And the ssms holds Srwe of all the fundamental prepesitions
(69)
of the philosophy of natwre.

This drings ws to the sensideration of an
cbjection thot has frequently been broughtto bear sgainat
the view we have been wpholding in relation to the Question
of philosophy and soience. It has been forunlated by

Professcr Alexandcr in the ﬁnoﬂ.‘u Serms:

m.mummm-ophyn.w of logieal
conclusians drawn frem eamsuon asease Sbaervations,

Yestigative methods. Y agreos with Mr. adler’s
definition ef science but net with his definition
of philosoply. ix, idler roduess philosoply to
Xeasoning about imadequade {ecearea sense) .
observations, science roprosenting &t the smrwe
time reasoning about meze sdequate edacrvatioas
obtained by refined and fuproved mathods of
investigation. And yob, in oxder §o save the
medieval pegemony of philosepky, with & peculisr
twist of reasoning, itr. Adler tries to subordinete
science - =~ that is %0 sey sonclusions Gwwn fronm
['-.provod observationa - - to philosophy, which
agcarding to his own deffinition eonsists of
conclusions from insdequate obesyvations, If
idlerts dsfimition of pPhtlosaply ia serrest
philosophy should be discarded in the proportion
t0 which moientirie knowledge pregresses by the
use of steadily fmproving specinl techni:ues of
investigntion. ¥ith this definition Adler

speaks the death sentense of ‘Pklescphy. (90)

B I terwe T tom R tim etwier e LT REs
Lat us suppose that the tem "philosophy" here refers to

3

what Thaﬂ.st: understand by philosophy of mature, snd that
the expression rcorron sense observetions® me&ns the simple,

ordinrry observation thnt s the pcint of deperture of the
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first speculations of the mind about mature. It may resdily
be admitted thet this comaon cbservetion is coapletely ine
sdequate for the solution of specific problems. Dut Bo
oie has ever alaimed that it is odequate for such a pur-
pose, Our position is thet cosxaon cbeervation ia sdequete

far oorson, gensrie piobhm-, anpd that only highty

specialixed cbservation is sdsquate for spscific questions.

The ocmmon observeiion from which is derived the generic
notion of motion is completely inadequate for the solution
of & very spesial prob:ln ooncerning the respirstory tubea
of a certain speaiss o;f anirm), let us say. But at the
nntiukmuldpot_thgmctkw«mnongmmlh-
particulaxr type of ns.plntory tubes is wholly unneooessery
for @ determinetion of the gamerig asture of motice.,

Ductor Alexander's objestion with regeid to the
subordination of the o%xperimntul sciences to phn;'nbplv"
recalls what was said hl Chepter II in connection w;ith
our anslysis of the twenty fifth lectio of st. Tho'.;rea'
GCaxzentary on the Fosterior Analytics. This mbordijnsﬁon
d0es not meen mbelteratiom in Mg giries moﬁ' oo,

word. From this point of view the exporimeatel sciences

are campletoly indepandent of philoscphy. It can only

moen a subordinstion arising from an order in which one
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moves froam the more generic %0 the nore speoifie, thet s te
s3y & dependenss of the mare pErticuler upon the more
gsneral . a.mmtmmnmhn-utom
i1t clear that $his dependenes does mot mean that the more
general knowledge aequired in the philosophy of msture
predetornines the aclution of the more persieuler problens
of the experi sntal aciemess, Hevartheless, the amterior
parts of matural dsctrine Mave a Sefinite inflvenee upen

the pesterior parts. For the definitions t.rrlvd &t in the
philosophy of naturs beoome methodologiesl principles de
guide the oomtrqcrﬁon of hypotheses in ths sxperivental
scionoes, to Lmposs limits upon them, aad $0 serve as
criteria W whioh they may be erltlcl-d; Thus, for ﬁlo,
the dsfinition of inteliscs In the De snim boo;i-n [
mhodol?gie-x. prineciple for experimental psyebology. This
rols of philoscphy of naturs is not & restriction upon the
exparimontal sclences. Rather 1% frees them from becoming

n
giaesied in frlee and useless hypotheses.

This distuseim of thé suberdination of the
sxperimental scisnees %o philesophy of neture suggesta an
important question: is gt necesasary, or at least helpful
for experimental scientists to be sacquainted with

philosoyhy of nnture. e know of no better enswer to thias
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question than the one -found in the following passage of
Professor DeKoninek:

Ntest-il pas vrai gue les meilleurs physiciens
modernes ignorent & peu pres le tout des questions

. étudides dans les prémieres parties de la
philosophie de la nature? Seraient~ils meilleurs
physiciens s'ils savaient la d@§finition du
mouvement, ou que la comparaison de mouvements
d'espdce différente suppose une prédication
dtidentits et un mouvement dialectique de la pensfe?
A cela on peut répondre par la question: Le megen:
seraidil meilleur magon s'il §tait architeate? Les
ouvrages des savants modernes sur les aspects °‘plus
philosophiques® de leur asience, montrent suffisam-
ment les desastres du magon qui veut faire l*archi-
tecte en tant que magon, Ils font violence ¥ lvordre
qu*il nous feaut suivre dans la connaissence sl nous
voulons en arriver & voir la partie dans son ordre su
tout. Ils ont négligé les considérations logiquement
antérieures & celle de leur propre sujet, nigligence
qui se fait sentir quand ils veulent sortir de celui~
ei. Faire violence 3 l'ordre, ne fiit-oce qn'\ soluf qui
nous est imposé par la nature mime de l'intelligence
humaine, otest faire violence & la sagesse, & la
seience de la nature en tant qutelle est philosophique.®(71)

The greatest misteke of the modern students of nature is

that they have inasisted on starting in midstiream. The mast
fundemental and most basic guestions have been ignored.

Having started midway, and pursuing their progress into deeper
sonsretion, they hnvp vthought that they could glt}mltoly find
the st;lution of the fundamental questions. But the progress of
the study of nature does not move in a circle; it moves in a
straight line. 4nd one has only to consider the enswers that

scientists have brought forward to such fundemental questions
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sar "what {a lifev, %o be sanvinesd of this. Booausath
sénple besie questions lave deen ignered, modern text
books are filled vltlphumlnlcxpuulmuhtdm |
ubterly devold of any definite meaning. They have mach to
52y, for exmmple, mdout "mnimal behavior* without ever
having raised or solved the aixple question: what is en

animnl in general. mmtmbrlmhmtouonn

again the uster Tutility of the efforts of molern seholasties

to prove or disprove the doctrine of hylemcrphism by -n-
of chemistry and physfcs. The substentiel e}-po.xtxoa of
mobile being 1s a fundementsl question thet 1s enterior to,

and Sherefore independent of all of the findings of modera

" edgerinsntel science.

The experimental soisnces are, then, dspendent in
R0mde way upon philosophy of natmre. But from amother point
of view we may say that Philosophy of nature 1g subordine ted
$o the experimental sciences.For that which is lsss knowable
L‘L‘_‘_ 13 by nature subordinated to that w: ich 1a more know-

sble in se. 2 ether wards tha more hstress ports of

naturel doctrine are subordinated to the more soncrete partg

4.

a3 potency 1s aubordinsted to act. In the cancrete parts the

ehatreet parts find their fulfilloent, Tiat 4g why the true

philoso_ her

of neture can never roat aatlafied with the eom.on,

generel $ruths showt nature, in spite of the faet thot they
alone provide him with scfentific sertisude. 3Juch tiwths
constitute emly an introduetion %0 the stuly of nature and
are oconsequextly eonphﬁoly orientated towsrds th: more
conscrete parts which roilo'. The true philosopher of nsture
will nov§r loss sight of that orlantauon. and he will de
surried maross the frontiers into the r.‘h of cxporim.ntnl
-ciom.‘ In & doing h: -111 not be guilty of & naive
opiinim, or of e kimd of "lnp.nn-"; b uu aimply be
obedient to the fupetus of the dynemima that is mtriuio
to the very 'a&w of naturs. For the end towards which al2
the pru'h-nnl ntnm ntrin s at the same tim the
ond towarda which the pnlono-»tv of nature strives. AM
hare wo are tmhu; u;pu thn profound wisdom contained in
the tno toxt- fran th- De Partibus Anjmmlium which wened

at first aight to sonstitute & peyedox. {n the ons hand,
the concrete parts of ne:\wrel dootrine are distinguished
fran the more abstruct parts by the faet that the latter are
phuo-ophxcll that {a %o sey truly .ci-ntiﬂa. Fut at the
zhmmotmmmnwsmmo
parts ma well aa the abstruct parts, since the latter are =
prolongstion and & necessary fulfillment of the for-ér.

The following linus .f idr Arthur 1ddircton are relevent
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hers:

liot 80 vary long ago the sudject nwow ocalled physies
was known as *nuturul philosophy*. The physieist
is by origin a philosopher wke hee speeinlised in
s particular direction. Put he is not the omly
victim of apsoialization. Ry the breaking swy

af physics the smain body of philosophy suffered

an amputetion.(¥R)

Perhaps we can sum up this ¢iscussion of the
relation between philosophy of nnture and the experimental
scisnces by drewing the following contrest betwesn them.
The foruer is of greater intrinsie importance them the
lstter for thres reascns. First it provides us with the
knowledge of mature $hat is woes 1n sonformity with he
mnen inkellset. It is significens that in modern times
the mind in its dﬁl&m with nature Mas almost universally
rejectad the cbjeet that is most proportionate te it ., Mt
perhaps cne might be tampted to ocbjeet that experienee sho:s
that the edporimental sgisnces are more ecsily zccessible
t0o &8 groater number thex philostphy of ntture. The mnswer
to this objection has already been suggested earlier in
-this Chapter. Im spesking.of the yelatize "knowbilily™.
of the different parts of nsturel doctriue we beve in mind
only intellectusl knowled, 6. In the mesas.re in which senss

knovledge sntsras into the discussion, it 1is evident thet

conc ‘ete singular sensible objects ere the most ecaily

knowable. And in 8o far as the sxperimental sciences enjoy
8 slose proximity to sensible singulep objecta thoy' possess
a faeility that 1s not found in philosophy of mature. It
mist be noted, howsver, that in the neaswrs in which physice
is nsthematicized it partioipates in the science that 1s the
2008 proportionste to the humen mind. e believe that these
two faots explein the ocomparetive amu.lhiuty of physice

and the extreme atiraction which it exsroizes over the mind.

Secondly, the philosophy of nature provides us
with truly scientific knowledge. St. Thomas writes:
1111 qui sciunt ocauseam et propter quid, sciontiores
sunt ot saplestieres 1llte qui igpdrent ceussm, sed ..

solun seiumt quis, :xperti autem sciumt quis, sed
nesoiunt proptar quid. (73)

.

It remains possidie to have scfentifte coﬂ'stud. a3 long as
the mind recains in generslities. Thet is why the wisewan

in the realm of nature must be humhle. To reject certitude
in these things 1a & kind of pride. Thirdly, the philosophy
of nature hes as its object the most noble thing exicting

in setus, the foml potst of Sie mhole of sterial aryetion -
$he spiritual soul of man,

On the other hand, the experimentcl zciences are

more important then philosophy of nature in the sense thet
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Mmuomtothmn-tiuorthmlotthmh
study of nature = = the knowledge of thirgs in their proper -
ctuses, (ra) From Shis poins af view they provide,as we
noted in Chapter II, a type of knowledge that s clossr to
the knowledge that Oot has of the Cosmos than the knowledge

found in philoapphy of neture.

5. The Interragesion ef lature.

e hn‘nn that nature mey be defined in terms
of & ratio indita rabus. I% is this intelligemes, this logos
realized in msterial t.hlnc- that mkes the msoiense of the
Sommos possible. Aml the gosl of this ssianee 1s to ‘oapture
this yatio 1n scme partisl way at lenst, to brimg into enntect
with the ratioc of man. ¥e bave seen thet 'h.h beecmes im-

oreaaingly 4ifficuls as sxperience ecsrries the mind forwerd

int' deener conorctiom, Neture appeers less and leas retiomal,

16ss and less homogenscus with the fntolleat, It coatinually
throms up greater sbstaslie to the nint®s atbenpt Ood&m
the ohjmlv. l_o_ﬁ_l Trom the materiality in which it s con-
Sretized. And there ultimntely remsins only one thimg for
$he uind to &o 1r lf is %o continue 1its tesk: to fxpose

upon nature the rati nelity which it lacks, %0 extreet the

-m‘ R

ajoulnmnthmby injoatring 1ts omn

o jestive logos into 1%, This proesss of resfon-
alisstion evensually teruimathe 1n he matheustisation
Of nture, 1u whish the most irretiosal ef a1l the
spaculative salences besens s:nhlhrnntd to the moat
reticsal, The tmtellset fimds, for example, that the
'M 1ine 1w not nuonl snough fer 1§, 5o it sud-
stitutea the -th-ua) n-. Put even prior so th
introdustion of nathemmtics em axtensive proeess ot
ratiomalimtion tukes pl.u.. We must now try so
amalyse this prosesa.

i

In the first Plece, 1% 1a fmpartant to recall
it experimental kmowl edge 13 ssasutially imperfest, for
lt !quu ph-t-l pnuuv. To have an uporuuo m;
tohum b jeos o ouuthhg, -ndntbnn of sense
SXperience is alweys a @estion of becoming entitatively
aub jest to materinl Shings 'hiich physically affeet the
Ssnae orgrns. That 1a why -njoannut be satisfied with
purely experisatial knewl ly thn vm et tht

BNt A Wha pten ot oo Mg mied L T
knowledge 1s vital 1t is opposed to passivity, and by the

fuat Shat it ia Intentional 1t is opposed to the purely
(73 .
physioal, That is why the mind 1s impelled to go be-

yond exssriencs, to anticipete 1t by seurcliing for the




recaon of whet is pressnted in mxperienes. The mers the seience
of nature approaches comoretion the more experienss zets the
Wpper heand, s0 to speak. The intelleot emmnot aocept thia
state of affairs. It must try to rationalixe experisnos and
thus get the upper hand itself. Yor the intellect eam never
rest in pure givenness; it hes, as usyor-on stys, "une

e Yaund ”
repugnance irrdmediable ... devant toufy lonn“ ]):t nnnct

be content with a‘-;n ﬂt_n it must search for the m__
quid. It ocamnot rﬂhl iwprisonsd within dlg!hrityx 1%
st strive te ncb.tm nntnrmuty. It annot reat setisfied
with purely vnthot“ mm.; 1% must rind a way nt‘-lkms
them a priori. MM mature &oes not provide whas 16
soeks, it Iulrmtmnt astuwre in nchl-wnto-h
1t render what it -uu. oratl.munoh-nyuto
allow the ldu ton ¢ln 13281 what 1% wants. all this
explains why as -oon a8 the propoaitions of ihe study of
nifurs start to be purely experimental there begins a
gigantia tusk of reconatruction of nature. And the g-feator
the part thnt exporiono. plays in this study, the greater
mtuthmthtthoualplq-. Seiones hecaws &
mixture of fact and fiction, and as fact increases 20 doss
fictiom. As Dubem hes recnrked: *Ls développenent de la

rhysicue provoque une lutie continue:le entre *la nature

qui ne ase lasss pas de four: ir' et la raison qui ne veut

%s'

(77)
pas *ass lemsey de eonesvolir.'" Ne must now try to point

out the most salisent features of this rationelimstion of

experisnos.

This 1s far from being an eaay task. For not
only do the objective and subjective logos ultimetely
bocons so inextricobly fused that it is impossidle te drew
the line betwesn th)u. but it &is ﬂ.n impossible to £ind an
aboolute starting point for the introductiom of the subjective
logos, since the whole provess is esssent:slly circuley., It
might be suggested that the first li’p in the retionalizetion
dmﬁn@g@lﬁoht&n\hﬁltmmdn
scientifie experisunt the sclentist makes a selestion of the

elements S$hat are %o exter into the experiment and places

them in especially chosen conditioms in such a wy that the
whole experiment is an artificisnlly eomstructed process. It
might further be sugzested that the second step coneists in
an intclleetual filtretion and purificeation of the elaments
entaring into the experiment in sueh a way that they become
fdsalizations whieh gy B0 exasd sampterparte 1y axpsrienes.
There oan bonn doubt that experirental ssienos decls with
idenlized sntities of this kind, such aa perfeot grses
movemwnt witliout friaction, absolutsly rigid bodies, pirfect

lavers, perfectly geametiricel cyratels, sbsolutely pure




(v8)
wetols, perfess fluidity, perfect olastioity, etec. And

all this represents & projeeticn of thought ntopt_ho WVMRos .
But the mature of $his projection must be rightly wnder-
stood, TYor at first glnnos It night soem that all that is
involved hsre s the substsitution of liniting cases for the

brute phentmena that are directly psrospiible, If $his
wore $rue, we oculd, na Cassirer has pointed out, “atteapt
$o do Jun.totmmh-llynnwhmmmu’th
positivistie sehemm. "(” n & matter of faot, howsver,
the prolAal-.h much more sonplicated than theas, And an
attept to wirsvel 1t will imuediately shew shat in the
process of watiowslisntion shere is & €nod deel prior so

the steps mmiionet & nmomests ago,

Mmuhthmxnmotmmm
discussion, Anwknwotmhtmwutmtozrlpl

with 1t than W considering a pascegs from Xant's Critique
(80)
of Mure Remsems

Mathematies and physios are $wo types of theoretiesl

knowledge which mist detesming a dori their odjest;
tutmm-mw;&muma-

S, i S0 the axtemt 0 whisk %he ‘Sliur ‘Dowress

of Xnowlelgs besides the Teasom 2llow it to do so.
ATter attampting to show Shat mathematios ia & oompletely
& priori scismee and that it has mads true progress only

since mx themeticinns have come $o reclize this, he goes on

to conaider the & prioxi clerseter of physies:

¥hen Galileo yrolled dalls down an inclined plame
with an seoeleration determined and chosen by
hixsell:, when Torrieelld sttriduted to the sir
& weight which he oomputed as equal to the woight
of a known solumn of woter, o when later :tahl
tranaformed metals into lime, ond the latter in
turn into a netal, by oop-ratimg and sdding certain
elamsits, theu a new lighi dawnod for all pbyliehtu.
They yndsrstood that reason discovers oaly what it
produces {tsalf aceoxding %o its own designs} it
must take the lesd with prinaiples which determine
1%s Judgnants ageording to constent laws, and forss
nature %0 ye %0 its questions, instead ¢
loaving 1 ' be conducted by nature ms ﬁmnd\v
% atring: for oiharwise our cbservations mnds at|
random and without any plan traced beforshand would -
neyer lead $0 & neocassary law, which the reasoa
mvmlootntau(d-n‘a. The reasoa
st pressnt itself bafexs nature, holding in one ‘
mtc-mmmanmm-munn the
mmmmmonwctm.mu
She other hend 1% must hold she experiment mmch as
1% has plasued mcoording to the same primciples,
nmd—mtohufonunm“lwbq.
whe 45 bomd $e spesk culy what pleassa the teacher,
bntuajﬂuuhhhmh, ko constreins the |
witnesses to anawer the questioas put %o thea.
Physics, therefore, is indebted to the keppy
revolution which has been introduced into its msthod
by ti.is simple notiom that it must neek for (and
not Lmagine) in msturs, im eccordance with the u-u
. whieh %he retson itsslf brings to it, what the
reason ought to learn of neture, sbout which it 'can
never learn anything simply by itself. It is thu-
that piysios has been able to snter for ths rtr-t
th.uﬁomnddutm.“rmm
along fer so maxy sentaries.

The gist af ﬂ\hp-nnpwhomdupuywing that
ascording to Xant experimental physics owes its emsncipation
and 1%s progress to the fact that it proceeds to a certain
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extent in an & prieri fashion by posing questions whiek
antieipate expertesnce snd Predeternine 1%,

This dootrine has in receat times bdeea spplied
to biology by an axdent discipls of Kant, J. vom Ueximll;

Raturel soience fells into two parts, dootrine
&nd ressarell. The dostrine sonsists of dogantie
assertions, whish eontain a definite statement
conceraing Mature. The forme these assertions
take often guggest thed thay sre based em the
authority of Mature herself. This is & nistake,

nnn.mm-mmm. Yo may 20 o~
Ploy these clmnges that thay SPPeSr fs SREWers

t0o o gquestsions. If we are te get & right under~
standing of the position of ssiemss vis-amvis of
Mature, we must trensform sash of the stadbenents
into a question, amd aceount to curselves for i
changss in mtural phenomens which men of soiense
have used rfor evidence ror their SRy, Inveati-
&stion eannot proesed otherwise than bty making a
suppoaition (hypethesis) tu its Quastions, & ey~
positien in which the answer {thesis) 1s slyeedy
Ixplieit, The ultimmte recognition ef the rnawer
and the seSting up of a dockrime follow as s00R 88
the investigetor hes distovered in Mturs whet he
considers & sufficient number of phenonena that he
oan interpret es positive or negative om the lines
of this hypotheals,

The sole suthorisy for 1 dootrine is not Mmture,
bui tie investigstor, who hes Limmslf unswered his
own guestion. (81)

LIS I <

*' ' 6 4o ok ‘cidstribe to o1} br mi’-i"q‘nﬁition

of the dooirine found in these two pasasges. levertheless,

W8 bollevo thet the central ides running through them is

easentinlly carrect. FKent wag right in holdimg thet if

m— T

Sxperimantal seienss is to have eny significanae 1%

onnnot rees satiasfied with tue purely asynthetie sbaregtar
of experinente) Propositions. The mind raust introdues an
S_Prigg) sloment into them. .nd this introdustion does not
$aio plage only wfter the broosas of cxpcr;runtatlén hn
been ascomplishet. It 1s scusthing thet is effected durisg
the prossss 1teelf. The nind mist antieiprte experience and
by this utmma.m predetearnine the experimsatal process.,
Kent wne wyang in belleving thet lewtonian plysics was defi-
uitive, wud thet as n Sanseqlenods the a priorl element
intyroduced by the mind ws something abaolute and negessary,
Let ummhxthutnmuhttn. (ee)

' ¥ lave nlready suggested that modera selenee is
for from beiag an oUtGrowth of the neive empiricisn of Franets
Deoon whose idecl 1t wag to hauve experimentation onrried om
without ruy presonceived 1dees, In this connection Polnearo'

writest

Gn dit souvent qu*il faut expérimenter sens 14fe
Prascagny ; Cola nfeqt pas possiblez nom seu) pnant
o ssrait readre touts stirile, mnis ea
1s voudrait quon ne le pourrait pas. Chacun porte
en sof am Gonosption du nonde dont 11 ne peut se
Qufeire sl aisément, (83) .

