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?O‘Y@WO%’&,

Thc essays cons%i%u’(inj j(his booklet ﬂpcwj(aﬁe o_ff ’rhe nature of
ancient his’(oty in %Ha’( all ho,w been in momuscvip’( several _years,
The oldest and longest, that on the gues%ion of the infinity of
nature, was mos’c@ written in 1012, but some of it still carlier,
But %He mere matler of dates does mot show ’(he fuﬂ measure
of %110 ancient 111'5’(0@ chamc’cw of jﬂle ideas p«escn%eol Were
J %o treat the same %oqoics @s%cma%icany now, almost cw’(ain@
a pyo&uc’( cons{cicm%@ different from %ha% ac’(ual@ ?vesen%cél
would be ’f'he outcome, fowww, ’f'he basal concepj(ions would be
%he same; and his’foty, cven ancient his%oq:y, has ts intrinsic
worths, one of these being that gu{%e over and above all that is
said in %'hc vecovd, ’Chcw is %hc fac% of j(710 place which ’che vecord
hows in %he Yime—series into whiéh all similar records mcessm’i@
fall. Jo illustrate, the various hromiclings and meditatings and
~9emm1izin‘95 on ’(hc 11'300 of a peoqolc ywo&uee& @ many writers
and scattered %hroujh many years and cenjfur{es, constitute a
hisj(oty —a sort of supw—his’coty —of %71@ writers, Indeed, %o ’(ha
student of cvolution in the j(w@ organic sense, this sujow—h{s%oty
may almost be said 1o be more impov’(cmj( ’(hcm 3(71@ written record,
The student of man’s cfforts 1o fin%efva’c %71@ organic world of
which 71@ is a payj{ may well ﬁml movre interest in 9(71@ guesj(ion
of w}w and how i lton ?yo&uce& such a s’(oq:y as ’(ha’( of 9(71@
Creation and Fall of Nlan %Hcm in a@%hi@ acjfuany contained
in ’fhe sj(m:y, From %his sj(anolepoinj( ’che s%ofty may inderest Him
as ﬁccn@, may mean as much to him, as docs Darwin's a’(%empj(
to account fm’ man’ s origin,

T is almost as much on account of %he suqoe«—hisj(oty fuvnisheﬂ
@ j(hescz ¢ssays as on account of whaj( is said in %Heém %ha’f J am
now pu%’sh{nj ’(ham, Thgy were not written w{’(h any definite
purpose of fpu%’ca%ion, The ones on Spon’tcmeous 3enera%ion and
mul’(iﬁe Causes were pwepawcfl as addresses foer scien’ﬁ'ﬁc socictics,
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Tha’t on ’(hc inﬁni@ of nature was written mamly to enable me
o sce whew my 131’01(291’4:@1 olweiopmm’f was jcc%olinj as j(ouchinj
09(11@4’ domains of ﬁnowiecil_qe, To stale more spcu’ﬁcaﬂ@ wby 7
now pum{sh ’fhc essays cssen’ciolly as %hgy were written, 7 find on
aepfpvoachinj ’chcz compic’fion of ’thc ‘Um'@ of %7142 Oo:gam'sm, ’(haj(
J meed the essays in pyin%, «Pcwj(@ as vecord and pcw%ly as super—
record, What T am writing now in the lavger work, 7 want %o
ajfj(ach cliwc’@ to whajc T wrote carlicr about ’(hc “origin of Ufe"

and 1o do so wi%”hou% wwfri%inj %71@ old essay and imowom’cinj

it as a section in %He later book.

?The Jp'cf pvescnjc significance, as J now see, of j(!l'tc ¢ssays as
supw—wcofro‘l lies in 9(11@ s’fcge of c?welozpmen% eeehﬂn’(ecl of j(hc
otqo,msmd 7191009{710515 of CONSCIOUSNESS In w’hw(h ﬂle ‘Um?y of ?7ze
04’ anism culminates. ﬂf any of my readers become scwously
m’(efras’wcl in ’(haj( hypo’thesw, %hgy will gw%e suw@ be interested
to know just how the conceplions of conscious psychic life set
foyfﬂl in %he discussion of %ho,% @po’(ﬁes{s, are a 3¢ow%h and
Jiﬁeyen%ia’(ion ffrom concep’(ions st foﬁh in ’(he essay on ’(he
inﬁni@ of nature, @nd such readers may be aepwoxima%e@ as
much interested as T am in the fact that what is said in the
older essay 'ho,cl lain unrcad and 10{9@@ fo*@o%’ccn as to details

from 1012 To 1018,



1 Gre We Ochél to Sumoose iﬂla’c
the ngon’comeous Origin of Life
Ever Occurved?

J haw no new facj(s to yvesenj( on %his much—%ela?aowol su?gjec%,
This admission may scem to éliswalify me fov a nga Xi
address, %710 usual unclwsj(amlinj being %haj( such an address
shouu be based on exjoeﬂrimen%ol {nves’@a’c{ons @ ’the spcaﬁw
himself, So my venture raises an in%ews%inj guesja'ow 57\/6@ a
scienj(iﬁc sj(uo}y be ofr{giml and usefd cven %houjh 11 deals enj(iwly
wiﬂl old and well—Anown observations and eaejoeﬂr{fmm%s? Doces
scienjciﬁc wsea«rc'h consist in %He cliscow@ and announcemend of
concrele fac’fs, and in ’(71@% alone?

The view eeqowsscél bey Claude Bernard that “Science does not
consist in fac’(s, bl in %'hc conclusions whicfh we draw from
%hefm, s, J %h{nfi, 71@151 @ all scientists? Bul jfhe view carries
an imqoov’(wn% imqolica%io”n which scems To be little noticed, mwncly,
%ha’( {f 3cnc¢a1iza%ions and conclusions arc as essential o science
as are fac%s, ’(hm 9(71@, as suéh, need critical examination just
as objective facts do. This means, stated bricfly, that critical,
consistent science must examine its own ﬁnowlc@c—jej(%{nj Pro—
cesses mo less cawcful@ ’chom 1 examines fac’(s, N means ’thaj(
science needs j(heom’es of ﬁnow(lec@e — at least of s own Kind
of ﬁvnowleclge — no less %han 1 needs ’(heoyies of nature,

Failure ?Zy scientists to recognize clcofr@ %he distinction indi—

caled is responsi ble, in may juczgmen%, for mucfh confused ’ﬂp’nﬁinj

in science, Thc pyom@fm m haml s a conspicuous e%cwnﬂc of 7(711'5

Wrifen as an address for %he Uniw«si’g of @ab'fovm’a scientific socic@,
ngma Xi, and read before the California c’hap%w in 1014, and the Texas
chapjccfr in 1916,

Editor's Mote:  Occurvences of the phrase “men of science” have been
replaced by “scientists”



confusion, w'hm Tn'olcyis%s aﬁfrm %Ha’{ jche sqoon’tomeous 3emm3(ion
of Uﬁ at some time somawhaw is a 1q9ica1 mcessi’{y of 9(11@ cvo—
lution j(hcoty, %hgy appear not 1o sec that the afirmation waﬂ:y
concerns not a %heoty of na%u«re, bt a ’fheo«rj of ’(ha ﬁnow?eazje

Ojc na%uw,

7 belicve, %hewfow, ’(ho.’c an examination of pwvaﬂinj views
on 3(710 guery which is our su?gjec’( is as essen’m’cﬂ@ sc{cn’a’ﬁc
as an eaepezrimcn’(‘ﬂ wsecwéh 1o %He same end, dAnd 7 feﬂ ’(710
move_justified in dealing with the problem thus, in that all who
have discussed it during %He last fovi(y _years, move or less, have
wol@ hacl to 90 on much jche same observational basis, mgjecj(iw
oliscovety has contri buted exccecunj@ Ml 1o %He solution of
’fhc ywo%lem since jﬂlc 34*0:3( conjwowquy of 9(11@ @as’(euy—@ouche’c
?ew'o&, culmina’tinj in @n&all’s memoir of 1825, ended in ’(710
compie%e owfr’(hfrow of %He ’(hcoty of sepon’ccmeous 3ene¥a%ion as
%hcm 71@1&, T will be safcz to assume %ha’f wc@%oc@ admits %haj(
%71@ dictum, Omne vivum ex vivo, stands on as secure an inductive
foun&ajw'on as do 9{11@ doctrines of ﬂ«avi%a%ion and of conservation
of enerqy, so far as %hc h'fe of %oﬂay is concerned, Like j(hesa it
has stood the severest of all tests, that of unlimited aqoph’ca’cion
in %hc affairs of clvilized Humomﬁifncl gw@ picce of canned
fooci ’thc pwscvva’a’on of wh{ch olcpcmls on hwme’{ic closure aﬂcfr
the exjmﬂsion or sterilization of air, and cvery ase?j(ic surgical
oqoem’fion are confirmations of %He dictum,

Thcse pwlimimwies lead 10 a closer foymuia’({on of ’(ha pfro?a—
Tem as we ave To treal 1t ~7j’ow comes 11 ’(haj( a 3wa% number oj:
scientists belicve ’(haj( some’ﬂlinﬁ has taken 101o.cc in nature when
’theerc is not a pozr’(icle of divect evidence ’thaj( it Has taken fphce,
whﬂe on %110 con’(m@, ’fhew is a vast bod of evidence %efnolinj
1o prove ’fha’( i1 has not Taken 701@@? gxcep’a'on may be taken o
’t'hc statement ’(ha’c %hcfrc is no divect cvidence in sumoovj( of ’(71@
hypo%hesis ’fha% %110 Iivinj ho,s cver ov{gina’wcl 3enuinely de novo
fvom %71@ non—livi@, T must conseguen’(ly jus%ify %He assertion,
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WHaj( J haw to sayy will be assembled around a distinction be—
tween divect and indirect cvidence. 3710 divect cvidence is devived
from immediate observation Upon, or experience with the pvo&uc—
tion of Uw'nﬁ %c{nﬂs, Al %'hc evidence we Ho,w of jﬁp’s sort, and
7 veiterate may reference 1o i1s vastness, is ’(haj( organisms alwctys
come into existence ffrovm pwceﬁinﬂ organisms of ’(heiy own Rind,
Al the evidence of Zz’olw proper is to this pwqoovj(, By indirect
cvidence J mean cvidence devived fvom observation and reasoning
on cerlain asqoec’ts of organisms o?7zefr %han %hose of %7101'4’ mode
of coming into existence. The most {mjooyj(om’c kinds of indirect
cvidence are chemico—phx;sical, and peﬁr’caifn Jp'cﬂg 1o %71@ chemical
composi%ion of organisms, %ha melabolic processes ’Caﬁinj p’laee
within them, and certain of their corporeal activitics,

TR would be possi ble 1o show ?ﬁy several lines of consideralion,
%ho,’( almost all chcmico—p@sical studies on organisms bear on@
indivectly, so far as j(hey bear at all, on the pﬂromem of the
ullimate origin of life. But it will suffice to poin’( out that such
studies sccwcely %ouch %he cendral poin’t of jfhe ?youcm, Th@
ignovre %Ha% attri bule of organisms in virtue of whiéh ’(71@ give
rise o others of the same kind, 7 say this with the whole
round of such 711971@ m%ewsjcinj wsem’ches as j(bl'tose on aﬂrjw'ﬁcial
pa«%hmqgemsis in mind, The eeqoefrimenjcs in %his ﬁcw olwctys
begin, bear in mind, with the ripe or mcwly ripe germ—cells,
and s’(Hase, do not fotqe%, are devived fwm some organism, s 1o
how %hese 3m~fm—cens came into c%is%eme, jﬂle wsccwchcs never so
much as ask, nor do jﬂlej %hvow %hc fain’wsj( divect 1{971% on j(he
gucsj(ion, ﬂleio’ aim is 1o show not how %He ¢Q9 came 1o cxisj(,
bul, once it does exist, who.’c it may be made o do and how it
does 11

Of course {nves’@a’cow in ’ﬂp’s realm Anow well cnoujh how
distant and round—aboul and infcwn’(ial is %he road _ﬂfa’om ob—
servation on 9(110 wqovociuo%iw cells of an animal, To conclusions

%ouclhin\g jﬂle ?Yimc& origin of animals 3ene«a11y; but fyo‘m all we

?



3a%hc¢ it is clear %haj( jche unschoo%cl in ’fhe ways of nature and in
%71@ me’(hocls of science do mot understand %711'5, On %ehdf of hml%‘h
and so?wie@ in ’(ha 307104*@1 in’(en@eme of 9(71@ communi@ relative
1o %ioloyicol matlers, j(eacfhcvs of science oujh’( to show pujoﬂs
%he vast cho,sm %ha’( _yawns between observations on czwdoqomenj(
of a sea—uwﬁin’s cqos, to illustrate, and conclusions as to how
sca—urchins, to say ﬂno’ﬂl{ng about all o’fhcv animals, arosc in 9(71@
ﬁvsjf instance, Thaw is a considerable %Oc@ of indirect ﬁnow?eazje
whiéh is unclou?a%ecﬂ\y more or less favomﬁe to %71@ @po%hesis of
the origin of living beinos at some time, somewhere, without the
intermediation of prior h’vinj %einﬂs, Lot us look at some of

%his ﬁnow’leo@ge,

Cerlain mistures of inorganic in\_gwc‘licn’fs, as hem@ oil and
pulwvizec‘l salls, ?o%assium ?aichmma%e for cxwmple, yvesen’(
structural fm’tuws and movements %0%71 of locomotion and in—
ternal chanje cdlosely wsem“inj ﬂle structure and activitics of
such s{mﬁe %eings as %He amocha and %he slime molds,  From
’this one is impenecl fo ask, may it not be possﬂﬂc Ey suﬂ{cicn%
pa%ienca in ’ﬂp’s mixing of non—’h’vin\g substances o ﬁnaﬂy 711'3(
upon a combination whosc likeness o Uvinj substance would be
so close as o be w’hoﬂ\y inclis’(i@uishaﬁe from t — in a word,
so close as %o be woﬂg identical wij(h it :’f such a combination
could be found by artifice, why not suppose that it might have
been chancecl upon @ nature in jdl@ 10%3 and ccascless course of
’(he Yranslocations and interactions ’(ha% are so chamcj(eﬂris’w'c of
nature?

@jaiﬂn, oreal numbers of comjoouwls, as urca, sugars, fals,
cven pro%eicis, are mow ‘P‘V‘OCIUC@CI in jche chemical Ia?:om’toty b
processes whoﬂy unconnected wml ’fhosc j(aﬁinj place in ’(he bod—
ics of Iivinﬂ beinos, If ’fhen @ such wb.j({w@ simp’[c inorganic
means ’fha processes of life may be so far élufplica%ecl, is it not
reasonable o supposc %ha’c in nature, wi’fh its vasjc@ 370@%@4* re—
sources and its heedlessness of time, similar inorganic opem%ions
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m{gh’( Haw accomplishecl much more, — m{ﬂﬁ indeed haw gone ’(hc
whﬂe way and p«o&ucecl not only various cssential constituents
of h'vinj %eif@s, but jﬂlc %eings jfhcmsclws? Such reasoning Has
101%51'?:{1{9@, even conclusive foree wml many minds, paaf%icu—
1@4’1@; wml minds ’cha% arc not over—critical and c&waa@ in 3(710

?ossess{on of 3@%@4@1 ﬂleow'es to which j(he wasoninﬂ 18 conjenial

Jaking account of all jfhe cvidence %com'@ on jfhe gucsj({on of
%he origin of life, two gw'%c different conclusions ave indicated:
1 j(ha’c organisms have olwotys 04’1’91’%@%@01 from pawn’(s, 2. %haj(
somewhaw and al some tme, some organisms hcwc 0<r1:9{na%cél

wi’(houj( pcwm’(s,
Do not faﬂ Yo notice at %711'5 poin% jﬂle real inwardness oj:

%710 famﬂ{m’ assertion %Ha’r it is ‘T@icol@ mcessa@” to suppose
h'fe or@ina%eﬂ de novo sometime, and J wish %his amoeol to
1q91'c cmighj( reveal to us workers in o‘ly’ecj(iw science ’(he «Pwﬂ
in the habit of falling back on logic. Tt is I@ica1@ necessary
to suppose Iife o*r@{naj(cél in Yime ijc our reasoning starts fﬁrom
premises %ha’t makes i1 necessary, but not o%heerwise, Logic has
to do pfrifmcwily with the concatenation of ideas, that is, with
creations of jrhe mind; and on@ sccomlcw{ly wi’fh ’(710 creations
of nature, The a’(’wmp’( to make nature 3enuine@ su?gjecj( oa
iysjrem of quic is %He very essence of all subjectivistic phﬂosophies,
and foaf scientists 1o pursuc {nvcsj(fga%{ons on 1{vinﬁ %c{fnjs under
3uic?ance o_ff ’t'hc ?wlief ’(haj( such ?oe{njs owriqina’(ecl in a sfpec‘[ﬁcél
way, because 1q91'c demands ’(71@% 9(11@ shcmw s0 Ofrigina%e, is %o
cast inductive science oul oj: ’(he 1a‘bom’(o*@ window and mj(h*rom
deductive science in ils placc,

So far as 1q9ic is concerned, two courses are open as j(ouéhinj
the guestion of the origin of life, 1 We may investigate the
?henomcna of 1{4/{113 %cif@s wi’(hou’c maﬁinj any fowmc& 7331007(11—
esis as 1o whe’(hw jfhcw was a time in ’(he remote po,s’( whm no
such beinos existed, 2. If we decide ’fhaj( a hyro%ﬁesis is desirable,
we ho.w ’fhe choicc between two hypo’(hescs, a. We can make a

[°]



hypo%%asis %Ha’{ ’thgy ac’tuauy did %@in, in ’the fuuesjf meaning
of the word, at some time, or b that hey have always arisen
much as we see %hem arising now, We may choose between jﬂlesc
two hyjoo’t'hcses: Otgafnisms %@cm, ’(wly, in Yime; or ’fhc time
3u¥in3 whiéh ’(hgy have been coming into existence as we now
scc Tthem doing, is of endless lenoth, Or stating the altermatives
in language not inwvoluving ’(hc word “Hme,” we have: a, Some
organisms ho,w arisen wi%hou’t pcwcn’(s; or b, %he succession of
organisms standing in the relation of parent to offspring is of

endless continuance,

7\@ vicws as %O WHQ% ?‘.?1010 hacl ?)05% CIO a?:ouj( %h@ %‘WO

courses above indicated is: Some hypo’(hesw is desivable as a
3u{cle and stimulus To wsccwch, Indeed unreserved commitment 1o
%'hc cvolution doctrine almost necessitates ’t'his, (#s between ’(110 two
hypo%hases open to us, J belicve ’fha’t o:f 9(710 endless continuance in
%71@ pas% of %71@ pyocluc’(im of oq:gcmisms” @ pcwczn’cs would beter
be a&oqo%ccl as our “working @po’(ﬁcsis, The superior claim of
’this Eypo%ﬁesis over ’(hc o’(hefr is distinct enoujh whcfn j(he usual
tests are ajoﬂiecl foer o{lej(efrminin‘g ’(he relative wvalues of rival
@po’(ﬁcscs, ﬂle endless—succession hypojﬂlesis is favow& over 9(11@
no—joawn’( hyjoo’('hcsis 139 %71@ posﬂiw evidence %ecwifnﬁ on %he casc;
@ j(he nature of ’fhe ﬁiﬁcuwes in %he way of cs’fawshinj eaﬂv
and Tgy :ic relative usefu(lmss of mch, Jo show w@ :Fhe endless—
Succession byqoo’(hesis is more temable and better is %710 main aim
of ’(111'5 addvess.

Fivst as o the fposija'w, obscrvational cvidence in the case. I
h‘wc olwac@ called attention o ’rhc sccure ﬁace in science of 9(71@
dictum omne vivum ex vivo, The fuﬂ we@h’( of %he cvidence on
whiéh j(his vests s hcwél@ aeppwcia%eél even @ ?aio1q9isj(s, and 7
am conwvinced %Ha% it cannot be j’us%@ apfpmisc(l wi’fhou’c a closer
cw’mgue of %710 nature of observational cvidence ’thom we are wond
to make, Into suéh a cw%igue i1is 1Mpossi 'ble to 90 at 1@%3%11 now,

U fmusjf (b@ sajfisﬁeol %O CtSS@‘Y% m an amocwan’(ly olggmajcic wcty %haj(
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if one sees c1ca¢@ not on@ jchc difference, bt also ’(he relation
between ’Cha inductive and j(hc deductive ‘me%hoéls in science, he
will see ’(Ha% %71@ simﬂy eNOTrMous %oc:ly of divect evidence o 9(11@
offect %11"'% organisms come into existence from pomfn%s and in
no o’(hefr way, far ou%we{ghs jﬂle indivect evidence %Ha% some may
have arisen without pawnj(s/, and that it also out—weighs the a
priori cliﬁicuﬁ{cs pwsm’(co’l @ %he fac’( %710,’( 9(711'5 yosi’c{w cvidence
poin’(s Toa U%wol@ endless succession of pawn’(s and offsprine.

7 would like o call _your attention 1o an hisj(ow'c as«pca’f of ’(He

con’wowﬂrsjj not oﬁcn attended To. Al man’s Yeasonings about
nature, no matter how crude, contain an a priori, or hypo’the’tical
e1emenj( 0 ’rhajf all vreal advance in ﬁnowbcl ¢ of na’(uw, in
science, involves %Hc ’Ces’anj and cowec’(mj of pvecomeqo’aons In
carlicr ages men’ s YCAsONiNgs concerning ’(110 origin of 1wm3
Taemgs founcl no cl’tﬁcd@ in ’fhe notion ’ﬂp’t plcm’(s and animals
mwlﬂ arise wiﬂlouj( pawnj(s; $0 %he offect oj: j(he who1e course of
inws’@a%ion %ouchinj %his as?cc’c of organisms has been one of
cowec%inﬂ carlicr comcp’m'ons on ’fhis su?gjec’(, 371@ con’tempowwies
of %’e@ﬂ and Ovid Haol no &iﬂ{cd@ in accqoj(inj ’fhe view ’fhaj(
bees arise from the flesh of bullocks, frogs from slime, and mice
fvom old raos, _fawgy’s declaration j(ha’( all animals come fﬂrom
¢Qos, and %&i's dendal ’cha’( mctgjo%s are 3emm’(¢c1 Ey clecctyinj
meal, were v{gwously combatled, fi’s’fo«iacﬂb as well as facj(ucﬂlcy
%hc ‘10\91}:01 mcassi@ ’ feﬂ ’(oclo:y %ha% some 11'4!1'719 %ei@s must haw
come from %111'1195 not 11'4!«[%3, is a yemnant of ‘?7le carlicr necessi‘zy
er% Zly wm:y?fo@ fcw sz{ew'@ ‘?720,‘? almost all Zi'w'@ %ez’@s must
(/07’ rrmj7ﬂ ) come fwm nan—Zz'w'@ ? 721'@5,

The relative oliﬁcuwcs in jche way of %Hc two hypo’(heses
we will now examine more ciosely, Consider %he more 30%04’01
&iﬁcu'@ first, Jo many persons j(’he corncejoj({on of a ’fw@ endless
succession of yawnj(s and offsyvinj scems more &iﬁcul% %hom ’fha’(
of a succession ac’tuany %@inni@ at some Yime in jche po,s’c, s0 9(110

fowncw 1s foy’(hwi’(ﬁ frgjecj(eol in fcwo« of %71@ latter, (ﬂzwhenius
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has indicated ’(he divection in which %he answer 1o ’(111'5 gues%ion
lies, %houjh he has not, %o my ﬁnowleclge, considered it in detail,
We can as well become accustomed, 710 says, 1o jﬂp’ﬂnﬁ of 9(11@
c%wni@ o_ff Iife as of %he e’tewm’j@ of matler, 7 would maintain
%ho,’( jﬂle supposeci mcessi@ of accep’(inj 9(11@ idea 9(71@’( matler is
cternal, but of vgjec%inj ﬂle idea %haj( h'fe is clernal is a mere
71"’?”? of %72011972% — a kind of determination whicfh no sciendific
man would ciefmcl Thcw is ungws’a’onoﬂ:@ 3rea% cliﬁcul@ in
30%%i%3 a clear comejoja'on of a succession of organisms related
to one another as yawfn’c to offspring, extending through infinite
time; bul ’fha &{ﬁcupgy is not &iffcwn’( in funélamen%als fvom ’thaj(
of getting a clear, scientific conception of the infinity of nature
in any oj: s aspecj(s, Custom and a sort of intellectual laziness
enable us to s«pcaﬁ %He words "e’m’ﬂnii{y of matter” oli ?f@ enough,
But as 10%3 as any mendal aleriness remains o us, we may _jol%
ourselves out of ouy %hwyh%—sies%a on %711'5 su?gjec% @ QUeTYing:
Under w7la% fomn has matler existed j:from all e%wnii(y? For
ceewmple, 'ho.w oxygen and iron and ?hosphows existed fvom all
e’fwm’@ jus’( as we sce %Hem ’toc?a\y? 7 do not ask %hese gwes’(ions
wi’ﬂl any eeqoecjfa%io”n, cven wij(h any desire j(ha% a@%o@ will be
wo«l\y with an absolute answer. @A T am concerned about is that
_Yyou shan reflect upon %’h@ relative &iﬁwﬂies in j(he conccjo’w'ons
%ho,’( %hc oxide of irom, for instance, has existed forever whﬂe
organic beings must have beoun, ac%uauy de novo, somelime,
somcwhcw, Thc &iﬁaﬂ@ in ’rhc case of 9(71@ inﬁn{%e series of
organisms is suw@ different from %ha% fpwsen’wél ?zc_y 9(11@ infinite
series in inovganic nature, bul ’fhe diffevence is on@ an extension
of %710 &ijfewme between 9(71@ 11'4!1’713 and %hc non—livinﬂ all c&onﬁ
’t'hc line, Jo j(ﬂhoscz who ’(’hinﬁ on p«omems of nature in a trul

scientific way, ’(110 igwm’tw &iﬁcd@” cw:gumen’t cggm'nsjc %he so—

called “pcmsepcwma” 73:97009(7105{5 can haw no wcf-gh%,

Thc second &iﬁcu?@ is %ha’f pwscn%ecl ?Zy ’(ha promem, not
of how life began anywhere whatever, but of how it began on
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our ecw’(h, A shawp distinction between %hese two proﬂems is
necessitated @ %He epfresenj( state of ﬁfnow(lcolge in %71@ j(hwe ﬁews
of as%ﬂronomyj Jlem{s%@, and ‘bidw, There is, it would scem,
ofmpic 3vwncl on which to rest j(he hyjoo’('hcs{s %ha’f 11'4!1'%3 %einjs
exist on many celestial bodics as well as on our own, Bul how
sjﬁ’onj is ’(He cvidence in sumom’j( oj: ’(he schoo%ooﬁ «pfronouncemenjc
that “at some tme in ?vchis%owc ages the first living thing
ap«pecwccl fvom a source whiéﬁ was not Iivinj "0 7 belicwe ’(ha’( an
imepcw’a’cﬂ consideration o_ff all facj(s does not warrant any suéh
pfronouncemen%, Ao wa% critical %1’01031'59( would pu’f i1 into an
c1cmen’ca@ Textbook, nor j(cach it in any way, but least of all to
Tagginmfrs in ?:io1qiy, 7 would insist %ha% ’fhe ﬂiﬁwﬁies in 9(710
way of umlwsj(an&inj how chz %c;gcm on cm’ﬂl haw no movre 4’1911%
to imposc a limitation on our %dief as 1o %hc origin of organisms
from «pawn’ts, %hcm ’(hc &iﬁwﬁies in jche way of umlmﬂs%amli@
how 3«@471’%@%1’0% could act in an absolule vacuum haw a vighj(
1o imepose a limitation on our %eh'@f of 9(11@ universal attraction
of bodies. The asswmp’(ions jrho,% %he spon’(cmeous origin of We
does mot take placc in nature now because ’che conditions of %hc
acwj(h arc unfavorable for i1, but %ha% in some «pasjt tme j(he
conditions were favorable, so that the thing o,c’fuc&ly did occur,
arc not warranted ?Zy %he facj(s, ?The Umi’fi@ conditions fo*r ’(hc
maintenance and zpfro?octga%ion o;f organic Tm’njs as we ac’fuc&ly
know them, justify to my mind, the supposition that if cver
11'4!1'719 %’hiﬂnjs arose de novo fvom non—h’w’nj ’(711'7195 ﬂl@ may do
so now, Gonsider %hc matler of ’{empcm%uw which is allowed 1o be
one o_ff ’fhe most imporj(cm’( of all %71@ environmendal conditions of
organisms, 371@ average above which organisms are killed @ 110“%
is usuauﬁ taken as about 40° 5,, and ’ﬂlaw seems mo 300& 3vwn3
fcw Supposing %ha% %emqoem’cuws favom“e fmf %He maintenance
of Iij:e shouw not also be favomme fo*r ’(he pw'mal oy{gina’f«[on oj:
Ufc, if such be in any wisc possi ble, Jhe assumjo%{on fwguen’@

made jcha’( jfhe ’h@’hefr 3enc¢a1 ’Cemcpem%uws of ’Che cm’%h which
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are belicved to ho,w obtained in carlicr 3eolqg1’col ages would be
movre favomﬂe ’fhcm j(he wesafnjf jfempem%uw conditions foer ’(ha
original 1wooluc%ion of organic beings from inorganic substances,

appears to he gui’(@ 3ra%u1'j(ous,
The basal chemim—physicﬂ processes of o*r;gamisms such as

?ho%o—gynjﬂlcsis, enzymic action, wo’coﬂasmic movement, and
cell—division, proceecl most @piaﬂ@ at ’Cempem’tuws ranging
from 10° or 12° €, o 20" or 25° G, and perhaps 30° or 35° C,
%hese beino owh’na@ j(efmpemj(wcs on many payj(s of j(hc eowj(h,
¢dnd wha% veal reasons haw we for SuPPosing %Ha% conditions
of 1{911’{, oxygen, waler, and salt, favom“c for swppov’m'@ Iife,
should not also be favorable for the primal origination of ¥ So
far as I can see, the on@ reason offered @ the yyo’(o:f;onis’(s of
%'hc pvimaﬁl—favwmj—cofncli’cions hy«po’(ﬁesis is jfha’( ’(110 evidence at
haml is mot :ﬁwom“e for such origin now, Jf Uw'nj ?:einjs Haw
ever arisen from mon—living substances, 9(71@ may wasona%@ be
sumoosc& 1o be cloi*nj so at pycsen’(, Jf %711'5 reasoning is correct,
it would scem as ’(houjh jfhe natural conditions favom?ﬂc for

suéh mode of ozr{gina’a'on «mighj( be wwo&ucacl in ’fhe 1a%omj(oty,

Conceived in %H{s way ’(710 pvo“cm of “sponj(anaous genera—
Yon” is gw'j{e different from ’(haj( which occupiecl j(hc aHention
of Bouchet, Lickio, Tasteur, Tyndall, and others of their period,
Zﬂlesc inws’f{_qo,’fovs were aiming to determine w’hc’(’hw Iiv{nﬂ be—
in9gs may appear in cullure media con’(aininj organic substances
of one Rind and cmojﬂlefr, if sources of germ inoculation of ?7242542
media be 4’{91'@?@ excluded, The e%pefrifmenj(s of %ha’( cra were
not, it must be recognized, devised for the purpose of ’(csj({f@ the
possi 1:1'11'@ of %710 origin of organic ?m'@s in solutions con%aininﬁ
onZy %hc inoyganic clements essential to %71@ constitution of j(he
organisms, JThis is the pwomem that Dr. A Charllon Bastian
worked at fo*r _years; and Howewﬂr mucfh or 1ifle reliance may
be fplacecl on his manipu’la’(ions and conclusions, it would scem

that his main idea as to object and method is sound, and that if
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%he pvomem is o be solved at all, it will haw o be allacked

in accordance wml %711'5 3ene¥a1 plom, Bastian made solutions in
distilled waler of sodium silicate (or more vecendly, of colloidal
sﬂwa) amamonic yhosﬁla’(c, ?hosﬁlowc acid and ivon pwm%m’te
Small gucm’a’(ws of %Hase he eplaccci in 31@55 ubes whxéh he sealed
and subjected o %emjocm’(uws of from 100° €. %o 135° €. Then he
eee?oosccl %71@ tubes 1o ovélina@ 3@1{971’( or divect sunl@h’( at voom
’(empem’(uws for varying pcw’o&s of Yime, e%’(emlinj o several
monj(hs, his resulls ave aﬁqge%hw oo remarkable to be acceepj(e:l
at once @ any cven hcﬂf critical ‘bioicyis’(, The %oﬁ Som’e@
refused to puwsh 711'5 later work, and if 71@ never ?vesenj(cél
a@%hinj MOYe CONVINCing %Hom wha’( is contained in papers pu%—
lished elsewhere, he wcﬂly had mo ground for fecling himself
unjustly treated, In the first place, he fell far short of prov—

ing %ha% ’fhe objects he 30% were ovganisms, ?Thgy were almost
en%iw@ motionless accovch'@ to his own account, &1%‘110@11 ’(71@
are said o have “muﬁi?o’ﬁccl, " no detailed CIGSC‘WI‘P%{O% of a@%ﬁin\g
like cell—division is given, mle pho’(ciqmjoh{c figures fwnisha&
in abundance show many jﬂp’@s which resemble organisms, but
structural details arve almost wholly 1acﬁinj, ?inany, whﬂa he
o0t what he called bacteria, torulac, and even fungi of familiar
species, he supcposccl silicon 1o rcjolace carbon in jfhei«r chemical
maﬁe—uzp, since, as it will be noticed, jche comqooumls wm’t whiéh
he starts make mo provision for this clement. Aevertheless, if
one is 9oing 1o prove j(he origin of organic beings from inor—
ganic substances, he must start wi’(h inorganic substances, This
is so o‘bviously sound 9(71@% several gnjlish %iochemis%s are ’fwninj
their attention to the matlter, and i s 3vca%@ to be howo’l that
’t'hc whole field will be worked over w{’(h ’Che ’tho*rouﬂhmss w’hicfh

%he ifmjoor%cmce and in%ﬂ’icagy of %11@ subject demands, and modem

1cdaomjcoty facﬂij(ies and me’(ho&s arc able 1o fwnish
Zﬁooﬁi@ at %he promcfm of ’(he de nowvo origin of 11'4/1'%3 be—
ings from the standpoint of biology proper, that is, from the
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s’(cmclpoin’( of Zz'w'@ organisms, I do mot see how ’(He me’(ho&s
of oy&ina@ chemica(l manipula’rion can 3e% solid basis cven fofr
maﬁinj a start toward its solution. 7 haw newver understood how
chemis’cs could see in ’(110 fac’f of ’Cheiw a%ﬂi’@ to pvo&ucc in j(he
1@%07@%0@ some or all %ha comjoouncis whiéh ’fh@; may 3e’( ffrom
organic beings, ground for Ho?inj that @ these methods %He:y
m{gh’( prove j(ha’( h'evinj %einjs could arisc in nature fﬂrom inor—
ganic substances, or ’thaj( it m{ﬂf{ be poss{?ﬂe 1o pvocluce Uving
%ei"n\gs @ similar means, Jo rcason %ha% because 1% is possi?ﬂe
1o pyo&uce in jﬂle Ta%omjcoty 9(710 chem{col co‘mjooumls fowml in
organic %einjs, it may be Ppossi ble 1o ?yoﬁuce ’(710 Uvinj organisms
from whiéh %hese compmmcls are derived, is not unlike reasoning
%ha’f because 11 is Ppossi ble 1o «pro&uce in ’fhe 1a‘bom’(m;y com«poumls
taken from the emf’(’h, it may be Ppossi ble 1o pyoﬁuca an ew’rh in
%he 1a%omj(0@, Th@ simﬂwi@ between ’(hese cases s 739 Nno means
far—fetched, In order 1o produce any matural object you have to
pfrocluce all its attribules. Zﬂlc attribute of 9(11@ eow%’h w‘h{c’h makes
%hc sujjcs%ion to procluce an co:rjch a@r’fiﬁciol@ scem ridiculous s
its size, Bul fraauy when _you veflect, ave mot %71@ éliﬁcuﬁias in
%he way of p«o&uci@ %71@ attri bules of 5(710 organism in virtue
of which i1 1s alive aboul as insurmouniable as are j(’hose in 9(71@
way of pro&uci@ ’fhe size of %He ecw’fh? Jo make ’this guery con—
crete, consider what would be involved in producing artificially
%he attri bute @ virtue of whiéh organisms pvopcg;a’fe j(’hm'v kind,
Thc fo.c’c shouw newver be ngﬂec%e& ’(haj( hcwéli@ as a %{olojical
comep%ion implies not mewly %Ha’{ cach individual organism has
%71@ a%ﬂ*@ to wo&uce, or pcw’ficijoa%e in wo&uci@, cmo’fhw of its
Rind, but that i itself was pvo&uce& @ another of its kind, how
are _you 9oing 1o procluce afr’(iﬁcially an object, one of ’che main
attri bules of which is ’tho,’( of Tm’nj pvo&uee& 739 omo’thefv o?gjccj(
of its own kind? Bul in that form, the problem manifestly
involves an a‘bswoli’@, (s fw as concerns ?*ro.c%ical solution i1

is fmuch ’Che same as ’(ha’t of proclucing fpevpe%uol motion; %ha% is,
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of pro&ucinj a machim capame of at %71@ same time using ugp
and ﬁeepinj its own substance and enerqy ; in o’chw words, j(hc
famﬂicw pwo“cm of Uﬁ{nj one's scﬂf @ 711'5 %ooj(s’(mjos,

Thc way ’ﬂp’s clfi:ﬂicul@ is avoided ?zy 9fhosc: who still 011'419 to %He
sqoon%cmcous \9emm’u’on @po%ﬁesis is wvery instructive, @iﬁewn’(
writers pursuc éliffcwn’( courses, In %he ﬁvs’( piace %Hew are ’fhose
who hold, as G. B Lewes did, that “the link which unites all
organisms is not a’lwog;s 9(110 common bond of hew’(qge, but j(he
umfowwi(y of organic laws ac%mﬂ under wmfowm conditions ; ;
%710,’( hewcbi(y is, 1n o’(’ﬁw words, not an oqqmol and essential
aHribute of organisms, or at least of organic matler, bul some—
%hinj acguiwél in ’fhe course of cvolution aﬁw jfhe ﬁﬁ”sjf organic
compowmls had arisen, This scems o be Bastian's view, N
is also heldl @ f‘?ﬂfofcsso«r @em’amin Nboore and unélou%%eclly 119
many o’(hefr ?aioéham{s%s and physiolqgis%s, Tt would be in’(awsj(inj
to know how a biologist who holds this wiew would convince
himself and his %{o1q9ica1 conectqucs jﬂla’( a pmf%{mﬂcw substance
was 3enuine@ 11'4!1'119 if 1 could not grow and wqwocluce, Ts 1t
not exac’@ hew %ha’( Bastian's en’(m’jm’ise founélewél?

