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called a gulf. But in ilustralasia the breadth and depth 
of this gulf is rendered inore conspicuous by the assccia- 
tion of hIan with a series of animals absolutely wanting 
in those higher iiltnibers of t he  Mammalian Class 1vhic11 
elsewhere minister to his wants, and the use of \~ l i i ch  is 
among tile first elements of a civilizeii condition, Alone 
tvery~vhere, ant1 separate from other beings, Alan ismost 
conspicuotisiy alone in those strange and distant lands 
where his high crganization is in cor,tact \vith nothing 
nearer to itself than the locv marsupial bl-ain. 

T o  those who connect rhe origin of ;\.Ian ivith the the- 
ory of Develcpment or E ~ o l u t i ~ i i ,  in any shape or in any 
form, these pec~1:ar circuinsrances respecting the fauna 
of Australasia intlicate be!ontl all dou l~ t  tlint LIan is not 
there indigenous. They s t a m l ~  liim 2s an immigrant in 
those regions--a \vantlerer frcni other laiitls. Nor \1ri11 
this conclusion be less assuredlv lielcl bv those who be- 
lieve that in some special senze l I a n  has been cl-ea!etl. 
'Tllere is soinethiiig niore than an incongiui!y in suypos- i 
in^ tliat there Lvas a senarate Tasmanian Adam. T h e  1- ~ c  


belief that the cr:ation of ;\Ian has been a special I Y O I I C  
is not inconsisteut n i th  the belief that in the time, 
and in the circcmstaccrs, ant1 in the neth hod of this 
\loll<, it h,1d a tiefinite relation to the preiiolls 
course and hiztorp of Cteation-so that Man did 
nct a l ~ l ~ e a r  until all th tse  lcwer animals: hat1 
been born, 1vhic11 ~ve re  tlestinetl to minister to liis necessi- 
ties, ant1 to afiortl him the means anti ol~portmni~iesfor 
tlint kintl of tlel-elop~nent ~vhich  is l~eculiarl!. liis own. 
On the contrary, this doctrine of the ]>re\-ious cl-eation of 
tile lo~ver animals. ~vhich is, p e ~ h a l ~ s ,  61-nily estab- niore 
lished on the facts of science tlian an!. other resp .ctiiig 
the origin of J lan ,  is a tloctrine fittiiig closel!- illto the 
fundamental conceptions \~ l l ich  inspire the 11rlief that 
Alan hzrs been protlucetl l>y operations as escel3tion:il as 
their result. Ant1 so it is, that 1~11en I\-e see men inllalbit- 
~ n glands destitute of all the l~iglier AI:rmmalia, IT-hich :rre 
else~\hei-e his servants or coml)anions-tiestitute even of 
those productions of the vegetal~le kingtlom, n.liic11 alpne I 
~-el);~ythe cu1ti1-:rtioii of the soil, ~ v e  conclutle ~ ~ i t l l  cert:i~nty 
illat he is tllerc a nanilercr from some distant 1;inds. I 
n-llere the \~o r l<  oi cre;ition hat1 been c:rrrietl farther, and 
n ~ h r r e  the collditioils of surro~~ni l ing  /Satul-e I V ~ I C :socll :ls 
to affortl him 111e contlitions of a l~oiiie. 1

\I-e see, then, tii:rt I>!.tile question z i~ l i~ t l  51r. I):ii.\\.in, 
in respect to the Fuegimis, is ;r question arising cclunlly in 

tlie race, it is in the llighest tlegree improbable that a 
cllange of lial~itat so gi-eat should have been ~vithout a 
corresponding effect upon those over whoni it passed. 
Kor is it a nlattei- of doubt or niei-e speculation tliat this 
effect nlust Ilare 11een in the highest tlegree mlfavorable. 
'l'lie conclusion, tlierefore, to \vllicll \I-e are let1 is, that 
such 1-aces as  those ~ ~ h i c h  inhabit Australasia, ai-e indeed 
tlie I-esults of tlel-elopnlent, or of evolut~o~l-- 11ut of the tle- 
velol~n~eiltof contlitions, ant1 of tile evolution ~~nfavora l~ l e  
of the natural effects of these. Insteatl of nssmning them 
to Ibe tlie nearest living representative of primeval AIan n.e 
si~oultl 11e nlore safe in ;rssuniiiig tlici~i to represent the 
\vitlest tleparture fl-om that earliest co~itlitioii of our race 
11-liich, oil the theoi-y of i)evelopmeilt, must of necessity 
have bee11 ;rssociateil at iil-st nit11 tlie most llighlp favor- 
a l~le  contlitioils oi external Xat i~re .  

D O L R E ~ - ~ ~ <ON TI-IE N A T U R E  ;~NUCONSTITU-
T I O N  O F  LIATTER.  

A CRII I Q I T E .  

