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A D D R E B S  OF T H E  IPRESZI)ENT OF TZIE 
BlZZTZS71 ASSOCIATION F O R  T H E  

A D V A N C E N E N T  OF SCIENCE.' 

I. 
~ A R T E I O I ~ O M E UDlhz, the discoverer of 

the Cape of Storms, spent sixteen months 
on his voyage, and the little flotilla of 
Vasco da Gama, sailing from Lisbon on 
July 8, 1497, only reached the Cape in the 
middle of November. These bold men, 
sailing in their puny fishing-smacks to 
unknown lands, met the perils of the sea 
and the attacks of savages with equal 
courage. Ilow great was the danger of 
such a voyage may be gathered from the 
fact that less than half the men who sailed 
with da GamB. lived to return to Lisbon. 
Fourhundred and eight years have passed 

since that voyage, and a ship of 13,000 tons 
has just brought us here, in safety and 
luxury, in but little more than a fortnight. 

Ilow striking are the contrasts presented 
by these events ! On the one hand coil~pare 
the courage, the endurance and the persist- 
ence of the early navigators with the little 
that has been demanded of us ;on the other 
hand consider how much man's power over 
the forces of nature has been augmented 
during the past Pour centuries. The ca- 
pacity for heroism is probably undimin-
ished, but certainly the occasions are now 
rarer when it is demanded of us. If we 
are hcroes, at  least but few o f  us ever find 
it out, and, when we read stories of ancient 
feats of courage, it is hard to prevent an 
uneasy thonght that, notwithstanding our 
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boasted rncchanical inventions, we a13i1 pcr- 
haps degenerate descendants of our great 
preclecesso~~s. 

Yet the thought that to-day ic: less ro-
mantic and less heroic than yesterday has 
its consolation, for i t  rneans that the lot 
of Inan is easier than i t  was. Alanliir-td, 
indeecl, rnay be justly proud that this irn- 
provenlent has been 'clue to the successive 
efl'ortc: of each generation to add to the 
heritage of knowledge handed down to it 
by its prctlecessors, whert~by we have been 
born to the accumnlated endow~nent bS cen- 
turies of geniits and labor. 

I am told that in the United States the 
phrase 'I want to know' has lost the simple 
meaning iinplied by tlie ~vorcls, and has be- 
coille a rrlere exclamation of surprise. Such 
a conventional expression colxlit hardly 
have gainecl currency except anlongst a 
people who aspire to knowledge. The 
dominancxe of the Elxropcan race in Anler- 
ica, Australasia ancl South Africa has no 
doubt risen frorn illarly carrses, but 
amongst these perhaps the chief one is tliat 
not only do 'we want to linow,' but also 
that we are cleterrnined to find orrt. And 
now within the last quarter of a century 
we have welcomed into the ranks of those 
who 'want to lino-cv' an oriental race, wliich 
has already proved itself strong in the 
peacefrrl arts of Imowledge. 

I take it, then, that yort have inviteel 11s 
becarrse you want to 1;no-c~ wh:tt is worth 
Imowing ; ancl we are here becarrse -cvr want 
to linow you, to learn what you have to tell 
rrs, and to see tliat South Africa of which 
we have heard so much. 

The hospitality which you are offering 
us is so lavish, and the jolxrneys which you 
have organized are so extensive, that the 
cynical observer rrlight be temptecl to cle- 
scribe our meeting as the largest picnic on 
recorit. Althoudi we intend to enjoy our 
picnic with all our hearts, yet I shoul(1 like 

to tell the cynic, if he is here, that perhaps 
the l ~ ~ o s t  itxiportant object of these confer- 
ences is the opportunity they afford for 
personal intercourse between illen of like 
~n inds  who live a t  the remotest corners of 
the earth. 

I\'e shall pass through your land with 
the speed and the voracity of a flight of 
locusts; but, nnlilie the locust, n e  shall, T 
hope, leave behind us permanent fertilixa- 
tion in the form of stimnlatecl scientific 
and eclucational activity. And this result 
will ensue whether or not we who havc. 
conlcl from Europe are able worthily to 
sustain tlie lofty par t  of prophets of sci-
ence. T\Te shall t ry  our best to play to 
your satisfaction on tlie great stage upon 
which yorr call on us to act, and if when 
we are gone you shall, amongst yoi~rselves, 
]-,ronormce lJle performance a poor one, yet 
the fact will remain, that the rrleeting has 
embodied in a material form the desire that 
the progress of this great continent shall 
not be merely material ; anit such an aspira- 
tion seclxres its own frrllilment. Ilowever 
sillall may be tlie tangible results of ortr 
meeting, we shall always be prou(1 to havcl 
been associated with yon in your efforts for 
tlie advancement of science. 