@(ﬁaiﬂn ’chew are ’(hosc, like jacgucs Loch, who while regarding
hew&i@ as a j(wly pfrifmol atribute of organisms, still pu’( it
aside as pwsmj(inj no \9wajc obstacle, In his book, The le—
chanical Conception of Life, Loch says thal “fertilization and
hew:ﬁl{@,,, are spcciﬁc fo*r 11'0/1'119 organisms and wi’(hou’c cmaloyues
in inanimale nature,” Tha ﬁgy ingui@ concerning ’ﬂp’s vicw 1s:
If heredity is specific for living ovganisms, is it also specific for
%71@ most funﬂamen’aﬂ of ’fha Ziw'@ materials of oq:_qom{sms? T
scems To me a 3%@% deal of confuse& ’fhmﬁmg has resulted f«om
jfhc wwc&en’( 71@731’( of spaaﬁmy of 114/1113 ma%j(efr, oq:gama sub—
stance” and so on, as ’thoujh jﬂlew were somc’ﬂp@ wﬁe aqoow’c
fvom or antecedent o organisms, The very conccjo%wn of 114/1%3
or m:gcmw” substance is, as J unciezrs%anci substance founci in

11”1%3 %@1%35 35 Q‘P‘P@ %11@ %@’Y‘Yn 11”1%3 %O su%s’fwnces whwh hacl
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never been in any way clczpenolen’{ upon a 11'4!1'719 %cinj would be
to cIep«riw the word of its most fundamental meanino, Sumoose,
for exampic} an inorganic colloid were o be ywo&ucccl so sim—
ilar o some 11'4!1'%3 colloid substance as to be inclis%inﬁuisha%le
from it in any observable attribule, 7 faﬂ 1o sce how it could
be pyonowncecl 1iv{nj, until i shouw hawe ?Yove& i’(sdj: cayaﬂe
of cooqocm’cinj and in’(cmc%inj wml o’fhw substances o make a
Uw'%j %ei@, mlese are commonplace, homc@ %W’Chs, but not %o

13@ olenieol or 1;9%04’0&1 %@CCLMS@ CO‘WLWO‘WP1QCO,

TN would scem as %houjh we must ei’fhw recast our comcjo’cion
of 11'4/1'719 %ei@s ?zy 10@4!1%3 oul one of ’Che oroup of attri bules
hi%hw’to Yggaycle& as most fundamental and definitive, jfha’( of
yejwocluc’c{on and haw&ii{y, or give up all ’(houjh% of a de novo
origin of ufc ?Zy ei%hcr natural or cw%iﬁcial means, J am faﬁ’
ffrom &a@inj jfha% such a revision of 9(ihe &cﬁni%ion of organism
may be necessary; but 7 insist %ha’( we mot on@ need not, but in
strict ﬁﬂdf@ 1o %Hc inductive mc%hool of wscmfcfh, cannot so revise
it al jfhe %éhes’( of any amount of sqoecula’tion on ’fhc Spon’(cmeous
origin of UW'@ ‘bcinjs, We can do so onlcy aﬁw o?gjec’(s Haw
been ywo&ucecl fyom inorganic substances which are h'vinj %@on&
all cavil; %ha% is, Ha»vc stood ’(71@ test of all ’fhc main criteria of
such %einjs,

Lot us mow examine briefly a great body of facts which scem
to hcwe a ?aecwinﬂ on %He gucs’w'ons of whaj( shan be accounted
as %wly Iiw'nj substance, and of ’fhe relation of suéh substance
1o jfhe attribute oj: hewcliiy, J wfw 1o %71@ mpidn:y accwmula%in\g
cvidence %ha’c %71@ imiiv{cluau@ of cach organism extends down 1o
%he details of s chemicc& maﬁe—mp, We are still fo:r ffrom pvoof
%ha’( cvery organism is ’(h«ou\g‘h and %117‘01{91‘[ chemica’[@ different
fvom cvery o%’hw organism, ‘meice&, We are sure ’(ha% mangy
organisms wi&z@ seqoo.m%e& in %he animal and picm’c ﬁ{njcloms
35@13, upon chemiccﬂ oma@sis, many identical or c1osely similar
substances, Bul %hew is a sjwonj movemen? in scveral gui%e
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remote and distinet ficlds of %io1w favomue 1o ’fhe concep%ion
%ha’( CUETY OTaNiSM 1S N SOME Measure 3ewuimly different from
cvery other organism, Jo this, many, perhaps a majority, of
7:1'01@1'5%5 would agree,

& final oulcome of this must be, T belicve, hough in his
view few ?Yesen%—ﬂaﬂ bio—chemists would concur, that %{obiy
will haw to recognize %Ha’( %He Iivif@ organism h”(omlly uses, as
cOMMON sense says it docs, ’(he substances whiéh enter info it
to pﬁ’o&uce jfhc structural clements and jﬂlc enerogics it needs, In
O%Hw words, ’(he living organism presses into s own serwice, and
impresses some%hi@ of its own nature upon %71@ malerial, organic
and inorganic, which it akes in from the external world; so that
the comep’( Tiving substance,” Taken in s most essential sense,
means a substance yro&uca& not on@ @ 3(710 Iiw'nj organism, but
also @ some individual organism, Jf jﬂle word causc be used
consisj(enj(@ it will haw 1o be wcqgnize& %ha’f j(hc organism is a
cause of ts own Iivinj substance jus% as ’(le as j(he inoyganic
nulrient substances are causes of ’(he organism,

Thc indubitable natural hisj(ow facj( ’(hajc organisms arc not
on@ manufac%wrws, bul are oy@ina’(ow, even original origi—
nalors, as ome may say, furnishes a base for omo%heer line of
reflection on ’fhe pre‘m of cwa%inj Tife mf%iﬁcially, Th@ chemisj(
can accomph’sh wml 711'5 se%—\_ﬂm&s and wi’ﬂl VAYIous ojﬂlmﬂ inter—
nal jlomcls and organs whaj( 71@ cannot possi ?ﬂj accomph’s’h wi’fh
his hamls or 711'5 brain, or Tao’(h working %qge’ﬂlefv, The brain s
the brain, the liver is the liver, the testicle is the testicle, and @
Mno possi %ﬂi@ can ci’chw fqﬂ@ sumﬂcm’( any of %hc o’chws, for the
300& and suﬁcien’( reason ’tha’( cach one is real in eeeac’(ly ’Chc same
sense ’rha% cvery O%HM one 1s; %Ha% %71@ existence of each is jusj(
as ultimate, just as fundamental as is the existence of the others,
Jan can ow{gina’(@ some %hinjs in nature but he cannot oaffgina%e
we{y’ﬂli%j in nature, for ’(he reason ’Cho,% vast pov’(ions of nature

are alwac@ originated, e cannol, for ceeo;mjo’[c, m’igi'na% waler
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ina ﬁnal sense fov walter a’lwacl;y exists. Onee havi@ waler in
his hcmcls and ham’n\g taken it 1o pieces, he can fpu% ’ﬂle fpcw%s
together and so @ imitation, can in a seconéla@ sense originate
waler, gxac%ly s0 wijch organic %e{nﬂs, or Life. Jo ceepecj( to
04’1'91'%@9(@ Zﬁife in %he éleeepefr sense would be to ceqoecjc to oﬁgina’w
attri budes of jfhe relation of ’ﬂle inovganic constituents of organ—
isms %Ha% haw olwo.c@ been oyfgina’wc’t WHa% a chcm{s% «m{ﬂf(
wasona%@ strive 1o do, ’(ha’( is strive for in strict accordance
wi’fh %71@ pyimieples and mej(hoéls of chemiccﬂ s\yn%hesis, would be
ﬁﬁ’s% to make a comﬁc’(a chcmical omalysis of some simqﬂc 11'4!/[739
%ei@, say some bacterium, and jthcm 1o pu’t ’(710 ya«r’(s %qge’(hw
again in suéh a way as To make ei%hw ’che identical bacterium,
or onc of cliffcwn% but ciosely similar kind or specics, We may
look upon WOcmw’s fo;mous achicwmen% of gyn’ches{zif@ urca as
%he ﬁvs’c s%ep toward cﬁec’(inﬁ jﬂle chemiccﬂ mcmufac’(uw of 11'0/1'119
men; but 7 submi?, success in momufac%w'inj one of j(he simep%s%
constituents of one of ’ﬂlc ‘boa}y’s excretions is a m’(hw 10719 dis—
tance fvom success in manufac%wf{nj uv{nj ?)ci@s, dnd hew is
%he pmc%icc&, one fm{ﬂﬁ say, 9(110 industrial as«pecjc of %711'5 matler:
Sijoosin\g organic chemis’(@ shouw somaﬂay haw advanced so
far as to enable the manufacturing chemist to manufacture men,
wha’( would chcfmisjf@ wcm:y ho,w accomjolishec@ The primiﬂc
of substitution and imitation @ whiéh s\ynjﬂleja’c chemis’(@ s vir—
%uol@ limited would make 11 1MpOssi ble to do more %hwn pyoéluce
men eeeac’(ly like %hosc alwcw@ in existence, or at best on@ a
1Me different from %hese, This m{gh’( be 3¥ea%@ impovjcom% from
a socioi@icc& s%amlpoinj(; and 1 would be very ifn’ccwsj(i@ scien—
tifically, but the achicvement could hardly rank among the oreat
scien’(iﬁc discoveries. T would be a remarkable faa’( of gyn%hc%{c
chemis’t@ in %110 owh’nm:y industrial sense, but no’fhinj \9%@’(@4’
%han %haj(, N would not be creative chcmis%@ in %he sense oj:
cwaja'nj a new clcmen’(a@ substance or cven new attribules of

an old substance, To which, be it moticed, 3(110 views hcw eeqowsscﬁ
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would make jfhe “artificial pvo&uc%ion of Tife” compaframe,

We shan hawe to recognize, as pvew’ously remarked, j(haj(
%710 pvo?ﬂem of yyo:luc{nj Tife aﬂr’({ﬁcid@ is wery fmuch like ’(ha’c
of ?vocluci@ peﬁoe’fuofl motion, iciqicany %o’th are ?ossﬂﬂe or
imepossime ckpen&inj on ’(he concep%ions and ckﬁni’cions wi’(h
which one starls, @yac%icauy one scems jus’f aboul as possi ble as
%710 o’ﬂlw

T come now o jfhe pcw’( of ’fhe discussion wh{ch scems to me
most impov’(cm%; j(ha% of %71@ relative uscfulmss of %71@ two Ppossi ble
@poj{hescs stated at %he %@{nniﬂnj concerning ’ﬂle origin of Iife,
One s jchaj( occasionanﬁ and somcwhew organisms Haw been,
pc«hwps now are, pvoﬁuee& wijﬂlou’( fpcwen%s, Th@ o’(hw says ’fhaj(
all organisms a1wotys che been and still are pvoclucecl @ po.wrn%s,
J ww’@ belicwe, as alveac@ staled, ’(710 last—mentioned hypo’(ﬁesis
will soon be wcqgm'zeﬂ as more useful ’fhwn jfhe o’(hem ﬂc
superior usefulﬂncss whiéh 7 would claim fo« %ha no—?ae\gi%nin\g—
no—ending 'bmoo%hcsis would be two—fold, 1 T would serve the
ends of %io1q91’ca1 wsccwch and %iolqg{cal %hmﬁmj and %eachinj

better ’ﬂpn ’thc alternative hyepo’fhesis; and 2. 1t would Tend 1o

influence aclvan%cg_qeous@ ’fhe sciences of inorganic nature,
5oncc¢nin3 s scdu%a@ cffcc% on ?)1'01(293 J s?caﬁ on@ in
3cneva1 Terms, Speaﬁ{nﬁ ’fhus, its effect would be gw’%@ similar o
%ha’f of wachi%ﬁ a pewe«p’a’on of %71@ order of inorganic nature ’(ha’(
COnVInces once of %71@ fu%ilij@ of scwrchin‘_g foy peﬂrpc’(uol motion,
In ’(he same way ’(haj( %he ﬁwsiaol and mechcmicd sciences were
vitiated sz folse jfheom’es and Hamsseol @ fu’(ﬂe en’(ewperises about
enerqy and fmaéhims 0 10@9 as fcdse notions pwvaﬂecl about
%710 creation of matler and enerqy, so %hc organic sciences are
cven 3e% vitiated ?zy sunclty faise %heories and are hamsscﬁ @
fu’tﬂe wsewrch enj(ewp«rises on account o_ff %he 11'%\90#%\9 %eh'ef in

%hc sqoon’comcous and possi ble m*%iﬁc{ol creation of Ufc,

Several ?aioloyis’(s scem to hcwc a fcelinj of chqgrin at 9(110

continued defeat of cfforts 1o explain life, to say mothing of
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a%%emp’(s to pfrocluce A R scems o j(hem ’Cho,% to be 0%1{963 to
admit ’Khe 1MpOssi ?31’11'@ of %ha origin of %71@ Iiw'nj fvom %He non—
Uv{nj, would be to admil %ﬁa’( at 9(711'5 one poin’( a break occurs
in ’che con’(iwui@ of nature which is w’hoﬂ:y unlike ’(ha’( known
1o occur w@where clse. O%w'ous@ a clear orasp of %hc hyqoo’(hesis
of 9(11@ endlessness of j(he series of organisms would do away wi’fh
%711'5 fedinj ?39 cs%a“ishinj %710 comcp’(ion of jche con’(imti@ of
or{ginaja’on, not as between ’(71@ inorganic and jfhe organic, but
wi’fhin %71@ organic i%self Nor shouw anyone faﬂ to remember
%ha’( a conj(imti@ of cmo’fhew sort %11““ %ha’f of oqff_giﬂna%ion is
fu11y es’(awshcﬁ between %71@ inoyganic and %he organic @ ’(710
ciepemleme of all organisms, ﬁm&@, on inorganic nature for
nulriment,

WHen we come o see ’(haj( our &almﬁs m’c‘h o?gjec%iw nature
must be on ’(ha basis of 3(710 atri butes of natural objects, we sho,n
sce %haj( %hew is we@vwhew in nature a sort of &iscon%inui@ jusjc
as cssential as is con’rinui@, The &iscon%{nuii(y wh{ch would result
from proof of ’(hc non—origin of ’(he organic from ’(he inovoanic,
would be mo more ’(hcm ’fhe chgni’don of one more o_ff %711'5 class
of discontinuitics, I vefer to the discontinuities which peqf’faivn 1o
’t'hc relation among ’fhc attri bules of a %oc@, We haw no cerlain
pyoof of j(he conwvert Taﬂi@ of cortain attribules into any o%hcfr
aHri butes, The aHributes of extension and color, for ceeo;mp%,
or shape and odor, while in a sense ciepcnclm’( on cach other, are
not in any sense derivable from cach o’fhm’, Now, if we can ﬁe%
no evidence of j(he origin of jfhc h'vinj from %110 non—h’vin\g, ’fhaj(
fact will 1950 facto, make the group of attributes of living bodies
a group non—derivable fvom 9(71@ attri butes of inoyganic bodies
taken as such; exac’(ly as %he aHribute of 34’@4/1”(0,’({0%, which is

common Yo all bodics, is non—derivable from any of %71@ o’chefr
attribules of j(hesc bodics,

In so fcw as ’fhe mental need fw %he pq’imiﬁe of con%inui@ in
nature is 1{9i%{ma’(e, %71@% is, in so far as %ha’( need is clejom&en’(
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upon jfhe constitution of our minds, jfhe need ouﬁh% To be satisfied
so far as organic nature is concerned ?39 %710 co"nja'nuij@ which
manifests itself in the orowth and ﬂwdo«pmm’c of the individual,
and in nurition and ‘PYO‘PO;QO«%{O%, If we mus? indeed recognize
%ho,’( OTQaNisSMs POSscss some aHri butes whiéh cannot be derived
in the usual sense from inorganic bodics, there is no more reason
for being ch@ﬂrinccl at jche fac’( ’(hom %Hew is for being chcyw’ncél
at %Hc fac% ’fha% we cannol devive redness from we{gh’g or iron
ffrom silwer,

Jam ’(@{nj to express gw'%c dq'qma’(ical@ a view acco*r&inj to
which it would come 1o pass j(ha’(, were our mental attitude toward
%he limitableness or illimitablencss of %71@ s\ys’(ecm of mature o be
determined by the usual methods of scientific induction instead
of @ ha%i% of %houjh’(, %hc hypo’(ﬁesis of %'hc infinitude of ’(710
various series would win 9(11@ Jay. R would win because, whﬂe
we could never eeqoec’( a%so’[ujcely to prove its truth, we should sec
%ha% its warrantablencss as @ains% %’ha’( of its compe’a'%oy, 9(71@
finitude of %he sevies, vests upon eeeac’(ly ’Che same foumla’w'ons
as does our confidence in %71@ <pcwj( of %71@ series ac’fuany in our

posscss{on,

These last sentences remind us of ’(he close and ewgwhaw
manifest kindred between the organic and inovganic worlds, if
@ any possi%ﬂi@ we haw become wnminclfui of %71@ relation,
Thc next essay in ’Ch‘[s volume will show 'how %He conccp’(ion of
%he {Mlimitableness of 11'4!1'%3 nature has aﬁec%c& ’(he ’ﬂu’nﬁinj of
al least one ?oiolqgis% as j(ouéhi'nj 9(11@ h'mi%o,uemss, or oj(hwwise,

of non—h’w’nj nature,
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2 (e Jhere Suﬁcien’t Reasons for

iBeb’ej‘: in ’Che ?nﬁm’@ of Nature?

2.1

In his interesting lecture, "The Fundamental Properties of
’t'hc Elements, s Brofessor JTUW @Kichcwéls said: Thg% ’(he atomic
we@h’cs of %he chemicol clements, are ’fhe mule wilnesses of 9(710
first beginnings of the cosmos out of the éhaos," Such a setting—
over as 9(711'5 of 9(71@ cosmos ogaiﬂnsj( %he chaos ?39 a fowmos’( student
in a realm of nature pm‘%iculm’ly caleulated 1o clicit 3(710 most
careful thought and expression on such matters, somewhat startled
me by its AMiltonian sound. In recent years Milton’s miohty
poem has afforded me greater plaaswc than at any other pcw’o&
of my Tifc; but comomi%an’(@ wi’ﬂl MY 9rowing appwc{a%ion of
the Javinj ﬂ{gh%s of poe%ic imqgina’(ion %Hefrc shown, as a student
of nature the comcp’(ion of a chaos in the far—distant yas’(, out
of which a cosmos emm:gcci aﬁw a whﬂe, Has 3ra&ua1@ and al
last en’(iwly faded from may mind, and 7 haﬂ pfresumcél such to
be %Hc case wml scientists 3cnc¥a1@,

7 do mot suppose Brofessor %’chcwcls would, if Wcsse& to
clucidate 711'5 words, affirm 111'5 %dicf in a time when 9(71@ "coxr’(h
was waste and void” in the Mosaic sense and when there existed,
“.a dark Timitable occan, wi%hou% bound, wi%hou% dimension,
whew 10%3%11, %m&%h, and 710{971’(, and time and phce are lost;
where cldest night and Chaos, ancestors of Aature, hold Elernal
omcwc}w " Even the Tess exu%wam%@ fanciful Chaos of hesiod Hdcl
tobea yawning a@ss composecl of Void,t Mass, and Darkness,”

Nature, Tuly 6, 1011, p. 2.

ﬂ’ts ‘U@W;y CCW'@ a%%cmp% %O maﬁc %%hl‘n Clo ‘POS’!%’H/’G SCY‘U‘ICC 17’1 0%101@1%1%3
:ﬂ'l@ 0‘?’191‘1’1 of Somcﬂpnj, 01{911% %0 1‘7’1%0‘1’(?5% %11050 WHO ajf :nl@ ?Wscn%—c?a:y ‘Pﬂ’l
fai%h %0 an (A’%SC‘YLCC %7’1@% can Clomi‘na%@ a Z?‘YCSC%C@ as 5011(1 3‘7’0“‘7101 on
Wh'lch %0 %dSC an C%‘P1dfna%’lo‘n Ojc CC‘Y%@'I% facjfs on 110‘?’0&1@
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could chél@ apvpeal to ’(hc curbed and 3uic1c3 {fm@ina’m’on of
pwsenj(—ﬂay science,

J hacl sumooseél 7(11@ vicw of students who %hinﬁ into %hcse
pwomems as fcw as our pwsenj( scien’ﬁﬁc ﬁnow%c:(ge enables us To
99, is not ’fha’( ’(Hew was once a real orderless state of %hin\gs, but
that the kind of ovder with which physic{s%s, chemists, biologists,
and ’che rest are mow c?eali@ was m’fhe«r funﬂamenj(ally &{ﬁcwnj(
long ago from what i is today. 7 had supposed that matural
science al its best has now carried jﬂle analysis of %ﬁe idea
of chaos, or disorder so far as to recognize %ha’(, as Bergson
remarks, it “represents nothing at all,” and that “The problems
that have been vaised around it vanish” In a word, that a
man of science, when on Slu@ as such, would vae no such
word as chaos in 'his voca?mlo.@, But 'hav{nﬁ chn’dy come
UPON expressions @ a number of excellent scientists similar in
impoaf% to this @ Wchav&s, 7 am led 1o 9wsj(1'on whether science
has, aﬁw all, fully extricated i’cself from imaginings akin 1o
’those set foﬁh ?19 Ailton, ﬂf jf'he gues’ﬂ'on be raised whejﬂl@r
it is wov’fhwhﬂa for sober scientists o deal wi’fh such matlers,
we need do 1ifle more ’fhom remind oursclves ’(ha% jﬂle gucs’cion
of wo«r’fh—whﬂemss is beside %He yoin%, since every science in
comamon wml all ﬁnowleé}ge, faken as a wholc docs inwi’(a%@,
sooner or later, run into the vast pyouévm of the beginnings
of %H{nﬁs, ’ﬂp’s is scen o be so whe’ﬂlm’ %71@ su?gjcc% be viewed
hisjcorically or opem’ciwly, Nen guess as au’coma’(icany and
uniw«sc&@ as ’(hcy observe, or walk, or whisjde, 3'710,9( is, j(he
attri bute of provision — of ’t@inﬁ 1o sce on cfhcacl — scems as
pw'fmal in man as 3(71@ attri bute of vision — of seeing wha% is
Taefow one hew and now, (@t least a few 1@0,&1{119 scientists chc
been making hypotheses, or what is the same thing, thouohtful
uesses, as 10@ as ’chew haw been Icaﬂms, and as 10719 as jﬂlese
Teaders Haw been 301’@ a@’(hi@, Thc pmc%iccﬂ guesj(ion is on@
as to how %Houjh%fd and cawﬁﬂ %71@ _quesses shan be — as %o
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how wide a range of ’thc germanc facj(s shau be made ’{he basis

Of %11@ 3%@5565,

2.2

Being a biologist, my approach to this vast problem of be—
9innings has na’(wol@ been f@rom j(he domain of 11'4/1'@ %e{nﬁs,
T am convinced ’fha% ’Chc hypo%hasis of a once—fw—aﬂ %@inninj
of organisms, of %710 origin of the Living from the 7\/5%—1ivin3,
%710“371 hanowcci ?Zy ages of ’(haolq_qicol s«pecuia’(ion and poe’a’c
imqgi%a’(ion, and more wcm’(@, given %Hc pws’@e of hwh@ re—
sepcc’(ame scientific aujchoyi’g};, s Mo 10%30« a fwi’(fd hyzpo%ﬁesis
ei’ﬂler for science or common in’(aﬂfgcmc, ZBejCow j(he invine ble
march of observational inguiry it has gome, or is mqoicl@ oing,
%he way of such wo?ﬂcms as 9(71@’( of fpeme’(uol motion,

Omne vivum ex vivo has come o stand in %1'01% olonjs{ok
of 3«@47{%@%{0% in %hc physiccﬂ sciences 3ene¢a1@ as one of j(fhe
most secuwly es’(a%’sheél o_ff ’(he laws of nature, @nc?au wrote
in ’(he late scventics of last cen%u@, "J ch aﬁ«rm ’(Ha’( no shwcl
of %ws’(woy’c’hy expcwmcn’col ’(csjamowly exists 1o prove ’fha’c Iife,
in our &ag, has cver aﬂppeawcl m&wpm&m’d of an’ceceﬁen’c hfe
T looks as ’fhouh we must cud %71@ in our &a f«om ’ﬂps
?ronoumemen% and Take ’ﬂle rest as a n@a’a’w wagy of s’(a’(i@
our “working hy?o%hcs{s” of %hc con’(i‘nui@ of living beings, I
haw dealt wi’(h ’(711'5 promem in ’Che first essay of ’(his book, so
do mo more wij(H it hem 7\@ purposc mow is to fpwsa'njf a
few veflections on wha’( would foﬂow 9(71@ serious o.cloqo’a'on of 9(11@
hypo’(ﬁesis j(thaj( ﬁwsiacﬂ Ufc is inﬁni’(@ as ?ocofr{nj on %he gucsja'on
of a former state of universal cho,os, i ¢, of orderlessness,

w71a’( do we mean @ orderless? &wc@ %he absence of order,
R s pwhajos safe Yo assume %ha% among ’fhc more in’(cﬂ{gen%

of our day, no form of sophistication is so gencral as to meed

Wcﬁoninﬂ wi’ﬂb ’(ha’c will a%%emp’( to make a@%hi@ else of it

-
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The real gues’w'on is, %ch, exacj(@ wha’( do we mean sz orders
Followed up q’{gowusly ’fhe guesjcion pﬁlwn\ges down o jfhe clwpes%
rootlets of our observational ﬁnowieoil_qe and so, in one asjocc’(,
of all ﬁnowleolqc wha’(ww, @eif@ in %he ?aioloﬂicol realm and
ﬁ%ifnj attention on jfhe somewha’t spccial apep%ca%ion of %he torm
%a%onomy, let us look a bit at wha% we wc&ly do when we
taxonomize. @(ccowlinj to juﬂ@’s well ajopvowcl statement we
iys’(cma%1ze and 30%04*@112@ ’(he "fac%s of mowpho’lw in such a
manner as 10 arvange 1101%3 %em\gs in groups accow‘lm\g 1o ’Chaw

303?005 Ojc Micfncss

Most of the weight of this statement rests on hree phmses,
Niving beings,” “facts of NMorphology,” and “degrees of likeness,”
Notice what is implied in These phrases. “Living beings,” that is,
objects in nature distinguished from not-living objects —fow?
By %he possession of fp*roepcrja'es, or ﬂuamies, or trails, or JW’_
acteristics, or atribules, which non——1ivin3 objects do not Possess,
For ceeamﬂe, living objects have jdl@ atribute of melabolism (’(o
select ’the one about wh{ch, pwhaps, ’thew would be least gues%ion
as 1o clisj(inc’fiwmss), O?wiously here is imﬁie& a still cleqow
taxonomic pwfoqffmcmcc, one reaching outside the biological realm,
and wsja'fnj again on ’fhe same basis, as docs %axonomiz{nj wi%Hin
%ha% realm, no;mcly, on %he pfroqow’a’es, or 3ua1i9(ics, or attribules

of o?gjec%s \9@%@«0@9,

“Facts of y\/ﬂomholqiy” are wha’t observation discovers con—
cerning %he fo«m—a’(’wi butes of 11'4!1'719 %einys; and if arranging
is dome as s’(mcjd on a momohoﬁlo\gwd basis as j(he fuefl@cm
definition would hwc it whwh is @ no means fneccsscwy 9(71@
‘J@ roes of likeness” are alwo:ys frccqgmzecl ’dp’oujh a comparison
of fo«m—a’(%w butes of 5(71@ organisms arrang eod. In a word, no
matter where one urns in mature he finds jfhaj( all the ﬁnow’[ecilgc
ha has, rests upon, as a sinc gua non, ’(710 gbuamics, or attribules
of obyecs, Gnd fw’fhev, whcfn one comes to compare all ’(he
objects %hus wcqgnizecl, ’(Hew are fowncl likenesses and differences
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enoujh to enable h{m to arrange %Hem N NUMEYous groups and
su‘b—gywys, Tha possi%ﬂiiy of any ﬁnowlea?gg w7za‘?ewv’ of na—
ture vests upon ’(ha attri butes of o?y'ec%s, @nd i1 so urns oul
’('ha’( of all ’(710 p«o&{gious numbeyr of observations j(hus fcw made
and ﬁﬂ@ veviﬁc&, no o?gjec’c has 3e% been fowml jfha’( does mot
Possess a considerable number oj: attribules common %o all o’(ﬁe«
ob’ec’cs, Al haw shapc of some sort; all ho.w resistance To some
extent; all, sceminj@, affect 1{971% rays in one way and cmojfhw;
all hawe wc{ghjf, and so on, In ojchw words, a genuine chaos
would seem 1o imﬂy a genuine {ncomoowolmss; and a genuine
inco«powcﬂfncss would be a genuine no’thif@ness,

T may be %Hew are still a few chemisj(s, or m’ﬂlm’, at hacwj(
alchemists or yscuﬂo—chcmis’cs, who sqoeo,ﬁ scw’ous@ about prop—
ertiless atoms or substances. WH& we need To sce move cleavly
%hom we usuaﬂ\y do is ’fha’( such atoms are not suﬁcienﬁy dis—
poscol of @ recognizing %hem 1o be fmewly no’(hin\_qs; but %haj(
%71@ concap%{on of ’(hcm imph’cs a fngga%{on of all observational

ﬁnow?ecgge, and of all inductive science,

2.3

One can hm‘t@ notice oo a%’wn%iwly %71@ extent to whiéh
Progress in the knowledge of nature, pow’ciculcw@ in its minuter
sub—divisions, ho.s consisted in ﬂiscowwnj atri butes of bodics
which were not Taefow known 1o Wlonj to j(hem; and which are
of ’(he same 3c%c¢a1 picce as attribules well Anown because of
%ciﬁnj posscssccl @ o’(hw more casi@ observed bodies, dnd Dr,
%’chawls’ contendion %Ha’c %he hyjoo%'hcs{s of j(hc compressi %1’11"@
of atoms is more in accord wml all %he relevant fac’rs ’(hcm
the opfposij(e hy?oo’(hesis, scems to me to be a motable s%ejo in the

3@%@4@1 divection of such ProgYess,

@ssuminj cnoujH has been said 1o jus%ify ’(he aclop%ion of jche
hyﬂpo’(hesis ’(ha’( %ch is no real existence in jﬂle whol@ universe,
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%ha% does mot comsist in, or c%pcml clifrecj(@ upon bodics, which
are in turn ckpano?m% upon %Heiq* attribules; and recognizing %710
indubitable fac% %Ho,% %71@ wholc 71{55(0@ and substance of science
has olwciys involved and now inwvolwes 3(71@ cliscowty of new bodies
havinj various atlribules of pwvious@ hnown bodies and new
attribules of old bodies; and Yecognizing cwver move cieavly and
wiﬂe@ resemblances and diffevences between all Anown bodics %o’(h
old and new, wha’( fonows as 1o %he pq’o?ﬂem of ’Che %@inniﬂnj
in tHme and 9(11@ limitation in space of %71@ order o_ff %711'%35 wml
which we are olwo,c@ s0 10{9@@ familiar, and beside which we
haw no %ws’(woy’chy ﬁnowlco@ge w'ha%cwﬂf? This is one of ’(710
most scienj(iﬁcc&@ and phﬂosoﬁicany in’(ews’tinj, because most
practically important, gucs’a’ons that can be raised,

T seems to me %ha’t ijc we how frigozrously 1o two of jﬂle best cre—
dentialed olejoow’fmenj(s of human ac%iw’j@, fnafme@, observational
science and pure ma’ﬂlcma’c{cs, 9(71@ hyqoo%hc%ical or tendative an—
swer To which we are driven s ’(ha’t jche ovder of jﬂle universe
haﬂ no %@inninj in Hme nor has any limitation in space; and
further that this order admils of no such thing as “vacant space. !
In o’chw words j(he conclusion ﬂpoin%ecl To is j(ho,% %He Cosmos, or
Universe, or total order of %Hmﬁs is 3enuinely infinite, By
3enuina@ 7 mean infinite, not in ’fhe sense of subjectivist meta—
?'bysics or ’(Hcdw, but of yhys{cai science and mathematics, e
sho*r’( clcswip’(ion or chamc’(wiza’fion of j(110 Cosmos from %his
s’famlepoinj( would be j(ha% it consists of an inﬁni%c number of
bodies cach belonging to an infinite series and that of all these
bodies cveryone Has some atribules in common wi%h all ’(he o’(h—
ers, bul not one is cxacj@ alike any oﬂlcw‘ un&ou%’tecqy such a
conception is somewhat diffcult to domesticate, as one might sav,

sIn a sujﬂes%{w paper Thc role of 9(710 concc(,o% of inﬁniiy in 9(710 work
of Lucretius” (Bull. dmer. Math Soc, April 1018, pp. 321) Professor €.
:7, g.ﬁcysw has done a 3003 service in cmﬁlasizinﬂ %hc fac% %ha% %110 inﬁni%
which Lucretius strove to grasp was one "of infinite multitude and inﬁfnig
mqgnﬁuclc,"

20



Tha’t is, i1 is not eo,sily cs%a%’shecl on a foo’({nj of hcwfmoqy, in
%he houséhow of common ideas and sentiments and fee1injs, But
there are certain general veflections which help toward such estab—
ushmcfn’(, One of %hcse concerns ’(he distinction between wvastness,
and illimitableness or inﬁni@, We may, indeed cons%cmjc@ do,
deal wi’ﬂl %Hinjs so vast in number or size %ha’f %hgy guij(c Toaﬂe
compwhcnsion as %711'5 ?equ(a{fns 1o ov&i%a@ sensible obects, 771@
ecwjth, for instance, has a very different status in our under—
s’ra%olinj from a bascball, cven ’fhoujh we accep’c j(he one almost
as fuﬂy as the other, not on@ as veal but as a %oc@ of pcw’u'cdwr
form and cons{s’ten@; as, fnafme@, a sphwicaL solid %Oc%y, Jaking
%he eo:r’ch as such an object at once makes it limited — gives it
boundaries — and no matter how large it may be, so long as all
’fhe infoq*ma%ion we haw about it piaccs it in 9(71@ same genus
w’%h bodies casily compassccl ?19 OUT Sense experiences, we take it
wijfh 1Mle or no cavil or intellectual jolt, TR s fmew@ somajﬂlinj
like something clse, on@ much laroer, Cur Rnowledoc processes
and our fcdif@s are not fun&amen%ol@ altered in passing from
one very 10:»:9@, ’Choujh limited, 9(111'%3 1o cmo’(hefr of 9(110 same ’Eypc
but still 1a@av; or from one 3?0@%@ numerous sevies 1o cmo’ﬂlw
still move numerous; or f«om one set of cvents wach{@ fcw back
into jfhe pas’( and scemi@@ destined 1o extend into ’(he distant
fu’tuw, 1o omo’thav similar set, exj(en&inj still fwafhcfr backward
and pvesuma%@ wachinj still fuvj(hw foafwcml,

d very &iﬁcwn% mendal state is eeeperimcecl whm we come
upon someﬂp’n\g to which no limits can be ass{gneél, But 3W¥$¢1f
to j(he test j(h{s way: fcw _Yyou sit beside j@la’( vast %oo:ly oj: wajccﬁr,
%710 @’aaiﬁc Ocean. fow many clﬂro?os are ’fhaw in ¥ ﬂ%cminj @
clvop, a definite amount of waler, you do mot hesi’(a%e to say %ha%
amloujh ’Cha number is so 3vea% %ha’( ’Cha combined Tife’a'mes oj:
%710 who% pwscn% poqoula’(ion of ’ﬂle ewgﬂl would hcwo’l@ suﬁce 1o
count %Hem, stll i is a meve matler of wpc’(i’tion and so would
suw@ end somelime, since jfhe ocean ij(se1f is not unlimited, @fgain
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suppose for %he sake of m:gumcnj( ’C'ho,’( each clvovp of waler, no
matler how small, could be halwcl, and cach 11“13(: again ha’lwcl,
and so on, o the very limit of _your mcmijmﬂa%iw a%ﬂii(y but
wi’fhou’( ﬁnclif@ any indication j(thaj( _you could not 90 on ha%if@
if on@ _you 71@3 skill cfnoujh, All %he posi’m’w cvidence in _your
possession would indicate j(ha% you were on a %le endless road,
that you were dealing with an infinite series, Do you mot, them,
find ngsclf in a very different state of mind Yoward the Bacific
Ocean from wha’r _you eeezpwiemccl in %71@ o’fhev casc? J jﬂp’nﬁ s0,
and ’ﬂp’nﬁ _you can see whewin 9(11@ diffevence lics, In 9(71@ case of 9(11@
incompwhcnsi ?ﬂy 10.4:9@, %Houjh limited, number of CI‘YO‘PS of eguc&
size no fun&amm%al@ con%m&ic’(oty o pamcioxical situation was
recognized, The other case, howewver, lands you in gust sudy a
situation, The %oc@ of water with which _you began is limited, 3@%
wi’(hin %Ho,’f %oc@ jfhew exists fpo’(m’(iauy an unlimited number
of arls, jow can a limited %71{%3 contain an unlimited number
of fpowj(s? &mloujh 9(11@ unresolvable contradiction involved in
%711'5 case is of i’fself clis%mcj(i@ almost to madness, if _you dwell
upon it fin%en’(@, _you still can, in fac% you do accepj( ’Che sttuation
wi’t’h more or less compiaceniy, NMove or less, I say, because
%710 cl@vee of com?oiacengy ﬂqoemls on %he c‘leﬁwe of clearness
wi’fh which _you sce %Ha’( _your accep%inﬁ or not acccp%i‘@ makes
not ’fhe 511;971’(059( difference for all pﬂ”ac%‘l'cal purposes, The occan
is exactly the same whatever you do about 1. Ts waves Reep
coming ashow jus’( %He same; its blueness remains wﬁh no trace
of chanje; its Tacm;gn influence on 9(110 ac}jacen’t eozrjfh @inj under
the boiling (dugust sun goes on without a hitch; 11 floats the ships
and sustains its mywads of 11'4’1'119 creatures in exac%ly ’fhe same
way wha’(ww be _your %hwgh%s and sentimends aboul i1 you
may puj( %71@ ocean o any use you care to, u’(’fw@ vggafrcness of
intellectual muddles you 3?( into @ %hinﬁinﬂ about i1, WHajC

more na%w*ol 0«')’1(‘1 #’0«%1'07101 course, %hcfn, %hcm fovyw %0 CLCC(Z‘P%

%he situation?
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But supposc, foﬂowinj _your bent toward phﬂosoqohizi@, _you
push _your guesja'oninj still fwjﬂlw “hawe 7 you say, “done
somc’ﬂl{nﬁ cowcwcl@ or weak in j(wm{fnj my back on a ﬁiﬁcu?@? !
Mo, you assure yourself, "I certainly have not, because it was
on@ when Jd was %@inj 1o handle %he Bacific Ocean wi’fh one
élqoay’(men% of m:ysdf, nwmely, MYy reason, that 7 was in trouble.

