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science than this. The committees are gen- 
erally continuecl from year to year, and thus 
form per~nanent worliing bodies, each pnrsuing 
a definite object. Naturally, nearly all the 
mork mill be done by one or a small number of 
~nembers; but the latter have the advantage 
and stimulus of the co-operation and aclvice 
of their fellow members, who again are in a 
position to provicle for the continuance of the 
work in case the person in charge gires it up. 
An idea of the present importance of this fea- 
ture of the organization may be gained from 
the fact, that there are more than forty such 
committees at work, reporting annually. Some 
examples inay be cited to show the character 
of the work undertaken : A committee on 
unclergrouncl temperature collects determina- 
tions of the rate of increase of temperature in 
mines, ancl other places where it is possible to 
determine it ; another is collecting and inves- 
tigating meteoric clust ; another investigates 
the lunar disturbance of gravity ; Mr. Francis 
Galton is at the heacl of a committee devising 
a system of statistical measurements of human 
beings ; the economists have a committee in- 
vestigating the rate of wages, and its relation 
to economic progress. In a word, a range of 
subjects from tables of binary quailtics to pat- 
ent legislation, ancl the ~iligratioll of birds, are 
being regularly inrestigatecl. We wish there 
coulcl be a bocly of men in this country pursu- 
ing similar objects. 

The number of Americans present a t  the 
meeting was even greater than coulcl have been 
expected ; and the high charncter of the Ameri- 
can representation is sufficiently shown by the 
fact that six ex-presidents of the American 
association were in attenclance. 

STEPS TOWL4RDS A I C J N E T I C  THEORY 
O F  ilTATTER.1 

THE now well-known liinetic theory of gases is a 
step so important, in the way of explaining seemingly 
static properties of matter by motion, that it is scarcely 
possible to help anticipating, in idea, the arrival at  a 
complete theory of matter, in which all its properties 
will be seen to be rnerely attributes of motion. 

Rich as it is in practical results, the kinetic theory 
of gases, as hitherto developed, stops absolutely short 
at  tile aton1 or molecule, and gives not even a sng- 
gejtion towards explainirig the properties in virtne 
of mllich the atoms or lnolecules lnutnally inflnence 
one another. 

Address to the inatliclllatical snil physical section of the 
British sasocistion a t  liolitrcal, S u s .  28, 1884, by pro feu so^ Pir 
WILLIAM'~'HO>LSOT, X A . ,  I>L.U., D.C.L., F'.11.8., L. $ E., 
F.E.A.S., president of the scction. 

Every one who has hitherto writt,en or done any 
thing very explicit in the kinetic theory of gases has 
talcen the rnntnal action of molecules in collision as 
repulsive. May it not, after all, be attractive ? Im-
agine a great multitude of particles enclosed by a 
boundary which rnay be pnshed inwards in any part, 
all round, at pleasure. Now station an engineer 
corps of Jlaxwell's army of sorting demons all round 
the enclosure, with orders to push in the  boundary 
diligently everywhere wllen none of the besieged 
troops are near, arid to do nothing when any of then1 
are seen approaching, and until after they have 
tnrned again inwards. The resnlt will be, that, with 
exactly the same sum of kinetic and potential ener-
gies of the sarne enclosetl multitude of particles, the 
throng has been caused to be denser. Now, Joule's 
and Thornson's old experiments 011 the efflux of air 
prove, that if the cro~vd be comrnon air, or oxygen, 
or nitrogen, or carbonic acid, the temperature is a 
little higher in the denser than in the rarer condition 
when the energies are the same. By the hypothesis, 
equality of temperatnre between two different gases, 
or two portions of the same gas at  different densities, 
means equality of Binetic energies in the same num- 
ber of rnolecules of the two. From the observations 
proving the temperatnre to be higher, it therefore 
follows that  the potential energy is snlaller in the 
condensed crowd. This (always, however, under 
protest as to the temperature hypothesis) proves 
some degree of attract,ion anlong the molecnles, but 
i t  does not prove ultimate attraction between two 
molecules in collisiorl, or at  distarlces much less than 
the ayerage mutual distance of nearest neighbors in 
the multitude. 