Parheps tie £irst muthar in Todern tines to bring

out with gront clurity end omphnais the i::portinece of ure~
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conoeived ideas 1% safentifie sxperimsntation was Clauds

Bernerd. In his clasais work, Introductien & Mifiule &8

1n nédscine spiyi-wotale, he Mays:

I1 n*est pas posaible d%instituer une expirienss sens
uns 1a8e proconguoy inetitusr nee cxpdriaieeee. ctest
poser une gqusstion; on ne congoit mu,m
question;sens 1lidke qui sollfoite une Tréponse.

Je oonzidire donc, en primeips abaclu, gue
1'exphrience 401t toujours $tre institule ea

7ue 4'ane 3d6s precooque, peu importe que sette

1a8e 20i$ plus ou noins vegue, plus ou moins

bien “ﬁuﬁ...(c'ut) 1‘1“. qui eonatitue,.. .

1o point && départ eu leo primes moyems de Somt
relsomnonont scfentifique, et e'eet elie qui e

est ghndrelemant le but, dans 1'aspiretion de
1%esprit vers 1'incomnu,.. Sona cele o0 Re pourrsit .
quientasser dee obasrvations stsriles, {8s)

R 4

This opinfon of Claude Bernerd Las beooms
universelly socepted among the beat modera scientists and

. pulcupl_nn_at acionss. Innumersble suthoritiss besides

the ones slreedy cited oould de brought forward to attest .
to this universel nocceptanes. (u,) It has becoss inereeasing-
1y elear thint, as Meyerson says, ™ toute experience ntest
et Be peut btre qu'une ex)orienct: 4o pens’e.” (ee) An4
thems hushorities ere umntneas in sttributing thy yhls
feoundity of experinental seisnes to the projeetise of ea

u _priori tden into oxperime:tatiom. >ithout this projection
sxperinontetion oo 1¢ render only pure dste vithout any

unified si.mific:nee. ..nd these & te could lesd to nothing
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beyond themeslves. They ®ould be utterly aterile, unable
$0 carry the mind farward tn Ay definite direction, It 1

from the a gioﬂ. 1des that solence derives ita essahtis)
dynems am,

But 1t is impartant to see in mt pmin.uW
this prejection of the & priart fute experimentation 1s
sfTected, The texta cited above hava slrecdy auggested thet
1% 1s brought about essentinlly by the way in which the
sxperimsnter iatarrogutes PRture. Lvery exierinent is in ‘
faot & very definite Question whieh the expsrimanter puts to
matere. ind the results af the sxperimeat Bave no mesnin:
SX05t 12 80 far as they are the answsr to this definite
TUstich. Thet 1s Wy these results are slready predsteimia-
o ¥y Ahs experimanter, The whole pattern of the -zp.ru;.nt.
the selection of the um{- thet are to snter into 1t, the

-tmtnro of the in-trmunt_q that are to be employed, the

_ Presiss character of every actiom that carries the experiment

forwurd ~ all these are Predeteranined by the preoise question

that 15 i the mind o aperinenter, And this question
Pl gty v :

bas 00 meaning in relation to the very camplicoted theorstical
buckground which forms 1ts context, I’'nx Planek hes brought out

thls point with his ususl olaritys

Thereforoc fran ths results thei ere ;iven by experi-
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mental meesurenent we must choose those whieh
will heve & prueticsl bearing on the object of
our inquiry, bescuse esch particuler attempt
8t dissovering reslity in the physioel
universs represents © special form of
coxrtain cuestion whish we put $o mature. Now
you cannot put a resscncble guestion unlsss
you beve a reascuable theory in the light of
whieh it ia caked. In other words, ons must
have some sort of theoretioul bypotlissis in
one's mind eand one must put 1t so the test
of research measurements. This is why At
often happsus that a certain lime of ressarch
m-ammjnthnnghtctu‘thor;bnt
not in thet of another. 4nd veiy often the

significanes of & questicn shanges when the
theary in she light of which it is asked has
already chenged.(88)

Bud 1% hmuutrytétrynﬂmunm
sccuratély the eharaster af the questions Sk fs possible
to put to mature in ﬁnl-utal seiences. P'rhdn aii in
faest two conoeivable weys tn which a question may io ﬁuﬁ.
In the first plece 1t 1a possidle %o esk » question which
dexmnds in an absolute feshion whot the nature of s thing
is, for exsmple: "whet is men?™  Such a question ean
never be answered by sither “yas~ or *no*. The answor
Tust be "rational antmnl™ or “featherless biped™ or some-
Ahing siniiar, And the reesen s thmt sueh o quaetiva *
does not contein an hypothesis. put there ia another type
of question which does ocontein en hypothesis, for excmple:

"is the definition of men:; featherlsss biped?- In this

case the hypothesis involved aonstitutes a suggestion to
which one is foraed to answer by sither “yea™ or “no%,
Thia augrestion 1a already in some sanse o predeternimtion
of the answer. And it is olear that in posing a.qusstion
of thais sscond type the mind s taking the initistive

and anticipating nature.

3

liow 1% 3s only questions containing an impliedt

hypothesis tim$ e used in experimenta) soience. As,
Msyerson has ramarked, "1l est parfaitment impossidble
d*arrecter A 1s mture ses_secrets en 1'intprrogenns
dmom,'(”’m bmﬁ it bescomes inereasingly
diffieult to induce nuture to yield up 1ta secrets as
Progress is mads towards fuller concretion, it is necessary
Shat the questions posed by the acientist beecws incressingly
tr‘lﬂchl and hypotheticnl. Seientiffo method has often
been compared %o the methods szployed in trecking down
eriminals. KNow the crimipal which is meture will never
enawer & direet question. ind as & result the sclentifie
dotestive never succseds In pinniag thid erisinel dowa'in

an absolute and definitive feshion. Yor there is this
difference betwsen nuture nnd ordinery ~cr1minah thet when

for former Gnsvers "yes' it does not nocessarily mean "yes"

in an abasolute wag. That is to sy, when the hypothescs
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of the scientist's question is verifisd in experisuss,

this doss not mean that the lypothesis is necesserily trus -
"quis forte seoundum aliquem alium modum spparentia
sslvemur. I8 doss not foilow from this, howsver, that
von Usakull is coopledely correct in muintaining thut *the
sols axthority for a dootrine 1s not nature, but the in-
vostigator, who has himsolf enswered his owm Quastion,”

For though it be trus that nature's shswers ore to some
extent predetermined by the yuestions formulated by the
investicator, they ere not conpletely determined thareby.

It onnnot be denied that nature has somsthing to do with the
ansver, exd that sthroughous the whole dialeoticel process
of imterrogutioa 1t yemains the msssure to whish the
scientist st ever seek to osuform himself, -

Even anong thoss sho readily sdmit timt Lypothe~
sis plys a mgjor rols in experimental sclence the notion is
often eumnt‘ that hypothesis ia alweys something ﬁbntorior
to experiuentation and morely supsrimposed upon 1t, in such

e ny that n resnins e mth.l; a-q tnk e u.—

E 130 AU A A - .

tingui-h the factusl elements dlriﬂ.ng n-m -xp.rionu fron
the hypothetionl elementa socmtributed by the mind.  ve feal
t.at enough hns already been aeid to show thnt thias is

fulse. lypothesis muat inticipnte experience fnd Pro—
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detormine i%. And this prodetermination is such thes,
in tha more u-pue:atul sxpsrinental processes st leeat,
1t is impossidle to distinguish sharply botween ths sub-
Jective und abjective logos. The amiysis which §s to
rono- will serve to bring out shis truth with mtn
evidence.

Ge Opintlmnn

Iin ordar S0 eome %0 underatamd mowe fully the
way in which the mijcoth. logos is projected iuto nature
in the proosdure ot cxpa-imantal sciexnce, xt is Bacessary
to cn-xu alosely the prcctu sharacter or a selientifiec
.xporhunt.“o) Durllng the roisn of olsssical physies, it
was pnanu,.y balioved thnt a scientific experiment wes
essentially a r-volelnuon of a property thot existed as
such in objoctive ronlity. It was teken for granted thet
the whole ox»orlmutal proeoduro was merely s msons by which
tho -oh‘nt.xn n-;m to um a uﬂ;alh‘rn;atm that
wna embedded in the sbsolute world condition. ~ontemporary
physics huas shmmb how nuive this ﬂe- was. In ﬂiet, we

are touching here the very heart of the profoumd diffevence

betreon liewtonien physicas and Relativity and : uahtum physics.
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7o heve slready 1uid eonsidersble insistence
upon the purely expericsntsl chermcter of the a-rmzmu
thut form the structurs of experiseatal acience. We have
saen that experimentol soience never really succesds in
disengaging an essenee, that it naver really rises above
the reslm of singulsrity. as a consequense, the definitions
of experimental science are merely formulations of what
is presented by ssase exparience. ill thia 1s trus even
of propoaiti;n- whigh derive from ordinary observation,
that is to say, obasrvation into which mo elemens ;t -
cantrol er srtiffeial construstion hes besn intredused.

Put the trus well aprisg of ssiemes, ead parti-
sularly of physias, is not this crdinary chesrvation. ). 4
the wvery feet shat the salentist is unabdle S really die-
oDgRge es36u0es Trore 1% and thus riase to true univerar 1ity
and necessity, it sppecrs as a frustretion to the mind, Yor
this resson the student of nature arnnot rest sctisfisd
with 1t. If nature will not yleld up 1ts sscrets of its
owm aseord n-nbotonutoun. That i3 wiy he
aviur ~. wher ke ow . TrAE Tl oy
finds 1t necesmary $o oporet. upon nature, to bring it
under his guidsuee and control, to manipulete it in wrys
dicteted by his preconceived idems. i1l this is known es

B8 aclentific experi-ent.
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An experiment has often been defined as con-
Srolled sense perception. But it should be clesr from what
has just been said that 1t is a good dsal more then that.
It i1s, in fact, & reconstruction of nature. DBevsuse the
routes provided by nuture are not sufficient to ensble
the sclentist %0 errive at his gosl, it is necessary for
him to construct an artificlal dstour. This detour carries
hin clossr to kis goal than he would heve besa abls %o get
without 18, but 1t does not do 50 in the way oenecived by
the elsasioal physiciste. For the detour s inseperadle
from the geal. And this trings us to an extremsly signi-
fiesnt puredex to which we ahall return mors ther onoe inm
this atudy: uhntmo method sarriss us eloser $0 nature
only .t the expense of carrying us farther away from u.‘u)

And what hmppens %o the soientifis definitions
in this process? Thes rescustruction ef asture effected »y

the scieutist ensbles the mind %0 perwtrate more deeply

snice meautng, but thic pemstreiion never ayrives st &

_ Dolat. A, Whish She mint fa-able to rise above purely experi-

montal propositions which are of ths Yory essence of experi-
mental seience. In fiot, ta we have just suggested, from
one point of view the very reconstruction mrkes it even

loss poussible to emcape frou them. The mind rome:ins bourd




- 422 -

down o sxparienes, bound down to e mere formalstion of
what ia prasented by sxperiance. But mow wat h presented
by sxperiense has bescme something different. n is 2o
longer sonothing produced by nature, but wether something
produced by the seientiss hinsslf in his eperation upon
mature. Thet is whiy tha rasults of experiments bave no
neaning exespt in ter:a of the precise operetions by whieh
thoy are prodaced. They depend upon overy Mt which
enters into the experiment: upon what he doss, the way in
which he does 1t, all) the eonorete circumstances in which
he operutes, eto. And beosues 1% 15 impossidle for him to
know exaetly whas he is doing snd all the eireumstunces of
the operation, he is never able to rise sbove tho sensible
1nﬂ1vldu¢1 operation oxoept by means of pmvhlonl and
dillntiul goneralizations. 411 this anounts $o saying
thot the definitions of expsrimental scisnoce derive their
aignificance froo the serles of opcretions eployed in the
experinonta which led to thelyr tnmlation. That 1s to BEYy,
tke only ay to define physiocel quentities is by an
smmerstion of all the senarets sparations by wich Lhee
physiocel quantities heuve cons $o be known., sind eir.'y attenpt
to analyze the meaning of the definitions of experimental
acionce must Decessarily end in the mers desigretion of

8 concrete series of operntions iorformed with a concrete

)
N
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(92} '
0% of instrwiomts, There waat ¥e & reductio ad materism

. sansibilem lnukviduh-.: The more expsrimentn)l scienoe

asteple %o achieve the natursl desire of the tntellect to |
rise above the senses and the pure givenness of oxperience,
the nore is it odbliged to full back wpon then,

In order to be convinced that all the definitions
with ihloh plysicel saisnce deals are ua‘o‘uthuy operation~
al one hn: only to open a ook of physics and reed the
definitions of $he fundsmentel uantities which conatitute
the uh-ncu. imss, force, tewperature, olectricity,
mgnetism, light, sound, energy, entropy, atomic and molo-
cular proparties, stc. = ~ all without exception are de—
fined in terms of dotlnt'tc physionl operstions performed with
Mlni'. plvnioll h\n!—lt-. ind we must be oomstantly
on 8““ against the mtml tendaney to hypostatize terms
which designate mo more.than axperimental prooesses. Tho
way in which seiuntifie progress foroes physios to futrodues
progressive modtrlention.;n into the dufinitions of its
mxﬁ::ult..l qwtitin -In:nld- ‘b" nwoon.at-nt warning that
thno“ ;-m“““ are lnt n-.l ontologioal propn-tin.

As we have suggested, the reemlizetion of the

opsrationnl character of the d-finitions of experirwntel
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that that distance x fa sometdhing sirendy ex-
isting im the picture of the world - - a guir
which would be &.prehandsd by a superior in-
telligence aa exiating in 1tself withous re-
ferenes to the notiom of osrations with
BRBUring rols.e. ’
Heving regard to this distinotion batween
rhysiesl qumtitios and worlé-coaditions,

we xhell not define s physical quantity as
though it ware a feature in the world-
Pioturs which hed to be oough$ out. 4 plysical
mtl? is aafined by the serisa of mﬁ ona
axd onloulutions of whi £t 1s the resull ...
" do not meed o tak the Physicist what sonm~
ception he attaches to *length', we watch

hin weesuring length, and form our definition
according to the operstions he performs, (96)

The spistemclogicel 1 Plieations of Shis
Principle of operationnlism mre far Tesching. Thay may,
perheps, be swesed wp by saying that the paysioclet ia never
canfrowted with a pure objest. The fundamental Quantities,
such as length, nass, anergy, potentiel,etc. out of whieh
the xhole structure of phyatos is erected &#re not things
or natures or pro,crties or Toatures of the absc.ute world
condition. Thay are artiales menufactured by the subject,
Thay are mynthetio prodmts. They ars not things of nature,
h-t}lh.-t-&!‘ntd in erder to explain satre. As
“rofessor Petit m: s remnrked, "le feire est su cosur du

, (96)
1tre experi 1.n In othor words, in the experi-

sental sciences, apeculstive knowledre cen reech out to-

#iurds its object only by eiving way in some nsasure to
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pragtiesl lnowledse.

411 this, however, doss not favor the 1dealistie
positiom. Yor the Operetions whick constitute a solentifio
experi.ant are Physioal, and they are performed upon ob-
Jeotive phyaical nat.ge. 48 8 consequence, the rosults,
while not purely objoative, ure not Purely sudjective.
They are a camposite of the objective and the mubjective,
It At 1s extremsly Lxportant to recognize the pert played
by she subjective element. A3 we shall heve oconsion to
point out in a future Ghapter, 1% s oﬂq by acknowlodging
he role of the subjective in experimentsl science thet we
can beeome truly objective.

Is should be olear from whet has besen said thus
far abeut operational cheracter of experimentetion that the
subjeetive entors snto science in two whys. In the first
plagce there 1a a mantnl intruaion through hypotlesis and
theory in the ssnse that «ll of the operations end the
whole structure of the instrunents employed sre determired
by some prepomanived, Shecry. “List¥uhsnts sre in fact
nothing dut materielized theories. This point hea been
developed 11 the lest section of thina Chapter. In the

second plece thire i1a a phyaics)l intrusion in the nsense
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that the subjecs operates physically upen n(-.tlun through ;
physicul opsrationa carried on Wy physiot) instrurents
oonatructed of copper, and gless, &nd slumisam and eilk,
ste. This obviously results in & physioal htu‘«tm
betwesn the objuct and the subject, which makes it fm~

possible for the subject to get at ihe objest indits pure

state of objectivity. We intemd to returm to this question
in our discussion of the linitations of measuremeas §n
Chopter ¥IIX, but perbaps at this polmt 1% will be worth
while to quote the following lines from Reiseaberg, sho

bns done so much to bring sut the significsmes of ihis
imteraeticn:

Particularly charssteriatie of she Aisewsaiens
%o follow is the interaction between observer .
Sad objees; in alassisel plysiesl theories 1% -- i f
bas alweys boea sssumsd either that this inter- f
astion is negligibly mmall, or elss that i%s

affeet oan be eliminated from the resuls by
oalcuistions based om *control! sxperinment a.
This assumption is not permissible in atomic
physica; the interaotion between cbserver end’
objact causes uncontrollasble amd large clianges
in the aystem being ocbserved, beosuse of the
disocontinuous changes characteristioc of ntonic
processas. Ths imosdiate consequenes of this:
circumstance is thet in general «vexy experi-

I . to tarnine _ L. )
72 JEREmt e fetaruine e somriand ,J

1llusory, sinoe the uncontrollable perturbetion
of the observed systec altars the values of
previously detormined quantities. If this
perturdation be followed in 1ta quantitative
details, it anpecrs that in many ouses it is
impossible to obtain an exact determinstion of
t.es sfrmltanecus values of two veriebles, but '

I3
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ruthex that thore is & lower Limit to the
sqouragy with whick 'thay cen be known.(97)

Until rather ﬁocontly 1t wes customry %0 oontrest
the method of indwospection smployed im experimental
paychology with tha rwthods used in the other experimental
seiences by polntfmg om:mt in the cams of lntro-poct‘lon
58 ins:iuzion of the subjeot mims It Sapossidls to
arrive at the object im itas pure atate ot‘ objedtivity, Amd
1t was more Or less tekan for grentsd that this pure objoet-
ivity was lﬁlm in tho other experimentsl seionoes. Fiels
Bohr, howsver, has shown thnt this pure objectivity is a
mare i1llusion and that throughout physics there is mn im=
trusion of the swbjeot camparsbls to that fousd im the
method of utroqp“thn.j One of the ressons wky scientiats
beooms easily mo.ptlblic to this 1lluston :;at)l-t. s Duhem
hua brought out so fully and so maocurstely, they tend to
substitute in their mind sn idealired inatrument, a kind
of mathamatical model for the actual physical instrument
enployed. Xor a oovpcr wire of a cortain tresdth, for
exmepls, 1a sbst1futod a gecmetrical aireld Wtthout bresdthy
for a stesl magnetic needle which has a definite -gnttuﬁo
and which i{s wnable to movy without friction is \mhstitu‘tad
an infinitely arall horizontal nq;natic. axis .vhloh noves

|
arowxl & verticnl exis without fristion, ete. In frzet there




15 a tendenay to go even beyond this; to dsmaterialize the
instruaant eompletely, to attridute to it the properties of
& trenssubjoctive sognitive fmoulty. And the reason for all
this is elsar: it pertains 3o the nature of the intellect
qua intsllset to know things indspandently of physical means.

Perhaps the most signiffoant oonelusion that cem
be drewn drgm this disoussion of cperatiovalism is that
irretionslity entera into exporimental scienss in a wey i
which it does not enter into any other seisnce. It is true
that frratiooal elements ehter Into all tie sclences in one

way or s bther, but in all the othar se: these slswent
rosain extrinsia to the formmlisy of tha oemcepts that ere
proper to %..ese ssismoss. But besause the very motiscs out

of which experinental seleaee is comatrusted remein inseperable
fron the physical, material cparatisns by which they ere
formed, that is to soy, beczuss a mers series of ophysloal
operaticcs rlays the role that essences play in philosophiesl
knowlsdgs, there is a profound element of irrationality in-
trinale Ve thene 2otiens, Ant 1t is g1l 00, ey to lese aight
of this fmot simply beoause of the operationnl clerity thas

these notions possess.

7+ laws and Theories.

Dut science is not made up werely of isclated
motions. It s a llcuq ooordineted amd unified system.
And $his coordination and wniffieatiom is browght about
ehiefly through the formuletion of laws and theories. To

$his formulation we must mow turn our attention. aince we

shall bave $o return to this question later vhen we come te
oonsider the mathematiocal trensformation of phyaicsl soiemce,
e shall oontent ourssives hare with a brief outline of the
struoture of physfcal laws and theories and with a SumAXy
disoussion of their espistemclogionl significanos, im suek
& Wy that the semtral thought we have been purwuing, namely
the proJactfon ef the subjective logos izte xrture, w12
Ve rownded ext aat fully erystallised.

Unity is & conditioa of intelligibility, for
pure divorsity is essentially lrntloml.‘” Thas is why
the mind in its efforst to retionslize neture canuot rest
content with a mere ocolleation or tabuletion of phenovena.
As we ahall s0e in Chapter VIII, the process of measurement
4n physieeld sxperimens is alresdy & mnifisstion, for measare-
ment conaists sssentially in recucing a multiplicity to
the wiity of a stendard. But thia initisl unificrtiorn ia
not suffieient to oatisfy the miuds desire for retioonlity,

It has an fnate aspiration to appronch s closely as
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po3sible to the higher forms of intelloot which £Yusp an
inereasing plurality of things in a dininishing Plurality
of lp.clll.o It L.stinetively tends to rise to a higher
wity 4y eatablishing definite Telations betwoen the
2ultiplicity of events which reveal themselves in experi-

meant. Thnt is why the devel t of sei monifests

two prredoxical tendencies. Yor on the ome band, we have
8éen thut the movewsnt Sowards coneretion 1s a movement.
towards greater mltlpliolty, since 1t sppromches thln&-

in their proper speeific mature. This is = tendency to-
warde 8 pluyalistie fniverss. On the other hand, the nlnd
instinctively aseks to reduce tlms multiplicity to an over
ROT® perfest unity, and the terminua of this movemsat 1s

& coupletely monistie universs. The sciaing thing is &t
these two oontrury movements, far fram being irrecineilsble,
are acturlly coopor-tin.('loo The early pert of this Ch: pter
was devoted to a consdieration of the movement towards
plurelisn. How, befors briunging this Chapter to a close

we mlt dlgeu-- th- hnd-nlly tmﬂtqlll-. y ::feﬂbnv
is carried formmrd px'!.ncxxuny by neens of lews ana thom-lon.