~h~~~ a,,lIearecl ill u s c r r x c ~ "  ()[three lbal,ersia ser ies  
by professGr rl,E.D ~ I , ~ ~ ~ ~IYhich ccnta i l l  sucll 
some\vhat startling itltas 011 the nature and constifulicn 
of matter that  an illterestillg contrcvtrs! M a st o  be ex-
petted, i\'eally llaYe, holveYer, 
,iti70ut any o ~ j e c ~ i c l l shaving heel, raise(l to ally of the 
profersor,s statemtllts, 5o11ie of \%,hichseem to me  q u i t e  
s tral ,ge and of  FEcLlliar matllematics \Yithal. I 
,,,,, ,;th little llesitation e l l te ra  p lo tes t  some 

these stattmellts ,  ,rile subject of the of  
is so illtlicate,so tomlllicaLed, lIeset ,\-ith so 

tllfticulties tile ol;e hal,d, wl l l lecn  o,ller our  means  
of  (lealing \\illl it are so illadequate, metllocls of  in-
vestigaticn so illll,tr~ect that, as  hlasLvell says, all ,ve can  
(lo is to malte hypotheses see how far o u r  facts anti 
,Ihenolnena bear out ,  hi^ being so, I belieYe 
n.~lelleYera bcltl ~ l y l ~ o ~ ~ l r s i s  alld con-is
clusions are dl.aIln tllerefrclll 1,); without hlc I:ing 

most cal.efl,l with all the  principal 
phenomslla the humblest stu(lellt of hi-
,.inaling department o f  , , ~ l y s i c a ~  scierlce llas a to 
lllall,~ a llalt, allcl to exa,ni,le \$,hetiler lie 
\vho assumes to guide is himself sufficiently accluainted 
\vitt, intricacies alltl \\,inclings oftile roatl Ilot to isad 
],is ~ ~ l l ~ ~ ~ ~ ~into the c~islllal swal,lps of lnetapllysical vag-

\vIiich from any cause ljresent contlitio~~s liiglil! ui1in1-or-. 1 
able to Alan. Just as hIr. l ja r~vin  asltetl. 1v11a~ co11ltl 11x1-e 
inducetl tr i i~es to travel (1011-n the American continent to 
:I cli~nate so rigorous ;IT Cape Horn ?-just as u-e hi~ve I 
aslietl, on the same principle, 11-hat coultl 11ai.e intlucetl 
men to travel along the same continent in a n  opljosite tli- 
rectioll till the!- reac11etl :rntl settli.tl \vit~lin &lrctic I 
Circle ?-so no\v we have to ad;, 11-11nt coultl ha\-e intlucetl 

~ i ricll anti slIlelitlitlto traI-el from ~or  from ~ , 
islands of the Eastern r\rchipelago, ;rntl to talce tIleil-
abode in Australasia ? 1 

ln one of these cases tile has iIeen  gl.eatly I 

for  11 lias beell a not o l l l y  inI-olYillgI 

respect to all the races 1111o inliai~it regions of the glol~e,  ,,i,,, 1 tl.,erefore claim for that lest \\hat I 

comparati~-e disatlvn11tage5, blIt 
fulltlnlllelltnl elements of ciI-ilizatioll, anti 1 

sulIjectil lg t~~~~~ ulltlerIYellt t" tleteriorat-,\-llo c~lallge 
ing influences of tile most po~verful 1;intl. 

I t  follo~vs froill these consitic.ratiolis as a llecessar!. 
sequence that tile present contlition of tile 11ustmliai1, or 
the recent contiition of tile T~asin;uni:in, cannot possii~ly 11e 
any t r u s t ~ ~ o ~ t l ~ ! -  iilltlicntion of tile colltlitioli of tlleir ;ill- , 

cestors, wllen tile!- livetl ill more fnvol-etl regions. ,rile i 

sarlle arguinent al~p1ies to tllclll lyllic~l, ;ts \\re linve seen, 
to ~~~~i~~~~ ~f a l l  

1

!alltl the ~ ~ l ; i ~ ~ ~ ,  
faiililies of 1\Ianliind are tile tlescentlants of men, \\711o at 
some former tiine inhabited countries ~vholly clifferent in 
climate, and in protluctions; ant1 in all the faciiiLies 1~11ic11 
these afford for the development of the special faculties of 1 

130silirc t \ iz~r~l i l l~ ies-motion relative to its centre of ! or motions of its parts 

have to say  might lbe colistrllet~ as too lIresulliptuous. 