We do not know whether the last hun- 
dred years will be regarded forever as the 
saca~llrmmi7.uDila of (liscovery, or whether 
it is but the prelude to yet rnore ~ ~ ~ a ~ v e l o n s  
centuries. To us living inen, who scarcely 
pass a year of oar lives withoiit witnessing 
sonre new marvel of itiscovery or invention, 
the rate a t  which tlie develop~nent of 
I<nowletlge proceeds is t n d y  astonishing; 
brrt from a wickr point of view the scale 
of time is relatively unirnportant, for the 
universe is leisurely in its procedure. 
Whether the changes which we witness he 
fast or slow, they forrrl a part  of a long 
sequence of events which begin in some 
past of imineasurable re~noteness and tend 
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to some end which we can not foresee. I t  
must a l ~ ~ a y sbe profoundly interesting to 
the mind of man to trace successive cause 
and effect in the chain of events which 
malie np the history of the earth ancl all 
that lives on it, and to speculate on the 
origin and future fate of animals, and of 
planets, suns and stars. I shall try, then, 
to set forth in my address some of the at- 
tempts which have been ~nacle to formulate 
evcluticnary specnlaticn. This choice of 
a subject has, moreover, been almost forced 
on me by the scope of my own scientific 
work, and i t  is, I think, justified by the 
name which I bear. I t  will be my fault 
and your niisfortune if I fail to convey to 
you some part of the interest which is 
naturally inherent in such researches. 

The man who propounds a theory of 
evolution is attempting to reconstruct the 
history of the past by means of the circum- 
stantial evidence afforded by the present. 
The historian of man, on the other hand, 
has the advantage over the evolutionist in 
that he has the written records of the past 
on which to rely. The discrimination of 
the truth from amongst discordant records 
is frequently a work demanding the highest 
qualities of judgment; pet when this end 
is attained it  reniains for the historian to 
convert the arid skeleton of facts into a 
living whole by clothing i t  with the f le~h  
of hunian motives ancl impulses. For this 
part of his task he needs much of that 
power of entering into the spirit of other 
men's lives which goes to the making of a 
poet. Thus the historian should possess 
not only the patience of the man of science 
in the analysis of facts, but also the imag- 
ination of the poet to grasp what the facts 
have meant. Such a combination is rarely 
to be found in equal perfection on both 
sides, and i t  would not be hard to analyze 
the works of great historians so as to see 
17-hich quality IT& predominant in each of 
them. 

The evolutionist is spared the surpassing 
difficulty of the human element, yet he also 
needs imagination, although of a different 
character from that of the historian. I n  
its lo~vest form his imagination is that of 
the detective who reconstructs the story of 
a crime ; in its highest it demancls the pox~~tli* 
of breaking loose from all the tralnl~iels of 
convention and education, and of imagin- 
ing something which has never occurred to 
the mind of man before. I n  every case the 
evolutionist must form a theory for the 
facts before him, ancl the great theorist is 
only to be distinguished from the fantastic 
fool by the sobriety of his judgment-a 
distinction, however, sufficient to make one 
rare and the other only too common. 

The test cf a scientifi-c theory lies in the 
number of facts which it  groups into a 
connected vhole; it ought besides to be 
frui t f~~llin pointing the way to the clis-
covery and coordination of new and pre- 
viously unsuspected facts. Thus a good 
theory is in effect a cyclopedia of kno~ill- 
edge, susceptible of indefinite extensicn by 
the adclition of supplementary volumes. 

Hardly any theory is all true, and niany 
are not all false. A theory may be essen- 
tially at fault and yet point the way to 
truth, and so justify its temporary exist- 
ence. 11-e should not, therefore, totally 
reject one or other of two rival theories on 
the ground that they seem, with our pres- 
ent kno~~ledge,  mutually inconsistent, for 
i t  is likely that both may contain iniportant 
elements of truth. The theories of which 
I shall have to speak hereafter nlay often 
appear discordant with one another accorcl- 
ing to oar present lights. Yet we must not 
scruple to pursue the several divergent 
l i nk  of thought to their logical conclusions, 
relying on future discovery to eliniinate the 
false and to reconcile together the truths 
which form part of each of them. 

I n  the mouths of the unscientific evolu- 



228 SCIENCE. [x.S. VOI,. XXLI. NO.656. 

t ior~ is oLten spoken oL as alrrlost synony- 
mous with the evolution of the various spe- 
cies of animals on the earth, and this agtlin 
is son~etimes thought to be practically the 
same thing as the theory of natural selec- 
tion. Of course those who are conversant 
with the history of scientific ideas are aware 
that a belie1 in the gradual and orderly 
trarlsforn~ation of natnre, both anirnate and 
inanimate, is of great aatiylxity. 