How nutare lends itself admireadbly to this

genqu of the mind. ¥or the events which present theniselven

.in exporience ere not mere dénpcrute phenomena. They rcveal

thamselves as belonging to a pattern. Yor mature is Qe-
fined precisely in terms of thoss things which bappen,
"ut in pluribus.” (101)“” Betwrnl order and regularity
mekes it posaidble for the mind to establish legclity
among phenomena, snd this 15 the firat step in the move-
weat of the mimd townrds s moxe perfect uniffcatiom thax °

that found in tha reduction of phenomena to e stanfard,

Put are physicsl laws & mere reflsotion of the
order and regulnrity of neture® Classiosl physicists meen
to have been pitsunded that thay are. 411 the best moders
spistemologists, Rowsver, nre sgresd that thia is very far
from deing $he cass. And we fesl Shat enocugh has alrodly
besn said %0 whow Mv this is so.

. Por in the first plece, 1; is clear from our
discuasion of the nature ofl the propositions of experi-
mef 361 selance thet the wniversnlity 'nd necesaity which
are found in physical lews, and which ars of the very
sonence of g1 Jrv, can be mebhizg butb & gift of mint to
noture. Mor fs this gift gratuitous. The mind bestows'
1t only shat it may be c.rr‘iod neayrer to the goal towerds
which 11 1s striwing. Thot is why physicel laws aro

easentielly furotional. Thit is why they smust no' be




looked upom as scmthing fixed and stetie, s a finished
reflaction of an absolute ocrder existing in mature.

But shere 1s much more $o the cass tham sll thlt‘:(
Yor, as we have fust seen, the quantities which form the
atuff out of whieh physiesl lsws are formmlated are not
objeative entities. They are artisles mamfustured by the
subject im his opsrations upom nt&n-(mg)nu Shis menu-
facture hos gone both hypothesss and Piysiesl sction. That
is why the resultant lews have no moaning exoept in terms
of the projection of subjeetive logos that all this entsils.
Noreovar, im the highly eamplex structure that 1s physieal
scisnce, lawas do not have a ecmplately independent and
abaclute mesming in their own yight. Thelr meaniag is
darived from their context, whieh is a alosely woven
pattern of mutually intordipondmt laws and theories. In
this conneation, Irofesscr Campbell writes: "Nous re-
marquons 4'abord que les termas ne soat pas babituellemant
des jugements simples ot rmmadinta sur 1ss sensations, meis

v Jvgamenks

duoolhﬂtmoawh-outdp B Dans 1a
plupart des lois, ces collsctions sont delles que les lois
Be sont vretes qus sl d'autres lofs le soat. Elles sn

adpandent ¥ la fols po.r leur sens st pour leur v:u-it‘,

Ce caractédre de do'pondmco mutuelle est triés importent pour

(10s3)
nos yeeherches.v The aignifiesnce «f lows also dependa

upon ¥he pertieular theory inte whose strastwre they sre
ntud,nuacwtmn’nuﬁhuyohnngu the
significanes ef $he laws chamges. Dubem writes;: "selon que

1%on adopte ume thforie ou une autre, les mots méne wui

figurent daxs 1'énence d*wne loi de physique changent de

nn.--oﬂoqul-mm“mw.mrm
physicion qui admet hu. thiorie et vejetbe per un autre
Physisien qui afmed telle sutre thlorha'(m“rh difference
of meaning attashed 'to the law of gravitation in Yewtonisn
ani I Kinsteintan phyiies 1c a cese ix petst.

It is evident, thea, that there is a vast !
differenes betwecn the objective laws of reality and the lews
of physiesl selence. Eddington has brought ewt this
diffevenss in the following ;onu:

Wo are in danger of falliag into a ecnfusion re~

gnrding lowa of pature - - & sonfusioretween

what they are and what we erigimlly intended

then to be. To avoid embiguity I wil) die~

ariminete (tenporarily) betwesn *laws of nature! ;

and *lews of Mature'. Law of Mature will heve ,;‘
‘h-mmmmm--mb R ]

Sended to bsar ~ - a law emanating from the

worlé~prineiple owtside us, whieh we often per-

sonify as Mature. law of nature will moan os

heretafore  regulerity which we have found in

our chservational knowledge, irrespective of 1ts

source. In short a law of mature is whatever

would be designated by that name in current

physicel practioce.




will bs sesn that a law of Weture is & law
the odjactive universe. But all resognined
ws of pature are mubjective. ¥e have thua
ehed the verbel paradox that mo known law
miure is a lav of Rature, Effestively she
terme have bosome mutunlly exelusive. :

is trus that we heve left an opening. A lew
Mature {s & law of nature if it would be
(not necessarily 1f it slresdy As) nccepted

2s such in physios. This drings me %0 a
further quostion. RBave we any recson to
believe that 1f a luw of Fature ~ - a
goneralizatiey about the objegtive world - -~
wers to becoms known So us, it would be
accepted by current physics na a lew of nature?
I think ft would only be secepted &f 1t son-
formed to the pattern of physical law that we
sre ascustomed 36, But this pattern ia the
Dattern of subjsctive law. ¥e shall 317 laser
to show Yy epistemologionl study how the
pattern bns growa out of the sub jeative aspest
of physiocsl knowledge. The Patierm 1s the -
vory Mall-mnzk of subjestivity. ANy sxpeetetian
we WAy have formed that the objeative laws of
lature, when they are discovered, will coaform
to the seese pattern is quite wnreasonable.(105)

ba%

A

av

In order 1o bu comvinoed thet physicel laws are
1deal occnstructions of the mind it is sufficisznt to apelyse
any one of then mcocurctely. This anulysis will ruveal
the utter impowsibility of their being reslized ra sueh in
naturc. And this ia true of even the moat fundesental lews
Which bave samm %0 be somaidered an the prineijles of \he
whole atructure of phyesical saients. The prineiple of
fnertia is a ense in poxnt.uoe)fh. verificetion of this
law in nature wculd involve a contradiction. For in order
to show thet a moving body prmmr;es its rectilinecr end

uniform motion unless influenced by enot:er body, it would
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be nscessary to have only one body in sxistenee - - and them
all motion would be impossidle, sinos bodiea can move omly

in wplation $o one lmth:;r. Moreover the exmel verification
of the prineiple vould demand thet the volume of the boly
be reduced %o ‘”.(10?) It is importent to note that lawp

of this kind beccns convontions which assrve to defims the

"very tomsepts which sre nvolved fn them, {n such & wy'

that 1t beocomes ixpossible for oxperience :not t0 conferm te
them. Xf & moving body were t0 fail to preserve its
restilinear and wniform motion a scientist would never *
comalude that e law of imertis hed besa viclated, Vet
rather that scame mocred 1inr1uanu of which he was iguorsat
was being exsrcised upon ‘the moving bo2y. In 1ike meuner,
the law shieh formulrtes 'the funetiomel relation betwesn '
‘tho“hn;ti: of l”plooo of Inttll and its terpersture is tup.-
formed into the definition of coefricient of linear -xxﬂn;ion;
the lrw which states the depondence of the stress in an ‘
olustiec body upon the strain is trensformed into a definitiom
of elastis constant. First the lew is established that light
travels ia & straight line, and them the peth of IghS Ve~
sonos the definition and .tho no:m of a straight line. Tl;nt
is why le Roy could write: "Les lois somt 1nv:ar1thblt-, H
prendre les choses en toute rigueur . . ., prroe cu'elles

constituent le critere méne auucl on juge les npperences
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ot les nithodes qu'fl faudrait utiliser pour les sou-
mettre & un exemen dont la presision soit susceptidls de
dépaseer toute limite ml;nbh."m)

I$ s neocessary to soncluds, $hen, that physicsl
laws sre ot found - « they are made. They do not exist
before they are formilated by the mind. This does ok
mean that thay are purely fistitious. They have & dasis in
reality in the sense that they are wnc_l by experisnce.
The law of inartia, for sxample, was formulated only after
1t had besa sugrested in sountless ways My naturs. More-
over, the tarm of the prowsss whish eeastructs piyaiesl
laws 1s alwys the true, objective laws of meture. And
that is ssmsthing whieh those who insist upon the sudb~
Jostive eharaeter of selextifie luws uswally forget.
Feverthaless, it remmins Srus that only a suggestion of
these laws iz actuelly found in reelity. That is why there
1s aomething essentinlly Platonic adout thesmi. Thag is why
Kaut was in this respeet correct in makiig the mind the
lawgiver of msture. JYer selsntific lawe eome from reality
only materially; farmally they are from the mind. The
essenes of soientific knowledge is made up of & kind of

noetic hylemorphism in which the matter presonted by reality

in formalized by the mind. In all of the lows of experi-

mantal soience, as .4&dington writes: "the -un s by its
selsative power fitted the Proceamses of Luture into a freme
of law or & pattera largely of its om choosing; and in
She discovery of this aystem of law the mind my be re—
garded as np!nh(mmr;'m HNature that which the mind heg

put into Mmture."

The establishment of deprlity among phmm.;:t
was for Camte the ultimete terminus of the sclentifie
movemsut, But in this reppect as in meny others Comste
failed to seize upon the true spirit that entmates

solentifis endsavor. As Zinstein end Infeld heve pointed

- out, "ls soisnce n'est pes une collection de lois . & &

£1le est wne ervetion de 1%esprit mmmin su moyem a'3dées
o8 do sonsepts 1idreaent “".‘.‘“" 1ss thiories physiques
sssaient de former une image de la realité et de 1a
rettacher au veste monde des fmpressions ssnsibles, Ainsi,
nos constructions mentules se jJustifient aeilecent i,

ot de quelle fogon, nos thiories forment un tel non."(nm
Juss as the Mrn",douln for rationslity impells tt to

rise abeve the hﬂ.hl wmifiention achieved fn msasurement l
to the higher unity of law which establishes a defrinite

relation in the multiplicity of phenomene, so 1t Likewiese

irmella 1t to go furthior and arrive at s hisher syntltesis
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whish establishes relatioms in the meltiplieity of lams.
This higher synthesis is achieved by xmsans of a physiesl
theory. Tha kinetis theowy of gases, for exsmple;, makes
1t poasible to agnthetize the laws ef mriotte, of Cay-
Lassas, ond of ivogedro. By memus of fhls priusiple of
g@ravitation Newtea was able t0 syathetime the lews sxrived
a3 by Kepler asd Galilso and the laws governing the tides.

Fithout theory the movemsmt of She selentifis
mind would b esaentially fruatratsd. ¥or the two
sssextially properties ef seisnge are wniversality amd

ftye By of laws the mind is adle to rise sbove
the sisgularity of phonsmens and arrive at a kind of
universelity. Wt Shis wniversslity is Jaeking in necessity.

That huw.m-h-hnm;mtmhtthm

1s wothing intringie to then whish ahows ml::.fuu »ot

htve boen otherwies. In otler wards, propositions which
merely atate an assosistion botweem %de valuss of one
varisble end the values of another varisble mre not logieally
Reotsstyyy For gmmpls; en imcressliag femperatire i .
associated in a determined way with inereeaing rolm:_m
thore is nothing in this law which ehows thet the revorse
might not have besn the cnse. The mimd cennot rest

satisfied with this contin-enoy; it rmust strive to rodueg

S
v\d
-l -

1t %0 some kind of necesaity by finding » resson whieh
explains vhy inereesing tempersture is assosiated with
increasing voluue. This is acocuplished by the con~
ntruotlon.ut a th.on': which postulates the axistence of
unobserved entities whose hypothetioal behavior will ox=
ploin the obaerved phencmena. Thus physiosl theory be-
comes a substitute fqr the mlytlo-l.‘c)mruur thn.t the
propouitions of c:pw_inanm scionce iu&.

In other words, science, as 'we saw in chﬂor il.
1s & knowledee of things in their causes errived at by
demonstretion. Put without theories sxperinental nl&neo

1 unable to daf ! the of the laws it forsulatea,
RoFX ean it do&nn these laws. That 1is why it s only by
having recourss to theories that the ssientifie nind can
reelize its 1deal of retiooalizing nrture by weking it
doduubh. Ve are touching here upon the central tiere
which Tuns through the works of lbynnon.(lnl.b has -l;own
thet the ultimete tel;lmu towerds which all sciancs moves
&,‘,. the Pﬁ{.ot.‘ntlom}lml- of reality through dedvetiom.
The ml!.m.ion c\f ;hiu ldul'Wonlid neen thnt ';he thol:o

of nature could be deduced from one nimple theory. and

that would menn the destruction of nnture, since 1t would

1avolve tha destruction of ell heterogeneity. Thus the
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£411 realizstion of the tdeal of sciemce of nature would
mesn its eomplete destruction. And this is just smother
example of a phenamenon which hngs elresdy been noted and
to which mare attentien will be given later: experimentel
scieuce tends towards s ecatrsdiction. The realisstion
of 1ts 14sal will ever resmin a mcre dinlectical limit,
for mature will mever fail to reveal irrstiomsl elemxss
$o prevent ita pwTest dedwettibilisy.

To lw that solence tends towards monism while
1t moves towards plmll-x is to =y thn 1!. Sends towards
universoality mh it m. tomde specifis eomcretion.
Bus it is fwportent to note that the universality towsrds
whick 1% tends 1s not the seme kind of universslity from
whieh 1t 1a essaping by its movemsnt Sowards specifie

comeretion. ¥or as we huve slready pointed out, this

latter uninr-_-uty is & mere universalitra in presdicendo,
which in no way lenda itsslf to doduction. hat science
%948 $0 achievs in 1%s ooustruction of theories isa
Iml'ux'.llv whioh will nmlt deducts And that is
M readkss mu-—n—unu{:—
principles are not only universs) ia presdicando, buk salso
in emusando. and this expluins why Deasceriss® agtenpt st

th. global deduetion of mturs by meuns of mathematica

was auch more intelligent than Fogel's atteaps to arrive

at the sams goel by means of loglonl categories.

It is in the construetion of theories that the
uind finds the fullest scops for the projsotion of its
aubjoctive logos into metures. For to e far groanter extent
than in the case of lawa, physionl thearies are not 80
mch a gift of nature to the xind as a gift of nind to
naturs. They are fictitlous constructions fresly shosen
by t.)uvmbjoet. e It is true that these constrwotions

wust be xade to sonform with xeality. Ieverthaless, this
eonformity is not a logiend proof of the objective truth
of the theary conoerned, for : ex falso quodlidet, In
other words, ona cannoct oonclude to the truth of a theory

from 1%s perfest and gonsten$ verification in reslity with-

out falling into the logicel fallacy of affirming the

(113)
consequent .

It is true that deduction from a theory can lesd
to the exporiental dfacovery of a fact. rFor exsmple, the
lew of gravisation as eonceived by tha Shhagy -of Relatividy
led to the dlscovery of the faet thet in the neighborhood
of ponderable bodies a path of 1ight undercoss consideradle

deviation. Thia fuct 1s true, but the truth does not derive
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from the logical diseourse which first suggested it. Radher,
1% darives rormally from the experience by which it was
actunlly discovered. and thias brings us onoe lpﬁ $0 the
essential reamom why experimentnl sciences are sxperinental;
their truth is in exporience only; the logical dlscourse is

only an instrument, =R even the comclusion of this Aise

course is only inst ntal in the that it leads to

or suggests an obssrvation °r expsrinent to be wade. Conm
sequently, hypotheses oam be uid to be "verified” only
by extrinsic denominetion. An infinity of theories can
lued to the sepe conclusions. The laws of electrostatics,
for example, un be "mhln“' sucosssfully t' a mbn

of different theories, sueh as the theory of two eleotriec

fluids, or the theory of a singls fiuidd, or the theory of

dfborete amnllest oharges, nanely, electrons snd protons.
The oorpuacular and undulatory theories of 1light, both of
which have been successively *verified~, are r clnronicel

exam le of the seme thing.

The irpreasion is fairly pnml_-t that physiocal
theorisa ars fownded dfrectly wpem fuabs. This i3, however,
an insxact way of Teprosenting them. They are not founded
directly upon experisnce, rather they seek to posit & point

of departure from which experierce ney be arrived at, that
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13 30 say, from vhiek relations mey be logioally dedused
which will be squivalent to those derived from experience.

It must nod be thought, bowaver, thet theories
ey be consdruoted in a yurexy arbitrary frshion. There .
ere cortein oriteria which must guide the mind in this
sougtruction, And the three in-t irportant of these
oriteria may be deduced from the foregoing arslyais of the
aature of ilvdenl theory. First, bectuse evaery theory
s &n attempt to arrive at th. nos$ perfect unity possible,
the ane which has the greatest logtcsl simplicity will de
preferred to al) #4bers. Secondly, becruse every Sheory
1s an attemt $o mrke neture deducible, the ene which res
the most perfest conformity with reelity must be chosen.
Thirdly, beosuse the f{deal of saience is & merely lhl“tioll‘
linit towards which it must ever tend, that theory will be
preferred which hia the Q:rwt;.t fecundity, that 1s to ey,
which is most significeantly -@ntn of new ex erience,
This lost point mosns that a éood theory in one which reeches
boyond 1taelf; &f 1% does Bot give rise to new problems whieh |
1t eannot adequately -olvo, 1% is not truly scientiffe. A
good theory must not only solve problems; it rust sreate

: (114)
then, for otherwiue scisnce will become stetie end sterile,

Tho new exp.rinents sugzosted by a tieory will st once incresas

e am——— .

3
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the multiplieity of data and prepare for a higher synthetic
unity, that is to say, for s more perfect thory.(m )'A'ht
is why & good theory st eoutain the seed of its own
destruction within fts bosom. Yar a theory that explains
svarything sfplains mothing. MNewbon's theory was good, net
only decsuse it explsined mexy things, Wt decsuse it
drought to light Zhings which It wus wnmble %o axplain,
*Crises” aye essen¥inl for the developmsat of weisnee,

aud 1f eontradictions A1 ot ecntinuelly srise it wowdd
becotse stagnaat. e But 1t 1s significamt that no matter
how mexy contrmdictions mey srise in the fsos of one theery,
1t 1s not sbendaned witil snotder theory is resdy so take
1ts placs. The mtnd will not desoend from its pleame of
rotfonality. All this amoumis to saying that oxporh‘ntu
science develops through s constant uhréthn of objective
and subjective 1031;. end 1t is this intersnction that we
nust now attempt to annlyze bufore tringing this Chopter

to & closs.

8. _Objective sad Sublectiive Leges.

If there is eany oonclusion which emerges from

ths preceding disoussions it 1u that the evolution of acience

i3 espentislly a crentive svolution. The uind does not merely

|
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discover mature; it eonstrucsa 1t %o its own fmege and like~
nosse AnA l:nl;)ouly by 30 deing that it is ab le to
disscver it. Rut because this constructieh &s never
free from 1%s relatien te disscvery, 1% 1s not @ PUPe 00O~
stien, but & re~syeation. The mimd osnm progress {a pro-
duetion oaly by becsming imcrsesingly dspondent upon im~
dustiemnj 1% sen perfest its oonstruction, only by ’u-
Testing the instructiea it receives rn-: uturo.(umn
can advance oaly by kesping wp an ineessant dialegue with
realitys. Jt eannot resson withomt experimernting, nor cean
it sxpevrimemt without rensoaing. This is no$,however, &
oirele witheut any definite directiom. For the reassning

is always orisutated towawds reality,

' In other words, sxperinsnts)l science must be at
onee wynthetic and » priori. And it is only by mainteining
& proper bulinos betwuen these two elemw:ta that the ex~
trenes of ideslim: or smpiricism can be avolided. All this
mYy be swzwd up by suying thet experimeitel sciencs is a
mixiure of seisnce and art, and fowr this resson it is
neither & sciemse nor an art fn tshe full seusze of the word.
=nd thaye is pexbaps no datter wey of getting at its nature

n® & quasi science than by an:lyzing the wey in =hich srt

enters into it.
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Roussaled is correst in -htunu‘ that im
the epistenclogy of S¥. Thamns the seienses 1n the modern
semne of the Serm aye rwiher arts than natml;(u',w
A% 1a Mighly aignifieant that as the seiense of tha part
af reality whiah, "8 wo zaw abéwve, ecanot be defined §n o
mvmmmt'unua.ckarm. Sends towards its
perfaciion, tu-mhmom‘hnoht-qmt
thgc is 1o more pemetrating way of kmowing 1% perbaps,
thaa by viewing it s sx art. Thers is, in fost, &
rencrindble pasallel betwsen the way in whick art esters

ints nature, and the way in which 1% enters into the experi~

mextal seiences of nature. As we pointed eut esrlfer in
$his Chapter, all areated reality s g wouk of art, dt
mmuvmmmﬁn&»m ixto reslity
than 1 the material eosmos. htb-ﬂnw.iﬂouun
inte all the seiemoss if for ne other reagon then that
they ull emplay logie, but in an.acienoe doss it penstrate
80 daeply aa in the experimeutal ncivral solenses. And

it is extreely Lrportant to see wiy this 1s mo.