1, l.eYi el,; I sliall, in the touch ui,on alld dis- 
cllss I desire to esamille, in the  or(ltr i n  \vhicli
Illey occur ill tile ~ ~ ~ 

,
1
. 

begin, ll,ell, ~f ~ 

witll first section 11, I .illall devotea little at-
1 7 ~ 7 ~ 'tention to the ecluation E' - c---\~hich the I'rofessor 

2 
says expresses the total energy of an  atom. It seems an 
altogether gratuitous assumption to give to the expres- 
sion for the total energy of an atoin the sa i l~e  lorin that  
Clausins gives for the total energy of a molecule. In the 
n io lec~~le  and also the we have the niotioll of trlnslation 

niass;  but of the atom \ve cannot make the same asser- 
tion. Clausius was justifietl, Ily mathe~natical  deductions 
from experimental data, to assunie that  the total energy 
01 the inolecule is prol~ortional to the energy of agita- 
tion ; but that does by no means justify the assumpti011 
that the same for111 of function also the total 
energy of the atom, for here all experimental data are  want- 
ing. \\-e mag, however, reasonably conclucle that  the 
f o ~ i n  of this i ~ ~ u c t i o n  for the atom must differ somewhat 
f ro"  that for the molecule, as  the motions of the atom 
n u s t ,  of l.lecessity, be m~lcll  lllore intricate and complex 
-- -- .-- -- .--

-p-


1" ?I, Sonie Needed Change? a n d  ~ \dd i t i ons  to I'hysical Kome~icla-

, , ,  . I ,,,>,2SS ; .& a Fo,lll of E ~ ~ yo,,~ 11,,p ,~
On h ia t t eu  as ~ . v 

40, ;,ld " o n  the i impl i tude of  Yibl-;itiol~ of Atorns," Val. XI., p. 146. 
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than those of the molecule. Granting the correctness of 
the expressioii for al.gurne~~t's, sake I must confess that I 
do not understand how the Professor gets the expression 
E-E = E given under 3, in his " 'l'able of Fornls of 

1/L v?.Energy." If c in the expression E '  = i --- IS anything
2 

it ceriainl>-tuust be the rat'o- E iviitre E =--,s 711v9. theer;ergy
r

I> L. 

of agitation of an atoll,. By subtrac~ion we obtain E -
E = - 'K?? = IF''' (C - I )  ant1 cot F as  the Prc- 

2 3 2 

fesscr would lead us to believe. IVhile I regartl it simplv 
a gratuitous assuniption to give the expression for the 
total energy of an aton?, and that for the total energy of 
a tl~olecuie the same form--because n7e have no exueri-
mental e\idence whzterer to justify us to b e l i e ~ e  that the 
conditioils of the atom resemble those of the molecule--I 

117V' .believe that the equation E'= ,- In I\-hich F is i i s fe~--
2 

C.? / a /  energy is utterly incorrect. in a his expression is 
not a t  all analcgous to ,!J' in ,?.iii ? i d t h e  expression 
for the total energy of a n~olecule as  give11 by 
Maxwell. Here :i is the numerical ratio of the total 
energy to the e1;ergy uf agitation, an  ahs'ract, 
while c is internal energy, a concrete, Elere let me ask 
what is enel-gy times energy. T h e  form E' -E = is 
untloubtetlly ccrrect. From this by substitution \ye get  

E'= -Ill Vi/?+ c and nct E -.?I1 7/2 

2 3, 

The  statement " Latent heat, specific heat, and specitic 
intluctive capacitb-, are all involvetl in (tliat factor ?) F," is 
certainly not correct. Latent heat is \vorlc perfol-~ued 
u1101i sc~me body, and is, according to Clausius, partly in- 
ternal a~i t l  partly external, Tlie esternal \\-orlc is per- 
formed upon s~trrountling material systems. 'The inter~ial 
\~or l ;  is, in general, coiiil~osetl of t\\-o parts-one ex-
pelided u1101i the polecules in espandiiig the botiy from 
one state of aggregation to anotlier, tile other part is ex- 
pended LIIIOII tlie parts of tlic niolecule. It is only this 
last portion \vhicli call affect the atoll1 as such, ant1 \vliicli 
can in any \Yay 11e involvetl in c .  Siniilarlb- we lint1 that 
specific lieat is also ~vorl; perfor~netl, ant1 that, too, of a 
coml~lesnature. Specific iliductive capacity seems to me 
to belong to an altogether tlifferent class of phenoiiiena. 

I11 regard to the ether the Professor ~nalces some verb- 
curious statemelits. H e  says tliat he lino\vs iiotliiiig of 
the specific properties of tlie etlier, yet in the saiiie sen- 
tence is tlie statement " etlier is liot matter," as  if this 
\vel-e agelierally accepted vien. If the etlier is not mat- 
ter, \\hat is it ? There are tn.o \vays of loo1;ing at  mat-
ter-the sul~jectiveor metapliysical, ant1 thc objective or 
physical. 1Ietapli)-sically defi~ietl iiiatter is anytliing 
\vliich lias extension or occul~ies space. For  the physical 
clefinition I quote lIax\vell? i"-Ieiice, as  \ve have said, 
\ye are accjuainted \vith matter only as tliat i\~liicli niay 

they possess the same absolute amount of energy. Ire-
locity, in this case, \\-ill l ~ e  equal to a~liplituden 6,tlie 
space point c passes over during one 1-ibration. If nz ant1 
712' be two atoilis of different masses having ecjual energy 