We must loolc distinctly on each molecule as being 
either a little elastic solid, or a configuration of mo-
tion in  a continuous, all-pervading liquid. HOWwe 
can ever permanently rest anywhere short of this last 
vie~v is not evident; but it mould be a very pleasant 
temporary resting-place on the way to it, if we conld, 
as it were, make a mechanical rnodel of a gas out of 
little pieces of round, perfectly elastic, solid matter, 
flying about throngh the space occupied by the gas7 
and colliding with one another, and against the sides 
of the containing vessel. But alas for a mechani- 
cal rnodel consisting of the cloud of little elastic 
solids flying about amongst one another! Though 
each particle have absolutely perfect elastic it,^, the 
end must be pretty much the same as if it were but 
imperfectly elastic. The average effect of repeated 
and repeated ~nn tna l  collisions must be to gradually 
convert all the translational energy into energy of 
shriller and shriller vibrations of the molecule. Eycn 
if this fatal fault in the theory did not exist, and if 
we conld be perfectly satisfied with the liinetic the- 
ory of gases fouilded on the collisions of elastic solid 
molecules, there mould still be beyond it a grander 
theory, wllicll need not be considered a chi1neric;~l 
object of scientific ambition, -to explain the elas- 
ticity of solids. 

If  v e  could make out of matter devoid of elasticity 
a combined system of relatively nloving parts, which, 
in virtne of ?notion, has the essential characteristic^ 



of an elastic body, this vould be at least a finger-post, 
pointing a way which we may hope will lead to a Iri- 
netic theory of matter. ,411y idcal system of material 
particles, acting on one another mutually tlirough 
mass-less connecting springs, may be perfectly imi- 
tated in a model consisting of rigid liuhs jointed to-
gether, and having rapidly iotating fly-nileels pivoted 
on soirle or on all of the links. The drawings (figs. 1 
and 2) illustrate tmo snch material systems. The di- 
rections of rotation of the fly-nheels in the gyrostatic 

system (fig. 2) are indicated by directional ellipses, 
which show in perspective the direction of rotation of 
the fly-wheel of each gyrostat. The gyrostatic system 
(fig. 2 )  might have been constituted of two gyrostatic 
members, bnt four are shown for symmetry. The 
ellclosing circle represents in each case, in section, an  
enclosing spherical shell to prevent the interior from 
being seen. I n  the inside of one there are fly-wheels; 
in the inside of tlle other, a rriassless spring. The 
projecting llooked rods seem as if they are connected 
by a spring in each case. If we hang any one of the  
syst,erns up by the llooli oil one of its projecting rods, 
and hang a weight to the 11001~ of the other projecting 
rod, the weight, when first put on, will oscillate up  and 
clown, and mill go on doing so forever, if the system 
be absolutely unfrictional. If we clieclr the vibration 
by hand, the \\-eight will hang down at  rest, the pin 
drawn ont to a certain degree; and the distance drawl1 
out will bc simply proportional to the weight hung on, 
as in an  ordinary spring-balance. 

Here, then, out of matter possessing rigidity, but 
absolutely devoid of elasticity, we have made a per- 
fect model of a spring in tlie form of a spring-balance. 
Connect millions of millions of particles by pairs of 
rods such as these of this spring-balarlce, and we 
have a group of particles constituting an  elastic solid. 