- ~ o - L%r‘\c - 3 -~ i 3. M ‘l"‘\ - i

~ Leghe resshes farther Gom 1386 The shrineture
of the sciences than might at first be mppond.;, It hes to
40 even with the firast operation af the mind. QOne miz: %

perbnps be touipted to doubt thias atatecert. Tor:logle has

"

hhﬂ'hll.ﬂltll‘& Shought, and ainos sinpls
appPehension graspe things in an abaclute fashiom, it say
b ARCTiGulS 30 see how the mink ot imtrodues order im
relatisn te this fives wttn, a8 1% does in She eon-
strustien of propesitiess asd syllogisms. Nevertheless, as
John of St. Thawes says, "priza apprehensio absclute et

Por oo pertinet od M@-"(M)u is evident from The
Gategeries of aristotle, & eertain distinguishing and
ardering of Sarms is n-c;a-u prior %o their eomstmetion
in%o propesitiens. I this way, art swrousds the terms

12 all the selenses Trem the Wery begluning. But the vital
point is that in all the ether seiencas besides the experi-
moutal ssienees Shis art msrelycsuwrremis the torms — -

1% dose ot poeit them. Only in $he experimental sefences

are the veri terms themeslves srtefucta. The studant of
Brture fubricates t~h very stuff out of whieh the whole
universe of physical -oizonoa is constructed. To use
scholastio to:m}nolozy. Ethc objects are nover a pure Quod;
unymnw-nmtnﬁdanama_q. The gqued.
_lggthsgo_mtfnh .&-mmxmvm e oo~
ddemd adnod\na \mln.

This penetration of art izic the very essence’

of experisentel science is continued throurhout its whole
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ntrwturo.‘ A5 vs sw Ia eur dissussien of laww and theories,
th'm-ofmmulmummw only frem the
cbjest, dut mlse fyem the uhm.(m)ﬂl philosopbieal
scisnoes, are sonstructed By memns of sart, dut thia ers
Treoeins a pursly extrinsie teol. IS does ot beeome a

Part of the strustwre iSself. Thas is shy thess uelenees
are selences in their ewn right independently of the logle
they smploy. But in the expsrbmemtal seiences tho art e~
Ploysd de s an tiad part of the sciextifis strusture.
That ds why lhqm.mt sslsnces in their ewn right in-
dependsntly of the diclestics they use. Ihey sre dialsctics.
nhmtmhmmdhtb'ﬁ Chaptar whea we

eone $0 amalyze $he reletioa bLetween upmu selonee
and dialsetics.

Another way iz which ert pemstrutes into the very
sssence of physies is found in its subeltermtion to methe~
metiss, whick {0 at enee & sefenoce snd & speculative art,
How @esp this penetratien is may be seon by eonsidering the
intinate wilen existing between swbalterasting and subelter-
mtsd salsnees. The uind, whieh finds 1% necesmary to re-
sonstruet mture, discoevers great scope for its artistie
impluse in the wast sonstrustibility of methermtics. In

thla connection attention must be called to o significemt
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taxt iz the De Trinitale in whieh St. Thames seya Shat
logle, mathemstics and oathamaticel physies “imter ceeteras
scisntios artes dicuntur quis nom seliws habeat cogaitiemem,
sed opus aliguod, quod est Lamedinte ipsius rstieats,

ut eonstructionem, syllogismm, et eretionem fermare, l
ERTaNe, msasurare, mslodisg formare, oursus lldu'-_

{izz)
eomputare,” 4

It s interesting and fastructive to try seo %

~438 the nrture of the art which suters Into experi- £
miatal seienes. A mamnt's reflection will reveal the
extreme somplexity of ita ohnrecter. For, ia the firet
Plase, 1% ia'at onoe both speeuletive and practiesl. gn s
50 Tar as 18 iuwives the use of dislestics and methe~ ;uié
mties, 1% s speculative; In so far es §t igvolves a
Physicel opsretion performed Bpon mnture, 1% is preotioml.
In the seocd plaee, it has ehsrmoteristics which are proper
both to fine art snd to useful art. The fine arts are
ecsontially arts of imitation. pat &8 St. Thoas points
m.(m’u: initation 12 2ot & mere similitute, thes o whi
towl-hrhuymet eopy. It is the expression
of an originel by an intellsct, and this meens thet the
original hus passed through an intelleet, and in passing

has soguired aomeiLhing of the order and 1ight that sre proper
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to the tntolhct. And the purposs ef mll fime art, exoept
religious u-t. 1s %0 moks the original in some wy bottor
than 1% actuslly 4s. We belfeve that wll this ia true te
soma extent of experimental scisnes. The physical
miverss constructed by the scientist is an imitation of
the real worid, It ia not sa exnet ooy;--othlu' 1.
¥ar the intellect has contributed rmich to this imitation,
And in this imitation we mmke the world in some nm botter
than 1t rotl].y ia. Our lmowlodgn of matyrial things 1s
better than the thingn thﬂnuluu intelligence is th.
bonmnhutur. mfumthtmtmhm
lhﬂ are better thn those found in reality.

It presisely besanse they ave better they are
varse. Thay ars werse becauss oxpcilnutnl selence: 1s not
& pure urt dut a seiense. Tmat 1s why the whele purpose
of thoss forws is to lead to the knowledge of the forms
oxisting im nmature. Ne patter how perfecs the eon-tirnctlom
of scisence may be, they nre never anything more than mers
-mmlm.(m‘)- That is to swy, the ers that '1."'“!"
in experimental sofence is purely fu.otional, end from this
PoiRt of view it 1s utilitemjen. Seaffolds ere to some
extent an gltntibn of the building egainst which they

are erected for they must take on aome of jtg general out-

~ &8 -

1ines o$ least. ldsvartlwless thair most fundamensal
m«mmmntu-buutmutumtmt
th.mmnlnmtomuthhno.

The medisvel schoolmen mde a furtler distinction
in the arta - - the distino¥ion betwsen those which co-
operate with mature and Shose which de nos. Im the latter
case thare 1s & projection into matter of ‘e form which ia
1ndepentent of She naturel form that 1s sative te the ratber.
In the former ease Shore Eh en extrinsie assistance brought
to bear so .n.bh the naturel form to achieve its end moro
fully. It would seem thas the art which enters into experi-
mental seiences Mlupnu in both of these categories,
For in 8o fay as it hml;tln:ﬂcu.l, unmultn
pnrpouhtoixﬂlnmtu‘toylou'pium, it 4a
an art mtlng with izatm. Dut in so far as the pro-

Jection of the subjective logod 13 not a purely extrinsie

_ nsalstance, as is trus, for sxasple, of the use of logle

in the sclences; in so ﬂu‘x as this projection results in the

conatruction d.' [ muun universe that is fn a sense

S ARY

distinat rron the absoluto world oondnion. it shares in
S0we way in the second eat_ogou-y.
i

.A mumber of recent authors bevo insisted upon

the fuct that modern sclentifig »rTogress hhs neant o gradusl

bl
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smagipation of asisnce from the prefound anthroponorphien
$het was aharestoristis of the views of nature ourremt in
peat o-nturtn.(m’m the %rmdh of this ean hordly be
doubleds Yot 1f the foregoing Aissasslon of tho pro-
Jection of te eubjective logoe into !atxm meens snythisg
at all, 1t wust mean thet rnpnothr peint of view
moders seienee is Lewasirably nore snthroponorphie

then snefent ssience. Yer all art, as Pason hes ressried,
1s mnn sdded %0 meture, This 12 Just ancther of the
imumerable paredoxes thes une seustantly emecoumtars in
attexpting jo analyne the reture of sxperimente) sefonos:
modern Mnﬁ 10 less asnthreponorphie precisely besause
xzz-mm'uotwm 1t is wore
Objective prueisely becawss f3 1 »re sudjective. A
*pocific example of Whis Se fows in the sathemntivetion
of maturs. This mthenatization 1s in a rense anthropomor-
phie for 1% eousiste in viewing dsture in Serms of the
scionce that 1o moet eonnntural to the humen nind. and
Yot {% 1s this mathematiantion thas $81ivers us frou the
sxtlwepehiatolion which derives fron \be mbjoctivity of
SSR36 peroeplions. Yrmest Cosmirer bas brought out this
prredox of wodern science:

Physical thought atrivas to deternine and to
x)ress in pure objectivity me-ely the nr tursl

i
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objeet, but thoredy Decensarily sxpressss itself,
its own law oxd its omn principle. Here ia
revenled again that *anthrepcesryhient of all our
oenoepts of mature to whiech Coethe, in the wisdom
of old age, leved te point, *all philesophy of
mature is still enly antlropomorphion, f.e. . .
ma, at wnity with kimeealf, inparis %o everything
thnt ho 1s mot, this unity, drews it inte his
wnity, malee 1t one with hiwself... vwe [
abserve, mskeure, caloculate, weigh, ste., magure
s mh as we will, 1% is still enly our meegure .
ol wedght, as man is the metsure of all thimgs,
‘Only, after our preceding considerations, this
‘enthropomarphisn’ iteelf is net te ‘be wnder-
-mu-xm:uqutuxwmu-
sniversl, sritical and trenscevdsnts) seese,
Planek points ous, as the sharacteristic of

ths avolutien of the system of thecretienl physties,
& progressive emnoipation frem anthroposorphie
elensnta, whiek has an i%s goal the greatest
posdible separation ef the aystem of physies from
the individwel peraamelity of the physieiast. Dat
into Shis *ebjective’ aystem, fres from all the
aceidents af the fndividma) ateadpoiat ead 1o~
dividual) peracuality, there enter those waiversal
sonditiens of eyatem, em whieh dapenis the
pesuliarity of the physieal wmy of formlsting
Problomey The seneucus fwediney end pertionlarity
of the partisulay berosptual qunlities are em-
slnded, but this exslusion is poseible emly
through the eong dpts of space and time, nuaber
and magnituds. In them phyafea detornines the
most genersl consemt of reslity, ainee they
specify the direction of Phyatenl thought ag waeh,
as 1% were the form of the originel physiesl
spparosption. (izs)

vyt

AS Guastier wugmests, ans of the fuslemmtal Ofiterences
betwesn the snthropoacrphian of pust centurdes and ite
anthropamorphiem af modern scfsmce s Shat the former
teaded to de individualiatic, whereas the latter tends to

rise alove the restriotiona of individual sensuous




A
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peresptions and of the interpretatiens PYODEr to parti~
sular growps, Mummhﬂhﬂlw'l
_u.-mz'movm-ghm-'mm- i»
et\hnrtct'hldnhnbo-mu-:l;nﬂs
"a%sat nowa." And the reasom is Shat Shis a¥S is at the

same tine & selienes.

AL thim explains the spell tbat mthﬂﬂh&i
physios hes _M in putting upon the hummn imtelless
in modera times. Yor in Lt mem can he at ones beth the
homo -2'&': and the howo hb‘.(m)'ﬂn mind is allowed
% intulge in unlimited speculation in the realm thet fe
most connatural with it - - thet of mathesmties, snd this
speculstion iu imesparable from constrwstiem ia whisk the
intellech pouits 1n own ohjeet, AN 26 meme $ime this
spesulation ;rlu. 1% alsser ta 3he dﬁﬁ that is most
proper to it ~ ~ the essenste of mmitvial things. And this
intinate kneuledge of material things veveels the plastieisy
and malleability that is nasive to them and thus gives
umummumm--@mﬁ&uuu
own designa,

Rut thia spell constitutes a groat intellectual
danger. ]’m-notonl:unmranuprqto-kt;dct
scientism siich will reke mathewrtical nhyeics nhuprb his’
“hole attention, in such a way thet in the speculstive

intelloet wisdom will be dethroned by science, nnd?‘not by
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saisues iR the full sense of the word m‘by-u-o
d1alectical prolomgation of sefence; and 1n the practieal
intellset, pradense will be dethroned by art, and nst by
Righest form of art but by teekmcloglonl art - - et om.l.yT
will ke full & prey $o this form of Intalleetunl auieide,
but because by noture he 1s more @ being of aetien Shen of
oontemplation, more ax artisen then e philosopher, he will
be tempted to make wll mefonse & kind of arf. That fs to
say, he will becoewm so fu?o!mtd W the Projestion of
Ms onn b jeutive logos into natixe thet ke will saver
this prujeetion fros its ccoplete orfestation be the eh-
Jective leges cnd make It au emd 1n feeslf. Bergsom has
charaeserized this !mdoncfy in the following tewms:

Nous W8 dirions pnt-i!h pus Ncmo sepiens,

‘nis howe fedexr. Bn fintssve, 2*

exvisagle dars oo gui' en puyels $tre le démawche
originells, ssh 1n fecultd de fabriquer des
Objeds artificiels, en pertioulier des cutils 3
Trire des outils, et d'en varier ind8finiment la
febriocation, "Son objet n'est Pas . + o 4 nous
réviler le fond des chomes, mais de foulll¥ 1e
meilleur mayen dtagir wur slles.” "Quel est
1%objet essentiel &e la scionoe? O'est d'mecrolitre
notre influence sur lea chosas. (128)

RN N AR 22

W hve Saeh Yhat éxperinental sofense is more
& _priori than the disciplines that are seiences in the
striot senses of the word precisaly because it is less

& priorf. That is to say, in the latter case the
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meﬂmotthlmmhhpuatdthupuu«
umzwmrmsmuuuumtuy
are & priori. It 1s presisely beeause Shis is lasking in

sxperiaental ssienes M.-bn“n“.&.l-n b
introdused. Iut this o priorl of experirextal sefonce
sctunlly antieipates masure. The mind dsternines before-
band what s geing 30 Meppem. And whem experisnse eonfirms
tmmMut&-ﬂ.ﬁntnmwhm the
prinoiple of sxperience. Kxperience does mot manifest,

it merely sonfirme the mnifestation that the mind has made
to itself. Tt 1s wiy the intellest $a experimental
sslonse besowss the ereator of the universe, as Prd‘n-n
Capbell has rerwnriced;

Un Newten, un Yornday, wm lsxwell, oivest
wae thiorie, et la vie -'llm.pu:qm
sux lois @'mmmnu.mhmm

ds lewr Lmgimntion, fls arfent 1a structure

dureble 4u monde. Jle ne #ORt pas des erfatures
chdtives, suchainies par les lots du Somps at

des sens; ils sout les eréatures qui enfantent

ces lois; las vents et les flets lear ebéissent.(129)

ihen this oreative slemeat is weds an oaf in 1Sself, the
mw_mym.ummxmm In

this conneation the following lines of Abel Ray are axtrecmly
portineat; '

The pr t ere annc S new libaratiom, as
srofound perhaps as tho two provious ongs, It
aiis at those izzitables, those methermtico-

phyaicul alsolutos. Yiare ia ho longer a taol

Sxespt the intellset
$s_inventive cemipotence. 7%

R ¢ hypothetieo~deductive
mathod, 4w its brosdest signification, 1s the
loglenl illwstration of §% . . It renews it-
self Wy ochanging, wheusver Rboeasary, even {te
very fowndations. logle, & collection of
rationsl formulue, appesrs no longer ss an
arehitssturel eomssption construeted ones end
for mll into an unchengesble wmity resting on
an sternal fowndation. Thought must sonatant 1y
be resdy te bulld om mew foundations, or Se
modify the arrangement of thé olifties, and
consequently o camplete, to adjust, and to
Tenew its tools.(1%0) '

Thia tendenay has besn extremsly prolifie amd
(1:2)
axtremely virulant in xecent yeurs, One of its results

hos bean the fmstrumantalism of John Deway. The fellowing
puseags, whick is typiosl of his thought shows how the
orestive slument hns been mads the whole raiscn 4a'Stre
of al} ulqttrxg sndeavor, how sciense has beem trang-
formed into art:

If Gresk philosophy wes corrsct in thinking of
knowledge as contenplation rather tharn us &
productive art, and if modern philoscply sceepts
this ocomclusion, them the ouly logical course

ia relntive diasparcgcoment of all forms of
production, sines thay are modes of prretioce
whioch s by eonceptiom inferior to sontemplation.

The mw 30 the esthetie;
-...;w;é‘*&'.?..- ald thé scfentifie worker -
as we simificantly sey ~ ~ 1s subordinate in

rank and worth to the dilettants who an Joys the
resulta of his labors. But if modern tandencles
eére justifisd in putting art and oreatfiom firat,
then the iumsliontions of this poaition should be
avowed and carried through. It would then be

soen that acionce is an art, that art is prectioe,
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and that the amly 4istingtion warth drewing is

not batween prective and theory, but detween

thooe modes of prasiics that axe act 1aselligent,
not inherestly and Demed tately enjoyable, and
thone whieh axre full of moanings, Then

this perceptien dawns, 1% will be a Semmonplace
Mm--tbmtmxvﬁ:tﬁth*m‘
with neanings ompadle of ixmedistely enjoyed
Pocsessieny ~ 1s the eomplete ewlmimetiom of aature,
and that *sciense’ ia properly a dandmaiden that
souduots meturel events to this happy iasue,

Thas would the ssparetiens that trowbls
Pressnt Gngs division of everything iste
mature Sad experisnes , or experience ixto prectiee
amd theory, ext and S0lenos, of art into umseful
and fine, menisl snd fres, (1s2)

nmmunnutomsncmu--m‘umn
the whole strusture of experimsuntal ssience is tnﬁ‘-—m
A fueiicmal, Wb as we abell poiat eat in s few memeats
it iz so primarily fa relation to sontemplation, is the
Spprebansich of ¥hs cbjestive logse of nature. Devey |
segrates this imstiwsentil amt functional charscter amd

destroys its essential prientation,

But tmwwmt:nmmoéuth
subjective logoa hes lod man far beyond tiis farm of in-
strusntaliss. It hes led him %o concaive the mind as &
nudmum‘mnlomutovm
the world, to fashion it mocording to its own designs,
Neturs becomes merely a kind of mtter for the art of man;

it 1s viewsd only in toma of its plesticity, Everything
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in mature that does not yileld itself up am mallesdle
—Mmmmmormmumcucu-
existence is denied. ALl the proper distinetions whiek |
1113 Ahings Gut of pure plastieity and set them wp sa
utmhMmﬂNthmm“nm
axpense of contradiction. LRvery ;ntanunthn in nature
st §1ive Wy befare the ecuNMEuelive gonlus of man, Fatire
st 5o loager e Gefined as "retio clieulus srtis, seilicet
divimme,” bus "retio ulfouius srtis, solliest humspae.”

ma mbautnh; himself tor God,

¥e baliave that thia ia the profowsd significines
umwwdmtmm.um.mnna
of the whole imrxist wyshem. 1mrx writes: “Ia questiom
4o saveir si la pensie lsamine peat comporter une vérits
objective n'est pas une qusaticn thiorigue -1; pratique,
C'est dans la presicue us l'hom:e doit prouver la writé
de sa pencée, clest-a-dire sa réelits, sa puisesnes, son.
en-de~pa." "Les philonophes n'out rnit qu? interpréter le
monde de différentos manilres. Or 1) a'agit de la treans-
m..(la) .- . . .

Bertrend [ussell touched tie core of Marxist
philosophy when he wrote: * Rou;:hly apeeking, all matter,

according to mrx, is to be thought of aa we nrturell:




think of mashinery; um-m-.mmuuuo»--
tnnltyfo:l;:;lw,mnlnmmttlllhﬂ
produes,” m-nmmuduhmimmry
dstermimtion whish resists kis crestion of the ecomeowm,
».-mnunu-mumn»_ntumu.m
o true m.'(I’)m before hes there been let looee
upmtuuuamhmtmvhlhnw.mmtht

is mare pregonsat with feerfu) m“o.

Frem mery points of view this dostrine s but
thloﬁﬂmmwthmmm&mw
mg taken aines $he tire of the Remmisgnoce. In overy order
ﬂmh-hultmtomumnthcthntonmt.
Ak ia the last amalysis this revolt axninst mere giveunees
hnotuum-moumim\hﬂumottbm
mind. Ae great an sutharity as :rost Casairer assures we
thint ot the time of the Renalssanee all the propexties

toat the Deity hma formerly elaimed for itself were mede
the attridbutes of the hmemn soul.

4 5% 48 Tux as all this gffests \4e Philowcply of

science, it is elear that Lhe error of the moderns heg
baen $o divores the yrojection of the subjestive logos
into nuture fron its ensontisl orientetion to the objeotive

logos. The subject bocores the nennure of the object crly

L re

P "

"
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in ocrder that the ebject may in e more pexfest way bosome
its -nunn.(m)ms was sorrect im pointing emt that iam
the constyustism of hypotheses we anticipate experiemse.

Bt sven before we give our assent te an Mypethesis we

have already sduitted an objeetive oriterion by whied it

1s mesaured, nanely objective truth. For an yposhesis
must be 1likely, that 1a 0 say, bave at lsass the sppearanse
of truth. e are not the ones Who create this Likeness

to truth. Mersover the ouly reasen we peait en Ayposhesis
ia t0 halp us %0 knaw ocbjective truth, and we subadt it to
axperienes as to the deternining messure of its worth. The
madarns eo® in the PowEr $0 esnadruet hypetheses & manie
festation of the suprews exoellenes of man. Undoubtedly,

it is M ettewr %0 be ah le to eonstrust Aypotheses them to
have to remain in the state of purs passivity. But in the
last analysis the meoceinity of having regourse to lypotheais
in order tc know nasure springs fron the extrene im-

perfactiom of the humen intellect,

Yot the modern exaltation of the ooustruetive
gonius of man fn experimex tal seience is dut the expleitatien
of a profound truth. Yor we hrnvo alresdy noted that the
advan&.ont of science means that mon's knowledpe of the

universe is becodng st the sane time more objective and
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more subjeetive. and 1% 1a intiresting to note here in

pesaing that something similar 0 this 1s found in Theology
in whieh the more we get So know Ood the grester beoames our
Teooouwrse to the via Bagetionis which is in & senss eetiing
nammummwmm Fow if the limis
towards which experiuental soiemes tends euld b reashsd
men's knewledge of the wniverss would Ve sospletely objutln.
it at the u-mo'tbmnmmuhmt
projestion of the swbjest. lma‘'s speeulasive kn-h‘dp o
znu-. would be sz with kis preetissl knowledge. Mture

ool ars weuld be fdentifsed. In other werds, mem would

be Sod, mhumus—nm-;‘m,
muwm-mmodmv :

The might frame: how build, unbulld,contrive
To snvs sppenrsnces. :

= = = Parodise Lost.

e gt

CHAPTER FIVE
KXPEATHMENTAL SCIRNCE AND DIAIECTICS

1. The Problam

In the £Erst book of the Topies Aristotls tells P

ws that in seeking to d1soover $he mature off an art it is
advisable to begix Ny ecnsulting thoss who are expert ia
Shat art. No eme who S¥tempts %0 Tedlew this sdviee with
Tospeses %0 the rmtwre of sxpsrimental seienes onn feil to

be strusk by a yemmrkable unantmity in the opintions of th:on
who 1x ‘Tesent years have schisved the greatest renown ss
soientists. me seiente is oconsiatensly described
by them as & disecurse ll;l which from freely chosen sup~
positions eertain sonalusions ere inferred. 4And in this
hypothetioal cheymoter attriduted to experimeontal science
two particular points are generelly streassed: 1) it is, at
lenst ‘Q%WI MM‘.; 2) 1% newer goes "

beyond probable kmowledge.