IlZ v2 11~ 'v'a 712 u'?of vil~ration, tlien E =---=---- and - = tliat is -

3 2 ?/Z v? 
the scjuare of their velocities is inversely as  tlieir masses, 
so tliat ~vnve-length in the etlier ~r-ill vary as  the inass of 
the atom." This is certainly very curious logic ant1 math- 
ematics. Tlie statement may be true, antl the investiga- 
tions of Lecocl de Boisbautlran even furnisli some evi-
dence in its fa\-or, 11ut tile mathematical proof offered by 
tlie I'rofessor does not justify any such conclusion. 7) 

ant1 v' are, according to his own statement, a i i i l ~ l ~ t ~ ~ t l e s  of 
vi1,ration ; when, tlien, tlie atonis of tlifi'erent niasses ha\-e 

?)t v'2equal eiiergj., tlie proportion - - , =  simply 111-oves 
...711 7)'-

tliat the squares of the amplitudes of vil,mtion are in-
versely as tlie masses. In what manner the rate of I-il~ra- 
tion ant1 ~vave-length in ether follo~vs fi-om tliis relation 
of mass to amplitutle tlie Professor does not make c'lear. 
In  ortler to 1na1;e tile al~ove conclusion of lirofessor 1101- 

v'2 71'bear correct, n.e must liave tlie fm.tliercontIition, - =  -
v? I!  

where ?z aiitl n' are tlie relative numl~er  of vil~rations of 
NZ ant1 nz' 111 equal times. One of tlie most funtla-

llle~ital ecjuutions of motion is uncjuestional~ly 7) = :--
1. 

I-Ience, as the amplitude n b is a space passetl over in a 
given time, \ve call 1iial;e it eclual to v only 11)- malting f 
rulity. Similarlb- \ve call maLe tlie amplitutle of ?IL'equal 
to v'only by 11ial;ing t unity. If no\\- we \\-is11 to com- 
pare tlie velocities :~nd Illasses of tlie t\vo atonis \ve call 
certain1~-not use different units of time to determine those 
1-elocities; and I\-e get, accortliiig to tlie 1'l.ofessor's 
statement, the self-contradictol.~.ictory result that tn.0 atoms, 
\vIiich make encli one vibration in eclual times yet haye 
tl~ffei-ent rates of vibration. T o  inalce the pro1,leni more 
general let us take t\\-o atollls of masses ?n and ?it'. 

Let them iiialce respectively i~ ant1 ?z' vi1,ralions of ampli- 
tudes, tr~antl n' in [unit of time. Tlie tiliie of one v i l~m- 

tion of 111 ant1 nt', 2 . Substituting\\-ill be -'-~ of 
n 91 

these vaiues success~vely for t, and a ant1 t r '  successively 
for s in the equation of iiiotion, \ve 1im.e 

I t  >I' 

or the velocities are proportional to the ~ ~ r o d u c t s  of tile 
amplit~ttles i ~ y  tlie nunil~er of vibrations i i i  unit time. 
Conibining t h ~ s  \\.it11 tlie Professor's proportion \ve have 
PZ - a'' n ' "-- , 
L a2 ?I? 

iT o  obtain fro111 tliis the relation ?It = 1 and i '  be-,, 
have energy coiiiliiuiiicated to it fronl otliei. matter, alitl I ~ L  n 

\~liicli iiiay, in its turn, com~nunicate energb- to other mat- * ' 2  n'? 

- 72 '
ing wave-lengths, 11-e must fulfil tile condition -_ 
ter." Again, lie says : '. Energy cannot exist escept in a"/'? 12 
co~inection \vit11 matter." 11-llether, then, \ve accept the ?Z a '?  

nietapliysician's tlelinition or the physicist's, \ve niust regartl 
ether as matter ; for it certainly has extensioil ant1 occn-
pies sp;ice, ant1 it certailily receives from other matter, 
tra~ismits ant1 imparts to other matter energy. Tliat 
bIas\vell regardetl etlier as matter, appears from the fol- 
lo\\-iiig c~uotation, taliell fro111 tlie salile \\-ark and page as  
the preceding: "Hence, . . . \ve co~lclude that the 
matter ~ r h i c l ~  througll tlie traiis~iiits light is disse~i~inatetl 
\vliole of tlie visil~le u~iiverse." T h e  italics are mine. Pro-
fessor ljolbear, furthermore, tacitly assulnes etlier to liave 
illass, as  will appear hereafter. 

