat ion which they bear to one o[
the  se ts  o f  axes ,  and th is  se t  rnay  be  ass igned,  no t  ou ly  to
a i l  the  th ree  c rys ta ls  here  combined,  bu t  a lso  to  a l l  the
crys ta ls  be long ing  to  the  sarne  rn inera l ,  i vhcrever  occur r ing .
Th is  genera l  app l i cab i l i t y  cons t i tu tes  one o f  the  resue, : ts  i ln
rvhich one special set of axes is, in each of the systenrs,
preferred to the others.<

(i i i )  Coherence of part icles not equal in al l  direct ions.
Having indicated by the reasoning of Rc,gnault and

Heddle hol crystals are bui l t  up by molecular arrangenrent,
ernbodying various geometrical forrns along certain axes-, i t  wi l l
not surprise us to learn that the coherence of the part icles
is not equal in al l  direct ions, The contacts of the part icles
are closer in some direct ions than in others, and ihus the
forces depending on rvave action yield rnore readi ly in some
directions than in others. Crystals thus have planes oiclcavage,
and sometimes may be easi ly spl i t  along these planes, becatise
the contact of the part icles is not close, and the coherence
of the part icles not powerful.

.  Professor I{eddle's discussion of this subject is as fol lows:
>Another respect is the intensity rvi th rvhich the rnolecules

cohere in the dif ferent parts of the crystal,  as referrecl to
these axes, and the resultant dif ferent hardness of certain
parts of crystals. I t  wi l l  be afterwards found that this obtains
in a very l imited manner in the crystals whicl i  belong to the
first of the fol lowing systems, on account of i ts regulai i ty and
sameness as a whole. I t  may be laid down as a general
rule that the edges of crystals are harder than the ientres
of their faces, and the sol id angles harder than the edges.
This is markedly the case in the diamond. I lut,  apart f ionr
this, there is no dist inct ive hardness in any one part,  side,
or end of the crystais of the f irst system. It  is otherwise
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with the crystals which fal l  to be considered in al l  the other
systents. So dif ferent is the hardness of the various port ions
of these, so diverse the appearance of their parts in lustre,
colour, pol ish, etc.,  so varying the anrount of the recoi l  of
t l iesc rvhen struck, so unerlual their power of conducting heat,
so  d iss i rn i la r  the i r  power  o f  res is t ing  the  agenc ies  o f  decay ,
and so  i r re< :onc i lab le  the i r  ac t ion  upon t ransnr i t ted  l igh t ,  tha t
we cannot  bu t  conc lude tha t  the  molecu les  rvh ich  bu i ld  them
up are packed rvith greater force, i [  not in greater nunrber,
in certain direct ions in preference to others. There thus
rernains no r luestion that these nature-indicated sets of axes
are  those a long rvh ich  t i re re  has  been a  spec ia l l y .  se lec t i ve
or  ,po la r '  a r re l )gernent .  (

( i v )  In  c rys ta ls ,  as  in  s , i re ,  the  re la t i ve  inc rease o f
sur faces  g ives  ur rx imuur  hardness .

I irorn t ire above quotation i t  rvi l l  be seen tha.r I{cddle,s
vrews on  c rys ta ls  co inc idc  rv i th  those reached in  the  f i f th
paper  on  the  nerv  t l teory  o f  t l re  ae ther .  As  rve  had no t
exarnined I{tdl lc 's art icle * '}ren that paper was f inished, rve
nray  regard  the  concur rence o f  v ie rvs  as  renrarkab le .  When
,/{tdd/t says: ) l t  may be laid dorvn as a ge neral rule that
t l re  edges  o f  c rys ta ls  a re  harder  thar . r  the  cent res  o f  the i r
faces ,  and the  so l id  ang les  harder  than the  ec ises .  . l .h is  

i s
rnarked ly  the  case in  the  d ianrond.<  -  i t  a l rnos t  seenrs  as
i f  he  is  ou t l in ing  the  wave- theory  as  t rea ted  in  the  tOrh
section of the 6fth paper.

l io r  i t  rv i l l  be  rememl te red  tha t  we exp la ined the  hard-
ncss  o f  d iaurond and s i rn i la r  bod ies  as  due to  wave ac t ron
at the boundary, rvhere there is enor[ lous and violent refract ion
anc l  d ispers ion ,  rv i th  var ious  tendenc ies  to  d is rup t  the  ae ther .
And na tura l l y  these tenc lenc ies  to  enor lnous  s t ress  in  the
aether ivould be a r laxinruln at the edees and corners o[
c rys t r l s ,  rvhere  there  is  n r in i rn r . l  so l id  conten t  o f  the  c rys ta l
in  p roPor t io ' to  i t s  sur face ,  so  the  sur lace  e f fec t  i s  i t rc reased
as n tuc l r  as  poss i l ; le .

\ \re found from the study of drawn rvire that the curve
for the rel l t ive increase of sr.rrface, r l  :  SlZ, defined by
the  e t lu r r r io . ,  

, l  :  S  I  l - :  t r l r  (S)
shorvs that the strength of rvire wil l  increase with the decrease
of the radius of the rvire r,  so long as the diarneter of the
rv i re  i s  no t  made so  smal l  as  to  approach the  d iameters  o f
the molecules, From this law of the asyntptot ic increase of
strength, with decreasing r,  rve just ly inferred that tvave action
at the l-roundary of the rvire nrust be the secret of the strensth
of drurvn rvire.

Norv l ikervise for crystals, in the aLrove general rule,
I{eddle lays i t  dorvn that the edges and corners offer maximum
hardness - evidently because the surface effect is there a
maximunr.

Hence rve have tht fol lowing remarkable induction
relat ive to larvs of nature not heretofore suspected.

r .  Wi re  a t ta ins  max i rnum s t reng ih  o r  tenac i ty  rvhen so
drarvn as to make the rat io of the surface to the volume a
maxirnum, as lol lg as rnolecular dimensions are not approached.
'  2. Cr1'51o1r l ikewise present maximur-n hardness at edges

and corners, tvhere the rat io of the amount of surface to
volunre is a maximum - just as in the case of drawn wire,



rr rneretore wave action at the boundary rvi l l  explain
t l re  tenac i ty  o f  rv i re ,  i t  rv i l l  a lso  exp la in  thc  hardncss  o f
crystals. , , \ny other conclusion ..e*, luhol ly excludecl. Th.s
the observed propcrt ies of crystals confirm t lre ivavc-theory
of physical forces.

(v )  S tudy  o I  the  c rysra l l i za t ion  o f  the  d iamond,  rvh ich
nrost str ikingly confirms the rvave-theory.

Inves t iga t ion  shorvs  tha t  d iamonr l  a lwa l .s  occurs  in
crystals belon.qing to the tesseral or cubical systern, usuallv
in the octahedron, or double four-sided pyramid (f i*.  S.:"1;; ; ; i .
the  rhornb ic  dodecahedron,  w i th  t ,ue iu l  faces 'G* . i i , i ,  

- , i !

tr ia.kis octaheriron, 3-sided pyramids superposecl on the octa-
hedron form (f ig. 8c) ;  or hexakis-octal. , .d.on, 6-sided pl,ramids
superposed on the octahedron fornr (f ig. gd).

-  
The.c rys ta l lography  o f  the  d ia rno i rd  i s  ihus  ie rnarkab le

to r  the  syrnmet ry  and compactness  o [  the  fo rnrs  take ' .  Inc leed

acti
rvi

I rrsi
o r

ryst

refi

v

the
c i ty
,,\r

rve(

/ J

I i
ena
r l s .
bse

/si r

(")

i t  i s  no ted  tha t  the  faces  o f  ihese symr-uc t r i c t l  c rys ta ls  p f ten
are  cnrved,  and many o f  the  c rys ta ls  thus  l ;econre  so  rou 'd
, . r  t :  

! "  
a lmost  l i ke ,spheres ,  rvh ich  rvc  n ray  read i l y  unc le r -

stand fronr the above f igures gb ancl d.
Norv i t  is rcrnarkable that carbon as an elcrnent has

extraordinary propert ies, as fol lows:

[:"!:.T::""intx,,L'::ffiii*f ;iTl.T;"' ;;:l li*:{:l I ::T[J;::fiiii'',,13''l,l',,:"oT:,ff"
found l l v  chemiq tc  i c  nnr r -+^ , i  ] . - ,  rL^  L - - - -  r  I  H ' rca t  sc le l l ce .found by  chemis ts  i s  counted  by  the  hunc i reds .

tha t  the  hardness  o f -coherence o f  the  a toms is  leas t  in  the

nearest apyrroaching that of ttre sphere. Th. .h;:.ri i l i;; 
J ona tr,...ro ," ?, ;:r;#r:":,:: ';: ;;: : : : . ] ] : . l . 9 J : i : : . I " i l I y | r o 1 a i l . d i r e c t i o n s , a n d l , u i l . , i , u i | " . . " \ l . , ^ s - t
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paper. These propert ies were knorvn over two centuries ago,
and Sir lsaac Ncntlott  himself conjectured that diamond is asrrbstance of peculiar nature. sir Dauid Breusrcr,s discovery
that rnany dianronds shorv traces of double refract ion rn"y U!
explained by the extreme internal pressure or stress due to
the n'ave action at the boundary, which gives the diamond
such ex t raord inary  hardness .

' fhe 
numerous internal ref lect ions of the l ight, total when

thc . .ang le  i s  above 23"  4 r ' ,  makes  the  c l ia rnond lx t . .o rd inar i i y
br i l l i an t ,  and f i l l s  the  r : rys ta l  u , i th  n rax imum d ispers ion  o f
p r ismat ic  l igh t ,  rvhcnce the  va lue  o f  the  c rys ta l  as  a  gem.

In  v ie rv  o f  n rodcrn  s tud ies  on  rad io -ac t iu i ty ,  i t  i J  .e_
nrarkable that as early as r664 .Robert , /)01,/c noticed that rvhen
e- rposed 

. to  the  l i ch t  o f  the  sun d iamon i  has  the  proper ty  o f
sh in ing  in  the  dark ,  o r  phosphoresc ing .  Th is  rvas  be fore  the
cornbus t ib i l i t y  o f  d ia rnond rvas  es tab l i rn "a  Uy the  F lo ren t ine
aca,dcnr ic ians ,  

- r694-s ,  r ry  means o f  a  ser ies  o f  exper i rnents
wit lr  a porvefful burning- glass, in the presence of Cosnto l I I ,
Grand. l)uke of ' l 'uscany. 

_Lauaisitr  found by similar experirnents
t lrat 

.  
the chemical product of the corntustion rvas carbon

d iox ide ,  C02.

;,""T"'tJ ;iliit:J;*Liil-:i*{:.:::r.r;tjtl,li'il* j :1":;; ";::..ii,r{riJ;Hii]jt;:i"r,riiii:p1;ixi:i
f h A ; n ^ 1 " . 1 ^ l  ^ ^ - r - ^ -

:*r,,.:,r:x:. 
carbon atoms are irr direcr ".;i;l;;.;i;i, i :::,ii]l;l{r.]i:!, ;ir;#l::;:,,".#,: i,.",;r;, jJ,Jl;_#

: -Yi'ix#:";ili"' :;jli:'ff-;';ili':,il"*:ilJ":: I fti-Kt-';il'i.T:,:;j".1...l;'"'"1,:l':,T;::il*:il;i,"1;f ,ns ,  rhereby  deve lop ing
spec ia l  b ranch o f  thar

_  _ - - - _ - )  r . v r l v r \ r L r ,  q r  r v , r u w b .  ,  4 . .  
. f h e  

I ) e v e l o p m e n t  o [  H e a t  i n  C h e m i c a lr '  I n  t h e  c a s e  o f  e l e m e n t s  o t h e r  t h a n  c a r b o . n  t h - e . n u n r l r e r  ]  R e a c t i o n s  a  p r o o f  o i  t t  
"  

\ v a v c - . I , h e o r y .o f  a toms d i rec t l y  assoc ia ted  together  in  a  mo lecu le  o f  the  corn_  i  r , r  r r ^^ !  - ,  r .  ,
;i;;,i;",;i l;;;:;:;. '. ':,:;J,ii l,",. ';, ':. I ,._,_ 

(') IIeat appliecl to certain mixccl atorns iviu rcq'e'try
carr,on compounds on the ntr,.. r,"ia ;;,;;.;;;; 

rrrtng alrottt 
,,]1...: ',:: ': '::^,1,:1.,*.i:l:. ', 

heat reads to i.stabirity.

4' whercrore it is concluded tr'"t .,.t J" has trvo o',- | ,"u.^"i{',iJ'1f,';,,1::'l;}:: :fllt,ff;::{i$,:l ri;:,::.Hri:
l,'l;ffi:':n'ff';,t::';[1;:'il:iiiil:'l:i::]ij: "n "i"'o,, i 

'ilfi' .;,.rae for the energy given ,rp in chemicar changes
that o[ combining wiih r,yd.og.n in ,-,unr"ro,'lt;::Jff:l:. I 

-"t be rvritten 
__

l, ,".i.1:il,,i:,::l:: :l':* :1 ";iii"i",-'i,i'' ;fi 
'.;; 

I >'; :)r lf .n,,,02_ tf ,,,,,,2) (s)
l'?ill Ll",l:':f":"',r:;"::J,:"'-T[r';,:H:,il:::"1'x f *n"."J-r: ,r#:":ll #l;;; ,0.'in',""o,,ru,o,,",".,1]
a:[l'J ',l:;:,"i#*,j***':{ .l;;r:n*r$::'J:] I ::::;[::niljlilTiii\i:J:,ii]l'T mg.-'::*:

6. In vierv of these remarkable'ch"-l;; l ' ; ; | |.t ie. it I 
or ener8r qi 'err rrp in another transfbrmation, rve shourd have

;:ll.:::"::",:';;:::':,,:ll.:l'::1: :l '"'b;; ;.i;"iI;"i;f ; I >2, :>( 'r2,,, u12-'\f ,,, u2) (,o)

:':ilf,:T:the 
tesseral fortn, often with curved t"..')."r"';ii '"i 

| 2'lr,,, rr,- )'f ,,,,,0, :l rr-)a . (r,)

th. f"I.t 
':,t".::1 

:l;:Jf :'JT:-il:fJ:."".1u:nra'er to I .r.*."ff;,:111''l"t;"":1,J.::: J]iljl"ii;.il"JJi,' #",i
th r t  rhc  h r r r , ,oc"  ^ r  ,_^ r .^ ,^ -^^  ̂ r  ^ ,  

r : . rvh ich  shorvs  
I  ac tua l  coord ina tes

*:::: T:::1.::"1r1 T::;r j;. yr,,:i ' ,; i;;::::# | 2't,,,,,t-_2r,:2,t,,,,n,_2ro: c (,,)jlryl.";f JJi::il.:::.,ar, rather ;;i;l;; b;;;;"il;;il l_r#g.,:,,n" #,,",', fr"r:|"*,,ft",'u;:^.,:;:
. The high refractive and dispersive power.or,1?,]l-""'"":l 

I 
"""L;: 

F"J"T.I-ation of' dynamics rvas given by La-has already been dealt with in' the ,oih section oi the f i f th I  grorg, in the usual rectangular coordinates:s--r - -'--o --' 
I

) l l x - , , , .a2r la t ! )d r -+(y_nt .d r f  d t2 )61 ,_+(Z_nt .d2z f  d r2)62)  _  o  ( rs )

I
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more common form

Now rthe

When we put

we get  f rom (r4)

left

1al a4 ) * @xl at. dr -+ dy f dt. b -+- dzl dt. 6z)
whence we derive Eanil tott 's principle for a conservative system:

i ' , " ^ . , , , ,
l \ d T t - U , ) : s  

( , s )

But molecular and atomic systems undergoing change
are not conservative, since invariably there is development
o [  heat  due to  chemica l  combina t ion .  par ts  6 f  the  sys tem
pass from the free state to the bound state, and in the ralt id
adjustment o[ the velocit ies of the molecules and atoms, there
is such rearrangement of their moving rvave-f ielcls, that heat
is developed. The work done thus natural ly has largely the
fornr of aether rvaves, which tend to cl i f fuse the heat of
conrb ina t ion .

Accordingly, in chemicalsystems the principle of l{ani l lon
wi l l  no t  ho ld ,  and equat ion  ( r8 )  takes  the  fo r rn :

tr

!  {ar* u ')  :  o
where  @ is  the  nunrber  o f  heat  un i ts  deve lo l red  or  absorbe-d
by  the  chenr ica l  combina t ions  tak ing  p lace  in  the  sysrern
dur ing  the  in te rva l  4 - to ,

I f  the change of ternperature be imrnense ancl violent,
as  by  t l re  app l i ca t ion  o f  ex te rna l  heat ,  n ro lecu la r  s t ruc tu res ,
s te l r l c  a t  lo rver  te rny tera ture ,  may beconte  uns tab le  and the
cor r r l r in r r r ions  break  up ,  becanse the  ag i ta t ion  due to  the
lo r rgcr  rv rL i  cs  p rc< lo ru ina te  over  the  shor te r  , rvaves  on  wh ich
cher r r i ,  i r l  a f l r r r i t y  n ta in ly  depends.  ' I ' h is  

fac t  con .hrnrs  the
rvuvc- t i reor l ' ,

' l ' l r r ,  l i r l l on ' ing  tab les  inc lude sonre  o f  t l re  p r in< : ipa l
resnl ls fr ;rrrrr l  l ;y the researches ol l l t r i l t lo1, 7'hoi l tstn ind
othcr : i .  ' l ' l r c  

lL rs t  ta l> le  g ives  the  anrounts  o l 'hea t  r levc loped
or r  t l r c  i r r l . l i r ion  o f  sod iun . r  hydrox ide  (z  AraOLl  ,1 , t ,  e  ,ad .

U n i t s  o f  h e  r t  d e v e l o l t e d
Formula  in  the  reacr ron

\z Na)il..t(1, Q.tq)

3 2 5 4 0
1 r i 8 o

: l o : 1 9 0
j o - j 3 0

z 8 g 7  o

2 8 7  5 o
o R " ' ^

z 8 z 8 o
z 7  4 8 o
2 7  5 o o
2 7  3 5 0
2 7  5 2 o
z 7  3 6 o

r : tlrZntf(arf at)r-+(ary,lat)r-r(azla4'1 : rf 2tt uz and

( I 9 J

N r , r r c  o f  A c i d

FI1 ' r l ro  l l  uor ic
Sr r  I  l r l r  r r  r i c
St ' l r ' rr i r :
l l 1 ' ,  ' l 1 r l rosphorous

S r r l l i r r  r o u s
l \ f  r - r  . ,  r  r  l ro . l rh  o r ic
P l r r , . , , l 1 1 , r  n , t t
O s ; r l i , :
H  r ' ,1 , r ' , , : l r  io r i c
F l v r  I r o l  , r o r n i c
F l v , l ' i o , l i c
t _ ! | n r ) c

Ni t r i t :

z I{..1,-l
I-12 . s 04
l/ .r .Se Oa
z (r{. .l'rr2 oy)
HzSO,
z (I{. I'Q)
.FI).PI{Ots
f f2.  c2ot
z I I  . C l
z tf .Ilr
z  E . f
z I{. ClO"
z I{.NOg

5  I 4 0 7 6

)r,@r*lat2.dr-rdzyf dtz. 61,-rdzzf dtr.6d :)(x dx:- y 61,t-Z 6z) .

U,:) tx6x-+y61t-+Zdz)

: 6T-r Ul

( '  + )
' the lelt  member of this equation yields:

: (a/a4) n(axfd,7:^i;T;i;:^i?!i'li":,,if,1,',u!)i,-+(a1'tat,-+(dztd4,tr

N a r n e  o f  A c i d

I ) i t h i o n i c
Se len ious
Ch lo ro l t la t in ic
l t luos i  l i c i c
Su lphov in ic
Fornr ic
A c e t i c
l 'yrophosphoric
Phosphor ic
Arsen ic
C i t r i c
' l ' l  r t  a r i  c
Suc t : in ic
C l t rour ic
C a r b o n i c
l l  o r i  c
l l  l ' poc  h  lo rous
l - l  yd  rosu  I l rhur ic
r J  . . , 1  , ^ , . . . . ,  , .  i , ,' r J u r v r l q r r r e

S t a n n i c
S i l i c i t :

( ' s )

( '  6 )

( ' z )
Units of  heat  developed

F  o r r r t u l a  i n  l he  r eac t i on
(z NaOilz1q, e.t(/)

I 1 2 ' S 2 O ; ;  2 7 o j o
I { 2 . S e O s  z 7 o 2 o
82 .  P l c l t t  27220
I 4 . S i 1 ' , .  z 6 6 z o
z ( t t .SOrCr4 )  z6g3o
z l I I .  C[ IO2) z64oo
z ( f I . C r 1 4 O )  z 6 3 r o
t f  2 (H t .  1 , . )  O7 )  2637  o
I{2. / 'Ot I l z 7 o8o
I{ r .  AsOrI . t  z7 58o, lo(r r , , .  c , )  Fr5 07)  2547o
I { 2 . C t I { r O t i  2 5 3 r o
j l z . C t l I t O t  z q r 6 o
, / f 2 . C t  O t  2 4 7  2 0
I I 2 . L ' O B  z o r 8 o
I I 2 . I I O I  ? o o r o
z ( I { . O L ' / )  t g s j o
z ( I I . S h )  r 5 4 8 o
z .\f!. CAt) s 5 :l o' l r } r r .suo)  4?sot l t v r r . S i o )  2 7  r o

' l ' h i s  
tab le  i s  f ronr  thc  a r t i c le  Chern is t ry ,  I . )ncyc l .  Br i t . ,

g 'h  ed .  ' l  he  cx l r lana t ion  o l ' the  tab le  by  pro fessor  I { .  l i .  Arnr
strot.g is of interest:

>  I i ronr  th tse  ta i r les  i t  n , i l l  be  er . i c len t  -  ( r  ) ,  tha t  rvhen
a nro lccu le  o l '  sod ium hydrox ide  in  aqueous so lu t ion  en ters
in to  rcac t ion  u ' i th  an  ac id ,  the  heat  deve loped is  very  near ly
propor t ion . l  to  the  quant i t y  o f  ac id  l ) resent  un t i l  th is  a rnounts
t o  r ,  r / e , ' l r , o r  t l +  n r o l e c u l e ,  a c c o r d i n g  a s  t h e  a c i d  i s  m o n o - ,
di-,  tr i - ,  or tetrabasic; but that rvhen the an)oultt  of acid added
exceeds that rerluisi te to fornr the normaI sa.l t ,  the cl ir l 'erent
ac ids  behave d i f ib ren t ly ,  heat  be ing  in  sonte  cases  deve loDed,
and in  o thers  absorbed,  accord ing  to  the  cons t i tu t ion  o f the
ac id ;  and (z ) ,  tha t  most ly  rvhen a  nro lecu le  o f  an  ac id  in
aqueous solut ion enters iDto reaction rvith sodium hyclroxicie.
the  amount  o f  heat  deve loped increases  a ln ros t  in  p ropor t ion
to  t l re  anrount  o f  the  la t te r ,  and un t i l  r ,  2 ,  3 ,  o r  4  n ro lecu les
are.arlded, accorcl ing as the acid is ntono-, di-,  tr i - ,  or tetra.
bas ic ;  the  fu r ther  add i t ion  o f  sod iunr  hyc l rox ide  is  no t  then
at tended rv i th  any  cons iderab le  c leve lopmer- r t  o f  heat .<

))Ver), cl i f terent amountf,  of heat, i t  rvi l l  be observed,
are develol>ed on neutral izing the dif ferent acids, but theie
is  most ly  a  re rnarkab le  s i rn i la r i t y  in  the  resu l ts  ob ta ined in
the case of acids which fronr chemical evidence are knoln
to  be  c lose ly  a l l ied .<
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Professor Arntstrongthen adds a more detailed discnssion,
which for lack of space we are obl iged to omit,  proving the
general theory here outl ined. Several other tables are cited by
Professor Arnsh'ottg, those derived from the chernical in-
vestigations o( Thonsen of l(openhagen being highly impor-
tant; but the results are too eiaborate to be cited here.

The related chemical problern of lhe number of nnits
of heat developecl or absorbed per molecule rvhen salts are
dissolved in rvatcr could l- le discussed with prof i t .  And rve
might go into thc problerr"r of atomic heat, rvi th average value
of airout 6.3; but i t  involves too much cher-r-r ical detai l  for a
discussion of the cause underlying physical 1'orces.

I t  must  su f f i ce  to  po in t  ou t  tha t  the  heat  deve loped or
absorbed is proof posit ive of the vast stores of energy drarvn
upon in  t l - re  corn l r ina t ions  o f  l ra t te r  i l t to  n ro lccu la r  bod ies
famil iar to chenrists. Free or temporari)y frec atoms are
combined in to  n - ro lecu les  o f  g rea ter 'o r  less  s ta l r i l i t y ;  and in
the  comrnot ion  inc ident  to  the  change o f  s ta tc ,  e  nerg f  i s  se t
free, mainly in the forrn of heat.

'  I t  rvou ld  be  l toss ib le  to  imag ine  tha t  the  energv  comes
from within the ator-ns thernselves; but such a vierv lras grcat
improbab i l i t y  fo r  th ree  reasons :

r. \Ve cannot conceive how the energy can be stored
in tbe atoms, since i t  is characterist ic of energy to cxpend
itself  rvi th vcry great rapidity.

z. ' l -here is no apparent rcason rvhy dif fcrcnt atorns
shou ld  have snch d i f fe ren t  enerqy ,  in  respcc t  to  o ther  a to rns
or  mo iecu les ,  i f  energy  be  inherent  in  n ra t te r .

3 .  Th is  theory  n 'ou ld  p lace  a l l  the  enersy  in  the  r :omrnon
mzr t te r  and Ieave none in  the  ae ther ,  -  s rh ich  is  in f in i t c ly
improbab le ,  s ince  the  ae ther  i s  per fec t l y  e las t i c  anc l  thLrs  thc
veh ic le  o f  a l l  energy .  ' l ' here fore  i t  i s  improbab le ,  a ln ros t  in -
conce ivab le ,  tha t  energy  can rea l l y  res ide  in  n ta t tc r  as  such.

Accordingly, rve reach the conclusion that so far fron-r
residing in matter, the energy resides in the aether i tself ,  but
only exhibits i ts porver in connection rvith matter, because
matter operates to transform the rvaves, orving to sudden
changes o f  movenrcn t  a t  the  boundar ies .  Hence the  rna in
function of mattcr is the transforrnation of rvave enerqy; and
natural ly the effccts are dif ferent rvi th dif ferent substun<:es. No
other  theory  w i l l  exp la in  the  chemica l  energ ies  evo lvcd  in
combinations rvhich often are so extremely porverful.

( i i )  Heat developed by chemical aff ini ty attr i lxrted to
transformation of molecular and atornic motion, but rvhen the
l iberated energy is confined, and nerv gases formed in the
disturbance of the system, their expansive porver r iray give
motion to project i les,

The main dist inct ion between chemical aff ini tv and the
physical attract ion seen in molecular forces, consists in the
fact that the action of chernical aff ini ty is accompanied by
chemical changes, whereas purely molecular forces do not
change the internal structure of the molecules. Agitat ion of
the molecules selterates heat, by the rearrangement of the
surrounding rvave-f ield, and rvhen the parts of molecules .or
atoms are violently agitated and reconnected, as in chemical
changes, i t  is natural that heat should be evolved. This rearran-
gement of the parts of the molecule, with dissociat ion and
regrouping of atoms, under the lvave energies of the universe,
thus leads to heat, and i ies at the foundation of thermo-

chenristry as developed by Bcrtlelot, Thonsen, and other
modern investigators,

In discussing chemical changes, W. R. Grouc (Correlat ion
and conserva t ion  o f  fo rces ,  p .  r5 r )  says :

)I t  may be a question rvhether in this case, the force
rvhich occasions the motion of the nrass is a conversion of
the force o[ chemical af6nity, or rvhether i t  is not, rather, a
l ibera t ion  o f  o ther  fo rces  ex is t ing  in  a  s ta te  o f  s ta t i c  equ i l ib r ium,
and hav ine  been brought  in to  such s ta te  by  prev ious  chemica l
ac t ions ;  l ru t ,  a t  a l l  events ,  th rough the  med iun- r  o f  e lec t r i c i t y
chenr ica l  a f t in i t y  rnay  be  d i rec t l y  and quant i ta t i ve ly  conver ted
in to  the  o ther  rnodes  o f  fo rce .  By  chemica l  a f f in i t y ,  then,  rve
c i rn  d i rec t l r .  p roduce e lec t r i c i t y ;  th is  la t te r  fo rce  rvas ,  indeed,
sa id  l ry  I )au t ,  to  be  chemica l  a f f in i t y  ac t ing  on  masses :  i r
appears rather to be chemical aff ini ty act ing in a definite
d i rec t ion  th roush a  cha in  o f  par t i c les ;  bu t  by  no  de f in i t ion
can the  exac t  re ia t ion  o f  chenr ica l  a f { in i t y  and e lec t r i c i t y  be
expressed; for the latter, hou'ever closely related to the former,
yet exists rvhere t l ie forrner does not, as in rnetal l ic rvire,
rvh ich  rvhen e lec t r i6ed,  o r  conduct ing  e lec t r i c i t y ,  i s  never -
the less ,  no t  chern ica l l l '  a l te rec l ,  o r ,  a t  leas t ,  no t  knorvn  to
be chemica l l y  a l te red . (

> I.o//a, the anfitype of Prontl/tctts, first enabled us
deEni te ly  to  re la te  the  fo rces  o f  chemis t ry  and e lec t r i c i t y .
\ \ /hen t rvo  d iss i rn i la r  rne ta ls  in  contac t  a re  immersed in  a
I i r lu id  l rc long ing  to  a  cer ta in  c lass ,  and capab le  o f  ac t ing
chemica l l y  on  one o f  thenr  what  i s  te rmed a  vo l ta ic  c i rcu i t
i s  fo r rned,  an<1,  by  the  chemica l  ac t ion ,  tha t  pecu l ia r  mode o f
force cal led an electr ic current is generated, rvhich circulates
from metal to metal,  across the l iquid, and through the points
o f  con tac t . (

) Let us take, as an instance of the conversion of chemical
force into elcctr ical,  the fol lorving, rvhich I made knorvn some
years  ago.  I i  go ld  be  immersed in  hydroch lo r ic  ac id ,  no
chern ica l  ac t ion  takes  p lace .  I f  go ld  be  i rn rnersed in  n i t r i c
ac id ,  no  chen- r ica l  ac t ion  takes  p lace ;  bu t  mix  the  t rvo  ac ids ,
and the  in rnrerser l  go ld  i s  chent ica l l y  a t tacked and d isso lved:
th is  i s  an  ord inary  chcmica l  ac t ion ,  the  resu l t  o f  a  doub le
chen. r i ca l  a f f in i t y .  In  hydroch lo r ic  ac id ,  wh ich  is  composed o f
ch lo r ine  anc l  hydrogen,  the  a f f in i t y  o f  ch lo r inc  fo r  go ld  be ing
less than i ts aff ini ty for hydrogen no change takes place; but
when the  n i t r i c  ac id  i s  added,  th is  la t te r  con ta in ing  a  g rea t
quarrt i ty of oxygen in a state of feeble combination, the aff ini ty
of oxygen for hydrogen opposes that of hydrogen lor chlorine,
and then the aff ini ty of the latter for gold is enabled to act,
the  go ld  combines  ' rv i th  the  ch lo r ine ,  and ch lo r ide  o f  go ld
remains  in  so lu t ion  in  the  l iqu id .  Norv ,  in  o rder  to  exh ib i t
this, chemical force in the form of electr ical force, instead of
mixing the l iquids, place them in separate vessels or compart-
ments, bnt so. that they may be in contact, which rnay be
effected by having a porous material,  such as unglazed porcelain,
amianthus, etc.,  between them. Immerse in each of these l iquids
a str ip or rvire of gold: as long as these pieces of gold remain
separated, no chemical or electr ical effect takes place; but the
instant they are brought into metal l ic contact, either imme-
d ia te ly  o r  by  connect ing  each w i th  the  same meta l l i c  w i re ,
chernical act ion takes place - the gold in $e hydrochloric
acid is dissolved, electr ical act ion also takes place, the nitr ic
acid is deoxidised by the transferred hydrogen, and a current
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of electr ici ty may be detected in the metals or connecting
metal by the application of a galvanometer or any instrument
appropriate for detecting such effect.<<

>'fhere' are few, i f  any, chemical act ions rvhich cannot
be experimental ly made to produce electr ici ty: the oxidation
of metals, the burning of combustibles, the combination of
oxygen and hydrogen etc.,  may al l  be made sources of electr ici ty.
The common mode in rvhich the electr ici ty of the voltaic battery
is generated is by the cher-rr ical act ion of rvater upon zinc;
this act ion is increased by adding certain acids to the rvater,
which enable i t  to act more pou'erful ly ulton the zinc, or in
some cases  ac t  themse lves  upo l t  i t ;  and  one o f  the  nros t
power fu l  chenr ica l  ac t ions  known,  -  tha t  o f  n i t r i c  ac id  r rpon
ox idab le  meta ls  -  i s  tha t  rvh ich  produces  the  n tos t  po l r ,e r fu l
voltaic battery, a cornbination rvhich I nracle knorvn in the
year  r839;  indeed,  l ye  may sa fe ly  say ,  tha t . rvhen the  chenr ica l
force is ut i l ised, or not wasted, but al l  converted into electr. ical
force, the more porverful the chemical act ion, the more l)o\. \ 'er-
ful is the electr ical act ion rvhich results.<

Again, in describing the voltaic battery, Groue s,.rys:
>Norv  a  vo l ta ic  ba t te ry ,  wh ich  cons is ts  usua l ly  o f  a l te r -

na t ions  o f  two nre ta ls ,  and a  l iqu id  capab le  o f  ac t ing  chenr ica l l y
upon one o f  thenr ,  has ,  as  we h ive  scen,  the  l tou 'e r  o f  p roduc ing
chemica l  ac t ion  in  a  l iqu id  co l tnec ted  rv i th  i t  by  r le ta ls  upon
which  th is  l iqu id  i s  incapab le  o f  ac t ing ;  in  .such c^sc  rhe
cons t i tuents  o f  the  l iqu id  w i l l  be  e l i rn ina ted  a t  t i r c  sur faces  o I
tbe  imnrersed ne ta ls ,  and a t  a  d is tance onc  l l .onr  the  o ther .
For  example ,  i i  the  tu ,o  p la t inunr  te r r r ina ls  o f  a  vo l ta ic  ba t te ry
be imnrersed in water, ox) 'gen rvi l l  be et 'olvecl at one and
hydrogen a t  the  o ther  te rmina l ,  exac t ly  in  the  pro l ro r t ions  in
wh ich  they  fo rm water ;  wh i le ,  to  the  most  n i inu te  exant ina t ion ,
no action is perceptible in the stratum of l iquid. l t  was knorvn
before Farada-y's t ime that, while this chemical act ion was
go ing  on  in  the  sub jec ted  l iqu id ,  a  chemica l  ac t ion  r las
go ing  on  in  the  ce l l s  o f  the  vo l ta ic  ba t te ry ;  bu t  i t  rvas  scarce ly
i f  a t  a l l  knorvn  tha t  the  amount  o f  chemica l  ac t ion  in  the  one
bore a constant relat ion to the amount of act ion in the other.
Faradal, proved that i t  bore a direct erluivalent relat ion: that
is ,  suppos ing  the  ba t te ry  to  be  fo rnred  o f  z inc ,  p la t inum,  and
water ,  the  amount  o f  oxygen wh ich  r rn i ted  w i th  the  z inc  in
each ce l l  o f  the  ba t te ry  was exac t iy  equa l  to  the  amount
evo lved a t  the  one p la t inum te rmina l ,  rvh i le  the  hydrogen
evolved frorn each plat inum plate of the battery was eclual
to the hydrogen evolved fron'r the other plat inum terminal.<

>Supposing the battery to be charged rvith hydrochloric
acid, instead of water, rvl t i le the terminals are separated by
water ,  then fo r  every  36  par ts  by  we igh t  o f  ch lo r ine  wh ich
united rvit l i  each plate of zinc, eight 1;arts of oxygen rvould
be evo lved f ro rn  one o f  the  p la t inu lu  te rnr ina ls :  tha t  i s ,  t l i e
weights rvould be precisely in the sanre relat ion tt , l - t tcb Da/lon
proved to  ex is t  in  the i r  chemica l  conrb in ing  rve igh ts .  ' fh is

may be  ex tended to  a l l  l i qu ids  capab le  o f  be ing  decornposed
by the  vo l ta ic  fo rce ,  thence ca l led  e lec t ro ly tes :  and as  no
vo l ta ic  e f fec t  i s  p roduced by  l iqu ids  incapab lc  o f  be ing  thus
decomposed, i t  fol lorvs that voltaic act ion is chcn'r ical act ion
taking place at a distance, or transferred through a chain of
med ia ,  and tha t  the  chern ica l  equ iva len t  nunrbers  a re  the  ex-
ponents of the amount of voltaic act ion for corresponding
chemical substances. <

>As heat, l ight, magnetisrn, or motion, can be produced
by the  requ is i te  ap ; i l i ca t ion  o f  the  e lec t r i c  cur ren t ,  and as
this is definitely produced by chernical act ion, we get these
forces very definitely, though not imnrediateiy, produced by
chernical act ion. <

\ i i i )  AdoQ/ie Wurlz's theory of chemical aft ini ty.
In his well  knorvn Histoly of cheruical theory., fron-r the

age o f  lauo is i r  to  the  present  t i rne ,  ( i869) ,  the  ce lebra ted
l irenclr chemist ldolple Wut' lz retcl lcd the conclusion that
c i ren i i ca l  phenonrena depend fo r  the i r  cause on  the  d ivers i ty
o f  n r r t te r .  As  s ta tec l  in  the  work  abo. r 'e  c i ted  ( t rans la t ion  by
lJ 'u / l s ,  London,  r86g)  pp .  r9J- r  g4 ,  lVur tz 's  theory  i s  as
fo l lon 's :

>>\ \ re  have seen the  prosress  o f  ideas  fo l lo rv ing  c lose lv
on t l re  n r i i r ch  o f  d iscover l ' ,  and  ar - r i v ing ,  th rough nrany  var ia t ions ,
a t  the  saure  lundanten ta l  idea ,  tha t ,  narne l l ' r vh ich  cons is ts  in
seck ing  the  l l r s t  canse o f  chenr ica l  phcncrnena in  the  d ivers i ty
o f  n ia t te r ,  each pr i ruord ia l  subs tance be ing  fo rned o f  a toms
endorved rvith a certain energ)' ,  and rvirh a pecul iar apti tude
fbr expending that energy. These two propert ies of atoms,
d is t inc t  l ionr  one another ,  renc le r  an  account  o f  a l l  chenr ica l
phcnourena,  the  fon le r  measur inq  the i r  jn tens i ty ,  the  la t te r
denot ing  the i r  n tanner .  A l -hn i ty  and a tonr ic i t y  a re ,  there fore ,
the tu'o nrarr i lestrt ions of the forcc 'rvbich resides in the atonrs,
and th is  h1 'po thes is  o f  a toms fo rms a t  l ) rL .sent  thc  foundat ion
o l -  a l l  o u r  t i t e o r i e s ,  t h e  s o l i d  b a s e  o f  o u r  s ) ' s t c u r  o l - c h e n r i c a l
k n o s ' l c d s e .  I t  g i v e s  a  s t r i k i n e  s i n r p J i c i t i ' t o  t h e  l t \ \ ' s  r e l a t i n g
to  thc  <  onr1>os i t ion  o f  bod ies ;  i t  e r rab le  s  r rs  to  look  in to  the i r
in t in rL r te  s t ruc tu re ;  i t  in te rvenes  in  the  in te rpre ta t ion  o i the i r
I ) roper t ies ,  reac t ions ,  and t rans fornra t ions ;  and rv i l l  doubt less
at sonte f ir ture t ime lurnish points of sul)port for the science
of  rno lecu la r  mechan ics .<

>lt rvas, therefore, a grand idea that rvas originated by
Dtt/ tort,  and i t  ruay rvith goocl reuson be asserted, that amongst
a l l  the  advances  t l ta t  che  rn ica l  doc t r ines  have made,  s ince  the
t i rne  o f  Lauo is i r t  ,  th is  i s  the  n)osr  i rnJ )or tan t .  (

I t  thrrs al)pears that lLlr lz attr ibuted al l  ciremical
rnan i fcs ta t ions  o f  fo rce  to  a f f in i t y  and a tonr ic i t y ,  and he ld  th r t
the srr lrp<-rrt  f-or a science of nrolecular ntechanics urust bL-
basec l  t l re rcon.  l le  cons ic le red  evcry  p r imor .d ia l  subs tance to
be > formed o f  a to t rs  endowed rv i th  a  cer ta in  energy ,  and
rv i th  a  pccu l ia r  ap t i tude fo r  expend ing  tha t  cnergy( .