In the foregoing pages some passares heve &l~

reody been cited which show that this represents the apinlon
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which the most eaxinsnt nofisrn seisnSistas have of their om
art.  Imwsredble texts of similay charaster oenld eesily
te addused frem the vrlthcnd'u‘m.nm).lo.
Le Roy, Pointvé, FAdington, Planek, eS¢, ots. Perhaps
the fellowiwg liu; of 5ir Jeans will serve as s typieal
exarples

¥e Mave sseh that sflforta $0 disesver the true
»eture of remlity are nesssserily dvomed te .
faflure, 90 that if we ape to sregrese furthar
it must be 2y teking soms other objeesive and
atilining sows. new phllessphicnl prinsiplo eof
whiek we have net so far nsls wes. Tws gueh
suzgest Shamselves. The firet is the principle
of whet laldmis Seacribed s le reaso
s give up the quest for ur&lﬁl
eoncenirete eu that one of $he veriews mlter-
miives defore us which ssams 48 De most
probably true. But hew sre we tc devide whioh
of the altermasives is most likely % be truey
This question has desn mich dissussed of late,
parSicnlarly Wy K. Jaffreys. TFor ewr purpene 1t
iz sufficient to rely on what my do deseribed
as She simplieity postulase; Shis asserts that
of the twe alternutives simpler is likely to
be seerer to the truth . . .
In real saisnos i:lso a hypothesis oan pever be
proved drwe. If 1% s negatived Wy future
obaervotions we shall know it s wrong, but ir
future cbzervations eonfirm it we shell never be
able to say it is right, sines it will always de
4t the mrey of siill fwrther obnsrvetionn, A--. -
ssiene: shieh ecufinea itmelf to sorrelating the
Phenomons’ 4&2 mever lecra anything about the
Teality urderlying the phencmsna, whils ® science
which goes frther than this, amd introduoces
lypotheses about roality, ocan never aequire
certein Xknowledge of & pasitive kind sbout rerlity;

in whatever wn; we proosed, this is forever
denied unm, (1)
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W cunnot oleim %0 hnve discerned more tham a

vary foiot glimoer of light et ths best; perhaps
18 was wholly fllusory, for certeinly we hed to
strain our eyss very hamd to ses szmything at sll.
S0 that our mmin eontention eam hardly be that
the ssience of to-day has a promocumsssent to
meke, perhaps 1t sught rather to be that soience
should lesve off muking pronoumsements: the

river of knouledge hos too often turned baek oa
FRTTAR

Weay would hold that, from the bdrosd philosophical
standpoint, the outstanding achievement of '
twentieth-oentury physies is not tha theory ef
Telativity with its wildsag _tegether of space

and time, or the theoxy of quenta with its
present apperant megasion of the laws of enusation,
or She disssetion of ths atom with the resultenmt
discovery that things are not what they seem; it
is the general reoognition that we sre not yes

in sonteés With ultimate reality. (2)

- Tais sttitude, which Bertremd Russsll character-
ines s “mbls and mrh"',(mh e far ery from the
proud dogmation of the clesaiesl pRyaioists whose funde-
mental attitude towsrds expsrimental seisncs hed been summed
uwp in Domrtc;' dictum thet those wdo wish to find the
true rosd in scienoce must no$ oequpy themsclves with any
object about which they cannct heve certitude equal to thet
found in the demonstrstions of aritiastic and mtry.“)

I Sais new astitule is eerress, thea Jeans is surely

right in suggesting thas it repr ts a 41 ry of far
groater import then tle sumzing discoveries of modern
sclence itwolf., For the former netns & growth in niedom,

wiiorens the latter reans nerely a growth in soisnce. Hhut

w




the full extent of this new attitude must be d;lrly re-
cognized. The point ia not that soientists bave eoms to
reslize thnt nolern sxperimental ssienee knows Mhlnc thet
1s wniversal and neesssayy with adscluts eertituls, m
rather that the nature of experimeutsl seienss is swsh thet
1t eon never arrive at osrtaia h-lolp; In other words,
the expressica whiek Emil dm Rols-Reymoni made so femous
must be applied 30 the vary essenss of euperimental solenes:
*Ignoradims.”

This new attisuie reises a orueial probles for
those Who wish $0 establiah the nlmm.tmhnt.
epistamologiocal sehecms with modern seienecs. In f:ct“. the
m jority of soutemporery writers both Ssbolastie and mon-
Seholastie sems to hold that this new attitule 1o tm
eompat ible with the .pllt.-olm of the ancient Mi)utotiec.
The Scholastics ses in this incompatibility s proof that
she new attitude is falss. The mon~Seholastics ses in it
a proof that the old ocnoeptiom was caly & proviaionsl stege
in the evolution towards moderan theught. Both of theose
positions have ecnsequences of greas impert. W hlun
that in the last analysis the first is s denial of experi-
mental science and the second a denial of phtlosophy.

JMr Arthar Pddington hus erystnllized the issus

-

in the following Sermst

In view of the closar smmtact whieh now exists
bstwesn aciense and philosophy, I would like te
raise one question whiek effects our scoperstion,
A feature of scienes is ite saive approash
to truth. Is there anything ing to
this in philesophy? Doss philosophy reeognixs
ond give appropriate status to that which ia

not pure trush but s on the wy o0 Sruth. , .
IS is essential t)a$ philosophers should re-
esgnine that in denling with the ssientifis
ooncsption of the universe they are dealing

with & slewly ovolving scheme. I 40 mOt mean
simply that they should use 1$ with eawbiem be-
oauss of §%s lask of fisality; my point 1s that
a vehiols of progreas is mot furnished om the
ome 1ines s a mansfon of residence. The
seientifie ain is iy what different
fraa the philessphie ain, snd I an et willing
%0 M M h is a less worthy tt-.(b)

Eddington®s quary: *Doss Philoscphy recognise end give appro-
pruummumtmn:nmmmm iz om the
way to Sruth?” may be taken 1n Swo weys, In the first place,

it may mean; does philosophy grent within f%s own realm &

plaes to m vehicle of progross which is not furnished on the
ssme 1ines as a mmsion of :Qu“.oo? In the sesond place,
1t may nesm; does the phllouqnq of mclence recogniza the
muivo-nmdn to tmth‘uh term

RS

the wary easence of -xpm.ontnl -oimu, nud doo- it wdnmit

" eonstitutes

its valus and its meaning? nomln. Thomistfic philosophy

unhesitatingly gives en affirumtive answer to both of theae

Questions. Aind us we huove already sugsested, the explanction

by
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ﬁmnmmhnmtuhthﬁmﬂwtu.

In 80 far as the first quastiea is soncerned it lUnitations of the humen Lntellset. But in experimental
must Yo pointed out that Aristotles emd St. Yhosms in the

nost axplicit fashiom "resognine sald give appropriats status

salenes there i» no arrivel, there 1s mo mansion of residence}

one is somritted to remnin forsover im the vehiocle of progress.

o shat which 1s not pure truth Dt is om the wey to tputh,»
A thoy de 80 not merely by grensing this "vehiele of
progress” sn insigaifieact plase within the ryealm of
philosophy, but by edmitsing that it must make up the mejor
poriion of every philosophienl trsatise evem of that whioch
constitutes the very soul of all philosophy - ~ metaphysies.
At the end of the first lessoh ef his Cowsatery em tho
Third Book of ths itaphysies Aquines writes: "Dialesticen

(8)
disputationen pesuit quasi pertes prineipilhe Meins seientice,~

But it is evidestly 1n the sesond sense timt
nddington wishes his quory to be usderstood. And here we
coms upon someShing quite different from the ocase just
considered. Dialecties ns a vshiole of progress must con-
stitute the major portion of svery philosophioal treasiss
beoxuss $2e azriypl a8 philoscphienl Srafh wewmlly satatle
a long journey for the hammm nind. m;-th.h-- in
philosoply there is aa srrivel, there 1s « mansion eof
residence furnished on different lines from the vehiele of

projress, end the long Journey is caused only by the

And the yeason for the endless journey ie »ot mezely the
Unitations of She amn nind, bt the very nature of the
ob jeat stulled,

%o must S¥y to wee why Shis s s0. And eur first
onuu_wnlhnmlmtho mature of this wvehisle of

progress.

R, The m'u__n_“ Mml“o

(¢4]
In his Commentary on the Pesterior Anslyties,

St. Thamas drings out the Aifference between metaphysios,
logic and dialecties:

Selendun temen est quod alis yetiens disleetiea
est ds socrmnibus et logiom et philesophia prima.
Philosophia prime enim est 4¢ sommunidus, quia
slus eamaideratic set siros ipsas res eummmes,
seiliest oires ane % partes ¢t passiongs entis.
¥% quia oires omnia guae in redus sunt abat
nogotiars retio, logiem autem est de operstionibus
rationis; logion etiam erit de hias, quae ecsmmnia
sunt csnibus, fdest de intentionibus rrtionis,
qune ad omnes res 59 habemt, ¥Non smtem fta, quod
logioa ait de ipsis rebus coermnibus, siout de
subiectis. Considerat enim logies, sicut subiects,
syllogieme, enuncintionen, preedicatua, sut sliguid
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jusecdi. rare sutem legiens, quse Zsmemstrativa
@33, otai cires ecsrmies iatentiomes wersetur '
docsnde, temen wsus dansastyatives seientine

The t;u'!lnmlu- hus eome te pessses ¢ namber of mean-
m-.ma;n-nmm—mummnmu
811 others sas e relwesd is indicated in this 'httz
dlq-ﬁlu oomsists in tho spplicstion of an ens retionia

to ens yeals, That is %o sy, 1t is & prooess by which the

intallecs, sturting frem the modus intelligenas m;o- $o~
werds the modus rei. In sther words, it is an attempt of
which regard realfty.

This point 1a brousht out with even grecter

clarity by 3t. "hory:s when in his Monta:q on thl Tourth
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. Book of the lstaphysies he distinguishté Letwesa the

dialeetician and the philosopher;

Differunt sutem &b invivem, Milesopbus quidem
A dialeetico sseundum potestatem. Jem majoris
virtutis est Somsiferatie philosephi quam
eonsidertie dialectiei. Philosophns enim de
proslietin sosamibus yreesdis demonstredive.
RS 1400 ains ost habers ssientism de prasdiettis,
o8 ost cugwsseitivus eoyum per sertitulinem, .
Jnm sorte esogaitie sive seientis est effectua
dencustishients. Dislestions suten siven emis
prasiistia procedit ex prodabilibus; unds mon
fusit setowtiom, 504 qumdenm epinicsem. Xt hoe
1300 est, quix eus est dupleax: eas seiliest
retionis ot ens nefiiree, Eas awtem Tationmis
Afeitur proprie de {114 inteationibus, quas
roiie adinvenit in rebms sensideratis] sient
intentie goneris, specisi et similiwm, quae

. quiden nen fxveniwmitr in rerum metwre, sed
scasiderstionsm Jtionis consequutwr. Kt
iuenedl, ssiliest ens retienis, oot preprie
subisetum logless. Huinmodi sutem intemtienss
intalligivilen, ontibus maswree seyniparentur, -
o0 qwod cmmis entia natures sub ecnsideretions

- retisnis eadwnt. Xt AMee sibjectma logiess ad
amnia e extendis, de quidus ems natureue
provdisatuy. Unde oetioludit gued sud Jestim
logiess sequiparatur subieeto philoscphise, qued
% sns matures. Philosophus igitur ex primeipiis
ipsius proosdit ad probandum ea quae sunt
tongiderania sirsa Muiusuod! semmais eeefdentia
sutis. Dialecticus autem procedit ad ea
sonsideranda ex intantionidus retienis, quae
sunt extranes & matura rerum. Xt fdeo dicitur,
ol dinlection ont Semtative, quia tentare
puoprims est ex prineipiis axtremels pecesders,(8)

It 1» olear, then, that dislectics involves a process which
begins with a construot and hence ab extrinaecis. Thet is
why there is a movement in dialegtios - - dinloogfa_ ost

tentativa; the nmind attenpss to peaass from the extrinsie to

mniailion




]
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tho intrinsie, frem logicsl eomstrustiem to reslity, Pt
a3 s svidemt frem the tntm«sﬁ.rh—am eited,
thnnun..cthlmktudmn-ﬂnth
Rind my attempt So reash reality. A slose resding of
those texts and of other passeges in wMieh Aristetls, seint
Thomas, sad thur nedieval Scmmastaters disenss 3he nature
of dialesties Tevadls that they recsgnised Uures distinet
Sypes of d1alsstiemd Xeasoning. The firss type qousists in
mmmn which are sosposed eut of purely
logieal terns, that ia to say, terma whiek signify seaond
intentions. A good emmeple of this 1s Townd in T2 seventh
boak of the Metaphysics in whish the metaplysieien epleys
a dsfinitien of substenes which is not metaphysieal ‘Iﬁ'
Faly logieal: whatanes s thet of mieh pu(gth:lu 1s
Prediczted ank diieh is prediented of mething. The
second iype of dlaleoticel ressoning is hed when tho
principlos exployed are not proper to the soclsuce in which
the reasoning takes plase, but are somuon to ssveral scienoss.
In this case the terms out of which the prineiples ars son-
nmtdmvltnlhthn-,in\hmmu
themselves are, in the sense that their commonness is
sonething thut depends upon the intellect. It is only for

the logician thet angel und men are in the same gemus, for

Y

et
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n-hhplonotlh-nhn-hnlm.tw“hn
ouly u legienl genus in eommon, An example of this type
cmumumwaumu
m-—ommmm-:uwmnm-bmnm-
tbmmmthtm-nuthm
ategory, one evnelwies thet hatred pertaine 40 the eon-
*pineitle sppetite besanss It 15 the mﬁwclm.(m)
Tiw Uhird type of elaleeties m-uaamﬁ-
m»mm--nmmmmnmmmu
e if thay wewe certain. nmmhhuuuob
mﬁmnuﬂtu-kﬂmhm
w..ﬂbmhﬂmthumnuﬂn
mmnwxum-mmwmun—u.m
mnn%-m&mmu
thies wyllegiesie Form neosssrily requires universality,
ood whem there is mare universality ut nune, thet is to
7 & wniversalisy shat is met seen in things, dut i
supplied tentatively by the nind, there i obviously a
hl—tlubﬁb“-‘n e e b

Yhesever oonclusions are drewn fron any of
these three typss of rineiples Shey are purely dialecticel.
For somclusicns sust be oconaidered formally in the light

of the principles by which thay are flluminated. This is

W




ik &
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ﬁnmmmuummnmxu
(h-wthlm-um.mammn
umtmlcuummmmnmm-.
1s u datum of Taith and the other 1s metaplysienl), aAmd
nmm«tmmmmtmmqunm
ways the hakitus of legte, ﬂ-tuﬁ.n‘.’n-lhtn
$ry %0 ahow, mm-cunuuu-mauunxu.
1% will de nnuur, %0 conolude that the habitus exployed
in 1t hmhbnuorlosummthtd'wu-l
solsnee. mz.- ttmhn&dmt&tm
thmdlimtunlm-ttemm“u
abitas Oﬁ- 'hlt& uhnu -t Shis matter, 1t is o
umlymtohnn—mnuth-tmﬂ-
mh-‘nhhﬁhtommlhluﬂu. It 1s
wmmm-umnmuuumrmnm.
mrmm-thwnnumwu-nw-“o:
dialecties i tht of l.oglo (1es. & negative tbatmtlon
whieh fullg !‘houn tn the third degres ottomlub—
strection), even though the lxbjoﬁlndvrod!nbdth
Frwpeaitin my pertata to yiystce.

n-u-.mocum.tunmmdunuum
Tehsouing are a funetioning of s habitus that is extrinsie

to the .aclentific habitus proper to the matter concerned
» L]
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they must from this point of view be distinguished fres
sclantifie ﬁm- Yot from another point of view the ‘
first $wo types mey be fdentifisd with sclentifie reasoning,
Yor the essential property of scientific reesoning is that
18 s a striet demonsiyetion, and it is evident that only
the third type 1a lacking in demonstretion.

Another way of bringing out this point is by
saying that while all dislecties sounsists in an sttempt to
gv ot youlity from's logieal eonatract that ls extrimate
%0 18, this Wwiu sxtrinsie in Swo Aistinet ways.
nwrwumh-nrmumthmemu’

e S e

truth, lﬂMthm 1s mrely prodable amd does
V.

ot give strist scisntiffie esrtitude. Secondly, it may bo
oxmm._ggn the point of view of what 1s spesifically

propér so the reality concerned, and then the remsoning mey

give strict solentific cortituds. Since & fetlure to grasp
this important distinotion may easily give rises to oom~
fusion abows the wiy in which dialseties is employed in the
nul! o ”w. e, p u W -, “’w 'o moln £ n L3

plicit ns possidle. Amd W cen best achisve this by ocon-

sidering the question in tarms of definitions.

Definitions may be considored in two ways: either




wrely as dafinitions, or as principles of reasoning, Tekea
by thamselves, dofinitions are »ot prepositions; thay do

a0t ixvolve prediocation. Henee thay sammet be oither tree
oF false, but caly good or bad. Now definisions may be
either irdrinsic or extrinaie, 'ﬂ:q are w. {ow
m)ﬁntmuﬂu Wh'ﬂd‘ﬁhﬁmﬂtnﬁn
them {ntrimsieally; they are extrinsie (ox u-mc.nx) 'hl
MWW““"“C‘I“MC“M
An ap% mwh'oftmdllumufﬁhmh
4eCinitions of mbstense. The proper dafisttios ef swbstense
18: that wwee nature it s to oxist fn 1500lf amt not 1a
msther a8 in & sxdjest. Phe d5sleettion) dofinition &5
hu—cto-ﬂumrh-uh-h‘uu. sanmely predien-
Glen: subetuass iy that of whieh owrything s predicated
and whiek 18 preldieated of Bothing. In this distinetion we
Iave the explamation ef the sontrast which Aristotle draws
Dotwesz the phyefetan and She &1alecticimn at the beginning
€f the Do Anima;

oalidl eirea eow. Forun sutem alius quidem aasigmat
neteriem, alius vero speeiem st rationes, Ratie
quidem oni- baoe species rei. Tieceass est autem
heans esse in matoris hujuemodi. (1)

?fl

T,
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We have seen It since ssnafble | -uttu' )u't.uu om:thil_l\y
‘gb/ﬂ!_;h_l!:. all physioal wmum mist bo in tervs
of 1% That is wiy amy definition of the things of nature
which doos met inelnde semsidle mtter, which attenpts to
dofine them in terme of the furm alons, eommot be intrimaie
and preper, sines 1% does 2ot toush eoemie reality in what
sonstitutes i%s very being. It ean be nothing but -tr.lutc
and dialestionl, for the forms of maturel things cem exist
lmnl.y of sensible matter emly in the wind; the very

& ﬂd ost of thoss forms demends mntter.

w“m isus however may net ealy b eonsidewed in
uv;.ma;unmtnummmm m
this senee they are virtual propositiems and een beeoms
prineiples of q_ynod-. 88 S5, Thoaes Doimts eut ian the
Poateriora Eﬁl‘-: *Frineipium autem ayllogisai diei
potest nom solun propositio, sed stism definitie. Vel
potest disf qued liset definitie in me not ait propositio in
astu, est Samen in virtute propesitie quia cmlu(:;t)'muon,

PITE Lrtittionm do mbiorss v pmattenrt.”  Gee-
-uau in this way, definiticns may be efthey utenuﬂn
or dialectiexl. They are scientific {f the commectfion with

the thing defined is necescary, in other words if they ere

virtual rmopcaitions thet ora true, They nre dialeotionl if




the sonmsctiem 1s mot Recessary, in other words ir they are
virtual propoaitions that are nerely mlo.(u’n is
slear, then, that defimitions oen Yo Sruly nionﬂt&i and
at the seme $ime 4imlectical in the first sense of the term.
l\hllhnud-rthtthoymhtﬂbmxnlnl
naturel, and at the exme Yime d1alectical 1n t2e seecnd
ssuse, m:tumnwwmuqm
these $wo ways in Whioh the torm "dialeetioa” §s esplayed
by Aristotls amd St. Thomus in Telation 30 netural doetrive,

And nw, having weds Shawe neoessary distinstions
Mm-thhﬂnmotlmmtu,n“tryu
200 in whet ; mqorl.-nm »etence san be -nu
disleetical. n--ntm-uuuutbh-tmn
sheuld be evilemt timt thmwwhmn
experimeatal seisnce 1s dialectienl consists 1n this Seas
in 1t 3he mind attempts to get at the truth about neture by
Weens of hypothetioal and hence probeble Treasoning. Com- A
sequently iz this Chapter we shall eonoextrate upon the
m«mu—snuumumu
striotly sclentifie, that s to sy, to what lavolm true
demonstration, and leave the sonsideretion of other wa in
which physics s dimlectierl %o future contemts. Taken in

this semss, dialectics 1s defined by sristotle at the opening

of the £irst book of the Topics aa: "methadus per quam
peasims argwmntari de amni proposito problemste ex
provabilibus o8 ipsl disputatiomen sustinemtes nghil

dlommis repugmans.” The esntral moticn that must be
analyzed in this definition is obviously thas o_r pxobability,

There are two kinds of probability; real end .
dlalecttonl. The foruer bslongs to objective reality
intependently ef knowledge, and it arises from the im-
deterninim of nature. The existence of chaces im mature
means that there ape mows future eventa which are Ret
scmpletely fredeternined in their These events aro
-otm,ulhn.mnmtonhmhbh. only
sonjostural knowledgs ean be dad af them. ’mthnn
Derfesh areated intelligmoe 1s uable to forsse Abem with

sartitulle. Of eourse a areated intelligeuce can judge with
sertitude of tha present pitoblhmty of the future, and in.
this sense real mmt‘y o be the founlctigu of a tyuw
proposition. But the truth of the future event does not
follow fram the AXEih of the jresent Frokebility. Dislestisel
probability s DU:- tw: =s real probability is wpon aa
indstermimtion inhsrent in things, but upon an indeterain-
ntiop proper to the imtelloot which must move from potency

to aot. And it 1s with this type of probebility thet we




are sonssrned in the dislestiocs of experimental selsmes.