The ,gyrostatic nlodel spring-balance is a~.raiigcil to 
have zero moruciit of niornei~tum as a wllole, and 
therefore to contribute nothing to the Faraday rota- 
tion. With this arrangement, thc model illustrates the 
lunliiliferoas ether in a field unaffected by niagiletic 
force. Bnt now let there be a different rotational ve- 
locity imparted to the jointed square, round the axis 
of the two projecting hooked rods, such as to give a 
resultant inomcrlt of momentum round any given line 
through tlie centre of inertia of the systnn, and let 
pairs of the hoolred ro~ls  in the model thus altered, 

which is no longer a ~ilodel of a mere spring-balance, 
be applied as connections between millions of pairs 
of particles, as before, mith the lines of resultant 
moment of momellturn all similarly direcled: me 
now have a model elastic solid which will have the  
property that the direction of vibration in  waves of 
rectilinear vibrations propagated through i t  shall turn 
round the liile of propagation of the  waves; just as 
Paraday's observation proves to be done by the line 
of vibration of light in a dense medium between tlie 
poles of a polverful magnet. The case of wave-front 
perpendicular to the lines of resultant moment of 
mornenturn ( tha t  is to say, the direction of propaga- 
tion being parallel to  these lines) corresponds, in our 
mechanical model, to the case of light travelling in  
the direction of the lines of force in a magnetic field. 

But now, with the view of ultimately discarding 
the postulate of rigidity from all our materials, let us 
suppose some to be absolutely destitute of rigidity, 
and to possess merely inertia and incompressibility, 
and nlutuil  impenetrability with reference to  the still 
remaining rigid matter. With these postulates, we 
can produce a perfect model of mutual action at  a 
distance between solid particles, fulfilling the  condi- 
tion, so Beenly desired by Newton and Faraday, of 
being explained by continuous action tliro~lgh an  in- 
tervening medium. Imagine a solid bored through 
with a hole, and placed in our ideal perfect liquid. 
For a moment let the hole be stopped by a diaphragm, 
and let an  impulsive pressure be applied for a n  instant 
uniformly over the mhole membrane, and then in- 
stantly let the membrane be dissolved into liquid. 
This action originates a motion of the liquid relatively 
to the solid, of a kind to wliich has beer1 given the 
name of ' irrotational circalation,' which remains ab- 
solutely constant, however the solid be moved through 
the liquid. Thus at  any time the  actual illation of 
the liquid, at  any poir~t in the neighborhood of the 
solid, will be the resultant of the motion it would 
have in v i ~ t u e  of the ci~culation alone mere the solid 
a t  rest, and the iilotion i t  mould have in virtue of tlle 
motion of the solid itself had there been no circulation 
established through the aperture. I t  is interesting 
and important to remarlr, in passing, that the whole 
lriuetic energy of the  liquid is the sum of the kinetic 
energies which it would have in  the two cases sepa- 
rately. Xow, imagine the whole liquid to be ellclosed 
in  an  infinitely large, rigid containing-vessel ; and in 
the liquid, a t  ail infinite distance from ally part of the 
containing-vessel, let two perforated solids, with irro- 
tational circnlation t,hrough each, be placed a t  rest 
near one ailother. The resultjarit fluid motion due to 
the two circulatioiis will give rise to fluid pressure on 
fhe t v o  bodies, which, if unbalanced, will cause them 
to move. 