' l 'he 
rvave-theory dif fers frorn Wur/s's vicrv chief iy in

a t t r ibu t ing  a l l  energy  to  the  ae ther ,  l ' h i le  the  a ton ts  rece i r .e ,
transforrr,  and enti t  lvave energy suitable to their atonric
proprer t ies  and 1 ;er iod ic i t ies .  

' I -h is  i s  a  s i rnp le r  co l tcep t ion  than
I, l4u'/s 's and i t  gives to t l le atouts the propcrt ies of resonators,
-  a l l  energ !  bc ing  inhe. ren t  in  the  ae ther  i t se l l ,  rvh ich  has
a n  e l a s t i c i t y  , 6 8 g i z  r  6 o o o o o  g r e a t e r  t h a n  t l r a t  o f  a i r  i n
l ) ro l )o r t ion  to  i t s  d r ' r rs i t y ' .

' I ' he  pher . romena o f  rad io -ac t iv i t y  and the  k indred  pheno-
nrena o f  phosphorescence enab le  us  to  see tha t  the  rvave-
theory  o l i -e rs  the  s in rp les t  and most  genera l  cxp lanat ion  o f
radi ir t ion, rvhatevcr be i ts forr-u. In r 66,1, - l iol ' le observed that
a  d ianron t l  g lo rvs  in  the  dark  a f ie r  hav ing  been exposed to
the  d i rec t  ac t ion  o f  sun l igh t .  '1 'h is  was proba l r l y  the  ear l ies t
observation of the persistence of luminor.rs vibrat ions after the
excit ing cause tvas rernoved. I f  the carbon atoms crystal l ized
in diamond nray persist in their vibrat ions i t  is after al l  not
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such a long step to radio-activi ty, wbere the radiat ion continues
almost indefinitely. Thus radiurn dif fers from diamoncl chiei ly
in the rnuch greater duration of the radiat ion er.nit ted and
the violence of the waves given out. I lut carbon h:rs an
atomic  we igh t  o f  on ly  rz ,  rvh i le  rad ium has  an  a tonr ic  rve igh t
o f  z o 5 ,  o v e r  l 7  t i n t e s  g r e a t e r .

As bearing upon world-radio-active phenonrena, we may
cite the Aurora Boreal is, rvhich occasional ly adds to the
Iuminosity of our atnrosphere by rvaves emitted from sunspots,
and so transformed in the earth's atmosphere as to give l ight.
On May 14 ,  rg2r ,  t ve  w i tnessed a t  Mare  Is land the  most
br i l l i an t  aurora  evcr  no ted  in  Ca l i fo rn ia .  1 )  r \ t  g l '3o-  p .  n r . i
Pacif ic Stnndald Time, the. auroral streamers extencled from
the nor thcrn  hor izon  to  the  zen i th  and beyonc l ;  the  co lo rs
d isp layed inc luded rcd ,  o range,  ye l lo l , ,  g reen,  anc l  b lu ish
purp le .  ' I ' he  

s t reamers  showed rap id  fo rmat io r r  and d isso lu t ion ,
and a t  abont  ro  o 'c lock  a  canopy o f  l igh t ,  l i ke  tha t  o f ten
repor tcd  in  Nor rvay  and Lap land,  fo rmcd near  the  zen i th ,
sixt l '  dcgrees rvide. I t  aftertvards scattered, ancl appeared as
luminous  c louds  in  many par ts  o f  the  sky .

I ior many ycars the arlrora has been known to be
per iod ic ,  and to  fo l lo rv  the  curvc  o f  the  sun-spot  deve l61 l -
n ren t .  As  an  unusua l ly  la rge  spot  was  near  the  cent ra l  mer id ian
of  the  sun,  th is  d isp lay  ver i f i cs  the  e lec t romagnet ic  rvave- theory
pub l ished by  the  r r ' r i te r  in  rg r7 ,  and f r r r ther  ver i f ied  in  a
paper  cornn t r rn ica ted  to  the  t \s t rononr ica l  Soc ie ty  o f  l , rance
i n  N o v e m b e r .  r o r 8 .

From researches  cover ing  a  very  l , ide  f i c ld  i t  seenrs
abso lu te ly  cer ta in  tha t  e lec t r i ca l  fo rces  cont ro l  the  J rb ; ,s ica l
rvor ld ,  and tha t  bo th  magnet isnr  and grav i ta t ion  arc  rvave-
phenomena,  depend ing  on  s t resses  in  thc  ae ther ,  a  new
mathemat ica l -phys ica l  theory  o f  wh ich  rve  har .e  c leve loped
cluring the past seven years.

5 .  T h e  G e o m e t r i c  B a s i s  o f  t h e  A t o r n i c  A r r a n -
[ J e m e n t  i n  t h e  W a v e - T h e o r y  o f  M o l e c u l a r  S t r u c t u r . e
a l s o  p o i n t s  t o  t h e  S o u r c e  o f  P o w e r  i n  F I i c h  I i x -
p l o s i v e s .

( i )  fne  res is tance o f . -a  g iven molecu la r  s tmcture  to
pass ine  rvaves  depends upon the  a ton- r i c  a r rangement .  l t  may
vary betrveen forrrs rvhich yield nraximunr to minirnnrn
resistan ce.

In  our  rvave- theory  o f  the  hardness  and tcnac i ty  o f
bodies, in the f i f th paper on the nerv theory of the aether, rve
found overs 'he ln t ing  ev idencc  tha t  these proper t ies  o f  bor l ies ,
by  wh ich  they  ha t ,e  enonr )ous  phys ica l  s t rength ,  dcpcnd on
rvave transformations and the result ing stresses in the aethcr
a t  the  boundar ies  o f  thcse  boc l ies .  I lounc la ry  cond i t ions  are
a l l - impor tan t  in  f i x ing  the  phys ica l  p roper t ies  o f  g ross  boc i ies ,
because the transforntat ion of rvaves with the result ine stresses
in  the  ae ther  occur  a t  the  boundar ies .

Now jus t  as  the  bonndary  t rans format ions  o f  waves  n tay
generate enormous stresses about and throtrghout a large body
nrade up  o f  an  in6n i te  number  o f  a to rns ,  so  a lso  th is  boundary
cond i t ion ,  when reduced to  the  prob lem o f  geomet r ica l  f igures ,
may g ive  molecu les  and a toms proper t ies  o f  g rer te r  o r  less
s t rength  and s tab i l i t y .  

.
' )  1 'h is sect ion s l ight ly  rervr i t ten on I Iay r6.
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In fact there is no doubt that there is in general one
ar rangenrent  rvh ich  w i l l  g ive  nr in imum s tab i l i t y  and another
rvi l l  give maximum stabi l i ty of the atornic arrangen)ent. I t
i s  upon t l i i s  s t rength  tha t  the  s tab i l i t y  o f  the  s tmcture  o f  the
molecu le  depends.

In  the  case o f  d iamond,  we have no ted  tha t  the  tendency
is  to  fo rm crys ta ls  as  near ly  spher ica l  as  poss ib le ;  and we
bave po in ted  ou t  the  probab i l i t y  tha t  the  hardness  o f  d iamond
depends upon the  indef in i te  poss ib i l i t y  o f  conrb ina t ions  o f
carbon . rv i th  carbon,  jus t  as  the  mul t i tud inous  combina t ions  o f
carbon rvith hydrogen give r ise to the . inrnrense groups of
hydrocarbons ,  and thus  fo rm the  pr inc ipa l  bas is  o i  o rgan ic
chemis t ry .  On th is  po in t ,  dea l ing  w i th  the  proper t ies  o f  ca ibon,
'r 'e quote the impression of the eminent French chentist Ar/o/t t / t t
I . l , 'ur/2, (I t istory of chenrical theory, r 86g, pp. r 5 9-r 6o) :

>> \ \ 'hy ,  indeed,  do  the  a toms o f  carbon exh ib i t  th is  s in_
gu lar  tenc lency  to  accumula te  in  la rge  numi rers  i r r  o rgan ic
nro lecu les l  Because they  possess  the  proper ty  o f  combin ing
togc ther ,  o f  r i ve t ing  themse lves  one to  the  o ther .  Th is  imoor l
tan t  p ro l )e r ty  g ives  to  the  innumerab le  compounds o f  carbon
a pecu l ia r  s tanrp ,  and to  o rgan ic  chen- r is t ry  i t s  phys iognomy,
i ts  mode o f  be ing .  No o ther  e lement  possesses  th is  power  in
the  same degree.  Doubt less  hydrogen can combine  w i th  i t se l l ,
as recognized by Gerlar.dt;  blt ,  as an atom of this body
exhausts  i t s  combin ing  capac i t l .  by  i t s  un ion  u . i th  a  seconc l
a tonr ,  no  o ther  e lement  can be  addcd to  th is  coLro le .  the
satura ted  molecu le  o f  wh ich  is  reduced,  as  i t  u ,e re ,  to  i t s
s in rp les t  ex l r ress ion ,  bc ing  fonned o f  t rvo  a toms.  (

> ' l ' he  po lya tomic  e lements  a lone,  a f te r  hav ing  expended
par t  o f  the  conrb in ing  capac i ty  wh ich  res ides  in  them in
r ive t ing  thentse lves  one to  the  o ther ,  can  re ta in  another  par t
to  f i x  o ther  e lements .  Th is  power  i s  possessed by  the  a toms
of  carbon,  and l i kewise  by  the  a toms o f  oxygen. (

I t  appears  tha t  the  geomet r ica l  mechan ism under ly ing
molecu la r  and a tomic  fo rces  is  sonrervhat  obscure ,  ye t  ther i .
can  be  no  donbt  tha t  d i f fe ren t  a r rangenten t  o f  the  component
part may l .re niade so as to give greatly dif ferent degrees of
compactness  anc l  there fore  o f  s tab i l i t y .  ' I ' he  sub jec t  o f  the
geonte t r i ca l  f igures  and the i r  poss ib le  con lb ina t ions  has  been
treatecl of lry nrany authors, beeinning virh l{ejt ler 's Mysterium
Cosmograph icunt ,  r596.  Amonr  recent  rvorks  we sha l l  on ly
a l lude to  t rvo :

r. (lrowth and Forrr, by D'Arr1, I,V, Thoatfson, Cam-
b r i d g c  U n i v e r s i t y  P r e s s ,  r g r 7 .

2. l , 'undamentals of lbe Cosmos, by Colonel Joln Mil l is,
U . S . A . ,  r g r 8 ,  ( S c i e n c e ,  O c t .  r r ,  r g r 8 ) .

' fhe 
rvork l>y Tlottfson has reference to the development

of orsanic boci ies, and thus is of interest in biolo.gy. T'he
rvork by ,4[ i / l is is of wider appl icat ion, and involves ra simple
geornetr ical principle and i ts possible signif icance in connection
wi th  genera l  phys ica l  theory .<

' l 'he 
principle stated by l l [ i l l is is that: ) In any ag-

sregation of an indefinite nun.rber of equal spherical bodies
an ar rangement  g i . r ' i ng  min i r runr  to ta l  vo lume occup ied  and
perfect symmetry throughout is inrpossible <. t l { i / / is recognizes
that in every case there is an arrangerrent giving maiimum

,
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condensation and geometrical symmetry' ytt tl,t U"":til 
l]11

ii" .pt.."t in contact is not a maximum' He summartzes

his concius ions ' thus:
rThe only possible arrangement or grouping ofequal

spheres l.'-"ot,,o.i tbat gives p";lttt tl:T:::l 
"t 

u fixed con-

dition throughout lor u-g'oup of an indefinite nur.nber is the

I"uii^r ty". 'tt, and this d"oes not giveruaxirnunr density; rvhile

the onty'possible arrangement that gives tnaxinitm density as

a fixed condition throtighout such a 
'group is the rhombic

loJ."^U"J."1, but this does not gi 'r 'e universal symnretry'

There is no arrangement possible giving both tnaxiurutn den-

sitv and universal symmetry'(

Fig. 9. F-orms of 
:.1:1.n$"*"nt 

for conrPact spltcrcs tu

contact '  \ lu t I t ts) .

There are other suggestions regarding syrnmetry and I

arrangement of forms foiJpheres .or,particles^ll !"^O]:l:^]i I
*e sfrutl not go into them beyond the sugge-'tions conveyed

uy ,i-r" iiru.,tations (nig' 9.) from the paper of Colonel Millis'

( i i )  f f ,e atoms are separated in the molecules l ike the

parts of MaYr's f loating magnets'

I t  now remains to point out that in the- rvave-theory the

groupings above represenied, and an inf inity of other groupings'

i . .  iot i iUf. for the atoms, but the atoms making up the

molecule are to be conceived as separated by relat ively large

84
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sDaces, as in the stable geometrical figures found by -trfaycr

for groups of f loating magnets'--- '  ' t 'h"." f loating ^ugttets are i l lustrated in the f igure ro'

plate 5, ' ;-hl;h f to[oury convey to us as good an outl ine of

ihe rnolecules or atoms as any known models'
-"- -  

' fhe chief dif ference we suggest in the model molecule

i s t h a t i n n a t t l r e w e d o n o t h a v e m a g n e t s s u r r o u n d e d b y
p"r"rir.a g."ups of waves, but waves 

ltiiq :l:-11':T^ti":,::
#;.'t* ,i;uiornt ftoto every directiorl' so that the molecule

- ! - : ^ ^ r  ^ , , 6 - - omen r  o f  l enq t  r es i s t ance  t o  t he
tr'"th. ".t;;";iri."t ut"t'gement of least resistance to the

passing waves.
i  ; fhi ,  involves a dif ferent cause for the forces known

to U" ui work, but the geometrical forrns which result wi l l

; ;  ; ; .y similar; and under certain condit ions of temperature

;; ; .  
-agitat io,t  

the forms are stable' Yet under other

condit ions i1,e.e is a ruptt lre of the stabi l i ty, and the rnole-

.ui" Jt.^Lt up, rvi th inevitable rearrangernent of the atoms

;; ; i l ,  which in their n'rutual relat ions may be compared

to ihe lrarts o( -tr [a1'tr 's f loating magnets'
' I l l t"  pictt tre i ,cre given is the sirnplest and nlost direct

outl i r te of ihe ,rat 'e-theoiy of rnolecular and atomic structure'

ir i i , . , . ,  ,r ," nu'rber of atonrs is large a good rnany geon.retr ical

forms utay be assurned; but, with diverse propert ies to the

;;; ; ; ,  
" ; ; ;  

conrbinations frequentlv are- unstable' or stable

""i t  

- i ' i t ' i  
i t  narrow l irnits, ai in the above inodel f loating

rr)agrlets deviscd bY t l tal 'cr '
' I 'he symuret.y of ihese rnsgnets and their analogy with

cross sections of crystals is too obvior ' ls to escape the notice

and tnax imr t tn  herdness '

ln conterr.rplat ing the above l igures of t l [a1'er 's f loating

lrasnets, lve should remember that al l  the elements at 'e ln

;; ;  tr i" t i .  .-  thc leYel surface of the rvater '  -  which we may

.^f l  tr ' .  IJut in t l te theory of atomic and molecn' lar structt lre

*. ' f* ir .  io 
" i . ,u 

t5e atons or parts of the molecule as lying

in tridin",".r.ional space, 'rr:.t'z' 
'I:htls n-rany more geometrical

f ; . ; ;- ; ."  possible' for atoms in the structure of the molecu\e

than is shown above in Mayer's f igures'

( i i t )  Instabi l i ty of the geoutetr ical arrangetnent in mole-

.ulu. . i ru.ture rnay lead to rearrangement, under disturbance'

and thus the t lystery o[ explosive forces f inds explanation in

the release of energy due to the elast ic porver of the aether'

From the theory of molecular and atomic structure here

outl ined, i t  fol lows that very dif ferent degrees of stabi l i ty

s h o u l d e x i s t . I n g e n e r a l m o l e c u l a r S t r u c t u r e i s b r o k e n u p b y
excessive heat, be-ause under the agitat ion of the heat waves'

*f, i . f t  *. .  of greater length, the atoms are l ikely to be driven

of- i i"  .ogu.iotts observer'  In fact '11[a1cr's n)agnets r8a and

, 'aJ'r,r ir .?"gly resenrblc the form of crystal l izat ion taken by

ai^r."t"ta,- th'e'purest fornr of carbon, rvhere the rnolecular and

oto*i" fo..". ,-  due to rvave'action have unrestr icted freedom

of operation in a.ranging the parts to give the best symnretry

fr""""a the r inge of ui ion of the atomic forces due to the

;;; ; ;  *ou.r.  
"Thus 

heat or electr ic current may lead to

air.o"iut;on, and the separation of the elements' as in Sir

;f";;irtl 
'Dauy's 

celebiated experiments on the alkaline

ear ths ,  about  r8o7."- '-  'No,u 
just as heat and the electr ic current may produce

dissociat ioni by driving the consti tuent atoms beyond the range- '

of act ion of the atomic forces, so also when the form of
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atomic  a r rangenrent  i s  no t  very  s tab le ,  a  qu ick  d is tu rbance
t  

rnay  so  derange the  geomet r ic  f igure  as  to  cause rno lecu la r
col lapse of the exist ing structure of the aton-rs, and rearran-
gement into other f igures, usually more but sometimes less stable.

This gives us a clue to the secret of explosive forces,
wh ich  here to fo re  has  cha l lenged the  ingenu i ty  o I  na tura l
ph i losophers .

If  we consider the great body of high explosives, u'e
recal l  the well  known fact that many of them are highly
unstable, and wil l  not bear any violent shock.

Thus  n i t rog lycer ine  is  exceed ing ly  uns tab le ,  and the
sante is true of nearly al l  the latest and nost porverful ex-
plosives, such as the tr ini trotoluenes. In fact, we might almost
s ta te  as  a  genera i  p r inc ip le ,  tha t  in  p ropor t ion  as  an  exp los ive
is porverful,  and i ts destructive effect great, in the same
propor t ion  is  i t  uns tab le ,  so  tha t  i t s  s tab i l i t y  has  to  be  in -
creased by mixture rvith an inert substance, as rvhen dynamite
is  made f rom n i t rog lycer ine  by  the  add i t ion  o f  s i l i con  mater ia l .

Now the only rvay we can conceive this explosi 'r 'e power
to  a r ise  is  f rom the  ae ther .  I t  cannot  come f rom the  subs tance
o [  t h e  e x p l o s i v e  i t s c l f .  I ] u t  i f  t h e  a e t h e r  b e  6 8 g 3 z r 6 o o o o o
rnore  e las t i c  than a i r  in  p ropor t ion  to  i t s  dens i ty ,  and the
nniverse be 6l led rvith waves of al l  lengths, - then obviously
a release of stress, in the rearrangement of structure rvhich
g ives  less  res is tance to  the  pass ing  l 'aves ,  rv i l l  y ie ld  such
sources  o f  porver  as  ph i losophers  have se ldom drearnec l  o f ' .

In  h is  fami l ia r  lec tu res  on  sc ien t i6c  sub jec ts ,  r867,

1tp. z8z-286, Sir /ohn .(ferst l tcl  recal ls this trenrendous power
o f  tbe  ae ther  and ac lds :

>I)o what rve rvi l l  -  adopt rvhatever hypothesis we
p lease -  there  is  no  escape,  in  dea l ing  rv i th  the  phenomena
of l ight, from these gigantic nurnbers; or from the conception
of enormous physicai force in perpetuai exert ion at every
p o i n t ,  t h r o u g h  a l l  t h e  i m m e n s i t y  o f  s p a c e . <  . . .

> I f  f ree  to  expand in  a l l  d i rec t ions ,  i t  ( theaether )  rvou ld
require a bounding envelope of srrf f icient strength to resist
i t s  ou t rvard  pressure .  And to  evade th is  by  suppos ing  i t
inf ini te in extent, is to solve a dif f iculty by rvords rvithout
ideas - to take refuge from it  in the simple neeation of
that rvhich consti tutes the dif f iculty. On the other hand, such
r ,crystal l ine orb' or , f i rmament'  of sol id matter conceived
as  a  ho l low she l l  o f  su f f i c ien t  s t rength  to  sus ta in  the  in te rna l
tens ion ,  and f i l l ed  rv i th  a  n red iu rn  a t t rac t i vc ly ,  anr l  no t  rc lx r l -
s ive ly  e las t i c ,  m igh t  rea l i ze  ( rv i thout  suppos ing  a  so l id  s t ruc tu re
in  the  conta ined ae ther )  the  cond i t ion  o f  t ransverse  v ib ra t ion .<

'I 'his penetrat ing reasoning of Sir John l [rrsrht l  shorvs
clearly that the porver of the aether everyrvhele about us is
great enough, i f  made effect ive by molecular rearrangelrent,
to cal l  forth unl irnited explosive forces. I t  is therelbre Iogical
to assign explosive forces to the porver of the aether - just

ts rve assign the porver of the l ightning to the release of
ae ther  s t resses  a t  the  boundar ies  o f  condens ing  drops  o I  ra in
when the aether rvaves come from every direct ion in this
a l l -pervad ing  med ium.  .

That rvhich explains the power of the thunderbolt wi l l
also explain the power of dynamite, the tr ini trotoluenes,
and other terr i f ic explosive forces, which so long has chal-
lenged the  ingenu i ty  o f  the  most  eminent  na tura l  ph i losopbers .
It  is impossible to consider the problem of explosive forces,

after a study of the wave-theory of I ightning, without reaching
the  conc lus ion  tha t  the  source  o f  porver  in  the  t rvo  cases  is
one and the  same.  And as  l igh tn ing ,  w i th  a l l  the  des t ruc t ive
power of the thunderbolt,  is definitely referred to rvavE-action
inc ident  to  the  re lease o f  ae ther  s t ress  a t  the  sur face  o f  ra in
drops, we must also hold that explosive forces derive their
stupendous power from the release of stresses in tbe aether
inc ident  to  rear rangement  o f  mo lecu la r  s t ruc tu re .  Hence the
instabi l i ty of al l  high explosi 'r 'es.

I t  on ly  remains  to  po in t  ou t  tha t  as  there  is  y ie ld ing
and co l lapse o f  the  molecu la r  s t ruc tu re  in  an  exp los ion ,  i t
fo l lows tha t  such co l lapse o f  the  or ig ina l  s tmcture  rv i l l  l ead
to  the  a toms be ing  car r ied  no t  on ly  in to  a  s ta te  o f  g rea ter
compactness ,  bu t  a lso  to  a  rebound f rom th is  unnatnra l  s ta te
o f  compress ion .  ' Ih is  i s  the  molecu la r  s t ruc tu ra l  osc i l )a t ion ,
under  the  s t ress  o f  the  pass ing  ae ther  waves ,  rvh ich  ca l l s
forth the terr i f ic exert ion of force rvitnessed in explosions.

The ae ther  i s  a lmost  in f in i te ly  e las t i c ,  and near ly  in -
compressible. ' Iherefore rvhen the stresses incident to the
waves b ind ing  together  the  par ts  o f  the  molecu le  a re  re leased,
the  y ie ld ing  car r ies  w i th  i t  a  compress ion  o f  the  d isconnected
atoms, and in the osci l lat ion the most tremendous forces
inevitably are exerted.

I t  i s  h igh ly  unph i losoph ica l  to  a t t r ibu te  these exp los ive
forces to the substances themselves. They arise from the
aether (,1f ir)g) which Sophotlcs (Oedipus Coloneus, r 47 o)
makes the  seat  o f  a  te r r i6c  thunders to r rn ;  and o f  tvh ich
Acsr l t -y lus  ( l ' ronr .  V inc t . ,  r  ro3- r  r  zo)  speaks  propbet ica l l y :

>>Yca,  now in  very  deed,
No nrore in rvord alone,
' l 'he 

cart l-r  shakes to and fro,
And the  loud thunder 's  vo ice
Rel lo r l ' s  hard  by ,  anr l  b lx rs
' l ' he  

f lash ing  lev in - f i res ;

Su. t - ,  
' i s ' th "  

, to r rn  f ro , r - r  2 .u ,
l ' ha t  comes as  rvork ing  fear ,
In terrors n-ranifest.
O l lo ther  venerab le !
O Aether !  ro l l ing  round
The common l igh t  o f  a l l . (

6 .  R a d i o - A c t i v i t y  a n d  O r g a n i c  G r o w t h  a n d
I ) e c a y  f u r n i s h e s  I ) i r e c t  E v i d e n c e  o f  t h e  W a v e -
' I ' h e o r y .

( i )  Rad io-ac t ive  subs tances  are  those s 'h ich  t rans form
l raves  unsuspected  and insens ib le  to  our  percept ions ,  in to
o thers  rvh ich  may be  observed,  and thus  such subs tances
appear  to  rad ia te  a lmost  un l im i ted  quant i t ies  o f  energy .

' I 'he rnystery attaching to radio-activi ty has excited the
interest of many ingenious experinrenters, and during the past
25 years an extensive l i terature has been developed dealing
with this subject. But notwithstanding the labor and ingenuity
o f  many ern inent  na tura l  ph i losophers ,  i t  can  hard ly  be  sa id
that we yet have any satislactory theory oI radio-activi ty.

I t  is recognized that radio-activi ty involves the expen-
diture of large amounts of energy; and great emphasis has
been laid upon the enormous amount of energy inherent in
the atoms of matter. In the art icle on the Sun,'Encycl.  Amer,,
r904, Professor Newconb dwells on the modif icat ion of

6 .
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E[clmholtz's contraction-theory of the sun's heat by the dis-

covery oI radio-activi ty, and says that l 'ecent researches shorv

that there is 'a vast amount of energy inherent in matter, and

that i ts release prolongs the radiat ion of the sun and stars

much beyond the periods fornrerly calculated. Thus instead

of zo mil l ion years of solar radiat ion, we have energy avai lable

for periods to be reckoned in corresponding bi l l ions of years'

The avai lable energy of the universe has been increased a

thousand fold.

I t  rvi l l  be noticed that this reasoning places the source

of energy in matter, rvhereas the wave-theory places the source

of energy in the aether i tself ,  which {r l ls the t lniverse, and

has an  e las t i c  porver  68932 r6ooooo t ines  grea ter  than tha t

of air in proport ion to i ts density. 
' - fhe anottnt oi energy in

the aether is rrnl irnited, but only a part of i t  is avai lable,

depend ing  on  our  mater ia l  mechan ism fo r  conver t ing  i t  in to

v is ib le  energy ,  as  in  the  e lec t r i c  cur ren t  gener i r ted  by  a  dynamo,

or  the  molecu la r  energy  in  cap i l la r i t y ,  cohes ion  and in  chern ica l

aff ini ty, so porverful ly exhibited in explosive forces.

Sir f. |. 7-Ionson, Sir Oliuer Lod.gt, Sir Iirnest 1?uthetford

and others have made rough attetnpts to elaluate the i l lnount

of these so-cal led atomic energies. Corlclusions have been

rcached tha t  the  amount  o f  energy  in  a  rn i l l i g ra tn  o f  rad i t t t -n

salt rvould be capable of doing an el lor l l )ous anloulrt  of tne-

chan ica l  work ,  such as  prope l l ing  a  la rge  sh ip  invo lv ing  the

expenditure of a vast nurnber of horseporver hours, or l l lonths'

But although I dif fer frotn these etninent authorit ies

reluctantly, I  must add that i t  appears to ne probable, i f  not

certain, that the fgundation of thcir argument is of doubtful

val idity. Having reached the conclusion that rvaves exist oI

al l  possible length, frotn many lretres or ki lornetres, down to

atomic dirnensions; and having lound that the waves t lndergo

transformation in passirtg through certain substances, I  hal 'e

ventured to raise the question whether we nray not look ttporl

radio-active substances as those which transtbrtn and render

sensible to observation waves otherrvise unsuspected to per-

vade the rvorld.

l I  that idea be adrnissible, i t  rvi l l  fol low that the energy

noted in radio-activi ty does not real ly reside in the ator.us

which are radio-actir ' ,e, but is rnerely rnade manifest by the

transformations of rvaves traversing these atotrts. r) l t  is pro-

bable, perhaps certain, that some atoms have the porver of

rendering sensible waves which otherwise are insensible.

Phosphorescence is a farni l iar i l lustrat ion of this tendency.

Again rve see evidences of a similar tendency when X-rays

pass through a thin layer of tungstate of calcirtm, rvhereby

visual rays are produced in the f ield traversed by the X-rays,

so that the l 'hole f ield of operations t.nay be explored by

the eye.
\Vith the X-rays alone in free space tbe f ield is rvi thout

material resistance and so quiescent that l ight waves of suff icient

intensity to give dist inct vision do not arise. Yet rvhen the
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X-rays are sent through the f ield, and frnal ly traverse a layer

of tungstate of calciurn, objects in the f ield becotne i l luminated ;
and rve can see dist inct ly along the path of the X-rays.

The writer 's theory of the X-rays is that thev are fair ly

long rvaves, which thus penetrate various objects. And under

the agitat ion these long waves are either broken . up into

shorter ones, - corresponding to the visible spectrt tm, 'rvi th

the ultra-violet part,  which gives the photographic power to

the'X-rays, - or shorter waves are cal led forth in the atonrs

a l l  a long the  l ine .
\\ Ie knorv that atoms are osci l lat ing systelrs and hai 'e

a  h igh  power  o f  resonance;  and th is  theory  o f  longer  *aves

break ing  up  in to  shor te r  osc i l la t ions  or  ca l l ing  fo r th  shor te r

rvaves, is in accorclance rvith modern researcltes on the structure

and per iod ic i ty  o f  the  a toms.

I f  these v iews be  adrn iss ib le ,  i t  rv i l l  fo l lo rv  tha t  jus t  as

calciun-r tungstelte renders the waves in an X'ray f ield visible

to  the  eye ;  so  a lso  n tay  o ther  rad io -ac t ive  mat te r  in  i i ke

manner  t rans fornr  inv is ib le  rvaves  a l rvays  pervad ing  the  un i -

verse  in to  l )e rcept ib le  rvaves .  
' | l te  rvaves  tbus  rendered sens ib le

to experir:rent rvould give a f ield of research l ike that charac-

te r is t i c  o f  rad io -ac t ive  subs ta t rces .