Again, tlie Professor says : " Furtliermore, as  a to~i ls  
differ in lilass so \\.ill Llieir rates of vibration differ lien 

4 $ .  AIatter and AIotion," p. 93 

If, then, t n o  toms of the Illasses aL a11dol-,= 

IZ - a'"m' have ecjual energy, ant1 the r e l a t i o ~ : ~  - liolds ?z 
I1 a? 

and n',beitig the respective nun111er of 1-ibrations in unit 
time, aiitl n ant1 a' correspontling aiiiplitr~tles, tlie relation 
h-=_n t  .~n \vhicli 2. and 2' are ~vave-lcngths \vill follow. 
, , 
/L ?it 

112 - 77'For 11-e mill then have, as  above showll, -7-- . \Tealso 
IlZ ?I 

liave i.= 7) - atid 1,' = v-. Fro111 these \ve obtain -2 = ?t' 
-

IZ n 1,' 

and, hence, -FIZ = -.i 
712 i,' 

7~ a ?  
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I! a'?\yhe ther  or not t h e  relatiol,, = - llolc!s ill any  
I L  (7% 

particular case can, it would seen?, be determined only b~ 
e s ~ e ~ i i i i e n t .  So, too, the  fact of  the  equal absolute 
energy of vibration of t\vo atcins. O u r  experimental 
methods are, holyever, a s  yet f a r  from competent to deal  
wit11 either cluestiun, and until they are it is certainly pre- 
mature to build u p  speculative l~ppotheses .  I 

Every student  c f  molecular science l ; i io\~s ho\v great  is i 

the  temptation to build Ilypotl~eses which a re  to account  
for  all tile ph!.sical ant1 chenlical relatioils of mat -
ter .  SVe can reat! between the  lines of nearly all 
our recent writers in this depar t~ne i l t  of sciecce their 
secret belief tha t  chemical phenomena are probably but  a 
c o n ~ p l e s  phase of mechanical phencmena,  and that  all 
matter  is probably one. Nor  a re  fac t s  justifying such ! 
vie\vs altogether vzanting. Probably no  cllemist \voultl 
be  holtl enough to say in how far  such  l ) l~enomenaas ,  fcr 
instance, the soluticn of ammonia,  carbcil clioxitlr, and  
many other gases in water  a r e  of purely chemical and  
how far of  purely physical nature. Thel-e a r e  many 
other phenomena in Ivhich similar difficulty wculd he 
felt.  T h e  phenomena of adhesion and cohesion a re  such 
tha t  it does not  require a very grea t  s tretch of the  imag- ' 
ination to  suppcse tha t  they may be bu t  different phases 
of what  we call chemical union. But  to pass frcm such 
general antl indefinite speculations to suppositions in re-
gard  to t h e  mechanical ccnditions which will account  for 
all these phenomena a n d  all t h e  properties of matter  upon 
purely mechanical principles is a long antl, indeed, a hold 
stride. z l s  the  ten?ptation to make this  a t t tn lp t  isgreat ,  
so  ought  our caution to be  great  111 malting the  at tempt.  
Professor Dolbear's immecliate 111-etlecessor in this  at-
tempt is I'rofessor Xorton.  His  hy~ot l ies i s  of two atmos- 
pheres, one attractix-e, t h e  other repellant, surrounding 
each atom, is too artificial, and in b e ~ n g  in opposition to 
the  '<ICinetic T l i e o ~ y  o:Gases," is probably too much out  
of sympathy ~ v i t h  t h e  tenclency of iuodern t h o u g l ~ t  to  
make many converts. Kot  so, however, with Piofessor 

any  closet1 structure such  a s  a saturated molecule a n  
inil~ossibility, fol  the  peripheral a toms would ccnstantly 
at tract  further  a t c ~ n sa s  long a s  they vibrate, and  other  
a toms vibrating synchron:cally\\itIi t h t m  a l e  present. If, 
c n  the  other hand ,  the  a tcms  a re  arranged in tri-dimel:- 
sional sFace, h a \ ~ i n g  their  centres in planes, say, a t  right 
at:gIes t o  one ancther,  the  simplest molecule and t h e  only 
really stable one would have to  contain s i s  atoins whose 
planes of rotat icn form the faces of a cube,  XIfurther 
possible sup1;ositiou is tha t  the  atoills \vould arrange 
theniselves in parallel planes \ \ i th their centres in a line 
a t  r ~ g h t  aiig!es to  tliese planes. Tile  first of :hese scp-  
positions, a s  already indicated, \voultl not alIo\v the  
formation of saturated rrolfcules,  and it woulil seem tha t  
all chemical union, a s  we l i row it, coultl no t  exist, for it 
~ ~ o u l d  a of chance how evitleiitly be a l t o g e ~ h t r  matter  
atcills grcuped themselves in regard to  n u m k e ~ s ,  so  
tka t  \ve could no t  al \va)s  obtain like results of 
u l~ ion  under prrcisely like conditions. l ' l i e  second sup- 
position is also incocsistent hsith chemical facts, for \ \ e  
h?.ve molecules of two, t h ~ e e ,  four and  five a tcms ,  
a s  well a s  others containing !.undretls. T h e  third 
supl:osition is al!io un tena l~ le ,  for fro111 Helmlioltz's math-  
ematical investigations ant1 Tait 's  experinleiits u e  linolv 
tha t  two ~ o l t t s - s i n g s ,  when t h t y  move axially in the  same 
direction alternately, i ~ z s s  through each otherone e x l ~ a n d -  
ing, the  other  contracti~ig-, \I-llile \v11e11 moving axially in 
oprosi te  directions they both espand moving :lo\ver and  
slonler, but  never meet. 'I'his is, according to  Ta i t ,  about  
all w e  !i~io\v exl~erimentally or  mathematically in regard 
to  the  action of one voltex r ing upon another.  I t  is cer- 
tainly a little s t range  tha t  I'rof. Dolbear, in franliiig his 
hypo:hesis, completelyignoi-ts tliese known fact., ant1 re- 
lies on  a far-fetched analogy. Serious a s  al-e tliese diffi- 
culties, they a re  hy no  means  the  nlost serious. I f  experi-
mental evidence is \vorth anything, vie niust believe t h a t  
elementary n?olecules, with aft^ eeseptioiis, consist of tn.0 

