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SCIENCE. 


appeared very faint. This  I attributed to its proximity to 
the bright star. 

I shall continue the search for it. Tne  moon will leave 
in a few days and I then hope to be  able to see the comet 
again. E.E. BARNARD. 

hlay I;, 1881. 

CORRESPONDENCE. 

[ T h e  Edi io; ,  rioes /ioi ho id  /ri;/i~-eif ,.es$oitsiGZe f o r  ojiizioiis ex jresse$ 
Gy hk covrespoiiiie;its. N o  tzoticc is t i zken o f  ir;io?i3~iizotrs con~i~zianz-  
<"f;"9>?..*." .,1" 

To the Edi tor  of " SCIEXCE:" 

I should have attempted a reply to the restrictions of 
Mr. Dopp before this time if I had not had my hands too 
full of other work, but lest any might think I have 110th- 
ing to say if an answer of some kind did 11ot shortly 
appear, I will ask the favor of a little space, and first I 
entirely disclaim the pretension of uncle:-taking to recon-
struct Physical Science which LIr. Dopp seems to impute 
to me, ancl whatever was  put forward a s  new was 0111~ 
hypothetical, and perhaps 1 was not guarded enough in 
specifying it as  such. Yt-t there is lnore that  may be said 
for some of the statements made than appears in those 
papers, which were very brief and did not pretend to give 
references. But now if I shall deal ivith the subject of 
internal and external energy \vhich is attacked in the last 
part of Mr. Dopp's paper, it v,,111 save saying very much 
about the first part. 

hlr. Dopp quotes from Maxcvell's works on Heat, and 
says they disprove ancl invalidate all my calculations, 
But it will probably be allowed to hear h'Iaxwe]l in 
1875 against bIaxwell of 1872 : 

" i n  1860 1 investigated the ratio of the two parts of 
the energy on the hypothesis that the molecules are elas- 
tic bodies of invariable form. I found, to my great sur-
prise, that  whatever he the shape of the molecules, pro- 
vided they are not perfectly smooth ant1 spherical, tile 
ratio of two parts o t  the energy must be always the same, 
the  two$nyts bet'fzg z 'n fac t  eyunl." He also says a few 
lines beyond when speaking of the researches of Boltz- 
rnann, he " malies the \vhole energy of motion twice the 
energy of translation." See Nature, volume 11, p. 375. 
This  language justifies my work ancl my calculatiolls 
a re  not ~nvaliclated. What  is to he ullclerstood by 
E' -E r= E ,  is thelr difference and not a ratio, alld the 
expression in the paper is wrong, but there is nothing in 
the paper that depends for its correctness up011 any 
mathematical expression in it, whether it is right or 
wrong, and cannot be raised against it. Tha t  is to say, 
there IS nothing in the first paper that is a deduction from 
any mathematical work given. 

As  to my definition of ether as not matter, again Max- 
\vellis quoted against me, and I w ~ l ltherefore again quote 
Maxwell in my favor. "According to Thornson, though 
the primitive fluid is the only true matter, yet t h a t  zghi'.h 
w e  call llzntter 2 5  not the$?-ziltzt~be $z~z'd i f se l f  'fztt (2 

nzode of of t h a t  $rtinitz;de p~t;i.'." ~ r t .  sion, cohesion, and even cr~~staliization,-surface tensionv z o t i o ~ ~  s e e  
A t o m  Enc. Brit., 9th Ed. T h e  italics are mine, but i f  it of liquids and capillary attraction, and possibly those of 

does not plainly make a distinction betwee11 ether osmosis, dialysis and occlusion." 

and what we call matter, then I don't understand This is not an unworthy stocli of phenomena toexplain, 

it. But I claim more, that  to call ether the primitive I anti if what I advanced can not be made to do ali I pro-

matter is to call two different things by the salrle name, posed to have it do, 1 might be content if it explained in 

and my first paper was a protest against that ,  i\'ewtonls a fair way any one of the above phenomena. 

law of Universal Gravitation states that " every particle A. E.DOLBEAR. 