¢ moment J went at 1 in a commonsense fashion, ’(haj( s,
wi’(h my whole self, wijch all my cajoa%ﬂ{’ties and al ’(he %ehes%
of all my inferest, may 3iﬁcu1%ies were fowml to be mo 1onje¥
sevious,” By the very act of passing 1o a larger standpoint the
ﬁiﬁcﬂ%{cs were set aside, not éles’tvogccl, but rendered innocuous,
Z77ze ‘?a?aZ{‘Zy of one's inferests achzys furm’s%es a modus vivends
for conflicts between onc’s pay?iaz inferests, Since we live wi’ﬂl
our whole selves, while we reason w{’(h on@ a ?aﬂr’( of ourselues,
we haw ’(he same om{gajw'on and ’(he same power to «pu’( jche bit
on reason when veason no 1onjev works wml cffectivencss and 1o
e aood of the whole, that we ad at The outset to shart reason
90ino, O%hwwisc expwssecl, in our fad{fn\gs, and in our emotional
nature, we are wo,c@ 1o o,ccefp% jfhe idea ’(ha% nature is infinite
cven ’fhou\gih our veason balks so‘mewhaj( at i1, why %711'5 is 50 we
need not now inguires Tt must suffice for our present purpose to

57710 reader who would like 1o see ’(71@50 sujjes%ions about ’Chc nature of our
ﬁnowlcélqe of j(hc external world carried somcwha% fufr’(hmf may read my cssay
27720_}7{97204’ Usefulness of fnow?eazge in %’he book ‘hwin\g ’c’hajf lle; and ’(he
chaqo’(ws on pgychic in’(ggva’(ion, yaﬂicu‘[a@ ’(710 one hwi@ 9(710 tlle Skete
of an Otgam'smaz 77100@ of Consciousness in %110 Um'ffy of ? 7ze Oyam'sm, (
%hcoty of ﬁnowlcc?\.gc and of existence %o.ﬁinj its cuc f*fom %710 fcrctgmcn%cwfy
comcjoﬁh'ons pwscn%ccl in ’fhese wvi%inﬂs, is a lask for %hc fu%uw and for
someone Havinj more time and a beler cguipmem’t fov it %han J haw. But
it may be of some inferest to state here in a shov% pcwqgmph wha’(, as i1
scems o me, the finished pvo&ucjf of such a task would be like. Tt would be
an account or a o‘lescvip’(ion of man’s total reaction towards ’che j(o%cﬂi@ of
%hin\gs, such reaction wsuljc{nj from 111'5 being an in’cgg«aj(cal and so essential
clement in ﬁla% %o%cﬂi@ — w’ha%wcfr %ﬁc size of it may be, The in%ggva%ion
of man, phys{cai and ?fﬁ‘]“h‘l‘d! wml ﬂ]’e who(lc system of ﬂle UNIVEYse seems
1o be somcwha% similar 1o %71«2 in%@m%ion of f}e ?uw@ p@sicd universe
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recognize j(!l'tc fac%, But since reason has wowcl S0 uscfd in so
many ways, may we not expect it o be of still farther service
in this situation, cven thouoh it find itsclf balked so far as ome
pcw’(iculm* line of s cﬁoq”( was concerned? Were ’fhe nature of
waler wc&@ founci to be suéh ’(haj( i1 could be ’fhus divided into
smaller pcw%s ad infinitum, our general pﬁysiecfl hnowledge would
warrant us in supposing %ha’( a %oc:ly of waler like %He Bacifc
Ocean ho,s guolijﬁcs and powers latent in 1, ’fhc fuu measure and
meaning of whiéh we mortals cannol cven quess,

So fmuch @ way of in’ta’o&uc’cog remarks on %He gues’a’ons of
%he inﬁni@ versus jfhe ﬁni’temss of nature, et us now inspccj(
our actual ﬁnow1ecil9e of nature fo« %he Purpose oj: seeing whajc
it indicates in ’(711'5 wsyec’(,

24

Suw@ who,’( we Anow aboul ’(he poﬁion of %710 Cosmos which
we call 1{vinﬂ, when vggo:rélec‘l in all s asqocc’(s —its polcon’fole
its mowpho’lqg\y, its em%tyo1qiy, its ‘Bioéhemis’(@, its ?@51’01‘293/
its ?593101‘22% its socioiqiy — poin’(s consi&em%@ move sjwonjly
toward infinity than toward finitencss. For example, let one put
1o himscﬂf %he gues%ion, whajf do ’Chc observations so far made
on %he minule structure of organic beinos -w7zz'2e ‘?72@ are still
organized, indicate as to there being pavj(s of organisms so small
’('ha’( ’(hew are none still smaller; or in o’(ﬁev words, as 1o ’Chcw

’chw'oujh j(hc pwimiﬂc of 3mvﬁa’dow Bul since %Hc in%c;gm’finj winciﬂe fov
man is p sico——chemiccfl gw'%c as ﬂmuch as it is rational and so involves man’s
physical, instinctive and emotional gw”ta as much as his rational mature, j(he
account would be an emotionalized—rational or a rationalized—emotional one
as you choosc to chamc%evize it A would resemble consic?cm?%y ’(ha better
%hcdqgies of ﬂ]’e pas%, T would, however, differ shcwplcy from these in %ha’(
%he tentative or hypo’fhe’ficol pafr%s of %Hc account, 1o which many of %Hc most
powwfd emotions and faﬁhs would appcﬁaiﬂn would mwv’fhdcss still be
wacym’zeél as tentative; %ha% is, as sulvjec% o rewision wml %Hc advance of
experience and of cliscowty in o?gjec%iw ﬁnowleclge.
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%ei@ ’Wu@ u”nm:gcmizecl Uvinj substance: Ts 1t not true %ha’( all
notions aboul ullimate organic paﬂiﬂas and substances rest upon
somc’ﬂl{nﬁ else ’(han actual observations on organic %eiﬂnﬁs w721'2e
%72@ are still ooyam’zaf ¢ In recent Yimes, for instance, such
notions, so far as ’(hgy Hava been favored ?39 %io’lqgis%s, che
vested 1m:_qely on infevences drawn from a science, chemis’(@,
very closc@ interlocked wmb but @ no means %He same as
731'01993, T cannot be Too sj(fronj@ emﬁlas{zecl jfha’( ouy ﬁnowlec@c
of j(he chatmisj(@ o_ff organic ‘bein\gs is derived almost en%ifrc@ ffro‘m
observations on a, ’(He dead bodies of organisms; b, materials
extrancous to uvinj %ei@s whicfh may be Taken up @ ’thcm and
worked owver in one way and omo%heer to j(heir needs; ¢ waste
and excrementitious malerial %hq’own off @ 11'4/1'419 bodies. Our
ﬁfnow%clqe of ’ﬁle chem{s%@ of 1«[4/{113 substance based on divect
chemicol studics of such substance is almost nil, To pewmij(,
%hewfow, inferences drawn from chemis’(@ and physics o fix
a minimal size for living parjcicics, while biological Anowledge
proper fwm’shes no warrant for sucfh limitation, would be 1o
90 hea&—on qgcu'ns% one of 9(110 most chevishacl tenets of physical
science — 9(11@ ’wusj(woyjchimss of observational cvidence, MNow 7
w{sh to be very exﬁ{ci’( n &c@inﬁ ’(ha% my contention is ’(ha’c
’thc observed ?Jio1q9icol facj(s prove ’Chc {Mlimitableness in size of
organic pav’(icies, WHa% d say is, jfha% ’chose facj(s fwnish no
warrant fow 9(11@ hyvpo’(%esis of minimal sized epar%ic1es; and ’fhaj(

conse ucnj(@, if we are o make any hyqoo’(hasis on ’fhc subect

at all, ’(ha% of iMimitableness s far beHer 3¢wnclecl ’ﬂlom its

opeposi’fa,

f@l{@ sfgniﬁcm’( is %He fac’c %ho.% observations, in %hc realm
of minute organisms jfhemsdws, as contrasted wml jfha’( on
%71@ pcw’a'cles of which organisms are composecl, tend wi’ﬂl eguol
persuasivencss toward denial of %71@ ncccssi@ of SUPPOsing 9(71@
existence, j(aﬁifnj %He wholc cosmos ’Coyej(hw, of minimal sized

organisms, ’Ihe recent extension of ﬁnow%clgc in %71@ ﬁem of
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pa’(hqgcnic uﬁmmiwoscopic organisms, and in %ha’( of ’Che s0—
called ncmoqolanﬁ’fon, is very sujjes%ive, TN scems j(haj( some of
%710 most 1'num<ina%1'nj %{o1q9ica1 wsccwch in jﬂle not distan? fu’(uw
may be in %Hesc realms, Thc fac’(s are mucfh ’Che same 1in j(’hcse
two realms, bul Tm’nj movre famﬂimf wi’fh mmoﬂomﬁ’(on ’(hcm
with epaﬂlq’qenic organisms, I leave the latter o ome side. The
case stated in a nu%shcu is jdp’s: one of jdl@ 1@@@5% aspcc’(s of 9(71@
hisj(m:y of fresem'ch on jﬂle free ﬂoaja'nj and swimming Ufc of ’(he
walers of %ha ecwjﬂl, ?av%icuiayly ’fhose of %he oceans, has consisted
in the making Anown of cver smaller and smaller organisms,
occurring 3cneva1@ in 3¢ca%cr and 3%0?(@@( numbers of individuals,
dnd ch is %he s{gniﬁcom’( %71{%3: A any given time Juvinj ’ﬂp’s
11{5%0@, jfhe minutest organisms known were determined solely @
’(71@ clggwe of peaffcc’(ion of %he means empigyeél foy cajo’ruw and
observation, gw@ s%cjo forwm*ol in ’(he wﬁmmm’( of mejfhocls
of couec’(inj and s%uo@inj has been rewarded @ ’che cliscowf@
of stll more minude %einjs, ﬂp’s has gone on until %oﬂo:y an

cxjowiemcél inws%{ga’(ov in j(his ﬁcu who migh’( be confvonj(ci
wi’(h ’the gues’({on:— WHa% is ’fhe smallest organism %Ha% lives in
the sca? would, 7 belicve, have To reply that there is no cwvidence
in all ’(710 extensive ﬁnowieclqc now possesscol concerning ’(ha Iivinj
’thif@s of ’{hc walers of %'hc ecw’fh, on whif}l to basc a ?osi’dw
answer 1o %he g/ues’a'on; in o’(hw words he would haw o give
an answev, %he imﬁica%ion of whiéh is ’(haj( pﬁro‘ba%@ j(hew is no
sucfh %11"”’19 as a smallest organism in j(lhesc waters, Umlou?:%e&ly
%he in%ewgga%e& student miﬂﬁ 90 on and show @ a coursc of
reasoning based on cerlain jcacjfs jfha% ’fhew must be a minimal
size somcwhew. But j(he fac’(s upon which jﬂla% reasoning would be
foumlecl would not be devived fvom observation on 3(710 organisms
of ’fhc wa’(efrs, Nnor cven on a s’tuély of phenomena of ’chc same
order as jt’hoscz essm’(icﬂly involved in j(hc gues%{on, Ina wowl, ’(he
‘1(2912:01 mcess{@” of %elief in minimal—sized organisms would
be an a priori necessi@, N would be a 1q9ica1 neccss{@ if one

35



were o choosc promises 1o start m’c’h ’(haj( would make it so, not
o’chc«wise,

T must wjoeaj( wha% my posi’(ion is. J do mot foaf a moment
contend %ha% an inﬁn{%e series of organic %ei@s of &iminishi@
size is proved by the evidence before the cowrt My point is,
that if we are 1o hold any 133?0%7105{5 at all as 1o size limitation,
’t'hc divect evidence foy {Mlimitableness s fcw s%*ronjer %hcm ’(haj(
for limitation, Indeed, all %he divect cvidence poin’(s to 7(711'5
conclusion whﬂe on@ indirect cvidemce fcwoys j(he hyqoo’fhesis oj:

limitation,

(s ’(711'5 communication has to do on@ wi’(h 3vaa% wo?ﬂems

in their baldest outlines, details cannot be entered into.
chhinj of cvidence %eom'nj on ei’(he«r one or jfhe o’fher of
%hc hypo’(heses hew mentioned is conseg/uenjcly out of j(he guasj(ion,
@Aention must nww%hdcss be called to one matler of detail
%ha% scems po’( to haw received %710 attention it deserves in
vecent discussions of jfhe so—called pan—spermia idea; name@, 9(110
impo«r’fcmce of clis%in\guishin\g between 3¢¥mina1, or ww*o&uc’(iw
clements of ovganisms, in the usual semse, and organic beings
r@afrﬂess of pcw’{iculafr s’(@es in %Hc We c\yc’lc of organisms, as
%hc means of in%em’lam’tm:y and inderstellar m{gm’(ion, @u%’@
%he pan—spermia hyqoo%ﬁesis s;ucwely on ’(his broader basts (which
would al once render %710 torm pan—spermia too narrow as a
ﬁesigna%ion foer %71@ iclca) would extend ’ﬁle boundaries of 9(11@
womem ‘@ %71@ fwmﬁ chf;ni’a'on ’ﬂla% our ﬁnowb@a of ’(ha
extent of aﬂaﬁa%ﬂi@ of %hc organic world as a w7202e, and
of ’che numerical abundance of organisms in organic nature as
a w7202e, is still so imzpafrfec’c as to warn us ctgm'fns’( élqgma’cic
denials of Ppossi bilities invohing gues%ions oj: aélaqo’(iwmss and
abundance. ’Jf ephysics and as’(&ronom\y will pvom’c?e a means of
%mfnspov’( of objects, organic or inorganic, across ’(he intervals
between Hmvm@ bodics, genuine ‘bioélo\iy will be j(hc last 1o
assert ’(h@ 1MpOssi %1’1{@ of %71@ existence of organisms jﬂla% can
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endure such %fmnsqoovj(aj(ion and jche assumed colonization upon
%he various hmwnly bodics. (dnd ‘bi(ﬂgﬂy will leave To scientists
of o’(hw domains of science who 3@’( such %{o1qgica1 ﬁnowiacil'qc
as 3(71@ ho.w ?Zy “waolinj up," ’t'hc task of clisyosinj of 3(71@ pan—
spermia sujjes%ion, for %io(lqg\y has more reason %han pmfhajos
any o’(hm’ science 1o take motice of %He extent to whiaﬁ modern
civilization vests upon pw’miﬂcs and j(w’fhs %710,9( a faw _years

carlicr were a 704’1'04*1’ impossi ble.

2.5

7 now relurn o my Ofriginc& purposc — %Ha’f of seeﬁinj
ivnfo«ma%{on as to how verified ﬁnowieollge and ccweﬁﬂ %Hinﬁinﬂ
on %he main gues%ions in %hc realm of ’fha inovoanic, wolly
stand ’(oc?o:y, 7 will arrange My remaining gues%ions in a serics
%@inninj fwﬁh %He most 30%04@1 and c%&in\g wi’ﬂl 9(11@ most special,
and will focus ’(he ingw'w'cs as shcwp@ as possi ble.

G ?hysicis% of Hgfh sj(anclinj ho,s 1@%@@ said, "Thc UNIVerse
must hcwe %@un @ a process whiéh lies outside physical laws,
and 11 scems o me mo casier 1o orasp %71@ comejo’a'on of a
creation whiéh took pio,cc at one sinﬂc time %hom a creation w'hich
continues Throughout all ages.” Ts, T ask, the conception that “The
universe must have Taggun 13@}; a process whiéh lies oulside physicai
Taws” w;gawle& @ p@siais’(s 30%04@1@ as es%a%’sheél %gyoml ’(he
possi %1’11’@ of owﬂr’fhww or cven of revision? Sir Oliver Zﬁoa@gc
remarRs immeélia%e@ aﬂw guo%{fnj %He abowe, ’(ho,% in ’(111'5, as in
a fow o’fheer matlers, he is unable to follow j(he aujﬂloer, WHaj(
pcw’(icdcw flems in 9(11@ passage jﬂle revicwer dissents fyom 11@
does no’(, unfoﬁuna%e@, tell ws,

Lot 1t be sumoosecl ’(hajf all men’s minds are so similar To Fro—

fessor chhusj(w’s %haj( %heiﬂrs, like his, find it “no casier 1o orasp

=@¥9{hu4f Schus%w, 7 3{ S, The gijss of & @51’:5 Juw’@ 3721'7'?3—
‘?7)«@ yea«rs (18;5——1908), reviewed and guo%eél @ Siv Oliver Lodoe, Mature,

Scp’ccm?aw 21, 1911,




%he concezp’w'on of a creation which took place at one si@le time
%hcm a creation whiéh continues ’fho’ou\gihou’r all ctges," Limitation
here on the power of bmsqoinj" in all yyo%a%ﬂ{@ refers o two
hyqoo’(ﬁescs of creation havinj ’(he common clemend of s%frivifnj
aﬂw a 3¥anc1 finale of un&ws’(amlinj; an unciwsj{ancli@, %ha% is,
%ha’( leaves no%hi@ Toe\yon& 1o be sou\gfhjt or desived or imqginecl
@lernative hy?o%hcscs into wh{ch are puj( ’(711'5 common clemend
are cerjca{nly eguol@ hoyelcss, eguol@ Momﬁ, and egucﬂ@ uscless
at least so far as 9(711'5 clement is concerned, But since @po’(heses,
that is, interrogative covnce?o’(ions held about thines, are of our
own makino, wh&; pu’f clements into %hcm jfha’( balk us ot ’(710
very start? W@ s'houw one announce a foo’( race and make
wac}y fm’ it @ a%’faéhinj weiﬂﬂs to 111'5 fw% 0 hea@ j(ha% he
could not stir a foot, g as hard as ever he m@h’t?

ﬂf one does 1115 ;ues’(wnm\g aboul creation more moolcs’@ but
no less carnestl I 71@ ﬁn&s, esqoecm’[ly 1f he be a %1019915’( ’(hajc ’(he
way of a creation whwh continues” is jaA’ more open and casy
to ’(mvd ’('hom %ha% of a creation “al one smjlc jrmw, fov on
jfhc ﬁfrsjf way Hc sees every Jay creation acj(ually 9oing on cven
though he does mot understand e%ac’@ how it goes. But the way
of creation “at ome sinﬂc time,” — well, indecd, wha’t is 11 and
whew is 0 We are not able 1o plcmjc our feej( secwe@ on it
a@whczw, Suwly jﬂp’s cliﬁcu(@ is very &iﬁewn% f«om j(ha% noted
about the first way, namely, that of the continuance of creation
“’fhfroujhou% all ozges,” Tha’( ’(hc creation has continued and will
continue fowvw we cwj(ain@ do know, Bul %hc two indubitable
fac’cs L %Ha% it ho,s gone on fw a wvery 10%3 time and 2. jfhaj(
it shows no clear gymp%oms of Termination, fw’nish no warvant
fw %he supfposi%ion ’(ha’( 7 ever did %991'% a%solu’(e@ or will cver
end a%so’luj(ely,

dnother physicist, A, Gustave Le Bon, who has attracted

fmuch aHention among 711'5 fenow workers, in pcw’( favomﬂe and
in pavj( unfavorable, heads one of the main sections of his vecent
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volume, 3726 Evolution of Forces, — "iﬂle Demalterialization of
AMatter and jﬂle Broblems of E’lec’c«ici’@," m@ meager ﬁnow’[ao@c
of p@sias is 3¢ea%@ pemﬂem& not on@ @ jﬂp’s expression, but
@ many o%hws scattered ’chﬁrouﬁh ’(111'5 book and also 3720 Evo—
lution of Natter Ey ’fhe same au’(hov, TH@’( my finow1eé}9c of
?hysics is “meotgca*" mgﬂﬁ be hew to be a sujﬁcienj( exqo’lcmaja’on
of my %ein\g yevqﬂcxea@ and a «pchimn% sujges%ion would be ’(710,9(
J emlmf resolve ’(he pemﬁe%ﬁies ?Zy 30%%in3 more ﬁnow%c@c or
saying no’fhinj about may troubles, at least in pw'nj(, J shoum
accejoj( jfhc latter alternative were i1 mot foof jﬂle fo.cjc %Haj( in
’t'hc troublesome eXPpressions %ch is suw@ involwed cxcee&i@@
impov%cm’( wcs%ions not mewb of ephysics but of pfrocecluw in
%he acguiwfmm% of ﬁnowle@e in any realm of nature wha’(we«,
On this ground 7 fecl justified in ajopcd{nj to physic{s’cs by divect
inguiry, in jdp's pu%’c way for j(he assistance which in sw”(e of
considerable effort, I Hawe been unable fo jej( @ wach'@, J can,
pcﬂlafps, state my cliﬁcul@ cbcw@ ‘@ askino, WHC&, cxo,cjc@, is
the meaning Yo the physicist as such of the phrase, “the dema—
terialization of matter”? Jo me, an observer in cmo’(hw realm
of na’(uw, who has Yried hcwcl to ﬁml jus% wha’( 71@ docs when
he obscrves and veasons on what he observes, the “dematerializa—
tion of matter” means j(he de—sensi bilization of sense and ’(hc

de—intellectualization of in’(enigeme,

Looking %he whole situation over from my s%aniyoin’(, T see it
this way: We students of nature all fnd in actual practice that
Matter is always “maller of * some wery obwious, casily scen,
and handled body. 710 laboratory or museum so far as T hawve
seen oy hecwol contains a specimen of raw, pure Natler, juc@i@
from %71@ constan occurrence of ’(hc word Zw{ly in 711'5 weri’(i@s,
A, Le Bon would grant this without hesitation, Consequently
if we never find any matter clsewhere than in bodics, and if
we are never able To resolve a %oc@ into pure Natter, ’chen, it
would scem, pure NMatler is non—existen? so far as observational
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ﬁnow(lec@c is concerned; and vpmcja'cal@ ’(hc phmse dematerialized
matler would be synonymous wi’ﬂl debodified Taoély, But all bodies
are pafrj(@ sensi ble, that is, recognizable @ our senses or would be
if our senses were shcwp enou h So T see mo escape, ps\ychoingal
or 1q9wol from ’che conclusion %Ha’f ’Che words “dematerialization
of matler” are, mot sa«casjcicaily nor i«oniaaﬂy, but Ii%ewﬂly
non—sense,

Uf physicis’(s as physicis’fs Haw a way out of %His &iﬁcu?@ J
wish it could be shown to me, But T strongly suspect they have
none, Thfis suspicion has been aroused not alome fvom confidence
in my own s’tavjcinj poinjc and reasoning, but @ eXPressions
which 7 have found in the writings of scveral physicists that
scem 1o indicate a faﬂuw on ’(hciaf pcw%s b &is%injuish between
%'hc dissociation of a Taoczy and ’(110 sapam‘?z'on fo’om it of some
of its attribules, T am gui%e sure AW, Le Bon has faﬂen into
this logically bottomless pit O page 110 of the Evolution of
Forces, after speaking of efforts to interpret the cathode rays,
radio—active emissions and so on, he says: “Whatever this inter—
pw%aj(ion may be woqﬂj(h, it was cerlain %ha% simp1e bodies could
be dissociated,” And on the following page we find: "Gl these
quowimcn%s, many of whiéh showe& us paﬁr’cides of elcc’wici@
freed from %heiv malerial suppov’(,” cte, @And on Page 106 we
find the “cat let out of the bag” shill more positively in the

statement ’(ha% “@hm:_qcs of clcc’wici’@ and 9(71@ manner in w'hich

’thgy are distributed 3@%@4@’(@ all %he pwpw’(ies of bodies,” ek,
(s alwaaly indicated, %he exact s%wn\gﬁl of 9(11@ exqowimen%oﬂ

evidence on which such statements vest, I am not at all comqoc’refn’(
o estimate, This Howewv J am sure of: ‘:}f it wcﬂ@ does express
jfhc j(w’fh as 1o ’(ha way bodics and jfhus all nature is consjm’fu’recl
’thcn ’fhc j:ounﬂa’fwn of all our fp’hysmﬂ science 1s ’(Hou h’t waves g
or “moon shmc or some’(ﬁmg else cguol@ su%sj(an’(ml and ’(71@
vast supws’(wc’(uw, mctgmﬁcm% and solid as we haw supposeﬂ

it 1o be, will collapse into a heap of chaotic nothingness sooner
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or ICL%@’Y )

T am not speaking with intent of irony or jocu’[owi@ or to
cxcggam’ca TH@ mode of reasoning about nature emplgye& @
M. Le Bon, would, T am pcfrsuaﬂeél, if fouowecl w;gm’ously,
3@5%4’@ physicc& science and erect on ils ruins some fovm oj:
m\ys’(iaism TN would sooner or lader conwvert cvery jwo,’( scal of
western 1ea¢n{nj info a @uﬂ&’h{s’? ’(cmple, or a Homc of some
o’(Hw iyzpc o:f occult phﬂosophy @nd no 3%@% acumen is «cguiwd
to recognize tendencics of jus’( 7(711'5 kind not ornly in ’(he popﬂm’
favor bestowed of late Upon wvarious forms of Inner Wisdom, but
cven in ’(hc wlerances of scientists h@h in scienj(iﬁc auj(how@ and
sometimes in oﬁcic& ﬂace, One may Hunj( ’772‘7 Sceret Doctrine
of Jbme, ‘Mavo}s@ fvom cover to cover and ﬁfncl no’ﬂp’nﬁ more
%wly occult ’fhom %Hesc sendences fﬂrom 772e Evolution of Aatter:
“In jﬂlus an&eavorinj to co,%cfh a jh'mpse of jfhe origins of matler,
of its evolution and of its end, we have sj(ejo @ s%eqo arrived al
%71@ extreme limits of ’fhose semi—certitudes o w’hufh science can
ajfj(am, and ?:gyoml whwh ’f'hcfrc is noﬂlmy but ’fhc darhness of ’(he
unknown,” Thc origin " and %710 “ond” haw frefeweél 1o are %710
emergence of matler fﬂrom %He Wimﬁwe e’fhw in ’(Hc fcw—oﬁ
ages when ’fha ﬁm% Yraces of our universe were oul—lined on ’(710
chaos, and its rcturn again to j(he c’fhev, %1115 last wpwscn’(mg
%hewfow j(he ﬁncfl nirvana o whzch all %’hmgs return aﬁw a
move or less cjohemcwl existence,” NVor has . Le Bon faﬂe& 1o
show us ?19 wha’( ﬁnowleo}ge—wocess he ﬁwls H{ms&f compcuezl
1o 701@5@ ’(he brand of “semi—certitude” on ’(he science foaﬂ whiéh
he stands. ﬁypo%’hesis, he says, 1s the magic wand which evokes
%710 known fvom %he unhnown, 7(11@ real fvom 7(11@ unreal, and
gives a ?:oc@ to %he most sha&owg chimems,” @P{hmyh science
he says, “is the dauohter of experiment,” still ypothesis comes
first, "Jo make hypotheses, To werify them by experiments, then
1o a%’(cfmpj( to connect @ 3(110 aid of 3enera1iza%ions, ’(he fac%s
discovered wepwscfnj(s %11@ sj(qges necessary fov ’fha W‘Ldmj up of
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an our ﬁ%ow1e%9e,” On wha’( %110 hy‘PO%hGSGS 4’05% we are %O% j(ow,

but seeminj@ not on observations, for, he says, whﬂe science
lives on facts, “it has c&wcﬁys been greal generalizations which
haw given ’fhem %1’4”(11,”

NRisa sa’(isfacj({on to know %ha% jf'he ~9wa9{ domain of physics is
not wholly epe«mea’fcél sz suéh a comep%ion of its own ﬁfnowleclge—
processes as that here indicated; o Anow, in other words, that
not all p@sicd %heoa:y is a sort of botomless 101"( into whicfh
physicol fac’ts are j(zhfrowrn, The introduction 1o ’che volume on
clectric enerqy of the monumental Traité de & aeysi'gw @ oD
571w0150n ﬁwnishes one picce of evidence To ’ﬁp’s eﬁ'ec’f,

Spcaﬁ{fnj of 3(71@ pwsafn’( state of clectrical and mqgm’(ic sci—
ence, ’fhis au%hov recognizes jfhwe ways of apfpfroach to ’fhe field
as a whole, The first of these, characterized as the first «poin’t of
view, is That of the “external structure,” and the “description of
’thc phmomcna,” @oncwmnﬁ ’(111'5 we read: "I is very ifmcpovjccm%
1o note jﬂp’t j(he whcﬂe "ensemble scien’(fﬁgue’ whiéh chamc’cefrizes
’ﬂps ﬁys% pom’( of view 1n ’(Hc s’tuol of clectrical and mq_qm%c
phenomena is en%we@ m&cpanﬂm’c of ’rhc opinions whwh may
Wwaﬂ among scientists frggarclmj %he nature of %110 phenomcna

Th@ ’chwcl oint of vicw, %He au%hw says, is ’tho,’( of %he
a’t%cm?jc 1o cxﬂam ’(ha pﬁcnomena iﬂlen, concerning ’(ha ﬁfrsj(

and third pom’rs of view we find: Lw&hou% any exagoeration it
can be said, aﬂw a mqoiol survey of ’Che fac’ts, ’(haj( ’theerc does

not exist al pyescnj( in j(he pcwj( of jﬂp’s science wﬁich has fo« s
obca’c %71@ e%ﬂma’ﬁon of phmomcna, any smﬂc well cs’(a%sheci
’theoty whwh can be cic ended upon to c%p"lam comeﬂe’(e@ and
wﬁh cefv’tam@ all of ’(710 ﬁlenomena

Were p@sws to accqo’( whole—hecw’wcﬂ s not on@ wha’( is haw
said, but the logical conseguences of i1, 7 am guite sure it would
ﬁnci i%self wi’(h a %Heoty of s own ﬁnow%clqc not &iﬁwif@
esscn%ia11y fvom jfha’( eeqofressecl and fimﬂie& in my discussion,

A, Le Bon scems to Ho,w faﬂe& comjo1ej(e1y to recognize jche
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funﬂamcnj(al, ’Che essential, wa’ypweaz velation between facj( and
3ene¥a1iza%ion; between observation and hypo%hesis, Ei%‘hw 710
has never underltaken sew’ous@ 1o test jﬂlc relative vc&iol{@ of
observational or inductive, and subjective or deductive ﬁnowlcolge,

or if he Has undertaken j(he task, he has made a sad faﬂuw of

it,

Jf physical science (“so—canecl,” we shouw need o wfmcwﬁ)
has epfrowcl %@onﬂ a pemﬂwnj(uw %ha’t ’(hew is somcﬂlinj n %71@

world veal in so peculiar a way as To make this table on which 7
now write and ’ﬂp’s rose pavfwme which now enlers my nostrils,
unreal or even “semi—certain,” then indeed is the end of physical
science in 51;911’(, for 9(11@ wcfh”@ %hus discovered can be wachecl gjust
as well @ way of jﬂle %emp% of m\ys’f«[a w1f9ion or 9(71@ closet of
meditation as @ way of ’che feld, ’Che mountain, 3(71@ ocean, and
%he scienjciﬁc 10,?:04’0,9(0@; and mwh’g}; few mortal %ai@s are 9oing
to endure the expense, the disagrecable odors, the pemﬂc%ﬁies, and
%71@ clisamooin%mcn%s of jche chcm{col and %he %iol@{ca1 1@%04’0.%0@
if %1103 can reach the same end ?19 the monc%a@ c'heo,pness, the
savory incense, the monotonous and often frcpea’ccél fovmula@,
the impassive meditation, and the inner assurance, of the mys%ic

gémﬁe

The guin%esscnca of j(he %711'%\9, as illustrated @ %11@ pvomem
of the nature of decjw{ci@, is this: WHa%evcy clse p@sml
science may be i1 s wmj‘z’d sense experience, From 3(71@ 3@3s of
Franklin and of Volta To our own an fimmeasum%@ vast amount
of such experience has been 1o %11@ eﬁec’( %ha’( motgm%is‘m and
c’lcc%yici’@ arc attribules or pwepw’c{es of bodies., 31{911% as was
my %miﬂninﬁ in %Hesc provinces, and faded as are most of ’(110
facj(s and maj(hema’ticaﬂ egua%ions <pwsen%eél to me in may couaje
ﬂo:ys, very distinct pic%uws are still before my mind of sticks of
sec&inj Wax, chunﬁs of amber, %he skins of various small animals

tanned wijﬂl ’fhe ho,iv on, pieces of flannel 510%111 scraps of pi’ﬂb

bars of iron of wvarious shajoes and sizes, and so on, whenever
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%he subject of mozgnejw'sm was up for treatment; and ?91'9, flat,
thin, semitransparent wheels set in frames, like a grindstonc and
adjusted with reference to cerltain bars and balls of brass, olass
Jars con’caifn{f@ melal 1910,3(@5, smd@ Auids, 30%35 of copper wire
and numerous other things, whenever we were to have a lesson
in eiecj(viciiy,

From what 7 see all around, mammoth c@fnwmos in the great
Bower FPlants,” “dry cells” and “wet cells,” Hle and big, some
of olass, some seeminﬂly of paper, some gykn&y{cdj some rect—
angular, miles upon miles of big copper wire, and 3cw35 upon
3@«&5 of 1ttle copper wire, J _juclgc %Ha’f in ’(hc owvwhﬂmi@
fmcg'wij@ of instances it is still truc 9(71@% “no bodies, no clectric—
ii@," This, according 1o my understanding, s mcw@ stating in
more general terms Favaday's famous principle That the “guan—
9(1'9@ of e’lec’wicij@ passing %Hvoujh a Ugwicl is pfroyozrja'onol to
the matter deposited on the clectrodes” Bul it appears Hhat
wi’fhin %he last ten or ﬁﬁecn _years several persons, <pc<r71ajos a
hcﬂf dozen in cach of ’('he countrics whew science has waéhecl its
11{971@5% clweloepmen%, haw hacl sensc experiences, 9(71@% is, Haw
made observations, and have done some mathematical caleulating
w'hiéh %h@ %Hifnﬁ means dcc’wicii(y wi%'hou’( “malerial swppo*r’(”;
n o’chcv words, %Ha’( dec’wid@ is mot, aﬂafr all, an aftribute of
material bodies, but viﬂuany the reverse of this; fnwmel% that
%hc dec%m@ 3cnc¢a%cs 9(71@ aHribules of such bodies, We cannot
look at ’{his sttuation 1o ca«rcfuny, Jf elcc’wicij@ 3ene¢a%cs all ’(hc
aHri butes of malerial bodics, i1 \9emmj(es %110 bodies j(hemselws
50 fcw as p@siaaﬂ science is concerned; foa’ ’(Hcsc aBtribules are
ceeac%@ ’fhc founﬁa%ion upon whiéh observational ﬁnowlcé}ge rests,
Tt scems that these persons ave not on@ pu’t’({nj the “cart before
%71@ hofrse” but are proving j(ha% ’(ha’( is where j(hc horse ‘beionjs,

mp's is not pvimcm’@ a gwsjm'on of whe%hw DO, y —or Dr,
< —is ’the more sﬁfmﬁ& and ’Wus%ww%hy as a deviser and maker

and user of ajoepcwa%us for %esj(ifnj hypo%heses; that is 1o say, a
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gues’w'on of which doctor is j(he beHer observer, pev’(inenj(@ as
%his must come in, %%her it is pfrifmcwily a guesj(ion of 9(11@ na—
ture and vd{&i@ of any observational ﬁnowhcilgc who,%ww The
funﬂamenj(al proqoosi%ion, su«rely ifmqoliecl ’(71015971 not élcﬁni’ce@ ex—
pwessco@ is %ha% observation no matter how many Yimes confirmed
is not aﬁw all a reliable and essential ‘PCW% of science, The con—
ccjo’c{on is un&ou%’ceél@ impliecl ’(haj( ’(he wo.%w—fans, ’(710 @namos,
’(he copper wives, ’(he ’(mnsformws and all %Hc vesi, inseqocwa?aly
connected wij(h decj(«ici’gy in pmcja’cﬂ life arc mot real in %71@
sense that the cﬂccj(ﬂf{c{@ is real; that the water—falls, o:lynamos,
copper wives, et cetera, are at bottom ’the dcc’wicii(y i’cscif under
a different form. The sense world of ovﬁinaty morlals is an
illusion or a delusion — and the occullists are right— Tlental
Science, not Fhysical Science, is The “Real Thing.”