Aristosle defines W'l‘l rebadility in
She fellewing Sexwmes "Probabdilia awiem susd, quee videntur
aanibus vel plarieqwe vel sspientidus, atque hin wel
onnibus vel plerisque vel maxims notis ef mrin?'(1°'l,'ho
inportans '-‘ h Shis definition is "videatuwr*, H‘hbll—
1ty must be Con;-l in terms of appesxwunces. As Aristotls
pointa out in She fourth boek of thm,"u:))o'mh
is w0t @ spesien of beimg. It must aot be defined &m
torms of baing, but fn terms of that whickh has the likenass
of being = «~ that whiok sppeairs $e bo. Just as beling gives
rise o trwth £n the nind, se the lihemses of Ming gives
riss to the llkmess of truth. That is vy ix Uhe Rhetorie
Avistetle dafines provedbility as Shat whieh is ofniler te
She Sruth. 1 Probability meens verisimilitude. In other
words, just as truth is the adequation of the mind with
what is, 20 prohability is the sdequetiom of tho mind with
what appssrs £0 be. And this explains Wy, as Aristotle

(19)
suggests ia the ths seme Baburel Smpatus whieh
HEE TN -':m’* .- T £ dakie, ~Ange
moves the mind to asek arter trwhh snd take delight in it,
likewise moves $he mind to soek after its likemss avd take
delight in it, sven though this delight is mot completely

satiaCying, In his correntury on the Topics 3ylvuster .murus

H

N

4

wribesy

Respendst Aristoteles Dislecticem distingnt a
Philosophia par hoe, quod licet dislectious
Yrsstur airen res eumes ot sires smaia
problemmts, sieut philosophus ssfentifious,
odlue differunt ia mode eonsiderandy, Philosophus
enim mon est ocontentus apparsntia, sed exmminat
cmmis sseundum veritatem, es gquesris, propria
principia et proprias ecasusas rerum; dialecticus
& feuvTeree eontenius sst guadam epparentis verd
ot prooedis ex sommamibus et probabilidus, gquas
oxwssat solam opinionem. (20)

A £irst reading ef iristotle’s definition eited
beve my make ene wonder why im it he gives se mush
attention %0 tha varieus kinds of knewsrs. Bus frem what
h-mth-mumnamthnmm:um
Retassarily bo defined in terms of the knower and net in
terns of tho Shing Jowwn. In ether wards, It i sessntislly

relateld 40 sppssrunces and henee $0 the eppreheasien of the
(z1)
knower aad B0t $o objestive reality.

The Mmt.'hxch is the subject of the
qualificatiom "probable” 1s known as opinion. Just as a
truly sciextifis hdgmat is neceaserily trus, =0 an
op aale kg w“l‘_“ P O S —— ‘:
opposed $0 cersitude as indeterminatien %o determinstion,
And the imistermination thnt is proper to opimion 1s in the

(z22) .
mind and pot 4n things. In other words, the objeet of




| -
L,J - -
e . ' i h -
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opinion conaidered forally as such axists oaly in'the
tppﬂhu-iu,(”)ly the indeterninstion found in opinien

he mind fe oppessd te reality as logieal being is epposed
%o real being. In ether words the mind isterpossa itself

50 to apeak betwesa iteelf smd remlity. and the abtesph

$0 arrive ot reality frem this state of indeterninatisn will

be & disleetienl precess.

There was profound wislom in the yesoguition ¥y
the anelemt Creeks of the fact Lhat at least meh of the
stwwntmm-nly_lgguuuto&t-‘pm
striet sense of %he word. mc-ﬁi&mamm&n-
Mt‘mm—ﬂbmﬂmwﬂh
h“nmummmﬁmmw;m
Probabls end whose sele purpose ia te "ssve the phenomena”,
anmrnummm;do’mm mm‘rhm
# zeisnes in the strist sense of the word, D\ﬂdp

eonnsetlon St. Thomaa writest
vss 138 ot In pressssu mtionis, mu-m

Ui amimida eum enntueds eeybivedine, swbus,adiguds. . .. .
Se(vn&ﬂmran-"m gl obintame o ' 1 0/""/“'703 ""‘ﬁ :

perfestan sartitwliinem asoedisur. Per

- butuswedt enim proodsum, quamdoque quidem
otsl non fiaS scientia, £it tamen fides wel
opinio proptsr’ probebilitatem propositiommm,
ox Quibus procsditur: guia ratis teteliter
deflimat in wnam partem ocontradfiotionis,
licet eun formidine alterius, et ad hoe
ardinstur iom, alve Dinlecticas. Nem )
ayllogisnus dislecticus ex probabilibus ent, !

- de quo agit irintoteles in libro Topicorum.(24)

#0a )oermhL 0% rvands el

mmﬁm"mmmnma
the dfalecties of provadle Fecaoning is ewployed in expers-
nenta} m“.nmwtouuﬂm-bum ‘
Setumtely 1% preciss mature. It showld Ve fatrly =
"“mhm'mm'ﬂlmth‘ 18 pertains
to what the sehoolmen termed iogien utens, s opposed e
dosien Sosme shiek meraly gives the rules for vhe applic .
oation of solemtifie Peinelplan thot are alresdy gives and’
ek dess 2ot enter Lnto the wery ecmstruetion of these
Prinaiples.  But Whe term locies whem 1e espleyed tna
virleky o2 ways, sad Johm of T%. Thowms has Wrought eut

i

with great elarity the sence in shich 1% aust e wader—
stoed here;’ .

Wt

h:uuuum-out ipad 'l'uml-d-‘ ”
GWAtems preedet wemn i alife sefmntily moa’

Usque ad prime prineipia. g tanc
dicisur Logies wtona, wt unu...nﬁo:m
denonstrunts et dosente, eo quod demonstyrans
oD preeeise wsitur diseurse sistemdo in eo
s0d perveait Tresolvende naqus ad prismm principie,
Quae diseursw aon probentur, sed smat termfmug =
disgursus. Usens Sitem diseursw, sed mon demon-
strens, ita whitur ot aiztit in d1sourse, quod \

8 qut oot ad Ferminum dscurea

kS 1%a vematir probabilis p
vertitudine ultimme resolutionis

» Quis pon cum
usque ad princinie

fit. lic est metue Logicae utentis, et afe explicat
11lam ),  Thowas Opuac. 70, G.8. art.l dicens
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Logliesm utentem enss, sune utitur Siseuren, ned
non tarming diseursus, eui Sermimatur in
prineipisa psr ss nots, wbi ceseas usus yationis
divoumrentis ., . .

Iogles utens tertic modo seospta solum versatur
airea purten Sopicen ot sophinticam, 84 oat
proseami »em resclutivo, sed prodedili eeu
Prodative st disputasive. 2% ui %alts wews fiad
in aliis ssieutiis ox Prineipiis Saliwm
scientisrum disputande ex 111s ot ‘mea reselvende,
tolis uses pertinet ad Logiosm solwm directive;
ol axtem precedat ox primeipiis ipeius Leglese
talis disputatic nom reselativa, nom solmm
adireetive, sel eXicittive orit a legien, gwasl -
actus seeuniarius et iaperfeetus . o .

quen witienis inguidisie purducere dshet, eat
intelleetus prinsipiorum, ia e Tesolvends
iudfesams; quod quidim quando £it, d1eivuy desoa~
stratise Quanis sutem inquiditis ratfentis woque ad
ultimse Sevmiwem non pardueit, sed sistitur in ipsa
inquisitiens, quanie meilicet Ymrenti sdlms manet
via ad wtrwndibet, sic ratfemslis precessus
disiinguitury sentre denenstvativim, X% hoo made
prosedi petest ratiomsbiliter in qualibet ssiemtin,
ut o2 Jrebadilides peretur via ad nesssserias )
eouclusiones. Lt his est sliuns wolus, guod logiem
utitur in uliis scientifs, nem ut et dossnn, sed
ut utens. '3Jde D,Thowns , o« o« «

7% sf hoe rueist prasbende principik propria tall
disoursui et disputationi, elicitive totum 1ljum
disoursum preducst Logioca, quia mon solo praedet
modum dfeputandi, sed etimm materism seu
principis. (85)

In srdez 4o wnderstund Shat pasaige serrestly 1e 1s nee-
cssary 0 recall the distimotion mde abeve betwoen the
Swo wrys im which the extrinsie sharscter of dislecties

can be undsrstood. Whan John of St, Thomes sug:ests that

mmcu-m:umauur-am.nmlmm
provide the primciples rwthoprooo-otrumxu.ht
merely the modus disputendi he ohviously bas in mind the
meaning of extrinsie in which it siguifies something ex—
terior $0 the smatter that is specifieally preper $0 the
science involived, as in the cass of the 4sfindtion of
anger in terme of form slone, or ef substamce ix terms of
prediswtion. Fer if extrineie wers waderiteod ix the
othu-.,thancm the dinlesties of prodable resson-
1ng mmat be easd-te previde the prineiples.

. In sux euse, 1% 1a 1n the wee of logle whieh
:oh--éa-mrh-. -n;_m___vathtnmm
pertioularly fnterested. later we shall ave eecasien te
ses that mathemtion) physies also invelves & use of logle
that is similar to whet he Serns Sslisitivus,in 5o far as an
attompt 1s made to explain naturel phencmane in torms of
logieal senatruote,

It 1s clear thet a study which remcins within the
dhlmgnl disscurss Just Geserided withewt ever being able
to eerge from it can never be & sciencs in the strict sense
of the worde It 42 not o acisrce in its cwm right, since ¢t

ueser achieves striet demonstrotion. Mor esr {t be conagidered
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doosns but wiems. The following passage from st. Thomas®

cwat»m.mn-umm

Lieet autem dioatur, quod Philescphia eut
selisntia, nom avten dinlesties oS sephistien,

nom tomem per hos remevetwr quin dimlestien

o8 sophistion sin% scieatise. Disleetion enin .
Potest sensiderari seoundum quod est dcemms,

o8 seeunbum quok est utens. Seeundwm quiden

quod eet 4 » habet somsiderati de istis
intentionibus, inatitueas modws Qued per eas
procedi psesit ad cenelusienss ta singulis
soiuntiis prodadbiliter ostendenins; et hee i
demonstyutive facis, o% seeumdum hoe est setemtin,
Utena vare es% secundun quod modo adiunsto utitur
4 eonalwdendum aliquid proebabiliter im singulis;
ot 310 ressdit a wmodo scientine. Ikt similiter
dioondum oot 4o sophistiea; quis pwout sst dossas
tredi$ per rins ot 4 trativas retiones
mefun arquendi epparenter, Seoundun vere quod
st uteas defiels a prosessus verse argumentationis,
BSed i parte logiess quas disfitur Sonenstrative,
solum doeirina pertines ad lociean, wsus vero sl
Philoeophiam o6 84 nlins partiowlarss selenting
qune sunt de rebus naturee. !:tho-uoo,qnu;,
usus deenstrativas eonsistit in utendo prineiplis
rerum, de quidbus it denonstretio, quae od scientiss
rejmles parstines, nom utendo int tionibus loglels.
Xt sie apperct, quod yuswdam pertes lojlose habent
1,802 selentinn et dodtrinen et ususr, sieut
dinlectiea teugtetiva ot sophiistice; quaedsnm cuten
dostrinan et nom nguun, sieut dencnstyative, (26)

Fram all thut hes besn said thus far it follews

2@ TRy o, Ve e

d MEEETEEE S i
that the meaning whieh the term “knowledge™ Mas for us
when applied to experimontsl science coineides exnetly with

the scense in which it 1 understood by Sir Arthur
Z441n;ton;

- -

Jowe writers restriet the term ‘kmowledge’ to
things of whieh we ere quite esrtain; othars
rovognise knowledge of verying degress of
umeartainty. This is one of the socmom ame
biguities of speach as %o whish no one is ea~
Bitled S0 dietate, and an author esn only state
whieh usage he has hirsslf shossn to follow,
If 'So xnow® mewna 'S0 de quite sertein ofY,
the term 1s of 1ittle ume to those who wish $o
bs umdogmntie, I thersfore prefer the broadar
meaning) and my own usege will recognire ume
certain knonledge. (R7)

Fnough has been ssid Se show that Af we wish %o

discover She principles witeh reveel the trus nature of -

perimuntal scisnes it is to the Topios especially that we.
mist turm. And 1t is extrecely signifiesnt thas this part of
logie bas been I;IA;Mt saxpletely neglested by medera
seholastion. Jn fuct, the teaohing of logie has besn almost
axolusively linited to the Irior and Iesterior Amalyties,
And we belisve that thera is & connestion between the
scholastios’ nagleet of dlnllcctln apd their negleot of
Hovowent townrda sonoretion :1!\ the atudy of nature, This dis=
regnrd for the importrnce of dinlesties g.o.n bnek s far as

John of St. Thomms himselfy

- od materfan logieilen ssu ad posterioristiean
resclut lonem, maxime in Gamonstratione, ad quam
penecipue ordinatur, (28}

Luss snin inent ad partem toploem, (uae agit

de proka bus, et quae pertinent ad libwps
Elenchorum qui sgunt de purte sophistica, omittuntur
in preesenti, quia non epfunt de certt pt:porfects




- 490 =

resolut lene fwlicii, e% 1400 selwm 1102 Pricrwm
ot Posterioram vooantur annlytiel ad Aristotle, (29)

At the time that these lines wars wmritten the modern develop=
mxt of eperinentel solsnee was alresdy waderway. without
realixing n,-lmmu»u-muyaumuuu
dinleetics a potent intellestmal instrument for the
dmnof\h-twdmhmliantan
consretiem. 1% remaing for ws %o ses Just how this dfa-
lectienl imstrament 1s nol.qna by experimental sefence.

los and ) Seienve,

As wo Mave slresdy aplained, $he prepoeitions
thtmmuwnm-ndmuatm-
trinsie and cbjestive wmiversnlity, Bus desauss the in-
tellast eannot remain ixpetecned in singularity, the
sclentist 1s lead to confer wniversality upon them ab
Sxtrinseso. In order to gat at the reason for ths
rogularity appeerimg in natare, the scientiss 1s lead te aet
23 1f these propesttivus ere wiversel. %o totn be 1s
epplying the principle laid down by Aristotle in the Topics :
"quescumque in omnibus aut in Plurimis spparent, sumenda

(30)
sunt quasi principia et Probebiles thesea.” In this way

“‘M
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hm-mprhclplouoidomiinthnumuIMoh
it is exployed in the Friora where it 1s aot reatricted to
mhthnnotlmod'thhn,mum
to both seianes and dialachies:

uodm.-tquﬂuuu-u prout

hic suwmitur, sddft supra diei de prout

mmitwr in lidro Prioxws. e

Priorum accipitur dioci de omni eommuniter,

rout utitwr es ot dlalesiicus ot densastrater.

Et ideo non plus ponttwr in definisions efus,

Quam quod prasdfeatws ineit ewilibes oorom qune

ooutinentur sud sublecte. FHoe sutem contingit

vel ut ot sie utitur quandogue el de omni

disleotious; vel aimpliciter et secundum omng

» % ole scduwm utitur demonstrater, (31)

%o have already pointed eut that thess propesitions wateh
mmumnunmmt.unmmw
hin are purely funstiomsl. Their position must lead to
something beyond Shomsalvea. They are instrungnte - -
prinociples of researeh. In other words, they are dia-

leotical. The mind uses them in order to 8ot at reality,

But as we oxplained gn the last Chapter, these
auiversalized propositions do not satiafy the mind, for they
40 %0t "save the Phenomera”. That 1s $o say, they merely
state th; Wﬂlu between subjeet mnd predicate without
&iving the resson for {t, Consequently, the mind 1a lesd
to reach out for the propter ® quid by conatrueting

lypothesen xhich will &ive a proviaionnl explanation of the
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experimatal pregesitions. In other wapds, purely sxperi-
mantal peopositions eomtain an implicit proklen, and in
order 1s solve this problem we trensform propeaitioss iate
tiestions Vhieh axtleipete axperionce. In esnasctien with
Shis use of Mypothesis 1t 1s warth while pointing eut, lest
coufusion sriss, that the term "Rypethesis® (suppeatisse)
nn-u.y meaat fox Aristetle and yt. Themas somsthing quite
mrmnrrutumuuanumuunm. It
luu;mmﬂm&ltn-hmu X 3ry and
$hat as & ecnsequenes sould not be demomstreted. O the
sontrexy, 1t meant scmwthing thet was adeclutely ssrtain,
bat that was sscepted withouh demecstration e1ther because
ar u- sslf-gvidenos or beemise of its cmmu- 1Y
uotha ssienss, or at least because of 1ts n«ptnu 4
tmuwmmauoxplounm-umw 1% hed

to deal, It 1s clear, however, from the pungu eited

in tho last Chapter from the De Coelo ete. with regard to
the planstary systems thas the ancients also uooguud the
use of Rypothesis in the modara sense of ths tsrm, : Taken
in this ewmes 1% menns, uhhnMWo‘
mtttuunmamﬂmpﬂh&odm in
order %o save semsibls phencwsna by offering & proviaional
sxplazation of the reason behind experimentsl m-opo:“olttom.
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AR hypotiesis mever goes beyend prebability} it s, as
sousone Mas seid "an dunﬁt Eussa™ = - sx antieipated
solution of & prodlea. It fa essentislly the produet of
the ereative Lmaginetion snd o€ scieatifie constrastien,
From h'pothon; of this kind posited as premises, the mind
sseke to dednes scnclusions whieh square with sessidle ex-
periense and tha. explain ft. It is elear that these
hypotheses are purely dialeetisal: they u-o: eonstruotions
bty whieh the mind .“.p‘.v $o arrive at the nuture of
realisy.

Yhe solensist asespis wWiaS is simflar to the
Sruth as £f 1% were the Sruth and uses it as & prlnclp).o of
resstxeh, Im 4oing 8¢ he n fallowing %he maturel appetite
am“vﬂdn-nﬂn&n-ﬂnlumdﬂt is
stmilay $o the $ruth when 1§ cannot have she truth. The
student of nature >mat mmltiply 'lthout end hims eon joctures

and must £ix attention more ppa their operative, funosiomal,

i

inatrwsentsl value than wpon lwthl.ng slme,

1as Shéeriss n*ont pas powr nous reveler c/lw :
hdunbh-m«um s o Loww YN - TON0SeS
uniqus ost &¢ scoxrdomner les lole physighes que
1*expériense nous fmit eonnalire... Feu mous

iuparte que 1*6ther existe rellemsnt: o'est

1'affaire 4oz »ftaphysiciens; l'essentiel poar

nous, e'eat que tout se pesse comme ='1l sxistait,

et (ue cotte hypothiss est commod® pour 1'expli-

cation des phenomonea.” {33\

2
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Ever remairning within the realm of the sahjecturable, the
axperinental polemtist muss SATTY Gn & methediosl fater-
mth&utmmnwh-wﬂ-llm- The
art whieh guides this methodieal intewregation is dialesties.

The mind is thonr&v Tres in the construction of
tiese Wypotheses. ¥e have already quoted ssveral passeges
from Kinateln vhieh ahow that the prexises of experimsmtal
soienes .-n free inveutions, n-nuom.' i‘hh fresdon s
5ot absdlute, o be wure, for the disleoties of sxperimeatal
selenes mist siwmys o Xept 1n Sow, mo So speak, by eonstamt
recourse ‘tp piriense. Mevertheless there is 1iberty snd
sreativity ia this dialectics. The selentist 1s . free te
elooes Betwesn ecutraxy or ecatredistory Myrotheses the ens
whish seems to serve his purpess best ab the moment. Fe 1s,
for exangle, free to choose between ths cpposing corpusculer
and wave thaories of lisht the hypothesis which £ives him
the greatar help in achieving his task. 411 this recells
what ‘%, Thomms has to sty about the dielestigian:

- EStitm e s e et
dioens quod eun propoaitio asaipist elseram pertex
snunciationis, dialestioa indifferenter sccipit
QUan®umque esarun, Habet enim vian ad atranqus
partem contradiotionis, so quod ex probabilibus

procedit, Unde etisn et in proponende mocipit
utranlibet partes contrediotionis et quasrendo
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propenit. Demonstrativa autem propositio aceipit
alteram parten detwrminate, quia mmnquan babet
Aemcusirator viam, atel s verun

Unde etiaxn sewper proponendo secipit veram parten
soitradictionis. Propter hoo etism non interrogat,
sed sumit, qui demonstret quasi notum, (34)

Recauss thess Nypotheses are never more than .
probable, experimsatal selence musgt over sl into questiom
mmau-mw.mmu-mmmu. And thia
shmrasteristie of Aialesiies, aa St. Thomas points out in his
Ogopeqheyy sn the Posterice Anelyties:

Jciendum tsmen st gued interrogatio aliter eost in
seientiis demonstrativis ot aliter est in dislesties.
In dialestica enim Rom solum interrogatur de sonslusione,
sod etian de prasmissis: de quidus demonstrator nom
Mt.“umtqmlnnm.mw
salia prineipia prodeta; sed interregat tantum de eonelw-
- @lans. Sed eum eam demnnstyeverit, utitur e, ut
propositions, ed alian cdnolusionem demonstrendax, (35)
This brings out the difference in the way dinlecties 1s em-
played by philosophy and by experinental soieusce. In philo-
20phy 1t is umsed marely as an instrument to sserch out pris-
eiples wilch, when found, fmpose theusslves upon the mind by
their ssrtitule. Jn wxperinental sefemes, dislestics is eme
played not merely in the ssareh for principles but in the wery
(s8)
ehoige and positing of the principles. This ties up

with wiat we saw in chapter IV about the difforence between

the Thomistic and the Kantiun neaning of a priori.
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m Shis:we have the reasen why ‘experimental
Ssienes 13 swsentially varisble amd STRnat tory ~ 0 vo-
hivie of progrese wm not a remsion of m!@u. Ali in

thin conmeetion De Broglis writes:

Il ne faut paa s*étonner a1 souvent la adcouverte 4*wme
ordre nouvesu ds phSnomdnes vimt yenverser somre un
etlteau de curtes nos plus belles thlories, ear la ri-
6hesso de la natuwre depesse Sewjours nos imaginations.
Les savanis sont dien lardis de vouloir reconstrulre par
1a ‘pansfy des portions de 1%wntvers: 1a grande mer-
veills, e'est qu'ils y ont parfois rewssi. s

As Dot?om has rewnrked, “the first prineiples of the seien~
*ss mwt be ragarded =s postulatest and there 1 a sease

ia wiieh all seienes 1s founded em fuithe, ("‘)It g bo-
sause (Usude Bermard Fesopnised the dislestion)l charaster of
cp.rh-iu soionce Shat he mede Inbt Vh‘o greet experi-
mental prineiple : *The Brest experimentel prﬁ:ciplo, there-
fore, 1s doudbt, the philosophical doubt which leuves the
mind its freedom and initistive, and from which come the most
velucble qualitiss in an investigator in m-z‘élogy and in

(39)
uedicine,”

R k-

Experimsntel scicunoce advances by 2 gredusl ratio-
nalization of irrstioual ol-cut-;_but this demands + con—

tinual reorginization of ita retionsl system. Both t!e me~

thod employed and t :¢ corpus of dootrire mchieved mist ever

(_J

P
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resain epen %0 revision. The ouly way thet experimentsl
9e1e080 has to develop is by a eontimual process of sad-

stitution. It oan g)nw only by pesaing throush erises
(¢0)
and revoluticas.