of matter in the Universe attracts every other particle of COLLEGEHILL,Mass., Iklrrv ~ o t l i ,1881. 


matter," and until it is discovered that ether possesses 

this property of attraction, I hold that the name ~ t a t t e r  


.should not be applied to it. If, however, any one thinks TO tAe E(z'z'~~YS C I E N C E:-Of 

it to be a proper use of words, I shall not quarrel with As two of your correspondents, Mr. A. E. Dolbear and 
him, only when he talks to me of matter I shall need to b4r. George W. Rachel, have adversely criticized certain 
ask whether he means gravitative matter o r  non-gravi- points in my article in the April g number of " SCIENCE, 
tating matter. As  for the objection that I use the term and as  I still cousider my position as  stable, I lnust re-
dens~ ty  applied to ether and am therefore to  be held to  quest a limited space to reply to these gentlemen. 
what is implied in the word ; ally one who undertakes to  T h e  main difficulty seems to be that  I have golle 

express a new conception rnust either employ words that  
have some fixed meaning or else coin some new word 
which in its turn must be defi~led with old words. So 
while the term density conveys my meaning in a tolera-
ble way, I do not wish to have it imply that density in 
ether and density in matter are identical. In the same 
article on Atoms. Maxwell savs concer i i in~the  vortex-rinu" 0 

theory : " W e  have to explaln the inertia of what is only 
a mode of motion," and this is in strict accordance with 
all I have written about it. 

W e  do know that the motions of atoms set UD corres-
ponding motions in the ether, and it is not d fficult to 
perceive how it may happen, though the particular 
mechariical conditions may not all be known. Assztmi~zg 
t ha t  the  co7zdiLions a re  mechanzkal, then the analogy of 
the vibrating tuning fork is not so far fetched as it might 
be. I do not see the necessity for my being held to 
atoms combining in only one plane. It is as  easy to 
see that  three or four or more could all unite a t  the same 
pl:ice so as  to forin a radial structure or a triangular one 
when one of the t x o  represented in the diagra~il  should 
swing round 120°, which, so far as  I can see, would not 
imperil its stability at  all, ant1 it then would be in posi- 
tion ibr another sin~ilar a:om to unite with eacil, and so 
on almost any kind of a geometrical solid made. But I 
did not intend to assert at  all that in this hypotliesis tliera 
was anything more than an idea. I am not ignorant of 
the molecular form of ordinary matter, but my assump- 
tion was that the moltcular form was due to its vibratory 
energy, and, consequentl!., I was mostly treatingofatoms, 
and the statement was made that at  or near absolute 
zero the chemical affinity was ~zt'l,and hence dissocia- 
tion. 'This is plainly the case if  cheinism is due to heat 
vibrations, but it is corroborated by mathematical calcu- 
lations. In a paper read before the American Academy, 
in February last, by Mr. D. E. N. Hodges, of Harvard 
College, but which has not yet been publishetl, the same 
conclusion 1s t l ed~~ced  from thermo-dynamic consldera- 
tions, namely, that a t  absolute zero " tliere can be no 
cohesion of molecules, and probably the same for atoms ; 
it is the tenlperature of dissociation." hIr. Dopp quotes 
from Professor Tait what he knew about the pheno~llena 
of vortex-rings, but since Mr. Dopp's paper was ~vrit ten 
he has probably heart1 of some Inole phenomena of vor-
tex-rings. See " SCIENCE," April ~ b t h .  