From %Hcsc and ojchw considerations on ’Che pgychol@ical—
1q9ica1 side of all ’ﬂp’s , Jam led o sujjes% - jﬂloujh ’(he sujjes%ion
is vather audacious — that there may be one or more “Lelephants
in %He room1” on %he puw@ ph:ys{cal side, s i1 Ppossi ble ’(ha%
one of ’ﬂlesc is in %71@ elec%fromqgm’({c %hem:y of 11;9715(? As 7
understand, the main support of this theory is the demonstration
that the electric charge moves at ma@ the same vdoa@ ’(ho,’c
light does. The reasoning is cap’(waj(mﬁ and as a feat of pure
reasoning, gwj(e convincing: “The mass of an clectric chw:ge de—
?en&s on the vcloc1’( and incveases mﬁaﬁnﬁe@ as this velocit
appﬂroacfhcs %ha’c of 1{9117(, — The material mass is %Hewfow nil,”
and “the clectron must be looked upon as a simple clectric charge
devoid of matter,”

But wha% about 1{971’(? Thew suwly is an enormous amount of
ew@clay experience 1o %710 effect %ha’( it Yoo is whoﬂy clcpcmbfn’c
upon bodies; in a word ’(ha% @ 1s an atlribule of bodies. True
%hew haw been wepm’%s from time to time of s%mn\ge, mjs%eviws

1{971’(5 — 1{971’(5 not connected «w{%’h any material %oc:ly, But such
$The Mew %sics ?ly M. Lucian Foincare, P. 315
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wpoer’ts, less fw;uen’( now %Han formeﬂy, ho,w usuol@ been
based on observalions which ffrom ’fhe circumslances under whiéh
they were made, did not appear trustwortly, and have never, J
believe, been viqi&@ verified, Jo some veaders it may seem ’(haj(
J am hew ?m'nj sarcastic, Bul assuwo@y 7T am not, Wha’(wefr
suﬁgesj(ion of sarcasm j(hew may be inheves in %71@ situation and
is not pu’( into i1 @ me, @caowlif@ to my unclwsj(an&{nj of
nature 3@%@«@1@ and %He sensory and mental processes @ which
we know i, clectricity with no material sujopovj( has exactly
’fhe same status as ho,s 1{911% m%’h no malerial sujojomf’(, %i’cﬁw
one stands up undey %hc test of common experience, So T must
conclude ’tho,’( ’(he few doctors of e’lec’wicij@ and 9(‘he few wh’gious
ascelics who haw owigina%ecl sucﬁ ideas haw ‘bo’ﬂl mis;uew& in
some way, TN is not alome foy 9(71@ ?@sids’( but cgwol@ foqf
%he 1991'cicm of jche natural sciences %o poinj( oul %710 cnormous
difference ’ﬂlew is behween ’che gues%ion of how 1{971% jc%s across 9(710
interval between one %oc@ and another, and that of the ultimate
nature of light. 7 can g0 from La Tolla %o San Dicgo with
my automobile in %He same Hme %Ha’( ’(hc steam rail—road trains
reguires 1o yun between j(ihosc same piaces; $0, %aﬁinj j(he _Journey
as a whole, the two wehicles have the same v&ooi’@, But this docs
not prove %ha’f j(he automobile and %He train are %he same ’(111'739,
nor does i1 give any info«wmajcion about many matlers connecled
wi’ﬂl %He _Journeys, For instance i1 tells no%hin\g about %Hc course
foﬂowe& ?Zy cach whiclc, nor a@%ﬂinj as o How many more
Yimes ’{he train s’(omoe& on ’Che way ’fhom did %he automobile.
The 10&5@ revised wviews aboul ﬁysiad “w’[a%iviicy" scem To
3vea%@ s%wnj(han my ﬂcmwl posi’c{on, J haw read a litle
of 9(110 extensive literature %ha’( is accufmula%i@ on ’ﬂv’s subject,
and do mot ﬁﬂ@ understand most of ’Cha exjowi‘mc%%c& cvidence
and ma%%ema’dcol reasoning involwed, The pgychol@{ca1 and
1q91'col {fmcpor’( of j(he vesulls seem, howwcv, faiv@ clear: We

must accustom oursclves to w\gwroiin\g not on@ elecjcfrici@ and
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11;911’(, but also time, as altribules of malerial bodies, Vo bodics,
no clectricity; mo bodies, no light; and likewise, as the mew

discoverics chwr@ indicate, mo bodics, no time, Bul we cannot
s’(op hcw, Ranl was enj(iw@ vfﬂﬂ in @inj space and time
inscpam%@ ’(qge’ﬂlw lhowwcfr wide of %he mark 71@ came in 711'5 wagy
of &isposinj oj: %ﬁe pair aﬁw h@ haol ted 9(71@ knot. gxqowi‘mm%ol
demonstrations j(ha% w;w’w us 1o 4’(290«4’(1 Yime as an attribule of
material bodies, will, 7 am salisfied also TeQUITe US to vggavcl
space as an attri bute of material bodies,

Even 3@% jche end of j(he voad is mot wachecl, Notice ’(710,9( it
is not suﬁm’cn’( 1o say no Zvoczy, no 1{911’(, and no Zm@, no tme,

There must alwa:ys be bodses — two at the very least, So the nead,
and for the logician and phﬂosoﬁlw, @ far the most {mjooqu(om’c
s’(ep is ’(111'5: Mo bodies, no walt’iy; or, saying ’che same ’(711'139 in
cmo’(hefr way, wah'@ ij(sdf is an atribule of material bodics,
The womcm here raised, momentous mot on@ for human
intellect but for human conduct, cannot be 3«@5?0& ?Zy a few
minules %hinﬁinj, %vm’%ﬁ&css one of its wider ?vecwin\gs J
am going To touch upon, Students of phﬂoso«phy ought 1o be
and many of %hcm un&ou%ccﬂy are, 3¢ea%@ intevested in wha’(

scientists arc éloinj on ’the ffron’tiefrs of jfhe various pfrow'mes

o_ff natural ﬁnow’[eolga Windelband has remarked in %71@ ‘bw'ef

chapter of his history of Fhilosophy, "The Fhilosophy of the
7%%0’(@0%%11 5@%%@," ’(ha% “’fhe his’(oafical and natural science

modes of viewing ’(he world scem o haw drawn as near %@c%hw

as 1s possi ble wij(hou% a new phﬂosophicai Tdea %ha’( shau orasp
%hcfm ?aoj(h,” dnd he spcaﬁs of %hc “natural—science mode of

cgqni’w'on,

2.6

7 am not 90ing to call up ﬂﬂosoqo‘hy on %11@ ’(dephom, and
iﬂnfoa’m hcv jcha% Science has at last discovered %He 10%3 souﬂH%
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“Philosophical Tdea,” he possession of which will entively remove
%he strained relations which have existed for a can%uty between
the two carlier friends. Aor am J going to champion a “natural—
science mode of c@n{%ion" %Ha% is whouy unigue, ’(ha’( Has no
coun%ewpcw’( in any realm other than that Anown %o textbooks
as matural science, 7 would, however, mfmesj@ sugoest mot
to pvofass{oncﬂ scientists alone, but 1o all who pwfcss to live
m’(ionol@ and eﬁcien’ﬂ I %Ha’( if jfhgy will give attention 1o ’(he
gwsjﬁon of just wha% ’Chgy do in j(ha business of Iivinjj and
_just how ’(h@ pﬂroccecl in 3@’(’({@9 infowma’a’on and un&ws%mc{lin‘q
concerning %He VAYIoUSs ’thifnjs en’(cw@ into ’the round of &a{@
Ufc ; %hgy will find %hcfmselws in possession of wha% may pwowv@
be called a phﬂosophical Tdea j(ha% will grasp a very Icw:gc pafrj(

of %o’fh %He his%ow’col and ’(ha natural science “modes of viewing
’the world,”

Some of the most basal constituents of this Idea will he
found to be not ’(he fcw—awciy, hawl—’co—manog;c, bloodless “pos—

%uia’tes," “concep%s, ‘axioms, ca’t@ortes and 5(710 ws’t ’tha%
enfer so 1@{95@ into %ojfh ’fha @hﬂosoﬁw and Science of ’(ha
schools, %’fhw some of the simﬂcs’fj commonest pma’dces and
experiences of cvery clo:y will be scen o be entitled o p1accs of
honor fcw Mghcv %hom %hosc now given ’(hem. Four on@ of ’(71@50
constituents do 7 mention,

The first is ’(he fac’( of recognizing owlina@ sense obects,
and caﬂinj %hem sz %heifr accep’(eol names, In some of ’(he scl—
ences no%am:y om%ﬁ*roqoo’tw, 1001%9, ‘bo%cm\y, 3@9”’“?71‘9! 3001@,
minwolw, and, wol@, chemis%@, ’rhcsc vuloar, morc or less
3@570{50& opcmjcions haw been wﬁnecl until %Heh' or{gmcﬂ chcw—
acter is somcwhajc obscured 1@ j(hc ’feéhnical terms c?eswﬁo’fion,
definition, and classification. One of the most vital Hhinos to get
holél of is %Ha% in all %his business %71@ atribules, or pwpw%{cs,
or gua1i’(ies of bodies are wha’c cveryone is c‘lm’h'n‘g wi’(h all 9(110

Yime,



?The second constituent is %71@ facjc, vec@nize& move c1eaﬂy @
chemisjf@ %han 1@ any o’(hw science, %ha% all %he attribules of
bodies fall into two great groups, name@, those of individuation,
or fpwscm’( iolcn’(iﬁcaj(ion; and j(thoscz of relation, (ribules of
%he ﬁvsj( group are %Hose Ey whiéh we recognize a ?aocly hefve and
now, For cxwmple, the form, color, size, and weight, ctc, of
a m:ysj(ol of table salt, o picce of soap, a stick of wood, and
a hwmcm %ei@, are atribules of %he first oroup. Th@ haw a
considerable pe«sis’fame and serve to individuate %71@ bodies, ﬂe
soiu‘bﬂii(y of the salt, the 1@%%@4*—104*05%&%3 powey of the soap, the
inﬂamma%ﬂi@ of 3(71@ wood, and ’t'hc coxpaci’@ for romantic love
of 9(11@ Humcm %einy, are attribules of %he second group, since ’(11@
are never revealed or oyem%{w until ’fhe bodies ave ?:VO@W( into
a pcwj(icdw relation wi’(h o’ﬂlw bodies, Thc line of scjocwa’({on
between 5(710 two groups is not Ha«rcl and fas’(, Buch lines mever
are in natural classification, The grouping is useful, especic&ly
in chcm{s%@, but s ajojodh'came to mm’@ as oreat advantage in
o’ﬂleﬂr sciences, JFor instance ijc apfplieﬁ co.wfuny and v{go*rously
in %He sciences of humom som’e’@ it would lead o %71@ yec@ni%on
of the fact that philosophical anarchism, along with all the truth
it contains, contains also the clcaﬁ\y mistake of fixing its oyes
on man's attribules of iclm’tiﬁcaj(ion and individuation almost
e%c1usive@, Gt %hc same time 1t would lead o frccqgnﬁion of %71@
fac’( ’Cha% yhﬂosoﬁlicai socialism makes j(’he fliamejwicaﬂy oqofposijce
but eguol@ ﬂmclly mistake of fixing its oyes almost cxclus{vely

on man’s attribules of relation,

The %hiw? constituent in %711'5 idea ’(ha’c mz’ﬂff do so ‘muc’h foy

us, 1s %He fac’( jfha% seem{@@ no two individual bodies cver che

w’w the same attributes, The biological sciences furnish 5(710 most
s’mﬁmj illustration of this, the differences or “variations” among
living beings having become enm’mous@ 1m<po¢%om% eswmﬂ@ since

Darwin used ’(hem in %he fwnﬂa%ion of his doctrine of natural

sclection,
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?The fowjﬂl and last constituent of j(he Jdea to be moticed

is j(he incalculable extent to whiéh actual observation has pvow:l
natural bodies to be comqooseci of oj(hm’ natural bodics, and ’ﬂle faa’c
’('ha’( ’Chcsc composing bodies olwo:ys turn out on close examination
to haw jfhm'fr own atlributes jusj( as ’fhe comfposeci bodies Haw,
jcw again jfhe %iolq'qicoﬂ sciences 1llustrate %hc fac% peﬂlajos %he
most s’(ﬂr{ﬁ{f@@, ﬁl"“ﬁl 3001@, minevaiw, and chemis’c@ are
almost as instructive, 5%@%11’5’(@ is ?cw%iculcwly instructive since
its “ultimale atoms” hawe been vesolved into stll smaller bodics,
%houjh ’fhe extreme minulencss of ’ﬂle small pcwj(ic%s wi’fh which
it deals, has made it 1Mepossi ble ’Chus far to sccure very definite

observational ﬁnowieczge of %he constitutive attributes o:f %Hese
bodics,

R s j(he fac’( j(ha’( we %iol@is’(s are forever ﬁnclinj movre
and move, and smaller and smaller pav’cicies en’(aw’nj into 9(710
maﬁe—ujo of all the living bodies we &now, that led me a few
_years ago to %hc concep’cion of relative, or standardized wa’h’j\(y,
The poinj(, as J ’thoujh’t about 1, is %711'5: Suw@ if ’thew is
a@%ﬁin\g veal in %711'5 world it is a 1{vin3, heam]y, human being,
But such a being we undoubtedly Anow by its attribules, and,
pushi@ ’Che examination 4’{904’0%5@/ in no O%Hmf way, Now when
such ?oeinjs are studied in ’fhe way anatomists and physiol@is’(s
s’(uc@ them, ’fhgy arc found to be made up of m\yq’ia&s of pcw%s,
some ﬁacecl olon\gs{clc one cmo%hw in ‘1’(291110«4’ but comph'ca’(cél
fashion, whﬂe oj(hers enter ino %710 composi’w'on of o’(hev ?aa'j(s;
all jfhese <pcw’fs %einj known o us Zly ‘?724/:1'9’ attyibules or pyayoer?z'es
_gust as The orioinal being itsclf was. In other words, 7 said
to m\ysdf, cvery one of %Hcse mgvia&s of composing pm*%s has
e%ac’(@ ’(he same claim o be counted as real as 71@5 9(110 h’vinj %einj
itscld, @omwninj j(he standardization of realily, "jche expression
is suﬁjes%ccl ?39 %710 chcmis’('s process in s’(anﬁav&{zinﬁ solutions;
’thc process, ’fha’( is, of using a solution of known composi%i'on
and concentration as a unit of value to which to refer various
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reactions and processes, Tha meaning 1s ’(ho,% wha’(wefr criterion
of reality you ajop@ to any natural object, that same criterion
you must apply o all other matural objects, no matter whether
some of ’(hese be constituents of o%hws, or stand in some o’(heﬁr
relation To one omojczhefr W, 180),”9

@m«&mj to ’(111'5 comepjm'on, one does not meed mcesscwily to
haw any wviews about 9(11@ ultimate meaning of real, Gl jfhaj(
is essential 1o ’the actual student is ’cha% he recognize %710,’( in
wha%wcfr sense he ascri bes wcﬂi@ 1o 3(110 11'0/1'719 %cmj taken as
suéh, in e%aej@y %71@ same sense h@ must ascribe wc&i@ 1o %71@
smallest observed or observable ya«’d&c en’(w{fnj into %He make—
up of ’(haj( %ei@,

So we unconscious@ acioqo’t for an cnormous range of our
observational experiences, a standard ?39 which we estimate 9(710
¥¢a1iiy of bodies and pow’fs of bodics, j(ha’( standard beino %he
minimum number of 9(71@ sensible attribules of any pcw%iaﬂmf
Taoc@ jcha’( will enable any observer 1o recognize jchc %OC@ time
after time, and will enable o’(hefr obserwvers o recognize it, it hav—
ing been described, or defined, @ observer number one. hHowever
far %he student of nature — of 11'4!1'739 nature al least — yushes
111'5 observational inguirics, he finds no%hinj wscm%’nj, cven re—
fmo%ely, u’jﬂleﬂr %hcz ultimate Substance of scholas%{c mejra«ﬂ]ysics or
%hc ultimate Hloms or Electrons of pwsenj(—claﬂ y@sico—cﬁcmiac&
mc’(ajohysics, ¢nd %aﬁinj %He who% situation, observational and

rational, into account, 71@ becomes convinced %ha’( 710 is as Wia@

1o ﬁn& j(he one as %he o’(hm’ since ’fhew is not 7(710 least ‘PYOS‘P@C%
of finding cither.

Thc %m’ninj guesjcion of ’(oclay is, fow jccw can we 9o in
observation, in 1@1”(1’%1@%@ inference, and in controlled imagina—
tion cver ﬁn&in\g more and more and smaller and smaller (o*r in
the omoosi%e divection, lavger and 10&:9@&) sensible bodies; bodies,

*“Life from the Biologist's Standpoint,” Fop. Science Monthly, Gugust,

1909, PP. 1z4—190.
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%ha% is, cach posscsseol of its own aMribules and %Hewfow veal
accowli%ﬂ to %71@ standard @ whiéh so vast a payj( of %He world is
accep%ccl as real? gw@om knows that this is in essence a very,
very old gws’(ion Tha main a&van’(o:ge we o_ff j(oo?aﬂ haw in con—
nection wijﬂl s ’(haj( we can ask 11 wml more ﬁeﬁni’wmss ’(hcm
carlicr 3@%@4’&1’0%5 could because we haw more data on which 1o

190«5 ¢ %h@ guc@,

2.2

This %rinjs me o %He last of my main guesjm'ons about ’(hinﬁs
physico—chemical gxac’@ whaj( meaning, wish to hnow, do
chemis’fs 30%04@1@ a%’(aéh to such foymu’[a%ions as ’(hajc 1 would
wgwiw an inﬁni’(@ time %o a%solu’(c@ wﬂr{fy waler of mineral
salt dissolved in it and ’tha’( ’the 'T{fc of a radio—active clement
is inﬁni’w"? Some Jlemis%s, J am aware, How ’fhe view ’fha’(
“infinite” as here used, is an indefinite Term signifying mevely
duration wacfhinﬁ %@on& a@%ﬁinj We can measure, So we come
to jﬂle mos? basal gucs%ion of %111'5 yafrj( of our inguiry: ‘:’f %71@
chemist yefrfovms an eeepwifmevnj(, that is, makes an observation,
and couﬂes m%‘h 1a ma’(hema’cical caleulation ’cha% %injs to
1{971’( a series of phenomcna 1o whicfh 11@ finds no limit, on whaj(
3rwnc1 can 11@ suppose i1 docs havc a limi¥? Suw@ not on j(he
obscrvations made in ’fha’c yay’dmﬂcw case, @zcaowli@@ {f 11@
holéls ’(ha’( a termination would be founcl could 710 90 fafr cnoujh,
he %hfrows overboard ’(he observations ha 71@5 made in favor of a

7o<rz'aw' considerations received ffrovm some o’(hefr source,

T scems clear j(ha% some c'hcfmis’cs and physicis’fs are unwi’f’({nﬁ@
reasoning in a fashion 9(11@9( would if consis’renj(@ followed, 1@
%71@ ax at ’(he very rools of all chemisj(@ and p@sics, For
instance I was shocked a liflle time since, by veading in an
article on @Kela’(iv{’@, (exccuenj( for ’(71@ most pmf% as i1 scemed

%O ‘WL@); %ha’f %11@ %HGO@ Of %110 CO‘HSG‘YUCL%‘I’O‘YL Ojc emw ‘Y@S%S
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on ngga’w'w cvidence! T submit jcha’f 1{%“’“119 1 is sc{en’{iﬁc
homieic& and suicide combined, to fix attention on %ha absolute
fowm of statemend oﬁcn given to scicn%{ﬁc hyqoo’(hcses if 9(11@
?os{’a’w cvidence on which ’thgy rest is iqnowcl in favow of j(he
lack of evidence of absolute uniwvsc&i@, and if such fixing of
attention gocs so fcw as 1o lead one o assert ’(haj( 9(71@ inductions
%hcmscivcs rest on n@a’(ion, The idea of jrhe conservation of
enerqQy s conﬁvmecl jtehcmscmcls of Yimes cvery cio:y in pmc’(ical
h'fe as well as in sciendific inves’@a’dom and %o say it rests on
ngga%iw cvidence simp@ because it Ho,s not been conﬁfrme& foaf
all Ppossi ble cases and for all fu%we time, is to reveal lack of
pafrceqo%ion of ’fhe nature of any scientific evidence wha’tew«, cven

of deductive cvidence, finally,

2.8
Ungucs’dona?a@ i is very &iﬁmﬂ%} indeed i1 is ?yo%a%@ im—

possime, 1o form any kind of a mental pic’(uw of a succession
of bodics growing smaller forever; jcha% is, ’(hrou\gih endless time,
however j(hcw are several veflections %haj( 710110 ’(he sttuation, Of
%hcse %he most comw%e@ helpful, it scems to me, is %ho.% which
may be drawn from no%ic{nj how cxcecclinj@ wide in nature
processes yun on for a while in a particular, uniform fash—
ion, then, morc or less suélckn@, undergo a 5111"(0 radical chanoe
to omo’fhev, as it proves, egbuang uniform %houjh gu{’w different
fashion, The most fomﬂim’ iNustration of wha’( is haw re—
fczwecl to is 7(71@ me%amowphoses jfha’f occur in so many animals
and plants, Undoubledly the butterfly larva does come to an end
in a sense whan it unclm:goes ’(mnsformaj(ion b j(he fuﬂﬂeé@c&
insect; and %he same may jusjcly be said of ’fhe %Qy and 3i¥1 when
at the pew’ocl of adolescence, ﬂl@ transform into the man and
’t'hc woman, Thc ?hysicochcmicd realm pwscfn%s a coun%wpm’% of

%111'5 in 9(71@ so—called critical s%qge of substances; water chanjes
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1o vapor ata pmfjw'culcw poin’( in 9oing up %he ’Cempem%uw scale,
and o ice ol a pcw’(icuﬁlm’ poin’( in going down ’fhe scale, The
now famous phase law of Gibbs has, as T understand, to do
wi’fh ﬁcnomcna of ’ﬂp’s sort in 3eneva1, and 7 shouw supposc,
may be found to haw still 3vea%e¥ impor%cmce ’ﬂlcm it now has,
as ﬁnow1e@9e advances in j(his realm of jﬂle cumocwenj( endlessness
of physfco—chemicc& processes, In such cases as jcihose wfcwcél
to, no,mely, of j(he fpwiﬁcaj({on of waler and ’(71@ emissions of
radio—active bodics, cmc&qu would lead one %o suppose %ha% after
’fhe Processes 9o on up to some pcw%iaﬂow poin’c of ’fampcm’(uw
or degree of concentration or pressure, — wcs’(o, something clse
happcns,— some m%hw vadical chcmje takes p1acc in ’fhe course
of things about which as yet we know nothing,

So all in all, ’(hew would appear o;mfp'le inductive 34’0«%& on
whiéh 1o base a "wovﬁinj hyfpo’(hesis ! jﬂla’t %he external world, 9(710
world of sense, is jcm&ine@ infinite; That is, is endless as to its
forms, its causcs, s powers and its “law and order,” ’ﬂp’s would
scem Yo mean that the outer world of semse is he cown’(crpcw%
of ’(he inner world of imqgina’a’on and of ma%hemaj(ics; jﬂla% in
whatever divection one may turn in nature for a pyoﬂcm, if he
take 7101& of ’cha’c ?vomcm ?zy ’t'hc {mozgina’m'w@ guama’(iw and
;uom%i’(a%iw handles, he will find himself needing the infinite
sevies oj: 9(710 3@0%10%@4* and :ic m’i’fhfmej(icia%, Far move signiﬁccmj(
for %o%h science and phﬂosoqo@ ’fhom has 3c% been wiﬁe@ recog—
nized s ’(he fac’( ’fha’( ?n'olcyisj(s are ?m'nj driven, gui’w ctgains%
%he taste and %mininj of some of us, 1o amoeol more and more
to mathematics, gspcciauy significant is the recognition by at
least a few %{olqgis’fs ’(710,’( ma’fﬁcma’({cs must be invohed as an

aid 1o Jescw’;f?{an,”

TJo describe a 9(711'%3 1s c&woﬁys to make an inwn’(ow oj: a faw or

many of its attri butes. 5onse9uen%1y o ?m'fnj in ma’thema%ics o

°See for example Raymond Fearl, “Brometric Tdeas and NMethods in
”@31'01%, %heiaf ngmﬁccmcc and Limitations,” Scientia, Uol. 10, P. 101
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aid élescvip’tion is to treal ’{he atri butes of ’thinﬂs gucm%ﬁa’({wly,
In o’fhw words Toio1q9{s%s are ﬁn&inﬁ it necessary to amoec& to
ma’(ﬁema%ics 1o aid j(heiv SENSCS, Th@ hawve to deal 10 an enormous
extont wi’('h diffevences between ciosely related bodies; and j(’hcse
differences are found to jmck down so finc in many, many cascs,
as to be not delectable @ 9(11@ unaided senses, Ujo 1o j(his time
%71@ MicYoscope has been ’fha chief 71@110, and ’(haw is mot 9(71@
511;9119(@5% pvoswc% of its cwver %e{nj clisqolacecl, but ’(oc?ag we are
made pa{nfuny aware at almost every turn, of j(he limitation
of this, our most trusted instrument, In scores of ﬁaees we are
3@%%in3 evidence, some of it dim %o be sure, but none %He less veal,
of bodies at %11@ very limit, cven %gyoml 9(110 limit, of wvision of
%he best MicYoscopes, Some assistance is %einﬁ obtained ffrom %he
ul%mmiwoscow, but %hoqgh promising, %his instrument has mot
ﬁ@% been cleveiopecl far enouﬁl 1o 110170 much Toward asce¢%ainin3

many of jﬂle attri butes of ’fhese inﬁnﬂesimcﬂ bodics.

WH{% ma’(hama’das has not 3@% been amﬂieél w{%h conspicuous
success 1o ’('he solution of wo?ﬂcfms open Yo attack @ ’fhe ultra—
Microscope, it may be apepb’ezl Yo a vast range of ojfhefr prems
and accomqoh’s’h exac%@ wha’f a microscope oj: vasﬂy increased
field of wision and powey of mozgniﬁcaj(ion would accomph’s’h, J
fvefefr eswaia’@y to promcms arising ffrom such famﬂimf ?ofiolqgicol
phano‘me%a as orowth, where differences fall into reqular natural
series and may be measured in suﬁc‘[an’(@ 1@4:9@ numbers and wi’ﬂl
suﬁc{m’( accuracy to make possi ble ap«peal to ’fhc princﬁo’lc of ’(hc
fw;wngy 70013190% for ch'scowty and in%wjow%aja’on, The idea, in
other words, is to deal gucm%{%a%iw@ with the fphcfnomerna of the
”r‘hyﬂlm and pwio&im@ noticed almost ew@whew in %he organic
world and which are as esscnjciauy gucfli%a%iw as jchgy are guan—
Wlative, By ’(his means a simﬂy enormous range of diffevences
of %o’(h fowm and ac’(iw'@ may be made visible 1o j(he mind s oye
’(ha’( oj(hwwise would mot be wvisible %o any oye, dn c%ample of

%he wagy 9(111'5 may be done is fwrnishecl 719 an inws%iga’(ion 1@%@@
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carried oul sz Dy, %@vﬂe johnson and mgsc1f11

?The 3¢ea% wesja’on now fs, how far may 5(711'5 combination of
majchemaja'cs wi%h physicai measurement 99, to %71@ end of seeing
%711'7395 @ 9(71@ mind s oye which cannot be seen @ %he p'bysical
@e;z ﬂ@ sujﬁes%ion is ’(ha% %Hew is no limit o ik jfha’( could
%he power of our minds and of our physicol senses be increased
without limit, that is to infinity, we should find bodics without
limit cmlm’ as to number or kind, havinj sensible attribules, We
should find an mﬁm@ of such bodics and should secc that these
and ’fhese cmly constitute wha’( we now call ’(710 World, or ’(ha

Universe,

T appears, as wew’ous@ remarRed, that modem vescarch taken
in ’Chose provinces %ha% wach eswm’cﬂ@ into %he élwqow nature
of %hinjs; in ma’(hema%ics, in physics, in ?n'o%&y, in ?59071019931
and in me’(aﬁ]ysics, is moving unmisj(aﬁa%ly toward some such
conception, That this is so in biology 7 reafirm and now expatiate
upon somcwha’( fw’fhen for %he Special purpose of cmﬁasizinj
%ha’( J am referving 1o fac‘?uaz m’fhw %Hcm to sepecula’a'w %io’lqu
Tt is mot true that current speculative biology is faced this way,
but %he %iolqg{ccﬂ 70721'205070@ of %He clo:y is fmuch at outs wml ’(He
Tn'olqg{ccﬂ fac’(s of 9(110 ﬂaj

Wch 7 include vps\ycﬂholqg‘y as 7 did just mow among 9(110
sciences which furnish justification for such wviews, I have in
mind researches in compcwa’c{w ygyéholw, in the pgychﬂw
of 3(110 senses, in 9(710 105351101% of feelinﬁ and emotion, and
espcciauy %he region of jfhe so—called subconscious, T s &ai@
becoming more certain that the semses, the feclings, and the
emotions csqocc{ol@, have powers enowmous@ surpassing whaj( a
few years ago ’thgy were swpposccl to have. Gnd has anyone
%froujhj( fm’wmﬂ cvidence jfha% ’fhe end s ‘bcin\g waéhacl? Aot so
far as I know. In melaphysics, I am well aware, some of the

+“The @rowﬂl and Differentiation oﬁé :ﬂlc Cham of @dosc&pa affinis
@hamisso, 7710 Tourn, of 750rp?zolw, ol. 22, P 395
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most clis’ti@uishccl con%empom@ work is omoosecl 1o ’(71@ posija'on
here sketched, But T have come upon a few uMerances which lead
me To jﬂp’nﬁ jﬂla’( were J able to 90 %Hoyoujhly into %he 1evature
of %his vealm, 7 shouw find considerable sujopo*r% for several of
my basal contentions, The e ¢ssay @ £ 7 Jourdain, entitled
“On the Theory of the Infinite in NModern Thought,” may be

mentioned as eswc{ol@ sujg@s’ﬁ'w,

2,9

w«i%hou’( doubt were my s’ccmclpo{n% to pwvaﬂ, its influence
would reach far beyond the biological vealm, For example, the
o?m’fh knell of ’ﬂle "c’(hw of sqoacc" as ’(his has been conceived
@ a number of ﬂphysicd ?hﬂosoﬁlws in late _years, would be
sounded, So fo;r as my ﬁnowle%ge of physics in 9(110 fm’mol sense
is concerned, nothing J can say on the ether guesj(ion is entifled
to the least consideration. But if the assum«p’ﬁ'on is warranted (7
haw been led ?Zy uwlerances of 3(710 h{ghes’( aujfho«ri%{cs to wonder
sometimes if i is wmfmn’(eou, %Ha% jche pyimiﬂes of cqgni%ion
and reason are the same in all oleqocw%men%s of science, I may
?vowv@ claim a 4*{971’( to be hecwcl on %710 wcs%{on in so jccw as
%ha’t Quesja'on involves sensible and rational processes common to
oﬁlm’ domains of science and 9(71@ one in which J haw spc%% my
life, I would poin’f out that the 711'59(0@ of %ioioﬁy furnishes at
least one case whiéh scems cfn’a’w@ pamnd whm viewed fﬁrom
%he e*pis%emoiqgica1 sjcamclpoin%, wml %ho,% of %71@ concejoja'on of
an immovable ifmjooné&mme ejﬂlm’, Louis &3assiz was one of
%71@ most influential omoomn’cs of 9(71@ doctrine of ’(ha natural
origin of organic specics, ’(he counter hypoﬂlesis 11@1& ?19 h{m
%ainj ’fhaj( species are %11@ %hwgh%s of §oc1, Jus’( whaw was
@jassizls foﬂa@? tUﬂIyJ in attributing to ‘(Deii(y the power of
%ﬁz’nﬁz’@ senstble o?gjcc’ts into existence, S?cm’es of plafn’ts and
animals, as %110 %io’lqgis’( ac%uaﬂ\y deals wi’fh %Hcm, are groups of

.
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objects scvpam’w& from one cmo’fhw @ ’their sensi ble gua’li%ies, or
aHri butes, ”LU{%‘h j(hc human specics, which is %110 oer{gina’(ofr, j(hc
maker, of all the Anowledge we have of organic beings, including
’t'hc sgs’fcms of classification, sensing is one basal attribule and
%hinﬁinj is cmo’chcw basal attribute and we haw no funy vwiﬁeﬂ
experience to %71@ eﬁea’( j(ha’( ei’(hev attribute can whony supp1an%
%71@ o’(hw, gacfh exists in its own 7’{971% as well as a sumolcmenj( to
’(he ojfhefr, 50%5@91&@%’(@ to make a hypo’(hesis ’ﬂlaj( one pcw’(iaﬂcw
being, nwmely §o&, accomﬂishes @ one set of his atri butes
wha% all experience shows to be accomﬁishccl on@ @ two sels
of atribudes, s %hywyh—an&—%hngh sc1f—con%va3ic%ow, Suéh
a hypo%hesis is in woli@ based on pure fomcj or pure 1q9ic as
%71@ case may be, and so has no fpiacc in eeepwimj(ial science.