Dolhear's speculations. The i r  great  funtlamental siin- ! 
~ l i c i t y ,  a s  \\-ell a s  their tlioiouglily Kinetic nature,  inalte ! 

them dangerous to healthy progres j  in molecular science /
unless they can  maintain their r ight  of being by account- I' ing for a t  least the  chief antl fundamental  phenomena of 
matter .  I shall no\v attenlpt to apply the  touch-stone to 
them. I n  Sectioil IT7.of his first paper I'rofezsor Dolbear 
a t l ranc ts  an hypothesis of chemical union fountletl on the  I 
analogy to  a vibrating body which, a s  is well known by 
1.educing the  average density of  the atmosphere,  
causes light bodies to  cling to it b y  a tn iospher~c  
pressure. W e  a r e  told t h a t  precisely t h e  same con-
ditions exist in the ether  near a I-ihratiug atom ; 
tha t  the average clensity of t h e  surrouuding ether  is less- , 
ened,  and that  by e s t r ~ n e o u s  pressure anothe:. a tom vi- 
brat ing synchronously with the  first \vould at tach itself 
thereto, and  the  ~ l ~ o l e c u l ewould be formed,  etc., etc. 
I woultl like to ask how Prof. Dolbear can consistently 
speak of the  densitv of ether, \\llich, he says, is not  mat -  1 
ter. X'o~v, in this  idea of density there is implicitly the  
idea of mass, for density, a s  every one k n o ~ v s ,  is the iiiass I 
or amount  of matter  in unit volume. But,  disregarding 
this  inconsistency, it is certainly very bold induction, it 
induction it can be called, to  at tr ibute chemical union to 
a lessening of density of ether  due  to atomic vibrations . 
because a I-ibrating tuning-fork at tracts  light bodies 
ivhen brought sufl icientl~ near. I n  the  professor's hy- 
pothesis t h e  a toms (vortex-rings) vibrate about  a circle 
a s  figure of equiiibriu~u, ancl consrqoently have four 
points  of maximum displacement or  mlnimum density of 
t h e  ether. A s  a consequence of this, each  a tom niust 
at t ract  other  atoms capable of at taching themselves to  it 
a t  four points. T o  judge from his diagrams,  t h e  I'rofts- 
sor  belleves tha t  a toms unite only in two-diixensional ' 
space,  i.e., t h a t  the  centres of all t h e  a toms lie in t h e  s a m e  
plane.  Such  a distribution of t h e  a toms would render 

a t o m s , ~ v h i c h a r e ,a s  fa r  a s w e  can judge, exactly alll<e. Fur -  
tilermore, we  find that  in all cllemical reactions we can 
deal with nothing less than  tile molecule;  we  kno\\r ant1 
call deal with t h e  a tom only a s  a pnrt of a molecule, and  
not  a s  a n  indepencient existence. \Then chem:cal ullion 
takes place between two elements, there is  simi;ly an in- 
telchange of a toms between the  molecules. T h e  differ-. 
ence b e t w e n  the  molecules of a11 elelllent, alltl those of  
a ~ o m p o u n d ,is sirnplg this, that  the  a toms of e!eme1ltary 
r ,olecules a re  all alike, while those cif a coin-
pound nlolecule a re  unlilie. I repeat all these funtla- 
mental ant1 \\ell-kno?vn chemical facts and deductions, to 
show h o ~ v  s ingular~y  inadequate Prof. Dolbear's llypotlle- 
sis i s  to  account  for  even the  most  simple chemical facts. 
According to his hypothesis, the  a toms \\hose rates of vi-
1)ration a r e  most  exactly alike, must  form the 111ost stable 
molecules. Consecjnently, the  a toms of a n  element must  
cling Illore firnily together than  can those of two different 
elements, and  chemical union b e ~ \ v e e n  the  elenlents be- 
comesimpossible. Did the  a toms of elements exist a s  incli- 
viduals, and not a s  parts  of molecules simply, synchronism 
of  vibrations might  be a possible suppos~t ion  to account  
for  chemical union ; but  a s  the  case stantls, \ye must  re- 
ject any  such hypothesis a s  preclutling a11 combillation 
between a toms of  tiiffereilt elements. Set t ing aside even 
this  dlfficulty, how are we to account  by synchronous 
vibrations for  t h e  liberation of energ; in the  f o r m  
of heat  and light, acconipanies most  chemi-W ~ I C ~  