AS to the paper on Atoms as  forms of Energy the idea 
is not mine, but Thomson's, and ivhethtr or not the 
method thei-ein s h ~ \ \ ~ n  ot coniputing atomic weights is 
mathematical jugglery, as  blr. Uopp calls it, all I 
have to SPY is, 1 did nut stake anything upon it. I 
ttiought if matter is a form of energy, the fact should 
appear in atomic weights, and so I made the calculat~ons 
and published them, ant1 if anyone thinlis they signify 
noth~ng,  why I will not quarrel with him. After so long 
a paper finding fault with anything I had written, it was 
something of a pleasure to read that  he thinks my theory 
can be made " a  fair working hypothesis to explain adlie- 
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counter  to  certain au thors  ~ v h o m  they a re  disposeti to ! capacitl- incresses." Tlie  heat  has  disappeared a s  heat ,  
co~is ider  a s  authorities. But ,  in rny view of the  case, 
Science h a s  no authority, escept  the  a u t h o ~ i t y  of facts, 
anti heo ore tical vicws a re  alwaj-s fair foot! for critic~snl. 
Mr. Uolbear cluotes from C l a u s ~ u s  to the  effect that  "a l l  
heat  ex~stir lg in a botly is apprecial~le by tlie t iuc l i  or the  

.,. .,.thermomet t r  ; t h e  heat  w h ~ c l i  d ~ s a p p e a r s  .,. .,-
.,.
.*. 

.,, .,. 

esis;s no  longer a s  heat ,  hut  lias been convei.teti into 
worlc." H e a t  is untlouhtetlly appreciable, 11ut not  neces- 
sarily measural~le,  bj- tlie toucli o r  the  t h e ~ m o m e t e r .  A s  
the  heat  capacity of anl- substance iucreases its tempera- 

" but it nevertheless exists in tlie g ~ s  a s  a greater  range  
of mobility." 

\Ye here get  his (leiinition of " worlc." It is " niotioil, 
11ut not motion of tlie heat  lcind ; "  it is " a grzater  range  
of iuol1111tl-." 3Iot1o11, then has  not ceased to  esist, ailti 
we  ha\-e been s p l i t t ~ n g  liairs about  nothing. I t  is mole- 
cular motion, bu t  not tlie special ~ i i o d e  of nlotion \vliich 
lie calls heat. Yet it 11-oultl h e  well to I ~ e a r  in mintl tliat 
sc ien t~s t sa l e  someivl1;it indtfinite in th r i r  itleas a s  to just 
cvl~at ~ n o t l e  of motio~i  tloes constitute lieat. In  one case 

tu re  effect for ecjual volumes ot inilowing heat  d i m ~ n -  they spealc of radiant  \ \ayes a s  heat ,  in a n o ~ h e r  a s  locrll 
ishes, so  tha t  tile tlie~.morneter falls to i ~ i t l ~ c a t c  t h e  esac t  
quantity of heat  \vIiicli a substance receives in passlnu- 
through a fixed range of temperature. 1~ is customai; 
in late  authors to speak of tliis appaieiitly lost lieclt a s  
convtrted into \vcrlt, or, in otiier cases, to spenl; ot ~t a s  
changed from actual into poter,tial energy. Tl , is  is, uii- 
tioubtetllq, a very co~iveiiient wal- of gptting arc,untl tlie 
tlificulty ; hut,  with all clue tietererice to  the  tlistinguisheti 
\vrittrs ~ v l i o  a ~ I \ ~ a i i c e  hypothesis, I venlurc to  clues- this 
tion il it is astr ict ly scientific way.  T o  come 111uuip u p  
against  a tiiiliculty in your path, to esplai1i this difficulty 
i~l-a n ~ c e l y  sounc!ing uor t l  xvliich esplains iiotliing, aiitl ~ then  to  s \ v ~ n ~ ~ i i ~ n g l yg o  on, e~:ables one to gc t  over ;l 

great  (leal of g round 111 a sno i t  time ; but ~t is very a p t  
to !cave stumbling bloclts tor those \ i h o  come after. 