‘(Bﬂ a ﬂpamnel course of reasoning we are led o sce ’(ha’(
a hypo’(hesis of an a?osolu%ely immovable c%hcfr is a hyqoo’(hesis
cither of pure fcmc\y or of pure logic, in this casc the latter
J suppose, Hctual experience has founcl all bodies motile 1o
some extent, @nd it cannot be too sj(ronj@ emphasizecl ’Cha%
wo?oa?oly j(he comejoja'on of fmova%ﬂi@ Has s very claeepes% rools
in ’(He mova%ﬂ{@ of man himsdﬁ 0 ’(Hajc an hyjoo’chesis oj:
absolute immova%ﬂi@ of a@%ﬁin\g in ’thc UNIVEYSC 1S Cven more
cleeply se1f—con%va&icj(oty ’fhwn an hypo’(%esis %ha’( would whcﬂ@
sumolafn’( sense @ thought, for the former would, if w{goyously
carried oul, élz@ consciousness itsclf. Soa “ﬁlwﬁf of ﬁnowlc@e"
based 1@:9@@ on fac’(s and veflections @inj gu{’w wmp'n my own
feld of science, makes me very gympa%he%ic wi’ﬂl jC’hose ﬂwsieis%s
who are inclined to abandon j(he hypo%hesis of a s’(a’(ionm:y c’ﬂlw
as onc ’(ha% “introduces more él{ﬁcu1%ics %hcm it remowes,”

jam’"nj asked ’rhe last of may gues%ions about pyomems in
the non—living vealm, I return o my own vealm that of the
living, for a “cap To the climax” of the somewhat starfling list
of hypo%heses oflwac@ p«oposeﬂ, Thrce _years ago T ventured 1o
write: "Since we know a‘bso1u%ely no%hinﬁ about %71@ relation
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of %he atoms in 11'4/1'%3 substance, would it not be a reasonable

byapo%ﬁesis to say that the nature of that marvelous process called
metabolism is duc o just the fact that the atoms of carbon,
ni’m’@en, hy&rqqm, oxygen, ek, are un&e@oinﬁ pcmoe%uol cha@e
of valenced ™2 @(Wlouﬁh some of ’fha ideas set foﬁh in 9(110
essay con’(aininﬂ %711'5 sentence have been favom%@ commented
upon @ several %iqugis%s, %He gucsja’ovn here raised has received
no afention so far as J know. 7 am mow going to state ’(hc
suggestion somewhat differently and adopt it outright as my
“working hypothesis” as o the real mature of the material of
w'hiéh 11'4!1'739 beinos are comjoosecl,

(ecepting the dictionary definition of valency as “a single unit
of combining cajoacii(%” the hy«po%asis as now stated is that the
com%ininﬁ units %einj j(710 smallest pcw’(irles of %71@ various sub—
stances ’cha% act as units in any given compouml, %11@ compoumls
known o us as organic, as long as 9(71@3 are ac%ually living have
%711'5 aHribute in virtue of ’rhc fac’c %Ha% %710 ?M%{c%s or units ave
pemc%ually unclce@oi@, at minude interwals, dissolutions and re—
combinations in slightly different form and on somewhat different
energy—levels, 7 avoid the terms “atom,” “molecule,” and “chemi—
cal,” in connection with the Terms “substance,” “compound,” and
“unils,” in order To emphasize %he fac’( jfha’( o,mloujh jfhe hypo%he—
sis has chcmicol implica%iom of a very funﬁamm%ﬂ chamc’fw, it
is not primarily a chemical fypothesiss 76t being a chemist, I
would not be so pwsufmp’(uous as 1o proposc a chcfmiccﬂ !hypo%’hesis,

My standpoint is that of structural and functional biology, and
7 state my Wypothesis in conformity with that standpoint The

‘7_)/‘ ¢ from the @102@15‘? s Standpoint, p. 18s.
ere the statement to be put 1%{3 chemical 1anjuq9c it would u%&ou%%ccny

C%P*’CSS %11@ CO%CC?%O% jfhaj( %11@ &15501%%10% cmcl T(ZCOW?J%‘H@%O% Of ‘PCW%MLZS is
‘HO% 11‘7711%@01 129 % [ aj(oms Ojc %1%0 Ch(’/m‘lsjﬁ’ O a few 30@4’5 Cﬁ?O or ¢ven Ojc
%he 0166%70%5 or COY‘P‘USCIGS Ojc 110 éhefrms Of %oc?o:y g% O%h@ﬁ’ WOTClS %11@
hypo%hesw is one O_‘f G‘H%W'G ch'GGCIO’m fvom %hc CO%C@’P%10% Ojc uPWmaj(c um%s
61%1104’ Oj: maﬁw or fOTC(Z} %aﬁi‘nj u%tmaj(e as usuauy unclevs%ooﬂ m chmms%@

59



pafr’ticlcs of which J sqocaﬁ are comzposij(e bodies cach wml s own
attributes, some of which are “attribules of individuation” and
others, “attribules of relation, ! exac%ly as the individual plcm% or
animal or Icaf or bone or cell or nucleus or chvomosomc each has
its own afribules, some of individuation, and some of relation,
If asked why 7 make this hyqoo’(hcsis — why a biologist does
so droll a ’ﬂp’nﬂ as to advance a ’(1100@ which Hc claims o be
zpfrifmcwi@ mozrepholqgica’l and ep‘hysio’lqgicai, but which o%m’ous@
invades %71@ domain oj: chemisj(@ — my answer must be cven
droller ’fhom %71@ pyomscﬂ, J appear to be dviven To some such
hyjoojﬂlcsis ?19 my pvimiﬂe of standardized woli’@, Tha’( is, J am
driven @ considerations w’hiéh arc not wholly m’jﬂlm’ mofrjoholqgi—
cal or chemicc&, but are pcw%@ ygychdq'qicol and 1q9ica1, In 0%1104’
words my s’(an&poin’f involves a hypo%hesis of ﬁnowle%qc—ﬁc%%inj,
a "%hcoty of ﬁnow%c}ge," as well as a moyphoiqgica1 hyqoo’(hesis
and a chemicoﬂ hy?ooﬂlesis, J am pcfrfwminj %He fm% of %he
circus rider who rides ’(hwc ho*rscs abreast at %hc same Hme —
on@ T cannot rest a foo’( on cach oulside horse and straddle j(ﬂhe
middle one. 7 Ha-ve to distribute may weiﬂﬁ to all j(hwc, 3'710
resulls of my Ufewowﬁ in %eciyn{col zooiqiy is jﬂle moyphoiqg{cai—
physio1g9ica1 howrse; so J need spafncl no tme in cxﬁm’nin\g how
7 vest on him, @ few sendences fwj(‘hw on J s'hoﬂ show how J
manage ’(Ha chemicoﬂ Hovse, ;7us% Hew 7T must add a few words
to %hose of similar {mqooyj( found in ojrhmf pw%s of 7(711'5 essay,
sej(’(i@ foﬂh %he manncy of riclinj j(he pgycho1q9{ca1 steed,
@(Hhouﬁh fov several years (five or si%) jfhe pyinm’ep‘[e of stan—
dardization has ?yovcd {ncwas{@@ 1'numina’({nj foy my own
o?asewi@ and %hiﬂnﬁi@ on all sorts of fphcnomena, J Haw hes{—
tated much about giving it ’fhe form of univerrsah@; j(ha% is, about
cx’wn&inj 1 into %Hc regions oj: nature @{nj %gyoml %He wach
of our pwsafn’( means of sensc pewcp%ion, The chia_ﬂf reason fo«
foﬁevinj has been 9(110 hazimss of may mind as %o jus% wha’( role
fmajthema%ics <p1a;ys in c‘l{scowq’in\g and ckc&ing wml %71@ phenomena
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of nature, however, in ’fhe last ’thwe _years two %hinjs ho,w gone
far toward clearing away the haze, The first of these was my
becoming aware chicﬂy %‘hﬂrou\_qh my own rescarches (ycw’dculcw@
those on the c&w’lopmg sa’ljoo. chain wosecu’(cél in collaboration
with Miss Johnson and cﬂwaa}y mcn’aoned) that one of the
oreal offices of ’(ha uantitative mc%ho& ap heol to nature is o
enable us o “see bey %he mind s oye ’(hqus whwh are so minule as
1o be inwisible To ’(110 phys{cd oye. And Fearl's unreserved com—
mitment 1o ’fhe concep%ion of %ioma%@ as an aid 1o Jescrz’;f?{on,
Jﬂmj@ s%vcnj%hcnccl and cncouwtgecl my still faﬁwif@ views, The
clear imfplica%{on of all %his is %Ha% %he g,uan%ﬁa‘?{w treatment
of fphenommo, is a means of e%’ten&inj and making more exact
and %W%hwwﬁ]y our Anowledge of the ;ucﬂi%ies, or p«ow«%{es}
or atribules of natural bodics,

The second, more recent haze—removing event was my be—
coming acguai“nj(ccl with the demonstration, @ Bergson and also
@ Ladd and WOvclwoﬂh, of %'hc imjoossi%ﬂi@ of w&uc{nﬂ ’(710
woli%a’(iw clement in sensation 1o an inlensive, or guom’(ij(a%iw
basis, as p{ychop@sics has tried to do. 7 may remark that the
foﬂow{nj sentences @ Bergson, expressing as %71@ do ’fhe con—
clusions 1o which my own maive mc’(hocls hacl led me, seem 1o
contain ’che essential j(w’fh %ouéhin\g %111'5 matler, “Tha facj( is,”
Bergson writes, “that there is mo yoin’( of contact between the
unextended and %he extended, between guc&i@ and guom’(i@, We
can in’(cmow’( %71@ one @ %71@ o’fhev, st up %He one as %he cguiva—
lent of j(he o’fhefr; but sooner or later, at %71@ beginning or at j(he
end, we shall have o recognize the conventional character of the
assimilation,

Since the only point with which T am here concerned is W,
ZBe@sonls contention for %71@ essential uniguencss of %o%h ’(He
ﬂuama’(iw and ’che guan%ijfa’(iw in sense pewcp’m'on, no%hi@ in
my immediate purpose reguires me 1o j(cm‘:% any 0%7104' aspecj(

«Jime and Free Wi, by B. Bergson, p. zo.
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of 711'5 utlerance, however, %einj mimlfd of ’(he facj( jfho,’( in
cmo’fhefr whcﬂ:y diffevent case, 13&9 giving assent 1o corlain wicws

of Bergson, T was supposed 1o assent 1o certain other wviews of
111'5 whicfh in woli’@ 7 do mnot accejoj(, it scems pwélm% 1o be on
\9ucwc1 qgains% possi ble misun&ws’(an&inj as 1o ’(he extent of my
assent in this case also. If 7 4’2911’(@ understand, and 7 belicve
7 do, what is implicd by the assumption in this guotation that
the terms “the unextended” and “gualily” are synomymous, just
as are the terms The extended” and “guaniity,” then my dissent
from jﬂlc eminent ’ernchmm at %’his po{n’c is clemental and far
wachinj, But ’ﬁp’s is mo place to 90 inlo %'hc maHer, Suﬁce it 1o
say j(ha% my an@{omce is 1o ’fhose pgycho1qgis’ts, scemin\g@ gui’(e
in the minority, who uphold the wicw that “spatial guantity is
a wvalid ca’(@ow in ?59"1101‘2.‘2%”15 and that, on the whole, it is
my 30wn—w£91ﬁ faml in a science of morpholqiy ’{ha’c 1a@e@

determines jﬂp’s aﬂe\giomoe,

2,10

J will now show how 7 manage To vest some of the weight
of my hyjoo’fhcs{s on %he cham{col hoarsc, ZBe{nj cﬂwcgs conscious
%ha’t my sj(cmclpom’t is not pm’mwri@ jfha’( of chemis%@, J sho,u
express m\ysdjc as fcw as possi ble in 1an3uq90 native to structural
and functional %iobiyj rather than in the distinctive %Mminoioiy
of chcmisj(@, ﬂ@ discussion will pwcee& on ’(he assumjo’cion ’(haj(
%he doctrines o:f %he conservation o:f enerqy and oj: matler how
s’(fr{cj(ly wij(h organic %eings as j(hey do wml %71@ rest of nature,
These doctrines applieo’l to ’(710 %ioiqg{col realm mean, accowciinj
1o my um‘lws%am‘linj, ’Cha’( ’fhew is no momifcs%a%ion wha’(ewv of
any 11'4!1'%3 %ei@, ei’fhav of structure or ac:h'vij@, ’rha% does mot
have its corvelative, measure for measure, in the living %oo:ly and

’t'hc nulrient materials which %Ha% %oc@ consumes,

lfgxpew'mcn?az z?.gycﬁahﬂy and Gulture, ?39 § M, Stratton, P. 63
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The essence of my contendion is jfhis : im@ %ei@s momifesj(
%hemsalws 1o us as ‘?720@72 %72@ were ﬁn&inj in jfhe materials
which compose their bodies, and those which arc taken in @
%hcfm for nouvishmenj(, Kinds and guan‘m{czs of enerqy wholly
unknown o 9(110 chemis%@ and ?hysics of %he inorganic Ta%om’to«@,
Or, stating the same p*royosija’on in another way, bodies which
we Anow as h'w'nj are %hose which %inj to ac’(uol{i(y energics
laten? in natural substances and which can be ?woujﬂ to ac’(uolij@
in mo o’(hw way ’fhcm ?39 gust jfhese bodies. O, again and
ﬁmﬂ@, expressing the concejo%{on in the irreducible %Wminoio&y
of scnse—joewcp%ucﬂ ﬁnowlcﬂﬁe, 11'4!1'%3 bodies are bodics in whicfh
innumerable attrrbufes of relation oj: material substances are
revealed, which attribules cannot be revealed @ any other means.
& comqole%e enumeration of j(’hosc manifes’(a’({ons of 11'4!1'739 ‘Bc{f@s
which involve ’(hcse pccu%cwi’m'es would necessitate ranging over
the entive gamul of biological phenomena, Il 7 propose To do is
1o look at a few of ’(hem in %710 felds of nutrition, pyquga’(ion,
and pgychical ac’(ivi@,

The resulls of ’(hc alimentative processes which we call jﬂrow’fh
and individual olwdo«pmcn’(, whan *rejcwclecl in ’fhc 1{911% of ’(hc
few clemends known o wo«ﬁ—shoep chamis%@, are so um’gue %o’fh
in @pc and vowie’@, and in expansive force exerted in growtl,
as 1o comqocl ’fha assufm?o’cion %’ho.’( %hc organism "’cajos " or unlocks
enerqy attri bules® o_ff ’(he clements ’(ha% are in %he 3«0@% mqy’ori@
of cascs whony ‘be\yon& ’(71@ waéh of 1a‘bom’(0@ chemisj(@ and

«Jt is obwious ffrom %his as i1 is fvom words used in scveral ojc’hw connec—
jaons s ’fhaj( 7 frgccj( as inconclusive ’(he contention of ’(he gne@e%ccvs ’ ’fha’( ’(he
“concept of ener lays approximately the same vo% n j( ¢ physical sciences
as ’fhc?con{ep% 529 %ﬁwg clorspm jﬂle ogmh sciences %?waf%]zﬂosoyo@ b
w. Ostwald, %mm ?Zy U’Beﬂzw, P 128) T am gw’(e sure ﬁp’t itis wmrossﬂa
%o make suéh a Hm%us between © cnew cmcl ’('hmg, and ’('hus between %'hc
%yswd sciences and %Ha fomncﬂ sciences” as is hew 1m«p1w$l cxccp% %Hfrouﬂh
a 111911 clg_gwc of ﬁlﬂosoﬂlud s 1ps’f1ca%wﬂn 5Ucw ed semse experience cﬂwctys
ncls %o’(‘h foewm and energy fun‘famcn’(dly wwo1w& in %he conccp% of %711%3
as apjohccl to any pcw’( of ’che external world,
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physics, Unclou%%cﬁy many famﬂ{cw kinds of CNnerqy, as osmosis,
cajoinm:y and surface tension, and chemiccﬂ aﬁni@ in any of
its wvaricties Anown oulside of organisms are in oqoem’c{on and
contribuie impor’tan%@ 1o %'hc resulls; bul i1 is ceﬁain@ not
fmew@ undemonstrable but pmc’a'cany unimcyiname How any
one of j(hese or all of ’(Hetm woq’ﬁiﬂnﬂ %q_qe’(ﬁw could so %frcmsfowm
and arrange %710 pmﬂhdcs of a fwy's ¢q9s and %hc foocl pw’ﬁdcs
taken up @ a %aclpole as 1o pvo&uce a fuﬂ —grown fwg‘; @mocal
to choh@ fo« 71@179 is a%solujcely uselass, fo« haw&*&@ is mevd

’fhe torm whwh has been chosen to &csyna’to j(he sum total of
resulls of %'hc oqocm’(ion of all %Hesc eneroics, wha’(cwv ’(H@ are,
Nor s ac?wp’ta’({on of any move avail, it haw’nj reference scflc@
to %710 extent 1o which jﬂlc 1ivinj being fs in, aﬂew i is rroducd
o i1s yavj({culw environment, fcw&i@ and aélajo’ta%ion are alike
7005% 7zoc comepj(ions relative to jche energics we are consiclcwnj,
Tha cdan vital, or wital {mpuision, of Bergson, miﬂff n a
very general sense, designate these collective emevoies; but the
Jcs@na%ion would be so 3@%@4’@1 as o be of 1Me or no use. Indeed
A is clou?a’(ﬁﬂ 1_{ %he meaning a%’(achacl to %11@ phmse @ ZBcftgson
would pcwm’( s emplgymm’f fov our mneeds simee ’(he “vital
1m70u1s10fn is a universal 1m1m1$wn whw’h, used in ’ﬂle inderest
of mch mélwwlucﬂ is ac?ajoj(a’fwn On %Hc con%a@, wha% J am
sujjes%inj is mol a universal fowm of enerqy but an exceech’n\g@
spm’oﬂ —a pyiva’w form, G form, that is, which is revealed
as an attribute of relation of ’Chc carbon and ’fhc oxygen and %71@
fni%frqgcn and %he o’ﬁlev foo& inﬁwcuen’{s which fovmcﬂ chemis%@
w\gcwcls as simﬂe, whm %hese malerials are %Youjhjf into 9(710
relations yeaﬂim’ 1o cach individual organism, or cven «pccuh’m*
to &iﬁcvenj( yavj(s of j(he same organism, @ spcciol fowma?z’w
substance or substances in jfhe sensc ’fha’t Saéhs and some later
biologists have assumed, has no place at all in my comep’a'on, J
sec no move need of assuming such a substance foar organic ‘Bcinﬁs
%hom of assuming a speciol substance in waler which gives ice
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c@s’(ols %heiv fm’m when waler fwezes, @cco«almﬁ to my view
%he ?Yo%lem of why %he pmf’(icles of vainj material 3@% %ogejﬂlefr
as %hgy do to make bodics of jﬂla shajoe we see we@whew among
piom’fs and cm{mals, is a pﬂromem of %'hc same class ’fhoujh of
vasg@ 3¥ea%c¥ comﬁcxi@, as jfha’( of w[h:y 9(110 pav%ic(lcs of waler
3@’( %qgcj(hcaf to make c@s%oﬂs of ’(He many shajoes in whia’h ice
c@sjcols occur,

By being problems “of e same class,” T mean that both
1o<rouems are jﬂlc one fpyoMcfm of why %71@ pcw’ticies of Iivinﬂ
material and why %Hc ﬂpcwj({cﬂcs of walter haw j(he pcw’(iculcw
atri butes %hgy do Haw, Or stated in stll more 3enera1 Terms,
%he two pyomems arce sqoecial fo«wms of %710 one pvoﬂcm of wﬁy
any natural %o@ has the attribules it does have. O, ogiving
%'he Wo?ﬂcm a fowm of expression jdl"'% s'hows how clcavly and
umwin\g@ COMIMON SENSC YCCOGNIZes %he foﬂy o:f s%mmj aﬂcfr a
“final,” and “ultimate” solution of 1, it is the familiar guestion,
Why is a ca¥” T wish o insist, Though T cannot go into the
matter here, that the guestion, Why is a ca¥l” is mol mere
face’(iousmss because of its obvious ummswem?ﬂemss, since as a
matler of j:acj( we ac%uauy haw aiwao}y arrived al much of %11@
answer 1o %710 gues’don, and sho.u un&ou?;’(ecny ﬁccjo on ﬁn&inﬁ
more of ’(he answer as Hime 9ocs alonj, In o’fhw words, whenwcfr
we learn a new fact about a cal, no matter how seeminj@ rivial
that fact may be, we have advanced by just so much the solution
of ’(110 promem, But it s e%cee&in\g@ impor’{cmj( to be cver
min&fwﬂ %haj( juclginj ffrom all we haw 0 fcw learned about
cats and aboul %710 nature of our ﬁnow’[ecilgc of caj(s, j(hcw is
not %he 511'911%059( pvospecj( of cxhaus’c{nj %71@ possi %1’11’@ of more
ﬁnowleczge of cals,

From 9(71@ s’(anoljooin% of chemisj(@ %hcsc %houjh%s aboul waler

as 9(71@ malerial of ice c@s’tols, and of pvo’(oﬂasm as %11@ ma—
terial of h'w'nj bodics fans far shoﬁ of mee%inj 9(110 sttuation,
since it does mot come down to what chemis%@ holds 1o be the
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“ulltimate clements,” he oxygen, the Yydrogen, the carbon, the
phosphorus, and other clements, the first two of which make up
ice m:ys%c&s, and all of which make up living beinos. Gnd 1t is
w'hefn ’ﬂle pﬂromem is 191acec1 on %his Tevel j(thaj( it also becomes most
in’(ews’(inj To me as a %iolqgis’t, for it is just haw jfha% ’(he veal
Test of my epfrinci?ole of standardization of wah’j@ comes in, ﬂf
%71@ pw’miﬁe holcls univwsaﬂ% %he*n, as alwac@ indicated, ei’ﬂlw
oxygen and hyclrcycn and nitrogen and carbon and the others ave
not 1@ any means “wlimale clements” or 5(71@ possess atri butes
about which we know no’fhinﬂ excejo%inj as jﬂlese aHribules are
revealed when the clements are brought together under the vela—
tions and conditions peculim" 1o Iiw'nj %einjs; or, Tao’fh of %Hese
possi bilities may be true,

’ﬂp’s makes it clear why Jd am so mucfh interested in BPro—
fessor Richard's cffort to show that “atoms” ave compressible.
Fersonally, 7 no longer try to think aboul the recondite pro—
cesses going om in ovganisms in terms of afoms, it being so
difficult o overcome the sheer habit of a hjcejame of involving
the word with fancies about an “wltimalencss” of form, shajoe,
constitution, and color, common to them all. T do not a%j(cfmp’f to
90 fo;r%ﬁw %Hcm to %hinﬁ, for cach ﬂpwrj({culav case, of %hc paﬁicﬂes
into whiéh %11@ several constituent materials must be divided, as
having attribules of velation that enable them o make bodics of
the particular shape, color, consistency, activity, of those T am
ac’(uauy 1ooﬁin3 at,

J 90 about the matler men%olly in some such way as the
following:  Before me on %hc table is a diamond, o olass of
fresh soda water, a Mmqo of sugar, a picce of hler, and a
dish of water containing amabe. Being very curious about the
make—up of these 7 take them 1o my Io,%om%oty o examine
’thcm wi’fh an imaginary new invention, a powwﬁﬂ Microscope
consis’ci@, n pvimiﬂc, of a combination of jfhe ow&ina@ com—
pwnél Microscope with the u?(m—miwoswpe, This enables me 1o
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observe objects smaller by several thousand diameters than the
best oerc‘linmgy comzpouml MIcYoscope is able 1o wach, J %ggin ’(710
examination with the gas escaping from the soda water. I find
in 1 innumerable bodies, all alike so far as J can sec (jco*r my
new Mmicroscope fans a 10%3 wa shov’t of ww‘ﬂinj wc&i’g}; in
the form of “Ultimate (Homs”), spherical in shape, smooth of
surface, gui’(c distant from one omo’(hmf, very active, and eaéh
wcggfniza%@ composecl of two picces, 9(710 smaller, making one
%hivcl of j(he whole, having %71@ shwpe of a sﬁlwicol Rymmi&;
’fhe 1aﬂz_gw having ’(ha shajoe essential for it to hawe o make 9(11@

O%HG‘Y ’(wo—%hiv CIS Ojc %h@ S‘Ph@ﬁ’ (2 g*h@ smo.um’ ‘Paﬁ‘ % g am a?ﬂ@ %0

Y@C@%i%@ as CQ‘Y(}JO%} %he 1@‘?:90’?’ as 0955}190‘71,

J then pu’( a fragment of the bulter under My Mmicroscope and
am able To see constituent «po;r%icles, smaller ’(hafn %Hose found in
%'he 9as, in 3@%@4’01 somewho,’( gg\g—sihwpe& but clccwly more or less
compressi m, fmuch closer ’(qgeﬂlev %han j(’hoscz of ’ﬂle 9as, and each
one ﬂrcc@n{zcél w{’fh ciiﬁcui@ as %einj composc& of fowr &{ﬁcwn’(
malerials, which from infovma%ion fwnishecl @ ’Che chemis’(, J
presume to be oxygen, carbon, by&vqgan, and fni’rrqgc%, Then a
bit oj: 9(11@ sugar comes in fow examination, ‘wf%’h some cliﬁcui@
7 am able To convinee mgsclf %ha’( %hew are f,oo;rj(icﬂes Hew also,
gui’w cefr’(a{nly move or less polyhec’lm’[ in form, and wml little
or mo space between j(he acljacmj( ones, Th@ diamond 1s ’(hm taken
up, o pw%icles can be seem, %hc 3@71@4*01 offect of %hc Op%ical
feld %e{nﬂ ’(ha% of ﬁnc@ but r@ulavly in%ewup’(c& 1{911’(, nd
ﬁne&@ %hc amaba’s twrn comes, 7ot an intimation of paﬁ”m’cles
of unifoym size and shaqoc is founél hew, On jﬂle con%m@ whaj(
J sce has %hc look of ‘“?vo’fmbsfm” (wi’ﬂl which 7 was familiar
ffrom ’(he 3@35 of %he old Keiss oil emersion 10%505) on@ on a
much 3¥a%olav scale in cvery way, Thew are more pa%’%i&%, of
still greater wm'c@ as to size, shaqoc, color, degree of cons’(omgy,
and paﬁ’%icﬂm’ly as to rale and direction of ac%‘[vi@,

In clmwinj up such a pic’(uw as ’rhis J unclou‘b’(eclly 1@
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m\ysdf open to the haroe of wbcwi@ and grossness thal was
made qgainsj( ohn Dalton, when, it was said, he talked about
%710 chem{cai clements as he would about jﬂlc articles making up
a shoqoﬁecfpw’s stock of 300&5, But T am ?erfec%@ wiw@, cven
olad, To be called vuloar and gross in the sense that the terms
would suw@ ifmjoly as jthus used; for if ’ﬂle t'qoocls,” oxygen,
733;&4*0\90%, ni’(qfqgeﬂn and %He o’(hws as we ac%uany Rnow %hcrm in
our “shops,” that is, in our laboratorics, possess latent propertics
which under ’fhe proper conditions enable j(hem to give rise to such
organic beings as (dristolle and Danle, Shakespeare, Sir Tsaac
Newlon, and @%frofham Lincoln, T am unable to sce whew in %his
world or any o%hefr world we shouw 90 o find a@’(hin\g whiéh
would not have to be marked vulgar and gross. Indeed is it not
true that the very notions vuloar and gross are generated along
w’%h such Terms of omoosij(c meaning as vefined, subtle, exalled,
mcgniﬁcen’(, wonélwfd, in 1@@@ measure @ jﬂle existence pasj(
and pwscn%, of just such beings as %hosc mentioned?

“here comes, accorélinﬁ 1o jche hypojthesis J am suppor’(i@, a
consideration of j(hc utmost im?ov%cmce: f, as we shan see more
specifically a Wittle later, living beings are such by wvirtue of the
facj( ’fha’( in ’Chem %hew comes 1o ac’(uah’@, aHribules of ’(71@
constituent materials of organisms whiéh never come 1o ac%uali@
in any other way, and by vivtue of the further fact that in them
en‘?fw@ new attyibules are all ‘?72e time coming to 21'972%, ’(hcw
is mot ’fhc s’l{ﬂﬁes’( observational 3rwn3 for Supposing, j(aﬁif@
%he whoie UNIVerse %qge%hw, an end of suéh wwcﬂi@ of new
aHributes will sometime be waéhcol“

But some chemist may come forward with the guestion, “What

about all we have proved velative to combining vatios, constant

#In my essay, “The Figher Usefulness of Science,” T have tried to show
in some ﬁ/e%aﬂ how ﬂp’s idea of Yggav&inj j(hc gysjcefm of nature as posscssirnj
llimitable latent cwpacﬁics works whm con’(ampla’(c& fwom %71@ sj(an&poifn’c of

’(he fna%w’ ¢ Ojc man,
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and muP(iph, ?Zy we{ﬂff and volume? Do _you propose to 1gnore
all %hese discoveries? Would you brush aside %Hus 1{971%@ some of
the very best acjicvements of the last hundved— and fifty—years’
rescarch in hemistry?” My answer is, "By no means do T wish
1o ignore or real 1{9719@ ’(hcsc splamlicl achfiwemenj(s, On 3(710
co”nj(m@, hacl J j(he time, and were 7(711'5 jfhe occasion, J beliewe
7 could show that the great work of Dalton and Lavoisicr and
&vg‘;a&ro pa’?’%fculm’l% among %71@ ’Jrajchers of modcrn chemis’(@
furnish some of the most solid stones in the foundation of may
general standpoint, Bul,” T g0 on o say, “being absolved by the
very core of my 10051’(10% fﬂrom any pw’tcnswn, cven any desire,
foy final eaepicma’(wns or ‘ultimale solutions, 7 am able %o
a&mﬁ with the greatest frankness that 7 do mot sec cleayly how
my comc«pja'ons %ouch{f@ %hc sho.pe of %71@ paﬁiﬂcs of bodics
%ha’t paﬁ"({c{pa’w in chemical reactions, are o be hcwfmonizecl or
correlated wijch, for instance, jﬂle rule of &vqgaélw; %ha% is wi’(h
’fhc seeming fac’t %Ha% cguoﬂ volumes of all substances whﬂc in 9(11@
gascous state contain under %he same conditions of %empem’ww
and pressure, the same number of pa«%icles of these substances
in %ﬁeiv minimal combinations, I haw j(he 3«0@’(@5% confidence,
however, that the advance of Anowledoe, paﬁiaﬂw@ in such
ways as Brofessor %cﬁa«rcﬁl’s {nvcsj@a’cions are aclvwncifnj 1, and
n jfhe way pgyéhoalqgicafl processes are involved in jche sense—
wwcp’fuoﬂ asqoecj( of our ideas of form, will bring more and
move 1{971’( into ’ﬂp’s obscure realm,”

Meanwhﬂe 7 insist jﬂlajc _just as %he needs of %io1q2y, pafrja'c—
wlarly on e side of paleontology, Has oradually compelled both
%hcolo&y and %hc sciences of ’fhc non—h’w’nj world, to admil ’(He
exlension of time for %71@ oganically ha%i%ame pas% of our emf’(h,
50 15 %iolo&y com«pczninj ’(Hese two sister vealms of humcm interest
to admit ’ﬂle existence of physicol shapcs and eneroics, jﬂlo,’f is o
say, shaqoc—a’(’(vi%u’ces and emw—a%’wi%ujws of malerial bodics,

fmf Tagyonoi wha’( m’%‘hefr %Haoélqg\y oY mom—organic science is able
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to recognize o is mw@ to allow when each Opemj(es Ey i’(sdﬁ

2,11

We now pvowea‘l wijfh ’(he task of Tooﬁinj cven movre rflose@
at a fcw of ’(He 3¢wn&s upon which %1'01% makes ’fh@se demands
and recall ’(710 fac% ’(Ha’c we are olwaélj in ’fhc midst of a%%enclinﬁ
oa few of jche fac’(s of nudrition, or, using ’Chc somewha’( less
familiar but move specific term, melabolism, For %710 vest, we
s'han do well 1o concentrale attention upon a s{nﬂe o,spcc’( of
’the vast yvomem; nafmely, %ha’( of %he shapc—syca’ﬁci’@ wsuﬁinj
fq’om ’che metabolic process. We may state jﬂle pvomem in terms
at the same Yime familiar, vivid, and sj(fric%ly accurate, @ saying
%710,% it is %71@ ﬂpyomem of %He individual, or pwsomd resull; j(ha’( is,
%he chemicol %mnsformo,’(ions which %he nutrimend of individual

m:gcmisms un&eq:goes,

Thew is mo move s@niﬁccm’( fwi’( of recent progress in biol—
09y ’fhwn %he facjc 9(110,’( movpho1q9ico—’(a%onomic wsecwch is %einj
driven 1o %710 conclusion jﬂlaj( no two individual organisms arc
gw'%c alike in any ya&r’dcuicw organ or paﬁ; and ’(Ha% %ioche«m—
is’(@ is %e{fnj driven 1o ’(he conclusion jfha’( for cvery structural
difference Theve is a corrdlated chemical difference. Stating the
conclusion in the ’(wminoiw of chemis%@ 5 cvery individual 1o1cmj(
or animal which lives its fuﬂ Tife pcw’ocl ?wifnﬁs wi’(h it a certain
amount of new chemicc& substance — certain chcmical compouncls,
%ha’( is, which have never in all time existed before. The work—
ing chemist who finds himself in the midst of the vast array of
chemicol fac’(s which are forcing such a concepj(ion, is almost cor—
tain 1o miss %110 pvo‘lvaue significance of jfhe fac’ts, and so foﬂ to
realize the mwh@ weight of that significance, unless he be ﬁeen@
alive %o %he biological fac% %710,’( individual organisms, even ’(hose
pxo&uee& ?39 non—sexual pvopctqa%ion, are fpro%amj never the ex—

QC% CO‘WH%M"PG’Y%S Ojc %1101"?’ ‘PQ‘Y@‘H%S, EX‘PYQSSQ& in more 30%0‘7’@1
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torms ’(111'5 is ’(he idea jfhajf cvolution vpvo%a%ly newver gyuﬂe frepea’fs
ij(self,

For %71@ ‘Bemﬁ’( of j(Hose who arc not suﬁcien’c@ acgua{fn%cél wml
wha’( modem chemico—ephysiolqgical wsemﬂch ho,s accomplisheci in
%hese regions to make jfhem fed ’fhe vast impo»*’(cmec of ’fhe wsuﬁs,
two wiok@ seqoam’(eol ﬁews may be poin’fc& oul as paﬁmﬂcw@ im—
pressive and at ’(he same Yme accessible to %He ﬂenera1@ educated
reader,