cal unions. Tlrese f o r i i ~ s  of energy are, accorilillg 
to the  l'rofessol' himself, altogether due  to vjbra-
tions of  t h e  atolus and  these same vibrations 
cause the  union. No!\., ho\v can they botli cause the  union 
a n d  be produced 1))- i t ?  Does his not  look a little like 
$c~$rizrzint ?iiobilc.P H a d  t h e  Professor tried to  explain 
adhesion a n d  collesioll by molecular vibration his posi- 
tion i ~ o u l d  undoubtetlly b e  mucll s tronger.  lire know 
t h a t  molecules a r e  comples  a n d  rha t  there lnus t  be 
motion of  their par t s  relati!-e to t h e  centre of Illass o f  
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the molecule. A s  there is no good reason for supposing 
the  motions of these parts or atcms to be rather in one 
plane than another, we must admit the possibility of 
motion in all planes. T h e  vibrations would, however, 
probably be in three planes a t  right angles to one 
another in all nlolecules of more than three atoms ; and 
would, consequently, have six Foints of maximum dis- 
placement and minim1:m density of the surrounding 
ether. Molecules of two and three atoms might possibly 
vibrate in t\vo or only one plane. -4s lnolecules are nct 
vortex-rings, though p o s s i b l y g r ~ u ~ s  of vortex-rings, the 
analcgy to a vibrating tuning fork becomes much closer 
than in the case of a vibrating vortex-ring, and we are 
much more justifitdin tryirg to make applicaticn of the 
hypothesis. Prof. Dolbear's analcgy thus modified can, 
I think, be made a very fair worlting hypothesis to ex-
plain adhesion, cohesicn and  even crystallization. T h e  
phenomena of surface tension of I'quids acd capillary 
acticn find a reasonably fair explanation upon this hy- 
pothesis, and possibly also those of o~mosis ,  dialysis and 
occlusion. But even here such an hypothesis meets with 
many difficulties and we must exercise extreme caution, 
and must gather further experimental eviclence before 
ccn~mit t ing  ourselves to its acceptarce. 

In his second Faper the Professor tells us that the vor- 
tex-ring theory assulnes that matter is a for7~z ofencqyy, 
etc. Never having been so fcriunale as  to have had 
access to Sir William Tkomson's original memoir, I 
know his celebrated hypothesis only thrcugh interprrta- 
tions of others. From these interpretations I have al- 
ways supposed :hat this hypothesis assuines that all 
matter is essentially one ; anti that the elements, as  we 
know them, are portions of this common mat t t r  imbued 
\vith vortex-motion, thus folining vortex-rings variously 
knotted, whose energy is non-inte~changeable with other 
forms of energy provlded the  vortrx-rings are formed and 
exist in a perfect or frictionless fluid. If the fluid is not 
quite perfect, not quite frictionless, the vortex-rings 
must gradually be  destroyed and  their energy must be 
transformcd, T h e  uniform material substratum, if I 
unclerstand the hypothesis correctly, consists of smaller 
and simplrr vortex-rings which are  a!so the particles or 
atoms of the ether. If', then, I comprehend the positions, 
the non-transformability of the energy of the voitex 
atoms and also their pernlanence, i e, the persistence of' 
our elements depend upon the  perfect fluidity of the 
ether. Whether the ether is perfectly ftictionless or not 
science is, I think, hardly ready to answer. T o  call 
"n~nf t e rn fo r l~ t  of energy not interchangeable with other 
variable forms" is, under the circunlstances and from the 
meaning of the terms employed, to talte extraordinary 
liberties with language. Physically regarded, energy is, to 
strip the term of all techuicalitits, m a t t ~ r  in motion. Then  
Professor Dolbear's siatement becomes matter, is a form 
of matter in motion, which is hardly intelligible. Again 
we are told ' T h e  energ? of a mass of matter varies as  
the square of the velcc~ties, but the $vo$erties of the  
mass vary with the form of the energy, tha t  is to say the 
physical properties of a heated body are not identical 
with those of the  sallne body when it is but  
sesses the same amount of enelgy in free path motion." 
Exactly what this sentence means is, I must confess, be- 
yond my comprehension. One thing, however, seems 
certain, that it expresses a n  iclea directly opposed lo  the 
" Mechanical Theory of Heat " and the " Kinetic Theory 
of Gases" in the statement that a cool body " ~2sses ses  
the same amount of energy in free path motion a s  the 
same body when heated. I f  this be so, what becomes of 

= ZI' for gases, andwhat  of the '' Thermo-dynamic 
T 7' 

Scale of Temperature." 
IIZV? 