I shoultl certainly like to see a precise tltfin~tion of tlie 
word "work" in this connection. I l t n t  protluces a cer-
tairi effect. T h a t  eifect is callttl ~ v o r h .  Uut the  i ~ n p o r -  
t a n t  cjuestion remains, what  has b t c c m e  of the  heat  ? Ii  
w a s  a motion. l l a s  it ceasetl to he a nlot io~l? If so, 
then inotion call cease to esist. Yet I hbrtlly think any  
scientist viill adnlir sucli a p o s s i b ~ l ~ t y .  E u t  it it lias not  
ceasetl to be iiiotio~i, ~v l ic re  I S  it ? Is  the  \vortl '<~vorlc" 
advanced a s  a name ior some neiv nlcde of mot ion?  
\Vherl-ier it is or ilot, ho\vtver, i L  fails to es l~ la in  what  
has  become of the  liec+t. \Ve ineet ~ v i ~ l i  a like diiiiculty 
in the  theorl- of tlie convt rs io~i  of actual  ~ n t opotenr~a l  
energy. Actual  energy we call rentlily comprehe~it l  ; it is 
the  energy of t h e  niot io~i  of iiiasses. E u t  \ \ h a t  is poten- 
tial energy ? I t  is a possi l~~liry cf mass motio:~. A hotly 
rests  upon the earth. I t  caliliot possibly descentl ful-:her. 
I t  has  no potential energy. A body is suspendetl III the  
air. It may possioly cle~centl furiher .  I t  has  potential 
energy. Poiential energy then, IS l~ossil,il~tyof n io t~on .  
Actual fnotion has  been c o n v e r ~ e d  into posbible motion. 
If this  amounts  to more than the e s p l a i a ~ n g  of a tlifhculiy 
by a ~near~i i ig lessp l~rase ,I sk io~~l t icertainly be glad to  
have ;omt one Iscientiiicallg explain the e s p l ; i ~ i a t ~ o ~ i .  
mus t  quote iron1 my former article : " 3I~ti1,n is motion 
and cannot  possibly 112 or become a a y ~ l i i n g  tlse." Ac-
tun1 motive energy cannot  cease to esist, :inti be I-eplacttl 
by a n  abstract  p o s s i b ~ l ~ t yof motion, callctl potential ' 

energy. 
111 regartl to Mr.  Rachel 's  reiiiarlts on  nly vie\vs re- 

specting variation in heat  capacity, lie must  pe i~ l i i t  me to 
correct his q u o i a t i ~ n .  I-Ie cluotes ine a s  saying:  "Tern- 
perature anti heat a r e  very thffeient things." I fi~ltl niy , 
esl~ression to Ile : " Temperature and izDsalitfe heat  a r e  1 
very tliffercnt things." T h e r e  is a coi)>iileral~!e tlifferei~ce 
of meaning betwet11 these two ~SII I -CSSIOIIS ,  it~ v l i ~ c t !  
woultl have been well for him to give m e  cretlit for. The  I 
main tlificulty in the lnintls of 11~1th my critics seenls to 
be a somen-hat contusecl idea a s  to ~vl iz t  constitutes heat. 
Mr .  Uolbear c l a ~ n i s  t h a t  the free vi l~rniion of ~iioiecuies is 
not heat .  I11 t h ~ s  he cer ta~nly  d i sagr te j  \\,it11 niost aurh- 
ors. filr. Rachel  s tates tha t  a ' l a t e ~ i theat  is not  heat." 
Ht: intimates tha t  it is ~vollc, b ~ i t  \v111 h e  11e lcirlci enough 
to explain scientifically just what  \\-oil; m r a n s  in this 
coilnectio~i? H e  says furilier, " \Va!er tloes not  con-
tain more heat  than ice a t  32' ; ~t contains * '"<-more 
motion, but  not  nlotioil of tlie lirat !cintI." Of what  Iiintl 
then 'i "Kor is  it t rue tha t  a s  density tliininishes the  heat  

inolecular v i l~ra t ions  a s  heat  ; in a thirtl, ot the  free rno- 
t i o ~ i sot g a s  particles a s  l i tai ,  ant1 in a f o u ~ t h ,  of ~ n o t i v e  
influences \vIiich cease to  affect the t l ~ e r m o n i ~ t e r  a s  lieat, 
for 1v11at else is meant  by al jsol i~te heat  ? T h e  ai/f/ioi-i-
izc.z certainly consicier tli:lt k,e;~t continues to esist a s  
lieat in the  case of incrtasetl heat  capacity, when they 
a s s e f t  that  speciiic heat  \-;lries \ \ , ~ t h  variation in tlie 
temperature of s u b s t a ~ , c e s .  'Thus it seems that a'l 1110-