I l y  way  o f  i l l us t ra t ing  t l i i s  the  ory  o f  r la tu ra l  wave t rans-

fo rmat ion  we l t tay  ca l l  a t te r l t ion  no t  on ly  to  p l ro - tphorescence,

in  o rgan ic  bod ies  under  decay ,  and in  l i v ing  ob jec ts  l i ke  the

l ire-f ly lnd the glow-rvorm; but also to ntanl '  1;)renotl lena of

Iuminescencc  in  t l ie  phys ica l  un iverse ,  such ls  t l l e  Iumino l ts

n i { - th t  c louds ,  rvh ich  have been espec ia l l y  s tud iec l  in  Ger tnanr ' ,

the  gcncra l  p reva lence o f  the  Aurora  Borea l i s  in  a l l  la t i tudes ,

rvhicir S/zralrr has investigated photographical ly (cf.  I-orr 'el l

Observ .  l lu l l . ,  No.  7g ,  and the  au thor 's  B lec t r .  rvave- theory  o I

p h y s .  f o r c . ,  r ' o l .  t ,  t q r 7 ,  p .  . + 8 ) .
' fhen  aga in  there  is  s in t i l r r r  ev ic le l l ce  o f  lu tn inescence

in  the  ne i - ,u lee .  ) lan1 '  o f  these oL i jec ts  r t t t t s t  be  in tense ly  co ld ,

because \ \ ' c  c : l r t  see  ver ) '  fa in t  s ta rs  th rough thern ;  and lve

knorv  such t rans l ) t ren t  nebu lae  c i ln  no  n)ore  re ta in  heat  than

<: rn  t l rc  t : r i l s  o l ' ( :o luc ts ,  rvh ich  are  knorvn  to  l le  a t  the  tenr -

I )e ra tu re  o l '  spuce,  ye t  sh ine  w i th  a  g lo rv  s t rgges t ive  o f  l ihos-

1-rhorescence, or the Gcissler-tube.

As  e lec t r i c  d ischarges  in  the  Ge iss le r - tube may ca l l

fdrth anrple l ight, though no sensible ternperature is evolved,

and an electr ic ct lrrent is recognized to consist of ordered

rvaves ,  in  the  ae ther ,  we see a t  once why the  ta i l  o f  a  comet

might gloiv in the electro-nagt-tct ic f ield ol the sun. ' [ 'he rvave-

f ie ld  o f  the  sun is  so  f i l l ed  rv i th  rvaves  o f  a l l  poss ib le  iength

tha t  i f  the  par t i c les  o f  a  co tne t ' s  ta i l  had  any  porver  o f  re -

sonance,  lu rn inos i ty  ought  to  deve lop  near  per ihe l ion  passage.

Norv  the  ta i l s  o f  comets  do  becorne enormous ly  b r i l l i an t

a t  the  neares t  approach to  the  sun;  and the  iuminos i ty  o f

the tai l  dies dorvn as the cotnet recedes away into space.
' lhc  ampl i tude o l 'a l l  rvaves  f ro tn  the  s t rn  fo l lows the  law:

A : h l r | \ 2 0 /

t )  In  a  p ro found papepOn the  absorp t ion  o f  l igh t  by  co loure t l  med ia , , ,  S i r  /oh t  J le rsc / t t l  h rs  ou t l ined  the  e f fec ts  o f  ae ther  rvave

uro t ion  th rough mater ia l  bod ies  so  c lear ly  tha t  r te  r ; t to te  i t :
,N ]orv ,  as  rcgards  on ly  the  ge i re ra l  fac t  o f  thc  obs t ruc t ion  ar r ( l  u l t i r r ) r te  cx t inc t ion  o f  I igh t  in  i t s  p lssage t l r roug i r  g ross . rned ia ,  i f  rve

cornpare  the  cor l tuscu la - i  and un t lu la to ry  theor ies ,  rvc  s l ra l l  I lnd  t l ra t  t l te  fo r t t rc r  a l ) l )ea ls  to  our  ignorance,  the  la t tc r  to  our  knowledge,  fo r  i t s

exp lanat ion  o f  the  absorp t ive  phenomena.o'  
The ques t iou ' , \d - !  ; ; . ; , ;es  o f  l ig f , f  fo r  l le r tc / te l  i s  convcr te t l  in to  ,What  bccotnes  o f  mot ion ' .  'An t l  the  answer '  on  dynaur ica l

p r inc ip les ,  i s ,  tha t  i t  con t inues  fo rever .n
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and the  energy  o f . the
ampli tude E

waves varies as the square of the
:  ,Q2 :  t r l r t  ,  ( , , )

.  
Accordingly the power of the ryaves to develop lumi-

nos i ty  ought  to  inc rease and d imin ish  a ln ros t  d i rec t l y  as  the
power of the sun's radiat ion, when the comet approaches and
recedes. This conclusion is in general accord rvi ih obsenation.
In. much the sarre rvay the permanent luntinosity of the
nebulae may depend on the transformation of rvaves othcrrvise
Iarge ly  inv is ib le .  ' l -he  

ev idence o f  ce jes t ia l  rad io .ac t iv i t y  i s
therefore ample, but not exactly of the type noted unclcr
experirnental condit ions in our laboratories.

( i i )  An imal  and p lan t  g rowth  and decay  represent  t rans-
formations of enerey, and thus point to rvave_action.

After the foregoing development of the wave_theory
th is  sub jec t  i s  so  obv ious  tha t  an  ex ter rded argument  seenrs
superf lnous. We thercfore merely cal l  attenti in to certain
lead ing  fac ts .

r .  An imal  and p lan t  nu t r i t ion  go  on  under  the  ac t ion
o[  chemica l  a f f in i t y  and the  molecu la i  fo rces .  Anc l  i f  t l resc
two types  o f  phys ica l  fo rces  be  due to  rvave-ac t ion ,  i t  n , i l l
fo l low tha t  the  nu t r i t ion  due to  chemica l  a l f in i t y  and nro lc_
cular forccs are also due to rvave-action.

1 'he  processes  o f  nu t r i t ion  cons is t  in  thc  p repara t ion ,
fo r .  the .  b reak ing  up  o f  n ro lecu les  o f  the  food,  in  o rdcr  to
make the  cons t i tuent  a tonrs  ava i lab le  as  bu i l c l ing  mater ia l  fo r
the  renerva l  o f  o rgan ic  n to lecu les  rvh ich  are  undergo ing  < lecay ,
decornpos i t ion  or  combust ion  by  ox idn t ion  in  t l re  o igan isnr .' I 'hus 

the support of organic l i fe requires a coltstant renen,al
of nrolecular and atorni.c energy, in the form oI food preparerl
fo r  such nu t r i t ion ,  rvh ich  g ives  bod i ly  energy  and s t rength
to  the  an imal  o r  p lan t .

r .  In  the  case o f  l i l an t  I i fe ,  the  nra ter ia l  taken in  as
food is  la rge ly  inorgan ic ,  r r i t rogenous and o ther  e lcnrcn ts
from the ground, czrrr ier i  up into the plant stnlctt lrc by the
force of capi l lar i ty, rvhich is a pheno,nenon of rvar.c-actior.r.
These e lements  f rom the  ear th  a re  t to rne  in  the  sup,  anr l ,
thus  d is t r ibu ted  th roughout  the  p lan t  s t ruc tu re .  I lu t  thc  p )an t
leaves act as lungs, and absorb certain gases. . fhesc 

learl
to the f ixat ion of oxide,s and potash prociucts in the plant
structure. Alrove al l ,  carbon dioxide (COr) taXen frorn the air
i s  e f fec t i ve  in  bu i ld ing  up  the  organ ic  s i ru . tu .e  o f  thc  n lan t .

4 .  1 'he  carbon f ro rn  the  CO2 is  bu i l t  in to  the  o lan t
structure, so as to rnake ft l rre, rvhi le most of the oxygen is
l ibera ted  aga in  to  re  tu rn  to  the  a i r .  Thus  gro l ing ' 'p lan ts
pnr i fy  the  a i r  o f  carbon d iox ide .  ' l .he i r  

g rorv th  cons t i tu tes
a  chemica l  p rocess  or  reac t ion ,  rvhereby  o .gan ic  s tn lc tu res
hav ing  carbon as  the  main  body  o f  p lan t  s tn tc tu re  a re  bu i l t
up, and rvhen dried out may be burned, again proclucing
heat and CO2.

5 .  I t  i i  r ve l l  k r . ro rvn  tha t  p lan ts  cannot  I i ve  rv i thout  a i r
and sun l igh t .  The sun l igh t ,  in  concer t  w i th  the  longer  heat
lvaves, aids the chemical changes, lvhereby inorganic atoms
are  un i ted  and bu i l t  up  in to  o rgan ic  mo lecu les .  in  darkness ,
as  rve  have o f ten  observed,  a  p lan t  langu ishes ,  tu rns  pa le  and
f ina l l y  d ies :  the  chemica l  t rans format tns  o f  i t s  l i fe  corne  to
a .s tands t i l l ,  as  decay  o f  o rgan ic  c i rcu la t ion  and nu t r i t ion  fa i l s .
This fai lure is due to the cutt ing off of the shorter l ,aves.
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rupon which chemical transformation mainly depends, so that
w i thout  l igh t  p lan ts  cannot  g row and f lour ish .

6. ' I 'he 
f inished plant structure is largely hydrocarbon,

rvith certain mineral sarts and water of nuti i t ion. cut off  the
rvat€.r,  and the plant rvi thers, because the circulat ion and
nut r i t ion  th rough cap i l la r i t y  and the  chern ica l  t rans format ion
by rvave-action, in the forrn of l ight and heat, al l  come to.
an  end.  In  the  same \vay ,  i f  rve  in te rcept  the  main  f lo rv  o f
capi l lar i ty, 

.by cutt ing off the bark and Iaying trare the rvood
of  a  t ree ,  i t  rv i l l  soon d ie .  . l .h is  

p rocess  o i  rdeac len ingn is
nruch nsed by Arnerican farmers when they rvish to t<lt l  tne
t rccs  on  unc leared land.  And now we see tha t  i t  a l l  c lepends
on in te rce l t t ing  the  cap i l la ry  f low,  rvh ich  is  c lue  to rvave_act ion .

.  7 .  \ \ /ha t  app l ies  to  t rees  app l ies  to  a lmost  a l l  fo rms o f
plant l i fe. ' fhus 

rve see that i f  i l ie capi l lar i ty, due to rvave_
act ion ,  and the  chemica l  a f f in i t y  fo r  nu t r i t ion ,  under  the  ac t ion
of  hca t  and I igh t  rvaves ,  be  ser ious ly  in te rcepted ,  the  resu l t
i s  essent ia l l y  fa ta l .  Hence rve  ho ld  tha t  a l l  u i t " l  ph . r ,o r "n"

i l .  . ,h: plant and vegetable l .or ld r lepend on wave-action.
l 'his is the deeply mysterious po\\,er for renerval so long
hir lden fr:T- oltr  sight, but operating everyrvhere for the
su l ) l )o r t  o f  I i fe  in  o rgan ic  na turc .

8 .  ' fhe  
l i fe  o f  an ima ls  i s  n rore  complex  and var ied ,  l ru t

the  caus_es und.er ly ing  i t s  ma in tenan. "  n . "  in  the  rna in  the
sarne. ' l ' l re 

t1'pical animal l ives largely on plants, ir_r one fornr
or  another .  F Iencc  rvave-ac t ion  deve lops 'p lan ts ,  and the i r
d iges t ion  or  decornpos i t ion  under  va . ious  chern icar  reac t ions ,
fu rn is l tes  food or  nu t r i t ion ,  rvh ich  is  made to  nour ish  and
s . l )por t  the  s t rength  o f  an in ra l  bor l i cs ,  and a l r  the i r  var ied
acu v l  I  les .

g .  t r Ios t  o f  our  contn ton  an in ra ls  have an imal  heat ,  and
hence the  che ' r i ca l  combust ion  o f  the i r  food is  n - ra in ta ined
by  oxygen brea thed i '  th rough the  lungs .  \Ve  sha l l  no t  here
treat of f isi t  ancl other fornts of l i fe w.- i th low temperature,
rvhich have ci i f fcrent vi tal processes, as these are treated o[
in  rvorks  on  b io rogy .  I t  i s  ev ident  there fore  tha t  a ' i rnar
nu t r i t ion  dcpenr ls  on  rvave-ac t ion  qu i te  as  much as  p lan t
nu t r i t ion .  I , -ood is  taken in to  s tonrachs ,  anc l  sub jec ted  to  the
cher -n ica l  reac t ion  o f  ju ices ,  a t  appropr ia te  tempera ture ,  and
thus  the  t rans format ions  are  conncc ted  rv i th  rvave_act ion .

, _ , , ,  
t o . . 1 ' h e  l o n g e r  r y a v e s  o f  t h e  w o r l d  g o  t h r o u g h  a n i m a l

t roc l res  qur te  unperce ived,  and s t iu ru la te  the  shor ie r  waves ,
on  rvh ich  chemica l  ac t ion  c lepends.  l .hus  our  theory  o f  t te
X- rays  be ing  shor t  rvaves  main ta ined by  the  ac t ion  o f  lonser
and rnore  penet ra t ing  rvaves  (< : f .  AN 5o79,  p .  2g2) ,  n "a ,  .3 . -
f i r rna t io -n  i r - r  the  processes  o f  on in ra i  anJ  p lan t  nu t r i t ion .

We have been unaccus tomed to  v ie*  ihe  v i ta l  p rocesses
of  the  u 'o r ld  as  due to  rvave-ac t ion ;  bu t  i f  mo lecu la r  and
chernica-l  forces depend on the energy of rvaves rn the aether,
rve  sha l l  obv ious ly  have to  cbange tu r  o ld  way o f  th ink ing .

r  r .  Our  new theory  o f  magnet is rn  and e lec t rod l ,nanr ic
action, under rvhicb aether rvaveJ penetrate al l  objecis, has
le-d a learned thinker, Rev,. paulCati l ,oul,5. 

J.,  of . Iananarive,
xladagascar, to suggest that love a,d other ernotionar inf lu-
ences  in  an i rna ls ,  and in  man,  depend on  ae ther  rvaves  emanat ing

forl  1nd 
directed by bodily senses and orgais, 

"ot "" i i f .Et lre in-f luences of nagnetism in inorganic n"utur..  In fact I
have held somewhat similar vie*s foi soixe years, including

I



1l1g r'4nvirlion lhet thouy,ht is an electric pr()'e$s sustained

h1 vzvtt, tul hzrc 1.tr1,{fl114t tir'te /-''f/"2"/ ::'ti'2' '':''

tilepatl,i,' tttygirtiu,:+ a'4 Lotttin!1 ttnder tr't: 6r'rnz;n t'f dz''t'

;;;;;,-;rr;ti." 
'rn" connection of these thectries with rt'ental

Iri toit i i"^r'and psychic phenomena is obvious' but we lea'e

ii" a'.".f"pt"ent of-the suU.lect to those who make a specialty

of psychic Phenomena.
rz. It is of course recognized that bodily senses and

orsans, by the nature of our nervous system' are largely under

;i:-;;;; i  orin. *irr. But even so, the power of suggestion

;;y-;; conveyed by u'ave influences directed by different
-i-nd'ividuals; 

und tt* a great domain of,wave-action is seen

in aesthetics and social i1fe, heretofore but l i tt le understood'

oplnion in a bloiogical p' iutt tn : '91t":o 
be altnost decisive

that al l  biological p,otesses]depend ct ief ly and at last analysis

on .t , .n i .uf i . t io,, .  But the uoti"ty of l i fe and vital phenourena

;. '* ; ; ;" ,  that perhaps rve shal l  consider this conclusion more

p."fr^i l .  f f  rve note the elements upon which vital i ty depends:

r '  We take l i fe as exist ing' and shal l  not go into'the

discussion handed dorvn through lhe centuries as to the origin

;flif* Arrlunius and others think the germs o[ it may have

If one magnet can by the concerted. vibrat ions of i ts

atoms draw thoJe of another piece of meta.l  into harmoniotts

u..-a, so that the second piece of metal responds to the

waves from the f irst,  a similar porver of.  response for. the

i " . ] " tp* . " ,  o f  emot iona l  harmony nray  ex is t  in  l i v ing  be ings '

i f . ."  

"glt ,  

the f ield for speculat ion is. very great '  but we

_uri '  .o-n,.rrt  ourselves wittr ,  the physical law"s, and leave t6e

uooii .o, ion, of the larvs to those best clual i f ied to deal rvi th

psychic and emotional inf luences'

I t  is, however, of some interest to note the immensity

o r t n e a o r n u i n s o f , . i . , , . " o p e n e d u p b y t h e n e w t h e o r y o f
i i"--u",t , . . '  '  Indeed the unexpected impression now drarvn

from most obscure subjects wil l  lead us to rel iect tbat the

aether  i s  the  bearer  o i  t lg t t t  fo r  i l l u rn ina t ing  t l re  o rgan ic  as

well  as the PhYsical world'

( i i i )  A l l  v i ta l  phenomena depend .on .chemica l  
ac t ion

a n d t h u s o n w a v e . a c t i o n , w l r i c l r a l s o b u i l d s c r y s t a l s a n d
deposits ores bY electrolYsis'

Sonre frfteen years ago l'rofessor Jacqucs Lotb' then 'l't

the University of Caii lornia, Uut more -recently 
of the l{ocke-

i.r.-f., inrri,u,e for lr'{eclical i{esearch' New York' told me that

i " ' f r i .  ; tag .ment  a l l  v i ta l  p rocesses  depend a t  las t  ana lys is

." 
' . f t" i t t i* f  

act ion' f te ci ied the fact that susl)ension of the

" , r r rn lv  o f  n re te r ia l  requ i red  lo r  nu t r i t ion  is  la ta l  ;  and th r r t

;;"";";;s ir," ., 'p1'rv, and mixing 
]:^:l:]. '"l"' '"rts 

elenrents'

a varied growth ,. 'u ' t ' ,  as shown e.v-erywhere by the great

;"; ; ;y 
" i"rganisnrs 

and their rnodif icat ion in nature'

Norv Profess or Loeb is perhaps the most eminent ex-

p.r i*.ni" i  biologist in the rvorld'  He produced parthenogenesrs

bv the use oi solutrons containing certain .cheurical 
elements

; l  ; ; ;*-; ;s;;  ; ; ;  the frogs thus-art i f ic ial lv developed rvere

found to be norntal,  nuitnolot the ioss of any of their natttral

animal Powers.
Accordinglv, the high authority 

"f, 
Pt?f::::t-,-!i:t|.,'^

' g l

1) In radio'telegraPhY
phenomena onlY those en raPPort'

our aDparatus has to be carefully attuned ."i" 
#i .f"t" psychic accord, nray send and

to give the best  receiv ing and'  t ransmit t ing polver '  So also in p: I :L:
' r " ia i r "  

te lepathic lnessages'  The wave-analogy seelns very suggest lve '
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ceme le vs ftern other u'orlds; while some hold that i t  doubtless

ta7.:-2'-?: :--'- :-7 -7:::-=--:: 
;:*:: ttt:-'1 -':i:or='

2. I-iie ce4ezis ;cr i'* rc:il:er:cce oa tb:r cbiei

processes:

(u )  Nut r i t ion ,  o r  the  absorp t ion  fo r  chemica l  ass imi la t ion

of uarious eiements useful in body bui lCing'

(U) Digestive processes, by rvhich the elements are pre-

oared for nutr i t ive processes, making absorption and nutr i t ion

:;; ; ,  J;h;;  uooir i  strength and functions can be maintained'

(c) External chemical elements such as oxygen required

for animal heat, and carbon dioxide for plants; rvhich aid

ifr .  , t . ,o;nt"nance of l i fe, by maintaining heat '  el imination'

o r  body  bu i ld ing .

{d )  Regu la t ion  o f  chemica i  ac t ion '  as  these processes

go on . - 'A . td  as  the .chen. r i ca l  ac t ion  depends on  wave-ac t ion '

we see that the aether waves pervading the rvorld are the

.l , i . f  
" l .nl .nt 

in regulat ing the progress of growth'

attract ion. l ' lach atour is to be conceiverl  to osci l late in such

i**^V 1ft^, revolving contact occurs between i ts parts'  or the

system circulates penodical ly, the periphery thus giving cir-

culat ion rvith the osci l lat ion' Thi result of the revolving

i l ; ; ;-  or periodic circtt lat ion is a wave { iat in the atomic

;. i ; ; ; ; ; .  
:r i rrs A' 'plra's theorv of r8zz' and the wave-theorv

3. 
' I 'hese four elements are the chief sources of vi tai i ty '

, \nd i i  t  e krreu' horv to sustain the effrciency of these sources

; ; ' ; ; ; ;  un i .1 , " i , . c ,  rve  shor ' r l c l  have the  means o f  new

v i ta l i t y .  ln  p rac t rce  $e  are  rec luced to  the  p lob lem o f  s tudy ing

the  n tos t  advantageous nu t r i t ion ,  in rp rov ing  the  processes .  o f

. i in l inu , ion ,  bu t  in  sonre  c i rses  e lec t r i c i t l '  may a id  med i la l

ih.rop"u,i .r ,  by the nerv st iuiult ts thereby af lbrded by art i f ic ial

, r , , r " ' ^ . , io " .  
; fh is  las t  use  o f  e lec t r i c i t y  has  co 's ider .b ly

incrcased in  n iodern  rned ica l  p rac t ice ; .bu t  the  processes  o f

; ; ;  
" ; "  

syn tne t r i ca l ,  and i i v ing  be ings  may have loca l

, i i ,"r i" , ;o" t , tore easi ly than general renen'al '

4 .  In  the  th i rd  paper  on  e lec t rodynamic  ac t ion  and

,, l ,  gr,", i  r ,- , t ,  AN 5 o 7 9, p1t '  z '  6 r '  
"-62, 

we have shown horv'4 rn p irc 's

lri i irr.i ,r-r."ty Jr.l.ni*tury electric currents circulating about

the atorus rt lry be 
"tonti l"d 

rvith the rvave'theory' In fact

, ir" ,_."".-rr '"oiy 
"nd 

zln(t ire's theory in many respects are

iJ .n , i . " t .  - l .nO i i  ,ue  co i rce ive  l ,aves  corn ing  to  a  body  f rom

ii"- ' , , ,or.,r I ;  of ar-rothcr body, rvl-rose atou)ic planes have a

hayrhazarc l  o r ien ta t io t t ,  the  t * 'o .  sys tenrs  o f  osc i l la t ions '  a ton)

for atot l ,  rvi l l  corresPond, as in the.theory 
"t  F,t i l t t .1t: . : l

a re  the  sante .

.,r . . ,rr . i -  
"n,, iyt i t ,  

and the ' l l t tr f i re-xave-theory enables us to

;;*t ; ; ;  i , -- , t t ! .r ,*. ' i t t i lv, i t t  o'comparatively simple wav' I f

the rvaves fronr the atoms can be mair-rtained unimpaired

i i . , l i .  . l . . , r i .a l  v i ta l i t y  i s  s teady  as  in  permanent  magnets '

l lut in vital 1;rocesses the work oi nutr i t iorr has to go on'

; ;", ; ; .  f i  pny,icat rvork done by anirual organis' is; and

thereby the vibrat ional porver of the atoms in the physical

i l ;" ; , ; ;  be inrpaired, pu't iv bv clogging the -electr ical

conductivi ty, ancl part ly ' f 'y l t te 
short circuit  and bysteresis

.f f". , t ,  wit l '  natural waste of electr ic energy'
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6. Thus vital phenomena depend on wave-action largely
in the form of electr ic energy, - the wave energy of the
aether pervading the entire universe. And just as battery
action is not perfect and involves a certain arnount of rvaste
frorn physical deteriorat ion - so also vital energy may decl ine
under poor bodi ly nutr i t ion and rvaste, which are inseparable
from the work of l i fe. A permanent ,magnet does not de-
teriorate, because the energy given out equals that received,
when the atomic planes remain f ixed. Yet in the electrolysis
of the rvorld, the electr ic act ion js not so unhindered, but
constantly modif ied by chemical aff ini ty due to other elements,
as in vital processes, so that conductivi ty is constantly changing.

7. These remarks throw some l ight upon the processes
of mineralogy and crystal l izat ion. Some twenty f ive years
ago I heard that an eminent investigator of crystals had
reached the  conc lus ion  rha t  they  are  l i v ing  organ is rns ,  no t
very  un l i ke  cer ta in  p r im i t i ve  types  o f  p lan ts  and an imals .
Such a view then seemed very start l ing, but i t  now seems
p laus ib le  i f  no t  demonst ra ted .  I t  i s  cer ta in  tha t  the  bu i ld ing
of crystals is an electrolyt ic act ion due to rvaves, and made
effect ive when certain solut ions are avai lable for faci l i tat ing
the electrolysis. Wave-action therefore underl ies crystal-bui lding
just as i t  does al l  vi tal processes.

8. In spite of al l  our researches on nrinerals and metal-
lurgical processes, we are st i l l  much in the dark as to the
or ig in  o f  o res  in  ve ins ,  and nuggets .  Jus t  rvhy  s i l ver  and
go ld ,  n icke l  and p la t inurn ,  copper  and i ron  shou ld  be  depo-
s i ted  as  they  are  in  the  ear th 's  c rus t  has  never  been sa t is -
fac to r i l y  exp la ined.  We sha l l  no t  here  so  in to  the  r lues t ion
ex tens ive ly ,  bu t  i t  may no t  be  ou t  o f  p lace  to  rcmark  tha t
e lec t ro ly t i c  ac t ion  is  the  on ly  exp lanat ion  l 'o r t i r  cons ider ing .

g .  E lec t ro ly t i c  ac t ion ,  in  the  fo rm o i  c lec t ro -p la t ing ,
exp la ins  the  p la t ing  o f  s i l ver  on  s i l ver ,  go ld  on  go ld ,  copper
on copper .  Such e lec t ro -p la t ing  requ i res  the  meta l l i c  e lements
to  be  in  so lu t ion ,  and a  cur ren t  to  be  rna in ta ined capab le
of effect ing the deposits. Norv the earth is.a vast and varied
laboratory, in lvhich the chemical elentents are variously mixed,
and o f ten  d isso lved in  ba ths  o t l iqu id .  And there fore  i f cur ren t
ac t ion  cou ld  be  main ta ined i t  i s  more  than probab le  tha t
electrolysis analogons to electro-plat ing would go on; and
even i [  the process be very slow, i t  would f inal ly give us
just such a variety of nretal lurgical phenomena as we actual ly
observe in nature.

ro .  In  p roo f  o f  th is  e lec t ro ly t i c  ac t ion ,  undcr  the  rvave-
ac t ion  pervad ing  the  rvor ld ,  we need on ly  c i te  the  co l lec t ion
of gold nuggets in matrixes of quartz, and si lver in corre-
sponding characterist ic rocks. The condit ions which permitted
these rocks to form, often rvith part ial  crystal l izat ion, have
also permitted the earth's electrolyt ic act ion to deposit the
gold and si lver, dissolved in the solut ion of sea rvater, from
the baths of the ocean overlying these rock formations. I t
is well  known that sea water contains practical ly al l  elernents
in solut ion; and the processes of electro-plat ing under the
wave-action of a current, is the only explanation of mineralogical
phenomena suggested by chemical experience. Al l  these pheno-
mena are more closely related to vital phenomena than might
at f i rst sight seem probable.

C o n c l u s i o n  o f  t h e  W a v e - T h e o r y  o f  C h e n r i c a l  F o r c e s t

The wave-theory of chemical forces fol lows from the
wave-theory of molecular forces, as wil l  be perceived by those
who study this whole series of papers; and i t  appears that
the present argument is not only strong in i tself ,  but also
gathers immense power from the argument developed in' the
preceding wave-theory of the larger physical phenomena.
A satisfactory theory of the phenomena of nature wil l  not be
viewed with indif ference by discerning natural phi losophers.

Accordingly, we add merely a ferv suggestive conside-
rat ions which may be o[ interest in the future development
of this subject.

(a) Fouricr 's rernark that heat travels incessantly equally
suggestive in regard to other forms of energy.

It  is well  knorvn that chemical processes are always at
work, but i t  is well  to examine this fact more closely, in hope
of confirming the cause rrnderlying this ceaseless law of change.
In  h is  ce lebra ted  ' IhCor ie  ana ly t ique de  la  cha leur ,  r8zz ,
.Fouricr exclairrs :

>La chalenr pe.ndtre, comme la gravit i ,  toutes les sub-
s tances  de  I 'un ivers ;  ses  rayons  occupent  tou tes  les  par t ies
de I 'espace. .  .  .  I in effet,  le rayon du solei l  dans lequel cette
p landte  es t  incessamment  p long ie  pdndt re  I 'a i r ,  la  te r re  e t  les
eaux ;  ses  i ldments  se  d iv isen t ,  changent  de  d i rec t ion  dans
tous  les  sens ;  e t ,  pdnet ran t  dans  la  masse du  g lobe,  i l s  en
d ldvera ien t  de  p lus  en  p lus  la  tempCrature  moyenne,  s i  ce t te
chaleur ajoutde n'dtait  pas exactement compensde par cel le
qui s' ichappe en rayons de tous les points de la superf icie,
c t  s e  r c p a n d  d a n s  I c s  c i e u x . <

'fhrorrghout this great tyork Fouriet '  drvel ls on the in-
cessant  n rovcr r )en t  o f  heat ,  and g ives  the  mathemat ica l  laws
for  th is  p ropagat ion .  As  heat  i s  no tv  knorvn  to  be  a  rvave-
nro t ion ,  ?out i t r ' s  a rgument  becomes o f  gcnera l  app l i ca t ion
to  the  r rn iverse .

(B)  1 'he  rvave- theory  o f  the  grorv th  o f  c rys ta ls  and o f
meta l l i c  depos i ts  o f  o res  and rn inera ls  in  the  c rus t  o f  the  ear th
natr.rral ly fol lorvs frorn the rvave-theory of chemical aff ini ty.

l -he  ev idence adduced above fo r  th is  conc lus ion  cou ld
be much ex tended,  bu t  rve  deem i t  rve l l  to  leave th is  d is -
cuss ion  to  chemis ts  and minera log is ts .  I t  on ly  remains  to  add
tha t  i f  our  theor ] '  o f  tenac i ty  be  admiss ib le ,  as  shown in  tbe
fi f th paper, then i t  fol lorvs that the wave-theory of electrolyt ic
processes  is  beyond d ispute .  

' fhe  .ae ther  i s  so  s t ressed a t  the
bounc la ry  o f  so l id  bod ies  tha t  no t  on ly  adhcs ion  occurs ,  bu t
a lso  cohes ion .  ' l ' h is  su f f i ces  to  bu i ld  up  so l id  c rys ta ls ,  and
furnish the porverful forces operative in electro-plat ing and
in  rne ta l lu rg ica l  p rocesses .

Whether these * 'orld processes yield ores, nu€{gets, or
rnetal l ic lnasses of larger size, I  can not doubt that this
wonderful process for producing in nature pure crystals, and
prlre ores, rvi th nuggets of the precious metals, as of gold,
si lver, and plat innm, are due to molecular separation and
ordering under rvave-action, as in our famil iar process of
a l a n t . n - n l  o  r i  n a

P ' . . , , , 6 .

Considered from the point of view of i ts history through
rni l l ions of years, the earth, with al l  the metals in solut ion
in the sea, is an immense col lect ion or bath of, solvent ele-
rnents, under the electr ic waves and other osci l lat ions pervadi lg
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the universe 1), and exhibited to us .dai ly in the f luctuations

of the magnetism, electr ical disturbances and earth currents.

(y) The doctr ine of the conservation of energy and cjf
the correlat ion o[ forces f inds i ts best support in the wave-
theory of physical forces. But this conservation should be
understood to apply to al l  the energies of the universe - mental,
spir i tual,  and subconscious, as weli  as pureiy physical.  Al l
ordinary vital phenomena must be referred to cheniical pro-
cesses, and thus to wave-action, on which the chernical forces
depend. I t  has long been bel ieved that electr ical energy
underl ies vital phenomena, and now we have endeavoured to
give val id physical grounds for this doctr ine.

(d )  I f  our  wave- theory  o f  magnet ism be adnr iss ib le ,  i t
wi l l  fol low that each individual carr ies a mental and spir i tual
wave-f ield with hirn, and hence the ,magnetic 1>ower' of cert l in
persons .  I t  i s  no t  our  purpose to  go  in to  psych ic  o r  re la ted
phenomena, as this rnust be left  to special ists in that Iarge
and impor tan t  f ie ld  o f  research .  We mere ly  I )o in t  ou t  tha t
i f  n ragnet ism and e lec t rodynamic  ac t ion  be  re l 'e r red  to  waves
from atoms, which under certain cond.i t ions act ir-r concert,
we shal l  have to adnrit  that each person may be able to exert

,persona l  magnet ism'  and enot iona l  in f luences ,  depend ing  on
waves in the aether, somewhat analogous to pbysical rnagnetism.

The subti le psychic inf luences operating through the
a l l -pervad ing  ae ther  a re  as  ye t  bu t  imper fec t ly  unders tood;
and unti l  the f ield is more ful ly expiored we nrust l)reserve
an open mind, as the f irst duty in scienti f ic researclt ,  rvhich
aims not at populari ty, but at truth, rvhich endures unto al l
generations.

Part II.

Discovery of the Cause of Universal Gravitation.

In  conc lud ing  the  new theory  o f  the  ae ther  i t  on ly
remains  to  d raw a t ten t ion  to  the  d iscovery  and demonst ra t ion
of the cause of gravitat ion, which results from this new theory,
and the  s imi la r  researches  pub l ished dur ing  rg r7 ,  in  vo lunre  r
of the Electrodynanric wave-theory of physical forces. 1'he
new theory of the aether affords the necessary and suff icient
condit ions for a definite proof that wave-action underl ies the
ch ie f  opera t ions  o f  na ture .

First,  rve analyse the facts of planetary obsen'at ion in
accordance with the inductive method which enabled l{ t ! / tr
to  d iscover  the  la rvs  o f  p lanetary  mot ion ,  r6og- r6rg .

Second,  we po in t  ou t  the  s teps  and the  phys ica l  and
geonetr ical cr i ter ia by rvhich lYcalon deduced frorr these facts
o f  observa t ion  the  Ia rv  o l 'a t t rac t ion  lo r  un iversa l  g rav i ta t ion .

Third, the phenonrenon of acoustic attract ion, lbr rvaves
of  a i r  t rave l ing  pas t  a  ba l loon o f  CO2,  i s  s imp le  and eas i i y
understood, frorn nreasures of velocity in the theory of sound;
and thus  we na tura l l y  app ly  a  s imi la r  ae ther -wave- theory  to
the observed attract ion of universal gravitat ion. The inductive
method, appl icable to terrestr ial gases rvhich may be experi-
mented upon in our laboratories, thus may be extended to
the aether, in which the rvaVe-action of universal gravitat ion
takes place; and the similari ty of the wave-processes in the
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trvo cases is so close as to be truly remarkable. I t  appears
from geornetr ical cr i ter ia, that such wave-action alone wil l
exp la in  un iversa l  g rav i ta t ion ;  and thus  we deduce the  cause
involved, and bring out the necessary and suff icient condit ions
based on physical and geometrical larvs of unrluestioned val idity.

l .  R e c o g n i z e d  G e o m e t r i c a l  a n d  P h y s i c a l  C l i -
t e r i a  A n a l y s e d  b y  t h e  M e t h o d  o  f  K e l l e r  a n d  N e u l o n .
l - o u n d a t i o n s  f o r  t h e  D i s c o v e r y  o f  t h e  C a u s e  o f  U n i -
v e r s a l  G r a v i t a t i o n  t h u s  i n c o n t e s t a b l y  e s t a b i i s h e d .

( i)  Brief statement of Ktpler 's laws and o[ Neu'ton's
deduct ions  there f rom.