In regard to the assuinption - = atomic weight and 

the calculations based thereon, I will merely remark that  if 

--- -. ... 

the  groups having the same nL or those having the same 
v showed any family likeness or any gredual variation cf 
j~roperties as  do Mtndelejcff's periois a d  grcups; then 
they would be worthy of ccnsicleraticn. As  it is, how- 
ever, they seem rrere jrlpglely with figures. T h a t  
the atcms of the elements have a "cornmonfo~~m differing 
arithmetically from each other in size and velocity" is 
utterly inconsistent with the well-known facts and phe- 
nomtna of quantivalerce or ~ a l e n c y  of atoms. There  
would have to be two forms a t  least one for altiad, and 
one for perissad atoms. I think for the present, at  least, 
we must reject this id ta  of sirrplicity and still foliow Sir 
\Villiam Thomscn. 

Iu the third paper we read, "The re  is now sufficient 
evidence for the  belief that the Kinetic energy of atoms 
and molecules consists of t\vo parts, one of which is the 
energy of translation or free path, the other of a change 
of form due to  vibrations of theparts of the atom or mole- 
cule toward or away frcm its centre of mass. T h e  pres- 
sure of a g a s  is im~nediately clue to the former uhile the 
temperature depends solely upon the latter." T o  the first 
sentence of this quotation 1 object, because atoms and 
molecules are  treated as  i f  similar, for which assulnption 
we have no evidence. The second sentence contains the  
very str2nge idea that the temperature of a g a s  is duecnly 
to the internal energy of the molecule, nIax\vell in his 
"Theory of Hea t "  Chap. XXII,  under" Specific Heat at  
Constant Volume " says : "Since the p i o d u c r $ v i s ~ r o ~ o r -  
tional to the absolute temperature, the energy is propor- 
tional to the  temperature." By energy Maxwell here 
means, as  appears frcm the context, what Prof, Dolbear 
would call total energy. From this it appears that Prof. 
Dolbear's statement can hardly be correct. If we  re-
member that Maxwell speaks of lnolecules and Prof. Dol- 
bear of atoms the latter's statement becomes still more 
cloubtft~l. T h e  assumption tha t "  these two forinsof energy 
must indeed be  equal to each other ~n a gasunder unifcrm 
conditions," upon which all the Proftssor's calculations in 
his third paper are based, can easily be  disproved. T h e  
Kinetic energy of agitation of a molecule is % nzv%nd 
t he (total) energy is " /3 71zv' where I; is a factor always 
greater than unity and probably equal to 1.634 for air 
and several of the more perfect gases." Hence the in- 
ternal energy IS % (.634 ntv2.) This, of course, inval- 
idates all the Professor's calcula~ions.  

Having extended my remarks f a r  beyond what I origi- 
nally intended, I shall touch upon cnly oce more point, 
though I find various other difficulties in the Professor's 
speculations. T h e  last paragraph of the third paper be- 
gins : " As  a t  absolute zero each atom is quite indepen- 
dent of every other atoin, that is, matter has not a 
molecular structure, etc." Now, I would like to aslt the 
Professor how he knows this. Such a state of affairs 
would indeed makc the absolute zero a more than singu- 
lar  point in the curve of the propertirs of matter. 

BUFFALO,K. Y.,  A$~il20, 1881. W h f .  II. DOPP. 

L E T T E R S  T O  THE EDITOR.  

[ T h e  E i i i i o r  does ?tot ho ld  hiinseiJ ~ e s j o r t s i d i e f o y  qpilliO)lS el;nyrssed 
6)) h i s  corrrs jonde~zis .  N o  rzotice i s  tnkcl t  o,fnnoizy?itoits c o i i ? , i i ? ~ ~ ~ i -  
cn*io72s ,~  

INTRA-MERCURIALPLANETS. 

To the Edz'Lor of " SCIENCE:" 

I wish to say that the ske:ch givell to " SCIENCE,,, 
N,. 35, 95 ,  the  of Professor Swift,s Vulcans 
is very nearly as they were put  down by Professor 
Swift himself on a map that now hangs in my room a t  
the Naval Observatory. 

As  to negative evidence there is something to be  said 
on both sides of the question. When  extraordinar), dis- 
coveries are  reported they are to be severely examined 
and carefully criticised. If the obselvations on which 