tive influences of n.hicI~ \ve become aware  in iii;ltter, 
outsitle of gravitl-, electticity, magnetism, light, c h e ~ n -
ism, and  niass motion, a r e  grouped togetlicr a s  heat, 
their v a r ~ i i l g  contl i t~ons h e i ~ ~ g  ~:ointed ou t  bysimply 
qualifling atijcctives. T h e  l~l irase,  " Latelit Heat," has  
by 110 iiiealis gone o u t  of use. Sir T T f ~ l l i i ~ i ~  T l i o m s o ~ ~ .  
in the  last edition of tile ICnc>-clopetlia Britannica, con- 
sitlers it necessary to slill retain it. In  fact there a r e  
various n ~ o d e s  o imot ion ,  some centrifugal, others centri- 
petal in their effects, so  closely relateti to ortiinary lie;:t, 
tliat it has provetl nit re couven;e~i t  to consitler tlieni a s  
special heat  conditions than to  dcvise separaie names  for 
tliern. 

Air. Rachel  is still more tltcisivc in regard to a n o t h t r  
11ort101i oi 1ny article. H e  says, < ' h I r .  >!orris's concep-
tion of the  action cf gravity is still mcre  erronecus. 
This  gz i i t l e~nan  says, ' t l i e  en1 111 iilust 1~111 ton.artls the  
ho t ly~vi th  the sanle en,elgl- tliat t h e  11o:iy tIisp1;lys in Ikll- 
ing towards tiie earth ! lawsI:o\v the  two f ~ ~ n d a m e ~ i t a l  
of g;-a~,i tat ion,  a s  cliscovered 11y Xewton,  a r e  ;1tt1.aclioi1 
ac t s  in direct proportion to  mass  ant1 in intliiect propor- 
tion to square of t l~stance.  T h e  statement of AIr. 
Atorris is therefore al~solutely f:~lsr." 

i 'erhal~s so, yet I Iiartlly thin\\ tliat Xewtoii liifnseli 
n-oultl have so  a11solute;y t len~etl  nijr pi-ol~osition. T,et 
us sur p o s t  the falling hotly to Ile increased ~1nt11it equals 
the ea1t11 in \I-eiglit. \\-hat woultl iollow t h e n - ~ o u l t l  
no; gravity causz them to a1:proach each other with 
equal e n e r g y ?  Thei r  attl-active pulls upon each orher 
woultl he equal, ant1 tlitrcfoie llie effects of these pu;ls 
must  l ~ e  equal. 

If ,  l~on.eve~. ,  the falling l~otly be greatly decreased in 
\yetgilt, this may seem to some to  changethe  elernents of 
the  problern. Yet it can reatlily beslio\vn t h a t  difference 
in \veiglit makes no tlifkerence \\hqtever in 1 he result. 
IVe intist nGt Ioolc upon tile earth a s  fisetl anti the  fall- 
ing body alone a s  m o ~ a t ~ l e .  Tlicj- a r e  110th freely !loat- 
i ~ i gmasses, each capnl~ le  of j,ieitling to  any esterlor im- 
p~l l se .  T h e  slze or weight  has norliiiig to tio xvitli the  
clucstion. I i  ail atom aritl the  earth be sitle 11y side, and 
11e attiactet! l ~ y  a tlistant nlass with the s rnre vigor, th?y 
illust 1iioLe \vitli ttliial energy ton.artIs i t .  Y t t  an elitrgy 
\\rhich \\ioultl glve tiie a tom excessive speetl ~ v o u l d  pro- 
duce a n  inapl~rec ia l~ le  el'fect upon the earLh.  