It is rvel l  knorvn tha.t l { t / ler used the observations of
71,c/ io /)ra/te to deduce the observed lalvs of the planetary'
rrrot ions; and that Arcuton subserprently deduced the larv of
g rav i ta t ion  na thernat ica l l y  f ronr  the  phys ica l  fac ts  fo rnru la ted
in Kty'ler's la,ws. \Yhen -l\tewloz had thus deduced the larv
o f  a t t rac t ion  fo r  the  fo rce  o f  un iversa l  g rav i ta t ion ,  he  uas
alr le in turn to show that l{ef lct 's larvs fol lorv from the larv
o f  th is  fo rce  vary ing  inverse ly  as  the  sc luare  o f  the  d is tances ,
and even to correct l{ef lcr 's third larv, u'hich was not quite
accurate as original ly given, - I iep/cr 's form being 72;x'2:
aB i  a'1t.  lvbereas i t  should read

t2  ( r  - *u t )  :  t ' 2  ( r  - rd )  :  a3  '  A ' : l ( " " \

After the course of reasoning laid down by l{c!/u' ,
Areutou derived geonietr ical cr i ter ia, to supplemenl Krfhr 's
ph1 's ica l  c r i te r ia ,  rvh ich  pro ' r 'ed .bo th  neccssary  and su l f rc ien t
to  es tab l i sh  r igorous ly  the  la rv  o f  the  lb rces  govern ing  the
p lanetary  mot ions .  On account  o f  the  h is to r ica l  in rpor tance
of  th is  deve lopnrcn t ,  and i t s  bear ing  on  the  re la ted  prop lem
of  the  cause o f  g rav i ta t ion ,  rvh ich  we deduce l ry  an  ana logous
rrret lrod, r 'e shal l  exanrine the reasonittg of -Kepltr and A'cu,lott
rv i th  some c l re .

In the rvork on the l \ ' Iot ion of mars, t6og, I i t l ler an-
nounced, in substance, the fol lorving larvs as bbserved phy-
s ica l  fac ts :

L  ' l ' he  o rb i t  o f  the  p lanet  i s  an  e l l ipse ,  w i th  the  sun
in the focrrs.

l I .  ' fhe  rad ius  vec tor  o f  the  p lanet  d rarvn  to  the  sun 's
centre describes e<1ual t i reas in eqr.ral t imes.

l l l .  Anc l  in  the  work  De Harnron ice  r \ {und i ,  r6 rg ,  the
th i rd  o r  har r ron ic  la rv :  ' l ' he  squares  o f  the  per iod ic  t imes
< l f  the  p lanets  a re  as  the  cubes  o f  the i r  mean d is tances ,  o r
t2 '  l '2 :  AJ : a' i \  -  the sl ightly correctecl r-nodern forr-n being

t )  ( r - + -n t ) :  / ' 2  ( t - + -d )  :  I ' i  ' . , r r i l | . r 3 )
71,c / to 's  o l rserva t io r rs  o f  n rars ,  anr l  t l re  < :ons i< lc reb le  ec-

cent r i c i t y  o f  the  orb i t  o f  tha t  p lanet  had enab lec l  l tV f l r  ro
re jec t  the  t rad i t iona l  I ' to le rna ic  theory  o f  eccent r i cs ,  and sub-
s t i tu te  there lb r  the  theory  o f  p lanetary  no t ion  in  an  e l l ipse .
So daring an innovation cost Kel ler great labor, because i t
invo lved very  ted io r . rs  ca lcu la t ions .  As  h is  work  was done
before the invention of iogarithms, these calculat icrns could
not then be abbreviated, as they have been for later investi-
gators. Accordingly, -Key' ler declared that Napicr 's invention
of logarithn'rs had trebled the l ives of the astronomers.

t )  When rve  observe  the  phenornena o f  na ture  and no te  the  i r r f in i t c  var ic ty  o f  exqu is i te  co lo rs ,  sorne  due to  absorp t ion ,  sorne  to

re f rac t ion  and d ispers ion ,  and o thers  to  in te r fe rence,  we wont le r  in t leed tha t  the  rv in 'e - tbeory  was no t  long  ago suggested  to  inves t iga tors .  Accor -

d ing ly ,  i f  there  be  those who hes i ta te  to  g ran t  the  t ru th  o f  the  theory ,  we need rnake bu t  o r te  re rnark :  Beho ld  the  or t le r  o f  r )a tu re ,  w i th  the

inhn i te  var ie t ies  o f  co lo rs  in  the  heavens and in  the  ear th !  Has  th is  beaut i fu l  o rder  no  urean ing  to  those who have eyes  to  see)
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We see therefore that l{c!/cr's first larv is mainly con-
cerned rvith gett ing away from the Ptolemaic hypothesis of
eccentr ics and epicycles, which the discoveries of Coy'crnicus
had la rge ly  bu t  no t  en t i re ly  swept  away.

' fhe second larv of Kcl lcr has a very dif ferent import,
namely, the equal areas desir ibed in equal t imes points to
a centrai force acting on the planet and directed to the sun's
centre. I t  is rvel l  known and easi ly demonstrated that horvever
the larv of force may vary with the distance, so long as i t
is central,  the areas described by the radius 'r 'ector rvi l l  be
equal in eqnal t imes. This larv of areas would hold for any
law o f  a t t rac t ion ,  

- f  :  h l rn .  ( "q )

If  the larv should change, as from tz -- |  to , t :  2,
the areas described would st i l l  continue to be equal, but tbe
form of the curve in rvhich the planet moved would undergo
a change rv i th  the  change in  the  law.  Thus  rvhen , r :  r ,
the curve is an el l ipse, with the sun in the centre, but rvi th
f l :  2 ,  the  curve  is  an  e l l ipse  w i th  the  sun in  the  focus ,
corresponding to the planetary motions observed in natnre.

Final ly, after the second law showed that the force is
central and directed to the focus, the third larv of A'c!/cr
enabled Nculon to deduce the law of this force. A'tu, lon
proved that i t  must vary inversely as the square of the di-
stance. On the observed facts of l{cplcr 's laws no other larv
of force is adr.nissible.

But  in  es tab l i sh ing  the  la rv  o f  g rav i ta t ion ,  (Pr inc ip ia ,
1686) tVtatorz proceeded with his usual caution and phi lo-
soph ic  acu teness .  For  he  no t  on ly  showed tha t  i f  the  p lanet
nrove in an el l ipse with the sun in the focus, the force of
attract ion wil l  conform to the law o[ universal gravitat ion;
but also investigated the effect of a sl ight departure from the
law o f  the  inverse  squares  (c f .  AN 5048,  pp .  r44* r53) .

Thus i f  we take

.f - /r'1r''+n ( ,  s )
rvhere the gravitat ional exponent is changed by adding z, a
very small  quanti ty, Ncutlon pointed out that the result rvonld
be a  fo rward  mot ion  o f  the  per ihe l ion .  Hence a l ready  in
r686 he  fo resarv  the  poss ib i l i t y  o f  a  sh i f t ing  per ihe l ion ,  -

such as Ltun"r ' icr discovered for the planet mercury in r859,
which has since led to many unprofi table specrl lat ions on relat ivi ty.

Yet as tbe observations in Ncutlon's t ime pointed to
the  f i x i t y  o f  the  per ihe l ia  (Pr inc ip ia ,  L ib .  I I I ,  Prop .  X IV) ,  th is
great phi losopher bel ieved the larv of attract ion to be r igo-
rous ly  as  the  inverse  squares .  Accord ing ly ,  i t  rv i l l  be  seen
that the investigations of 7j,c/to's observations led l{e|/cr to
the  laws o f  p lanetary  n ro t ion ,  as  fac ts  o f  na ture ;  and upon
the basis of l{epler 's laws further geometrical researches led
Ncuton direct ly to the larv of universal gravitat ion. ' Ihe

physical facts of nature. being as .stated in Kr!/er 's laws,
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Neuton's geometrical criteria weie necessary and sufficient
to show that the force of attract ion obeys the law of the'
inverse sql lares, and no other.

During the past three centuries the historical development
here traced always has been regarded as the best and most
r igorous example of the true processes of scienti fc discovery.
The facts being given, as found by I{ePIr from 'fye/to's 

ob:
servations, the question was: What las' of attract ion wil l  explain
these facts, and is this the only admissible larv of attract ion?

Ncutlon answered both of these questions in the af6r-
mat ive ,  and no  one ever  has  been ab le  success fu l l y  to  cha l lenge
the results of his mathematical researches.

The recent speculat ions of Einstcin may be disregarded,
because they are total ly lacking in physical basis 1). Nctulon
based his reasoning on the foundation of facts laid down by
-Kcplcr, which rvas as sol id as granite; and hence the past
three centuries have witnessed an unprecedented development
of celest ial mechanics. Since the t ime of La/latc the Arcutlonian
la rv  has  been regu la r ly  used as  a  means o f  d iscovery  as
certain as observation i tself .

I f  we contrast this careful procedure, with correct
reasoning on val id premises, and compare i ts logical results
rvith the reckless course of Einstein in proposing to do away
rvith the aether, - as i f  the planetary forces rvere not renl,
-  and a  med ium capab le  o f  sus ta in ing  s tupendous s t resses
were  no t  necessary  fo r  the i r  t ransrn iss ion  across  space,  -

rve  sha l l  perce ive  tha t  the  rvho le  theorv  o f  re la t i v i t y  i s  no th ing
but  a  f l imsy  foundat ion  la ic l  in  qu icksand.  In  th is  who le
theory  o f  re la t i v i t y  there  is  no t  a  t race  o [  subs tan t ia l  phy-
s i c a l  t r u t h .

( i i )  In acoustic attract ion the air part icles under t lre
wave agitat ion work out from between the bal loon of carbon
dioxide and the source of the sound, so that there is tension
between, while the pressure is increased behind the bal loon.
In  the  same way the  ae ther  waves  f rom each o f  two heaven ly
bodies expel aetherons from betrveen the masses, thereby
genera t ine  tens ion ,  a t  the  same t ime increas ing  the  pressure
beyonc i ,  thus  g iv ing  r i se  to  the  a t t rac t ion  o fun iversa l  g rav i ta t ion .

' l 'he mechanism of attract ion, in the case of acoustic
attract ion, has been clearly made out in the f i f th paper on
the .  nerv  theory  o f  the  ae ther  (AN 5r3o) ,  and we have i l lu -
s t ra ted  th is  mechan ism by  means o f  a  char t  o f  tbe  wave f ron t
rvhich is so clear and dist inct that no doubt can arise as
to  the  na ture  o [ the  cause ass igned.  The f igure  is  here  repeated ,
in  o rder  tha t  the  image o f  the  rvave f ron t  may be  reca l led
to  our  minds  rv i th  en t i re  t l i s t inc tness  ( ! ' i g .  r  z ,  p la te  7 ) .

I t  is evident that as the sound traveis faster in air,
l / : 1 . 6 6 ,  t h a n  i n  t h e  b a l l o o n  f i l l e d  w i t h  C O 2 ,  I / :  o . ? 8 ,
the  rvave as i ta t ion  in  the  a i r  w i l l  ou t run  tha t  th rough the

r )  In  AN SoZg,  p .257,  we havc  shorvn  the  inadrn iss ib i l i t y  o f  Gct l t r ' s  fo rmuln  fo r  the  po ten t ia l ,  wh ich  under l i cs  E ins le in 's  theory '

(a )

rn the Treatise on erectr ici ty an<l magneti .- ,  ,r ; : : ." t i l , t ln( ' ;r ; ! , ' r : i : : : :) ,has successruny derended the varidity or u/t ter 'srarv, or
wh ich  the  po ten t ia l  i t  y :  (1 ,  n i l ) , j - r l c ! . ( ( l , . ld t )2 ) ,  (B)

The second term givcs the ef fect  due to rnot ion in a rvave-f ie ld,  the * 'or l i  of  t ransforming the potent ia l  energy changing,  l ike the
kinet ic  energy,  \ r i th the square of  thc p lanet 's  veloci ty  re lat ive to the sun.  l f  r l r ldt :  o,  as in c i rcular  orbi ts ,  ine Ntutonian larv fo l lorvs;  but
more general iy  the vcloci ty  in the di re i t ion of  the rat l ius vcctor  dz ' /dz y ie lds a tcrrn for  the ef fect  of  the induct ion,  and d,"r l i l t '  g ives the term
ror thr change or the induction, under 

T,yl;');0,::"ri",j;,;;:;,:i';'r;l;)i::[,iTli;;ij"""* 
or nature, and'rrom (e) rve have:

(r)
7

,



, r / ' 99  5

bal loon. Thus for every phase of the waves, the agitat ions
reach the back of the bal loon through the air before they
arrive straigh! through that denser and less rapidly conducting
medium. ' fhe 

effect is to bend the rvave front into opltositely
d i rec ted  edd ies  beh ind  the  ba l loon,  and the  incessant  ad-
vance irnpulses of the waves, - thus turned out of the ir-
rect i l inear course, and stopped by the mutual impact of the
eddies, - give such agitat ion or increase of pressure behind
that the bal loon is shoved forward toivards the source of
the  sound.

As  the  par t i c les  tend to  rvork  a round beh ind  the  ba l loon,
i t  may be said that the air is thinned out betrveen, rvhen the
par t i c les  a re  car r ied  around beh ind ;  so  tha t  there  is  tens ion
in  the  med ium between the  ba l loon and the  source  o f  the
sound.  On the  o ther  hand the  c rorvd ing  o f  par t i c lcs  in  beh ind
the  ba l loon,  by  the  cons tan t  bend ing  o f  the  f ron t  as  the
waves f lorv steadi ly around i t ,  and the impulses are destroyed,
has the effect of an increase of pressure on the back of the
ba l loon.  I t  i s  shoved fo rward  by  the  k ine t ic  energy  o f  these
in rpu lses .  And thus  i t  u ray  be  sa id  tha t  a t  las r  rve  have
exper imenta l  p roo f  tha t  n t t rac t ion  is  due to  a  v is  a  te rgo  -
a  shove f ro rn  beh ind ,  wh ich  is  a  very  o ld  doc t r ine  in  na tura l
ph i losophy,  bu t  here to fo re  no t  capab le  o fobv ious  deuronsr ra t io r r ,
in  s in rp le  phenomena adn i i t t ine  o f  bu t  one in te rpre ta t ion .

Norv  in  the  case o f  the  ae ther  rvaves  rec :c r i ing  f rom
two heaven ly  bod ies ,  i t  i s  ev ident  tha t  the  rvaves  f ' rom each
centre wil l  aid in expell ing the aetherons fronr betiveen the
masses .  In  AN 5048,  p .  r56 ,  rve  have g iven the  fo l lo rv ing
figure to i l lustrate the refract ion of the sun's gravitat ion rvaves
in  t ravers ing  the  so l id  g lobe o f  the  ear th .

Fig.  r3.  I l lustrat ion of  the refract ion of  the gravi tat ional  rvaves of  the sun in
passing through the globe of  the earth,  f rorn the Electrodynamic
rvave-theory of  physical  forces,  vol ,  r ,  r9r7,  p.  t t8.  ' l 'he 

rcf racted
wave-front  is  here indicated by pointed l ines,  to cornplete the analogy
rv i th sound, refracted around the bal lood f i l led rv i th CO., ,  and shown
i n  F ig .  rz ,  p la te  7 .

It  wi l t  be noticed that the waves fronr either side are
refracted towards the axis of the earth's shadorv, just as in
the case of the acoustic attract ion i l lustrated above, This
is a very remarkable analogy which deserves careful study.

roo40

We may easi ly convince ourselves of the val idity of
this f igure by the fol lowing considerations.

r.  ' l 'he 
refract ion of the sun's gravitat ional waves in

passing through the earth, as i l lustrated above, is postulated
on the increase in the density of the layers of the globe as
we approach the centre, rvhich is a well  establ ished physical
fac t ,  -  s ince  the  sur face  dens i ty  i s  on ly  about  2 .55 ,  rvh i le
the average density for the rvhole globe, according to the
lnos t  care fu l  exper iments  i s  about  5 .5o .

z .  But  qu i te  as ide  f rom the  inc rease o f  dens i ty  in  the
layers  as  we approach the  cent re ,  i t  i s  we l l  known tha t  in
al l  cases rvaves travel faster in free sltace thar-r through any
sol id nrass rvhatever. ' fhus 

the rvave front on either side nrust
be  re f rac ted  to rvards  the  ax is  o f  the  shado\y ,  no t  on ly  rv i th in
the  g lobe,  bu t  n lso  ou ts ide  o f  the  ear th ,  very  much as  in
the  case o t ' t i re  sound rvaves  about  the  ba l loon o f  carbon
d iox ide  t rea ted  a i rove .

i \ ccord ing ly ,  we see tha t  the  exp lanat ion  o f '  acous t ic
a t t rac t ion  a l lb rds  a  tang ib ie  exp lanat ion  o f  the  devc lopnrent
o f  tens ion  be tu 'een t rvo  i reaven l l 'bod ies ,  i rnd  the  inc rease o f
J ) ressure  be1 'ond them.  ' l ' he  

a i r  i s  a  k ine t ic  med iunr ,  l i ke  the
a e t h e r ,  o n l y  t h e  a e t h e r ' i s  6 8 g 3 2 r 6 o o o o o  n r o r e  e l a s t i c  i n
pro l )o r t ion  to  i t s  dens i ty .  Hence the  ae ther  i s  capab le  o f
exert ing tremendorrs stresses, for governing the nrotions of
the  l l l ane ts .

I i ina l l y ,  i t  on ly  reura ins  to  add tha t  in  l igh t  the  os-
c i l la t ions  o f  the  ae therons  are  in  t l te  nornra l  to  the  \ \ ' . r \ . c
front, arrd thus sinri lar to those o1- sound as held bv Poissort.
r 8 3 o ,  ( c f - . . \ N  5 o S 5 ) ,  l r r r t  t l r u  w i r \ e s  u r r  i l e t  o n l y  i n  t i r e  p l a , r e s
o f  the i r  equators ,  and under  l iap l razard  ar rangement  o f  the

atour ic  p lanes  on ly  the  l )a r t  Q:  
r / , ro  in  the  d i rec t ron

of  the  rad ius ,  wh i le  the  r i r r io  o f  A I I  i s  excess ive ly
small ,  nraking the longitudinal component evanescent

, l  :  Q . A l l L :  r  :  ( 6 6 4 z o . r o G ) ;  ( r O )

so that the longitudinal cornponent is utterly inscn-
s ib le  to  observa t ion .  As  the  d isp lacernents  o f  the
aetherons  are  s iu t i la r  to  those o f  the  uar t i c les  o f  a i r
in  s r run t l  i t  fo l lo rvs  tha t  the  bend ing  o l ' . the  ae ther
rvave - l i -on t  i s  s in t i la r  to  tha t  sho ivn  in  the  above
diagram of the rvave-front for sound waves bending
about  the  carbon d iox ide  ba l loon.

ln  a l l  these ae ther  waves  there  is  t rue  rad ia l
displacement of the aetherons, as of the part icles
of the air,  when sound is travel ing outrvardly from
a source; and thus the analogy between sound and
gravitat ion is complete in every respect. Accordingly,
we perceive that t [e aetherons are so worked out
from between the iwo heavenly bodies, that tension
exists along the r ight l ine connecting thenr, rvhi le
beyond them there is increase of pressure, as cor-
rect ly held in the Electr.  rvave-theory of phys. forc.
v o l .  r ,  p .  r 3 6 .

8 .  T h e  I n d u c t i v e  M e t h o d  o f  D i s c o v e r y
a s  a p p l i e d  t o  t h e  A e t h e r  l e a d s  t o  W a v e -

A c t i o n  a s  t h e  S o l e  C a u s e  o f  U n i v e r s a l  G r a v i t a t i o n .
(i) The Keller-Ncutol, method applied to the nerv theory

of the aether.
We have now traced the procedure of Kcfler ar,d Neaton
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and shorvn that from certain rvel l  establ ished facts of nature
they  deduced de f in i te  la lvs  o f  the  p lanetary  n ro t ion ,  a l l  de-
pend ing  on  the  a t t rac t ion  o f  g rav i ta t ion .

' Ihe question norv is: Can this l{ t / l rr-A'cu.,toz method
be app l ied  to  the  k ine t ic  theory  o f  the  ae ther ,  to  deduce
r igorous ly  the  canse o f  un iversa l  g rav i ta t ion i

For as Arcu,fon rnade r igorous use of the facts stated
in ,Kty' lcr 's larvs to establ ish the larv ol '  gravitat ion, i t  is
natural to inquire i f  the l t 'c11/tr-Neutton process can be so
ex tended in  the  theory  o f  the  ae ther  as  to  enab le  us  to  dednce
r igorous ly  t l re  cause t rnder ly ing  un iversa l  g rav i ta t ion .

\\1e rpproach this problem by successive steps as fol lotvs:

r .  I t  h a s  b e e n  s h o r v n  i n  A N  5 o 4 4 ,  p . 5 3 ,  t h a t  t h e  d e n -
s i ty  o f  the  ae ther  i s  no t  un i fo rm th roughout  s l rxce ,  bu t  in -
c reases  away f rom a  heaven ly  body ,  because the  ampl i tude
of  the  u 'aves  reced ing  f rom any  spher ica l  body  such as  the
sun fo l lows the  la rv :

A : I l r Q t )
z .  r \ccorc l ing ly ,  i f  the  rned iunr  l te  ag i ta ted  l l y  rvaves ,

t l re i r  ampl i tudes  inc rease to rvarc ls  the  cent re  inverse ly  as  the
rad ins ,  so  tha t  under  lhe  ae i ta t ions  o f  the  waves  the  dens i ty
decreases  to rvards  the  cent re ,  and increases  as  we go  or r tward
in to  space,  d i rec t l y  as  the  rad ius :

o :  , r r ( ,  s )
3. The fol lorving f igure shorvs the curves lbr the u'ave

anrp l i tude,  rvh ich  are  rec tangu lar  hyperbo las  re fe r red  to  the i r
asvrnDto tes .

Fig.  t4,  Diagram showing graphical ly  the increase of  ampl i tude
torvards the sun,  and thus a corresponding dccrcase of
the densi ty of  the aether,  orv ing to the asyrnptot ic  increase
in rvave ampl i tude as \ \ 'e  approach the centrc,

These curves fo i low f rom the nature of  rvave expansion

in t r id imensional  space,  and the asymptot ic  law of  the anr-

plitude thus holds rigorously true.

I4 o r o 2

4.  Apparent ly  the  on ly  way we can deny  the  he teroge-
ne i ty  o f  the  ae ther  i s  to  re jec t  th is  d iagranr  by  deny ing  tha t
rvaves  ex is t ;  ye t  th is  i s  inc reas ing ly  d i f f i cu l t  because o f  the
fo l low ing  phenomena:

(a) Light and heat rvaves certainly radiate from the sun,
and these lvaves fol low the larv shorvn irr the diagram. Thus
i f  the  ae ther  were  ag i ta ted  by  n 'aves  o f  l igh t  and heat  a lone,
i t  cou ld  no t  be  homogeneous,  because o f  the  inc reased am-
p l i tude o f  the  u 'aves  towards  the  sun 's  sur face .

(b )  I t  i s  sho$,n  in  our  theory  o f  magnet isnr  tha t  mag-
net ic  fo rces  dcpend on  waves ,  and obe l '  the  law o f  ampl i tude
ind ica ted  abo le .  ' l -hus  cosmica l  magnet ism a lso  is  a  wave-
phenomenon,  and observa t ion  shotvs  tha t  ,magnet ic  s to rms '
a re  due to  masses  o f  magnet ic  waves  proceed ing  f rom the
sun,  and thus  verv  consp icuous  rvhen cer ta in  so la r  a reas  are
tuncovered,  as  by  sunspot  deve lopment .

(c) i \  paper by Professor I l , ' .  Gr1'/ /s Adatns in rhe phi l .

f - ransac t .  o f  the  Roy.  Soc .  fo r  t8gz ,  A ,  p la te8 ,  seems to  shorv
tha t  these magnet ic  d is tu rbances  occur  s imu l taneous ly  th rough-
out  the  te r res t r ia l  g lobe,  as  i f  the  d is tu rbances  depended on
commot ions  in  the  sun.  ' Ihese d is tu rbances  are  accompan ied
by  aurorae  a l ld  €ar th  cur ren ts ,  u 'h ich  can on ly  be  exp la ined
by  a  so la r  o r ig in .

(d )  l ' he  connect ion  be tween sunspots  and masnet ic
s to rms is  shorvn  over  a  per iod  o f  t rvo  or  th ree  centur ies ,  and
emphas ized by  our  la tes t  researches  n ' i th  modern  da ta ,  as  by
the  s ' r i te r ' s  papcr  b r ine in  g  l I /o / / ' s  curves  dos  n  to  r  g  r  6 ,  Bu l l .
o f  t h e  a s t r o n .  s o c .  o f  I ' r a n c e ,  N o v e m b e r  r 9 r 8 ,  p p .  3 g 7 - 4 o 2 .

(e )  Dur ing  the  year  r  g  z  o  mnch d iscuss ion  arose in
the  rad io - te legraph ic  c i rc les  o f  London as  to  the  or ig in  o f
very  de l i ca te  bu t  incessant  e lec t r i c  commot ions  sens ib le  to
our  lnodern  appara tus ,  In  an  in te rv iew w i th  the  pub l ic  p ress
I  expressed the  op in ion  tha t  the  repor ted  d is tu rbances  depended
pr i rnar i l y  on  comnro t ions  in  the  sun,  rvh ich  caused cor re -
s l iond ing  osc i l la t ions  in  our  te r res t r ia l  magnet ic  f ie ld .  Wi th in
about trvo rveeks of this discussion in America, press dis-
patches from I 'ar is and London stated that the French and
English men of science concurred in the .r, ierv that these
cl isturbances of our wireless receivcrs depcnd principal ly on
the  commot ions  a lways  go ing  on  in  the  sun.

5 .  Thus  we are  dr iven  by  a  g rea t  body  o fknowledge to
adnr i t  tha t  e lec t rodynamic  waves  must  come to  ns  f rom the  sun.

(a )  l f  so ,  the  ae ther  cannot  be  hontogeneons,  bu t  n rus t
fol lorv the larv of density

6  :  t , r  ( r 8 )

because of the increasing anpli tudes of these waves towards
the  sun,

(b) Waves offer the only known
netism and electrodynamic actions, with

A : r t l r
and the law of force,

J r - A ) - A 2 f r 2 .

explanation of mag-
the law of ampli tude,

( ' z )

( ,  s )
(c) In the same rvay the wave-theory explains Biot

and Sauart's law, Ohn's law, and the mechanicai cause under-
lying the pointing of the needle to the north pole, - rvhilst
no other theory supplies this obvious defect, involving so
many electrodynamic phenomena.

7 '
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(d) I ; [ /cbcr's electrodynamic law implying waves travel ing

with the velocity of l ight, explains the magnetic t ides oI the

earth, rvhi lst no other law meets thi,s r igorous requirement.
6, Accordingly, we see that the rvave-f ield traced in

the above diagram gives us an accurate picture of the ar '

rangement of the aether about suclt  a central body as the

sun. The density of the aether inc.reases direct ly as r,  rvhen

we go outwardly from the centre. I t  wi l l  fol low a similar
larv about a spherical mass such as another star; and hence
these curves of wave arnpl i tude may be made to yield valuable
cri teria. For exarnple the ecluipotential surfaces about a horno-
geneous sphere or a heterogeneous sphere made up of con'
centr ic layers of uniform density, are sphere surfaces, yet for
a second body the rvave-f ields interpenetrate and t l ie surl tLces
are changed in a signif icant way.

( i i )  ' fhe geornetry of the equipotential surfaces based
on the Jarv of gravitat ion points direct ly to the cause o1' this
great force, and indicates i ts nrode of operation for producing
the  ch ie f  phenomena o f  na ture .

r .  Now when rve  ca icu la te  the  equ ipo ten t ia l  sur faces
about trvo equal stars, p and pr,,  we f ind that they have the
forrn shorvn in f ig. r5, plate 8.

' fhus i t  wi l l  be seen that tbe surfaces closed about
each centre in a pair of equal stars are not spherical,  but
actual ly distorted as shorvn in the f igure. Each body stresses
the aether so as to pLrl l  the surfaces enclosing the other body
into egg-shaped surfaces, set end on, and rvhere the t\ .o
surfaces join we have an hourglass f igure.

z. Thus the disturbing inf luence generrtes egg-shaped
equipotential surfaces enclosed about either centre, and they
have ceased to  be  spher ica l ,  and become so  d is to r ted  in  the
direct ion of the other body that the radius vector is very
appreciably longer than rvhen either body acted alone; rvhereas,
beyond, on the side opposite to the other body, the radius
vector is shorter than i t  would be i f  the other body rvere
absent, In other words the gravitat ional forces are conrpounded
as shown in the fol lowing f igure, and the equipotential surfaces
thus increasingly separated between the bodies, and drarvn
nearer together outside of them.
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(cr) Between the bodies the successive equipotential
surfaces are further apart than they are beyond them.

(,8) Ar the spaces dr indicate the distance we have
to traverse for a given change in the force of gravity, which
in  tu rn  cor responds to  a  g iven change in  the  dens i ty  o f
the aether, rve perceive that the aether has i ts density thinned
out (or the rnedium made more honrogeneous) between the
lnasses ,  wh i le  the  dens i ty  i s  somewhat  inc reased beyond them,
or rendered more heterogeneous for a given value of dr.

0) I t  thus appears that the waves trom each mass
opera te  to  expe l  the  ae therons  beyond the  o ther  n rass ;  so
tha t  the  rned ium is  pu t  under  tens ion  be t rveen the  bod ies ,
and exper iences  inc rease o f  p ressnre  beyond thenr .

(d )  ' l ' he  k ine t ic  s ta te  o f  the  ae ther  i s  there fore  s imi la r
to  tha t  o f  the  a i r  under  acous t ic  a t t rac t ion  -  there  is  tens ion
bet rveen and increased pressnre  beyond,  rvh ich  thus  genera tes
the  cent ra l  fo rce  fo r  ho ld ing  the  p lanets  in  the i r  o rb i ts .

(e )  ln  c los ing  th is  d iscuss ion  i t  seenrs  we l l  to  record
a sagac ious  remark  on  grav i ta t ion  by  the  la te  Pro fessor  S .
W. Burnian, the celebrated discoverer of double stars. I t
i s  reca l led  tha t  the  a l ) I r l r ren t  o rb i t  o f  a  b inary  i s  an  e l l ipse ,
and tha t  the  rad ius  vec tor  swee l )s  over  e r lua l  a reas  in  equa l
t inres, as in the case of ,Kt| lcr 's larv for the planets, which
shorvs  tha t  the  fo rce  is  cent ra l .  l t  i s  po in ted  ou t  tha t  one.
b inary ,  4z  ComaeBeren ices ,  revo ives  in  g  p lane pass ing  th rough
the  sun;  and another  b inary ,  1 \ / i rg in is ,  has  an  inc l ina t ion
so small  that i t  may be taken to be zero, so that the real
orbit  practical ly coincides with the apparent orbit  rvhich rve
observe ;  and in  th is  case the  cent ra l  s ta r  i s  in  the  focus
of  the  e l l ipse  as  rec lu i red  by  the  Neuton ian  law (69 .  r8 ,  tab .9) .

(f)  When such cri teria for rr.rot ion in a plane under
central forces directed to the focus o[ the el l ipse were not
sufl lcient to'convince an astronomer who visi ted bis off ice,
in  r894,  tha t  the  law o f  g rav i ta t ion  is  rea l l y  un iversa l ,  and
he insisted that furthcr proof rvas desirable - though Nculon
had not required i t  for the solar systetn - Prol-essor Burniant
renrarked:  > \ \ rhen equa l  a reas  are  descr ibed in  equa l  t in res ,
by the radius r"ector, so that the forces are knorvn to be
cent ra l ,  and d i rec ted  to  the  focus  o f  the  e l l ipse ,  i s  no t  the

discussion about the universal i ty of
the law of gravitat ion l ike debating
whether n, the rat io of the circum-
ference to the diameter o[ a circle,
i s  the  same in  Jup i te r  as  i t  i s  here lq

(.7) This suggested de bate rvas
enough to sett le the question then
and there; and i t  rvas agreed that
the central force which governs the
rno t ions  o f  doub le  s ta rs  in  the i r
e l l ip t i c  o rb i ts  can be  no th ing  bu t
universal gravitat ion.

Burnhan was renrarkable for
his practical turn of rnind, and for
the  depth  o f  h is  unders tand ing  o f
the Ncutlonitn natural phi losophy,
rvh ich  is  espec ia l l y  e rnphas ized in  the
f i rs t  and second ru les  o f  reason ing :

I.  >We are to admit no more causes of natural things
than such as are both true and suff icient to explain their
appearances. (

-  h \ -
t . ' \

\ l
\ Y

R  > -
_ F  P

Fig .  t6 .  Genera l  theory  o f  the  compos i t ion  o f  the  vec tors  rcpresent ing  the  grav i ta t iona l  fo rces
d i rec ted  to  two equa l  masses ,  such as  a  doub le  s ta r  rv i th  cqua l  components .  I t  s ' i l l  be
not iced  tha t  be t rveen the  masses ,  the  cornpos i t ion  la rge ly  des t roys  the  oppos i te ly  d i rec tcd
separa te  fo rces ,  rvhereas  ou ts ide  the  two rnasses ,  the  separa te  fo rces  are  bu t  l i t t le  reduced
in  compos i t ion .  The resu l t  i s  tha t  be tween the  bor l ies  the  ae ther  i s  u r rdcr  tcns ion ,  rvbereas
outs ide  o f  them i t  i s  under  inc rcaser l  p ressure  -  bo th  o f  wh ich  tcndcnc ies  oJ)era te  to

,ba lance the  cent r i fuga l  fo rce  o f  o rb i ta l  rno t ion .

3. In general the vector conrposit ion gives numericai
increase beyond the other body, and numerical decrease
between the bodies. Hence we see that:

_:.r,'- ' ' 7 q
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I I .  >Therefore to the same natural effects rve must, as
far as possible, assign the same causes.<

In the sagacious natural phi losophy of Netuton the
phenomenon of refract ion is viewed as a simple physical
problem, and does not lead to the discussion of such vague
and chirnerical doctr ines as the ct lrvature of space, t ime-
space-manifolds, etc.

p .  R i g o r o u s  G e o n r e t r i c  A n a l y s i s  c o n f i . r n r s  t h e
T e n s i o n  i n  t h e  A e t h e r  b e t w e e n  t w o  S t a r s  a n d  i n -
c r e a s e d  S t r e s s  b e y o n d  t h e m ,  a n d  t h u s  i n c o n t e s t a b l y
e s t a b l i s h e s  t h e  C a u s e  o f  U n i v e r s a l  ( ] r a v i t a t i o n .

( i)  Geometrical conrposit ion of the attract ion to two
centres from any point in space r igorously confirms the theory
o f  tens ion  be tween the  s ta rs  and the  inc rease o f  s t ress  or
pressr r re  beyond thenr .

r.  Imagine the trvo stars to be distant r and r, front
any point y'  in space, and let the angle between r and r,
be  6 .  ' l -hcn  

by  : r  rve l l  known theorem

cosd:  ( rx , -+1 ,y , -+zz , ) f r r ,  (So)
the origin of coordinates being at the point p.

l ' i g .  1 7 .  G e o m e t r i c a l  c o m p o s i t i o n  o f  t h e
at t rac t lon  to  t rvo  cer r t res  invc .
s t i g a t e ( 1 ,  a n d  s i r r r p l i 6 e r l  f o r  p o i n t s

; :,1:; " ['"''l::i" i:. ;:' ;' 1"; :
ext remi t i cs  o f  a  d iameter .

having the distance -D,between the centres of the stars as
.d iameter ,  the  ang le  d  rv i l l  be  a  r igh t  ang le ,  and 665/ :6 .
But  th is  cond i t ion  is  spec ia l  and in  genera l  rv i l l  no t  ho ld .
I!  !  b9 beyond the circurnference described on D as dianreter,
e  <n f  z ;  i f  w i th in  the  c i rcumference, .  d  ,n l r .

