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To the Etlitnu of SCIENCE$ '  :" 

PRInllTI\-E, OF COS.lIICIII, E170Lv-

T10:i. 

Sonie co~respondei~ce  which has recen,ly zpl:ea~-eel in 
your colunins seems to render it prore1 to offer a lxief 
synopsis of my conception of the prinl~tive modes of pr-
istence of cosmical Icatter. Supl>osing lun,incus cosmi- 

4 s  long as  the  nebula remainsin process of condensation 
through ctntl.al gravitation, the evolution of heat must 
continue. But tlitre is a juricture at  which rise of tem- 
ptrature must cease. Tha t  is reaclied when the elastic 
rorces eciuilihrate ihe zttractive. From this point, con- 
t1ens:itio~ clevclopes heat, but scme nlore is lost than is 
acciuiiec!, and the mats continuzlly subsides in tempera- 
ture. It is only the lois of an excess of heat ~vllich now 
permits the  prrgrcsiing conc1en:ation. Cooling is the 
l~rlliring contlition c i ccndensatio~i; ant1 to a s ~ e r t  a rising 
or a cdnstant tempcratllre is to asslillie that  a ccntlition 
may be  surpassee l  k l y  tllc €fi'ect o f  tilat ,vllich it condi- 
tions allti m ~ a s , l l e s ,  ~t is a T-irtual (lellial of the con- 
,,,.,,ti,,, of  ere,g!. o f  tile eql.ation of cause alld 
pf;i'C+ 

I,, tl,is of cc~ll l ical  heglnnil;gs, nebular heat i s  
l,recede,j l,:otior,, the cause c f  is \\.hat 

i 

' 

' 

cal matter to be iiltensely heated,-thereis nogootl r ea~o l i  
for assuming this to be absolutely a first contli'ion. It is 
undoubtetily a remote and primitive contllticn, ~ ~ l l i c l lM e  gra\i i)- ,  11, :s L? Sage maill;ainrd, gravity is 
may he assun~ed as  a stage fro111 wliic11 cosmical develo!;- , o n l y  tireel of tile lmL'ait oi a storm of ultralilundane 
tnent proceetls. But, in the light of recent science, we co lp !~ l sc~ t s ,theil ou r  evplanaticll tllcTs a t  last 1n motion 
may reasonably seek for earlier stages at  ~vk~ich cosmical I iol-,T-llicll L%ecalil-ot i l lyoke g r a v i t y  as an phy-
matter existed In a cold ant1 lion-luminous state. In t h e ~ e  sical cause. ~1etkl )h)sicail) spealiing, sucll nus st be the 
stages we  may conceive ii- either a s  atomically sul)- issue of all e1plaration5, ~ l ~ e ~ eis a ~ l tcessaryz~lt'fzi~ra 
divided and d~s:oc~:ited, or as partly in a ccnd~tionI,I ti,,,/, ill t i l e  r t a l l l l  c f  tlloL,g:-,+. \ ye  are no nearer an  
molar aggregation, ant1 ptrhaps of cl;emical cornhiration. I 

I am inclintd to think. ~ t i i h  Laplace and I<ant, that space 
is abundantly stockecl with cos1i1icaI matter in a crutle 
and u~lformetl state. I see no grour cl for assigning any 
limit to t h e  state subdivisioll in L5 scme of  i t  
ma)- exist. I see lio satisfactory grcund for assum!lig as 
Macricar and others It  elllel.gts f lom zn 
ethereal condition, nor for denying it. I do nc~t imagine : 
it to  possess a ttnll)erature ellEdrent froln of  I 

sllace in \vllicll i t  floats-if, indeed I)z<ce, \vhich is llLt  ! 
, 

colltiitiolled by lnattel., call tie saitl  to  l)osstss a 
which we only kcoil- as an affecton of matter. j 

i 
But there is a principle of gravitation in the universe, 

however we  inay explain it, \vllicil is ever beginning the 
aggregation of the ultimate elemelits rf  ccstilical mat t t r ,  
and ever uniting these aggrcgaticns into niasses larger 
and larger. Tq,-e have nlade the accluai~itance of sollle of 
these masses, large and small, in mettolie stones alid 
millions of meteoroids, n-h:ch become kir.tl1etl only 1:) I 
friction w i ~ h  our atmosphere. 1t has be tn  sho~vn  that 
several metecroidal trains identify themselves wit11 vtell- 
kno\\~n coilletary existences. It has heen suggested tha t  
a rain of cosmical matter has peltetl the ~nirlure satellites 
of &Lars until the angular 01-hital motion of the inner one 
exceeds the axial motion of ;he planet. The  collisiolls :
of molecules acd  Illasses n:ust result in the evolution of ' 
heat. This, within certain limits of' temperature, n~oultl /
promote the cheniical union of atoms prtviously dissc- 
ciated. But the impact of larger Inasses and groups 01 
masses and lnolecules n.ould u~~doub ted ly  tlevclop suffi- 
cient heat to vaporize rria~ter, ant1 even to reproduce a 
state of disscciat~o~i.  Such events \\.oul(l characterize 
the history of any ~ a s t  region of space in \I-hich cosniical 
atoms s h o ~ ~ l t l  t . 1 ~  'The>-hzve hecome r e i a t :~  a p l ~ r o s i m a t ~ d .  
are in prccess ot falling tcgether. 'This is the contiensa- 
tion of the ccstnical s\Yarm. I t  inay prcceeti, as  Sir 
Willianl IIerscliei conceived, lint11 the  successive stzges 1 
of nebular conde~lsation have been passed, when the (
swarm arrives a t  the condition of a sun. Eut ~t is wcll- 
nigh impossible for two cos~llical masscs to come ro- 
gether without produciug rotation. The  cocstitueilt 1101- , 

lions of a nebula must plol~;I~lyrotate, antl the nebula ' 

as  a whole nlust, in 11,oSt cakes, exist in a state of 1.013- , 
tion. Such a nebula was the starting gcil1t of Laplace, 1 
and was recognized as  an actual ccn!ir,geficy Sir 
Williar~i Herschel. 