The first, most familiar, is that of what happens to the food
taken into ’fhc %oc@ on ’fhe gyn’(he’(ic or constructive side of ’(hc
melabolic process, pa«’(iculcw@ as «ve\gcwcls 9(71@ epfro%eicl foods and
’fhe construction oj: jﬂle pﬂ’o%m'ol materials of ’(he Uv{nj %ooly ij(sdj:,
&@ ujo—’co—cia’(c textbook of humcm physiolw of ’(71@ 3va&c of
funmss needed sz medical s%u&en’(s, pwsen’(s %he known fac’(s
and %71@ alternative hypo%hescs jus%iﬁecl @ j(hcm Tha poinj( ’fha’(
is 1{.&@@ not to be suﬁden’c@ cmphasizcél, and for the purpose for
which such books ave written 71@«&13 can be so emcﬁlasizeél, is ’(ha
sqoeciﬁci@, %he in&ivi&uc&ig@, ’(he pwsomﬂ nature of 9(11@ malerials
?Yooluceol, b, Simepson and his wifc cal c%acjcly 9(11@ same kinds
of food, in cxac%@ %710 same actual and ﬂpq’oqooﬁiowﬂ amounts,
@o’th ﬁfrsj( reduce %he material @ 011;905%1'0% toa fmuch Tess comple%
condition ’rhan it was in at ’fhe %e\gi%ninj; and jﬂle% ffrom fpofrja'ons
of the simjoliﬁccl material, construct @ melabolic processes other
malerials at least as compieex as j(bhe om;qiﬂnol, but haw'@ certain
atribules ’“’710119 different from any posscssecl @ ’(71@ 04’1'91'%@1; and
from other po«j(ions, clewloqo energics 3enuinely different from
any ’(ha 0<r1:9ina1 material seemed o POssess, and so arc able 1o
perform work 3enui%ely ch'ﬁcwn% ffrom any ’fhc oer{gifnol enerqy
could <pm’fov<m, But %his is mot all: Ny, Bimqoson 3@%5 material
fwom His ‘PCW% oj: %he foo& and pc@rfowms work j:yom it ’(710,9( @
no possi%ﬂ{@ is s, Simfpson able 1o 3@’( and %o pc&rfowrm

ffrom 71@4’ pcwj(; and wice wversa, gwo:y pZan‘? and cvery animal

that has cver existed has, like Jr. and Jirs, Si'fmpson + had he
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capaa’@ for, ‘?720 attyi bute of je%‘?i@ material and work From
its foan ‘?720/? Nno 0?7zefr individual pZan% or animal could 700551'?129
je%, 7 belicve all %houﬁh%ful Tn'o?,q_g{ccﬂ chc‘mis’cs will agree ’(ha’c
’this statement faiﬂg w?owscfn%s %he trend of ﬁnow’leélqc ’(ouc'hifnj
%his su?gjec%; and it may be doubled whejﬂlefr science 71@5 in all i1s
hisj(oty wacheél a s’(omclpoinj( of more momentous significance fo«
humankind. (We are exprossing heve the scientific Trudh whidy,

ap«proachecl from jfhe side of traditional phﬂosoqo'hy, Bergson calls
Creative gvolujcion,)

Thc o’fhav set of fac%s which pu%s ’fhc chemicol diffevences

between organisms in s%ﬂﬁi@ 1{9113(, comes move from medical
science %Hcm from pure 107]:95{01%; ’Cha% is, from sewm—%ﬁem@
and phcnomeno, 3woupeol close@ around i1, The kernel of %his
w'hole matler is ’fhc fac’c j(Hajc when foreign substances, at least
suéh as arc injurious, 3c’£ into ’(he blood of an animal, 9(710
organism fov’fhwi%ﬁ y«oace&s 1o 30%04’@%@ somczj{hinj %Haj( tends 1o
o‘lcs%ygy, or al any rate o counteract the effects of ’che foreign
malerial, Jha% ’fhese mwly formed anti—bodics, as 9(7103 are
conecj(iw@ called, are not meve conditions of %he blood itself, but
real bodics, is certain from the fact that ’(Hgy can be sejocwa’cecl
fvom %71@ blood and aﬁcﬂr saﬂpam’cion manifesj( %Hm’v chamc’(cﬂris%ic;
and in many cases, are guijce stable and pevsis%m’t as ﬂrggcwcis
%emqoem%uw and various o’(hw envivonmental influences, For our
pwscnjc purpose ‘ﬂle po{n’(s of chief interest about ’rhcsc bodies are
a, %710 enormous number and vcwie@ of %hem ’Cha’t hawe cflwa@
been obserwved; b, jfheiqf spaciﬁci@ Taojfh as 1o ’Che organisms whiéh
?wo&uce j(hem and as 1o ﬂl@’i#’ ac?ajo’a'w end; and ¢, ’(He faa’( jfhaj(
%7101'4’ constitution or incliviclua%{nj aHribules are so recondite as
1o ho,w jfhus far remained almost whouy undelermined,
Concerning their varicly and specificity perhaps the most sio—
nificant fac’(, as scen from %hc %m&@ %{olgqical s’(andljooin%, is
%ha% 9(110 blood of any given animal will, when small ﬂucm%i’(ies
of it are injected into the civeulation of many other animals,
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cause %h@ 1)1003 Of %71@50 0%110’7‘ ammc&s %O ‘P’Y ocluce om:h %0&105 %haj(
are hOS%iAL@ %0 %71@ TOIOOCI (05‘}9@61@1@ 1%5 ﬁ"GCI CO‘Y‘P%SC(L@S Of %710 an—

imal whose blood was injected, and that within rather narvow
limits i is on’l animals of Rinds %ho,’f are zool@wang close of
kin between whiéh %71@ minﬂinj of blood can lake place wﬁhouj(
%71@ pyo&ucj(ion of j(ha.w antibodics, In o’(hefr words incontestable
?voof has a1<reac@ been fwnishecl %ha’c ’(he blood of most species
of animals is chemwol@ different in some wsqoec’(s from ’(ha
blood of o’fhav specics, Gind jfhe 1<mfpo¢j(cm’( ;uesj(w% 1=m<meclmjw1
arises, how far docs this 302 Bearing in mind the newness omci
s%vanjencss and chﬁcul@ of j(hzs field of mves’@a’hon, and also
%ho,% ’fhus far cfforts have been confined almost en’ﬁ'w@ 1o ’Ces’(inj
%he relations between jfhe blood and %710 Yissues of a very few
abnormal 3¢ow’fhs, for eaeamplc cancey; %ha’f the 3wa% mo:j'oyi@
of normal Hissues ho,w not ye% been ested from %His s%ancl—jooin%,
any one wi&e@ acg/um'n’(aci wi’fh ‘bio’lqgiea’l phenomena, and wi’fh
the way scientific Anowledge and ideas progress gemerally, will
not hasi’(aj(c 1o pw&io’( %ho.’c in time %71@ comep’tion will be waéhc&
%mwh'nj from %his divection alone, %Ha’( not on@ all organic
specics, but all organic individuals are 9(11«01911 and %114'01971 dif—
fcwn’( to some extent, chcmicol@ as well as momohd@icalb and
physiol@ical@,

A will be woﬂhwhﬂe to nolice one oj(hm' instance, in a
wiﬁe@ distant gucw’(w, that suqo?oﬁs this general vicw, JMore is
pw%cﬂ@ known about ’the chemis’(@ of ’(Hc swq’maﬂfozoon ’(hom
about %ha’( of any o’fhw class of animal cells, This is so because
ac’lvm%ctge has been taken of %He compam%iw case wij(h which ’(hesc
cells, esfpem’cﬂ@ of cerltain ﬁshas, can be secured for examination

”

in 10,4:90 gucm%i’(ies and in "puw cullures,” One result of such
studies 1s %710 ch'scow@ j(ha’( whﬂc %he acid radicle of %71@ yyo%eins
of the cell muclei arc much alike in different groups of fishes, the
basic vadicle is different for cach genus, at least in %he mj(her

extonded serics of ﬁshes studied, Thus %he substance pecu%’cw o %71@
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salmon has been named salmine, ’tha’( of ’(hc chi@, clupine, and
so on, how far ’fhis ﬁn&inj of new chemical constituents in sperm
cells or any ojﬂleﬂr class of cells fmiﬂﬁ be carried, ﬂr@cml being
ha& 1o all organic %einjs, is mot known; bul acco*rclinj 1o j(’hcse
views ’(he end would never be waéheol, for at any given moment
such &iscow@ of new constituents would be s%iaj@y limited @
%71@ {m?ocorfec%{on of %71@ cxjow{mcn’cal me%hoéls emﬁ@c&,

The second great group of phmomena, at which we are o
jlwnc@ fw evidence j(ha’( Iivinﬂ %einjs are such jus% in wvirlue
of %hc fo,c% j(ha% %11@ arc making available, or wwol{n\g, or
%v{njinﬁ to ac%uali@, natural shapes and forces %haj( can be
frmchacl @ no o’fhw means, is ’(haj( of pfop@a‘?{on, Of j(he well—
nigh innumerable aswc’(s of this vast subject, we will look at
two only; namely that of what is known as “heat” and “rut,”
as scen among mammals and birds eswaiaﬂy; and ’(hajc of so—
called s¢con3m:y sexual éhamc%wisj(ics, again for %hc most poch
among 11{971@7 animals, @@onc who from his own observation,
or jﬂle wa&inj of works on %he natural hisj(oty of jfhe 71{91104’
animals, becomes acgucu’n%cél wi%h ’(he chanjes of many of %hem
in shajoc, structure, and color of various %ocm:y pcw%s, and in
ha%i’(s and movements and &ispos{’(ions, as %He ma’ﬂ'@ pcw’oél
comes om, cannol faﬂ To be impwssecl wi’(h ’fhe jus’tiﬁa%ﬂi@ of
my contention that if chamisj(@ is concerned at all in These
remarRable phenomena, as cveryone would assume i 1o be, it
must be a chemis’(@ jfha% can be ’touchecl on@ on ils outermost

fvinjes in chefmicc& 1@%0«@%0@, TJake fov exafm«p% such a casc as

that of the American buffalo or that of the Wapiti deer,
Describing the behavior of the buffalo at the “running scason,”
Catlin, in his Jorth dmerican Indians writes Yhus: T is no
uncommon thing at this scason, at these gatherings, to see several
’thousan&s in a mass, e&o@mj and whed{nj about under a cloud
of dust, which is raised ?19 ’fhe bulls as %ch_y arc pawing in
the dirt or enque& in olespem’w combals, as j(he:y cons’fan%ly
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are, plunjinﬁ and %u%’nj at eo,ch o’('hcfr in ’Che most furious
manner, In ’fhese scenes, ’(71@ males are con’a'nuai@ foﬂowinj
the females, and the whole mass are in a constant motion; and
all ?aenow{nj (or ’voaﬂrinj) in clcecp and houow sounds which,
fminﬂe& ’fqgc’(her, scem, at %11@ distance of a mile or two, like
%71@ noisc of distant %ﬁun&w" dnd ﬂp’s concerning ’(he wapi%i
cluw'fnj w%, @ Colonel Theo&ow %oscwﬁ: "The necks of 9(71@
bulls swell and jﬂlgy chane@c incesscmjf@, for unlike %710 smaller
deer %71@; arc very moisy., The call may be given in a treble or
in a bass, but usuc&@ consists of two or three bars, fivst vising
and %hcfn fawnj, foﬂowecl @ a succession of 3wnjcs,,, Thaw
can be mo 3van&w or more attractive chows %Hcm ’(he chaﬂen\ging
of a number of wapi%i bulls whm two 3«0@% 7104’&5 happen to
a«pqofroacfh one omo’(hw under %he moonli 371% or in 9(710 caﬂ dawn,
The pecﬁlmj notes ccho ’dyrouh %710 dark vangys as 1f from
stlver %ujles, and %71@ aly is ﬁued w%‘h %71@ wild music, 3'710
bulls are ifnccssanj(@ challenging and fighting one another, and
civwmj around %He cows and calwes, @wmy %hc rul ’fha erotic
mamfes’(a%wns of ’thc bull are cx%movcima@

So much @ way of Nustration of 9(11@ mamfcs’ca’don of 3%@%
and wvaried power in connection wml ’t'hc pyoqoo:ga%iw attri bute
of organic ?acinjs. _@%mce now at jfhe wﬁmmen’f wi’fh wh{ch ’ﬂp’s
same attribule may mamfcs’( 1%se1f Wa%ch j(he ‘bo&ft@ mowmen%
%710 facwl expression, %710 cageYness of @e, ’che modulation of
voice, of a _young man, faﬂmy in love” wﬁh a _young woman,
And wha’f must be jcihc su?o’de’f of %He c‘hemwa’l processes ’fhaj(
accompany %he cestatic cfmo%ion induced by mere Homél confact
between ’fhc two _young people! WHM one considers in all i1s
asqoec’(s and conseguences, ’(he relation between ’fhe Sexes, eswc{cﬂ@
in human beings, is he not comzpenecl 1o recognize %Ha% %hew is
no o%hw ?Hefnomcnon in all 9(71@ world more marvelous %hom ’ﬂp’s?

In s%uo@mﬁ j(he h’fa ha%{%s of ’(he @a’h’fowma newt @{emjc% —

lus torous some ﬁﬁem _years ago, nojchinj made a more 1@5’(1'719
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impression on my mind jchcm ’(he violent %o&ily spasm experi—
enced ?gy ’ﬂla male o‘lwin\g one «pﬁase of %71@ amour, It would
appear ’(hajc almost if not gquite cvery member and Hssue of 9(11@
w'hole creature must be implica’(eél to some extent in %'hc ogi%a’(ion,
Tha’( %he mﬂmina’tinj sexual act waches more pfrofoumlly into
%71@ constitution of %710 organism ’(hom can be hcwmomzccl wﬁh
such a %101@1ca1 ’fhcoq:y as %ha’c of Weismann comemmj %hc 1s0—
lation of jrhe germ plasm ffrom ’(he “somatic plasm, wowcles
fo*r is indicated @ ncch all jfhe exact ﬁnow1ecl ¢ we possess
of the 15@51’01% of wepﬁro&uc’fion, and of the chcmis’f@ of the

ijoélucj({w clements,

Let us now reflect a 1Hle on wha% is before us in connection
with the male buffalo and wapiti, With the guestions of why, to
what cml, the buffalo paws up the dirt and bellows “like distant
%hunﬁefr, and as o what purpose the waw’m is aee%mowlmaw@
cwojac, “drives the calwes around,” and “flls the air with wild
music, we arc in mo wise concerned al Wcscn’c Our Woﬂcm
is, “LU'ha% is the mature of the enerqy and where does it come
from, that does all this work? We are agreed that in some
way the creatures make use of the grass and other food ’(H@ cal,
’t'hc waler %11‘39 drink, and ’the air %'h@ %wo?(he, in ?cfrfo*rmif@
%he work, here are two animals, material objects, or bodics, or
mechanisms gw’%a different from cach other, and both different as
to kind from any o’(ﬁws ’(ha% have ever existed on ’ﬁp’s 191@%@’(, Gt
a ?M’({cuicw scason of ’('he year cach does cerlain ’{hinjs pccuh’cw
to its kind and which it docs mot do at o’fhw scasons of ’(ha

car, Gan we avoid comlu&{nﬂ %Ha’( at %hese Yimes cach one must
haw cij(hw in its own malerial maﬁeujo, or in ’(He ’fmnsfovmcél
malerial it has taken in, enew—yie’l&inﬁ malerials %ha% are
unigue among all the emw—ijwmj malerials known o us in
_gjust the «pyopoy’aon that the work %71@ perform is uniguc among

all animals and among all other Things in nature? @c«’(am’[

\9’)’@55 cmci waj(w Q%CI aty CQ‘WHO% 1)0 fma&e %O CIO %11050 %711%35 (@
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any o’(hw mechcmisfms we Anow or scem in jche Teast Wie@ to
know, much less o be able Yo construct in our laboratories and
manufac%winﬁ cs%am{shmen’(s, Jo w?oea% whaj( J haw said in
substance several times before, ’(hese two objects we call 11'4.!1'119
jusjc because 9(11@ haw ’(he attri bule of 3@%%inj work oul oj: grass
and waler and air %ha’( jfhcw is Mo Possi %1’1{9@ of 3@%%{nj f«om
%hcse materials in any o%he*r way, and which we could not @
any possi Tn'w@ imagine to be latent in grass and waler and air

excefp% foer %hese o?gjec%s,

Jwo po{n’(s on@ do 7 wish to make in connection with sec—
onc?a@ sexual chamc’(ws, The ﬁrs’( is ’Cho,’( ’(he undoubled trend
of invcsj@a’don into %He diffevences between %he two sexcs, among
the hioher animals at least, is toward demonstration that these
éliﬁcwmes extend o cvery imjoo«r’(an’( structural feaj(we and ac—
%iw'@ of jfhe organisms, (ﬁhwwise e%qowssecl, jche concep’(ion to
which we are being led s %ha’( “sccomiaty sexual chamc%ws” por—
tain not mwc@ oa few organs and func’ﬁ'ons; as for instance
stature, extent of hairimss, and woice in man, but fo almost
cvery structural and func%ional aspecj(, N s ifmjoossima to give
details hem Suﬁce i1 1o say %Ha% ’(he cvidence is coming fvom
soveral distinet sources among w'hich ﬂpwhaps %'hc mos?t impo*r’(cm’(
are ﬁwsiae& an’(hvo*poiqiy, ?5907101‘22% (espcciauy as cqoph’cci to
pvo“ems oj: c&uca’(‘[on} and various olejocw%menj(s oj: medicine, Vo
one has done beWtor service in %injinj ’qu;c%hcqf and siﬁif@ in—

forma’a’on n ’(his feld ’thom :Eo,wlocﬁ Ellis, 111'5 work Jlan and
Woman %einj most :liwc’dy to ’fha Purpose,

The gues’cion of prime imjoovjcame is, how wiéh@ and élwqo@
into ’fhc constitution of %710 two sexes do %Hcsc &iﬁevcnces pene—
trate? Do jﬂ’@ wa’@y extend 1o cvery pcw’( and acj(ivijg};; and do
’thgy waa’h clear down %o ’fhc chcmicol comjoosi%{on oj: jfhe organ—
isms? 7 believe ’t'hc wﬂec%iw@ conservative wﬂy must be ’fha’(
pwo%a?@ jche differences do reach ’fha% far, The o’fhw poin’f to be
%ouchccl upon is %ha’f of 7(71@ physid@ied causc of sacom?m:y sexual
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chamc’wfrs, G 3%@% amount of evidence is at hand 1o jche offect
%ha’( eswcicﬂly in j(he male j(hosc «pcwjfs of j(he %oc@y whiéh e%hi bit
sex structures which are mo paﬂ of the Wp@’oéluc%ive sys’(em, are
still very ifn%{fma’cc@ correlated wml %ha% gys%em in some way,
The familiar cffects of castration illustrate %111'5 suﬁcien’dy for
our pwsm’( needs. J‘he oafclina@ work ox and 3&&1’@ are guij(e
different from %he bull and stallion. There is a mjo{cny growing
mass of cvidence jfha% %Hese corrclations are ?&4’%@ duc To inter—
nal secretions pvo&uee& @ %he sex 31@11:15 %Hcmseives, “Internal
secretions,” it may be remarked, ave secretions that ave claborated
@ some ﬂom& or Yssuc and clischa@c& into 3(71@ blood or @mﬁl

instead of out upon jfhe swfo,ce o:f ’(71@ %Oc@ or info some caw’@
like %71@ cligesj(iw,

WH{% i is cerlain ’(ha’( ’('hcse scerelions fvom %he sex 31@1&5
do not account in all cases for ’(he 3¥ow%71 of ’(he seconﬁa@ sex
structures, it is cerlain %ha’( in very many oj(hw cases, «paﬁ’%icu—
Lw@ among mammals and birds, ’fh@ are Ia@e@ responsi ble for
such structures, ZB@fow 90ing fafrjthw A will be well To see in
a pcchicﬂcw case how ’fhese internal secretions work since %He:y
appear 1o be of very 3wa’£ impoqf%cmce fow acyusj(inj %710 vari—
ous pm’%s of %He organism fo one omo%hw, j(ha’( is, in securing
and main’mininj ’fhe proper um”@ and balance of %hc organism,
f@l&y s@niﬁccmj( and ifn%ewsja’nj is j(hc jcac% %71@% j(his chcmicol
mc’fho& of o,ccomplisfhin‘g foqf ‘ﬂle organism wha% was foymw@
swpposecl 1o be one of ’(he main ?rcwcga’({ws of %he Nervous sys—
tem, epmf%icdcw@ j(he “s\ymzpa%ha%ic” {ys’(em, has been found so
impm”(cm% in the cconomy of the organism, that a specioﬂ name,
7zomnone5, ho.s been given to %he substances concerned, j(he word
chosen meaning an exciter, or arouser,

The example T select though mot velating primarily to see—
onﬁa@ sexual structures illustrates ’che pvinciﬁe under consider—
ation so s%wﬁmﬁ@, and is so impov’(cm’( in cmo’fhw asqoec% of 9(110

wpﬂroc‘luc’(ive process :Fha% J haw not h@si’m’w& to make use of it
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T Has wfewme to %he ﬁ%a’{ion of %he ovum on jche wlerine wall
aﬂcr impvggna%ion has taken place, Stated in %friefasj( terms
%710 case 1s %h{s: @1%@% jﬂle ovary is wick@ and very shcwqo@
secpo,m’(ecl, ana%omically, from ’(He wlerus, and es?mmﬂ from its
internal swface 0 %ha% %he ovum must travel a considerable dis—
tance after being discharged from the ovary, the ovary still 101@5
an essential epcw’( in %71@ later clwdoqomcn% of 9(71@ ovum, T}p’s
pcw% consisls in 9{71@ ova@’s paf’({cipa%ion, sceminj@ %Hroujh an
infernal sceretion, in %71@ imeplan%a’cion of %71@ ovuM UPON %71@
epi%ﬁeh’um of %71@ wall of jﬂlc ulerus, Jhm is a 3003 deal oj:
cvidence %Houjh pwhaps not enouﬁl To make %’h@ ?oiﬂn% cerlain,
%ho,% ’fhe so—called corpus Tuteum of ’thc ovum is %710 jlaml %hajc

pyo&uces %711'5 secrelion,

Jo %'hc extent %ha’( internal secreltions are %he causc of 3(71@
ciewio%p‘menj( of saconﬂa@ sexual s’rfruc’(uws, our pwscm’( inderest
in 3(710 epﬁmomena leads us 1o ask two gues’(ions: w7la9( is %he
nature of jchcsc secretions, and how are %71@ ?yo&ucccl oy{ginol@?
In wply to jche first guesj(ion, ifnforma’(ion about ’(he attyi butes
of individuation of %he substances s c%ceeﬂin\g@ meagey and
dubious, (4 variously crystallizable, dificullly soluble body called
spermine has been pﬁ’efpo:recl fvom %he testis. Th«[s is beliered @ a
few chemis’ts 1o be %he “active pqﬁim{ﬂc” of ’fhe extract of testis
which attained ﬂno%ozric@ a faw _years ago as a mew “foun’faiﬁn of
301&%71, " and wml which 9(71@ name of ’ﬁle clis%inju{shc& physiol@is’c
@vown—chuwc‘l was un«pleasom’(ly connected.  (@lmost all %11“%
is Anown aboul j(he substance 1s ’(hfrou\gh observation in Iivinj
animals on the effect of vemoving, orafting, and %mnsqolan%i@
%710 sox 31@%35 and o%hw sexual 1ocw’ts; and on discasc of %hcse
members, In o’fhw words whaj( ﬁnow1eé}9¢ we possess of %Hesc

bodies is almost m’dw@ of ’fhai«r attri butes of relation,

The frcp@ so far as it can be made To the second guery, that
as %o %hc origin of jche bodics, is more fin’(ewsj({f@ still, Thgy
are made, oa*iginany and uﬁifma%ely, ‘@ the k’w’qg organism, cach
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specics and eo,ch individual making a substance for i’tscif ’(ho,’t in
all pyo‘ba%ﬂi@ has somej(‘hin\g in common wmb and somc%hin\g
different from, the cowcsponclinj substances of other species and
individuals, “here again we ""'wl a Jﬂimpsc of ’t'hc fac’c, as we did
in connection wi’(h %he antibodies of ’Chc blood, ’tho,’t Uw'fnj bodics
are mot only manufacturers bul are originators, ecven original
oyigina’coqfs, of new chemicol substances,

212

“wah ’this we may turn o ’che last of ’(he %Hwe activitics of
11'4!1’%3 bodics, fncmwly ’Khe pgychicd, at which we pfroposecl to look
fow %’he purpose of seeing ’(hc um’gucmss %ojﬂl as 1o gud{@ and

uom’(i@ of %He energics such bodies possess and %He work j(hgy
do. We saw jchajf %he pfropctga%ive attribule of %710 buffalo and %hc
wapiti enable the males of those species to convert some of the
enerqy latent in grass, air, and water, into remarkable Rinds of
work, Bul ’(he marvelousness of %he ’fmnsfo*rma’(ion of enerqy

%hew zpwsm’(e& sinks o ’(he Tewel of ’fhe commomﬂaw beside %71@

%mnsfovma’tions we arc mow 1o consider,

WHa% hajopens whm men take fooci and make 300& use of it

¢ marwvel ?Jggins not mew@ %He instant foocl is Taken into %71@
fmoujch but somewha% carlicy, gw@%oc:ly knows %ha% %hvoujh ’(Ha
intermediation of ’(716 sfgh’(s and odors of %hc dinner Table ’(71@
oligcs%iw mach{m@ makes wacl;y fw %710 meal, Vo one need be
told about the “walering of the mouth,” upon occasion when food
comes in sight. Aowhere is the trustworthiness of common sense,
w'hcfn sense is al its best, move fuﬂ:y demonstrated j(bhcm quhj(
hew; fov common sense and uncommon sensc, or science, confirm
and sujoepiemcnj( caéh oj(hw in %He most comﬂe’w and in%ews’(inﬂ
way,

T Has been 10119 Anown jfha’( 51'911%5 and odors determine %o
some fl@we not on@ j(he guwn%ii(y but %71@ gua1i’£y of 9(11@ c‘l@cs’(iw
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secvetions, Bul not until recent _years ho,s jche 37@@% extent of ’ﬂp’s
influence been chgm'zecl, The Russian p@siolqgis’( Gawlow and
his colleagues have o«pcmccl up for tillage a mew, large, and very
desivable ract @1’@9 between and con’@uous 1o ’Che two vealms of
physio’lqg\y and pgycho1w, J am referring to wha% are called @
Fawlow “ﬁyscﬁoiaa’[ secretions,” The fac’fs %vieﬂy stated are j(hese:
Qm‘tcn %he ducts of jche cliges%iw 31@%35, ’(he salivarics for instance,
are so mcmipula’teoi in 5(710 Uw'%jj normal élqg jfha% ’fhc secrelion
can be wa%éheél as 11 flows, collected, and studied guaﬂn’ﬁ%a%{w@
and guoﬂi%a’f{w@, it is found that many stimulations as of sight,
sound, and smell, have very definite Thouol diffevent cffects on
the secretion produced cven when mo food substance is pwsen’cj
pq’ovicl{nj %710 stimulations haw y«ew’ously been associated wi’(h
’fhe animal’s food—taking, In a word ’ﬁle phenomcna obserwved,
%ha’t is, ’(he sort of extrancous influences or activitics ’(ha% will
be effective as stimuli, and j(he sort of resulls ’Cha% will ensuc
in the way of responses, are Ia@c@ éhvpcnﬂm’( not on@ on the
facj( %ha’f %hc object under examination is Uw'fnj, but on ’(He
fw%hev fac’f j(ha’( it possesses %Ha’( fpeculicw attribute which we
call consciousness, “Sounds which differ fvom one cmo’fhev very
Tittle in ?oi%ch (’fhe guol{i@ and in%msi@ remaining cons’fcm%) may
become %71@ stimuli for ’(hc secrelion of saliva of different clggrces
of wiscidity; some cause the flow of liguid saliva; others, of wiscid

, ”
saliva,

Gawlow %imsdjc scems to be averse To giving his resulls any
?aﬁimﬂcw pgychoiqf;ical s@niﬁccmcc, dt any rate 111'5 pmc%ical
interest in ’(hem is jfha’f of ’(he ?hysi&qgis’(, :5@ 1@5 stress on ’(ha
fac% j(ha’( jfhe student Occwpiecl wml such inves’@a’(ions must fowm
opinions that are “objective only.” There can be mo doubt about
%71@ imjoo*r’(ancc of main%aininj %hc o?_ajccj(iw s%cmclqoo{n% whﬂc
observations on natural phenomcna like %hesc or foer ’(ho,’( matler

s*The Method of Fawlow in @nimal @iycholw," by R M. Uerfes and
Sevgius Moroulis, Fsycholosical Bullelin, Huo. 15, 1000.
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any o%hcrs, are %ei@ made, Nor do T see any reason why ’(his is
more incumbent on the physio1q9is% than on the eps\ych&ggis’( or
anyone clse, however the cgual ifmjooﬁomcc of the other side, the
subjective, for a@’fhi@ like sa’(isfac%ow ﬁnowie%qe on a more
111971@ gyn%%e%ic level is obwious, Jo 9(710 e%pwifmen’(w who is
sj(uclyinj %71@ cffects on a clq_q of various of %71@ fowes in nature
as %hese are momifcsj(ccl ?Zy %71@ saliva pvo&uceél, ’(he objective poifnjc
of wicw is whoﬂy essential o sound conclusions, and may be all
%ha’( %71@ inws%{ga’(w chooses o be inferested in, But suw@ %71@
dog himself, had he somewhat more intelligence and a language
in which to express Himscﬂf, would be infevested in 721'5 pcw’( of
the proceeding as well. Fe would want Yo know whal goes on
inside 711'5 maﬁ@—wp whm j(he waves called sound 711'9( upon 711'5
car drums, %ha’( shouw cause his saliva@ jlawls to yyocluce a
Auid more or less wiscid olepenclinj on differences in ’(hc ?i’(ch of
the tones. Further he would want to know how the whole affair
stands in relation 1o his own s’(wnjj(h and hm’&h and comfoo’jc
and ho.pjoimss; and most of all, pyo%a%@, 71@ would be interested
in %he gues’(ion of how far his desives and cfforts of mind and
his effective will, brought o bear cither indivectly or divectly,
could moélify the guom’(ii(y or guaw@, or both, of the secretions,

In o%hefr words %he &es@na’(ion “ps\ychica’l secretions,” s well
chosen and %hew would seem To be no scien’(iﬁccfuy Possi ble way
of pwwn’c{@ %hc me%hoéls introduced @ Gawlow from running
’their natural course and wwcﬁlinj 3(710 excecclmﬁly im?ov’fcm% im—
plications contained in the idea, as well for the psychological
as for %he ybysiohqica’[ realm, The minds of men and at least
%710 Mqhav animals plo:y a Ia@c and funﬂa«ncn’aﬂ po;rjc in such
pweeminenﬂy physiohzgical and chamiccﬂ work of ’(71@ Taoczy as %ha%
of secretion, and the facts cannot be made otherwise by applying
to them sucy terms as saZ{va@ reflex pa?725/, inhi'bitions, and
50 on, howwcv uschﬂ jfhese expressions may be for Jcsc«rip’a'w
PUTPOSCS,
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Nor do T see any 3%@% %heow%iac& o?gjecja'on to svpeaﬁinj of
%he organisms jfha% e%hi bit ’fhese pheno‘mena as mechanisms or
machines, w71a’c J would insist on is That if we hold i desirable
1o call 11'4/1'119 bodies maéhifncs we shan not allow ’ﬂle name to make
us oblivious of %71@ unigue and remarkable work such machims
do as contrasted wi%h jfhaj( epwfo«mccl @ any maéhim dewised
@ man’s inventive genius and constructed @ 711'5 hanéls, T
scems To me %he gucs%ion of whe’fh@r or not Uvinj %einﬂs shouw
be «gga«aleol as machims is p«imm’i@ a guesja'on of ohswifpj(ion
and classification, that is, a Taxonomic guestion. The classifier’s
pvoﬂcm olwo:ys contains, as a basal clement, %hc gues’a’on,fow
many atri butes—in—common and how many not—in—common,
do %He o?gjcc%s under consideration possess? ﬂf ’(hey have several
common attribules, csqocciany such as are of 1&971 {mpovj(ance
1o 9(110 existence of ’(he object, %hese objects may jus%iﬁa%@ be
pu’( ’(qge’fhw in a group of one 3¥aﬂe or omojfhcm Thew can
be no doubt that a dog and an automobile, for instance, have
a considerable number of common attri bules, ZBo%h haw fowr
locomotor ajopenﬂajes, Too’ch are able 1o 90 owey ’the 3«0unc1 at
a hioh rate of sped; and, above all, 1:0’(11 arc able to use for
locomotor purposcs %71@ enerqy stored up in cortain extrancous
material which méﬂﬁ in Taojfh cases be called %’heiﬂr foool, But fo*r
scientific purposes %11@ clijfewn’cia%inj aHribules are so much more
numerous and striking and fundamental, that pujcjfinj the objects
%qgejchev in one class, called fmaéhim, has very 1Ml value — less

volue ?19 ajOOCz CIQCLL %hcm ‘WO‘LLICI 1)6 a CIQSS ’fha’( Sthfl incluc&

S%e‘Y n—whed s%ccwn?:oaj(s cmcl whee%m’ YOows.

R is unciou%’(acny convenient in ?aoj(h ow&ina@ and scientific
1an3uq9¢ to Sfpeaﬁ of ’(he mechanism of 5(710 human %ocly or of
some ?a*r% or ac’(iviiy of it, and ’(hew cannot be 9(11@ least objection
to clo{fnj ’ﬂp’s, But 1o make %710 resemblances between %71@ bodies
of men and o’(hw animals, and ar’tiﬁciaﬂy mcmufac’(uwcl objects

called maéhims, 7(71@ basis of a machcmis%ic ’(hcoty of Um'nj objects,
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has Tess scicnj(iﬁc _jusj(iﬁca’(ion %Han would a whecl—?aawowis’w'c

%ham:y of sj(eamships,

2.1 3

(4s olwao:ty inclica%c(l, in no ojﬂlw ?aﬁimﬂox, p«o%a%@, do
uvinj %einjs and manufac’fwcél fmachims resemble each o%hw S0
fmuch as in ’fhe a%ﬂi’@ %0%71 cha of 30%%in3 work oul of %Hcifr own
structural awan\gemm’fs and out of materials en’(iwly fowign to
%hcm, N is _jus% hew also %Ha’( %71@ most remarkable &iﬁcwmes
are fowncl between ’fhefm, We chc considered one peculimiiy of
11'4!{%3 %ei@s on one of j(he Towes? levels of jfhc pgychic attri bules
of higher animals, Let us consider for a moment the difference
between 11'4!1'%3 and non—livinj bodies whan compomél on %71@
basts of ’{he 71{911@5’( Towels of ’thc pgychic attri bules, @ompcwc
foo’ e%amﬂc @@chmfcl Wo:gmfr and an aulomatic piano run 11‘9
an clectric motor esqoeciany constructed and aob'us%col fw 9(11@
purpose, Lot us start 3(71@ piano going on, say, a 3003 “record” of
%he overture of %nnh&usm ﬂﬂp’% Us%minj to %hc impressive
strains of ’(he main %Hcme let us veflect om %he pfromems of
work and ov{gina’(ion %Ha’( are %cfow us, Thc mechan{col ﬂplo:yw
conwverts j(hc enerqy of elec’wici’@, i’tsclf 30%0«@%@&1 @, pcfrhaps,
some waterfall in ’fhe mountains, into a combination of sounds
most o:_gwcamc 1o jﬂle listener. Tha whob oqocm’u’on is ceﬁain@
very wonclwfu’l, Tha picce of music 1s unclou%’(cﬁy %einj pvo&uca&
sz work, (dn oﬁgina’ﬂ'on of a sort — an imitative or{gina’a’on -

1s %aﬁinj place,

ANow turn in %hwgh% 1o wO:qnw himself, ’che composer of
gzmnh&uscfr, 5om<paw %hc pyoﬂucinj, %hc oq’@finaj(inj, %hc work,
he did with what is done @ the music fmachim,’ Let the whole
situation, not on@ its scientific but as well its cs%hc%ic and emo—
tional aspecjc pwmca’(c Yyou fwe@ and ful@, and sce if _you find
any inclination o call w@m« a machim; o speaﬁ o_ff Him as
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"%oj(’h{nj Wt an ogjrgga’(ion and conformation of material pozrj(s
not essmj(ially cb'ﬁewn% ffrom cg\gq*e\ga’dons and confovmo,’(ions of
such ?afr%s well Anown To our 1a%om’(oty mcj(hocis, ?Wiy main
?oin’c has been so oﬂcn stated j(bhaj( to wpca’( it mMmay seem su—
pefrﬂuous cven tivesome, We assert oj: W@ncv %Ha’( 71@ was a
Z{w'@ o‘ly’ecj( jus’( because he was able to do work um’gw in all
%71@ universe, on %710 enerqy stored up in his food, and @ his
pm’uw&lm’ %oczy structure. The extent of %ha’t UNIGUENCSS as com—
pcwezl wﬁh jﬂle umgucncss of j(hc %mnsfofrma%wns of enerqy @

0%11@4’ ‘n%LSiCC& CO‘WI‘POS@YS is ﬂl@ measure OJC Wo:_qnw 530mu5

N scems %Ha’{ bewilderment wﬁh wfewmc to jt!hc momentous
po’omems being j(ouche& upon, is 1o a considerable extent duc 1o
the meaning attached 1o the term “work,” Mw@ chemists and
physicis%s scem 1o haw been led @ %hciaf laudable desire o pin
all physico—chemicd concep’(ions down o some%hinj guan’rfi%a’({w@
precise, To consider Hhe application of the word “work” to such
?hcnomcna as ’Chosc of organic clwdojomcn% and arlistic or in—
tellectual achiwcfmenj( as wry'us%iﬁa“e, "ﬂmﬂlwpomovphic" is ’(he
omoro%w’ous aéljec’five whiéh has been fmuéh used To &es{g%a’(e %his
supposed misuse of the term. Bul, T ask, where did the idea
of work come fvom in ’fhc ﬁvsj( p%,cc if not fvom ’fha fac’( ’fha’(
man himsdf could act, jfha% is work?