3. Now rvhatever be the posit ion of l) ,  we may ahvays
'compound the attract ive forces directed to the trvo centres
according to the paral lelogranr of forces. Let the trvo forces
be h.2f r2, and, rt '2f y 'z; then by the theorem of the paral lelogram
w€ have for the resultant r? :

2z  :  (h f r )a -+(A ' f r , )a -+  z ( /e l r ) ,  ( t , f r , )z  cos l  ( : r )
R -  1 t  [ ( t l r )a -+(h , l r , )o*  z  ( i l r ) ,  ( t , l r , ) rcosd]  .  (s " )

.  4 .  The angu lar  d i rec t ion  o f  the  resu l tan t  rv i l l  a lways

.pass  be tween the  t rvo  s ta rs .  And i l  0 :n - rB ,  the  two ang les
.a and B may easi ly be computed when the magnitude and
direction o[ the forces which make up the trvo i iaes, (*fr)2

,and (k' f t ' )z are given, by the formula
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s i n a :  s i n B  :  { h , f  r , ) z : ( L l r ) ,  ( : l : )
These forces may be calculated for any point ? distant r
and y' from the two stars of masses u and. 1/, or hrt and
En', where /a is the Gaussian constant.

5. In tbe case oI trvo equal stars the posit ions between
1a and 1.r, ,  within the above circle, make the resultant _zt less
than V[(/t l  r)+ -r ( t t  I  r ,)al,  because cos d is negative. For posit ions
outside the above circle, the resultant is relat ively larger,
because cosd is  pos i t i ve ,  6  <  n l r .  I t  a t ta ins  the  max im*um
re la t i ve  va lue  in  the  reg ion  ou ts ide  the  t rvo  s ta rs ,  on  the  l ine
1a1a pro loneed;  and the  rn in i rnu fn  re la t i ve  va lue  be t rveen the
two s ta rs ,  on  the  l ine  p .1 t :  l ) .  Th is  i s  obv ious  geomet r i  -
cal ly fronr the above f igure.

6 .  
' l ' he  

genera l  theory  o f  the  compos i t ion  o f  fo rces
here  se t  fo r th  shows tha t  the  ae ther  i s  under  tens ion  be tween
the  two s ta rs ,  where  the  geomet r ica l  compos i t ion  tends  to
a  min imum re la t i ve  va lue  o I  z? .  I3eyond the  two s ta rs ,  the
geomet r ica l  compos i t ion  o f  fo rces  tends  to  a  re la t i ve  max imum,
and there  is  g rea tes t  inc rease in  the  s t ress  o f  the  ae ther .' I 'he 

analysis here given explains r igorously the arran-
gement of the equipotentiai surfaces about the two equal
stars / .  and 1a. 

' I 'he 
above f igure shows that the minimuni

distances betrveen the surfaces are outside the stars, rvhere
the  s t ress  is  inc reased;  and max imum d is tances  are  be tween
the  s ta rs ,  lhere  the  tens ion  is  deve loped,  and the  dens i ty
o f  the  ae ther  inc reases  s lo rv ly  as  we go  ou tward  f ro rn  e i ther
s ta r  as  a  cent re .

( i i )  ' l ' ens ion  
be tween two s ta rs  and increase o f  s t ress

beyond them the  on ly  poss ib le  exp lanat ion  o f  g rav i ta t ion .
r.  ' fhe 

law of centr i fugal force shows thaiphysical ly
there ought to be tension in the aether between two-revolvini
stars; for the centr i fugal force actual ly is overcome and ba-_
lanced, rvhich can be done most effect ively by tension between,
and increase of stress or pressure beyond.

z .  By  no  poss ib i l i t y  can  a  pa i r  o f  s ta rs  revo lve  w i thout
some phys ica l  agency  opera t ing  to  g ive  tens ion  be t lveen them,
so  tha t  the  s t rcsses  in  the  med ium ba lance the  cent r i fuea i
force. .4nd tve ntay colrpl. l te the enormous tension ,equi.ed,
in  te rnrs  o f  the  [ r reak ing  s t rength  o f  immense cab les  o i  s tee l ,
( c f .  A N  5 o 4 4 ,  p .  5  r ) .

3. Norv the equipotential surfaces show the effects of
tension in the aether, since the surfaces are symmetrical in
al l  direct ions about a single spherical mass, but pul led further
apar t  be tween two spher ica l  bod ies .  Th is  d is to r t ion  o f  the
equipotential surfaces, - which are drarvn to corresrrond to
equal changes in the force of gravity, -  cannot be explained
except  on  the  theory  o f  tens ion ,  tvh ich  g ives  the  ae ther  less
increase of density betrveen, for given values of dr, and thus
puts the successive surlaces further aoart.

4. Since mechanical necessitv, calculated frorn the
theory of centr i fugal force, thus agrees with the facts of
observation in regard to the actual posit ions of the surfaces,
i t  fol lorvs that the cause of the observed d,istorted form of
the surfaces mnst be tension or stretching of the medium.
No o ther  poss ib le  cause except  tens ion  or  pu l l ing ,  wh ich
th ins  ou t  the  ae ther  and makes i t  tend  to  cont rac t  rv i th
stupendous power, rvi l l  explain the knorvn facts.

5. I f  we knerv the observed fonns of the surfaces rve
cou ld  f rom them pred ic t  the  tens ion  wh ich  y ie lds  such d is -
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tort ion:; '  i f  we knew the mechanical power of the centr i fugal

force we could predict the distort ion of the equipotential

surfaces required to balance the stresses exerted' Both con-

dit ions lead to the same result,  and no other is possible'

6. I f  ' rve did not know that the density of the aether

increases as we go out from a centre l ike the sun, we should

have to discover i t  before rve could form a correct theory

of the equipotential surfaces' 
' lhus the distort ion of t l ie

surfaces shoivs the heterogeneity of the aether. And as al l

known facts are thus reconci led, i t  fol lorvs that no other

possible theory of the aethbr can reconci le the facts of ob-

servation except the larv for increase of density as l 'e recede

from the centre d : r ' r" * 'hich Sir Isaac Ncu/oti  suspected

tn  r7zr ,  bu t  cou ld  no t  es tab l i sh  to  h is  sa t is lu rc t ion '

7 .  l f  we d id  no t  suspec t  the  nnsyurnre t r i ca l  s 'ave- l le lds

about the separate nrasses, and rve rvere ret lLt irecl to assign

an adequate  cause fo r  the  inc reased d is tances  o f ' the  sur faces

bc tween the  two I rASSes,  ' rve  shor r ld  have to  cor lc l t tde l

(a )  l le t rveen tbe  bod ies  the  ec l r . r ipo ten t ia l  s r r r laccs  arc

re la t i ve ly  separa ted ,  by  the  presence o l ' the  se<:ond t t lass '

(U)  l leyond e i ther  mass  the  e tp r ipo ten t ia l  s t t r faces  are

rc la t i ve ly  d rarv l t  nearer  together '
(c) ' l 'hese effects are as i f  they depended on gcometrical

s t resses  superposed,  bu t  oppos i te ly  d i rec ted ;  thus  on  the  l l l ane

?z norrnal to the l ine p,p',  and lrp prolonged, rve l tave:

: S Sr" ar az-r ! !a'y d1, dz (s+)

:  SSr"dt ,c lz-  j . !o ' , 'd1rdz (ss)
between the rnasses.

8. ' fherefore, rve perceive that the increased distance

of the concentr ic surfaces between the nrasses, t trcans that

we must go a grelter distance lbr a given change in l / '

Now t l re  ae ther  dens i ty  inc reases  as  we go  ou t rvard ,  fo r  a

single mass; and in the case of trvo masses the increase

beGeen thenr is less rapid for given dz',  but relat ively rtrore

rapid external ly for both bodies. Hence betrveeu the bodies

the aether is thinned out by the proximity of the trvo l l rasses

pu l l ing  inoppos i ted i rec t ions .  I t  i s  thus  under  tens ion ,  inc ident

io t t t is thinning ottt .  And as the increase in o is gradual

but sloler than usual with dr, the concentr ic surfaces are

further apart.  In general their f igure depends on the masses

of the two bodies, whose stresses are here combined'

( l l i )  Ctose analogy between density of matter in the

earth's crust under isostasy, ,  and density of aether between

equipotential surfaces.- 
(") In the theory of the equil ibr ium of the earth's crust,

the modern doctr ine of isostasy plays a prorninent part '  I f

we imagine a sol id conical angle dar, which rnay be generated

by revolving a radius about a f ixed snral l  circle, in the strrface

oi r sphere of radir ls r:  y '(r ' -+! '-+t ') ,  at constant distance

from the centre, the principai theordm of isostasy reduces

to the expressions:'  r-+dr 0-rd0 Q+"di lr

dn ' :  d '  I  J  
. f o r r s ind  d rdd  d rD

y' -* dr' 0' -r d0' { 
' -r dO'

- o r , f  
i  I o ' r ' ' s i n d ' d r ' d d ' d @ ' ( 3 6 )

; g o '
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the elernentary sol id angle do of the two cones of matter

ex tend ing  to  the  cent re  o f  the  ear th  be ing  the  same in  any

two elements, dtt t  :  dzt ' ,  betrveen the l imits of tbe radius

r to r*d,r and y'  to r ' - tdr ' ,  corresponding to the depth of

i sos ta t i c  co l lpe l l sa t ion ,

(F) 'l'his theorem wqs first proposed by Pratt tbont

r85o,  to  &ccount  fo r  cer ta in  apparent  anorna l ies  in  {he  a t t rac-

t ion  o f  mounta ins  and p la teaus  in  Ind ia ,  bu t  i t  has  now had

extensive ttse in t tre researches made by l fal ' ford for the

U.  S .  Coast  and Geodet ic  Survey ,  in  respec t  to  the  cont inenta l

rrass of the Unitecl States, and in Eeluert 's geodetic researches

as  app l iec l  to  var io t ts  par ts  o I  our  g lobe.  
' I ' hus  i t  i s  rve l l

estal i l ished thut isostasy is approxirnately a lbct of obscr-

va t ion ,  i tnd  to  the  depth  o f  i sos ta t i c  compe4sat ion  i21 :  f ia "

.t Ialy'ord lbund this depth about 76 nri les for the conl ineniai

U n i ted  Sta tes .

( ; , )  \ \ :e  sha l l  norv  show tha t  a  l le r fec t l y  aua log<- rus

theorenr  ho lds  fo r  the  n tass  o f  the  ae t i re r  l )e tween any  t \ \ ' o

concent r i c  e t lu ipo ten t ia )  s t t r faces  drarvn  about  a l ty  cent re ,  even

rvhen the  l ignres  o f  the  e t lu ipo ten t ia l  sur laces  are  d is t t r rbed

by  a  ne ighbor ing  body ,  as  in  the  case aLrove d iscussed o f

t * 'o  equa l  s ta rs ,  rv i t l r  the  s t t r la< :es  d is to r ted  be tween then i '

(') )
arL , i t ra r i l y
n 'e  have:

' I ' hus  le t  do  denote  the  e lementary  so l id  ang le

f i xed  t tpon.  
' l ' hcn ,  as  in  the  above in tegra ls ,

/.+-d/- 0 -Fd() {) -f ( lq)

dnt  :  do  S i  J 'o r ' s in  6  d r  dd  d1 t
, l ) o

, - ' * ,1 r :  $ ' - ; i lQ '  <D '+  4 tP '

: dttt '  : d. .f : J' o' r ' ' t  si lr d' dr' '  dd' d@' ' (:; )
r '  0 '  O '

(e) I 'or we see that rvhen the eqtl ipotential surfaces are

fur ther  apar t  than usua l  i t  n reans  tha t  there  is  less  rap id  in -

c rease in  the  dens i ty  o f  t l re  ae ther  as  we go  ou t rvard  f ro t l r

the  cent re .  In  th is  case the  dens i ty  o f  the  ae ther  inc reases

as  \ \ ,e  go  ou t rvard ,  Ln t t  le ls t  rap id ly  towards  the  o ther  body ,

rvhere  the  sur faces  are  la r theres t  apar t .  In  the  case o f  the

ear th 's  c rus t ,  on  the  o ther  hand,  the  dens i ty  o f  the  mat te r

inc reases  as  we go  downward ,  bu t  leas t  rap id ly  under  the

mounta ins  und p la teaus ,  owing  to  the  pu f f rng  up  or  in tu t r tes '

cence, as Str jo/tn , f fersclcl cal ls i t ,  of the matter just beneath

the cntst.
(() Accordingly, i t  appears that we have a theorem for

the aether t lensity quite analogous to that for isostasy in the

crust of the globe, but nlathematical ly mrrch t l tore r igorously

exac t  than tha t  o f  i sos tasy .  
' l he  ae ther  theorem

r-+clr 0-t-d0 Q-+-d<Ir
r . F f ' . . ,

. i , J  J  J 6 t " s t n a d r d ' a d w :
r 0 o

, " 46 r :  $ ' 4 {0 '<D ' -+dO '
. ( P P ' . '-  d ,  J  J  J  o '  / r  s in6 '  d r '  ' J0 '  d (D '  [ :8 )

r ' (J' !D'

obviously fulf i l ls r igorously the conservation of energy, since

it appl ies to the aether in the conical space dro betrveen trvo

equipotential surfaces concentr ic about a f ixed centre o[ mass

p :  : [ :  q d s d y d z  ( s s )

yet disturbed by the aether stresses due to another mass
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(+o), , ' :  SSSs'dx 'd1/ f , ; ,
(7) 1.n;s formulation of the theorem for the r igorous

conserva t ion  o f  energy  in  the  ae ther  makes the  cor rc lus ion
incontes tab le  tha t  the  ae ther  i s  under  tens ion  be tween the
nrasses .  ' l he  inc rease o f  s t ress  or  p ressure  beyond the  masses ,
s ' i th  more  rap id ly  chang ing  dens i ty ,  i s  equa l ly  obv ious ,  s ince
in .these parts the space dr. required to be traversed is so
v c r y  s m a l l .

( i t )  Conc lus ions  drawn f ro rn  the  app) ica t ion  o f  the
It'ef / t r- lYc ut lozz methocl.

' fhe  
6na l  ques t ion  norv  a r ises :  J )oes  no t  the  fo rm o f

the  equ ipo ten t ia l  sur faces  po in t  s t ra igh t  to  thc  cause o f  g rav i -
ta t ion i  I s  any  o ther  in tc rpre ta t io r r  t l i an  thc  one \ \ ,e  have g iven
rea l l y  poss ib le l  Obv ious ly  no t l  We have here  a  c r i te r ion
s 'h ich  rnay  be  app l ied  po i l l t  by  po in t  to  the  sur faces ;  anc i
as the surlhces here dras'n are fonnd lry calculat ion frorn the
Inrv ,  o f  g rav i ta t ion ,  rv i thout  regard  to  the  cause invo lvec l ,
ve t  there  is  cvery rvhere  exac t  co inc idence o f the  observed fac ts
s' i th the requirements of the rvave-theory, i t  fol lorvs exactly
as in the l{ef lcrt \r tutfoz n-rethod that one and only one con-
c lus ion  is  poss ib le  -  nanre ly :  g rav i ta t ion  is  due to  rvave-ac t ion
rcceding frorn the trvo bodies 1a and 1a.

Accordingly, just as Keler 's larvs made the r igorous
deduct ions  o f .A 'cu lon  poss ib le ,  -  p rov id ing  fo r  the  ncccssary
and su f f i c ien t  cond i t ions  o f  va l id  reason ing ,  -  so  a lso  the  fo rnr
and ar rangcrnent  o f  the  er lu ipo tcn t ia l  sur faces  about  a  s inq lc
spher ica l  r lass ,  and about  a  pa i r  o f  equa l  spher ica l  n rasscs ,
cons idered in  connect ion  rv i th  the  spher ica l  expans ion  o f  rvaves
in  f ree  sJrace,  leads  incontes tab ly  to  the  cause o f  un iversa l
gravit ir t ion. The argunrent is based on r igorous geontetr ical
cri ter ia, cornbined rvith observecl physical facts of \ \rave ex-
pansion, and i t  affords the necessarv and suff icient condit ions
to  shorv  tha t  th is  cause and no  o ther  can under l ie  un iversa l
s rav i ta t ion .

In conclusion, i t  only remains to add that just as Ktf /r 's
larvs, deduced from TJ'cho's observations of the planets, lead
inev i tab ly  to  the  Ntu lo t t ian  law o f  g rav i ta t ion ,  - -  so  a lso  thc
observed larv of attract ion thus found by Ntutlon leads in-
contestably to waves in the aether as the cause of universal
g rav i ta t ion .  In  the  Pr inc ip ia ,  r686,  Ncuton  reso lves  the  severn l
attract ive forces separately, at tvhatever distance the bocl ies
are situated, - thus implying thrt the forces from the bodies
o f  one sys tem penet ra te  th rough the  bod ies  o [  any  o ther
neighboring system, - as i f  the inf luence rvere due to $,avcs
in the free aether, capable of freely penetrat ing al l  parts
of space.

In the remarks fol lorving the third rule of reasoning
i n  p h i l o s o p h y ,  N e a t o n  s a y s  ( P r i n c i p i a ,  L i b .  I I I ) :

' rLastly, i f  i t  univqrsal iy appears, by experiments and
astronomical observations, that al l  bodies about the earth
gravitate towards the earth, and that in proport ion to the
quanti ty of matter wbich they several ly contain; that the moon
Iikewise, according to the quanti ty of i ts matter, gravitates
torvards the earth; that on the other hand, our sea gravitates
torvards the moon; and al l  the planets mutual ly one towards
another; and the comets in l ike manner torvards the sun; we
must, in consequence of . this rule, universal ly al low that al l

4o I I O

bodies whatsoever are endowed with a principle of mutual
g rav i  t l t i  on .

Aga in ,  in  the  Genera l  Scho l ium to  the  pr inc ip ia ,  ( r  7  r  3 ) ,
tVrulon adds:

.  > I { i ther to  rve  have exp la ined the  phenomena o f  the
heavens and o f  our  sea by  the  power  o f  g rav i ty ,  bu t  have
not  ye t  ass igned the  cause o f  th is  power .  Th is  i s  cer ta in ,
that i t  ntust proceed frorn a cause that penetrates to tbe
very centres of the snn and planets, rvi thout suffering the
leas t  d in t inu t ion  o f  i t s  fo rce ;  tha t 'opera tes  no t  accord ing  to
the  quant i t y  o f  the  sur faces  o f  the  par t i c les  upon rvh ich  i t
ac ts  (as  n rechan ica l  causes  use to  do) ,  bu t  accord ing  to  the
quant i t y  o f  t i re  so l id  rna t te r  * 'h ich  they  conta in ,  and propagates
i ts  v i r tue  on  a l l  s ides  to  imrnense d is tances ,  decreas ing  a l rvays
in  the  dup l ica te  y l ropor t ion  o f  the  d is tances .  ( i rav i ta t ion
torvards the sun is ntade up out of the gravitat ions torvards
the  severa l  y ra r t i c les  o f  rvh ich  the  body  o [  the  sun is  com-
posed;  and in  reccd ing  f rom the  sun decreases  accura te ly
in  the  dup i ica te  l ) ropor t ion  o f  the  d is tances  as  fa r  as  the
orb  o f  sa turn ,  as  ev idcn t ly  a l ) l )ears  f rom the  qu iescence o f
the  aphe l ia  o I  the  p lanets ;  nay ,  and even to  the  remotes t
aphe l ia  o f  the  comets ,  i f  those aphe l ia  a re  a lso  qu iescent .
Rut  h i ther to  I  have no t  been ab le  to  d iscover  the  cause o f
these y r ropcr t ies  o f  g rav i ty  f rom phenomena,  and I  f rame no
hypot l re  scs ;  fo r  n 'ha tever  i s  no t  deduc :d  f ro rn  the  p i renonrena
is  to  be  ca l led  an  hvpothes is ;  and hypotheses ,  rvhe ther  meta-
p l r l ' s i c a l  o r  p h y s i c a l ,  u ' h e t h e r  o f  o c c u l t  r l u a l i t i e s  o r  m e c h a n i c a l ,
have no  p lace  in  e rper in ren ta l  ph i losophy.  In  th is  ph i losophy
par t i cu la r  p ropos i t ions  are  in fe r red  f rom the  phenomena,  and
afterrvards rendered general by induction. Thus i t  rvas. that
the  impenet rab i l i t y ,  the  mob i l i t y ,  and the  impu ls ive  fo rce  o f
bod ies ,  and thc  la rvs  o f  mot ion  and o f  g rav i ta t ion ,  wcre  d is -
covered.  And to  us  i t  i s  enough tha t  g rav i ty  does  rea l l y  ex is t ,
and act accordine to the larvs rvhich rve have explained, and
abundant ly  serves  to  account  fo r  a l l  the  mot ions  o f  the
ce les t ia l  bod ies ,  and o f  our  sea. (

' fhe  grea t  penc t ra t ing  pon 'e r  o f  g rav i ta t ion  here  po in ted
out ,  rvou lc l  be  na tura l l y  exp la ined by  the  excess ive  smal lness
o[  the  ae theron,  r ' .  z6zo  o f  the  d ia rne ter  o f  a  hydrogen
rno lecu le ,  and i t s  h igh  ve loc i ty ,  4T roookms.  per  second;  so
thrt even $'aves in the aether, i f  moderately long, could
pcnetrate to the very centres of the sun and planets, as Ncruton
says is true of gravitat ion, Nctoton here expressly declares
h is  inab i l i t y  to  d iscover  the  cause o f  g rav i ta t ion ;  ye t  in  the
authentic Account of Sir fsaac Nerulon's phi losophical dis-
coveries, prrbl ished by his pupi l  Col in,4faclaurin,L,ondon, t7 4g,
rve  learn  (p .  I I I ) :

>He \Neruton) has plainly signif ied that he thought that
those powers arose from the impulses of a subti le aetheri.al
medium t l .rat is dif fused over the universe, and penetrates the
pores of grosser bodies. l t  appears from his letters to I \{r.
Rolt le, rhat this was his opinion early; and i f  he did not '
publ ish i t  sooner, i t  proceeded from hence only, that he found
he rvas not able, from experiment and observation, to give
a satisfactory account of this nredium, and the manner of i ts
opera t ion ,  in  p roduc ing  the  ch ie f  phenomena.o f  na ture . (

The impu lses  o f  the  ae ther ia l  med ium' imag ined by
Neutlon to be the cause of gri .vi tat ion are now explained.byr
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wave-action, in accordance with the kinetic theory, which

-lVcatton had somewhat developed two centuries ago, in the

las t  ed i t ion  o f  h is  Opt ics ,  t72r .  Thus ,  in  the  New theory

of the aether, l  and the Electr.  wave-theory of phys. forc' ,  we

have merely str iven to complete the unfinished labors of Sir

fsaac Ncwton.

I o .  S u m m a r y  o f  t h e  C h i e f  R e s u l t s  o f  t h e  N e w

T h e o r y  o f  t h e  A e t h e r '
(i) Although 2 4 5 years had elapsed since Roctner's

d iscovery  o f  the  ve loc i ty 'o f  l igh t ,  1675,  a  va l id  theory  o f

the mechanisrn underlying this enormous velocity was not

avai lable unti l  the appearance of the new kinetic theory of

the aether, which treats this medium as a monatomic gas,

w i th  mean ve loc i ty  o f  the  ae thero .n ,  i :  r f rn ' I / .

In the f irst paper, (AN 5044), we have pointed out the

val id erounds on which the new kinetic theory of the aether

rna in ly ' res ts ;  lnd  subsequent ly  somewhat  s t rengthened,  in  the

f i rs t  sec t ion  o f  the  th i rd  paper ,  (AN 5o79) ,  the  foundat ions

of  th is  remarkab le  tbeory .  l t  i s  unden iab le  tha t  a l l  the  in -

dications of nature point to a kinetic theory of the aether,

And now that i t  is developed, any otber vierv than that set

forth would str ike us as too improbable to be given serious

consideration,
It  can scarcely fai l  to impress natttral phi losophers that

sound is found by experiment to travel four t imes faster in

hydrogen than in  oxygen.  And when we connect  th is  re la t i ve ly

rap id  speed o f  sound in  hydrogen w i th  the  s ( lu i l re  roo t  o f

the  rec ip roca l  o f  i t s  re la t i ve  dens i ty ,  -  the  dens i ty  Lc ing

16 t imes less  than tha t  o f  oxygen '  -  we perce ive  tha t  the

dynamica l  bas is  o f  the  h igh  wave ve loc i ty  in  hydrogen resu l ts

from the Nculonian formula:

r :  r ' (Elo). (a  '  )

point of space, where the absolute or relat ive fo,rce of gravity

is known compared to that at the earth's surface.

In view of the consideratioris here cited i t  wi l l  be ob-

vious that the f irst step in a val id theory of the aether is to

give an explanation of the enormous velocity of rvave pro-

pagation. No theory except the kinetic theory of the aether,

in which the aetherons obeY the law:

i  -  r f  2n Ir  (+t)

wil i  be adequate to explain the enormous velocity o[ the

wave n)ovement .
In  the  f i rs t  and th i rd  papers ,  AN 5o,14 ,  5o79,  we have

shown that the above law holds for the fol lorving gases, when

reduced to  a  monatomic  cond i t ion :

r .  A i r  4 '  Carbon d iox ide ,  CO1

z.  Hydrogen 5 .  OxYgen

3.  Carbon monox ide ,  CO 6 .  N i t rous  ox ide ,  -A 'O2 .  (++)
' fhe kinetic theory of the aether must therefote be

regarded as  we l l  es tab l i shed.  Observa t ion  ind ica tes  tha t  in  a

monatomic gas the above forntula is accttrately fulf i l led; and

as the aether is not knorvn to be capable of any conrbinations

we natural ly take i ts aetheron to hale the propertygf a mon'

a tonr ic  gas .
In  v iew o f  the  s imp l ic i t y  and d i re  c tness  o f  these con-

s idera t ions ,  i t  appears  to  be  t ru ly  renrarkab le  tha t  near ly  two

and a half centuries should elapse betrveen I lot 'ntr 's discovery

o f  the  ve loc i ty  o f  l igh t ,  and the  deve iop t len t  o f  a  k ine t ic

theory  o f  t l i i s  rvave- tno t ion ,  r9zo .  I t  t t rus t  be  fa i r l y  obv ious

to  na tura l  ph i losop l ie rs  tha t  the  fo remost  p rob le rn  o f  the  ae ther

is  the  e- rp lanat ion  o f  the  enormous ve loc i ty  o f  l igh t .  And as

e lec t rod l 'naur ic  ac t ion  and waves  in  rad io - tc legraphy  take  p lace

rv i th  the  sanre  ve loc i t l ' ,  the  under ly ing  rap id  u ro t ion  o f  the

aethero i r  i s  o f  the  deepest  in te res t ,  and rv i l l  have the ' rv ides t

app l ica t ions  in  a l l  b ranches  o f  phys ica l  sc ience.

( i i )  E ins t in  ass igns  no  cause o f  g rav i ta t ion ,  and as  he

re jec ts  the  ae ther ,  wh ich  is  requ i red  fo r  convey ing  s t resses

across  space,  h is  genera l  theory  o f  re la t i v i t y  i s  n r is lead ing .

ln  the  6rs t  paper  on  the  nerv  theory  o f  the  ae ther  we

have expl aine d rhat I i  i  n s /  c i  t t  rej ects the aether enti  rel y. t l [ ic l tc /  s on

and o ther  eminent  a t t thor i t ies  have t 'emarked on  the  inadmis-

s ib i l i t y  o f  th is  p rocedure ;  and no t  a  few-  exper ienced in -

vestigators have rejected . l t instcirt 's general theory of relat ivi ty

because he has no nredium for conveying l ight, heat and

natura! forces across sPace.
'llre argttrnenrs of Michelson and others drawn from the

theory  o f  l igh t  a re  qu i te  unanswerab le .  Yet  i t  n ray  be  wor th

rvhi le to int luire why, i f  there be tro aether, l ight and electr ic

waves  are  t ransmi t ted  across  space rv i th  the  ve loc i ty  o f

I /  -  
3 . ro10 cms.  I f  there  be  no  ae therea l  med ium o f  smal l

density and great elast ici ty, i t  rvould be much rnore logical

to assume that act ion at a distance is instantaneous. Yet this

is contrary to observation.
And although Einstcit t  assunes as the basis of his system

that  ) )no th ing  t rave ls  fas te r  than l igh t< ,  he  nowhere  exp la ins

why l ight should have a f ini te instead of an inf inite velocity.
' l 'he s'ave'theory, on the other harld, lays dorvn no dogma

whatever. I t  takes l ight and electr ic $'aves to travel with the

observed ve loc i ty ,  l ' ' :  3 ' lo10  cms. ,  and then inqu i res  what

is the mean velocity of the aetheron' By the well  establ ished

This formula at once explains why the speed ought to be

four t imes less in oxygen than in hydrogen, since the density

d occurs in the divisor of the r ight member under the radical '

Proceeding on the hasis ofthese dependable experiments,

which are confirmed by researches on many gases, we neces-

sar i l y  a re  led  to  ascr ibe  the  h igh  ve loc i ty  o f  u 'aves  o f  l igh t

and electrodynanlic act ion to the excessively small  density of

the aether. For i f  the waves of sound in hydrogen so greatly

outrun similar waves in oxygen, owing to the r6-fold greater

density of oxygen, i t  fol lows that for waves of aether to have a

large velocity, the aether must have an excessively small  density'

F rom th is  conc lus ion  there  appears  to  be  abso lu te ly  no

escape. For the experinrents on the velocity of sound in gases

are essential ly very accurate, and the data well  detertnined,

with an excessively small  i f  not insensible uncertainty in the

observed results. 
' Ihe rat io of the observed velocity of sottnd

in hydrogen to that in oxygen, with their relat ive densit ies,

thus becomes of the highest signif icance, and Ieads direct ly

to the most fundanrental laws of wave phenomena in nature'
'  

In very much the same way, we have found the velocity

o f  l igh t  to  be  217839 t imes grea ter  than tha t  o f  sound in

theore t ica l  monatomic  hydrogen,  (eN 5"79) ,  whence i t  fo l lows

that the absolute density of the aether at the earth's surface is

o :  r 8 8 8 . r 5 . r o - 1 8  .  ( + r )

' .  Accord ing ly  in  the  th i rd  paper ,  AN 5o?9,  a  genera l

rnethod is given for finding the density of the aether at any
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facts of the kinetic theory of gases, this remarkal; le theorern
is  deduced fo r  the  ae ther : .

i  :  r l z n l ,  -  t , 5 2 . . 3 .  r o l 0 c m s  :  4 7 r 2 3 9  k n r s  ( + S )

where tr/  is the wave velocity, and J the mean velocity of
the  ae theron.

I t  i s  found tha t  the  ae theron moves r  oooo t i r res  fas te r
than our srvif test planets, anri  for bodies nroving rvith uniform
ve loc i ty ,  as  in  o rb i ts  essent ia l l y  c i rcu la r ,  o f fe rs  no  res is tance
rvhatever to the nrotions of the planets. 1'his corresponds to
the knorvn facts of the solar systern, rvhich gives no inci icat ion
of  ae therea l  rcs is tanc :c  to  the  mot ions  o f  the  p lanets  and
sate l l i t cs .  I f  the  orb i ts  a re  sens ib ly  e l l ip t i ca l ,  there  rv i l l  be
a l te rnn te  acce le ra t ion  and re ta rda t ion ,  bu t  the  c f fec t  i s  very
s l igh t  and in  fac t  insens ib le  to  observa t ion .

When t rvo  bod ies  wh ich  are  magnet ic  a re  in  re la t i ve
motion, thcre is an inductive effect, orving to the change in
the  wave f ie lds ;  and th is  i s  observed in  the  ear th 's  n rasnet ism,
and found to  dcpend on  thc  sun and l roon,  as  f i rs t  no tcd
by  I { rc i l  a t  Prague,  r84r ,  anc l  a f te r l 'a rds  indcpcndent ly  d is -
covered b5, Joln Allm l)rorn, 1845.

The cx is tence o f  a  semi -d iu rna l  t ide  in  the  ear th 's  rnag-
net ism obey ing  the  la rv  o f  the  inverse  cube o f  the  d is tance
of the nroon rvas f ir l ly establ ished by l l roun and confirnrccl
by Rafurr Slcuart and t l i t ' t , ,  rvho pointecl out that the t iclc
ac ted  a long the  l ine  l ionr  t l re  lLec l  Sea to  Hr rc lson 's  l lay  ( thc
magnet ic  po ie ) .  In  AN 5o7g,  p .  263,  rve  ha le  shos 'n  tha t
Llold mistnterpreted his equations, in r858, and thc error has
been repeated in many later rvr i ters. L/o-yr/ retainecl in his
ana lysr ' s  o f  1858 the  ang le  d  ins tcad o f  the  ans le  zd  used
in  the  t ide-genera t ing  po ten t ia l .  , , \ l l  the  phcnomcna o f  the
ear th 's  magnet ism,  inc l r rd ine  the  per iod ic i t i cs  c lepend ing  on
the heavenly bocl ies, are ful ly explainerl  l ;y t l re rvave-thcory.

Accord ing ly ,  i t  appears  tha t  the  rvave- theory  accounts
fo r  the  nragnet isn t  o f  the  heaven ly  bod ies ,  anc l  connects  cos-
mica l  magnet ' i sm rv i th  nn iversa l  g rav i ta t ion ,  * 'h ich  no  prev ious
theory  has  been a l r le  to  do .

Dinslet is theory, on the othcr hancl, gives no such cor.r-
nection. In lact as Ji insfuin even l)roposcd to do au,n1, s, i th
the  ae ther ,  he  has  no  mechan ism fo r  convey ing  ac t ion  i r r : ross
space.  Jus t  horv  e rn l r ty  space is  to  be  conce ived as  capnb)e
of  t ransmi t t ing  fo rces  equ iva len t  to  the  break ing  s t rength  o f
mi l l ions  o f  immense cab les  o f  s tee l  i s  no t  appare l t t .

Accordingly i t  is recognized that Einstuiu's reasonins
is  to ta l l y  devo id  o f  phys ica l  bas is .  He t rea ts  h is  p rob lem as
i f  i t  re la ted  to  pure  mathemat ics ,  and as  i f  h is  reason i l t s  \vere
not  requ i red  to  conform to  recogn ized phys ica l  con t l i t ions .
And s ince  'be  e len  in t roduces  the  c r r rva ture  o f  s l racc ,  to  ex-
plain a mere Dlienomenon of refract ion, l 'hich r\-rzz,/a,,2 u,oulcl
not have sanctioned, n'e perceive that the doctr ir-rcs ol- J,, i t ts/e in
are  ch ie f l y  remarkab le  fo r  the  lack  o f  unders tanc l ing  o f  thc
phys ica l  un i r ,e rse  rvh ich  they  d isp lay .

' lhe  
k ine t ic  theory  o f  the  ae ther  l )e r fec t l ) '  accounts  fo r

the phenomenon of aberrat ion, the Miche ls otr, l fo;.1r1, expcri  nr cn t,
the  mot ion  o f  the  per ihe l ion  o f  -NIercury ,  and a l l  o thcr  pheno-
mena treated of in the theory of relat ivi ty. A.ccorrl ingly, I l i t t-
sle. in's theory of relat ivi ty is as superf luous as i t  is rnisleaci ins.
In  a l l  h is  specu la t ions  there  is  no t  one t ru th  cor respond ing
to the actual phenonlena of nature.