I t  migl~t, be imagined that the action a t  a distance, 
thus provided for by fluid motion, could serve as a 
foundation for a theory of the equilibrium and t,he 
vibrations of elastic solids, and the transmission of 
waves like those of light through an extended quasi- 
elastic solid inedium. Bnt, nnf~rt~unately,  the equi- 
librinm is esseritially nnstable. If ,  however, tve 
counect the perforatecl hoclies,nitl-1 circulation through 
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then1 in tlie liydroliinetic system. by jointed rigid coil- 
ilectiilgliiiks. we ma!- arrange for configurntioils of 
stable equilibrium. Thns, \\-illlout. fly-\\-heels, but 
with flnid circulatior~s througli apertnrcs, n-e ]nay 
make a model spring-balance, or a nod el I~lrninifer-
ous ether, either without or \rittl t l ~ e  rotational 
quality corresponding to that  of tlie true lumi~lifer- 
ous et>her in t)Eie ri~n,gnet.ic fluitl: in short,, do all by 
the perforated solids, ~ ~ - i t l i  tlieul,circulolions th~.ough 
that r e  saw we could do by ~iteaiis of linked gyro- 
stats. But something that  we callnot do 11y lirii~ecl 
gyrostats, we can do by the perforated bo~lies with 
flnirl circnlntion: me can inslie n riiodel gas: The 
niutual action a t  a distance, repulsive or attractive 
accordiitg to the mutual asppet of the two bodies 
wlieil passing within collisional rlistarlce of one 
anotl~er,  s~rflices to produce tlie change of directioli 
of iuotion in collision, n-Iiicli cssentially corist,itt~tes 
the foundation of t,lie kiiietic theory of giises. 

Tliere remains, however, a s  TI-e llave seen before, 
the difficulty of providing for the case of actual iin- 
pacts betnveen the solids. 

Let us annul the solids, and Iea7.e tlie liquid per- 
f o r ~ u i ~ i girrotational circulation round vacancy, in 
the place of the solid co~.ss m~liie21n-e have hit1it:rto 
supposed: or let us ailnu1 the rigidity of the solicl cores 
of bhe rings, and give t,liein ~ n o l e c ~ ~ l a r  rotation accord- 
ing to Helmholtz's tlleory of vortex ~uotion. As to 
~vliether, however, ~ v h e n  the vortex tlicory of gases is 
thoroughly morBecl out, i t  mill or ~vil l  not be Cottnd 
to fail iu a Inanuer analogo~is to the failure already 
pointed out in con~iectio:i with tlie liinotic theory 
of gases composecl of little elastic solid molecnles, 
otle canriot :xt present speak ~vit,h certainty. 

I'ROGRESS OF CNEI~IZSII'RI' STIZTCE 1848.1 

\VITII the death of lierzelias in 1848 entlecl a well- 
tnarked epoch in the hisf,ory of cliemistry: with that, 
of 13utr1as -and, alas ! that  of \Vart>z :~lso -in ISS4 
closes a second. 

'l'hc differences betrreen ~ r l i a t  niay ~~rope r ly  be 
terined tlie 'Berzelia~i cra,' and that v i th  which the 
lianre of Duinas will f o r e ~ c r  be associated, ahorv 
themselves in many wags, but in Iiorie more ~narked- 
1y than by the distinct vir~vs entcrtai~lcd as to tile 
nature of a clieniical compountl. 

According to f,he oider notions, the properties of 
eornpo~~nds qua1it;ttiveare essentially governed by t , l~e 
nature of their coilstituerit alonis, wllicl~ were snp- 
posed to be so :~rrxnged as to for111 a binary sysf,eni. 
Undcr the riew ideas, on the other hand, it is mairily 
the number and arrangement of the atoms within tlie 
mo lec~~ le~vliicll regulate the cliaracteristics of the 
coii ipo~~nd,which is to be loolced on, not as built lip 
of two consfitnent groups of atoms, but as forn~ing 
o ~ l e  group. Anotlier striking difference of riew be- 
twecil the che~nistry of l l ~ c  13erzeli:~n cra and that of 

Abztrllcl of an  nd i1 l . c~~to the ohemical sccbion of thc Brit. 
ish nssocialion at Montreui, Aug. 28, 1.88.4, by l'rofessor UESEY 
ICNSIELI)RO'POE, I'h.l)., LI1.I)., P.K.8., IT.C.S., prrsicl~ntof 
the sectiotl. 