Mnolou%%ec’@ ’fhe ’(emlengy of humom %ciﬂnﬁs to om’(hwoyomoy—
phizc and ?evsom'fy inanimate o?gjcc%s is e%cee&i@@ sjcvonj and
has done tmuch chm, es*pccia% in %he remoter pas%, Undoubt—
edly, too, one of the greatest services of p@sical science has been
in counteracting, cheching, and guiding, this tendency, But I
insist ’(ha’( whm physical science pushes s o?_:jec’m'w mc’thocls not
on@ of o%sewinj but of ’fheo*rizin\g to ’(he extent of g/ucs’(ioninj
the vcdi&i@ of any su?y'cc’a'vii(y at all, that is, of the Wc&i@
of %hc mos? clewlojoecl ygychic aHributes of 11'0.!1'119 %einjs, it is
uncflefvmmm\g one of jfhe very corney stones of science i’(scﬂf, and
so is commitled 1o a course mot a whi% loss destructive ’fhcm is
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%he unbridled ’(em?mg_y to pm’sonfiﬁca’tion We j(ouch hew on an
exceedingly imjoovj(cmj( chapter in the history of the human race,
but cannot now Hc&’t 1o notice more ’(hom a 51'1191@ payoﬂmﬁh of
i,

gxac’@ how ‘w@m« manqgeol 1o 36% suéh wonc?wful work
out of oxygen, carbon, mitrogen, hyc%@efn, «phos?hows, and so
on, fs un&ou?v’woﬂg one of 9(71@ 3«rca’(¢s’g most pressing «pvo?ﬂcfms
Taioéhemis’(@ now Has on its hcmcls, Were 7 an inwsj({gaj(w in
this field I should suw@ attack the pyoﬁ@m on the @po’ﬂlesis
%ha’( ’rhc Uw'nj beino has some mc%hocl, pyo%a%@ several mc%hoéls
of “’(apfpinj” jthe stores of energy latent in jchcsc materials far
more inclepemle%j( of %71@ oxidative processes, at least as ’(71@50
are Anown o pwsen% ﬁaj laboratorics, %hom is usucﬂ@ assumed,
(s one ?oss{%ﬂi’@, take j(he relation of carbon and ni’cvqgen,
%his gues%ion Hcvm'fnj received much attention 739 some chemis%s,
Since we acj(ucﬂly do Haw such enerqy manifes%a’fions as %ha’( of
imagination, let us say, but hawe not, so far as J Anow, any
3¥wn3 for Supposing oxygen more essential ’(Hcm is emlefr carbon
or ni%ﬁr@c% or by&vqgen for jﬂp’s form of pgychic work, why is
it not as j’us’dﬁaﬂ@ to conceive ci’ﬂle@r cw%on—cmw or ni’fy@en—
enerqy or a combination of ’the two o be Speciﬁc fo’r imqgina’don
as 1o suppose oxygen Yo be? 7\@ poin’t is %haj( given such vast
and remarkable Rinds of ac%ivij@ as we haw in j(hc y{yéhic 11'fe
of higher animals, why shouw not 9(71@ chcm{s’( avail himself of
many m’fheer %Hcm a compam’(iwly few Ppossi ble supposi%{ons as
1o 9(71@ source of %71@ enerqy fm’ j(hase activities? Bul 7 do not wish
1o appear in jﬂle role of a chcmicol sqowﬂa%om ?W:y desive is 1o
90 jus% as _ffcw in %711'5 divection as %hc posi%{w data of %hc natural
111'59(0@ of man leads ’thc naturalist who belicves sj(fronj@ ’fho,% a
much closer in%e*r&eqoemlence exists between conscious p{ychic 11'fe
and %hc metabolic processes of ’(ha organism %Hcm %iochemis%@ Has
30% discovered,
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2,14

S%anolinj ?g my posi’(ion as a student of Zfz'w'@ beings taken
as wholes as well as in detail, that is, taken on the basis of
all %Heiﬂr attri butes w{’fh which Jd am acguam’(c&, ’t'hcse fpsgéhic
aHribules in epav%icmﬂcw comzpcﬂ me To ask %hc guesj(ion: haw’n\g
committed myself wi’(hou% gud{ﬁca’(ion to %He idea of conservation
of enerqy, whaw are ’(710 limits 1o jche a%ﬂi@ such beinos chc
of ’(mnsfovminj jfhe energics of oxygen, carbon, ni’tvqgcn, and
the vest into psychical activities, or work! Reasoning, so far
as J am able, in the same gemeral manner in which I have
reasoned all my Tifc on all sorls of matlers casy and cliﬁcu?(, J
sce mo escape from 9(710 conclusion ’(ha% ’fhew is mo limil in an
absolute semse, By way of illustration, making a combination
of memory, %houjh%, and imozgina%{on, 7 seem able o take in a
s’m'c%ly limitless universe, In ’(he first place @ making use of
wha% d can m\ysdf see and wha% ’fhe astronomers and p@sicis’fs
tell us, I can go Yo the limits of the observed poy’f{ons of the
universe, and 3(71@11 @ an act in which imc@ina’t{on and resolution
or will, scem %o be %hc éhief facjcovs, J say to myse1f, "I %hefre
is cm\yﬁlinj a@whew %gyoncl j(hese confines which is cven possi %@
c@nizaﬂe @ ’fhc senses, J will Take %hefm in 100" So T scem
1o haw pc«rformccl a piece of work ’(hajf has an asqoec’t of sqoecial
infinitude about 1, Did 7 pe«form j(ha’f work on enerqy latent
in carbon, nitrogen, oxygen, and the rest? @m@ answer must
be quoo’(ﬁe’c{cal “having vggcwcl for all science now Rnows about
%he ﬂepemlcnce of work on malerial, How can my hypo%he%ical
answer escape %einﬁ aﬁymaj(iw? Thm if J make any Eyjooj(hesis
as o jﬂlc enerqy cajoo,ci’(ics of ’(hc c’hemicol clements involwed, how
escagpe ’che hypo%ﬁesis %ha’f ’(hcsc cacpad%{cs are unlimited; %ha’f is,
are infiniteds

The pgyéhic activitics of men, pcw’(icuhv@ the imagination

#These sentences, written six _years ago, oujh’( o be comqocwco? wml %'ha

central h&ypoﬁlesis of my m:gam'smcﬂ ﬂlcoty of comsciousness, pvcscn%ccl in
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and %71@ emotions, reveal ’Che fac’( ’Cho,% carbon, oxygen, nijwqgen,
Eyﬁngen and %He o’thws, are infinite as %o 7(71@1'4’ attribules of
relation, cxac’c@ as water veveals a fow attribules of relation of
oxygen and hyclﬂr@m, and as Table salt reveals a few attri bules
of relation of sodium and chiovim, Tha’f is ’fhc way of s%a’a'nj
%71@ chemicd aspec’( of my condral conceqoj(ion of organic %einjs,
But who.% under %71@ sun, some one is sure to ask, s 9(71@ meaning
of inﬁnij(e as apph’ecl in ’this way to %hcse famﬂicw substances?
Bimeply, J wﬂy, jfhaj( we have cxzpm’fienja’al evidence of %haifr
Ppossessing a vast amount and vcwic@ of enerqy, and no ground
wha’(ww exccfp%inj ’fha limitations of our momenj(a@ 1a%om’£o=@
infovma’t{on about 9(110 su?)s’(cmces, jfha’( 9(110 number and measure
of jfheiqf energics is limited,

Thosc w'ho ho.w cliﬁcul@ w{’fh 3(71@ comcjo%ions of {fnﬁni’w as
aepfph'ecl to fno,’twc, 7 would urge to reflect ’(haj( who,’(ww ’fheoq:y
of the Infinite one may hold, an essential clement in that jﬂleow
must be that infinite and finite are antithetic terms; that ome
necesscm’ly imﬁ{es %he ojchcfr, Jf he is convinced, as I am, ’Cha%
sense experience, ’fhaj( s, ob’ecj(ivi@ is ultimale fo all ﬁnowleolge
no less %Hcm is mind or subjective experience, ’Chen @ %Hi%ﬁinﬂ
’t'hc matler over 710 will see %710.’( since exjowicn’a’a’l ﬁnowieclge
knows mo suéh 9(111'419 as ’chc absolute annihﬂa’(ion of material
bodies, but only their transformation into other bodics, he has
pwcisc@ ’rhe same foo’(how foy 1Magining or conceiving {nﬁni@
’(ha’t he has for iMagining or conceiving ﬁm”@ in an ultimale
sense, ‘Indeed ﬁm@ in an ultimate sense scems o be i%sclf a sort
of inﬁni@, a sort of nc;_ga’tiw inﬁni@, The absolute n@a’(ion of
someﬁl{nj is mo casicr 1o manage %Hcm 3(71@ absolule extension of
somcﬂli@, 50%5@91&@%’@ whe’(hev hc accep’(s ’(he one or ’(he o%hefr
as more dificult or more casy is Ia@e@ a matter of custom, or
’c’ha last chajojcw of ’fhe Unit of ‘?7;e O@am'sems, ﬂﬂlcwifn T now consider
the hypo’(’hesis here suﬁgcs’cef as lacking definiteness will be seem by such

compcwison,
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ha?ai’t, dnd he will see fw’{he« ’(hajc he can accustom himself to

accezpj(inj 170%71 jusj( as well as 71@ can acwp% onc 1o ’Cha exclusion
of jﬂle ojﬂlmﬂ, joﬂn”( unélou?a’(c&@ culs an cnormous figure in our
’thinﬁi@ jus’c as in we@%hinj clse we do,

2.15

J ?m'nﬁ %he series of gucsjﬁons and reflections 1o a close wﬁh
a few remarks on ’(ha relation of my 3eneva1 s%wnolzpoi%% to
materialism and vitalism,

Thc assum*p’ﬁ'on appears to be weﬂ—n{gh universal among
w’esenj( cla:y %io1g9is’£s %ha’f ’(he c1assiﬁcaj(ion of j(hemselws into
Uitalists, and Malerialists or ?\/Lechcm{s%s, exhausts %hc Ppossi—
bilities of classiﬁca’(ion as r@ax&s ’(he views j(hgy how %ouchinj
jfhe 1@4:905’( ?:io1q9ica1 pyo?ﬂcms, @ e consideration wgh% to
conwvince anyone ’fho.’c ’ﬂp’s assump’(ion is unwarranted, 7 call
attention %o %hc circumstance ’fha’( fmuch of current discussion in
%111'5 ﬁem uscs %he terms mechcmis’(ic and malerialistic as ’(houjh
%h@ were Synonymous, But s j(his wa@ 509 jow can it he?
7Mac7lz'm fyom wh{ch mec%am’s‘?fc is derived fis ccv’(a{n@ very
cliﬁefcn% from matier ffrom which materialist comes. mwious@
%hew is socme%hin\g of vagueness in %he founéla’(ion terms on whiéh
%his classification rests; and doublless 131'01991'5’(5 haw more reason
%hom any o%hw group of scientists To be mimlfd 9(710,’( any classi—
ﬁca%ion is more or less unsa%isfac%ow unless %heve be at least a
zprovisioncd cgfrcefme"n’( as 1o j(hc meaning of 9(11@ basal words em—
101@@&, @nd recent discussions haw yaﬂimﬂ,w@ emﬁlasize& 9(11@
fac’( %ha’( 3(71@ term wvitalism is not in beler case as o cleﬁfnija’on
jfhom is materialism.

These remarks haw %710 sole purpose of jus’(ifyif@ wha’( is
o?wious@ ifmph'ecl %vaghw% ’ﬂp’s discussion; namcly j(ha’( from
my standpoint the effort 1o classify biologists on this basis is, for
all ?Yac%’[cc& ends, futile and ought to be abandoned. Was William
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fawgc_y a mcchomisj( or a vitalist? @w%a?ﬂ\y no Taiohzgis’( has done
more o advance the understanding of the animal orvganism as
a mechanism than he, and this whether his methods of work
or ’che resulls wachccl be considered, yc’( ungucs’w’ona?o@, ju%;cél
by numerous of s uMerances he would have o be classed as a
vitalist, This statement would need but little chw@e to make it
wpﬂy aguol@ to Cuwier, Sir Wchmﬂ Owen and Fasteur,

Were Dubois %mon& and ﬂomasjuxlgy materialists or vi—
talists? Suw@ no one would gucs%{on %Ha% pyac%{cazzfy %o’ﬂl jﬂlese
men weve %idqgicol mcchcmis%s or malerialists of spien&i& sort,
3e% as for :Euxlgy at Teast, mo 731'01991'5% has shown wml \9wa’wfr
fowa and clearness %he iﬂnacla;uac\y, not o say j(he shoﬂowmss of
%oﬂl vitalism and malerialism as yhﬂosoﬁkd doctrines, ’ﬂlesc
two &is%{nﬁu{shedl %ioiqgis%s chose to classijfy %’hemscﬂws as agnos—
Yics mjfhw %hcm as ci’chcv malerialists or witalists, and 7 do mot
sce How we can avoid accep%inj %71@1’? &isposi%ion of %hcms&ws as
%m’ﬂnj gui’w as ﬁﬂosoyhiaﬂ or scientific or useful as would haw
been ’thm'fr classifnj ’thcfmsdws as eijchw vitalists or materialists,

Frofessor W. £ Brooks would have 1o be classed as a biolog—
ical idealist or su?y’ec’civis‘l @rofassoqﬂ jaeaﬁcﬂ whﬂe over—well
accoutered and s%ancli@ at attention qgm’nsj( vitalism, stll scems
1o wish to be known as a monist m’fhev ’(hcm as a malerialist
when it comes to philosophizing on a large scale, If, therefore, 7
make myself an outcast so fm as pwsen% élo:y phﬂosoﬁlicd biol—
09y is concerned @ wfusinj 1o be c1assiﬁec1 as eﬁhefr a mechomisj(
or a witalist, and @ declaring that my s%cmahooin% traverses both
mcchomism and vitalism as 7 understand %hesc, J cey’ca{nly shau
not be alcme, wgcwcl %cmj had Yo carlicr as well as conjfempom—
neous %1'01@1'5%5, The fac% is as ?ao’fh his’co*@; and conj(empom@
pmc’u'ce c%mfly show, the moment a man of science, no matter
in wha’( clcpcw’ffmcn’t, makes a sevious effort at ?71{10501071{1{%3, 710
ﬁan it impossiﬁe to remain wi%hm ’fhe bounds of his sqoecicfl—
ized province, fe cannot be much of a phﬂosophw and be a 511010
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phﬂosovphe% ViAalism is fpaﬁ’%iculcwly o?_:jec’({onamc as a phﬂosoﬁl—
ical label because of s shoppishmss, Vitalism hew to s%fvic%ly as
a 1071{1050107]9, would not allow a@%oc:ly not a 1wofcssionol biolo—
3is% 1o be a fphﬂosophw @nd in so jco;r as mcchomism succeeds in
pairing {%Sdf off wi’(h vitalism 1 1s open to 9(11@ same ob’ec’ﬂ'on,
But %einﬁ desirous of esj(amish{nj a modus vivendi wﬁh %09(11

materialism and vitalism 7 must state, bricfly as possible, my

attitude toward %hem,

The scverest indictment against them according to my view,
is j(ha’( jchgy are %o’(h @hsolutist or Finalist al hecw’(, ﬂcw
is almost mo choicc to my mind between absoludism which takes
such occult, or as 7 haw dsawhew called 1, animistic form
as ygychoiéls and entelechics, and absolutism in such talismanic
or magic fowm as has Ia’w@ been bestowed om chﬁromosomcs,
cerlain obscure chcmical substances like enzymes, and ’ﬂle like,
N is more %hwn a@%ﬁin‘g clse j(he desire o ﬁn& some way of
escape fﬂrom 9(71@ @mn@ of %711'5 %wo—facecl neo—(4bsolutism %710,’(
led me %o ’(71@ come«p%ion of standardized wol{@, ?ﬂle attentive
reader will see jfha% %his 104’1'1151'791@ does mot comzpﬂ me o :len:y
absolute wcﬂﬂ'@, On %71@ con%m@ it leaves me fwc 1o how very
posi’a’w conwvictions %Ha% %Hew is such wc&i@, ﬂw'ha’t 1 docs
is %o cs’fa?ﬂish for me a gys’(em of ratios, of relative walues
among jﬂlc myyia&s of realitics wij(h whiﬂl we deal, d@lmost at
cvery turn, not on@ in science but in pvac%icol life, about the
most su%’{ly po’(on’( cvil 1s lack of fproqoor’w'onoli@ in jfhc way
%hinjs are pyizei gonﬁninj attention 1o jfhe realm of science,
’fhc indictment ozgcw'vns’c mechanism and vitalism je%s its pcw’(iculow
seww’@ fﬂrom %e{fnj pmcjcicol and scien%iﬁc more %Hcm quom %ai@
%heowj(icol and mc%aphysical. The more J read jfhe wfrijm'nﬁs of
and converse wi%h pyofesseol vitalists and pérofesse& ma%m'icﬂis’(s,
%hc more am J ifmpwssccl w{’(h ’(he fac% %ho,’( %hciqf 3@%@%& attitude
of mind makes scores upon scores of ’(He commoms’(, oﬁen most

111971@ s{gniﬁccm% fac’(s about plcm’(s and animals, seem To %hecm
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meommﬂess and umn’wws’w@ So cerlain are ’(hgy %Ha’( many
3¥ea% groups of phenome"na are cflwac@ eeeplamecl, or “cleared

by discoveries made years or decades ago; and so confident
arce ’(hgy 3(710,’( cortain phenomcna upon whwh ’(h@ hajocpcn to be
occwpicél, pwsenﬁg will be cleared up, ’tho,’( %hgy work away wi’fh
the greatest ardor and a%sovpj(ion, all the while ac%uany thouoh
umonsc{ous@ picﬁi‘nj oul certain fac%s %ha’( scem @yeeaﬁe to
’(heir ’(heochicol views and cliscm'cli@ o’(hefrs %Haj( do not scem so.
ZBeinj corlain jfha’( %hin\gs are fully ax«plm’mcl whan in j(m’fh %He:y
are on@ pcw’@ esqodla{mﬁ, many of the larger discoveries and
3ene¢a1iza%ions made @ ’t'hcse students 'ho.w %’h@ fmisfovj(unc of
appearing s%mf’dinjly Yrue until ’fhdr s%afrjdinjmss is Taken away
@ j(he labors of movre critical students. 7 do mot belicve a man
of science has cver lived or cver will live cajoamc of cliscowwnj
every fcw monjﬂls real %w%hs of nature so cliffcwnj( fvom j(bhose

a1¥¢aoly known as o be semsational,

N would be fowfgn to my yycseﬂnj( aims o dwell on %711'5
matler so vi’tol@ impow’(om’( to jfhe hml%h and Progress of science,
& number of writers haw %ouchecl upon it 1@%@@, as J haw on
several o%hw occasions, J on@ wfw to it now as ome of 9(11@
fowmos’f reasons whz.; materialism and vitalism as phﬂosophical
s’(amlpoin%s are intolerable Yo me, Some _years ago J supposeﬂ J
must accejo% eij(hw one or 9(11@ o%hw and accowli%j@ made brawve
cforts Yo do so. (s T look back T see c%cw@ that just so far
as my eﬁo«’fs succeeded, my hcmals were shacﬁccl, MY cyes were
dimmed, my imo:gina%ion was cmmepecl, and my @mpa%hies and
interests were deadened. Both sj(oméljooin’(s, taken as 7:721'205070711'@5
are to me fowms of intellectual and sqoiafi’(ucd %onﬂaje,

But — and %hc O%Hefr face of j(he shicw is fcw more <p1easifnj
— 3wa’£ guom%i’cics of ’ﬂlc raw material oul of whiﬂl meéhcmism
builds i%sdf, and oul of whiéh vitalism builds i%sdf, J find very,
very usefmﬂ jCO’Y %hc construction of my own phﬂosophy, dt suéh

times as I scem most eﬁcic%j( and wozrjchwhﬂe in my pom’ficuflay
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Sphew of ac%ivi@; at such Yimes, jcha’( is, as J am most saj(isfac’(oty
to myseIf, jﬂle friendliness, 9(11@ ‘beaujgy, and ’fhe o«rohv@ vastness
of mature grip me in a way that 7 can but imperfectly expross,
Thc bit of ecw’fh upon which J pross my fce’( 'hcw and now and
%he 1@4:9@4’ ecw’(h ’fha’t 3ie1&s me food and drinAk, %111'5 ocean wi’fh
its relentless powey when 3oa&e& @ winter storms, and wi’fh
its haaven@ peace and calm in its middle s’(wj(chcs under 9(71@
summer’ s ’Woyiccﬂ sun, 3(110 blue s@, ’(He appfroachinj n{gh%, and
%ha n{glﬁ and %71@ morning, 9(11@ sun, 9(71@ stars, ’fhe mil@ way,
the grass, the trees, my animal companions, the wild bivds, the
%am—:ycwol fouwls, my dogs, the catlle, the horse, and above all
my Humcm friends, may coﬂeogues in work, and my fomu'@ —all
%hese have for me a wc&iiy j(ha% no disorder or dimness of mind
(wﬂess indeed, these g0 1o %71@ yo{n’( of swoon or clc%f{um) or Mo
spccula’ciw soephis’tica’(ion can sjtw'p ’thcfm of.

& mon—istic, Yhat is, an all—in—onc—oreal law of substance”
10111'105010739 may suffice for some persons and may be of some usc
to all persons, but as for me, I must have as well a law of 3@3,
another law of water, another of stars, another of jeny fishes,
another of scaweeds, another of pd{coms, another of men, and so
on ad infinitum — yes, indeed ad infnitum. I have no dread of,
because no %e’h’cf in, a c7za0$ of laws even %7101971 %he number of
them be limitless, dnd T have no belief in, because T have mo
pwsonol experience mor any sa%isfac%owly verified ’(cs’fifmoq@ of,
laws “without malerial support”

The dliscowty, as a_junior cougge student, j(ha’(, beginning wijfh
a well purifed and accurately weighed chemical compound 7 could
je‘? it all back aﬂcfr pu’(’ﬂ'nﬁ it jchvoujh VaAYIous wlverizi@s, and
clissolvin\gs, and cookings, and pwcipij(a%injs, and ciesicca’tin\gs,
was sced sown in my mind %ha’( pvomqo%@ 3e¢mina%e(l and has
grown apace 1o ’this moment, The facjc, in o’(’hcﬂr words, of
%he conservalion of matler and energy in ’fhe few instances in

which 7 tested i wﬁh gbucmj(i%aj(iw accuracy, J have never for
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an instant Hew to be "nggo,ju'w evidence,” ?ﬂle radicalness of ’(hc
empiricism and %110 %HOVthgoinjness Ojf ’rhe piumlism imph’ezl
in all this will be recognized 7 hope, by veaders familiar with
’t'hc various Rinds of fowmcﬂ philosoﬂy,

WHM ’fhis is said on@ half jfhe %wjfh is Told, 7\/5%111'%3 is
more cerlain %han ’fhaj( all %71@ inﬁni%e numbeyr of sensible or
external realitics s{mﬁy would not exist for me, but for that
form of woii@ known as consciousness or su?gjcc’(ivi@ and whiéh
in ’fhe qgjvga%e J name may p{ychic or spivij(uol Ufe, Nor do
J see any more reason foer wfusinﬁ to accep% as real cvery
attribute or picce of an attribute of my sqoivi’fual h'fe, as foaf
instance, %he atribute of emotion, %hcm for refusing to accepj( as
real ’che attri bute of stature or comﬁe%wn 7T mention emotion
because so famous a %101@15’( as g«ns’(faccﬁei Has couﬁeol it wﬁh
revelation and declared i1 to be a élanjwous CrYorT, fc writes:
ye% ’(he opinion still oblains in many gucw%efrs %ha’( besides our
30&11ﬁe reasomn, we hcwe two fw’(he« (cmcl cven suwfr) tme’(ho&s of
receiving ﬁnowiec@c emotion and revelation, We must at once
clis?oosc of ’chis cianﬂwous crror, Emotion has noj(hmj w’ha’(wefr
to do wi’(‘h %71@ attainment of ’Wu’fh,"” (s 1o wha’ﬂl@v emotion is
an crror and has “no%hinﬂ wha’(ewv to do wi%h ’(He attainment
of jcwjﬂ't” in @wfcsso*r fcwcﬁd's pcwsoncﬂ experience, J chc
fnojfhinﬁ more to remark %Hcm ’(haj( if he asserts such to be ’(hc
casc J acceepj( his word, Bul 7 can say wijch jwaj( «posi%iwmss
that if true, Yis experience is guite different from mine, (dnd
7 call attention 1o 3(711'5 fuﬁher ftem: ﬂf he docs mot accepj(
my j(cs’m'fmo'@ wml %he same unreservedness 9(71@’( J do his, 710
1 p1acec1 in 9(11@ somewhaj( @m%wmssi@ posij(ion of havinj 1o
contend cither that 7 do mot know whereof 7 testify, or that 7
Tl o wiuﬁﬂ un’(w’db or jcha’( all my s’wivi@ aﬁcfr %wjfh has

been a fai lure,

Thi's case, S@ICZC%G& olfmosj( a% Wmclom jc rom %housancis SCQ%%@‘Y@CI
”7726 ﬂi{c&ﬂe of ?720 Um'wrsa, jfmnsh%ecl @ :705@7011 :Mcgcfbe.
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%hfroujh ’(he pages of scores of writers carlier and later, is il—
lustrative and fundamental. Professor jaecﬁ& does mot mean
sceminﬂb ’cha’c %hew is mo such 9(711'%3 as emotion, .75@ is 100 much
of a German to stand for any such hcwgy as ’tha’(, w'ho,’c he
means, as we know from more detailed statements about emotion
in other connections, is that it can be e%p1ai%col @ reducing it
to o’fhcv %hifnjs move clemental, as for examplc, veflex action
and pwsenj(aj(ion, attraction and wpulsion, and so on; and %Ha%,
%ein\g less igooniﬁe" ’fhcm reason (accomlinj to 111'5 w’ew) it stands
in a wholly different relation to truth from what veason docs;
in o’fhav words %Ha% emotion is less exalted, less veal in relation
1o %fvu’(h %hom is reason, This is_just wha% J ﬂc@, not only on
3«%%35 of pwsonc& experience but of observation and reflection
on the workings of both emotion and veason. T say that mo
matter into how many or wha’( clements m’%he« morﬁlolqgicol or
p’hysica’[ or ep{ychoiqgicai _you veduce emotion, emotion is still just
itself and nothing clse exac%ly as water is itself and nothing clse,
cven j(houﬂh %he chemis’t can 3@% oxygen and hyclﬂrciqcn out of it
@ ﬂes’w%inﬁ i,

Jo set veason and emotion over qgm'ns’f cach o’(Hav in jﬂlaj( way
is en%iw@ like sc%’(inj, for instance, oranges and old fashioncél
cannon sho’( over cgm’ns’f cach o’fhw, Gn orange and such a
sho’( haw some attribules—in—common; but at %He same time
%71@ have many not in common, so j(hew is Mo poss{%ﬂi@ of
“reducing” one Yo the other in the cconomy of cither mature
or man, We come again upon jfhe aﬁ—pwvasiw pfromem of
descri 7:1'719 and naming and ciassifyin\_g; and wiﬂl %he 34’0@( and
successfqﬂ experience fyﬂrofessoa’faccﬁd Has Hacl in clc‘ﬂi@ w{’fh
radiolarians and j’d@ﬁshes from %711'5 s’(cmolpoin%, he oujh% Tobea
better describer and classifier of 9(11@ 711;971@4’ attribules of man, We
can mever reduce a@%hinj in very ’(w’ﬂl to a@%hinj clse, ﬂﬂp’(
we can do is 1o find 0’?7201’ %711'@5 in any ogrven ?721'@ we choosc
o examine and cmc&\yze, ’erfjchwmow, 7 insist %haj( _just because
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emotion is emotion and no’ﬂp’nj clse, we che no foo’thou on
which o stand fo*r maﬁinj %71@ assertion ’(‘hajf 11 1s less impofrj(cmj(
or less exalled or less real in vrelation to %w’(h %hom s rcasom,
This docs mot imply ’(ha’( reason ho.s not access 1o fowms of j(w’(h
whiéh emotion has not, I mew@ means jﬂlajf if one takes ’ﬂp’s
view of the case, emotion must be allowed to have its pemﬂicw
fowms of jwu’(h also, jewin lies as I beliewe ’(ha 34*00.% value of
’(he james—ianjc hypo%ﬁesis of emotion, 371@ jchw@ in ’fhc fowm
given it @ James scems to me overstated; but any piycholqgis%,
occupied with human or animal psychology, who should leave off
all clqgma’(izinj and mew@ ask ’(71@ gues%{on, Ts %hew a@%hif@
wha%wefr %ha% may fpfrowfrly be called an emotion wi’fh whiéh
some %o&i@ mcmifes%a%iovn cannot be correlated? would have at
711'5 &is«posc& a very fwi’(ful 31&1'510 foy inves’@a’don,

7\@ reason for w’wfrninj to may 110?)@ (135 one chooses so 1o
call ij() of cleswi%iv@ and naming and c1assifyin3 cven when
spcaﬁinj of ’Chcsc h@;has? aspec%s of man’s nature, is %710,9( %his
appears to me jche mos? ﬁ’(jcinj way of c’losi@ ’Che last section of
%his essay), (s to jus’( whew J shouw be <p1aceél in %he classiﬁ—
cation of %hosc who occupy %Hcmsdws wi’(h ’(he Ta@esj( gucsjﬁons
concerning nature, J Haw not 30% fu% decided, This fmuch how—
cver ?19 way of cleswipj(ion J can say wml conﬁﬂwca. ﬂwhm
the taxonomic disposition of myself is finally made, these fve
unit—characters, o usc a wccn’(@ devised and useful biological
’(crm, will haw to enfer funﬁamen’mlly into jﬂle seltlement: 1
7%3 contention j(haj( all %71@ reliable ﬁnowieolge we haw of j(he
ungverse ci’(hw ob’ec’a’w or su?y'ecja'w is in last ana@sis &afpcn—
dend upon ’fha attri butes o_ff bodics, 2. 7%3 pﬂroqoosal to extend
to all phenomcna ’(he weﬂ—es’(a%’she& and very uscﬁﬂ chcmicol
practice of dividing the attributes of cach body into two great
fundamental groups, those of constitution or individuation, and
’thosc of relation, 3 7\/@ fpa’imicﬂe of ’(he standardization of
wcfli@, which %ieﬂy chamc’ceﬂzecl, is a me’(ho& of w&uaj(inj in
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ﬁnow(lec@c ’(he attri bules of bodics. 4 ﬂ@ pm”({culm’ way of
conceiving the object as a whole; and 5. Wy way of looking at,
or my 'hyjoo%hes{s concerning jﬂlc inﬁni@ of ’(ha universe,

Th@se flve concepj(ions or ideas or wha’wwfr ’(hgy may be called
m{ﬂﬁ be used as a founéla%ion on which 1 would be Possi ble 1o
erect a suqowsj(wc%uw of phﬂosoﬁ]y of man and %71@ world ’(ha’c

amocwen%@ wouu %G SOMGWHQ% ﬂiﬁcwn’( fvom a@ S%TUC%QM’G Ojc

%his sort ’fha’( Has been erected,
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5 The Principle of Malhiple Causes

n 04:9@%10 gvolu’ﬁ on.