But I do not conceive a fully formed aild c::aractcristic 
nebula as i:ecrssarily in a state of cslnplete gaseity. T h e  
perpetual collision of 1jar:i parts might vaporize sufficient 
matter to occupy the interveiling spaces and afford the 

absolute e s p ~ a n ~ ~ i o l l  cosmical develop- at  cllct stage of 
,,,t ah other remotest terln reached 
n u s t  al\vaJ.s s i - n d  s c i ~ ~ l ~ i f i ~ ~ l ] ~ul~esplaiued. 

I I~epnri by suppcsing luminous nebular matter in-
tt nsely hi atetl. 'l'iiere ai e mall j iliclicaticns that such is 
its cmlcllt~on. T h e  i:riglit spectr:l lirlts alld the analogy 
of  111e rnvelopes ~f 111e sclar 2nd stellar bodies are 
strongly suggestive. T h e  raticlial continuity of cosmical 
develo~~i ient ,  from ail in-Itxding cur  thoughts l~acli~varcl 
(:1ustet1 n-orltl tkrougli all concei\-able stages, to an in-
cat,discer,t valjcr c r  possil~ly gas, enforces the co~~vic t ion  
of high nel~ular ternl~erature. But, on the contrary, the 

l l lnitedl l u l l l ~ e l .of I . ,e l ju lar  bright lines cjpectroscopi- 
ca l ly  rt.\-talcd llroclaims a fufidall,ental condition ividely 
(1 fferei,t fl.om thnt i n  tiie sull alld fixed stars, ~t might 
s,ggcsttd illat this i l l t~ ica~es  o n l yllot elrlllental dissocia- 
ti,,, but a;) leSolntion, a s  Lockyer Illailltains, into 

or two sole s o r t s  cf  \~c : . ] t i - s tuf f ;  but it lnay also be 
,,ggestetl thkit the ll~lenon~er;olli s  so clirergent from the 
results of  al-LS-;elrestrial that \ve are left 
,,ittout sul;stantia~ g,.oLlnti for inference, ~h~ 
nuclei of comets :Jive ~ 1 ~ 0  ftna bright sFtetral lilies. 
\vllen the comtt is its perihelion ~t is not difficult to 
admit, ill sol,le cast.s, ,.list tile s l l t c~ rumreveals a volati- 
lize(\ colic\liiofi ; b u t  \ then a botiy so ~ e ~ i u o u s  as  to  trans- 
m i t  star-ligllt has retired f rom llerlbe ion, it is difficult to 
believe that a EaseGusColltlitiGll is Stl]l the effect of high 
iIlcar,(lcsccrce, ~l~~ i t l tnt  ficalicll cometary alld cold 
mttcolol(!ai  trailis, if it has trLlly been done, throws 
doubt the assullleti lltat cf  eve:] rhe nuclear portions 
of Cil l lc t  from the sun ; all,j!.el. even here it 
suI)l)Oga~Jle ccllisicr1 of coltl hard parts dis- tllnt l:erl;etunl 
ingages sufiiclellt htat  t o  ereare a conlnlcll gaseous med-
i,!,,,. 1 7 i ~ ~ l l ~ ,  of ligllt left scn,ttimes the llleteolic 
f i f t ee l l  to  tllirty lllinuiesaf ter  tile fall and dicslpation 
of cjllllot a case t f  heated ]uI1..inosity, 
$ f e a t v a p o r j z e s  tiie I l ,c - teoroic~ ; but it is then a train of 
;,linutely clivjdeil lInr;lcli-s es120setl to  allllosr instantan-
eous Ll fe,\- g r a i n s  ,f strewn along 
a l,atll l\vent>- llllles ill estent, in the cold atlnospilere, 
cannot  luminosity a coastcjuence of ll:gll tenj- 
,lkratilre, jye cl:e the  streamers of l l le  nliyaya 
boTrn/is,ant! t ! ] ~  Geissltrian (lischarges, a11d Crooite's 
yclc\i3,1t mattel, allc] tile general 1:lltl~omena of phosphor- 
escellce as furtller r ~ ~ ~ l i n t ~ c r s  tllnt intelise heat 1s not the 
cnly cause of lum~nosity, and suggestions that nebular 
l ioi l t  iiliry,lc.t be esclu5i\-ely tile light cf tlltrInal iccan- 
,i~,c,,eea 

ALEXAKUERWINCIIELL. 

characteristic spectral results. , 01, b i ~ c ~ i ~ c a s ,UNIVEI:SI.~Y il$i.ilS, 1881. 