~ v h a ttve son~eti t i~es term the '~noclern epoch,' is illlis- 
trat,ecl by the so-called ' snhst i t~~t ion  Dun1as.theory.' 
to whom \ye oIve this 1.lieorq-, showed that ch1orii:e 
can take the place of hgdroger~ in Inany compon~~tls.  
atrd tliat the resultil~g body possesses characters sirtii- 
lar to the original. l>ut there is ariother c l ~ a ~ i g e  of 
vie\?-> dating fro111 t,he conlmencenter~t of the Duritas 
epoch, mhicli has exerted an infinenee, oqiial, if iiot 
superior, to those already nnnied on t,ho progress of 
cl~euuistry, and that is, as to the use of ccj~~ivaler~t 
or ntolecular ~vciglits. 

Tile theory of organic mdic:rls~ developed by Liebig 
so loug ago as 183-C, received iiunlerous experiments! 
cortfirntatioiis i n  sncceeding years. Bi1nser1's classi- 
cal researcll on cacoclvl, rlrovilig the possibility of 
the existence of metallo-org:tnie radicals cal~able 
of playing tlie part of a mct;tl. a ~ l d  t l ~ c  isolatiori of 
the hydrocarbon ethyl by Frauklanrf in 1849, laid 
what the si~pporters of the theory deernetl tlie final 
stone in the structure. 

The fusion of the radical atid type t,li~oi,ies, cliieflj-
effcc,ted by the discorery ill 1849 of tllc cornpoaric1 
arnmonias by l l T ~ ~ r t z ,  no ti-brings ns to tlie dawn of 
ern che~aiistry. Hencefor~vard organic conipocui~ls 
ne re  seen to he capable of comp:irison \\-it$ siillple 
inorganic bodies, and 11ydrogon capable of replace-
illelit not only by c h l o r i ~ ~ e  or by a metal, but 1)y an 
organic gro11p or radical. 

At  tlie Etl i i~b~uglimeeting of this associatioir it1 
1550, Williarr~son read a paper on 'Rcsnlt,s of a re- 
search on aetlierification,? whiclr not only iiicludecl a 
sat.isfactory solutioi~ of an interesting slid hitherto 
uilexplained problcni, but was destined to exert a 
111ost iiiiportant influence on tlie derelopnient of onr 
theoretical views: for 11e proved, contrary to the then 
pre7-ailing ideas, that ether corltailis tn-ice :is much 
c ~ ~ r b o nas alcohol, and that i t  is not formed frorri the 
latter by a mere separation of the eleillents of water, 
biit by ail excl~ange of liydrogen for et.hy1; and this 
f;~ct,? bcing in accordance wit11 dvogadro's l a ~ v  of 
niolccular volumes, coulti only be regresenteci by 
r e p d i n g  the iirolecule of ~valer  as containing two 
atoms of l ~ ~ t l r o g c n  to orie of oxygen, one of the  
former being replaced by one of ethyl to Porrri alco- 
1101, and the two of hy~lrogen by t ~ v o  of et,hyl to  
form ether. Then Williamson ii~tro(iilced the type 
of water (subsecluently adoptecl by Gerhardt) into 
organic cl~einistry, and exter~dcd our vicws of tlie 
analogies betwecir xlcoliols and acids by poititing 
out that  these lattcr are also referable to t,lie mater- 
type, pretlictillg th:l1- bodies bearing the same rela- 
tions to tlic ordin:~ry acids as tlie ethers do to the 
:~lcol~ols~ i iu s iexist,- a preiliction shortly afterlvartls 
(1852) verified by Gerharclt's discorcry of the anhy- 
tlridcs. 

Again, in 18.:" \ye note the iirst germs of a t11corj- 
~yhichwas destined to play an all-important part in the 
progress of tlle scic~lce; \-iz., the doctri~ie of ralei~cy. 
or atomicity; illid to Frankland it is that nre orz-e this 
new departure. But whether me rniige ourselves 
\yitil 1;elinIb. n-110 s ~ ~ p p o r t s  tlie unalterable character 
of tlie vulcucy of each elelnent, or with Franlrlar~d, 
y11o insists on its variability. it is 1io1v clear to iiiost 