I% is elear, shen, that ell the propositions
which make up the nrno:tm of muimn..nl seience are
redusidle to ‘i:lt Y Alh!l She Creat ealls “interro~
entio mm in probabilo~, .

Bed dimlectien proposisio est inderrogetio cousvnsus

in prébebile, mee consensus requirerssur &1 proveri

Ron dederet: manifeste autem faleum probari non po~
Seat, ot menifests verum nom indiget probari, sed sd
altarius nlienius assumitur prodationem. '
Im diffintendo ergo propositicnem dislesticenm seoun—

Ao ‘potissinm sl stetum diclmes, quod propositio
dislestion est interrogatic Probabilis, ita quod -
probebilis sit genittvicomnuy, hoe est, interrojmtio

de prodebili, quod est materie propoaitionis dinleeti~
one, In probebils enin {quir ponitur in Judiclo oius
oui proponitur, utrum sie videatur vel ncn) oportet
quaerers respondantis judicium e% consensun, sntequrm
procedere ponsit oppomens. 318 ergo dimlesties pro=-
positio interropatio est j;robebilie. ¥t hac rrtione
otian Boetius in diffinitions ayllogiamt dicit, quod est
oratio in qua quibusdem positis ot ooncessis, respiciens
ad propositionsm syllogismi dislsetici. Culus causa
‘est, ¢uod prodebile 40 »e nem hebed’ sulfieienten aimem Caveds
sonsequentise vel inferentine, ot ctusem infarectics
sufficienten accepit a concessione resporndentis. fireo
igttur est tote diffinitio propositionis dirlectices,
(41) :

8ir Jomes Jeans hes brouglht out the disleaticel
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character of the scimntist’s interrogesion of mature:

Suth &R sxporiasnt, like every ether, mmowmts
in affest to asking a questien of meture., This
qaestion ean Never be — =~ *In hypetheses A true?'
but *Is hypothesis A Semable?® Mature -:umm“ .
aur queation ¥y showing us a phencmenen s
inconsistent with eur hypethesls or by showing us
& phenomenon which is nok incomsistent with our
Npothesis. She san never show us a phenamenca
which proves 1t} ome phensswien is sasugh te
&lsprove a gy bt million ailliom do
nok ‘suffice S0 iS. Fer this ressem, the
scientist ean mever claim Se Mmew auything for
sertain, exeopt direst faste of ekmervation,
Beyord this, he can &Yy yreeeed Wy Wuilding up
Mypotheses, akek of which severs more phenamens
than 1%s predesessor, bat saeh of which way have
" $0 give place to another kypotheais in dwe evurse.
Itrietly apeeking, the dine fer zeplssing &
Xypothasis by & clain to ssrtaimty never arrives.(42)

(43)

As von Usxkull has poiwted sut,  the art of
intarrogstion of '-tm, ‘the ars of yessarst is eharsster
fst1c af the expertmeatel sefantist. Yo feel Shat encugh

lms doon said to0 show that this art is sul stantially tha

oame as the "logioa intarrogativa®, "tentatiwa*, *iaquisitive”

"inventive” of the ancients, 1.s. the dfislectiss of the
(44)
Toplea. At 1% 1s exivremsly siguifieent ts aote the

oinilerity betwosn the Tellewing pasetge of ven Waxkull and

the lines quoted sarlier in this Chapter from St. Thooms®
Comnentary ea the Fourth book of the Wetaphysiss:

™dialecticus autem procedit si ea echsiderands ex intentjon-

ibus retionis, quas sunt extrensa & netwre yerum. &t ided
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dicitwr, quod dialection est tentativa, quia tentare
proprium est ex principiis extraneis prooedere.”

In She present btnok I have endeavoured to
frams the theorstisal oonaiderations eomeor-
ning blology, iu sush a way that there esn mo
longer be any dsubt that, fin their very mature,
biologlanl dootrines always reonin unsolved
problens,

In mature everything is eartain; ia aefence svaxy-
thing is prodlematical. fNesense ean falrixy
i%s purpose omly if 1% be built up like o peap-
folding ageinst the wall af & heuse, It
purposs is to insure the workmmn a firm sup-
pors everywhere, %0 that he may get te sny
point without losing a genersl survey of the
whole. Aseordingly, it 1s of the firet =
portence thet the strusture of the s0affolding
h!mtz-m-wueomordthhcn-
prohisnsive view; and it must nsver be forgote
fen thak the seaffolding does mod teelr
portain to Mature, but is slme)s scsething ew-
treneseus. (48)

The eumparison of seisnes with a seaffolding, whieh hed
alresdy been anployed by Goeths, is, as we suggested ia
the last chaptar, vary exmot. It drings out the faet
that experinental soience ig esamntinlly & logloal con~
struction whioh the nind uses in e attexpt to et st
reality. As we shall point out in ohapter XI, it is not
-m-motntnn.mmuwwm.
Just s a somffolding oan be mmde to epproach closer end
closar to the form of the house and thus be broug:t to
take on gradunlly a greater likensas to the house, 80 ex-
perinental moleincs ecn #pproach ever closer and a];ow to

nature ard in no doing take om & frotter likeness to
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naturs. DBut Just as a aeoffolding ean never become

the house and must ever remain an sxtrinsis con-t"ruoun.
C ssience must ever resmin an axtrinsis eonstrustioa

of the mind. In fuct, as’'we suggested in chapter IV

the slossr 1% gets to nature the more extrinsis it be-
eonss, becnuse of tha fact that the sbjestive eon~
strustica sanstantly incresses. As we shall point owt
in ehapter x;. thare is a great desl of sinilarity bhetween
he dialestienl approuch of soisnee to nature snd the
dialestienl movenent of a regularly inssrided polyzaa
with gsonstantly inoreasing sides W o eirels,

Just as the mltiplication of the sides of the polygea
makae it more like @ efrels, and at the same ting more
of a polygon and hencs more unlike a eirsle (vhi&h has
only one "side”) mso the movunent of science towufdn
nature rakes it at okos more ebjeotive sud more sud-

Jestive,
A muber of ‘cbjestions may sugsbet Vhenciives
in re,ard to this identification of experiments) science

with dialestics. In the first place, one mey be tempted

to ask: if sxperi entnl acience is dialeotics, in what

sense onn it bae considered as r part of naturel doctrine?
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The answer 1st experimontal science 1s matural dootrine
prinoipally because of the linmit Sowards which 1ts Qisleo-
tiesl movement 1s orientated, f.w. nature. In other

words, 1t 1s naturnl doctrine not so much desause of what

it has ashileved at any nm atege of 1%s development

84 beseume of what 1% 1s et all times attespting to achieve.
To get back to e exarple used above — the oirels 1

the 1imit of the polygom uly in wo fay as the latter is

in a state of movenent throvgh the suesessive mlsiplie
oation of f%s sides. If this novement should stop at

any one givea polygon, ho matter how fer adverced 1t Ay

be AT She series, tho oirele ean no longer bs considersd

as the 1tmis. Similarly, :r-tunl &octrine, in so for es

1% 1s bulls uwpon hypothesis, mast ever raemeim in r state
of moverant towurds 1ts limit which is nature, tist fa to
say, the abaolute world condition. Mo Fiven atai'e of the
development of experimental seieunce oen be conaidored
natural destrine in o sheelmte ‘wehse. To o somnidar 1%
would be to identify a subjoetive eonstruct with objective

nature «—- whish would de comperable to fdentifyin- e

polygon with a eiresle, }!e:vcrtrol.n, Jueat as & fiven

poiygon that is far adnno:»d in the series wric! tends




Mshmumn_w-mu-
cmmctnm. 80 any given stage of the
éamatruction of exparimemtel 20lenee 1s in sone messure
& revelation ef objective mture. And fust ey o polygen
of a mfllien sideg is aleser %0 the sirele then e polp-
S of ten midss, n*-ﬁyﬁuho-ntmhb
tun-thmuaotﬂntmdu-b. e pball
mnm-mumxmum-mun»
ter XI. Forr the momeat, nulmtut.m
wat s fust been.eafd wish the fallewing passece from
von Usxiculls
A max may have asninilated the eomelusions of
mtural mmx:tmmnh&m. and my
know how to smploy tham in spesulation, aceording
% She wules of logie; bt ke sbill knows mothing
watsosver oancearning Msture — o» at any rote,
infinitely less than dose ANy pessest or gardecer
who ia in daily intorcourse with her. (e8)
This statement, which at first sigit appeers to be an e
trene axaggaration, oan be 8soepted if viewsd in the 1ight
qtou_tgn.oh;ulnb. In 80 f5r as experinental ssicase
is & sudjeative hypothetionl construction, the soientist may
be said to know Rothing sbout natwre in its purely objeetive
condition, Nevertheloss, because this aubjootive con-

struction 1s &n sow fwohsures & refloation of neture, von
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Usximll £s ecrreet in-tasedintely eWlifying uis imistal
aheelute statement. And there is & semne in whioh it fg
trus % say that axperimental ssientists know infinitely
1sss abous pature than gardeners and Peasants, wio are,
though 1n an extremsly ebseure way, in eontast with oy’
Jestive mature. The metual vegetables with whieh ger-
dsasra Geal are Serteinly mot eomstructed sseording to the
kypotheses of diolegy. This would supposs that bielogy et
wom-huxu@ammu-nuunuutum.
"Salentifis vegetablas” are ot adible.

4 sesond chjestion S0 eur ldentifieaticn of ex~
Derimgntal seisuse wity dialestisa might be thet in in-
wausebles ploees Arl:touo ol 38, Thosms eondemn the Pleto-
ajats and the YFthagareans for procesding *logies sive
dislesties in maturmlibus.> “”An attentive eumnination
of sheas texts, howsver, will isnadistely reveel that they
40 not oondnnth.morlhhmuoth in the study
of woalfty, As & mtter of fuet, beth of them lave fre-
quent recourse to it. Wat they do eondemm is the sbuse of
dinleoties, whial oconsists in graating priority to grip-
siples over exyerience, wiem, as o ratter of faet, tlie for—

mer should ever ressin in somplete dependence upek: the
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eonfinmtion of the latter. Instead of rejesting prim-
e¢iples in order %o save Sppotreness, the thui_i mde
1t & prestiee of rejesting sensidble Sppearansces ia: srder
to save their prescnceived prineiples. This is evideant
tr«-th-pn-amt_rmthc Win Sook of the De Ovelo
Qquoted in the lest ehepter. Im other words, the M-
nations of Aristosle and St. Thomms are levelled -m:m
the loglorl errer of sonfusing o formal consaqusnce with ’
an argwsent, whieh would wake dialeeties self-suffisfent
and lldomt in the study of mt.nu.

A fiual objestiem whieh night ba brought te
benr agrinst the 16mitiricasion of expsrinental seienss
vith the Aristotelian d1aleetien of the Tepies 1a tiat
the very definition which the Jtagirite gives of ths las~

" (48)
ter sesnis to indicate tlat 1t 1a sssentielly a method

of @iscussion wit): adverseries snd that Oonsequently it
Presupposcs 8 dislogue. IS is trus that dimlesties se-
sentinlly finvolvew a kisg o dinlocws, wtnes, ae we have
seen, its principles sre slways "interrogationes Mhbilea.'
It may alsc be granted that im writing the Tepics Arie-
totle hed principqlly in nind the use of dialeoties which

involves & plurnlisy of persons. pBut the d:nlogua‘,or dialeo-

//‘\’
N
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Siss does not 11y supp such a plurelity, m

dialestionl FORNORING OuS persom ean stext with what seeme
probadle %0 him and seek hia own asmsent to i, Yoreover,
*ven withous a Plurelity of persons there is always on nd-

Versory, mamely the other pert of the contradiction,

In this dislestical chnracter of oxporimenta)

seiente we find the basie reason why physies inevitably io=-
sues inte mathamtica) phystes. Kot Tirding seientirse
sertitule ‘tm its emn realm, 1t attempts to acquire fop
18801f & substitute eertitute by reashing up to rathematics,
From Shis point of view, D.rtl'!nl Rusaell is correct im
Saying Siet "physics ia rathenationl, not bessuse we know
50 meh -::ut the physieal world, but beosunse we know so
1is%le.” What we have hlun Suying in this ehmpter also
brisgs to 1iEht the ressar wly tetheanatice in the modern
sonse of the tern ia a mtural prolongntion of the dicleo—
tios of sxporinental u.lonlco. Dialeetics bestows upon phy-
8188 the MDothetioe-detuctive methed Whieh 1s oo sharee. t
teristie of modern mathevmties. And im tiys sonnoction it .
18 extremely interesting t(la aagmpare what we hvr- a8id ahout
the mature of dinlecticnl Teésoniug frox freely olosen Ly

pothesen wit); Nertrand NMuasellts foous definition of mat hg~




matien:

Pure mthemtics sonsists satirely of esasrtio

the affeet Shat, if sueh and mek a moutaa:.x:o
true of M-mhmlﬂmcurm
sition 1s of that shiug. . . Thus mathosnt {es
nay be Gefined ns the -ubjutlnlhuhnm-rknu

what we sre talking abeut
“Yiﬂalctno.(m). o Ro® whother vhat we are

This bringe we to the task of amlyning the preper

naturs of mathemmties,

CHAPYER 8IX
TIHE FATURE OF MATHEMATICAL ABIPRACTION

1. Mathematioca raes

History has playedk with the Serm “sathemetioe”
in a way sirflar $0 $hat in which 1t hes playsd with She.
term "soienee™. We IRve seen tiat the latter teru mow s
a mpaning quite duun-'s nﬁ. and to & osrtain extent op-
posed to, the meaning 3% had for She ansients: 1%t no longer
aignifiss sertain knowledzs of things in their ssuses, but
& purely dinlectical type of knouled;e that is lasking in
oertitude. In aamewhat the same way, the meaning of the
torm "mathermtica™ has undergone @ profound shengs. For
the mneisuta it signified & strictly unified ssience specified
by a definite formal object, namely quantity. But in recent
Yoars mtixatios has boen divorouvd fros its esssutial relation
to quantivy and given a range shat extends indefinitely beyond
its eonfines, .
In fommay days, it wes swppousd (esd philcsophers sre
still apt %0 suppose) that gquentity was tle fundecentel
notion of matherwtios. But nowedays, quentity is
banished altogethor, excejpt fyom one little corner of
Ceauetry, wuile order mors and more reigns supreme. The
investigatiou of differant kind of series sud t:.eir re~

lations is now & very lsrge purt of maihoetica, ond 1t
las beon fouud thet tids irvestigsiion cen be corducted
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part, without any referense %0 mauber, All types
of seriss are eapable of femmml definition, ‘and fhely
Properiiea ean be dedused firom she prineiples of
m.m&w«&‘w“m““o

- Wmthawtios is ne leanger -m»u mifisd ssienes;
1t mlmhualcﬂnh tca-l QM. And mnnlt ia
shn-nnorm ulum-t-uu uut mathe-

nnu in khe -m:-l -nu o th term} 3% {o uuhﬂien.

Inthud-ptcn-hniryhinl’.thntmot-ﬂ-

maties fn the striet and feame) smse of the term, ia the sense

in wiieh it was widewstosd Wy the sneieat 'm-ut‘-._,m
Ome of the ebjesticas rought agatnet the relevanee
of Paripatetisim for the question of saieise is that 3t
necessarily rininizes the importance of mnthenatics becruse
of tlis fuot that it eonsiders Quant 1%y netrely as one out eof
ten predicemocnta, (’)As & xatter of faes, homer, Teripatetice
bave alwmys ocoo.nhd t0 quantity a Enique pntun .-a; sl
e satemicton. Por of ali the nins atebibnis it T tle one’
closest to subgtznce. And it is the only ome of the sccidents
that oxn be the subject of & spsolcl seienes, TFor ell scionce

Gouls witi ¢ aubjuct ounifesting; itaelf throu-h cértein

defineble oroperties, and quantity is the only nnﬁidant in

- B0

which there is found both Esuhjnt and propeMies, This ex~
plains why quintity snd the quantitative oen constitute, in
relntion to knowlsdge, & closed wnivarse spart from everything

elso;

Seiendun suten eat quod quantitas inter alia nnu-nlh
propinquicr swt substantias. Unde quiden quane
titates esse substantias putant, seiliest 1ineam

% mmerwm o3 suparficiem st earpus. Yen sela guan~
tites habot divisionem in partes propries post sub~
stanties, Albedo enim nen potest dividi, et per
consequUans nee umz.u;xm individuori nisi per

sub jeatas, inde est guod salo titatis
ere aliqua oM ut_sub jeets, alia u
pasaicnes, _

But in order to get &t the nature of this spesial
|

setense 1t is nessseary to poiat out that 1t 1s not quite se-
ourate to opll rathematios the selenes of quantity. Ter ibe
other Swo spssulotive seienees, metaphysics end philoaophy, of
naturea, aleo deel with Qquantity in sone wey. letophysics deals
with 'lt in so far as it is r principle of being — one of the
nine aceidents. “hilossphy of neture deals with it in eo far
85 In mature there 1s mob{lity {n the geims of quantity, whied~
is charecteriatic of thom-. riobile baings which lave life.
Conssyuently, in order to ;rot at the intrinsic nature cf rathe=
anties, it will bo necessery to conmider the sartiouler way

in which 1t doals with the notion of quantity, it will te

,_..._“,.,,.-A..




- 510 -

Beosspary to analyxe as ascurately as posnible the apssial

naturs of sathematiocal ebstrsetion,

4 muber of things were said about the nature
of this abstruetion in Chaptor I1. Before pushing ahead
in our aualysis let us Tecapitulate briefly the p;lnn al-
ready laid down.

lathemticel abstruetion 1s the nesend degree of
formal abstrestion. It atands midwey betweon physfesl snd
metaphysien) abstrietion, and sharss to somo axteat in both.
Yot froa ss#ther point of visw, it is nod midway datween
the first and third deyrreas of abstrastion, ia'the seose of
being im direst 1ine with them. Wether it i out of lime,
off to ens side, =0 to speak. Aind 1h this comnection 1t 1e
interesting to note tiat while the term "metaplysiecs” is an
historionl ascident, it is mn oxirecwly happy accident im
the sense that it charzcterizes quites sccurately the nnture
of tha ssienes it Las besn ehossn to deaigrate. Frem this
Polnt of view 1t 1a highly ienifieent that nathermtios, -
thouih eoming direoctly afser physies in the degress of ad-
atraction, is not cmlled metonhysics, Yor is metaphyasics

cslled ‘wlanathematicn, t ouch 1t somes Irmedirtel; cfter

——_T
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mathematices. 4nd yet when Physies begine to seek & sub~

stitute and to 1ain 1ts facts, it is net

$o metaphysien that 1t maturclly turns, but to mathesaties.
This is & parndox upon which we must endeevar to shrow same
1ight,

nthemtisel sbatr.etiom pn;cm. from all sen~
aible matter, though not from intelligible matter, Py sen—
aible mtter wo understand natter with sensible qualities,
and hanss appretisnatble by the seugss. It ia irportent to
distinguish betwssn mthegtionl quantity and the soxmon men~
sidblen, As we lhllA sse there is s ¢lose conneation between
She two, but they are not dentifried, preeisely because the
Caneon ssiisibles are sensidle. A mtheomt fonl 1line, a atm-
ber, ete. are by definition not senaidle. ) By intelligible
natter we mean the substunce ecnsidered as te subjeot of
Quantity, which is the order of the parts of the substance.
This abatrestion gives to sathecaties an objoot whigh depends

L b PR LS 1 SEPUL SV,

Wpon sematble Fatter For §t5 beins but ot for 1ts “aing
known~, that is, it is conceived by the mind end defined in-
dependently of all sensible matter, but in order for it to
oxist outside the ‘dnd, 1t must be reclized in scnulbie mnte

tr,
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A8 wo pointed owd in Chepter II, $his profound
dichoteny detween ublesiive mad shjestive existones 19 some-
thing peculiar to mathemition) shatrestion. It 1o M
Defther in phyaies) abstrretion, fa which the ! jest §s ao-
POmAeRt wpou senefble matter hoth fer its extatence in the
nind and 1%s existence eutside the mind, nor gn -f-)hyutd

abatrastien, in whieh the objeet 8a independant of sensible

mtter both for its existence in the mind and {3s sxistense

cutside the mimd. e sugsmsted that this Qleheteay fomd 1n

mathenatieal abatrastion ia sxbress)y significant, and the
time has now eoms to explore that signifionnes,

,nmunhttcnmwlmi&tm
axplosation Shmt a oonatidcretion of a Sext of Saint Thewss
vhieh at fires sighs nigdt appesy m Mllx.
whieh astwally eomtaine $he key o the nature of -Ml-l
abstraetion. As we noted ir Ohepter II, 1n the tlurd artiele
of the T4PWh questiom of the Do Trimisate, Aquines m to
restriet the expression “"faram) eabstrestion® to the trpo of
abetraeticn tcu 1n 3o mnthonntiond sefonsens” dimts
out in faet Shat there are two kindg of abstrection: the
abstraetion of a forn from mattor,

amd the -butmtiq‘n of

& universal from a partioular. The former he considers to

be proper to mathemntios, while the latter 14 coston ‘to wll
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the scieness. We Dawve alrcedy explained in a gemeral way
how this passage mwst be interpreted. But at this Smmsturo
4% 1s neesssady $o analyxe the mind of Aquinas with mnté
exactnens, for by so doing we shall be able to lay hra

the proper nature of mathemstiocal abstraction.