Sul) l)o~e,for  tlie sake of illustration, tha t  t h e  falling 
hotly cveigiis one pou:?d and  tile eal-tli one million pounds.  
T h e n  the  f a l l ~ n g  body will a t t rac t  each pountl of tile 
e : l r~h ' s  lilass wit11 a vigor tlepcntle~it on  i ts  distance, a n d  
be at tracted hj- it wit11 equal  vigol-. T o  reach the  \\ihole 
attractioii of tlie id l ing  botly n-e  must  atltl together this 
miilion of  separate attractions. But ,  i n  I ~ k e  manner,  to  
ge t  the  whole at!ract io~iof the  earth we  iliust atltl to- 
gethel- its miillon of separate attractions. ?'ire hotly 
exerts a separate attr;lction upon each pound of the  
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earth's niass. E a c h  pound of the  earth's mass reacts  1 filleti a s l r l ~ t r e  \vhosc radii were Ilalf 11le distance of the  
\"it11 a n  equal  vig-or of attraction upon the 11otly. IVe s ta rs  in lei~gtl l .  Est imation of its tenuity i~itlicates tha t  
m r ~ s t  atid all these separate attractions tog-erher to 2-et a space a s  large a s  the  inooli only eo~ltainet l  a grain. 1-et 
tile whole sum of attraction i n  either case, and  tliese it w a s  ' ' intensely heatetl.",~ I t  is not known 11o1v many 
\vllole sums a r e  necessarily ecjual. 'I'he l~otly,  therefore, a toms m;tke a grain ; count in^ tlicm 11y the million, they 
at tracts  the earth \vith a s  much vigor a s  tile earth at- were yards apart, in irigitl voitls--hot ! O l ~ e y i n g  gravity, 
t racts  t h e  botly, avltl necessarily, t l ~ e r i i o r e ,  tlizy must  t h t y  descencled with slo\vest conceival~le niotioil ; :it uo 
ap!xoach each other  \vith equal  energy. O f  course  not point in their fall d i s p l x y i n ~  letltlet~cy to move in arcs of 
\vith ecjual sljcet1. Under  the above supposition their re- cil-cles a t  riglit angles to their radial movement, \\-hich 
spective weip;l~ts \yere a s  a million to olie, and a millio~l they lliust (10 to be:;in rotation in tile c o m i c  spliere. In  
p u ~ i t l s  fal l i~ig one iiicli \voultl be ec j~~iva lan t  to one pountl the  llrvsent s tate of lcno\vletlge, jutlging from la\vs a t  
falling a million inches. 'Their acceleration ill sl,tc,tl \vi?lk in t h e  I;iiir-erse, it can 11e safely asserted tlial the 
mtist lilie\vise, in both earth antl l~otly,  obey t h e  la\v of I hall liatl lio rotaly motion. Ignoring these consitlera-
gr a\.itative acceleration. tions, 11.e \viIl as.;un?e \\.~tli I l~ inche l i  t h a t  it \vas ill revol- 

I t  is well, t i i i rcbre ,  to bear  strictly in niind, tlrat in ~ ~ t i o l i .  
gra~,itntion,a s  in every other for111 of forzc, action ant1 re- " 'Tlie cnoling ant1 cont rac t io~i  of this vapor inaugu-
action a re  al\\-a!.s erjual anti opposite.;:' rateti a rotation \vl~icli \\-as incvitahly accelerateti to such  

CH:LI~L.ES~Iu~<:J ,? ,  an extent that  a periljiiel.al ring \vas detached wliich Eie- 

2223 Slping Garden sr rec~,  ~ ' l i i l n i e lph i~~ .  I came a planct. 'I'he s a m e  process continuetl ant1 other  


- / rii1o.s were detachetl \vhicIl l,eca!ne other  111ailets in clue 
~ K I ~ ~ E V A L  1 3imilaily, the  planetar). nlaises tletacliedT < O ' J . - ~ ~ T ~ O N  COSMICXL I:,IX(;S, s"Gessiol1. 