We may likvn the facts on which theories 
of evol~ltion are based to a confused heap 
of heads, Lrom which a lieen-sighted 
searcher after tn l th  pielis orrt and strings 
together a Lew which happen to catc l~ his 
eye, as possessing (certain resemblances. 
lJntil recently, theories of evolution in both 
realms of nature were partial and cliscon- 
tinlxous, and the chains oL facts were corre- 
spondingly short and disconnected. A t  
length the theory of natural selection, by 
fo~iiilxlating the cause of the divergence of 
fortns in  the organic world from the pa- 
rcrltal stock, Lllrnished the nat~lralist  with 
a elne by ohich he e~~arriined the disorderc,d 
mass of Lacts before hirri, and he \\.as thus 
enabled to go fa r  in deducing order where 
chaos had rrlled before, bnt the prohletn of 
r-rdlxcing the hcap to prt*Lect order will 
probably baffle tlie ingenrlily of the irlvclsti- 
gator Forever. 

So illurrlinating has k~een this new idea 
th:rl, as the -cvholc of natrlrr has gradr~ally 
been reclxarriinetl 7r)y ils aid, Ihoasands of 
new facts have been hrolxglit to light, ;mtl 
have k~ecn slrrlrlg in clue ot.tlrr on the nrclz- 
lace of linowleclge. Tndeccl, the transfor- 
mation resulting Irorri the new point of 
view has bern so far-reaching as alruost to 
jlxstify the misapprehension of the unscien- 
tific as to the dale when the doctrines oL 
evolution first originated in the mind of 
trlan. 

It is not rrly object, nor indeed ail1 I 
cotnpetcnt, to ~ x a l r l i n ~  the e x t ~ n t  to which 

the theory of natrrral selection has needed 
n~odiiication sincc i t  was first forn~ulated 
by 1)1y father and Wallace. Rut  I am 
surely justified in maintaining that the 
general principle holds its place firrrlly as a 
permanent acqrrisition to nlocles of thought. 

Evolutionary doctrines concerning in-
animate nature, although of rrlllcll older 
date than those whicl~ concern life, have 
been profolxndly affected by the great iin- 
pulse of which 1have spoken. I t  has thus 
conle abont that the origin and history of 
the chen~ical elernents and of stellar sys- 
terns now occupy a fa r  larger s]-,ace in the 
scientific mind than was forrnerly the case. 
The subject which I shall cliscuss to-night 
is the extent to which ideas parallel to 
those which have done so lrluch towards 
elucidating the ]-,rok)lelas 01 life, hold good 
also in the ~ ~ o r l d  of nlatter,  and I believe 
that it n ill be possible to show that in this 
respect there exists a r.esernblance k)etwtrn 
the two realms of nature, which is not 
trlerely fanciful. I t  is proper to add that 
as lor12 ago ils 1873 Haron Karl dl1 I'rel 
discussc~d the s;lllle subject from a sitrlilar 
point of view, in  a. booJi entitled 'The 
S t r u g g l ~  for l i f e  in  the Ileavens." 

Althonch ini~nirriate lnatter movrs urltler 
t h ~action oL forccis which are inc.c:inp:lr-
ably siniplcr than those govrj-ning living 
beings. ~ c tthe pr.ol)lerns of the physicist 
;inti thc aslronollier a x  scaarccly l ~ s s  corn-
plex than those which p r e ~ e n t  t h r ~ l ~ r e l v ( ~ s  
to the bio1o::ist. Thc 1nyitet.y of life I$(.- 
1n;irns a\ ilrrpenelrak)lc as ever, and in his 
~volutionary ,cpc>cl~l at  ions llle biologist cloes 
not attctl~pt tt) explain lilc ilself, htrl, 
;~tlopting:IS his unit Ihp animal as a whole. 
d i s (~uss~sits relationships to otlrer anirlrals 
: ~ n d  lo the surrounding conditions. '['he 
physicist, on t h ~  ofher. hand, is it*resistihly 
irriprll(~dlo forill theot*ies as to the intimate 

l)czr It t c w ? p f  ILWI',\  I ) ( I s ~I ? L  C T ? I Z .  I l ~ r n n ~ c l(zneitc 
Autlng(~),I )r~~ ickc ,Xrl l ~ n ,1876. 
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constitiltion of the lxltirrlate parts of mat- thetrl by various general tertns, such as 
ter, and he desires Llxrther to piece to- autocracy, aristocracy or detrlocracy, which 
gether the past histories and thp f lx t~~reexpress soiiiewhat loosely their leading 
fates of planets, stars and n e b u l ~ .  If  
then the speculations oL the physicist seem 
in soine respects less advanced than those 
of the biologist, it is chiefly because he is 
more aiiibitious in his airns. Physicists 
and astronomers have not yet found their 
Johannesburg or Icirnberley ; bdt, although 
vJe arc1 still rnere prospectors, I a111 pro- 
posing to show yo! sotrle of the dust and 
dialrronds which we have already extracted 
frorrl our surface rnines. 