My subject,” that of plural, or mulliple causes in the de—
w%pmcn% of uvinj nature does mot reguire me 1o enter upon a
3ene¢a1 discussion of ’(71@ meaning of cause, cven were J compe’(cnjc
for sudh a task,

7 must, howewfr, leave ’(he least possﬂfle doubt as 1o whajt
%ha words cause, causal, causah’@, and %71@ like shau mean in
this discussion, Those of _you who heard my hioh appmisemm’(,
’t'hc o’(’hev c?o:% of clcscfrip’fion and classification in %iolqiy,‘” may
surmise ’cha% J have esyouseoi ’chc view of Rirchoff and a few
oﬂle«s, that "the business of science is not o explore the causes

osccl 1o lic at 9(11@ back of obserwved hcnomena but mcwl

’to Jescw be comﬁej{e@ in ’che smtjolcs’( manner, ’(he motions whtch
occur in nature,” Bul mno, considerable as my s\ymjoa’f’hws are
for ’ﬂps doctrine, such examination of itas 7 have been able 1o
make has convinced me of its ina&gua@, for %ioiw at least,
(s a ma’(hema’ticd physicis%, Rirchoff scems to have been more
interested in motion ’(110,% in a@%ﬁin\g clse; and 71@ appears o
haw made 711'5 tash ’(’ha% of %wa’finj %710 universe as a gys’(em of
MoViNng ma’(hcfma%icol poifn’(s, @escﬁr{p’c{on fow him did not need
o concern i’(se1f jwa’@ wml ’(11@ size, shwpa, colov, and so om,
of bodies, In 3@%%@ rid of jﬂle need foy %71@ conceqo’(s of cause
and fowc, he scems o hcwc 9(7101{971’( hifmsdf rid also of most of
%he comep’fs %elonﬂinj o ’(he realm of ﬂascfripj(ion; but jcha’f sort
of ’(hinj will never do for Toio’loiy,

Nor can T cast my lot wi’(h ’{hosc %iolqgisjfs of whom SMax

LX’ ‘PCL‘P(’A’} somcwha% CLHM’C& wo,cl ?chow %HC Q.ch’fwn SOCW@ Of %%w’ahs%s,
B%CWLJCOﬂ’CI anm*sf@ mec%mj, ()4’1{91.&5% 1015

:Thc wfcwmc 1104’0 is %O 055%} 0 mccmmj Ojc CIGSCYVP%O%/, clcﬁmjuon,
ana ClCtSSiﬁCCL%’lO‘H in 10507} ch 1’1010‘2‘}7'/ now ‘PU%LSHCCI in mq 1’00.& 27710

j{ﬂzer Usefulness of clence,
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Verworn is a fovj(hs’(amlmﬁ c%ample, who would escagpe j(he dif—
feullies which beset %71@ use of %71@ word cause, @ su‘bsj(i%uj(insg
condition, (lthough Verworn thinks otherwise, T am guite sure
’('ha’( shouw scientists succeed in ?acmish{@ cause and su%s’(ﬂu’d@
condition, %71@; would find ’fho,’( jﬂle wj(i«vinj term chl Icﬂ ?Jéhiml
all s troublesome vestments 1o be puj( on by the new Term, For
eexamﬂe, 7 do not at all beliewe %Ha’( condition would escape 9(71@
set of troubles whiéh cause labors under, and which Verworn
stigmatizes by atlaching o it the adjective anthropomorphic,

@caow’lm\g to MYy view, cause is too useful as itself a descri
tve Term, 1o be clwpense& with in ?:1010 WHM the forester
declares that sheep are the cause of ’fhe sjtw pcél and forlorn
appearance of a fw’cﬂc tract of coun%@ on which %710 animals
haw been pas%uwcl; or when ’(he phys{cian says @phoicl fww is
caused ?3}; jfhe bacillus of jfha’( malaoly, ’fhe spaaﬁevs s0 o%m'ous@
chavacterize, That is, describe, so far, The organisms imqoh’ca%ecl in
?voﬁudnj ’(he resulls, @ fixing atention upon ycw’({culcw ’(711'7195
%he organisms do as pcwjf of %hm'q’ natuves, ’(ha’( J can on@ look
upon the woqooscfl to adlop’f some device for avoiding the use of the
familiar word, as an a’(’fcmjo% To cvade a wolly umscapaﬂc diffi—
cd@, Causation, %'hc capaa'@ for pvo&ucif@ effects in j(thousomo’ls
of ways, is among 9(110 atri butes of organisms, and so among 9(710
most impoﬂom% clements in %710 ckscerijoj(ion of organisms,

Jd am w’(c willing to admit, wowswnaﬂg, the view of
Bertrand %Lsscu that “on eeeamma’cwn, causc is meroed in
“causal law, and the definition of “causal law, s found o
be far from simﬂcj” but am very dubious about %711'5 au’(hov’s
fw’(hefr view %Haj( in a suﬁ?den’dj advanced science, %71@ word
"cause” will mot occur in any statement of invariable law,

Lot @ be observed,” says W 8. Tevons, “that the utmost
latitude is ot pwscn’( eqy'gyecl in ’(71@ use of %71@ Term “cause,” ot

only may a cause be an existent thing endowed with powers, as
sScientific Method of & 771'705070@, p. 220.
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oxygen s ’(71@ causc of com?ms’w'on, and 3wnpowclev ’(he causc of
ceefplosio"n, but j(hc very absence or remowal of a %711'»19 may be a
cause, N is guite correct o s«pcaﬁ,,, of the absence of moisture,
as %einj 3(710 causc of ’t'hc pwscorw.’fion of mummics and o’(HM
remains of om’(fi;ui@,” Gind jwons’s fwr’chev statement, 7 see
not why %he prior existence of matler s not also a cause as
Arggcwcls s su%scgucn’( existence’; and %ho,% “when we cmalyzc 9(71@
meaning which we can aBtribule to ’(he word cause, i1 amounts
1o %71@ existence of suitable povj(ions of matter, endowed wml
suitable 5ucmj(i’fics of cmw,"ﬂ* Uy to this poifnjc, %sscﬂ, so far
as J can make out, agrees wml Jevons, %110“,911 in some o’(heﬂr
wspce’(s ha o?wious@ does not agree wi’(h him, J see mo necessary
discordance between :ic éhamc%wiza%ion of cause @ jwons as
Just given, and That by Russell, which runs: & cause is an
cvent or group of wenj(s, of some Rnown 3enera1 c’hamc’(er, and
having a Anown relation o some o%hafr evenl, called 9(71@ offect;
’the relation %mfnj of such a kind ’(ha% on@ one ewn’f or at any
rate on@ one wcﬂ—&cﬁnc& sort of cwfnjc can haw %he relation
oa given cause,

T belicve we are jusjciﬁecl in saying jfha% f@rom _fumc down
to ’this Jay, ’Chcfrc is qgwemen’( among ’Chosc who haw attended
to %71@ guesja'on wij(h specicfl care, %71@% jﬂle most fundamental
clement in ’(ha meaning of 9(71@ word “cause” is a relation between
pewep’(ual@ in&ispu’(a“e ’(hi@s, or cvents of such Jlamc’(er %Haj(,
asjume pu’( i1, Hacl not jﬂle one (jfhe cause) ems%e& %Ha o’(hc« (’(Ho
cﬁec’f had mot existed Tt is mot %o be unﬂws’(ao& that this is
an ceehaus’cwa chﬁm%wn of cause.” N is mcwi %hc irreduci ble
minimum of definition, T is so fmuch of %he complej(c definition
as shouw be incuspensame to jﬂle mind of anyone who would use
%710 word consis%m’@ wi’ﬂl 9(71@ funﬂamm’(oi constitution of our

minds and of %hc gys’(em of nature,
¢ fwﬂlm remark mneeded is %Ho,’f not on@ is ’(ha causc—cffect

=The g’w’na’plas of Science, P. 225
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velation of j(he sort indicated, but %ha’( whewwv such a relation

exists, no matler how far cqocw% ’fhe %71{%35 or evends so related
may be, that relation will be regarded as the causal velation. In
o’(hm’ words, J do not allow “fac’fov” and terms of like ifmfpo«%
1o rank as somcﬂlinj wlhouy different from cause. T am sure 3(710

vactices in %his pafrj(iculc.w of much recent %io1q9ica1 discussion
cannot be justified if critical vegard be had 1o logic and the ovigin
and his’tm:y of words,

?\/@ final remark about the meaning of cause concerns the idea
of unifowm{i(y, For ’(710 doctrine of cvolution, %ch can be mo
doubt about jrhe very 3«@@% vmpoﬁcmce of jdps matler, TH@ very
¢essence of ’Che cvolution hypo’fhesw is ’fhaj( new ’fhm\gs, as specics,
:vo,wcjcws, and vo.wa’ﬁons, arc pvocluceci “Evolution never wjom%s
19(se1f s one of our chewshcél o.jo'howsms w'ha’c arc we 7:101(2915%5
1o do wml %he idea of unifovmi@, or cons%cmgy in causal action,
whan one of ’fhe most chamcj(wis%ic ’(hinjs about %71@ phenomena
w{’fh which we deal is a cerlain clepw’cuw fvom unifovmii(y?

@cspi%e all our s’tq’ujﬂinj ovey jche causes, jfhe “fac%ws” of
evolution, o%m'ously here is an aspecjc of j(he pwome‘m over which
we have mot strugoled hard enough, Obwiously, 7 say, for we
sho,u ho,w to recognize, J belicwe, %haj( it is just in %his %haj(
Bergson has made his 3¥ea%es% hij(, here it is %Ha% he has found
’fhc most vulnerable spo% in ex ca’(ﬁeélm j(’hcow'es of evolution,
here, Yoo, 71@ is able 1o p*roéluce a@umen’cs which o.jopeoi most
s’ffronj@ 1o ’(ha 1@4:90 class of m\ys%icol or semi—m\ys’(ieeﬂ, albeit
cfmimn%@ serious, intelligent, and thoughtful persons outside of
science, (dnd so here, as it scems 1o me, lics ’(710 3¢ca%es% clanjw
1o %iolqiy, For my pcw’t, J feﬂ ’fhew is real menace 1o science at
%his time, in %he wi:lespwacl %m&emy to mgs%icism; and peyhajos
no mmifes’(a’don of ’ﬂp’s ’Cenﬂw@ is move calculated 1o arouse

solicitude %hom is ’fhe wide aclhcwme given to j(he 1011{1050197]3; of
Bergson,

j S, Mil called attention to %710 30%0%1 facjc ’(Ho,% ’ﬂle
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unifoermi’g_y of nature 1s consistent wml 1’nﬂm’?a varicty; and
move vecent writers have recognized the same fact, and dealt
with @ in move detail. “Were 1 indeed possible,” says 5. W
B. TJoseph, “for the procession of events to bring back precisely
%he state of %hinjs whiéh ha& existed at some moment in 3(710
?asjt, %ch it must foﬂow, from jthc pyinci«ﬂe of ‘Unifoymi@
of Nature, jdl“% %71@ same procession would recur, and Terminate
again ?19 winsj(aj(i@ ’the phase in which i hacl Taggun; $0 %ha%
fhe Wistory of Phe world as a whole would really repeat fsclf
indefinitely, like a vecurving decimal;i— and to a spectator who
could wa’(ch it 10%3 cnouﬂ, fmfg'h% scem as monolonous as ’(710
music of a musical box whfich, as it pictyeﬂ, soméhow wound i’(sdf
up, 1o pass a‘[wcgys from the conclusion 1o the recommencement
of the stock of tunes, Bul,” adds the author, “nothing of the
kind occurs in nature, s

ussell’s statement %ha’( “all causal laws are liable o excep—
tions, if %hc cause is less %Hcm jche whole state of jdl@ universe,”
will serve as ’(he s’tm”tinj poin’( for ’(hc essential po:r’( of my
remarks; but before pvowe&inj wml ’fhese remarks, J want 1o
mention a fact not ccwefuuy enough considered @ cvolutionists,
csqoeciol@ @ jcﬁhosa committed To natural sclection as ’(71@ suﬁcien%
causc of cvolution, T was poin%ccl oul several _years ago ?39 D. §
Wchie j(ha% in so j:ow as Darwin relied upon %he survival of %he
fHest as %hc causal quﬂma’({on of organic cvolution he “yestores
"fimal causes” o Hheir proper places in science, — final causes

in %he Hristotelian, not in j(he Stoic, or @vié@ewa’w« Treatise

s
sense, >

Since %he notion of “ﬁ’(%cs%” unélou%%ecl@ imqolies some’(’h{n\g of
aﬂap%a’(ion, of 3003%@55 in %hc sense of purpose, — it is 1MpOssi ble
to escape aolmi%j(inﬂ a certain ’Wu’fh in wha’f afch{e says, @nd

’this is wha% ho,s led many evolutionists, %o%h wi’t'hifn and oulside

sdn Introduction to Losic, p. 323
“Darwin mij@d s P 60
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of %iolw, 1o contend j(ha’( organic evolution s ’(elcoiqgical Now
%71@ poin’c 7 want 1o make is not m”fhev for or qgains% %ha idea of
%clco%iy, @Wsonﬂ@ , I have never become wi 15&3 excited over the
gucs’w'on of wHe’(HM or not cvolution is ’celeoiqgicol Bossi %13 ’(his
is because 7 haw never been able to sa%isfy myse1f of %he exact
meaning of %ebdw, J shouw not dread a&mi’(’dnﬁ a %e1e01q9ica1
clement indo cvolution, if J could be confident %ha’c ’(711'5 clement
did not pwwnj( cvolution from %einj cn’a’w@ natural, (dnd
%his brings us «{9713( 1o jfhe poin%, If natural selection, wsul%in\g
in the survival of the fittest, were to be regarded as a sinole
cause, and as ’fha sole cause of woiu’(ion, ’chen would ’fha cloud
of supcv—na’tum’lism whiéh homﬁs ovey j(eleolqiy be ch's;uie’(in\g
indeed, But if on the con%mty, selection—and—surwvival could be
taken as on@ one among MUMEYous o’fhav causes, %hcse o’(hws
%einj uwmis’(aﬁa?:@ natural, fmuch of ’(he distrust of natural
sclection feﬁ @ Many persons would olisapepecw sifmply because
natural selection would be shown of much oj: s power,

%fjﬁe’s contention aboul restoring “final causes” Yo their
proper epiace in science jchfrouﬁl ’Che introduction of natural
selection s so itmpoa’j(cmj( and has been so little heeded, that 7
must dwell upon it somcw'ﬁa%, 7 discussed ’fhc poin’c to some
extent several _years ago, but wha’( J said has passeﬂ unnoticed
as fcw as J Anow, @erﬂlwps one reason w?w my discussion Has

attracted mo attention is that 7 amoﬁroachc‘l the subject from a
gw"w different divection from whiéh %’Jp’e came To i, and so did
not connect my vicws wijch 111'5, In facj( when 7 wrote %he paper
_just referred o, T was not conscious of ‘D{jéhic's ideas cven if
7 had come in contact with them, The poifn’t which 7 tried o
make was ’Cha% natural sclection ij: vggavcieol as jfhe cause, one
and all—sufficient, of cvolution, would be a supernatural cause,
But "sujowna%umv in my arqument has mo very {myoqf’(om’c

= "Darwin's Probable Place in Fulure Biology,” Fop. Science Jlonthly,

Jan., 1010, p. 32.
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difference in meaning, 7 am mow persuaded, from “fmal” in
%’ch«iels arqument,

J fccﬂ gustified, consegwnﬂ , i guojcifnj mcwly verbatim wha’c
J ’(hcn wrote, We read: “Th is %he very essence of j(he humom mind
to inguire aﬁw j(he causes of wha’(ww prpens in ’ﬂp’s world
of ours, It is ’(he essence of science o 71013 ’(ha’c %hcse causcs arc
natural, not supc*ma’(uml Darwin became convinced %Ha’( species
arisc fna%umuy whﬂe 3@% jﬂle phﬂosoﬁ]y of 11'4/1'@ %Hinjs in whiéh
he Hacl been nurtured contained pmc’(icany noj(hinﬁ concerning
any natural cause ’(710,’( could be assfgm& to species pﬂro&uc%{on,
Speciol or supwna’tuml causation was hew as a olqgma fraj(hcfr
in &faupc of cvidence of natural causcs %han ffrom p«oof of
sujoeﬂrna%wol ones, So w1{91’ous suqoe*rs%i’(ion and clgqma%ism 11“&
a fwe ﬁcw Hew, Darwin's naturalist instincts said: "Since
species arise na’(umlly, natural causes suﬁcienj( ’(hewfow must
exist, ﬂf %He:y arc matural 9(11@3 arc ascertainable, 7 will sccm:h
fo*r ’Chcm,’ So 71@ set about %he task wml ’(hc result ’cha% all 9(71@
world Anows, fc discovered ’(hc process called sz h{m natural
sclection, and saw 1 %o be a veal cause in ’rhe jenemju'on of
specics,

“Now comes %he 3wa%b impor%cm’( poin’(, J Haw said Darwin
carried %71@ cvolution idea into 9(11@ second oj: %h«rea s’fctges %hVth
which in’femow%aj(ions of the world usuoﬂ@ run; the stage, fnamc@,
of walitative, discursive demonstration, ot Havifnj 30’( waéhcél
%he j(himl s%ctge, 9(11@9( of gucmj(i%a%iw demonstration, ha ha& no way
of measuring in a ma%%ema%iccﬂ sensce %71@ eﬁciengy of natural
sclection, _ﬁe could es%a?ﬂish no gum’(ﬁa’(i’w relation between
cause and ejfecjf, In fac’{ he did not look at jche promem from
%hc guan%fijta%iw s’(cmzlpom% in j(hc proper sense at all. So it
was almos? inevitable %Ha% 11@ shouw eeecaqcm%c jﬂle powey oj:
’t'hc causc 71@ hacl discovered, (And sce %He essential nature of
%111'5 exckgjcm’(ion: @efow Darwin supefrna’cum’l Causcs were Hew
to account fofr 9(11@ origin of specics, But sujoefrna%uw& causcs
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are alwctys aﬂ@ua%e, final, Supwna’{umlis’( doctrines ave olwo:ys
absolutist doctrines, Therefore cffort Yo make natural selection
sumﬂom% sujocﬂmo.’cwol causation is effort To make i, 100, adeguate,
final, @(’c’tem?% to make matural sclection the sole, the comple’(e
cause of evolution, and _you become a finalist, an absolutist, Tn
a word, you retain the essence of suyeyna%u¢a1ism, Absolutist
natural sclectionism is on@ a éliyuiseél form of supwna%umlism,
N is faﬂuw to recognize %Ha’( ?19 its essential nature physical
science can deal wijfh causation on@ piecemecﬂ; jﬂlajf it can cmly
grasp causcs one by one and can never gt them all, Absolutism
is a clisjuisecl form of supeyna%u¢a1ism, and under w’ho.’cww
ciigguise is %71@ seami@@ eveﬂas’(f@ and implaca?ﬂc foc, not
mew@ of inductive science, but of rational conduct.. ‘LU{%”h what
sewm@ some., scientists ave ’(Hcmsdves striving, and advising
%he moﬁw’(@s in science 1o strive, for ’{hc solution of ultimate
70w?ﬂems.’ So 10%3 as %711'5 is so %Hew is mcessi@ for, and
will c&wctys be, %Heosoﬁw, christian science and the whole vetinue
of fp.iychic absolutisms, Thc one brand of ﬁfnol{@ is but ’(He
coun%wpoisa of %Hc o’(hefr,”

"Though still in the second stage of idea—development as re—
3cwéls natural selection, a few ifmpov%om% ’fw%’hs about ’fhc process
are ?acinj revealed To us ’(ha% Darwin overlooked, or did not suf—
ﬁcienjcly emphasize, In the first <p1o,cc, while he soon saw that
natural selection could not be ’(he sole cause of cvolution, and
whﬂe ha vccgqnizecl it 10 be a cause of a 3enera1 nature, 11@ never
grasped in its full meaning the truth that there are mot one, mor
a few, nor cven many, but 11’(em1@ an infinite number of causes

CL% ‘WO‘Yﬁ in %110 ‘P‘?’O&UC%O% Ojc S‘PGCWS

"R is curious, once one comes o %Hinﬁ of i1, %ha’( Darwin
and Fhe rest of us should have talked so long and so absorbedly
aboul one or a few ’ fo.c’(mfs' of cvolution when %hc demands of
r190YOUS science are ’fha’( ’fhew shaﬁ be at least as Many causes
as j(hew are specics, Were %711'5 not so %he same cause would

105



produce different effects, and that would make biology a hocus—
pocus indeed, Supwna’(wd causes would be gui’(e as amenable To
science as such natural ones. Trouble ho,s %efaucm us hew f@rom
not Haw'nﬂ listened wml duc attention %o wha’( @avi&fwmc Has
told about causcs. jis ﬂeﬁni’cion of a causc as an ozy'ec? fonawecz
@ cmaﬁzer, w72e¢e, ¢'f %72‘”’ jé’«rs‘? 7Zacz not been, %720 second never
7Za07 existed, has not sunk clccp@ cfnoujh into our minds,”

3'71@ course @ w’h{ch we Haw scemed o ﬁeep out of ’(his
limbo has been eeeac%ly one clement in our &iscomﬁ%uw, We Haw
said ’W@, o be sure matural sclection alwoiys takes wvariation
and hew&i@ fo*r 3¢an%ccl, Darwin made ’('ha’( clear cfnouﬂh,’ But
whan we make ’(he causes of cvolution our pq'omem, why not face
%71@ music s;uaw’l J WM not make sure of ’chc causcs ﬁfrsj( and
c1ass¢fy and name %Hem aﬂwwa&r&sg Tha% is %hc way we woccccl
in gys%emo,’uc ?ao’(a@ and 2001039

"The ’Wu%h is, natural sclection itsclf is a \gwa’f bundle of
causes, some of whwh are &1ffewn’( in each ?M’aculcw case 1o
w’h’tch ’t'hc bundle amﬂws, so must be seepm’a%ely mws’@a’te& for
eacfh fpcur’acdcw specics,

"Docs any dllmaﬂﬁ natural selectionist belicve in his heart
of Hecw’ts j(ho,% cven an apjoﬂroxima’fc CONseNnsus of opinion among
Tn'olcyis’fs will cver issuc ffrom such 3ene¥a1 discussion of ’%he
natural selection fac%m” as has been carried on &winj %ha last

holf cen%u@? T do mot %hinﬁ so,”

Gnd so we are swung back into ’(he main current wi’(h which
we are saﬂinj in ’fhis volume, %ha’( na«ma@, of %hc p«o%a?ﬁih’j@
that this universe, that revealed to our semses mo less than that
vevealed To our fcdinj and {mctqina%{on and reason, is infinite
%hroujh and %h«oujh — whiéh means ’(ha% it is infinite in causes
as well as in objective forms, Cause is not Tess,” recurring
to %Lsscn s phmscoiqiy, ;uo’(e‘l a few pages back, “than the
whole state of the universe,” Bul as «pmc%wol 2001(2915%5 and
botanists, are we warranted by the cvidence in abandoning the
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idea ’(haj( evolution is due to one cause, whejfhw ’(hajc be matural
selection or any other, and adopting the idea of innumerable
causes of ’(ha «pyocess? ?\@ answer 1s yes; and o me %his
means mucfh as to attitude toward ?vac’m'col gucsjc{ons of origin
and Jwe{lofpmm%, For ome ’rhinj, it means liberation from 3(710
?oelief %ha’( if one vecognizes %He “Darwinian facj(on," he must
of moessi’@ refuse to recognize ’(710 “Lamarchian” or any o’(ﬁw
“factor.” Tt means further Yhat “seardh for The Unknown Factor”
in cvolution, which was a vather favorite enterprise a fow years
ago, is foredoomed 1o &{sappoin%men’(, so far as comﬂcj(c success
is concerned, simp@ because mo such one fac’(oaf exists, ﬂ’he
1991'%1’%1@% %hinj to secwch for is any and as many unknown
fac%oq*s as may exist, @wcmimnﬂy at j(his late s’(ctge of Progress
when we haw our ¢yes so clcﬁni’(c@ on a considevable number
of causes, %he veal task is To scck 1{971% on How many and wha%

known ones are oqoemja'w m any jt'wn case,

So it becomes necessary To be more definite as 1o ’(hc meaning of
mul‘?z’ple causes as appliecl 1o cvolution, 371@ phmse does not mean
mew@ j(ha% one causc is responsi ble for one asepecj( of evolution,
another cause for another a5pcc%, another for another, and so
on, N does mot mean, 1o illustrale, %ha’( one specics or group
may be caused 739 natural sclection, cmo’fhefr @ organic selection,
another @ the inheritance of acguwecl chavacters (shouw sucy a
thing be ﬁnol@ Wowcl posmmc) and another @ isolation, Tt
means ’(hajc cach species is wocluceol 739 several, wo%amﬁ cflwctys,

11‘}/ ‘1/'0‘13} fmcmy cauUsces,

cUﬂJy has our attitude toward %he causes of spcc{cs—jwo‘iuc’c{on
been so oliﬁcwn’t from %ha’t toward %710 causcs of individual—
pwo&ue’don? The mos? cawfd cvolutionists haw said over and
over ’fha’( jfhe cvolution of %He individual 1s @piaoﬂ of all cvo—
1u’t1'o'n; and so fcw as J am aware mo one gues%ions %'hc 30%@4@1

%ﬁ”u%h of %hc statement, Unclou%’(eoﬂy jche cvolution of species

pvesen’(s Yarious pyomems not pwsm%acl @ ’fhe cvolution of in—
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dividuals, Bul certain it s, %ha’t since ’thc species is compose&
of individuals, theve can be mo species cvolution without individ—
ual cvolution, But who thinks of attributing the evolution, the
origin and 3¢ow%11, of ’(he individual, 1o a sinﬂc causc? ﬁjain,
who would contend that biology has veached a complete causal

ceeplcma’(ion of j(ha cvolution of ’fha individual?

“The fmcg'ow'j@ of our controversies,” wrote iie?@ in his old
age, “arise from the fact that we ave Too much in the habit of
a%%ﬁ‘bu’(inj 1o one cause j(hajc whiéh is pyo&uce& @ several,” ”Jj:
%711'5 ’(w%h is %oujh’( Homc a éhcm{sj( @ ’fha experience of
a h'fe’w'mc, how much move oujh’t it Yo be ?Woujh’( Home o a
biologist by a like experience! The food taken by an individual
is one cause of its cvolulion; %71@ a’fmosphwic oxygen s omo’(’hmf;
%'hc ’(cfmjocm’(wc under whicfh it ’chw'ws omo’chw; ’(he oliqes’(iw
process omo%hw; %71@ nutriment—distri Tau’m'fnj process cmo’(her; 9(710
3@4’4111’%& o«:gomiza%iovn wnoﬂlw; and so om, ﬂf %Hen we Take %he
cvolution of %he individual as @picol of all evolultion, and in
s0 cloinj accecp% wholehearj(c&@ j(he facjf ’fhaj( in cvery case ’fhis is
due 1o Many causes, we shau be in posﬂio”n 1o accejo’( jfhe same
comep’fiorn aboul racial cvolution,

Before we can fpvoﬁj(a%@ 90 fafrj(hw wml j(hc discussion of
%711'5 pcwj( of %he subject, we must give a 1Mle attention 1o %71@
diffevent kinds of cause — 1o 9(11@ classification of causes owm’ciw
in organic yro&uc’a’on, Thc different classifications %ha% 'haw been
7o¥07oosec1, like %hosa of Hristotle and Bergson, are uscfd for
MaNnY Purposes; but for our needs, a %ina@v grouping into those
which lic wi%hin ’fha organism itsclf, infernal causes, and those
which lic in ’(hc envivonmend, exfernal causes, is most uscful
G fact familiar enough o have suffered the fate so common %o
famﬂiwf j:ac’cs — ’(ho.’c of becoming 10{9@@ f_gnowci — is j:owecl
back into notice @ 3(71@ idea of mul’ciﬂc causes in cvolution, if ’(71@
idea be coupb& wml %his grouping of causes, gw@ conceivable

wo%’fionm;y s’(@p must have at least two causes, since it must
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haw at least ome fvom cac'h of ’thesc two groups, ?ﬂle very
essence of ovganic existence, to say nothing of evolution, implics
%711'5 much, We cannot say ’(ha% 9(71@ reaction of %he organism 1o
s environmen? is a basal attribule of it wi’fhou’( imp@inj ’(his
fmuch of mu’l’f&p’ﬁci@ of causation,

Time will «pwmi’( us o ’(ouéh gys%cma’(icai@ on@ two causal
pvoﬂems of racial cvolution fvom ’t'hc s’(cmclpoin% of mu’l’(iqole
causcs, These will be: 1 %he qu’o?ﬂcm of so—called organic sclec—
tion, and 2. that of determinate variations leading o determinate,
or oq’%hqf;enic cvolution,

%eaﬂ whajc %71@ idea of organic selection s, %ﬁinj C. 3(1033
:/Motqanls form of statement of i, it is that while there may be
no transmission of somatic modifications, yel such modifications
may ord ’(hc conditions under which 3ermina1 variations of
like nature are given an o«moorj(uni’@ of occurring and of maﬁinj
themselves felt in race progress, &0507&5%3 fo our s%cmolpoin’(,
we must see fwo oroups of coo«pcm’(’[@ causes in ’ﬂp’s conccjo’w'on,
nomely, a group of external causes woélucmj “%oo}y" changes,
and a group of internal causes, no matter what their nature,
producing after a while corresponding “germinal” changes.

WHa% is desirable to motice pav%icu1a¥1y is j(he favommcmss
fow evolution on j(his pyimiﬁe pwsenj(eol @ groups oj: organisms
whose envivonmends contain sjwo*@ moclifyinj causes whic’h act
pefrsz's%en‘?z /, um’n%ewu;r?eczzj, and wiﬁz 57oec1'az cnergy, Jake for
cxwmﬂe a group of animals ’(Ha’( has wacheol such a wonderful
state of aﬂap%ion as regards locomotion, as has the mackerel
group of ﬁshes, JImagine ancestors of ’ﬂp’s group in whicfh ’(ha
locomotor activities were no less strenuous %hcm %hgy now are,
but in which bodily fitness had not reached such perfection as the
modem group has atained, ’ﬂlc poin’f to be emphas{zeél is ’(haj(
in ’Che Iife of cach and cvery individual ﬁsh, from ?n'r’th 1o clea’fh,
%he influences ’fan&inj 1o so olispose all structures as to make

’ﬂle %Oo@ oﬁw ’(ha minimum resistance 1o Progress %Lhﬂrou‘_gh 9(11@
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waler, act pwsis%en’d , un{n’(wwp’wcn , and ene@e’({cd@, Were
%he group 1o be as variable wijch wspac% to ’fhe structures under
consideration as many fishes are, it appears guite legitimate 1o
suppose %ha’( in ’(he course of %'hc ’Chousanéls of _years élwrifnj w’hicfh
%he group has umiou?o%eénj led much %he same Ufc as 11 leads now,
conﬁenij(al variations cow&spon&inﬂ to cvery one of %he ﬁmc%ioml
and envivonmenial moélifyin\g tendencies m@h’( haw taken ﬂaae,
One of jfhe ~gfrco,’( a&wmj(o:ges, it scems 1o me, of %H{nﬁinj in %711'5
fashion about %He mode of origin of such a group, is ’(ha clear
way we can conceive ’ﬂle %mnsfoafma’foty influences as afec’finj a

w7202e po;au]a‘?z’on all %7ze Hime,
T cannot let %71@ oppoer’(uni’@ pass of caﬂinj attention o ’(Ha

resemblance of the human species under civilization o such a
group of organisms so far as external influences are concerned,
The social environment, ’fhc social medium, in which we live
is as aﬂ——envdownﬁ, ever—acting, and yo%cﬂnj( for moulding s,
spia*i’(uol@ at least, as is ’Chc agueous environment of a strenuous
lot of p&ctgic ﬁshcs, Js it not fposs{?ﬂc, cven pfro%ame, %haj(
the pevsonc&@ sustained modifications wrought upon us by these
influences as the gemerations come and go, arc being met @
cowcs«ponclinj bevmimfl” variations?

If modern civilized man be %ioiggieal@ viewed from ’(he social
standpoint, or as 7 would express i1, from the standpoint of
organic in’(@m’({om 7 belicve 1 to be demonstrable ’fha’( he has
undergone change o some extent during the last two thousand
_years, in some at least of his most fumlamcn%ﬁ instincts,

Th@ remaining minules will be devoted 1o %he causcs of deter—
minale variation and cvoludion, The swm’cﬂ poin’c 1o be %4*019%%
out hew is ’ﬂlaj( all variations duc pw'émcwi@ Yo internal causes
are in a measuve deferminate, and j(ha’c in %711'5 facj( lies %He Possi—
Taﬂi’@ of wfu’m'nj ZBe@son’s m:gumenjc %ha’( 9(110 creativencss whiéh
is distinctive of j(he woﬁluj(ionmfy process is wholly uniguc and
wguiws ’fhe invocation of an {mmﬂsion ffrom a source whoﬂ:y
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%@oncl %he realm of material ’(Hinﬁs, Since it is jfhis very
peculiarity of cvolution which, according to Bergson, thwarls
intelligence, but lies open to intuition, it is rather pwsump’cu—
ous o undertake to treat ’(he subject in a few brief sentences,
@e@son ho,vinj fomwl ’(haj( he could not hancne i1 in less ’(hcm a
good—sized volume, But ww'ly/, 7 am convinced that this yayj{ of
‘ZBm:gsonls 1MPOSing structure of cvolutional phﬂosoﬁhy rests on
’(he c‘l«iﬁi%j sands of inaclcgua’te clesm'ipj(ion and classiﬁca’(ion, -ﬁis
{lNustrations and a@umen’(s j(ouéhinj %ha samencss of s’(fruc’(uws,
as ’(he oy, ?Yo&uwcl foy ’fhe same pwqoose in ww’le@ scjocwa’ceci
9roups of animals, and ’(71@ some%hm\g new whwh we see olwoiys
Taemy pro&uce& ?19 wolu’aon, all reveal ’(he toxic inattention ’(o,
or minimization of %He ifmpm’j(cmce of &iﬁewmcs and Taxonomic
categories, so cho,mc%w{s%ic of much of %hc biological spccula’(ion
of our &ay,

‘Jf an “clan o*r{'qincl" mus? be assumed because some new %hinj
— a sceing organ — has been created more ’chan once, in a ?ec’wn
and in a buzzard foer exoxmpie, %Hen suw@ ’Chew is no meed for
suéh an clan, since, as cvery @w in comepamja'w momoholw and
compo.m’(iw behavior knows, the pca’fan's oye and the buzzard's
oye are not 3(71@ same, @ any means, Th@ are ’thc same as 1o
genus, bul not ’fhe same as 1o species (using %He terms in %71@
sensce of %71@ 1(2910;@11) Of course @e@son knows ’(1115 aﬂc«r a
fashwn, but %ha’( 710 docs mot know 1t in its fun ime ort 15,
’t'hmﬁ revealed sz Hw reasoning about ’fhe some’thmj new’ of

cvolution,

@nd %h{s returns us to %he pvoﬁem of ’(710 determinatencss

of variations duc To internal causes, Some remarks ?19 @3c¢aﬂ
on j(he subject will 71@110 us on our way, Jn his jfs%ory of
Birds, this author 1001’%’(5 to the swa‘mosol bone as an instance
of determinate cvolution, and writes: “One scems justified in

com’luozmj %hajc %his cvolution of ’fhe swamoscﬂ ho,s taken p’laee
in&epenckn%@ of any external fac%oer, and @ reason of some
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inherent peculiarity of ovowth,” dnd further, “.Fhere scems very
300& reason for assuming jfha% organs, like individuals, vary in
%7101'4’ po%cn%iam{cs of 3¢o~w’ﬂv and ’(ha’c once started in a given
divection, %his 3¢ow%71 will continue until and unless checﬁccl @
natural sclection,”

The spec{ol@ no%ewoy’(’by 1001'%9( in this is that organs, like
individuals, grow in pm’%{cdcw divections, wi’(h varying fpo’(m—
Yalities, T beliewe jﬂp’t due consideration %einj given to 9(11@ who%
range of com«pcwa%{w momoho’[o&y, including the moyﬁlcﬂo&y of
extinet animals, such 3vow%71 of organs is scen o be almost as
indubitable as is %he 3frow3(71 of individuals,

As 1o 9(71@ causal exqolcma’(ion of such 3¢ow’(ﬁs: There are
innumerable causes, near and remote, of jvow%h oyem%{nj in
cvery individual _young bird, Some of %hcse vpvocluce %71@ skeleton,
one bone of which is ’(he swamoscﬂ, The causes of swamosal

roduction laken in a strict sense, we Anow on@ @ the fact
’('ha’( %71@ swamosol is ?woujh% into %eif@, The only cvidence
we Haw of s;uamosal—pw&udn\g causes 1s %he existence of %71@
s;uamosal ﬂp’nﬁ now of %ﬁe sytcwnoscﬂ as it exisls in %hc
ostrich tribe and in the passerine or songbirds. The difference in
sho,pe is suﬁcien’( to make ’(hc passerine bone "some’(hi@ new’
in ?Befgson’s mode of expression, assuming %haj( j(his group of
bivds is p’hyiq'qcm%ica% more vecent %hom jﬂlc os%w’ch orouyp; and
fw’fhevmow, haw'fnj frciqo.wl 1o 3(71@ relation which ’(71@ bone Hows
to 9(710 adfacent pa«’ts of %he skull, we are justified in regarding
%he passerine s;uamoscfl as of Mghw @pc, So %710 “new %hiﬂ@” is
an examplc of progressive evolution — just %he sort mcessi’m’({@,
according to Bergson, an clan orioinel. Bul notice the semse
in which jche passerine s;uamosal is some’(hinj new, JThere are
hundreds of thousands, ancient and modern, of individual avian
s{q/uamosol bones in %hc world, of many, many kinds. Zﬂlc new
passerine s;uamosa’[ s new on@ as Yo Aind, In 9(71@ ’(wmin&w
of His’fow’c 1(291'4:, it is new on@ as 1o specics; it is not new as
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%O j@ nus.

The unpwoiie%aﬂcmss of these mew arvivals in evolution, of
whicfh Bergson makes so muéh, are unpwél{cj(ame on@ as 1o specics,
3'71@ are pwélia%aﬁe wi’dp’n 9(110 limitations of all pwclic%amemss
in nature, as o genus, We haw as jwa’f a measure of ceﬂain’@
%ho,’( 9(11@ sguamosol bone will not chanje into ’(ha %asioccip{’(oﬂ, as
’('ha’( Wép%um will not chanﬂe into Mars, or ’(haj( hycl«rocmw{c acid
and calcium carbonate will mot pyooiuae lead oxide; and ’(hcw is
not %he least need of SUPPOsing j(ha’c time 1s involved in ’ﬂle first
mentioned ’@pc of phcnomcna in a way wholly cliﬁ'cwn’( fﬂrom
%ha% in which @t is involved in jche sccond; or ’fho,’t injfew;gcmc
and intuition play diferent voles in our comprehension of the

i%MIO owiws Ojc phenomcna,

If we can admit %he pw’miﬁc of muwﬁe causes into our
%heow'es of organic evolution, and give 5(71@ muﬁﬁple aspec% of j(he
?vincﬁﬂe comﬂc’(a freedom, as such masters in ﬂwsical science
as Mewlon, and Fourier, and Lovd Kelwin awve i, our %Heow’m’cal

troubles over %he “fac%ws of Evolution” will be Ia@e@ ended,
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