5 r 4 0 I 1 4

( i i i )  Final table of the physical constants oI the aether.
In  the  conrse  o f  the  deve lopment  o f  the  new theory

of the aetlrer t 'e have been led to a few changes, but the
t a b l e  o f  c o n s t a n t s  o f  t h e  a e t h e r  g i v e n  i n  A N  5 o 4 4 ,  p . 6 5 - 6 6 ,
s t i l l  remains  essent ia l l y  cor rec t ,  except  as  ind ica ted  be low,

r .  The nre thod fo r  ca lcu la t ing  the  dens i ty  o f  the  ae ther
from the constant of solar radiat ion devised by Lord I{t luin
i n  r 8 5 4 ,  a n d  m o < l e r n i z e d  i n  A N  5 o 4 4 ,  p .  6 3 _ 6 4 ,  i s  n o r v  r e c o g -
n ized to  be  de fec t ive ,  o rv ing  to  the  decrease o f  dens i ty  ; f
thc  ae ther  near  the  ear th .  I io r  reasons  ind ica tcd  in  r \N  5o7g,
p .  213-219,  1ve  rnus t  f i r s t  f inc l  the  dens i ty  o f  the  ae ther  a t
the  ear th 's  sur face ,  and then ca lcu la te  the  dens i ty  a t  the
sur face  o f  the  sun and p lanets ,  by  the  processes  exp la ined
o n  y t ,  z  z 6 - z  3 7  .

r\ t  the earth's surface the density of the aether is found
t o b e  d 3 s : r 8 g g . r J . 1 6 - 1 8  ( + O )
*h i le  a t  the  sun 's  sur face  the  dens i ty  i s
o ' o ,  :  (  r  3 3 E .  r  g .  r  o - 1 8  f  2 1  9 )  4  r . 4 8 6 8  :  3 5 7 . 6 8 6 5 '  r  o - l s .  ( + Z )

. , \ ccord ing ly ,  the  dens i ty  o f  the  ae ther  a t  the  ear th 's
s r r r face  is  4 .3 r  t imes tha t  g iven  by  ,Krh . , i t i s  mod i f ied  method,
rvh i le  a t  the  snr face  o f  the  sun the  dens i ty  i s  about  r  7  g .g4
tinres that dccluced frorn Jt ' t /ui t is metho(1. \Ve norv recognizg
that Jt 'r lui t is r let lrod is defcct ir .e and the results given in the
f i rs t  paper ,  p .  6 .1 ,  a re  to  be  superseded b1 '  thc  tnc thod fo r
f i n d i n g  t h e  a b s o l u t e  d e n s i t y  o u t l i n e d  i n  A N  5 o 7 9 ,  p . 2 3 6 .

z .  In  the  f i rs t  paper  the  ra t io  o f  anrp l i tude  to  wave-
length  n 'as  assumed to  be  z1 f  ) .  -  r f  ro r .z3 ,  u . i re reas  in  the
f o u r t h  p a p e r ,  A N  5 o 8 5 ,  i t r v a s f c r u n d  t o b e  A I I :  r  :  r 6 6 o 5 o g o o o
which  is  eou iva len t  to

A l ) " :  r f  t o r . z 3 . r f  1 6 3 o 4 5 (as )
or  over  r6 looo t i rnes  snra l le r  than the  va lue  f i rs t  used,  wh ich
accorded rvith the exlterienced judgement of I{ehtin, l l faxut/ l
and Larnor. Accorcl ingly

, l l  -  z n f  t o t . 2 2 , ' r l 1 6 3 o 4 5  :  o . o o o o o o - i 3 o 6 8 2 7 ;
l o g ( t l 7 ) :  1 . 5 3 0 5 6 3 2 - 1 0 .  ( + S )

r .  
' l  l r c  c l t c rg ) '  l te r  cu l r i c  ccn t in rc t rc  l t  the  sun 's  sur face

is  sn ta l l ,  os  ing  to  the  s r -na l l  c iens i ty  o f  the  ae ther ,  and the
sr.nall valtre ol Ap, where Ap : 2n rlf 7, and Af )" is the ratio
of the ampli tude to the rvave-length. The formula for the
k ine t ic  energy

2 :  ( o . 6  j 6  6  z )  o  I z 2  ( A  7 ) 2
:  ( o . 6  3 6 6  z ) ( 3  5  7 . 6 8 6  5  .  t  o ' t t ) ( 3  .  r  o 1 0 ) :  ( o . o o o o o o 3 8 o 6 8  z  7  )
:  o . o o o o o o o z  9 6 8  5 8  7  e r g s . (  s")' I 'his value of the energy at the sun's surface seems

1 'er ] '  ins ign i f i can t  co lnpared to  the  va luc  4 .4  I  4  5  5  e rgs ,  ca l -
cu la ted  in  the  f i rs t  paper ,  AN 5044,  p .64 ;  bu t  i t  fo l lo rvs  f ro rn
the  change in  dens i ty ,  and a l rove  a l l ,  the  very  smal l  anrp l i tude
jus t  d iscussed above,  in  parnsraph r .  Accord ing ly ,  g rea t  as
the  changes in  onr  o ld  concept ions  are ,  we be l ieve  th is  nerv
resn l t  to  be  va l id ,  and en t i t led  to  adoy t t ion  in  our  f ina l  resu l ts .

4 .  ( ' l rea tes t  tangent ia l  s t ress  per  square  cent imet re  a t
the  s t rn 's  sur face :  6  V '  (A  1)  :  o .  r  z  z  5z  dynes , ( s  r J
This value l ikex ' ise is  very smal l  compared to the value
r r r . 1 7 r i  d y n e s  f o u n d  i n  A N  5 o 4 4 ,  p . 6 4 ;  b u t ,  a s  b e f o r e ,
thc difference is explained by the change in the density and
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amplitude to wave'length, which latter factor is
by  t he  d i v i so r  r63o54 .

Cgefficient of rigidity (or viscosity) of the aether

l :  i z " r f  o z t :  z o V z l o a :  3 t / ' 2 f a :  5 7 2 9 5 g o o o o o  c m s  ( 6 o )

t h e  s a m e  a s  i n  A N  5 o 4 4 ,  p . 6 6 .
r r.  Number of corpuscular col l is ions per second at the

s u n ' s  s u r f a c e  :  i l f  / :  o . 8 2 ,  a s  i n  A N  5 o 4 4 , p . 6 6 .  ( 0 t )

rz. Ac<:ording to Auogadro's law equal volumes of al l

gases under the same condit ions contain an equal number of
rno lecu les .  And as  hydrogen is  4745388oooo t i tnes  denser
than aether, we ma)' equate the masses of two . spherical

rno lecu les  thus :
a f  

, r n o r 3 :  4 7 4 5 3 8 8 o o o o a f  3 n d r ' 3 ,  ( O r )

And i f  we take  the  in te rna l  dens i t ies  o f  the  two molecu les
to  be  equa l ,  d :  d ,  rve  have

r :  f  4 7 4 5 3 8 8 o o o o . 7 , . :  3 6 z o . 4 0 S . / '  ( 0 1 )

tha t  i s ,  the  hydrogen molec t t le  has  36zo t imes grea ter  rad ius

than the  ae theron.
We may form a very usefui picture of these relat ive

sizes by' imagining the hydrogen molecule magnifred to the

s ize  o f  the  ear th ,  rv i th  n rean rad ius  r  :  637o.5  kms.  On
th is  sca le  the  ae t l te ron  w i l l  have a  rad ius  o f  r .7  596 kms,
o r  r . o g t . 1  t n i l e s .

Accord ing ly ,  i f  the  ear th  represents  a  hydrogen molecu le ,
a  spher ica l  mount l in  a  l i t t le  over  t \ vo  mi les  in  d ia tne ter  (more

exac t ly  r  r  5oo fee t )  rvou ld  represent  an  ae theron.  Th is  i s  very

n e a r l y  t h e  h e i g h t  o f  ) l t .  A e t n a  ( r o S 7 z ) ;  i r u t  a s  t h e  b a s e  o f
th is  vo lcano is  very  much ex tended,  * 'e  n rus t  cons ider  the

aetheron to  cor respond on ly  to  the  cent ra l  par t  o f  the  cone,
about  a  n r i le  in  rad ius .

the  ae ther  rv i th  *e l l  knorvn  te r res t r ia l  gases .

) .
by the formula:

-  x  :  6  t r / l  -  ( 3 5 7 . 6 8 6 5 .  t o - t t )  ( 3 .  r o t o ) t

v ie lds
x o s :  3 2 r g r 7 . 8  a t  t h e  s u n ' s  s u r f a c e

2?3s :  JoJoooo a t  the  ear th 's  sur face  .

The r igidity of the aether thus turns out to be rnuch

than the  va iues  found in  AN 5o44,  p .64 ,  wh ich  rvas  on ly

the  phys ica l  p roper t ies  o f

( s ' )
( ss )
(s+ )

larger
r  8 o o .

6. Density of l  the aether at the sun's surface:

d o s : . j 5 7 . 6 8 6 5 . r o - 1 8 .  ( S S )

7. At the earth's surface the density of the aether is

found to be
d 3 s  :  r 8 8 8 . r ! ' r o - 1 8 .  ( S 0 )

At the surfaces of the other planets the absolute densit ies
are  as  g iven in  the  tab le ,  in  AN 5o79,  pp .  237-238.

8. Mean velocity of the aetheron

i  :  r . S 7  I / :  4 7  r 2 3 g o o o o o  c n ) s  .  ( S Z )

9. The molecular weight of the aetheron, calculated by

Maxtucl l 's theorem on the equali ty of the kinetic energies in

a l l  gases  r l
f  2 n u 2  :  r f 2 n ' u ' z  ( S S )

,. o".;*" ,i,;iJ "lir.';lliiJ'r;,r, ", ,n" ,:'.:]
surface or at the earth's surlace:

Table for comparing

^ Mean velocitv
uas 

of molecule
9::l!:::".: :l trrcan riee patrr 5:ll';::t"7 i**::i:*i:::"vtscocortv 1 at 1--- 1-ld" -8 pe.cent, ir. ::f^":j'-,1:P:::"^'_:' o- c' " .ollision rebountl '-tlft,rlit 

"'"i;":"t"
? o 5 o o o o  5 Z 2 g 5 g o o o o o c l n s  o . 8 z  i . 7 o t ' r o - r 2

( :  t  I  s 6 z o  o f  r { )
A e t h e r  4 7  r  2 3 9 o o o o o  c m s

o . o o o r T  2 1  o . o o o o o 5 g

o . o o o o 8 6 7  o . o o o o I r 6

o . o o o r E 8 q  o . o o o o l T r

o . o o o  r  8 g 6  o . o o o o o 6 3

o . o o o  r  6 6 o  o . o o o o o  5  z
o . o o o 2  I  o  o . o o o o o 6 . j

o . o o o r 6 z 6  o . o o o o o 5 8

o . o o o r 4 r o  o , o o o o o 4 o

o . o o o  r  2 8 7  o , o o o o o 2 g

o . o o o o 9  r  2  o . o o o o o 4 o

)
D

))

I  I .  
' 1 ' h e  

C e n t r a l  I - o r L e s  o f  P l a n e t a r y  I \ l o t i o n
e x p l a i n e d  b y  t h e  W a v e - ' f h e o r y .

( i)  In the problem of gravitat ion the force is central,

and equal areas are described' in equal t imes.
r. The celebrated laws discovered by .Kcpler, 16o9,

1618, - that the paths of the planets are el l ipses, rvi th the

sun in their foci;  and that the radi i  vectores of any planet

describe equal areas in equal t imes; and f inal ly, that the
squares of their periodic t irnes are as the cubes of the niean
distances or maior axes - led Newton to the law of universal
gravrtatron: J r -  l r t nn ' f r z , (o+)

Kepler's law that the radius vector describes equal areas
in equal t imes is i l lustrated by the geornetrical f igures on

plate g, for the el l ipse, parabola, and hyperbola, and thus ap-
pl ies al ike to planets and conrets, and also to the double stars.

z. Since i t  is a fact, that under a centrai force varying

according to any larv of distance, equal areas rvi l l  be described
in equal t imes, Ncurlozz correctly concluded that the planets

and comets are drarvn to the centre of the sun by powerful

centrai forces, And Sir fsaac Ncwton demonstrated that, with
the sun in the focus of the conic section, the law would be

that of the inverse squares given above, since shown to hold

true in al l  the actions of universal gravitat ion.

3. It is rvell known lhat .(*r1'g/tcns, I{oo/ec, LVrcn, Newton

and. I fal lcy were practical investigators and experitnenters, artd

thus had very clear ideas on the action of central forces.
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They recognized ful ly tbat curvature of the path of the planet
can no t  take  p lace  a t  every  ins tan t  o f  t ime w i thout  the  cons tan t
action of accelerat ive forces directed to the focus of the conic
section. Eulu, Lagrange, Laflace and the later illustrious
successors of Ncuton have ful ly confirmed the val idity of the
Neutonian argument; so that no one ever seriously thought
of questionin g the Nctotonian dynamrcs t i l l  Einslcin'smisleading
speculat ions began to be developed

4. Accordingly, the scienti f ic world read rvith astonish-
ment  in  the  Month ly  Not iccs  o f  the  Roya l  As t ronomica l
Soc ie ty ,  (Oct .  r9  r6 ,  '16 ,  p .7o2)  De S i / tc r ' s  c la i rn  tha t  )Grav i ty
is not a force, but a property of space.<

By actual calculat ions carr ied out in the f irst paper
we found tha t  the  u tmost  s t rength  o f  f i ve  mi l l ion  mi l l ion
cables o[ steel,  each a foot in diameter, rvhen the steel has
the breaking strength of . jo tons to the square inch, are
required to curve the path of the moon in i ts orbit  about
the  ear th .  And to  cnrve  the  pa th  o f  the  ear th 's  mot ion  about
the  sun an  e leven inch  cab le  o f  s tee l  o f  the  sanre  s t rength ,
on  each square  foo t  o f  a  hemispher ica l  c ross  sec t ion  o f  the
earth, would be stretched to i ts tr tmost l imits by the force
of the sun's gravity, constantly act ing on our planet for
govern ing  i t s  n ro t ion .  A f te r  hav ing ,  made these ca lcu la t ions
I had no more doubt that gravity is a real force than had
ll/ren, Nttulon and Ha//ct, in 1686. As we have shorvn that
the  le ther  has  an  e las t i c i t y  68g3zr6ooooo t in res  grea ter  than
our air in proport ion to i ts density, i t  is evident from the
natnre of the tr iple integral for the potential,  that the mediurn
is  capab le  o f  sus ta in ing  these s tupendous fb rccs .

5 .  1 'he  ac t ion  o f  cen t r i fuga l  fo rces  in  d r iv ing  boc l ies
f rom the  cent re ,  in  the  d i rec t ion  o f  the  tangent ,  nnd exprcssec l
by  the  fo rmula : / : nr' lQ ( 6 s )
-.  where a, is the velocity and p is the radius of curvature -
has been ful ly nnderstood since the t ime of I f i t1,.qf icrs, (cf.
De horo log io  osc i l la to r io ,  r673)  about  250 years  ago.  As
the  p lanets  do  no t  recede f rom the  sun,  bu t  curve  the i r
paths about the centre of the snn, i t  fol lou,s, as Abu,lon
pointed out, not only that there is a central lorce incessantly
ba lanc ing  the  cent r i fuga l  fo rce ,  bu t  a lso  tha t  i t  i s  p ropor t iona l
to mass, and thus grar. i tat ion is not a property of space,
bu t  o f  mat te r ,  in  the  focus  o f  the  con ic  sec t ion .  In  the
scholirrm to Proposit ion lV, I- ib. I I  of the Principia, Ncu/on
says: >>By. such proposit ions, tr Ir .  /{ut,g./ t tnr, in his excel lcnt
book ,  I )e  horo log io  osc i l la to r io ,  has  compared the  Ib rcB o f
grav i ty  rv i th  the  cent r i fuga l  fo rces  o f  the  revo lv ing  bod ies .<

6 .  In  v ie rv  o f  the  observed phenomena o f  the  hcavens
it is not lrossible to deparr from this conclusion of I*tygfiens
and Arcuttott .  Einsfuin's theory therefore is unconcl i t ional ly
rejected as rvhol ly contrary to dynamical Iarvs adn.r i t t ing of
easy  ver i f i ca t ion .  And i t  re rna ins  to  cons ider  rvhat  o ther  con-
cept ions  o f  g rav i ta t ion  are  admiss ib le .  We have seen tha t  the
grav i ta t iona l  po ten t ia l  in t roduced by  Lap lac t ,  r782,  has  the
form:

v: Mlr : ,f ,f ,f ra - "')' -r (r - /,) * a;:)1i!ir, . (6 6 )
This tr iple integral corresponds to the summation of the stress
in the aether due to the superposit ion of rvaves, rvi th ampli tude
A : klr fronr each atorn of the attract ing mass.
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( i i )  The geometrical and physical interpretat ion of the
poten t ia l  leads  inev i tab ly  to  the  rvave- theory .

We ha.r 'e already .pointed out geometrical and physical
propert ies of the nredium rvhich lead inevitably to the wave-
theory. ' I 'here 

is not only evidence of the wave-f ield about
a l l  bod ies  -  whence the  fo rces  they  exer t  -  bu t  a lso  proo f
that the rvave f ield travels as the bodies move, and thus carr ies
along the f ield of force which shorvs i tself  near bodies.

r,  \ \ /e conclude tberefore that every body has about i t
an  in f in i te ly  ex tended wave f ie ld ,  the  ampl i tudes  vary ing  in -
versely as the distance, A : hf r,  and, the forces inl,eisei-y ns
the  square  o f  the  d is tances ;  wh ich  cor responds exac t ly  to  the
knorvn lacts of universal gravitat ion. And since i t  is shorvn
mathenra t ica l l y  tha t  rvaves  in  tbe  ae ther  expand ing  f ree ly  in
c t rb ica l  space,  rvou ld  fo l lo rv  the  la rv  o [  ampl i tude:  A :  I l r ,
i t  cannot lre accidental that La.11|acc's expression for the potential
has  th is  fo rn t .  On the  cont ra ry ,  i t  fo l lo rvs  tha t  thc  express ion
for  the  po ten t ia l  o f  g rav i ta t ion  is  de termined by  the  amp) i -
t t ldes of the rvaves receding from each atonr; and thus we
necessar i l y  a re  led  to  the  wave- theory  o f  g rav i ta t ion .  For  the
potential of a mass M is derived lrom the tr iple integration
of  a l l  the  e lements ,  f l227 :6dr 'dydz ,  a t  the i r  appropr ia te  d is -
tances ,  r :  y ' l ( " -x ' )2+(y - t t12-+(z -  z , )21  ;  and th is  cor res-
ponds to  the  arnp l i tude o f  the  wave f rom any  a tom,  and the
mean resu l t  to  the  sunrmat ion  o l '  the  s t resses  due to  the
separa te  a toms o [  the  who le  mass .

z .  Notv  there  must  be  some.  s imp le  in te rpre ta t ion  o f
the  fo rmula

d l/ - d til f ,. : [ (r - r'), -r (;, * 
tt)z -+ (z - z,)z)-' tz *

x o d x d l , d z  ( 0 2 )

I eads  to

[(r - r ') '  -+ $' - /)2'+ (z * 
" ')zl*' h y

xo dx d1r  dz .  (68)
And as  the  rvaves  when expand ing  f ree ly  in  cub ica l  space
fo l lo rv  th is  same law,  the  anrp l i tude  be ing  A :  h f  r ,  ov
' in te rprc ta t ion  o f  the  po ten t ia l  lb l lon 's  bo th  geomet r ica l  and
phys ica l  )a rvs ,  and there fore  the  chances  are  in f in i t y  to  one
tha t  the  rvave- theory  y ie lds  the  cor rec t . in te rpre ta t ion .

3. 
' - fhe 

curves for the ampli tudes of the waves receding
from a centre are as shown in the f igrrre r4, sectionS above.
These ampli tudes show horv the agitat ion of the waves thins
out  the  dcns i ty  o f  the  rned ium,  to rvar< ls  the  cent re ,  and a l lows
it to increase. direct ly as /,  so that i ts f inal density is in-
verse ly  as  the  average wave ampl i tude,  o r  d i rec t l y  as  the
distance, rvhich corresponds rvith the undefined heterogeneity
o f  the  ae ther  imag ined by  Areu lon ,  r7z t .

4 .  Accord ing ly ,  the  rvave. theory  o f  un iversa l  g rav i ta t ion
is  ind ica ted  by  the  ampl i tude o f  the  ae ther  wave f ree ly  expan-
ding in cubical space, and by the nature ofthe observed force of
gravitation jf : h2 ,il n'f 12, whicb leads to A : y'f : 7f ,, ot

It : tu l r : 
"{'"{,"f 

[@ - /)2 -+ (1, - y')2 -r (z - r'l)z] -1 h x
x o d x d l ' i s .  ( O S )

The ae ther  t ransmi ts  each wave independent ly  o f  a l l  the  res t
and the effect of their superposit ion is a mean state o[ stress
depending on the average wave anrpl i tude, and on the whole

(z  o)
8.

' a

which  by  in tegra t ion

, :5d, , ,1 , . : : [ :

m a s s  o o o  !

M : J ) ) o d x d y d z
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which is included under the tr iple integral in the above forr.nula
for the potential.

5 .  In  the  four th  paper  (AN 5o85,  p .  44 t i )  rve  have g iven
a d iagram o f  thc  wave f ie ld  about  a  pa i r  o f  equa l  s ta rs
( reproduced on  a  la rger  sca le  in  f ig .  rg  on  p la te  ro ) ,  a l id  shorvn
tha t  a t  t i re  bonndary  o f  the  concent r i c  e l l ipso ids ,  the  rvho le
o f  the  wave s t ress  in  the  ae ther  due to  the  t l ,o  s ta rs  i s
d i rec ted  a long the  cor respond ing  sys tem o f  con foca l  hyper -
bo las .  Accord ing ly ,  i f  in  the  d iagram rve  i rnag ine  the  dens i ty
o f  the  ae ther  to  decrease asympto t ica l l y  as  the  t rvo  s ta rs  a re
approached,  rve  sha l l  have no t  on ly  an  accura te  in rage o f  the
rvave f ield, but of that stress ofthe aether towards these centres
which  is  the  cause o f  g rav i ta t ion .  ' l he  ind iv ic lua l  ae therons
have a  mean ve loc i ty  z1  -  1 f  

2 r t l l :  47  r239 knrs  per  sccond,
ar-rd thus they l tress incessantly torvarcls the centres s,hcre thc
dens i ty  i s  s rn r l l ,  l ru t  thc  aurp l i tude  la rge .

6 .  I t  fo l lo rvs  there fore  tha t  the  or ig ina l  concept ions
otrt l ined sornervhat vaguely by Sir [saac Neulott in r 7 z r,  I tut
not heretofore considered susceptible of proof, are re al ly truc, ' ,
and norv establ ished rvith al l  the r igor that niay be clrari ,rr
from modern mathematical and pl iysical research. ' l ' l ie 

larv
o f  the  rvave ampl i tude about  any  cent re  o f  d is tu rbance adur i ts
o f  ver i f i ca t ion ;  and rve  know tha t  the  dens i ty  o f  the  mec. l ium
is arranged inversely as the anrpl i tude as the rvaves r.ececle
from that centre. And that such rvaves do recede fr-onr bodies
is  amply  shorvn  by  the  rvaves  o f  rnagnet ic  phenonrenu,  wh ich
fo l lo rv  laws o f  ampl i tude s imi l i r r  to  those o f  g rav i ta t ion .

( ; i i )  ' t ' ne  rvave- theor i ,  o f  acousr ic  x r r racr ion  and repu ls ion
shows tha t  in  the  ae ther  a lso  the  ae therons  are  so  d is t r i l rL r tcd
as  to  be  in  k ine t ic  c t lu i l ib r ium,  and thus  under  the  rap id
nrotions of the aetherons the aether is of clecreased density
betrveen trvo bodies.

. In the f i f th paper on the nerv theory of the aether
(AN 5 r 3o) rve have applied the wave-theory to acoustic irr trac-
t ion and repulsion, rvhich heretofore has not been satisfactori ly
explained. As sound is a s'ave phenomenon, and the velocit ies
of transmission in various media well  rrnclerstood, rve u,ere
enab led  to  s tudy  the  progress  o f  the  rvave- l ron t  in  a i r  and in
ba l loons  f i l l ed  rv i th  carbon d iox ide  and hydrogen rcspec t ive ly .

In  the  case o f  a  carbon d iox ide  ba l loon,  rve  found tha t
i f  the  waves  t rave l  th rough the  a i r  rv i th  the  ve loc i ty  r ,  the
speed th rough the  carbon d iox ide  rv i l l  be  o .78  on ly ;  anc l
therefore every phase of thc rvave reacltes the opyiosite side
of  the  ba l loon th rough the  a i r  in  advance o f  tha t  conr ins
direct ly through the bal loon. ' - [ 'he 

result is a series of a, jvance
nrolecular impulses on the elast ic men-rbrane consti tut ing the
rear  rva l l  o f  the  ba l loon.  ' l he  impu lses  genera te  s l igh t  osc i l -
lat ions in the whole bal loon by which a part of the surrounding
air thus agitated is transferred gradually to the rear side of
the  ba l loon.

As the density of the air is thus decreased on the side
nex t  to  the  source  o f  the  sound,  and cor respond ing ly  inc reased
on the  rear  s ide  o f  the  ba l loon,  the  k ine t ic  equ i l ib r iunr  o f  the
atrnospheric medium can otr ly be rnaintained when the bal loon
containing'CO2 tends to al lproach the source of the sound.
In other words, the air is rvorked out sonrervhat from betrveen
the sources of the sound and the bal loon, and tbrced in behind
the bal loon; so that we have what is cal led acoustic attract ion.

r 2 0

' I 'his 
explanation, tvi thout l larhematical formulae, is per-

fec t l y  s i rnp le  anc l  sa t is fac to ry ;  and rve  have a lso  t rea ted  by
the saure metl iocl,  of depict ing the progress of the rvave-front,
the inrl tulses rvhich cause repulsion rvhen the bal loon is f i l le<l
rvitb hy<1rogell .  In this latter case the sound rvave travels so
fast in hydrogen that i t  quickly turns i ts front, and reenters
the  a i r  on  the  s ide  nex t  to  the  sor l rce  o f  the  sound.  Thus
repulsior-r resLrits from accentuation of agitat ion, the wave
nro t ion  be ing  so  d i rec ted  tba t  the  a i r  i s  no t  decreased in
c las t i c  p ressure  on  the  s ide  nex t  to  the  source  o f  the  sounc l ,
b t r t  ac tua l l y  inc reased.  ' lhe  k ine t ic  equ i l ib r iunr  o f  the  a tmo-
s1 ;her ic  rned iun i  t l i us  rec iL r i res  tha t  the  ba l loon h l led  rv i th
hydroeen bc  repe l led  f rom the  source  o f  the  sound.

I z .  ' l ' l r e  ' l ' e n s i o n  
o f  t h e  A e t h e r  i s  a  t r I a x i r n u n r

a l o n g  t l i c  l { i { h t  L i n e  c o n n e c t i n g  t h e  S u n  a r r d  i r
I ) l a n c t ,  a n d  t h L r s  t l i c  \ \ 1 a v e - ' l ' h e o r y  c o n f o r m s  t o  t h e
N e r u l o n i a n  ' I ' h e o r 1 '  

o l -  a  C e n t r a l  l i o r c e  d i r e c t e d  t o  t h e
F o c u s  o f  t h e  C o r r i c  S e < : t i o n .

( i )  I t lax i rnunr  rva i ,e -ac t ion  in  s t ra igh t  l ines  connect ins
t l r e  b o d i e s  1 r ,  t n d  g .

I t  hus  long been remarked by '  eur inent  ph i losophers
t l )a t  t l te  ch ie [ '  fo rces  o f  na ture  ap l )ear  to  ac t  in  s t ra igh t  l ines ,
as  a long the  rad ius  vec tor  d rawn l rom the  cent re  o t '  a  p lanet
to  t l le  cc l l t re  o f  the  sun.  And the  ques t ion  n l t t r r r l l y  a r iscs
as  to  \vh) '  the  s t resses  in  the  ae ther  shou ld  l te  thus  exer ted .
\ \ 'e  s i ra l l  s l io rv  tha t  sur :h  rec t i l i near  ac t ion  in  n r in in rur l  pa t l t s
necessar i l l '  happcns  * 'hen rvaves  are  t ransnr i t ted  in  an  e las t i c
n ie t i iunr  l i ke  t l re  le ther .

I lu t  be fore  r lo rng  so  r i .e  sha l l  reca l l  f ronr  the  f i rs t  paper ,
AN 5o.1 .1 ,  p .  5  r ,  tha t  in  the  case o f  the  nroon revo lv ins  a l ;ou t
the  ear th ,  the  cent ra l  fo rce  re rqu i red  is  e t lu iva len t  to  the  l i r l l
b reak ing  s t rength  o f  5oooooooooooo cab les  o f  s tee l  one foo t
in  d iameter ,  t vhen the  s tee l  has  the  enorn tous  tenac i ty  o f
3o  tons  to  the  s ( luare  inch .  In  case o [  the  ear th  revo lv ing
about the sun, t l ie cnrvature of the ,orbit  requires ttre exert ion
of a central force equivalent to the ful l  breaking strengrh
of  a r r  r  r  - inch  cab le  o f  s tee l  o f  the  abo. r 'e  tenac i ty  on  each
s( luure  l i ro t  o f '  a  l renr ispher ica l  c ross  sec t ion  o f  the  ear th .' l ' hus  

to  ho ld  the  ear th  in  i t s  o rb i t  i t  rvou l t l  i re  necessary
a ln tos t  to  cover  the  i l l umina ted  hemisphere  rv i th  a  so l id  fo res t
o f  s tee l  cab les .

Norv  these s tu l )endous fo rces  are  sus ta incd  by  t i rc  e las t i c
med iurn  o f  t l i e  ae ther ,  and the  u tc re  contcnry r la t ion  o f  the
x l )ove  tens ion ,  tvh ich  nrus t  be  ba lancec l ,  sho* 's  the  a l rsurd i ty  o f
t l re  v ic rvs  o l '  l i i t t s t t t : t t  .nd  Dt .S / /a . t l r l t  >gr lv i r l , i s  no t  a  fo rce ,
b u t  a  l r r o l r e r t y  o f  s p e c e ( .  ( i \ I o n t h l y  N o t i c e s  7 6 ,  t g r 6 ,  p . 7 o z ) .
In  the  ac ther ,  however ,  the  s t resses  are  no t  con f ined to  thc
l la r row spaces  occu l t ied  by  the  above nau led  cab les  o f  s tee l ,
bu t  a re  genera l  th roughout  th is  med iurn ,  the  rvave n lo t ion
being directed from the atorns in the sun and the reaction
torvards the sun's centre.

It  fol lorvs fronr the kinetic theory of the aether that
each body carr ies i ts rvave-f ield with i t ,  without regard to
the wave-f ield carr ied by any other body. Accordingly, the
wave-f ields fronr the trvo bodies interpenetrate, irnd in the
i r r rangc l ) le l t t  o f  k inc t i c  e r l r r i l i b r ium,  the  ac ther  < lens i ty  thus
becorncs  a  rn iu imum in  the  r igh t  l ine  connect ing  the  two
bodies, rvhich is the direct ion of the stress observed in the
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.planetary forces. For we have seen that tou,ards either bocly
the  dens i ty  decreases ; .and a long the  shor tes t  pa th ,  o r  r igh t
l ine  connect ing  the  cent res  o I  the  bod ies ,  the  independcnt
thinning out due to the trvo rvave-f ields rvi l l  be a maxirrnrn.' I 'he 

density of tbe aether is therefore a minirnum alorrs the
l ine  S, / i  rvh ich  conncc ts  t i re  sun anc l  c : r r t l r .

We may look  a t  th is  p rob lem in  a  s l igh t ly  d i f f c ren t
rvay as fol lows: the rvaves from S tend to thin out the aether
to a degree 6 : t , t ' ,  at the distance r; the rvaves frorl  _6
on the  o ther  hand y ie ld  a  dens i ty  6 t  :  1 t t1 r  a t  the  d is tance
r' '  frorrr the centre of .E. \Vhcn the l ines r and / l ie in the
right l ine SE they represent the shortest possible corlnection
of  any  th i rd  po in t  rv i th  the  t rvo  ch ie f  bod ies  S and Z .

I-et us inragine a set of rotat ing axcs, as in the restr icted
prob le rn  o f  the  th ree  l rod ies  (Researches  on  the  evo lu t ion
o f t h e  s t e l l a r  s v s t e n r s ,  r ' o l .  z ,  r g r o ,  c h a p . 8 ) ;  t h e n  t h e  d i s t a n c e s
frorrr ci ther centre rvi l l  be, for rnotion in the plane ol r1,:

7 . -  - 1 / ( 5 2 - + J , 2 ) ;  
r , :  / l ( t -  r ) 2 - r J , 2 l  .  s : 7 . - r 7 . , .  ( Z , )

Ac<:ord ing ly ,

,  ,SI i2 - n2 : 72-t2r2 - 2r.r,  cos(r, r ,)  .  h.)
And nsing the above values lor r and / rve have:
6 :  y r :  t , y ' ( s 2 - + - ) ' t )  1 / : r y ' 7 ' :  y , V l ( : u -  , ) r - F J , t ]  ( 7 3 )

gz  :  (o f  v )2 -+( , t l t , ,1 t  -  z (o l t , )  (d lu , )  cos( , . ,  r , )  .  0  q )

Non '  rs  S-1 t  i s  a  s t ra ig l i t  l i ne  i t  i s  the  n t i t r in ru rn  pa th
between the  tn 'o  bod ies ,  an< l  b1 ' the  er lun t ion  ( l r ) t t . t "  n t i r r i r r tunr
density throushout crn bc fulf i l led only rvhen t l ie point y'( .r . ,-r ,)
l ies  on  the  l ine  SZ ' ,  so  tha t  the  doub le  in tegra l  i s  a  r r in in run t :

o f f ,

. f  P ,  t t  |  \ q  ,  
o ) ' t  d s d o ' :

:  dJ.l  do l(ol r)2 -r (d l  r ') '  -  z(ol u) (o' I  v,)cos(r.,  r. ,) l ' r ,  -
: o d J a o : o .  ( z S )

For g is knon'n to be the rtr inirnum path,

d s : r ) ( t . - + - / ) : s  ( z o )
and as  r t  and d  inc rease fo r : iny  depar tu re  o f  the  po in t  16 , : , )
from the rnininrunr path q corresponding to ds : o, i t  fol lou,s
f rom the  c r lua t ion  (75)  tha t  the  cond i t ion  o f  min i rnuur  fo r
the  doub le  in tesra l  i s

r f f ' , " f'o J J  d r d d :  q d J  d o :  o  ( l Z )

rvhich requires the point to l ie orr the l ine .tZ : Q.
' lhe  

ae ther  there fore  has  min i rnurn  dens i ty  a lone the
l ine  jo in ing  the  sun anc l  p lanet .  I t  i s  denser  on  e i ther  s ide
of  th is  l ine ,  because under  the  rvave ac t ions  o f  the  t rvo  ccn t res
the :retherons are rvorkcd out frorn betrveen thc lrocl ics, arrr l
i l r c rease the  pressure  or  s t ress  beyond thent ,  as  cor rec t ly  hc ld  in
the  E lec t rodynamic  r r 'ave- theory  o f  phys ica l  fo rces ,vo l .  r , rg r7 .

For two equal masses p, and p, we have the foregoing
figure for the equipotential surlaces:

6 ; :  1 t f  r_+1t , f  r ,  .  ,  (ZS)
And beneath i t ,  for. cornparison, rve have added, in f ig. zo,
plate r r,  the rvave-f ield for trvo equal stars, thus ntaldng a
doub le  p la te ,  as  exp la ined be low.  l ' he  tendency  to  fo rm an
hour-glass f igure, with symrnetr ical neck bettveen the equal
masses is due to the potential or average ampli tude of the
waves proceeding frorn either rnass. I f  the masses rvere uneqnal,
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p and F,', where p,'f l.r, may be any proper fraction whatever,
the  equat ion  o f  the  sur faces  rvou ld  be :

c i :  r f  r -+ (y t , f  1 t ) f  r , .  (zq)
And the  c losed sur lace  around the  smal le r  mass  \ \ ,ou ld  be
contracteci in proport ion to the size of the rtrass 10,/1a, brrt  other-
rvisc crluipotcntial surfaces rvould be of the sarne general type
as the above.