The frmd:~inental idea in the theory of 
natural selection is the persistence of those 
types oL liLe which are adapted to their 
srlrrorlnding conditions, and the elirnina- 
tion by extermination of ill-adapted types. 
The struggle for life arrlongst forrns pos- 
srssing a greater or less degree of aalapta- 
tion to slon~ly varying conditions is held to 
explain the grad~lal transrrlutation oL spe- 
cies. Althongh a different phraseology is 
used whal m-e speak of the physical world, 
yet the idea is essentially the sarrle. 

The point of vieiv fi-oiii which I wish 
yon to consider the phenorrlena of the 
world of matter rnay be best explained if, 
in the first instance, I refer to political in- 
stitutions, becairse we all ~~nderstand,or 
fancy we understand, sotrlething of 
politics, whilst the problerrls of physics are 
comrnonly far less fatniliar to 11s. This 
ill~istration \\rill have a further advantage 
in that it ~iyill not be a rrlere parable, but 
will involve thc f~lndarrlental conception of 
the nat~lre of evolution. 

The complex interactions of tnan with 
rnaa in a cornnlpnity are usually described 
by s ~ ~ c h  corllprehcnsive terins as the state, 
thc corrlrnonwealth, or the government. 
Various states differ widely in their con-
stitution and in the degree of the coinplex- 
ity of' their orqanization, and we classify 

characteristics. But, for the purpose of 
shomling the analogy with physics, we need 
terrns of wider iiiiport than those habit- 
~lally used in politics. All foriiis oL the 
state imply inter-relationship in the actions 
of men, and action itrlplies iiioveiiient. 
Thus the state iiiay be described as a con- 
figrlrat ion or arrangeiiient of a corrlrnrlnity 
of men; or we tnay say that it irrlplies a 
definite trlode of motion of iiian-that is 
to say an organized scherne of action of 
rnan on man. Political history gives an 
account oL the grad~lal changes in such 
config~~rationsor modes oL motion of men 
as have possessed the quality of persistence 
or of stability to resist the disintegrating 
inflllence of surrounding circumstances. 

In  the wor.ld of life the naturalist de- 
scribes those fortns which persist as 
species ; sitrlilarly the physicist speaks of 
stable configurations or rrlodes of rnotion 
of rrlatter; and the politician speaks of 
states. 7'he idea at the base of all these 
conceptions is that of stability, or the 
power of resisting disintegration. I n  other 
n70rds7 the degree of persistence or per-
manence of a species, of a configuration of 
rrlatter or of a state depends on the perfec- 
tion of its adaptation to its surrounding 
conditions. 

If we trace the history of a state we 
find the degree of its stability gradrlally 
changing, slowly rising to a rnaxiiiilxiii, and 
then slowly declining. When it falls to 
nothing :i revol~ltion ensiles, and a new 
forrrl of governtrlent is established. The 
new mode of rrlolion or government has at  
first but slight stability, b ~ l t  it gradually 
acquires strength and permanence, until 
in its turn thc slow decay of stability leads 
on to a nclv revolrltion. 

Such criqes in political history lriay give 
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1 - i ~ ~  a in \rliic*h the state is to caondition 
incapable of perpetuation by transforma- 
tion. 'I'his occurs when a savar,,e tribe 
nearly exterminates anc:tl!e:. tribe and 
leads the Sew survivors illto slavelay; tile 
previous Sorl~i of goverrlment then bi.co~nes 
clxtinct. 