1111,q-swhich I I ~ C X I I I C  their satellites."' 11. Conceiving the  nlass to  liave cut  loose from 61 Cygni
To tilt Etk'tai, of " SCIESCE":-- allti other  cosmic r?iasses ; atlinittinr cooling, contrac- 

I'rof. A.I17incliell, recou~l t ing  t h e  history ol  forli1ation I lion a11d accelel-ation, t l l e~ i  the  sl,lie~'c n.ould ' l~e unable 
of tlie solnr system from ;L sphere of  i ~ i c a ~ i t l e s c e ~ l t  /gas,  to  cast  orf 1 , ~any ln\v of ~ l a t u r e  llitherto tliscol-~retl, t h e  
sa)-s : " Tlie cooling ant1 c o n t r a c ~ i o n  of this vapor in- least 13nl.ticie, to saj- ~ io th io j i  of a ~nass ive  ring. T h e  
augurated a rotatioii." ' ball liatl dn.i~idletl to the  o r l ~ i t  of iXeptune, accjuiring- 

:\latter is goveruetl by law, hence the  In11 of  g a s  mus t  , sucli \-oIocity a s  to  no  loiigzr I-enini :~ iiitact, so  it cast  OK 
liax-e obej-etl l:lws governing gases.  3fen have tletectiiti 
several i a n ~ s  of nature, while doabtless there a r e  oth-rs  
eluding 1-esea~ch.  111e g-lol~:, of g a s  was  tloniinated by 
l i l lo\~ll  or l l ~ l ~ < l i ~ \ ~ l l; if ~ l l l < l l ~ \ ~ l l ,~ c h e l l l eofl a ~ v s  11)' I 1 0  

planetary evolution can be  outlinetl ; hy I;non-11, 11) poi1lc-
ses a re  tested by their application. T h e r e  exists a tloc-
trine, the iyebular lLypothesis, ant1 \\-e t ake  it fo r  ~ r a n r e t l  
that  its atlvocates conceive the gaseous spllere t o  have ,)of to  llel~erililieral, l ' lie v;ortl allutles to tlie p e ~ - i l ~ l ~ e r y
been I\-rougllr 117- I;no\\-n l a ~ r s .  suilace, nntl inchel ell says tile ring was  periplieral. I t  

E u t  no  l a ~ v  of nature yet tliscoreretl is ab le  lo cause a \\.as ,lot,---it waq formctl of g a s  torn ul) from a tlepth of 
sphcre of 3 s  to  rotate. 11~11itlr~tis i ~ i  ol.tler to  of inilliolis of mii ts ,  secu ie  suI2- 

Contractin:: 11)- cooling ditl not  hegin rotation, for, by sts l lce sufficient to  form Nel~tuiie .  If not,-the mass  
tlq"ian1ic laws, the mass \\-as 110t l ~ o t ,  but  coltl. I f  hot ,  17x5 piIe(l a t ~ o r c  the  levcl of tile ccjuator, a n  impossi-
contract ing woultl not cause l.0tal.y motiilli, \ ~ o u I d  I ~ i l i ~ y ,  A s  so011 a s  force a s  Rra\.it)-\\-oultl bring it tlo\vn. 
gil-e rise to  tu70 motions, centr i l~etzl  :r~ltl periljheral, botl1 l-niseil n line of a toms abo1.e the  equatorial Icirel, arouutl 
radial i11stzad of c~rcu la r .  T h e  hrav i t s t  atonis ,  gravitat- tihe ball, t h e  next line of a toms below \\-ould nsce~id ,  
ing to\vards tlie centre, \r;oultl tlisl~lace the 1i;;lltest to- tlicl1 the  next, a11ti so  on. Tlic: pcles 11-oiiltl c!cpress caus- 
\\-ards t h e  circumference. ing ttle mass  to nssunle form. T h i s  woultll e n ~ i c ~ ~ l a r  

1Ze11ulsion did not  ex is t ;  this force can only olltaiu in ret:rrt\ rot;itioli, allowiiig c;ntr;il att1;tction to rcgain con- 
lnat ter  /zof dissociated. Repulsion c?us:s tiissociation trol, lIringing tlie nlass to a cphere a s  in the begin~ling.  
a n d  vanis'iles, grnirity reasserting tiominiotl. f lence,  re- 'rllis oscillatioll l r ~ u s t  take place so  long a s  the mqss re- 
pulsion is more ancient than  t h a t  gravity n l ~ i c h  causetl lmainecl a gas .  Slioultl it  becoine iiuitl, then the  alterna- 
the luass to tlevelop a solar system ; else t h e  first s ta te  tions \\'O1lid I:? l~el!veen a sphere ant1 spheroiti, a i ~ d  the  
of matter  ~ v a s  ill dissociation. mutat ion n-ould obtain until soli(1ificatioli sets in. N o  