Figure zo therefore conveys a good inrpression of the
effect of the interpenetrat ion of the wave-f ields in decreasing
the  dens i ty  o f  the  ae ther  be t rveen the  masses ,  and increas in [
i t  beyond. \ \ /hereever the surlaces are close together therf
i s  rap id  cha-nge in  the  s t ress  or  dens i ty ;  and rvhere  they  are
far apart,  th'ere is l i t t le change . in the clensity. ' fhe 

ctrange
of  dens i ty  i s  thus  leas t  rap id  L re tn ,een the  bod ies  whe.e  ea ih
mass tends  to  expe l  some o f  tbe  ae therons .  The resu l t  i s
t remendous tens ion  a long the  l inc  1a  and 1r , ,  rv i th  inc rease o f
l)ressure rvhere the surfaces are clenser, beyond either mass.

Norv tension in the mediur.n bctrveen the bodies, and
increased pressure  beyond them is  exac t ly  the  mechan ica l
ac t ion  requ i red  to 'g ive  the  cent ra l  a t t rac t ion  fo r  ba lanc ing
the centr i f t tsal force of revolving bodies. The rvave-theory
thus  cor responds exac t ly  w i th  the  phcnomena o f  na tnre ,  anc l
i t  i s  in rposs ib le  to  doubt  the  ass igned cause o I  the  s tupendous
forces  rvh ich  ho ld  the  p lanets  in  the i r  o rb i ts .

' l ' hcse  fo rces  are  so  immense the t  no th ing  l ru t  a  r t rec l ium o f
enorn tous  e las t i r : i t t '  u 'oLr ld  be  ader lua te  to  sus ta in  the  re r l t r i red
s t r e s s ,  I l u t  s i n c e  t h e  a c t h e r  h a s  a n  e l a s t i c i t y  6 S g 3 z  r 6 o o o o o
t imes grea ter  than a i r  in  p ropor t ion  to  i t s  dens i ty ,  -  an
e las t ic i t y  a ln tos t  in f in i te  -  anq n)oreover  the  t r ip le  in tegra l
for the potential shorvs that thb stress increases direct ly as
the mass, we see that al l  required dynamical concl i t ions are
fulf i l led, and thLrs the rvave-theory assigns the true cause of
un iversa l  g rav i ta t ion .

( i i )  F ina l  re rnarks  on  the  new theory  o f  the  ae ther .
' I 'he .rvave-theory as developed in the nerv theory of the

aether  has  l reen found adequate  to  exp le in  a l l  the  fo rces
opera t ing  in  l . ta tu re .  t r lo re  s t ress  has  been la id  upon the  ex-
p lanat ion  o f  so lne  o f  these fo rces  than upon o thers ,  bu t  th is
is  on ly  by  rvay  o f  i l l umina t ine  the  su l iec ts  most  obscure
and Iteretofore very bervi ldering to geometers and natural
ph i losoph ers .

\\ /e need not here drvel l  on the theory of n.rolecular
fo rces  - -  sur face  tens ion ,  cap i l la r i t y ,  cohes ion ,  adhes ion ,  e tc .  -
because r r 'e  have sho l 'n  tha t  a l l  these y rhenomena depend on
rvave-ac t ion .  r \nd  rve  have even exp la ined the  tenac i ty  and
hardncss  o f  l roc l i cs  by  the  wtvc  s t rcsscs  in  the  sheath  o f
ae ther  a t  the  boundar ies  o f  bod ies .

In the sarne 1r 'ay chemical aff ini ty and vital forces,
depend ing  on  chemica l  p rocesses  in  connect ion  w i th  cap i l la r i t y ,
osmos is ,  e tc . ,  a re  na tura l l y  exp la ined by  wave-ac t ion .  The
rvave-t lreory is shown to be identical with Anplre's theory,
proposed about a century ago to account for magnetism, by
the  hypothes is  o f  e lementary  e lec t r i c  cur ren ts  c i rcu la t ing  ab6ut
t l re  a tonrs .

Norv rve see al l  atoms vibrat ing and emitt ing lvaves which
are { lat in the planes of their equators. And ad this simple
theory is useful in magnetism, so also in chemical phenomena
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of researches that this law of areas is a funclamental larv'of
nature. Not only is i t  veri f ied minuteiy in the morions of
the planets and satel l i tes of the solar system, .by the most
ref ined comparisons of theory with the most precise obser-
va t iona l  c r i te r ia  wh ich  the  s ta te  o f  modern  as t rono lny  a f fo rds ;
bu t  a lso  by  researches  on  the  orb i ts  o f  near ly  roo  v isua l
doub le  s ta rs ,  and on  the  mot ions  o f  an  even grea ter  nuurber
o f  spec t roscop ic  b inar ies .

4 .  For  n rore  than a  century  the  orb i ts  o f  doub le  s ta rs
just ly have been regarded as affording the clesirecl oir ject ir ,e
demonst ra t ion  o f  the  opera t ion  o f  the  la rv  o f  g rav i ta t ion  in
s iderea l  sys tems.  F lav ing  myse l f  ca lcu la ted  about  6o  or l ; i t s
o fknown doub le  s ta rs  and cornpared thc  resu l ts  o fs rav i ta t iona l
theory  w i th  observa t ion  over  long per iods  o f  t i rne ,  I  have,
no t  been ab le  to  de tec t  the  s rna l les t  dev ia t ion  f ronr  the
KQlcian law of areas or lhe Akruloian larv of attract ion
in the motions of these stel lar systerns.

5 .  In  two cases ,  indeed,  namely :  7o  Oph iuch i  and
{ Hercul is, there is some evidence of disturbance of the
tYcplcrian law of areas, as i f  due to a third body not yet
detected by telescopic obsen'at ion. Yet just as in the past
history of astronomy, rve had two analogons cases in the rvcl l
knorvn  d is tu rbed proper  mot ions  o I  S i r ius  and procy ,on ,  -
the companions of rvhich have since bccn discovcred by
Clarh and Sriacbtr l t ;  -  so also in this crse thc indication.s
po in t  to  the  t r iu r rph  o f  the  la rv  o f  Arcu , /on . ' I ' hus  t i rc  un i -
versa l i t y  o f  the  la rv  o f  g rav i ta t ion  cont inues  to  be  nr inu tc l r .
ver i f ied  by  the  most  re f ined researches  o f  modern  as t rononr r j .

6 .  In  more  than two centur ies  o f  the  nros t  reconr l i ie
researches  o f  as t ronomers  and geometers  no t  the  s i i ch tes t
doubt has arisen that gravitat ion is a central lorce accuratcly
directed to the centres of the revolving bodics. In the case
of  the  mot ion  o f  the  moon about  the  ear th ,  and o f  the  ear th
about the sun we have calculated the strength of the stupcndous
cables of steel that would be required to hold thesc lrodies
in  the i r  o rb i ts .  A l l  these ca lcu la t ions  are  eas i l y  ver i f ied .

7 .  The cause o f  un ivc rsa l  g rav i ta t ion  is  norv  c le f in i te ly
t raced to  wave-ac t ion  in  the  ae ther ,  rvh ich  is  68g32 r6ooooo
more  e las t i c  than a i r  in  p ropor t ion  to  i t s  dens i ty .  \ \ ravc-ac t ion
d i rec tcd  to  the  snn in  the  foc i  o f  the  con ic  sec t ions  dcscr i l rc r l
by  the  p lanets  and corne ts .  a lone rv i l l  exp la in  the  ccn t ra l
fo rces  wh ich  ho ld  these bod ies  in  the i r  o rb i i s .  And in  s te l la r
systems everywhere tve see the same rvave-action at l .ork to
fulfill l{e!/r's larv o[ areas and Ne uton's Iarv of force directed
to the foci of the el l ipses described by the stars. f 'hus rve
have 'developed a definite and absolute proof of the cause
of gravitat ion, rvhich is referreri  to waves in tbe aether,
travel ing rvith the velocity of l i$ht.

8. lVe have found that the geometrical theory of the
equipotential surfaces, about trvo attract ing masses, points
unmis takab ly  to  the  cause o f  g rav i ta t ion .  Vec tor  compos i t ion
for the forces observed to exist in the gravitat ional f ield about
two equal stars shorvs that the aether is under tension bet*.een
the bodies, and under increased pressure beyoncl thern. Nothing
but the rvave-theory, rvi th forces directed to the trvo centrei
occupied by the stars, wi l l  account for the observed form
of the equipotential surlaces as shorvn in f igure r5, l ,hich
original ly was drarvn by Thonson and Tait for their celebrated
Treatise on natural phi losophy, r873, yet unfortr lnately not
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uti l ized .by Marzuell  in his attempt to explain gravitat ionai
stresses (Treatise on electr ici ty and nragnetism, r g 7 3, chapter V,
s e c t i o n s  r o j - r r r ) .

g. As Maxutl /  was misled into the conception of pressure
in the direct ion of gravitat ional force, and tension 

"t 
. igt, t

angles thereto, instead of the reverse arrangement, the mathe_
n-rat ical theory of this subject was given an unfortunate start:
and the errors thus bceun have been handed dorvn by English
rr 'r i ters, and the rvhole scienti f ic world thus misled in a mitter
essent ia l l y  s i rnp le .  Nor  i s  the  d i f f i cLr l t y  d imin ished,  bu t  on
the  cont ra ry  no tah)y  inc rensed,  by  the  recent  exp)o i ta t ion  o f
the  theory  o f  re )a t i v i t y .  l )e rhaps  in  t i rnc  the  va i id  r i y ,namica l
theory  o f  the  l , r inc ip ia  rv i l l  asa in  rcs to re  l l r i t i sh  sc ience to
a posit iorr rvorthv of the countrv-l lcl t  ol  Areruton.

-  r .o .  ' l ' ha t  
g rav i t r t t ion  is  p ropasx ted  rv i th  the  I ,e loc i ty

o f  l igh t  i s  a  necessary  conscquence o f  th is  u ,ave- theory  o [
phys ica l  fo rccs .  Under  the  v is ion  o f  the  phys ica l  wor ld  thus
unfo ldec l  to  our  conternp la t ion ,  the  beauty  and order  o f  the
run iverse  appears  t ru ly  re rnarkab le ;  anc l  we see tha t  the  new
thcory  o f  the  ae ther  i s  a  necessary  pa th  o f  exp lo ra t ion  in
a t ta in ing  one o f  those surnmi ts  near  the  s ta rs .  Th is  sub l imest
por t ion  o f  hurnan knorv ledge s t i l l  i s  on ly  par t l y  exp lo red ,
bu t  jn  render ing  i t  rnore  access ib le  to  those rvho have long
adnr i red  the  rnarve lous  geonte t ry  o f  the  heavcns ,  .ve  have
lalrorcd to extcnd the researches of Sir Isaac tVut/ott .

r  r .  I t  is n'cl l  knorvn t |nt ). la,t- t t ' r / /  rvas thc f irst natural
ph i loso l ;her  to  a t t r i l )u te  phvs i r :a l  fo rccs  to  s t resses  in  t l re
aetherea l  n red iunr ,  bu t  as  he  hac l  no i  deye lopcd a  theorv  o f
s  ave-ac t ion ,  as  the  moc le  o f  p ropata t ion  fo r  these fo rces  l . ,e
le f t  the  or ig in  o f  the  ae ther  s t resses  r lu i te  obscure ,  as  l ve  see
by  the  c l i scuss ion  in  the  c los ing  sec t ion  o f  h is  ce lebra ted' f rea t ise  

on  e lec t r i c i t y  and magnet ism,  1873.
>We have seen that the mathematical expressions for

electrodynamic action led, in the mind of Gauss, to the con-
vict ion that a theory of the propa.qation of electr ic act ion
in  t in te  rvou ld  be  found to  be  the  very  keys tone o f  e lec t ro -
dynarn ics .  Norv  we are  r rnab lc  to  conce ive  o f  p ropagat ion
in  t in re ,  except  e i ther  as  the  f l ieh t  o f  a  mater ia l  subs tance
through space,  o r  as  the  propagat ion  o f  a  cond i t ion  o f  rno t ion
or  s t ress  in  a  med iur -n  a l ready  ex is t ing  in  space.  In  the  theory
of Aluatann, the mathematical conccption cal led potentiai,
rvhich we are unable to conceive as a material substance, is
supposed to be projected from one part icle to another, in
a  manner  rvh ich  is  q r r i te  independent  o [  a  med ium,  and rvh ich .
as  Ntunann has  h imse l f  po in ted  ou t ,  i s  ex t remely  d i f fe ren t
from that of the propagarion of l ight. In the theories of
Rienanrz and lJcl l i  i t  rvould appear that rhe action is supposed
to  be  propagated  in  a  manner  sor re rvhat  more  s imi la r  to
tha t  o f  l igh t .<

>But  in  a l l  o f  these theor ies  the  ques t ion  na tura l l y
occurs: I f  something is transmitted from one part icle to another
at a distance, what is i ts condit ion after i t  has left  the one
par t i c le  and be fore  i t  has  reached the  o ther i  I f th is  someth ing
is the potential energy of the trvo part icles, as in Artunannis
theory, horv are we to conceive this energy as exist ing in
a  po in t  o f  space,  co inc id ing  ne i ther  rv i th  the  one par t i c le '
nor rvi th the other? In fact, rvhenever energy is transmitted
frorn one body to another in t ime, there must be a medium
or substance in rvhich the energy exists after i t  leaves one
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body and before i t  reaches the other, for energy, 'as Torrir t l l t
remarked,  , i s  A  qu in tessence o f  so  subt i le  a  na ture  tha t  i t
cdnnot  be  conta ined in  any  vessg l  except  the  in r ros t  sub-
s tance o f  mater ia l  tb ings ' .  Hence a l l  t l resc  theor ies  lead to
the conception of a medinrr l  in rvbich the propagation tal ies
p lace ,  and i f  rve  admi t  th is  med ium as  an  hypotbes is ,  I  th ink
i t  ought  to  occupy  a  p rominent  p lace  in  our  invcs t iga t ions ,
and tba t  we ought  to  endear ,our  to  cons t ruc t  a  menta l  re -
presenta t ion  o f  a l l  the  c le ta i l s  o f  i t s  ac t ion ,  and th is  has
been nry  cons tan t  a jm in  th is  t rea t isc .<

rz. Accorcl ingly, ,41aru,t/ /  held t irat \ve ought to en-
deavour  to  cons tn l ( : t  u  menta l  representa t ion  o f '  a l l  thc  c le ta i l s
o f  the  ac t ion  o f  thc  ae ther ia l  u red iu rn  in  p roc luc ing  t i re  ch ic f
phenonrena o f  na turc .  In  thc  l i ) lec t roc lynuur ic  rvave- thcory  o f '
phys ica l  fb rces ,  deve loped by  the  rv r i te r  s ince  r9 r4 ,  u ,e  huve
at tenrp ted  to  cons tnrc t  th is  rcpresenta t ion ,  lb r  p iob le r t rs  l re rc -
to fo re  u t te r ly  berv i l t i c r ing  to  ph i losophers ,  and \ \ 'e  ve i r t r r r r :  to
hope,  w i th  no  incons ic le rab le  success .

Never the less ,  in  sJ r i te  o f  our  u t tnos t
unexpe c ted  i l l umina t ion  th rown upon so tne
prob lems o f  t ranscendenta l  phys ics ,  i t  i s  o f
that the nerv theory of tbc aether rernair.rs
s iderab le  degree incornp le te .

In  conc lus ion ,  i t  i s  a  g rea t  p leasure  to  recorc l  t l r c  s tea t i -
fas t  suppor t  len t  to  these researches  l ry  I \ l r s .5uz ' ,  anr i  [ ,1 '
I t I r .LV.  S .  Tran / t le  ,  rvho  have so  lya l l y  secondec l  our  bes t  e l ro r ts ,
rvh ich  on ly  too  o f ten  seente t l  l -eeb le  and unet lua l  to  so  t ia r ing
l rn  en tery r r i se .  I t  i s  on ly  by  depar t ing  f ronr  t l le  beatcn  pa ths ,
in  the  pursu i t  o f  a  va l id  theory  o f  the  lunr in i l ' e rous  ar rhcr ,
tha t  we hope to  f inc l  the  rvay  to rvards  l igh t ,  n to re  l igh t I
'  

In this sustained effort,  which has norv extended ovcr.
seven years, the author's labors often have beer-r rel ieved by
the  sympathet ic  recept ion  accorded the  resu l ts  by  severa l
bminent col leagues rvho have confiru'red the steps in this

.developnrent. Conrrnander Lconard M. Cot, Civi l  I ingineer,
U.S.N., Captain Edtuord L. /) toc/r,  U.S. N., Cor-umandant at
iVlare Island, and X,lr.  O//o uoir Gtl t funr, the enrincnt Civi l
Eng ineer ,  V ice-Pres ic len t  o f  the  Ca l i fonr ia  Acader t ry  o f  Sc icnce s ,
San Franc isco ,  have each shorvn  suc l t  c lear  g rasp  o f  the  neu,
po in ts  o f  v ie tv  as  the  rvork  a r lvanced,  tha t  i t  t ' ou l t l  be  d i l l l cu i t
to  over ra te  the  ex ten t  to  rvh ich  the i r  en l ieh tened in te r .es t  has
cont r ibu ted  to  the  f ina l  resu l ts .

S tar l igh t  on  Lout re ,  N lon tgornery  C i ty ,  M issour i ,  rgz  r  N Iay  6 .

r'. J. J.Src.

A d d i t i o n .  S i n c e  c o n c l u d i n g  t h e  a b o v e  d i s c u s s i o n
my a t ten t ion  has  been d i rec ted  to  a  paper  on  cer ta in  phys ica l
exper iments  descr ibed a t  the  C ' ienera l  n ree t ing  o f  t l re  Anrer ic i rn
Ph i losoph ica l  Soc ie ty ,  Ph i lade lph ia ,  Apr i l  r  9 -2  3 ,  |  9z  t  ,  by
Dr. Chas. -F. Bruslt  of Cleveland, in rvhich di l l 'erent gravitat ional
effects were found for dif t 'erent substances. Jinrs/ is carel ir l
measurements  a re  i l )  rnarked cont ras t  rv i th  those o f  I la ron
Eii fuAs of Budapest rvho found alnrost no variat ion of eff-ects
for dif l 'erent substances.

ln  th is  connect ion  I  ca l l  a t ten t ion  to  the  ex t raord inary
negative gravitat ional measurements made by lrrofessor J,-t .atcis
E. Mphcr of Washington University, St. Louis, abour rwo years
ago. From his careful experiments M1thcr concluded that the

grav i ta t iona l  p roper ty  o f  a  body  depends upon i t s  s ta te  o f
electr ic charge, and that up to the present t inre we knorv
nex t  to  no th ing  o f  the  po ten t ia l  o f  the  ear th 's  rnagnet ic  f ie ld .

I n  a  p o s t s c r i p t  t o  t b e ' f h i r d  p a p e r ,  ( A N  5 o 7 9 ,  p . 3 o r - z )
I have cl irected attention to Majorota's reuiarl iable exlterirnents
a t  

- l ' u r in ,  
r  q  r  g ,  shorv ing  loss  o f  g ra l i ta t iona l  porver  rvhen u

Lrocly is screened by a layer of rnercury.
' l ' he  th ree 'exyrer iments  here  c i ted  nray  be  in te rpre ted  in

the  l iuh t  o f  the  rvave- theory ,  bu t  I  cannot  see any  o ther  way
o l reconc i l ing  such unexpected  exper in ren ta l  resu l ts ,  t vh ich  run
cour ) te r  to  a l l  the  o lc l  theor ies ,  a r rd  ye t  u lus t  be  acknorv ledged
as l i r rn ish ing  proo l - . . tha t  g rav i ta t ion  is  a  p l ienourenon rvh ich
nxry  l re  cxper i r r le r \ t i i l l y  rnoc i i f ied ,  as  by  absorp t ion ,  ap l ra ren t ly
o [ - rvave-ac t ion ,  by  e lec t r i c  charges  or  o ther  ph1 's ica l  agenc ] , .

' r \ ccord i r rv ly 'a l l  t l rese  nerv  researches  conf i rn r  the  * .a r .e -
theor l '  exper i rnenta l l i '  and  o l ten  up  gra t ' i ta t ion  to  phys ica i
inves t iga t ion  and exy ter in ren ta t io r . r .  l l L r t  in  o rder  to  ob ta in
nerv  l igh t  on  t l t i s  d i l f i cu l t  sub jcc t  i t  i s  necessary  to  dev ise
ex t re r iu ren ts  r i ,h ich  are  conc lus ive .

r  .  J .  J .  Jcc.

I i i r s t  p o s t s c r i p t .  I n  o r d e r  t o  e s t a b l i s h  t h e  e r r o r  o f
: r  new theory  i t  o f ten  is  su f f i c ien t  to  sho lv  tha t  i t  con t rad ic ts
i l  l l l o re  genera l  and fundanrenta l  theory .  I t r  the  prcsent  case
r ic  sha l l  adopt  in  o rdcr  to  den ions t ra te  the  er ro r  o f  the
J ' . i t t s l t i t t  t l reor l '  thc  c ioc t r ine  o f  the  co l tserva t ion  o f  cnergy
as  t l ie  n ros t  gcncra l  anc l  l lnc lan ten ta l  l r r inc i l r le  o f  n rodern
l r h v s i c a l  s c i t n e e .

r .  l i . t cen t l i ' ,  i n  .A ,s t ron .  Nachr .  No.  5  t  r  5 ,  Dr .  Grossnann
of  I lun ich  hes  exrnr ined anerv  the  rvho le  ques t ion  o f  the
rnotion of the perihel ion of tr Iercury, according to Arctucottb's
work ,  and f inds  tha t  the  assumed va lue  o f  6A :  -+ .  41"  per
century  lb r  t l re  observed ou ts tand ing  d i l l ' e rence is  no t  jus t i f ied .
Cor rec t ing  the  resu l t  by  the  e(p ta t ions  fo r  the  mer id ian  ob-
serva t ions ,  the  prec is ion  o1 ' rvh ich  Ar tu tcoub d is t rus ted ,  and
br ing ine  h is  resu l t  in to  accord  rv i th  t l re  dc f in i t i ve  e lements
o f  t l r c  sun ,  by  ra is ing  i t  7 !  35 ,  Gross t t t t t r tn  conc ludes  tha t  the
obscrved ou ts tand ing  n to t ion  o f  I \ le rcury 's  pcr ihe l ion  l ies  be-
t *cen zg"  anc l  38 ' ,  anc l  t l tus  in  no  case wou ld  a t ta in  the
value of .{r" dernanded, by Einstein,

ln  h is  researches  on  the  observa t iona l  mater ia l ,  Dr .
Orassnann takes no account of the theoretical reduction, by
IJ'?htr 's l-arv, L'o :  +- t  4! ! ,  rvhich rvould make the out-
s tanc l ing  nro t ion  s t i l l  snra l le r ,  and nrore  ou t  o f  harn tony  rv i th
tbe ] i i t ts/t i t t  recluirernents. ' fhus 

rvhen tcsted by the best
avai lelr lc data lbr the nrotion of I \ lercury t l- te Einstcin-theory
docs  no t  sa t is ly  rnodern  as t ro r . ro t r r i ca l  observa t ions .

z .  In  the , ' I ' rea t ise  on  e lec t r i c i t y  anc l  u tagnet ism' ,  sec t ion
3 56, t l [arrut l /  has successful ly defended the val idit .y ol tr4/eber's
lau ' ,  o f  rvh ich  the  po ten t ia l  i s

f  -  t r2 n n' .  t  f r .  l r  - j  lc,)  (c lr lat)r \  . ( ' )
' I ' l re 

second term gives the ef l 'ect due to nrot ion in a
rvale-f ielcl ,  the u'ork of translbrnring the potential energy
chang ing  l i kc  the  k ine t ic  energy ,  rv i t i r  the  s ( luarc  o f  the
p lanet ' s  ve loc i ty  re la t i ve ly  to  the  sun.  U dr ld t :  o ,  as  in
circrr lar orbits, the Neulonian law fol lolvs; but rnore general ly
t l re  ve loc i ty  in  the  d i rec t ion  o f  the  rad ius  vec tor  d r /d t  y ie lds
a tenn for the effect of induction, and d2rfdtz gives the term

ellbrt,  tnd thc
o f  the  gre t tcs t
course  rea l i zcd
in  a  very  con-



fo r . the  change o f  th 'e  induc t ion ,  under  mot ion  in  the  wave-
f ield. ' fhus l [ /cber's ]aw is the fundamental law of nature,
and f rom ( r )  rve  have:

-f : _0Izf07 :
:,pz 27 ttt' . t f 12 . I r - ft I c,) (ar I at)z -r (z r f c2) d2 r f cl tr\ (")

For  i t ' i s  rve l l  known in  the  theory  o f  c r rc rg l ' ,  tha t  a
planet rnay nrove l iom perihel ion to aphelion, and vice versa,
yet the whole energy in the conservatir .e systent rcnrair.rs
abso lu te ly  cons tan t .  ' l hus  rve  a l rvays  have:

T - +  l / :  T - M n f  r :  C
or T-+ v:tf ,n [(O'/ar)z+- (a1,lat)rt-(aslar),)t-

- tlf n [(r - *')z -+ ( y - /)' -+ (t,- t')tl-' t" : C. ( 3)
As  the  sun moves,  as  rve l l  as  the  p lanet ,  rvhen the  rnass

of  the  p lanet  i s  sens ib le ,  we may rv r i te  the  nrore  gcncra l
express ion  fo r  the  k inc t i c  energy  o I  o rb i ta l  r ro t ion  about  thc
cent re  o f  g rav i ty  o f  the  sys ten t :

l lrM[nrlQlr-+n)]2 !)2-r1f ,tn I,lrrf (,lr+ rtr)1, ll, : r. (a)
In  equat ion  ( r )  the  negat ive  tc r rn  i s  thc  po tcn t ia l  cncrsy .

When k inc t i c  energy  changes,  in  a  rvay  depend ing  on  22 ,
a  cor respond ing  chanse must  occur  in  (  the  po ten t ia l  cncrgy ,
o therw ise  the  sum o f  t l re  t t vo  energ ies  cou ld  no t  re  ma in  cons tan t .

r .  
' I ' he  fo l lo l ' i ng  d iagran t  reprcsents  the  energy  chanses

in  the  p lanetary  mot ion ,  subs tan t ia l l y  as  s iven  by  Pro fcssor
I {und l ,  in  h is  lec tu res  on  phys ics  a t  the  un ivers i ty  o f  l l c r l in ,
according lo IJr lnhol/z's doctr ine of thc conscrvation of
e n e r g y ,  r 8 4 7 .

b T . - t

\ r , . , ^1417

Fig. a.
We see by  th is  d iagrarn  tha t  the  t ime f lows on  cont inuous ly

as  the  p lanet  osc i l la tes  I rom per ihe l ion  to  aphe l ion ,  and the
curve  ex tends  a long the  ax is  ( t ) .  t

I \{eanrvhi le tvhen the potential energy is a maxir.nurn at
aphelion, l / '  :  l /1 ,1 I / ,  the kinetic energy is a mini lrum,
7-'  :  7'-  /  Z, because .4T is negative rt  aphelion, ancl
numer ica l l y  jus t  equa l  to  / l  I / ,  rvh ich  is  then pos i t i ve ,  as
shorvn  in  the  d iagrarn .

At  per ihe l ion ,  on  tbe  o ther  hand,  the  k ine t ic  energy  is
a  rnax imum,  the  po ten t ia l  energv  a  rn in imunr ,  fo r  cor respond ing
reasons.  ' fhe  

d iagram,  w i th  . t rvo  superposed s ine  c l l rves ,
7l f  -  r(sin @, and , l  I /  :  K sin(O-+n), everyrvhere exactly
neutral izing each other, because dif fering in phase by rr: ,  rvi l l
therefore correctly represent the osci l lat ions of kinetic ancl
po ten t ia l  energy  in  p lanetary  n ro t ion ,  under  a  conserva t ive
sys tem,  f ree  f rom co l l i s ions .

1 3 0

4. Returning nolv to lhe Gerber forrnula, in comparison
rvith the Ll/ t fur formula, for the potential,  ,"e perceive that
lhe l l l r l t tr  formula is correct, rvhi le the Ger.bcr forn-rula is
incor rec t .  In  the  work  o f  t rans forna t ion  the  po ten t ia l  energy
changes l i ke  thc  k ine t ic  energy ,  rv i th  the  square  o f the  p lane i ' s
ve loc i ty ,  re la t i ve ly  to  the  sun.  Un less  rve  adrn i t  th is  to  be
trt le \1'e have to denl '  16" conservation o[ energy; for no
othcr  resu l t  i s  poss ib le  by  the  6rs t  e r lua t ion  o f  (3 ) .

.Accorc l ing ly ,  the  fo rnrn la  fo r  the  po ten t ia l ,  under
II-rltttls latt,

I /  -  2 z n u / ' ( t l r ) f t - ( r l c r ) ( a r l a t ) r ]  ( s )
i s  va l id  and un t len iab ly  admiss i l ; le .  On the  o t l re r  hanc l ,
Gerbn)s formnla for the potential

v : (, tr lr) { ,  / [  ,  - (t  lc) (arlat)1,] (o I
i s  inva l id  and rvho l l y  , inadmiss ib le ,  because i t  v io la tes  the
pr inc ip le  o f  the  conserva t ion  o f  energ1, .

' I 'he 
Grrber formula being thus inadrnissible, Einslcit t 's

thcory ,  bu i l t  upon i t ,  necessar i l y  fa l l s  to  the  erounr l .  Thus
j t  i s  c lehn i te ly  d isproved,  and can no  longer  be  main ta ined
b1' those rvho adnrit  the conservation of energy.

5 .  l f  u ,e  scck  to  inqn i re  in to  the  na ture  o f the  wave-
f ie lc ls  a l tou t  t rvo  a t t rac t ing  bod ies ,  rve  sha l l  need to  have

r 2 9 5  I 4 0

recourse  to  the  d iscuss ion  in  par t  I I  o f  thc  s i . r th  paper  on
the  Nerv  ' l ' heory  

o f  the  Aether ,  rvhere  the  l .ho le  p rob lem
rs  t rea tec l  in  sonre  c le ta i l ,  and  i l lL rs t ra te t l  b1 ,  hgures  showing
the  tens ion  be t r rcen the  n tasses  anc l  . inc rease o f  p ressure

' )  Since f in ishing the s ixth paper,
send powerful rvave rlisturbances to the earth,
in the earth's s'avc-fieltl.

bcyond thenr .  ' l ' h is  a rgument  i s  es tab l i shed b !  ner :essary
anc l  su f f i c ien t  cond i t ions .  Such uave- f ie lds  l )  and no th ing
e lse  w i l l  cxp la in  the  s t ra ig l r t  l i ne  ac t ion  o f  the  fo rces
whic t r  govern  the  mot ions  o I  the  p lanets  in  the i r  o rb i ts .

I t  i s  need less  to  po in t  ou t  tha t  as  the  ae ther  i s
a  k ine t ic  med ium,  the  phys ica l  bas is  o f  a l l  fo rces ,  and
noth ing  f iner  under l ies  i t ,  i t  i s  the  source  anc i  u l t imate
reservo i r  o f  a l l  energy .  F lence lvc  see the  phys ica l  bas is
o f  the  conserva t ion  o l  energy .  ' I ' he  

k ine t ic  theory  o f
the  ae ther  thus  lcads  to  the  conserva t ion  o f  energy ,
anc l  any  resu l t  in  v io la t ion  o f  th is  g rea t  p r inc ip le  must

+-  be  unreservec l )y  re jec ted .  . , \ ccord ing ly  we have a  de6n i te
rle nronstrat ion of the erroneorls character of the Einstein

theory.

r g z r  O c t . 2 8 . 7'. J. J. Scc.

S e c o n d  P o s t s c r i p t .  S i n c e  f i n i s h i n g  t h e  b o d y  o f  t h i s
paper, in NIay, I  have been impressecl rvi th the dc,sirabi l i ty
o f  ob ta in ing  add i t iona l  l igh t  on  the  fo rces  rvh ich  sus ta in  the
cqu i l ib r iunr  o f  the  rno lecu les  o f  an  e las t i c  so l id .  Here to fo re
th is  p rob lem has  no t  o f fe red  to  inves t iga tors  any  very  acces-
s ib le  po in t  o f  a t tack .  On l )ecember  ro ,  ho tvever ,  i t  occur red
to  n re  horv  th is  p rob lem cou ld  be  so lved,  by  a  n re thod o f
the  reqr i red  mathemat ica l r igor ,  rvh ich  a t  the  same t ime conforms
to  the  present  s ta te  o f  our  knowledge o f  exper imenta l  phys ics .

F lence rve  add a  br ie f  ou t l ine  o f  th is  new method in
the hope that i t  rvi l l  be of interest to the readers of this
series of papers on the nerv theory of the aether.

Ry rvay of extending the argument given in the f i f th

and most abundant observat ional  proof  that  mass lnovements in the sur i  do
inr luct ions thus produce the aurorac,  earth currents and s imi lar  d isturbances

I  have ob ta ined ncrv
and by  ihe  resu l t ing
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persion of these incident rvaves, {r (d), i t  appears that fronr
the action of diarnond on l ight this effect must depend mainly
on t l ie r igidity or hardness, and thus on sonle, function of
the  rad ius  o f  a tomic  ac t ion ,  tDr ( r )  :  u .

4. The crystal l ine arrangement lrnd the forces involved
in giving compactness to atorns cornbined in a rvay tO be
most effect ive, depend also on the atonric distances, or radi i
o f  mo lecu la r  ac t i v i t y ,  and hence on  some fnnc t ion  o f  the
disrarrce Q), l t ' )  -  u,.

5 .  The porver  o f  re f lec t ion  o f  waves  depends on  the
srnoothness  and r ig id i ty  o f  the  re f lec t ing  mass ,  and thus  on
the atomic distances and the forces by rvhich the structure
is  rendered r ig id  and i rnpenet rab le  to  the  wave ag i ta t ion .  \ \ ' e
rnay  take  th is  unknorvn  func t ion  as  ( )5 ( r ' ) :  y ' .

6 .  Accord ing ly ,  i t  appears  th l t  the  f i rs t  f i ve  e lenren ts
o 1 ' t h e  i n t e g r a l  f o r  J J ,  i n  e r l u a t i o n  ( r o 8 )  o f  t h e  f i l i h  p a p e r ,
o r  e t lua t ion  (7 )  above,  reduce to

l r )
r  o .  In  r  E66 ,1 . [o . tuc l l  conc luded f ron i  cer ta in  researchcs

j  i n  t h c  d y n a u r i c r l  t h e o r y  o f  g a s e s ,  ( S c i e n t i f r c  P a p e r s  2 . 3 z ) ,
tha t  in  the  co l l i s ions  o f  r -uo lecu les  the  n to lecu la r  f i ; rces ,  a t
very  shor t  range o f  ac t ion ,  a re  repu ls ive ,  anc l  vary  inverse ly
as  t l rc  5 t r '  y to rver  o f  the  d is tance,  f  :  p , f  r5 .  In  the  present
rv r i t c r ' s  researches  on  the  phys ica l  cons t i tu t ion  o f  the  sun
a n d  p l a n e t s ,  ( A N  3 9 9 e ,  4 o S 3 , 4 t o 4 , 4 t 5 z ) ,  i t  i s  s h o w n  t h a t

i n t e r i o r  o f  t h e  l r e a v e n l y  b o d i e s .
r  r .  ln  spet rk ing  o f  the  c f fec t  o f  inc reas ing  teur l )e ra tu re

{ prp.r,  AN 5 r3o, p. 330, and in the sixth paper above, equation
(7  ) ,  * "  no t ice  :

r .  The re f rac t i ve  ac t ion  (z r2-  r )  depends on  the  dens i ty
of the sol id o, and the changing rvave-length 1,, and thus or.r
sorne unknown function n (ol l) .  But in a f ixed ruass the
density varies inversely as the cube of the distance of the
molecules, as in the formula for a sphere:

i l - a f , r n o r r  6 - 3 f  n m f n t ' s :  C l r t .  ( " )

Hence we may take rr (ol l)  as a function of the rnolecular
distance rDy(r) :  Cf rs :  zr.

z .  As  regards  the  v io lence o f  the  incessant  bend ing  o f
the  wave- f ron t ,  fo r  rvaves  coming f rom a l l  d i rec t ions ,  y , (d ) ,
we notice that this effect l ikewise is a function of the density' ,
and o f  the  e las t i c i t y  o r  r ig id i ty ,  and thus  o f  the  a tonr ic  d is -
tances  r ;  ye t  as  rve  do  no t  know the  na ture  o f th is  depenc lence
we s i r r rp ly  wr i te  fo r  E( f i )  a "  unknown func t ion  4 t " ( r ) :  y .