The physicist, like the bic logist ancl the 
historian, watches the c4Yc~c.t of sl(,wly 
varying external contlitions; 2 1 ~sexes the 
cjuality of pcrsistencc. or itability grad-
u:llly decaying until it vavishes, 1~11ien 
ilrere ensues ~ v h a t  is called, in politics, a 
r c.\lolutiou. 

l'hese considerations lead lire to express 
a cloubt whether biologists have bee11 cor- 
rcct in loolting lo r  continuor~s traiisfor~lra- 
tion or species. Judging by analozy we 
should rather expect to find slight contin- 
11ous chariges occurring durinq a 1orlg 
period ol' time, followed by a soinewllat 
sudden transSormation into n r i e ~ ~  species, 
or by rapid extinction. !'lo\\ el er  this may 
be, ~ ~ ~ h e n  the stability oS a mode oS illation 
vanishes, the physicist either rinds that i t  
is rcplacecl by a new persistcmt type of 
notion aclaptcd to the changed conclitions, 
or perhaps that no slxcll transformation is 
possihle ;rnd that the inode of motion has 
bccc~inc cutinet. The evanescelit type of 
aniural li Se has o Stem been pre-ervclcl for us, 
fossilizecl in 5:eological strata ; the evanes-
cent I'orln oP government is preserved in 
written rclcords or in the custolns of savaqc 
tribes; but the physicist has to pursue tiis 
invc.stigations ~vitliout such useful hints a i  
to the past. 

tinuous changes occupy nlllllons ol years. 
Not\\~ithstanding this qigantic contrast 111 

speed the process involved secnrs to bc c.4-

se~ltially the sanle. 
I t  is hardly too lrlnch to assert that, if 

the conditioni \~liicli determine stability of 
illof-ion conld be accurately formulatccl 
throngliout tlltl universe, the past 1iisto1.y 
oS the cosmos and its Sut1xl.e rate woultl 
be unfolded. TTom indefinitely f:rr n c 
stand rerrroved from such a stale oC Itno\\l -
edge will becolr~c ahllndantly clear froirr 
Ihe rerlraintler oS illy adclress. 

'I111e study of stability and instabllity 
thcn fnrnishes the problcms \i.llich the 
physicist ancl biologist alilie attempt to 
solve. The t ~ \ o  classes oS problems differ 
principally in the fact that the conditions 
oS tlie world of lire are so incomparably 
more intricate Illan t h ~ e  or the worlcl oS 
inattcr that  the biologist is cornpelled to 
abandon the attempt to detclrmine tlie ab- 
solute amount oS tlie influence oS the vari- 
cu\ ca1lses which have alrected tlie existence 
(,i' species. His  conclusions are merely 
clunlitative and y(tncra1, and he is alillost 
~xnivrrsally compelled to reSrain from as-
s~rtir1!: evcn in general terms what are the 
r.cxasons \rhich have renclcred one form of 
iani~lial lifc stable ancl persistent, and an-
other ~instablc ant1 evanescent. 

On the other ha rd ,  the physicist, as a 
g~~11c.ral rule, does not rcsl satisfiecl unl(~ss 
he obtains a cluantitativcl estiirrate oS vtrri- 
(,US C ~ I X S ( ~ Sand effects on the syste~ns of 
matter which he disclxsses. Yct thc~re arci 
some problems oS physical evolution in 

The time-scnle i r i  thc t r . a l~s~ :~ l~ ta t ion  which tlic condilio~is are so complex thatof 
species oi' animals is Slxrnishcd by thc. geo- the pllysicist is dri\ /e~r,  as is tlie biologist, 
lo~ ica l  ~ecl>rtl ,  ;r l though it is not possible to I eit satisfied with qualitative 1.a1 her than 
to t;.;in.;latc> that ~ ~ e c o r dinto years. As quantitative conclusions. But  hc is not 
n c  shall scc hereafter, t$c til~rc ~~c~e t lcd  contc1nt \vith such crutle conchxsions eu-Sor 
a elrange of type in atolils or mc,lecules ccLpt ill thc last resort, and lie gelrc~rnlly 
li!iIJ be il~easul.c.d by rnillioilths o S a scc- prefers to procc~cl(1 by a different ~rrcthotl. 
~ 1 ~ 1 ,  'rhc li~athematician li~eiltally constrncts \\rliile in  the history of the stales con- 
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an ideal rneclianical system or model, 
mrhich is intended to represent in its lead- 
inq features the system lie wants to ex-
aminr. I t  is often a task of tlie utmost 
difiiculty to devise such a model, and tlie 
investigator may perchance unconsciously 
drop out as unimportant something which 
is really essential to represent actuality. 
TIe next examines the conditions of his 
ideal system, and determines, if lie can, all 
tlie possible stable and unstable confi, 1wra-
tions, together with the circumstarlces 
nhich mill cause transitions from one to 
the other. Even when the worliing inodel 
has been successfully imagined, this latter 
task may often overtax the powers of tlie 
mathematician. Finally it remains for 
hiin to apply his results to actual matter, 
and to form a jud,gment of the extent to 
~vhich it is justifiable to interpret nature 
by means of his results. 

The remainder of my address will be oc- 
cupied by an account of various investiga- 
tions which mill illustrate the principles 
and rnethods which I have now explained 
in gencral terms. 