'These things are unl;iio~\~able ; therefore, n.irh atiher- aton1 at  any i:eriotl liad po\\,er to overcome jira\.i~y, t h e  
etlts of the  llypothesis, \ye tlisiiiics repulsio~i ,  lea!.in;: the  stalji[ity of  tile niass being assuretl by inhering l a ~ v s .  
mass  subject to no kuown energy but  j;ravit!-. I f  reprll- Tile  mass  of  the solnr system, tlle mass  of any  planet, 
sion did act  it could not  cause rotation. Gravity coulti th,: (1irection a ~ i d  velocitj- o l  the  planet's original molioii, 
never cause the ball to turn ; it ~ v o u l d  bring every atoll? deternli~le what  orhit it shall traverse. 
to a rest. Tile  ~ v h o l e  mass \vouIr! arrange i ts t l f  in con- TIlz ol.13it of Neptune is t lcter~ninetl ;  it nlakes regular 
centric s trata,  whose tlistance from tile centre ~ o u l t l  de- I-elo]utions, hence the  centre of llie assumetl ring- tha t  
penti on specific gra\-it?. Calm \voultl ensue u ~ l i e s s  pres- forlllecI it, ~ v l ~ e l l  preseiitabaiidonetl coi~iciileil wit11 tlie 

sure Ivas sufliciellt to force atom; \vil!lin range of chem tracli of  the  centre. Tliert iore the  r ing was  not  

ism. Chemical reaction to start  tthen
n-oultl have no  ~ ~ o \ v e r  detncl~etl  ~ v h e n  tlie mass was lenticular, fo r  its edg: 

axial r e ~ ~ o i u t i o n .  It ~youlc? evolve heat ,  1.epulsion and  estelldecl f a r l ~ e y o n d  ~yhe1.e Xeptune lion- revolves ;11 ~t liad 

te~illiorary expansion, which,  ~vauing-, n.oultl leave the  l,een tile planet woultl no\\- descrihe our o r l ~ i t  mucli 

mass smaller through coml~ination,  no  sign of rotarv 1110- ,f(ll-jhCl-f ~ . 0 ~ ~ ~ 
the  ~ ~ 1 1 .  

t ion having appeared. T h e  mass  extrilded half way T h e  Inass reachecl tile present pa th  of S e p t ~ m emhen 

to  a Centauri, it beiiig equal in illass to  t h e  sun.  Helili- sljllel.icaI, ant1 t h a t  worltl was  th rown off' ~ v h e r e  it non-

holtz has  shown tha t  if the  1-ilatter in the  solar system lllaltes circuit, tile rilass b e i ~ i g  :-a spllci-e \\-hen it parted 

erpxntled to TJeptune, " i t  ~voult l  require several cul-iic witll its first ring. 

miles to ~ v e i g h  a single graiil.""ut tile sanie ~ i i a l t e r  -- --- - .. . .-- - -- -,
- - - . - - - . -

~ - -- ... 

article, above refelred to, rhcre is  251,

icnl crrol.. wllicll slightly coilfU.?es rlic ~nealling. On pnqc 167. yi:eoloz)- Stnrs, 1,.:3il).

line 49, the pllrase " rliis force is incvca<ing," shoulrl rend., " this 4 ~ e ~ i o p ; ~  


my p r e v i o ~ ~ s  a 1jpogr.1~11.. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r L ~ ~ ~ ~ ~ ; , ~ ~ ~ ~ , ~ ' F o , c e s ,  

the S t m i ,  p. 279. 

farce is unccnsinq." 3Chambera' .-\sironom>-, p. 898. 