3 .  In  re fe rence to  the  v io lence o f  the  incessant  c l i s -

7 .  To  e f fec t  t l re  requ i red  qu in tup le  in tegra t ion  rve  shou lc l
have to  der ive  success ive ly  d2U,  dzL I ,  d tL r ,  d5 t r ;  and i f  the
last function, or any one of them, rvas knorvn, rve could the n,
by the reverse process of integration, calculate 7, and frnal ly
!).  Unfortunately the f ini te expressions of these successir,e
d i f fe ren t ia ls  a re  qu i te  unknorvn ;  and thus  i t  i s  use less  to
develop these dif ferential coeff icients.

Apparent ly  the  on ly  way we can a t tack  th is  p rob lem

dynamica l  theory  o f  gases .
' I ' h is  happens to  y ie ld  an  in tegra l  express ion ,  the  la* ,

( " ' - ' ) r c ( o l l ) y @ ) 1 p ( 6 ) x Q ) 6 ( g . e - " ) :  ( D , ( r ) . t p , ( r ) - a t , ( , . ) . a t r Q . ) . r D t ? ) : u . u . 1 0 . , , ' . y ' :  ( , r .
' l l re  par t ia l  d i f ferent ia t ion oI  th is  l i rnct ion of  l lve val i lb les re]at ive to the three coordinates ( r ,  ) , ,  t )'  

d  t t :  (0 t / f7u.0ufh-+ 0Ul1u.Ar13. t - r0L/ i? , , , '? t t ,  ? t+-A(. ' ,? t / .?u ' f0r- r0UfDu' .0u ' f?r)dr
+(A UlAu.0uf  A1,- t0 Uf  Au.0ulA,y-r -D 1 ' f  D p, .A u, ' [ :_y -+D L- ,?/  .? /  i? . t , -+0 u l0u '  .? t  f  A1,)  d1,
- r (?u l1u '0u f0z -+D( l i ? r . 0 , ,  0 : -+aUf0u .D t t , , t ? : -+ -OL ' , t ? , , ' . ?u ' i c r t -OU lAu"? t / fAz )d t .

F)
y i e l d s :

gases  and so l ids  a re  c lose ly  re la ted ,  th rougb in te rna l  heat
successful ly is to deduce the function U, for the action of I  developing high elast ici ty and great effect ive r igidity, under
the molecular {orces, direct frorn the data sLrppl ied by the I the enornious l)ressure to whicl i  nratter is slbiected in the

oI  mo lecu ia r  rep t r l s ion  be ing  sens ib lv  - f  :  p / r '5 ,  and hence as  te  descend in to  the  sun 's  iq te r io r ,  Nc tuco ln l ,  long  ag<,
we have a  tang ib le  mode o f  appro . rch ;  and fo l tunate ly  t l re  I  remarked ( l lnc1 'c l .Amcr . ,  a r t i c leSr . ln ,  r9o4)  tha t t rvooppos i te ly
theore t ica lconc lus ionsarecon6rmedbyexper in ren ts , rvh ich  are  I  d i rcc ted  and vcry  porver fu l  lb rces  rvere  a t  rvork :  >an incon-
adopted  by  the  bes t  au thor i t ies  in  the  dynamica l  theory  o f  gases .  I  ce ivab le  c iegree  o f  heat ,  such thn t  were  rna t te r  exposed to

B.  Accord ing ly ,  our  n rode o f  in tegra t ion  reduces  to  I  i t  on  the  sur lace  o f  the  ear th ,  i t  rvou ld  exp lode w i th  a  v io lencc
t ' o P t ' o  '  f '  

r , 1 \  |  t o  w h i c h  n o r l t i n g  w i t h i n  o u r  e x p e r i e u c e  c a n  b e  c o r n p a r e d < ;_ ( . 1  :  
J J J J J -  d " U d r d . r d . r d r d r  

)  
a l < : t ) d t o  \ , /  |  ^ - r  ^ _  + L ^  ̂ ) L ^ -  L  . - r  r L  -  ,  -

, , t  _ r  t ,  
d  " ' ' ' I a n d o n t h e o t h e r h a n d t h e t r e n r e n d o u s p r e s s u r e d u e t o t h e

:  u  )Eu\a)ua  ( r )  
]  super incumbent  layers ,  con f in ing  the  nra t te r  rvh ich  o therw ise

- - t z , ^  , ^  L . , ^ , , t . l  ^ . , , , , , . - , r  . , , : , L  , . . . . . . ^ - . r ^ - - ^  - - -  r -  :  -:  u J\cetou.du1-o6ldy.du-r0ef},y, .du,-+0ef0u,.d/ I  l f . . '1.1-:" l r : l^1,: i :1, : j1r. t le1clou; 
c l l losive,r iolence. orving ro

-+Ar ' f  ar ,  .du,- r1 ie l0 . , .dut l  ( ( )  i  
,h"  h igh ef fect ive r ig id i ty  acquired 

-by cont ined.gaseous n)at ter
-  r r  f  s .  -  r r -  ) : i  |  

- -  the  sun hav ing  an  average e f t -ec t i ve  r ig id i ty  f ro rn  zooo-  u  
) u .  

-  u t  t r .  l\ ' / /  
]  to  6ooo t i rues  th r t  o f  n icke l -s tee l ,  -  u 'e  have a  va l id  po in t

where  r :68932 r6ooooo the  a tnount  by  rvh ich  the  e las t i c i t y  j  o f  a t tack  lo r  so l ids ,  as  rve  sha l l  now proceed to  sho '  i r r
o f the  re ther  exceeds tha t  o f the  a i r  in  p ropor t ion  to  i t s  dens i ty .  I  sonre  de ta i l .

9. I t  rvi l l  be shown below how t l ie function [/ ' for thc I tz. I t  rvas long ago recognizecl by Mossott i ,  (Sur les
f irst f ive integrations may be obtained, in the integrr l  fornr, I  forccs r lui rdgisscnt la consti tut ion interiegre des corps, Turin,
cor respor . rd ing  to  the  repu ls ive  fo rces  ac tua l l y  observed in  the  I  r836)  tha t  a t  sn ia l l  d is tances  ths  repu ls ivs  fo rccs  become
theory of gases f:  plru, and the terrns giving attract ion ] ntor" porverful than the attract ive forces. Helce, in order
at greater distances rnay be added, ' I 'he sixth integral,  for i to deal satisfactori ly with rnir lecular forces, rve nusr have a
the central pressure due to the integration for the stearJy I function cornposed of several terms rvhic6 becorpes lcgative
ac t ion  o f  the  enc los ing  sheath  o f  par t ia l l y  d is rup ted  rva ' t 'es  i  a t  vc ry  s r la l l  d is tances ,  pos i t i ve  a t  g rea ter  c l i s ta 'ccs ,  -  a l l
o f  the  ae ther ,  leads  to  the  e las t i c  cons tan t  o f  t l re  ae ther ,  i  the  d is tances  renra in ing  i r la l l .  abso lu" r te ly ,  about  the  order  o f
and thus presents no dif f iculty. I  rvavc-lengths of l ight. ' l ihis function, rvhei integrated relat ively
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to the distances, should bring into play both attract ive ancl
repulsive forces, mutnal ly balancing each other, and thns
y ie ld ing  the  r ig id i ty  no t iced  in  an  e las t i c  so l id .

'  r : .  We there fore  take  the  molecu la r  fo rces . to  be  re
presentcd by a potential of the forrn:

U/ : l(n-r)z- t lrr l i i  .
Hence a t  such 'snra l l  d is tances  the  fo rces  become

-f : 0142f 07 - lr_ n_r f f)ii

(s)

( , )
- Lr4-h rl-rn];i :
: l(r -- r) (, - rr) {[r - (a -r ; b)] [, - (" - i tl]ilf, . Q)

r4 .  We are  concerned on ly  rv i th  very  smal l  d is tances ,
and therefore tve introduce the condit ion that rvhen 7:7'r. :) . ,

Jf 
-  o; then we have to investigate the biquadratic betrveen

the distances t1 to r4i 
r .a - / t  rs-+ h --

-  ( r ' -4 )V- , r )  { l r - - (a -+ i  b ) l [ r - (a - ib ) ] ]  :  
"  .  

( r " )
I [  any  o f  the  roo ts  a re  rea l ,  rvh ich  rve  here  assume,  i t

can  be  shown tha t  the  equat ion  has  t rvo  rea l  roo ts ,  nanre ly ,  r i ,
a .  max imunr ,  a t  u ,h ich  the  a t t rac t i ve  fo rces  van ish ,  i f  -  o ,  tnd
r i  a  smal le r  va lue  a t  l vh ich  the  a t t rac t i ve  fo rces  are  a  n rax in rum,
as  shown by  the  fo l lo rv ing  d iagranr .  The cons tan t  /  i s  to  bc
so ad jus ted  tha t  11  fa l l s  on  the  ax is  ( r )  mak ing , / :  o .  ' l ' hc

condit ion for these ttvo roots is the maximunt and minintunr
o f  the  po ten t ia l  I I t  in  (0 ) ,  0 f f l l r :  o ,  as  in  equat ion  ( i " ) .

I , ' i g .  a .  I l l r rs t ra t ion  o f  the  c t r rvc  o f  mo lecr r la r  fo rccs  f i  I f , l? r :1 ,
the  r rnessent ia l  par ts .  ou ts i r l c  thc  l in r i t s  r . ,  r . ,  bc ing
ind ica tc< l  by  po in te r l  l i nes .

r 5 .  A s  a  s o l i d  b o c l y  i s  t h e  r e s u l t  o f  t h c  c c r u i l i l ) r i u m
establ ished between attract ive and rel lr lsivc forccs, rvc lurvt_.
to  ge t  the  e f l 'ec t  o f  these equ i l ib r i i ted  fo rces  l ry  in tcc r r t in r l
the  equat ion  ( r . )  be t rvcen 1 ; roper  l in r i t s :

Ir l l

_f, : [ 0 fff|r. ctr.-r-6 : 
! t o - t, rt -+I) clt.-rl : o . (lr)

7 ' l

' I ' he  
na ture  o I  th is  in tegra t ion  is  ind ica ted  by  the  above f ie .  n .

r6 .  ' l h is  
equat ion  (1a)  conta ins  the  rvho le  theory  o I  t l r c

equ i l ib ra ted  fo rces  in  a  so l id  body .  ' fhe  in teera l  i s
, ' l

/" : 
I D fizf\r. dr -r c - lr I 615 - | f nh rt -+- /t r]i i+, : o (,,)

rvhich is an equatiorl  o[ the f i t th degree in z-, the variable
distance over rvhich the nrolecular forces act.

4o r 3 +

Thb nature of the curve to be integrated in f ig. a depends
on the value of Z, a coeff icient of hardness or r igidi iy. I f
this constant , /z is small ,  but not below a certain l imit Zs,
cor respond ing  to  f lu id i ty ,  the  body  w i l l  have s l igh t  tenac i ty ,
and tend to crunrble, l ike stone, chalk or similar substances.
If  belorv /0, the body is f luid, and not sol id at al l .

As Z increases above hs, we get a series of bodies of
inc reas ing  hardness ,  as  shown in  F ig .  b .

Fig. b.

r7 .  In  h is  ce lebra ted  memoi r  on  the  dynamica l  theorv
o f  gases ,  r866,  (Sc ien t .  l ,ap .  2 .32)  - l l fa ru r l /  remarks  tha t  the
coeff icient of r igicl i ty :  j t ,  the pressure. I Ie designates the
c las t ic i t y  by  / .  anc l  thc  dens i t l '  by  o .

> ' l ' h is  r ig i r l i t v ,  ho* .s1 's1 ,  cannot  be  d i rec t l y  observed,
because the  rno lecu les  cont inua l l y  de f lec t  each o ther  f rom
the i r  rec t i l i near  courses ,  and so  cqua l iz -e  the  pressure  in  a l l
d i rcc t ions .  ' l ' he  

ra te  a t  l r 'h ich  th is  e r lua l i za t ion  takes  p lace  is
grea t ,  l ru t  no t  in f in i te ;  and there fore  there  remains  a  cer ta in
incr lua l i t y  o f  y t rcssure  s  h ich  cons t i tu tcs  the  phenomcnon o f
v is< :os i ty .  <

> l  havc  founr i  bv  exper in rcn t  tha t  the  coc f f i c ien t  o f
v iscos i ty  in  a  q iven gas  is  indepenc len t  o f  thc  c lens i ty ,  anc i
p ropor t iona l  to  thc  a l rso lu te  ten ip 'e ra tu re ,  so  tha t  i f  l lT  l te
thc  v iscos i tv ,  | i ' 1 " - r ,p f  o .<

<Ilnt . /1 :  1, t i rerefore ,?],  thc t in-re of rclaxation, varies
inverse ly  as  the  c lens i ty  and is  independent  o f the  te r rpera ture .
F lence the  numl rc r  o f  co l l i s ions  produc ine  a  s iven  de f lec t ion
ivh ich  takc  p l r rce  in  un i t  o f  t i rne  is  indepcndent  o f  the  tempe-
r i r tu le ,  tha t .  i s ,  o f  the  ve loc i ty  o f  the  r -no lecu les ,  and is  p ro-
por t iona l  to  the  nuntber  o f  mo lecu les  in  un i t  o f  vo lume.  I f
\ re  s r lppose the  n to lecr r les  hard  e las t i c  bod ies ,  the  number  o f
co l l i s ions  o f  a  g iven k ind  rv i l l  be  propor t iona l  to  the  ve loc i ty ,
but i f  rve suppose thcm ccntres of force, the angle of deflect ion
rv i l l  be  smal le r  rvhen the  ve loc i ty  i s  g rea ter ;  and i f  the  fo rce
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is inversely as the f i f th power of the distance, the
of deflect ions of a given kind wil l  be independent
velocity. Hence I have adopted this law in making
culat ions. c

nunrber
of  the

my cal -

r8 ,  The prob lem o f  a t t rac t i ve  and repu ls ive  fo rces  has
been ably discussed by .Boltznanz (Vorlesungen t iber Gas-
Theor ie ,  r896,  p .  r6o- r6 r ) ,  l vho  concurs  in  Mct r rue l l ' s
reasoning. ,Boltzatann f inds his equations rnuch simpli f ied by
taking rz :  4, and then the repulsion betrveen trvo nrolecules

i f  :1Sf  vn l ' ,  becomes o f  the  inverse  5 th  power .  He adds  tha t
his law appears to hold accurately for cornpound gases, (rvirter
vapor, E2O, carbonic acid, CO), but not so satisfactori ly for
cornmon gases  (oxygen,  hydrogen,  n i t rogen) .  Exper ience is
too  l i rn i ted ,  he  th inks ,  to  n rake  known the  exac t  Ia rv  in
most  cases .

>Wir  s ind  daher  we i t  en t fe rn t ,  behaupten  zu  rvo l len ,
da0 sich die Gasmoleki. i le wirkl ich wie I\{assenpur1kte ver-
halten, zrvischen denen eine der f i iuften Potenz der l intfbrnung
verkehr t  p ropor t iona le  Abs to0ung rv i rksam is t .  l )a  e  s  s ich  h ie  r '
aber  b lo8  um e in  mechan isches  Mode l l  hande l t ,  so  nehnren
rvi l  jerres zuerst von Matrut l l  eingefi- ihrte WirkunesgesetL rn,
f[ i r  welches die l{echnung am einfachsten ist.(

Jn  a  foo tno te  he  adds :

>Auch d ie  Annahme e iner  der  f t in f ten  l )o tcnz  c lc r  l , ln t -
fe rnung l ) ro l )o r t ionx le  n  Anz iehung ges ta t te t  c ine  : i .hn l i che  Yer -
e in fachung der  l {echnung (vg l .  \V ien .  S i tzungsber .  89 .7  r .1 ,  \ ta i
r88a) .  Doch muB ur ln  dann annehr - r rcn ,  da{ }  l i i r  En t tc rnungcn,
d i e  n o c h  k l e i n  g e g c n  d i e  I ) i s t a n z  s i n d ,  l r e i  d e r  s c h o n  s t a r k e
Wirkung s ta t t6nCet ,  d ie  I ( ra f t  e in  anderes  ( lese tz  be l 'o lg t ,
nach rve lchenr  d ie  . ' \nz iehung enc l l i ch  b le ib t  oder  in  r \ l r s to f ]uns
i ibergeht ,  rve i l  sons t  d ie  t r {o lek i i le  be im Zusrnrurens toB s ich
n ich t  rnehr  in  end l i cher  Ze i t  t rennen.  Im ' lex te  

rvo l len  iv i r
jedoch irnmer eine der f t inften Potenz verkehrt l)roport ionale
AbstoBung annehmen.  >

'I 'he latest researches bv C/mfuon utd Jrans ( l)yrrenri , 'ul
theory  o fgases ,  rg  r  6 ,  1 t .  235-227,  256)  leave the  conc lus ions
ol .4/aruc// and J.io//zuatzz urrchangeci, nanrely, in nroleculirr
co l l i s ion  the  repu)s ive  fo rce  is  - f  :  F l r t .  \Ve  are  thcre l i r re
jus t i f ied  in  ho ld ing  tha t  the  wave- theory  g ives  l i se  to  bo th
a t t rac t i ve  and repu ls ive  fo rces ,  rvh ich  are  in te l l ig i i r l y  un i ted
in to  a  cont inuous  rnode o f  ac t ion  on lv  l rv  e  l i rnc t ion  o f  t l re
k ind  dea l t  rv i th  above

By means o f  the  above func t ion ,  however ,  rve  have an
forces. I t  acceunts for sol ids ofadequate  theory  o f  no lecu la r

various degrees of hardness,
relat ing to molecular act ion

rv i th  the  o ther  phys ica l  p roper t ies
and stmctnre.

.  r9 .  In  the  above equat ion  ( r )  we r ) tay  d iv ide  th rough
by z5  and ob ta in

l l fs- ' l r / ' fr-+tfr4-rcfrs); i :  ".  
( i)

Now the arguments put forth by Moxrutll, Boltznatn, Jeaas,
and others that for gases the repulsive forces, when the
molecules are in col l is ion, vary as 1o/r5, would lead us to
select the .term cfrs as that rvhich becomes very large when

ing  re la t i ve ly  insens ib le
rould also becorne

i!'rr--ftrud7.
depend ing  on  the
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In order to perceive why there is both attract ion and
repu ls ion , .  rve  d iv ide  \v )  by  r r  on ly ,  and then we have:

I t lur ' - r f  nhr-+kf r2-rcf  i ) i i :  
"  

.  (o)
' l l r i s func t ion  ispos i t i ve  be t rveen "1aod13,  b r . r t  negat ive  be tween
r3 and /r4, ?s we see by the form of the curve in Fig. a.

' fhe  las t  te rm o f  (o )  cor responds to  the  dens i ty  func t ion
in  equat ion  (a )  above,

zo .  In  my researches  on  the  in te rna l  cons t i tu t ion  o f
t h e  l r e a v e n l y  b o d i e s ,  ( e , N  3 9 9 2 ,  4 0 5 3 ,  4  r o 4 ,  4 1 5 z )  I  h a u e
shorvn  tha t  the  sun 's  rna t te r  in te rna l l y  i s  under  t remendous
exp los ive  fo rces ,  ye t  he ld  in  equ i l ib r iunr  by  the  grav i ta t iona l

l ) ressure  o f  the  ou ter  layers .  I f  the  pressure  cou ld  be  re l ieved,
f ronr  th is  m.a t te r  a t  the  tempera ture  o f  mi l l ions  o f  degrees ,
i t  rvorr ld, (as Ntuconb remarked in r go4) explode rvith a
v io lence surpass ing  tha t  o [  dynami te  o r  any  known subs tance.
L lence in  conf inernent  the  mat te r  i s  kep t  r ig id  by  pressure ;
and in  AN 4ro4 ,  I  have ca lcu la ted  tha t  the  average r ig id i ty
o f  the  so l i r r  mat te r  lnay  be  f ro rn  zooo to  6ooo t i rnes  tha t
o f  n i c k e l - s t e e l .

Norv  the  proper ty  o f  r ig id i ty  acqu i red  by  the  sun 's
ln r r t te r ,  as  t l ius  conf ined under  t remendous pressr r re ,  i s  ana-
losous  to  thc  r iu id i ty  o f  an  ord inary  so l id ,  -  w i th  th is  d i f fe -
r c n c e ,  t h l t  i n  t h e  o r d i n a r y  s o l i d  h e a t  i s  l a r g e l y  a b s e n t  a n d
t l re  r r ro lecu les  t i r r . rs  come so  c lose  together  th i r t  co l l i s ions  are
i n c : e : s : i n t ,  t r n t l c r  t h e  s h o r t  r v a v e s  p e r v a t l i n g  n a t u r e ,  a n d  t h e
\ l e x n  c i l i r r n  r c p u l s i v e  l b r c e s  t h u s  a r i s i n g  l ; : r l a n c e  a n d  o v e r c o n t e
t i rc  e t t r . rc t i vc  lb rces .  ' fhese t rvc - r  oppos i tc ly  d i rec ted  fo rces ,
bo th  vcry  1>orvcr fu l  a t  the  snra l l  ( l i s tances ,  r r - r . ,  b ind  the
nro lc t :u lcs  together  in to  a  so l id ,  rv i th  hardness  or  r ig id i ty
c lepend ing  on  the  coe l - f l c ien t  / .  l f  rve  heat  a  so l id ,  the  long
hcat  rvavcs  cause the  molecu les  to  osc i l la te  beyond the  range
of act ion /y-) '1, nnd I iquefaction and valtorization takes place.

' l ' l r i s  t rans for rna t ion  o f  the  equat ion  ( ro8)  o f  the  f i f th
pr rper ,  ecpat ion  ( { )  above,  makes i t  con for rn  to  the  exper ience
ol )'faxuel/, Iiol/zuann, Jeans, anrl others in the dynamical
theory  o f  gases ;  and rs  we pass  d i rec t l y  f ro rn  the  theory  o f
l  sas  to  the t  o f  a  so l id ,  by  v i r tue  o f  the  resea ' rches  on  the
cons t i tu t ion  o f  the  sun,  we now have a  theory  o f  mo lecu la r
lb rces  rvh ich  is  concre te ,  and exper iu ren ta l l y  va l id ,  narne ly ;

_( l  :  I r l r ro  - r f  n r t r4 -+ / t r -+ - r ) i i . r . (o \

In  v i r tue  o f  the  changes in  / ,  the  e las t i c  fo rce  o f  the
aether  may be  pos i t i ve  o r  negat ive  and has  the  var ia t ion
u'hich generates the observed forces, or wave.stresses exerted
by  the  ae ther  upon mat te r ,  wh ich  usua l ly  i s  most  power fu l
a t  the  boundary  owing  to  the  changes o f  rvave-ac t ion  de f ined
by Poisson's equation

0t rD f 0 tz : a2 (A2 @ lA f +- Dt rp f ?tt +02 @ f 0 z2),
@ : f ( r , y , z , t ) . (e)

- ln conclusion i t  only remains to add that the present
deve lopments  in  mathernat ica l  theory  and in  phys ica l  in te r -
p re ta t ion ,  a re  the  ou tcome o f  many years  o f  research ,  in  wh ich
I have labored to give both a true and a suff icient explanation
of  the  nros t  var ied  na tura l  phenomena.  l )oubt less  ue .y  , r ,uch
remains  to  be  done in  the  way o f  in rp rovement ,  as  shown
a lso  by  the  add i t ions  as  the  rvork  p rogressed;  bu t  th is  re f inement
cou ld  no t  be  en tered  upon t i l l  the  r i rs t  our l ine  o f  the  new
t h e o r y ' o f  t h e  a e t h e r  \ r a s  p r e s e n t e d  i n  c c n r i n u o u s  f o r m .
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In view of the vast extent o[ the f ield of research.thus
opened up to investigators, rnay rve not hope that others rvi l l
j o in  in  ex tend ing  the  d iscover ies  here  rnere ly  t raversed in
l r r ie fes t  ou t l ine?

The daring hope original ly entertained by t l fossott i ,
r836,  o f  ana ly t i ca l l y  connect ing  the  rno lecu la r  fo rces  d i rec t l y
rv i th  those o f  un iversa l  g rav i ta t ion  was, long ago a t tandonec l
by  inves t iga tors ,  ch ie f l y  becanse,  as  had been so  s t rong ly
emphasized by Laplau, the rnolecular forces are sensiblc only
a t  insens ib le  d is tances ,  rvhereas  the  grav i ta t iona l  fo rces  ac t  rv i th
tunbroken cont inu i ty  ovcr  the  imnrens i ty  o f  the  ce lcs t in l  speccs .

Marruel l  was equally daring, and rnore fortunate ir-r his
phys ica l  concept ions ,  -  rvhen he  emphas ized the  theory  o f
the  ae ther  and conc luded tha t  a l l  the  fo rces  observed in
nature  are  due to  s t resses  in  th is  med ium -  bu t  the  theory
of stresses never was completed, otving to the prerneture dealh

r g z r  l ) e c .  r o .

Uber die gr60te Phase von So
Die al lgemein gebr: i .uchl iche Formel zur Verbesserung

eines Niiherungswertes r d,er Zeit /  der grci{}ten Phase, r l ie
in der I fanscnschen l lezeichnung die Fornr

r :  t - r :  -  l 5 { n l d ) c o s ( l [ - r , , 1 [ ' )

ha t ,  i s t  ungenau.  \Venn der  Feh ler  der  Fonne l  auch nur  au f
e twa r7 's te igen kann,  so  is t  geg ln  s ic  doch c las  c i r rzu l ,endcn,
da fJ  s ie  un ter  dem Anschc ine  der  S t renge abge le i te t  z r r  r r .e rc lc r r
p f leg t .  I ) ie  gehaue I 'o r rne l  habe ich ,  nachdenr  i ch  s ie  se l l rs t
au lges te l l t  ha t te ,  in  der  rn i r  h ie r  zue ing l i chcn L i te ra tu r  i i l r c r -
haupt  nur  an  e iner  S te l le  ( t {anser ,  Uber  d ie  Vcr f ins tenrnqcn
auf  der  l i rde  i iberhaupt ,  As t r .  Nachr .  I i .  r5 ,  Nr .339- .1  12 ,  S .
8 r , 8 2 ,  A l t o n a  r 8 3 8 )  g e f u n d e n ;  s e l b s t  d a s  F u n c l a u r e n t t l r v c r k
desse lben Ver fassers ,  d ie  > ' fheor ie  der  Sonnenf i r rs te rn isse  unr l
verwandten  Ersche inungenu (Rbh.  d .  I i .  S .  Ges.  r l .  Wiss .  I ) .  IV ,
I -e ipz ig  r858) ,  von  dem man auf  d ie  f r t ihere  Abhand lung n ich t
leicht zurt ickgrcifen rvird, enihdlt  nur die ungenaue I iorrnel,
und z rvar  le i te t  s ie  I {ans tn  dor t  (S .4r6)  a r rs  se inen genauen
Formeln  f i i r  d ie  nc i rd l i che  und s i id l i cbe  Grenzkurve  ab ,  in -
dem er  ohne Begr l indung und ohne Ver rve isuns  au f  d ie  ge i raue
Formel der fr i iheren Abhandlung erklrtr t ,  >jetzt .  .  .  abki irzen<<
zu wo l len .  D ie  Er innerung an  d ie  genane l io rmel  i s t  a t r -
scheinend verloren g.g"ng.n; selbst i / , .r .  O2ynltn. kennt sie
n ich t ,  da  c r  in  se inern  >Canon der  F ins te rn isse(  ( l )cnkschr .
d .  math . -na tur rv iss .  CI .  d .  K .  Ak .  d .  \V iss .  R.  L t l ,  S .  XXI \ r ,  XXV,
Wien r887)  f i i r  d ie  g r< iRte  Phase zun i tchs t  c ine  Umqesta l tung
der  ungenauen Formel  rn i t te i l t ,  be i  der  e in  rve i te rc r  Ver lus t
an  Genau igke i t  e inget re ten  is t ,  sodann aber  a ls  )  s t re  l )ge
E[ansensche Forrnel< die ungenaue Formel angibt.

D ie  Que l le  der  unsenauen Formel  i s t  rne is tens  d ie  un-
r icht ige Bedingung, dafl  sich der Beobachtungsort zrtr Zeit
der grd8ten Phase in dcr geringsten Entfernung von der Achse
des Schat tenkege ls  be f inde.  l ) i cse  Bed ingune habe ich  zur t i ck -
greifend zuerst in der Inauguraldissertat ion von LIrsin ( l)e
ec l ips i  so la r i  V I I  Sept .  X ' IDCCCXX S.  r4 ,  Hafn iae  r8zo)  ge-
funden, in der Ursit tmittei l t ,  daB er >Gau/Jische tr{ethoden<
mi t  der  Zus t i rnmung se ines  groBen Lehrers  habe benutzen
diir fen. Daneben entsteht aber die ungenalre Formel auch
durch  e ine  unr ich t ige  E ink le idung der  r i ch t ieen Bed ingung,
da8 d ie  be iden Ze i ten ,  zu  denen be i  be l ieb iger  Phase der
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of  th is  eminent  mathemat ic ian  a t  the  ear ly  age o i  48 .  In  fac t
Maxatl l  had not forn.rulated any modus operandi as to how
such s t resses  in  the  med ium cou ld  a r ise ,  nor  h id  he  examined
t h e  e l a s t i c  c o n s t a n t  o f  t h e  a e t h e r  € : 6 8 9 3 2 r 6 o o o o o .

In  our  nerv  theory  o f  the  ae ther  we have exarn ined the
character of this r-nedium more cri t ical ly than Nctaton aod
'\ [arut l l  had been able to do, and thus formulated a general
theory of physicat forces due to rvave-action. ' l 'nis 

reduces
the  theory  o fae ther -s t resses  to  concre te  fo r rn ,  and the  procedure
has  the  recomrnendat ion  o f  s i rnp l i c i t y .  I t  a lso  confor rns  to
the  ur rdu la to ry  theory '  o f  l igh t  and heat ,  and thus  rs  a  necessary
s tep  in  the  doc t r ine  o f  con t inu i ty  as  app l ied  to  the  phys ica l
un iverse . ' Ihe  su l l jec t  i s  there fore  inv i t ing ,  and rv i l l  appea l
s t r o n c l y  t o  t h e  g e o m e t e r  a s  w e l l ' a s  t h e  n a t u r a l  p h i l o s o p h e r ,
rvho rnay  novr 'perce ive  a  nerv  phys ica l  bes is  fo r  the  geornet r i ca l
fo rms observcd  in  na ture .

T. J. J. Sec.

nnenfinsternissen. Von P. -f{arzsr.
Anfang nnd das  Ende e iner  F ins te rn is  e in t r i t t ,  be i  der  g rdBten
Phase zusamnrenfa l len .  I ) ie  Verbesserung d icser  Ze i ten  gesch ieh t
n l im l ich  be i  bc l i cb ig  angenommener  Phase nach den Formeln
( > > ' f  h e o r i e < ,  S .  +  r  g )

sinl' : Qnf u) sin(fut+ df,)
a :  t - 5 :  -  r  5 Q t l n / ) c o s ( M - r , , v ' 1 - r r 5 Q f  n i ) c o s y , .

I )abe i  q i l r t  das  le tz te  G l ied ,  da  d ie  Grc i8e  1 '  nur  durch  e inen
Sinus  bes t i rn rn t  rv i rd ,  c lu rch  den Fak tor  cos l '  zwe i  Wer te  von
cntqcqengesetz ten  Vorze i< ;hcn ,  <1 ie  f i i r  den Anfang und das
I ' ln r l c  der  l , - ins te rn is  ge l ten .  \ Ian  sch l ieBt  h ie raus  (2 .  B .  tu t
es  d t  Rt / /  in  se inern  Lehrbuche c lc r  sph i r i schen As t ronomie ,
S.  : :9 ,  Lc ipz ig  r9  r  z ) ,  da l !  f t i r  d ie  be i  c le r  g rd l l ten  phase
zusammenfzr l lenden \Ver te  der  i re iden Zet ten  cosy ' . :  6  5s i6
rn i i sse .  I ) rs  i s t  aber  unr ich t ig ,  u r rd  z rvar  desha lb ,  rvc i l  d ie
Gro0e zz ,  d ie  in  der  Formel  fL i r . t  d i rek t  und t iberd ies  ind i rek t ,
nd . rn l i ch  durch  d ie  Gro0e 7 '  e ingef i ih r t ,  vorkontmt ,  von  der
Ze i t  abhr ing t  und d iesc  t \bhr tne igke i t  in  c iner  G le ichung be-
rt icksichtigt rverclen rnul l ,  die i i i r  die Zeit eine Doppelwurzel
haben so l l  und desha lb  auch nach der  Ab le i tung nach dpr
Ze i t  noch c t i l r ig  b le iben muB.

I rn  fo lge  nden rvo l len  w i r  e inc  e in fache d i rek te  Ab)e i tung
der  Formeln  f i i r  e in  Ex t remum -  n ich t  nur  f i i r  e in  Mlx imurn
-  der  Phrs l  geben,  d ie  Ar t  des  Ex t re rnr r rns  un tersuchcn und
Grenzen f i i r  clen l iehler der ungenauen Forrnel aufstel l t_.n.

I  .  f )L t rch  den IJeob i rch tunssor t  -B  leg t  n ran  c l ie  nach denr
Punkte  Z  der  r tn  l7  L reschr iebenen H immelskuce l  ze igende
z-Ac i rse  para l ie l  zu  der  l { i ch tung vorn  X l i t te lpunk te  l1  des
Nlondes zum Nl i t te lpunk te  S  der  Sonne.  Der  Schn i t tpunk t  C
der  Achse /4S c les  Schat tenkege ls  r r i t  der  senkrecht  zur  z -
Achse durch ,8 gelegten r_y-l lbene ist der Mittelpunkt des
l \ {ondschat tens  in  c l ieser  Ebene,  und d ieser  Schat ten  rv i rd  en t -
sprechend der  Annahme,  da8 der  Mond und d ie  Sonne I {uee ln
se ien ,  a ls  k re is [< i rmig  angesehen.  I ) ie  Ent fe rnune / ]C  be-
ze ichnen rv i r  m i t  z ' ,  den  Ha lbmesser  des  Schat tens  rn i t  zz ,  und
zrvar  so l l  z  a l lgemein  n ich t  f i i r  den  rv i rk l i chen Schat ten  ge l ten ,
sondern  f r i r  den jen igen Schat ten ,  den en tsprechend der  Phase
z .  n ich t  d ie  ganze Sonne erzeugt ,  sondern  e ine  mi t  ih r  kon-
zentr iscl ' re I{u.qel erzeueen rvt irde, dcren Halbmesser sich zu
dem der  Sonne w ie  r -z i  z lJ  r  verh ie l te .  Es  mc ige  nun durch