The fascinating idea that matter of all 
kinds lias a common substratum is of re-
mote antiquity. In tlie middle ages the 
alchemists, inspired by this idea, conceived 
tlie possibility of transforming the baser' 
metals into gold. The sole difficulty 
seemed to tliem tlie discovery of an appro- 
priate series of chemical operations. We 
now know tliat they were altvays indefi-
nitely far  from the goal of their search, 
yet we must accord to them the honor of 
h a v i ~ ~ gbeen tlie pioneers of modern chem- 
istry. 

The object of alchemy, as stated in 
modern language, was to breali up or dis- 
sociate the atoms of one chenrical element 
into its component parts, and afterwards 
to reunite tliem into atoms of gold. Al-
though even the dissociative stage of tlie 

alchemistic problem still lies fa r  beyond 
tlie power of tlie chemist, yet modern, re- 
searches seem to furnish a sufficiently clear 
idea of the structure of atoms to enable 
us to see what would have to be done to 
effect a transformation of elements. In-
deed, in the complex changes which are 
found to occur spontaneously in uranium, 
radium and the allied metals we are prob- 

' ably watching a spontaneous dissociation 
and transmutation of elements. 

Nature selection may seem, a t  first sight, 
as remote as the poles asunder froin tlie 
ideas of the alchemist, yet dissociation and 
transmutation depend on the instability 
and regained stability of the atom, and the 
survival of the stable atom depends on the 
principle of natural selection. 

Until some ten years ago the essential 
diversity of tlie chemical elements was ac- 
cepted by tlie chemist as an ultimate fact, 
and indeed the very name of atom, or that 
which can not be cut, 'was given to what 
was supposed to be tlie final indivisible 
portion of matter. The chemist thus pro- 
ceeded in niuch the same way as the biol- 
ogist who, in discussing evolution, accepts 
the species as his working unit. Accord-
ingly, until recently tlie chemist diseussed 
working models of matter of atomic struc- 
ture, and the vast edifice of modern chem- 
istry lias been built with atomic bricks. 

But within tlie last few years tlie elec- 
trical researches of Lenard, Riintgen, Bec- 
querel, the Curies, of my colleagues Larmor 
and Thomson, and of a host of others, have 
shown tliat the atom is not indivisible, and 
a flood of light has been thrown thereby 
on the ultimate constitution of matter. 
Arnongst all these fertile investigators it 
seeins to me that Thomson stands pre-
eminent, because it is principally through 
him that we are to-day in a bettef position 
for pict~xring the s lnidure of an atom 
tliarl u7as ever the case before. 
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Evcn if I had the kno~;lilt.dge requisite 
f o ~i i  complete exposition of these investi- 
gations, tlie limits of time would compel 
mr to conline myself to tliose parts of tlie 
subject which bear on the constitution and 
origin of I he elements. 

Tt lias been sho~vn, then, tliat tlic atom, 
previously supposctl to be indivisible, 
'eally consists of a large number of coin-
poncnt parts. l iy varioas corlvergent lines 
of experiment it has been proved tliat tlie 
sinlplest of all atoms-namely, that of 
hydrogen- consists of about 800 separate 
parts; wliile tlie number of parts in tlie 
atom of tlie denser metals iilust be counted 
by tens of thousands. Tliese separate 
parts of the atom have been called cor-
puscles or electrons, and 111ay be described 
as particles of negative electricity. I t  is 
paradoxical, yet txue, that the pliysicist 
knows more about these ultra-atomic cor-
puscles and can rtlore easily count tliem 
than is the case with tlie atoms of ~vhich 
they form the parts. 

The corpuscles, being negatively electri- 
fied, repel one another just as the liairs on 
a person's head mutually repel one anotlier 
urlicn combed with a vulcanite comb. Tlie 
meclianism is as yet obscure whereby the 
inmrtual repulsion of the negative corpuscles 
is restrained froin breaking up the atom, 
but a positiire electrical charge, or some-
thing ecluivalent thereto, must exist in tlie 
atom, so as to prevent disruption. ?'he 
existence in tlie atom of this comnlunity 
of negative corpuscles is certain, and we 
lmow further that they are moving witti 
speeds wliicli may in some cases be coin- 
parable to tlie volocity of liglit, namely, 
200.000 rniles a second. But tlie mechan- 
isln whereby tlley are held together in a 
group is hypothetical. 

I t  is only just a year ago tliat Thomson 
suggested, as representing the atom, a me-
clianical or electrical model wliose prop- 

erties colxltl be accurately examined by 
mat21ematical methods. I le  woultl k)(. tlie 
first to admit that his model is at most 
merely a crude representation of actuality, 
yet he has been able to show tliat sucli an 
atom must possess mechanical and clccttsic- 
i l l  propcrlieh ~vhich simul:;tc~, wi!h ~vhirt 
MThetharn descriljes as 'almost Satanic ex- 
actncss,' some of tlie most obscure and yet 
most f rrndani ental properties of tlie chem- 
ical elements. 'Se non i: vero, B ben 
trov:rto,' and n c. are surely ,justified in be- 
lieving that we have tlie clue n~hich the 
t~lchei~~isissought in vain. 

Thomson's atom consists of a globe 
cliargcd with positive electricity, inside 
nihicli there are some thousand or thou-
~ a n d s  of corpuscles of negative electricity, 
revolving in rcgular orbits witli qreat 
velocities. Since two electrical charges 
repel one another if tliey are of the same 
liiiid, and attract one another if they are 
of oppositc kinds, tlie corptrscles mutually 
repel one another, but all are attracted by 
the globe containing them. The forces 
callecl into play by these electrical inter- 
actions are clearly very complicatcd, and 
you will not be surprised to learn that 
Tlioirlson found himself compelled to limit 
his detailed examination of tlie model atom 
to one containing about seventy corpuscles. 
It is indeed a triumph of mathematical 
power to liave determined the mechanical 
conditions of sucli a miniature planetary 
spste~ii irs I have described. 

It appears that there are definite ar-
rangements of the orbits in which tlie cor- 
puscles must revolve, if tliey arc to be per-
sistent or stable in thcir motions-. For tlie 
purpose of general discussion, wliicli is all 
that I shall attempt, you may take i t  that 
tlie number of corpuscles in such a com-
munity is fixed; and we may state that 
definite nnmbers of corpllscles are capable 
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of association in stable communities of 
definite types. 

An infinite number of co~nmunities are 
possible, possessing greater or lesser de-
grees of stability. Thus the corpuscles in 
one such community might make thousands 
of revolutions in their orbits before in-
stability declared itself; such an atom 
might perhaps last for a long time as esti- 
mated in millionths of seconds, but it must 
finally break up and the corpuscles must 
disperse or rearrange tliemselves after the 
ejection of some of their number. We are 
thus led to conjecture that the several 
chemical elements represent those different 
kinds of corninunities of corpuscles which 
have proved by their stability to be suc-
cessful in the struggle for life. If this is 
so, i t  is almost impossible to believe that 
tlie successful species have existed for all 
time, and we must hold tliat they originated 
untler conditions about which I must for- 
bear to follow Sir Norman I~ocliyer in 
speculating. 

But if tlie elements were not eternal in 
the past, we must ask whether there is 
reason to believe that they will be eternal 
in the future. Now, although the concep- 
tion of the decay of an element and its 
spontaneous transnlutation into another 
elenlent woultli have see~ned absolutely re- 
pugnant to tlie chemist until recently, yet 
analogy with other moving systems seems 
to suggest that tlie elenlents are not eternal. 

At  any rate i t  is of interest to pursue to 
its end the history of the model atom which 
has proved to be so successful in imitating 
the properties of matter. The laws which 
govern electricity in motion indicate that 
such an atom must be radiating or losing 
energy, and therefore a time must come 
when it will run down, as a clock does. 
When this time cornes i t  will spontaneously 
transmute itself into an element which 
needs less energy than was required in the 

former statc. Tliomson conceives that an 
atom might be constnrcted after his inodel 
so that its decay should be very slow. I t  
might, he thinks, be made to run for a 
million years, but i t  would not be eternal. 

Such a conchrsion is an absolute contra- 
diction to all tliat was linown of tlie ele- 
ments until recently, for no symptoms of 
decay are perceived, and the elements exist- 
ing in tlie solar system must already have 
lasted for millions of years. Nevertheless, 
there is good reason to believe that in ra- 
dium, ant1 in other elements possessing very 
complex atoms, we do actually observe that 
break-up and spontaneous rearrangement 
which constitute a transmutation of ele-
ments. 

I t  is impossible as yet to say how science 
will solve this difficulty, but future discov- 
ery in this field must surely prove deeply 
interesting. I t  may well be that the train 
of thought which I have sketched will ulti- 
mately profountlily affect the material side 
of human life, however remote i t  may now 
seem from our experiencm of daily life. 

I have not as yet made any attempt to 
represent the excessive minuteness of the 
corpuscles, of whose existence we are now 
SO conlitlient; but, as an introduction to 
what I have to speak of next, it is necessary 
to tlio so. To obtain any adequate concep- 
tion of their size we ~nus t  betake ourselves 
to a sche~rle of threefold magnification. 
Lord Kelvin has shown tliat if a drop of 
water were magnified to the size of the 
earth the molecules of water would be of a 
size internlediatc between that of a criclret- 
ball and of a marble. Now each molecule 
contains three atoms, two being of hytliro- 
gen and one of oxygen. The molecular 
system Frobably presents some sort of anal- 
ogy with that of a triple star; the three 
atoms, replacing the stars, revolving about 
one another in some sort of dance which 
can not be exactly described. I doubt 



whetlier it is possible to say how large a 
part of the space occupied by the whole 
molecule is occupied by the atoms; but per- 
hapsthe ato~ns bear to tlie molccule sorne 
such relatiolisliip as tlie molecule lo the 
drop of water referred to. Ii'inally, the 
corpuscles may stand lo the a to~n in a sirn- 
ilar scale of magnitude. Accordingly, a 
threefold rnagnilicalion wollld be needed to 
bring these lllti~nate parts of the atom 
within the range of our ordinary scales of 
measurement. 

I have already considered what would be 
observed under the triply powerful niicro- 
scope, and ~nus l  now return to the intcr- 
mediate stage of magnification, in which 
we consider tliose com~nu~iitiesof atoms 
wliich form molecnles. Tliis is the field nf 
research of the chemist. Althollgli pru- 
dence would tell me tliat i t  wonld be wiser 
not to speak of a subject of which I know 
SO little, yet I can not refrain from saying 
a few words. 

The co~nmllnity of alorns in waler lias 
becn compared with a triple star, but there 
are others known to the chemist in whicli 
the ato~ns are to be counted by fifties and 
hundreds, so tliat tliey resemble constella- 
tions. 

I conceive tliat here again we meet with 
co~itliilions si~nilar to tliose which we have 
supposed to e-iist in the atom. Communi-
ties of atoms are called chemical eo1nbin;r- 
tions, ant1 we know that they possess every 
degree of stability. The existence of sorne 
is so precarious that the cliernist in llis 
laboratory can barely ~-?tairr them for a 
r~lomc~rit; otlirrs iiro so stubborn tllal Ile can 
barely break thern 11p. In  this case disso- 
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co~n~nonsalt and of the co~nbinations of 
silicon. But no one has ever found a mine 
of guncolton, because it has so slight a 
power of resistance. I f ,  through sorne 
aeeitlental collocatioll of elernenis, a single 
~nolccule of gullcotton were formecl, it 
would have but a sliort life. 

Stability is, further, a property of rela- 
tionship to surrountling conditio~is; i l  de- 
notes adaptation to environment. Thus 
salt is adaplecl lo the struggle for existellee 
on the earth, but it can not witlistand the 
severer contliitiorls which exist in tlie sun. 

U. TI. I ~ A I ~ W I N .  
lJhI\rlCRsl'l'Y O F  CAMBRLL)CB:. 

/The president here announced that he 
proposed to consider various theories of 
evolution in the heavens in the second por- 
tion of his address, to be delivered at 
Johannesbllrg on Wednesday, August 30.1 

ADDIZESN TO JV~AT'HEI~~ATICATITHE AND 
IVTYAS'IO/~T,8F;CCTTON OF 7'TIE BRIT'IAYE 

AS'AYOCIA TfON P'OR TILE I~UVALVCE- 
MfllV7' 01;' SCIENCE.' 

ACCORDINGlo an established and ~mclial- 
lenged custom, our proceedings are inaugu- 
rated by an address from the preside~l. Let 
me begin it by discharging a duly which, 
unhappily, is of regular recurrence. If 
your presitlient only mentions narnes when 
hc records the personal losses sllffered dur- 
ing tlie year by the sciences of the section, 
the corporate sense of the section will be 
able lo appl*eciate tlie losses with a deeper 
reality than can be conveyed by mere words. 

In Mr. Ronaltli Ilndson, wlio was one of 
our secretaries al  the Cambridge l~ l~c t ing  
a year ago, we have lost a mathe~natician 

ciation and reunion into new forrns of co~ll- whose youthful pro~nise had inlo 
munities are in irlcessalll ant1 sponlaneous early performance. 'I1lie original work 

progress throughoilt thc worlcl. 'I'lie rnorc whicli he hat1 accomplished is sufficient, 
persislent or ]nore stable co~nbin at '  lons suc- both in quality and in amount, to slio~v that 
ceed in their struggle for life, ant1 are ~nuch has becn given, ant1 that much Irlorc. 
found in vaqt quantities, as in the cases of ' R o ~ ~ t l lAfrica, 1005. 