' nmm-nt-xmmnn»h '
to sapirate sertain things which in yeality sre aet -
separated. It 1s fn this way thet the mind gets at the
things whieh form the ehjeets of the muthematical eolensas;
b Joets sueh as 1ine und mmber san be separated Ly the
nind from the -uu--tfu--sn-uanmntym |
are weesssarily wmited. New presimely beoause this wnioa
1n reulity 13 nessssiry the ssperation effected by D nind
in sinmple appredension samot be Sremsposed e the sesend ‘
operatien of the mind, the juldgment. Yor the esssnoce of t?m
Judgment 1s the copuls, esd Shis expresses sxistence, reality.
That 1a why from the oomosptien of a linw seperated from
sensible matter we eannot pass on to the julgment: * the
ﬂ : 1ine exists withowt sensidle matvar.” What shbont the juig-
ments "tha 1ine exists with sensible metter?™ Sueh & fudg-
ment AR be made, of osurse, bus then we are no loager
spsaking about the separated line, the sbotract line. There

is, therefore, a kind of indifference in this sbstraetion,

)
t

i




On the one hand, it Qows not may that the lime ia with
saxnible matter. But on the other hand, 1% &oea met say
that 1% exists ssparated from i%.

This Wrings eut the charasteristie faature of
nathamatical abstrastion, anl explains what is mesad bWy
saying that quantity depends upon sensible mattew in ewder
2 ke, hut 308 ix cxdar te be eenceivel. For su the ome hend,
in the case of the ssasibls qualities whiech smtar intrinsie~
ally into ths stuly of mature, there is ne ’ounmt; of
separation “secundws intellestwn” aines senaibility per-
taing to thelir very eemospb. Mnterial substanes, whieh is
the ohjest of the ssienss of mature, even though ss swh—
stanes it is the first mbbjeet af all the detesninations
omested with 1%, esanct be cemseived as mtjerel swbetanco
withou$ mobility, amd mobility meesasarily invelves
queatity with sehsibls matter. 0On the other hand, whils
She ocbjesta with whieh metaphysies deals are seperated
“ssouwndum intellestum™, they are also ssparated "“secundium
s80s"y ani Ahet is wiy fn aetephysien We oo STanspese the
separation found in simple epprehansion to the opermtiem
of judgment. “Censidorere substantiam sine quentitade,
magis pertimst ad genus separationis quam abstrastiontis . «

{?7)
=t base competit solentise divinse, sive metaphysicse.*

)
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All this helps us to see why St. Thowas is
Justified iz emlling the abstrustieon found in mathematics
formal abstractien in a very spesial semse. In ¢ alene
tuere 1s & form 1ifted out ef metter to whioh it is
Deosssarily united in reslity. And this enables us te
€rasp the fifferencs betwsen the formal sbatyectiom
sharacteristis of mathematies, s the “universalizing®
abstrootion found in the other lclonul.: Yor it follows
fram what has Just besn said that mathematies) entitiss
in one assuse een and in another sense camot be reslised
in ature. They may be sefd 0 be reslizsd im nmature
in tUs sense that there are trisagles, 1ines, ete. asctually
existing in the world of reality. But maxthematienl entities
as sugh, What is, in sheir stase of abdstrastioa from,
seanihle mptter, sannet exist ia reality. This point is
important, for mot ocnly does it reveal the special mature
of mathen atical ab stractien, but it also enables us to
understand the true nature of mmthematioal physiecs. Pror
83 we have slready pointed out, the application of mathe—
matien be dlyalen. sonsists fa the spplicetion of methe- ..
matisnl entities as such, that s, in their abstrsct state.
It 1s not marely & quostion of finding in nature quanti-
tative determinations as they exist in uniom with sensible

matter.
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Det perbaps 1% 15 ot suffisfeatly cleer yet
Just how mathemstical abstrnetion differs from the ab-
atrestion found in the other soienees. Yor all the
soiences deal with abstrectiens, and sbstraet things as
such, that 1s, in their state of abatrestion .‘lm be
realixed hna.tm. oven though they may be realized by
th.ml‘tu-nmo. In vhat way, Shen, 40 maihe~
mtionl eutities differ fyom the mbstract Shings with whieh
the cther soisnees deal? There is a vast &ifference be-
Swean -"tbtlu and the other seiences. Yoz, although
811 solemoss deal with abatrast things, caly methesmtise
deals vith abstruet things as abstraet. That ix to sey,
the abstractiona found in all the other ssiences my be
predicated directly of things existing in yealily. Mathe-
matioal eatities, em the cther hand, can be predfcated
direstly of mething existing in reality, proci‘oly be-
cruse they are defified in a way in which they 6nnnot exist,
that 1s, as ssparated from ssasidle matter. In othar worda,
the only differsnce betwesn ihe sbstrach extitins fowmd in
Vhe other selences and Teality fs thet of miverselity ind
partieularity. But in mathemsties thers is -xci aore than
this. lot only 4o universal smthematical oattﬁu aot

exiat in reality, but even particular x.vmthcmtiéril entities
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do not exist. This point dms been sumed up with rreat
exaotness by Cajetan:

Cum ergo in littera diclitur . uod methemmtica
non subsistunt, nom est interprotenium quod

universnlia mnthemation universsliter sumpta
»on subsistunt (hos enim ss»et ridieulws pro
roatione afferrp)s sed quod matheemtica ut )
slo partisulariter sumpts, non subsistunt;

seu,quod 1dem eet, gquod mathemation ut aio,
" »on habent aliquod individuum existens im

rerum natura. £ propterea naque’ sunt in
universsli, neque in particulari: s¢ per hoe
bons esne non poasunt., (uod de aliis yebms

| universaliter sum;tis diei non potest. X%
sio patst mullites consequentice ad oppositum
factne: et quare singulariter diostur de
matheoaticis quod non habent esse.(8)

This, then, 1s the easential aiffarence detwesn
methemntisal abstrustion and the other types of scientifis
abatraetion: Im physiesl adstraction there 1s a kimd of
ssperetien from matter through si:ple spprebension. But
the only kind of matter frem which seperstion §s made s
individuml mntter. All the matter perteining to the essance
of She thing abstrueted 1s retained. sind this explains
two things. ¥irst it explains why the seperation cemnot be
transposed to she Ogorgt'lu”ot Judgnent, (5‘50!_13.3!4:1!5-
duals exist, and things which bave matter in their sssence
must dave individual mamtter to exist., Secandly, it ex-
»lains why we can, neverthelens, meke a judgment which

predioetes the ahstr ct sssence of actuelly existing things,




for the predieate of s predieation is @& mniversal nature,
and through physical shetrestion nothing has bosn removed
from the mature sxceps indivitwshion.

In meteplynionl abatraction thers 1o & sepe~
ration rra-'cll miter, and this sopuration esn de trans-
posed t0 the op.r;un- of foigment, since thero sre beings
existing without any mtt?r- For the secme yeanca, we oal
predicate metaphysical eatities in their very state ef
ssperation or abstrastion of metually existing things.

As Cajetan poinis out: “istaphyaiealia seouniwm proprism
abatrastionem mwpta subsistumt: quonien habemt in rerum
miura individua abstrshantia ab camia materia m-ann

ot intelligidill, wt peted-de intelligeatits.” Iwte~
Pystsal shetpastion differs from pysiesl adatrastion in
Skt in She latter the ssperntion samaet be Sruneposed te
‘the operatiem of fwigment, amd though the abstraet entitiss
oan be predicatad of reelity, they eannct %e predicated in
their very state of separstien.

Yy € IS0 Rtau

from sither of these twe types of sbetrectien. Iike ply-
sics amd wnliks metaphysios, mathematios deals with things
which depsnd upon sensible mstter for their sxistemce cut~

side the rind (4n the sense explained abowe ). Iike mete-

m
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Physies and wniike Pliysfcs, it deals with things whieh are
independent of sensible matter for their somception and
dsfiaition. Like the oase of physics and that of mete-
Phynion there ig Seporation from master. Like the eans
of physics amd wnlike that ef lot-plyulu this asparation
muw“wmm. Unliks both the
oase of physics {because the Mp‘nﬂu;m hes to do with
nttumthotbwumwm.-b
smhnr-ruthmthnu‘mnnl) and that of

metaphysics the things abatreeted camnot be predicated of
Teality.

But sven this does not bring out with oomplate
olarity she distinative eharacter of methematienl ab~
straetion, Yollowing leads given us by on.htnu:’d Joha
of St. ﬂxua(n)n oan push the question a 1fttle farther:

Advortandum est ex Cejetano quod guantitas
potest dupliciter abstrahi. o modo secundum
abstruotionsm generis val specie! ab individuis,
Tewmnonts tota nature et quidditate cusntitatis,
sicut amnes aliss naturae quanfio fm wiversall
consipiuntur: e% haec abstreotio £it ab gn-

o sle n0a rnittit rationem Perfeationis maque
boni, Alio modo £it abstractio Quantitatis
denudando £1lam a sanaibilitste, et it per
nationam: sieut Lwginesur distantioh
quantitatia in Vaouo, linees mut superficies
in o0 imaginantes; et tulis abatractio ron eat
universalis a porticulary, sed solum quantitatia
interninatue, seu imegcinntae, a sensibilf... (1>}
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™ dave alveady hed the oonsloatopolntmlpt 1% does
not partain %o mathemstios to sonsider tye nature of
quantivy im iteelf, mar its mnlou.i properties, nor
oVsh the mature and mtologissl properiies of Lia two
spesies: vomtimnous and diserete. ALl this biimup 10 mete~

Physies. Yor quanttsy ulrrhuphothm, ons of the
ten prediemments, and Sherefdie eomes under the cbimat of
mebepiyeies whoms objest 13 the being thet 1s aistriduted

through the O- ontegories. It is evident, then, that

thonlallllbhtol‘yhﬂ.lofmt“ybylnothrm

of adstrestion thai that found i mathemeties. And it s

dﬁrﬂ.tbmm Juid oited from John of St. Thomes
mtimmmlnthnﬂ\nh’ohnmto
nethemntionl nbﬂrntlcu sinoe the boginmning of thu
diseuasien, that i, the universalising -b-mation, which
considers quantity as a universal genus of bohc, epert
from the real individurls in which {t §g rouur.od. This

abatr:otion lays bold: of quantisy in so fuy sa lt iz a

ccrteln umuo. a umh nauty tht axinta. mlm“lly

Iz mum quantity pncluly in 80 far as 1t exists in

reality s a prinsiple or being, and not in a0 far zs it is

3ot off in a etate In which i gamot exist in resality, It

is to be noted that the motaphysionl considerstion of

quantity in sowe wey abstruets from sensaible oatter (other—
wise it Iudlbolplv:uu.lnndmt nmwdullan-
slderntion). pey 3¢ qoes mot, 1ike the mathematisel son~
sidevation, wllcltlyl separate it from sensidilisy,

*demudande fllen & asnsibilitate,” and explieitly met 1?

oCf 1n & world @pwrt from the real world. Rather, vile
not taking sccoust of iits mecaible dstermimations, 1%
considers it as it exists in renlity along with the otfur
accidents which constitute the structure of physicsl daing.
Lathemat fonl abstriotion, on the othar hamd, considere
qunuty not in 30 far s 1t in & prineiple of bctns.
a nhm of muty, ox & certain tu- or essence, but
n—t&m‘v@dthnhum“oﬂnldm
that result when it u sspareted from all sensibility aad
sst apart Wy ltno-lf- I

It must be kept in mind that phraiesl abstractioa
alse lays hold of q\m;:uty in some way. JFor sines cuantity
s the first scesdent, it is the Patrix of all the seasible

- gl tsisn, Whiek acueecueatly asunct be scmeaived of ex-

oapt in relasion to it. All she wobility in the cosos ia
iaextrioably bound up with gmantitative determinations,
and froa this point of view quantity emters into the object

of the study of nature. Thess quantitative determinsticnas,
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incidentally, form the Msis of the mthomtimtion of
mature. But they are oaly tha basis, for fa mathemstical
Physies they srs considsred frem the point of view of the
mmthomatisian and xot that o e physieist, Coantity ¢
m-wwmmbum«-munvmpnb
nhtw.h-oruunuﬂu-bmhlmﬁ-nu

fomd s apedial xina ofuunvm..t-thmm
of quaxtity,

It 1s ebvious thas this eonsideration of quentisy
is quite different fyom that of the mthomatietan,

mthumtion ox v1 sune Shatredttonis o sonpeptus
exelndunt & guentitate statum sensid ’
ilen, nos

s T s

Guantum ens matursle egt. (1s)
There would seem, than, te be three dfatinet ways in which
Mi‘y.yhhﬂb“ltulﬁﬁﬂulhhythlm.
First 1% sy be sonstdaved SpListely In relatiem to
Mnsidle deternizations, and in thte way it 1s the objeet
of the ssismos of Mysies. Seeondly, it may he sonsidered
&5 an ontologiocal aeeident in so far es 1t oxists in

Troality along with the sensible accidents ~ - abstrreting

oy
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from them i acwme way, 1.0, mot explieitly ms detormined
by them, and yet not explfeitly sa seprrated from them. In
this way 1% 1s the objecs ef the science of mataphysies.
rmxh.ltwhm“uupmmmtu [
mensibility, set off in a state in which it cannot heve

sctual reality, und eontemplated Precissly in terme of
this abstraet stute. In this way £t 1 the cbjees af the
sofopens of wathesmplios.

PR

oy v

711 this xeles 1t clear that mathematiss not
ounly deals with abstract things 13ks the other scisnces, but
1t deals With thim precisely in so far as they are abstreet,
In this ssase, Whitehea! is justified In mying that *"mathe-

STy, oo

uaties 1s the seience of the most eamplete abstrastions to
{14)
which the Jumnn mind enn attain. The partisular meture of

N

the sbatrnetion found in the mathematical soiences s not
been genamlly recognizsd. Profassor Lansen, for example,
writes: " he relational atructurs ie a ecsplax wniversal
=hich may be exsnplified in various instances, and hence
the problem of the yeality of mathemntienl ohjocts 48 that
of the reslity of Il"ll‘ll\ll-"(u)'. hops that enough has
been said to show that tha problem of roality whieh m}xlto
from the spasoial kind of farmel abstrection found in the

o thew.tical sclences is something quite different from the
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Problem sonnected with the "universalizing” abstreetion

fou:d in the othexr sclemoss.

This ccostderation ef $he abetrast sharacter of
nethaantics brings us to an inSeresting paredex. Tn a
Sonse 1% 1y $rue 30 ay that by the very faet thet it 1a
the most abatraes ‘sf all tte solemoes, 1% 1s alee the most
sonerets. Wat we mesn Wy thed 1s Shat In & sense the
mothemtienl uxiverscl fa the sums as the mthomstionl parti
. ‘eum. ¥or mthenatiorl pertisulors sbatrast from ssasible
= tter Just ms the untivera:l doeas. "teria sensidilis noa
inclulitur in fatellsatu miteuntiooren neque 1n woiversall,
»oque in mx«mt.*uﬁmr.m mm. is added $o
& MiLamtieal particunler ¥o individuste {8, A perticular
oirels s er b =y %o sonsidered the universsl sirele.

This truth hee oonsidersble W for our
prodlen of mathemtfcal Physios as mmy de pthr-d fran the
following passsge of Kwnat Cawsirer. "hils mot l:;ub-criblng
%0 everything eonteined in Shis passmge we believe thet i1t

li
brings ul effectiively the paiut we wiv Srytig o widey
In his critisism of the logie of the volffirn
school, Lambert pointed out that it wes the '

exolusive merit of mathemetio 1 *gencral ocneepts®
not to eancel the detoruinations of the sproiel

cass, but in all striotness fully to retoin then.
ben & mathermticinn mnkes his formule nore |
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generul, tlu--q.monlyththohu
¥otaln all the more special eases, but elge to
Sofeduse them from the universal formuls,
The posatbIity of dedustion 1s not found in the '
onge of the scholastie SoRcepts, sinoe these,
Secording %0 the Sreditional formmla, are forned
wwwmwm.unnumn-
produetion of the partisuler onents of the oon-
ospt moems exeluded. Thus ebstrnotion 1s very
sagy fox the *philosophert, but ox She other heand,
the determimtion of the pertioular from the '
universel »0 mueh $he more 4ifficuls; for in the
presess of mbstrastion he lsaves bahind all tue
partisularities n suck a wy that he eannet
Yesover them, muéh leas reokon the tranaformations
of whish they are sopeble. This simple remerk
omtaina, 1a fact, the &z of m distinstion of
£reat consequemcs. The fdeal of scientific son-
Sep$ hars appenrs ia opposition %0 t tio
general presentation which 14 expressed by a mare
%"m aRuine eomespt does not disregard the
rities mnd partfeularitise which 1t holds
uadar 1%, Wt seeks to show the neaessity ef the
‘sasurrenss and éomeotion of just se partioulari-
Siss. ¥mm$ it 6ives 1s 8 wnivereal mle for the
Sonneetion of $he partieulars thamselves. Thus we
% procesd from a gesosral mathematioa) formule, -
Tor exmnple, from the forwmls of a surve of the se-
oond order, —— to the pecisl pectatriocal forms
of the sirele, the allipoe sto., by considering »
oertein parsreter which octcurs in them end per-
nitting 1t to vary throug!. e eontinuous series of
megnitudes. Nsre the more universs) concept stiowa -
1tself alac the more rich in content; whoaver has it
ean deduce from it all tle outlhematicnl relations
whioh concern the speoinl problens, while, on the
Other hand, unubwumxmmuxu% g, !
Wt 06 1n Gt Imacus demmestion with aen m,%
thus in their deoper systenetic cormiegtions. The
individusl omse 1s not eweluded fyom consideration,
but 1s fixed &nd Tetained as © verfeotly determinate
ste) in a geners) Proceas of chanze. It is evident
anew timt the oh: recteristic Tetture of the eoncent
i3 not thu 'uninrsn_uty' of a preasntetion, tut the
univeran) velidity of & prineiple of serisl order.
"e do not isolate any ebatr ot part whotever from the

Ry




maifeld bafore ua, dmt we ereats from its mosbers

a definite relatiom Wy Shinking of them sz Bound
Sogether by an imelwsive law. And She furkhor we
procesd in this and the more fimmly this semnestion
nosording to laws 1is eateblished, 3o mush thy slearer
does the wnsabiguous detexmination of She parti-
sular stand forth. Thus, for ewmaple, Sha intuistiom
of ow Xuelidinn three-dimennional spaos enly gains

ia slear saprehsnsion when, in nedern geenatry,

wo sseend to the *higher forms sf spase; fer in

ﬁuwtmmm—tumtmm

hl.\m revealed in full distinctness. (1Y)

"The mathemstienl uaiverss is indeed & strungs wad-

Orse. mnaﬁnmumu-mumah-
Salligibility. And yob this ixkalligivilisy is exiremsly im-
adaquate, fer from the shstrres mathermtion]l satilies we ean-
not arrive &t astmlly sxistisg Shisgs. The ssparation fyem
motter gives it & perfuwction whish the physicsl univares dees
Lot have. AM yoS, unliks the sase of the sspaxated substerecs,
tiils removel of mattsr does not ooutribute to the perfestion
af paturess In fact, tho sepsratien from moiter prevents
unthaxatieal emtities from being natures. Amd yot, it 1is in
the Light of thaee mfittes tet we sdall A9y to undersbend

the matures existiag ia the ecomnos,.

In order to add further preeision to our notion of
unthesation) sbetruation, it seems worth while, before leovins:

this queation, to ecompare the way n w.ich mathermtical ep~

tities are abstyneted from the world of semsible mtter

and She wey in whish dislestienl extitien, such ax the

ome dissussed in the last sheprer; the form of anger ecw~
sldered independently of the mensible matter so whieh 1%
pertains, ars sbetrasted. In both sases we have She ad=
strastien of & form fram the matter to whish 1% belongs.

Bt Shere is & vamt differemse in the way this abstrectien
Sakss plase. Im the emse of the dinlectieal definitiem

of anger, we hawe the farm of & naturel thimg whieh is
essentially imseparshle from matSer beth for its being ead
for 18 "baing knows™, Henos when 1t is set off by 1taself,
1% 18 in & purely logionl state; it is & mers oonstruetion
of %he nind, jJnthemticnl entities, on the other hand, sre
b7 their very mature sspartble from sensible matter secundus
intellectum, even thouch they are not aspareble secundun enge.
Caoneegquently, when they are sc.sidered as ssperated, they
ara in their naturel astate; they are not dfaleeticel. Anger
a8 & pure r_hm A mathemation) emtity as a
pare fm ili ll; ;l matures,

This brings us %o tho important question of the

rolation betwesn mathemeties and existe:se.




- 528 -

Es Wthematies oad Ixistenes

The gaestion of the rwletion between riathematies
and existence has been an asute philoscphical vr&lm'm
#1nce the time of the aneiemt Greeks.. The smalysis of the
nature of mathematicn)l abatrsetion has alresdy ilu'oﬁ osome
Ught won 1t. But the ‘Westion dssands slosor attension,

In fees, vhtwhumtmruhumuﬁbmto
VIrow She provlam 18%e shurper fosus. Mer if mathemtieel’
entitiss camot axtst ma sueh in reality, mest e net ecm-
clude that ratiematiss deals with entia retioais — logiesd
beings? Joba of 8%. Thamas hes gone to great p-hu in the

{18)
Cursus Theologieus 1o settls this question. Ist us son~

sider briefly hie solution,

By & logieal being we underssand; “sns habens esse
abjective sn retione, euli nmllum eane orrespondat in re.*

Censeqiantly, if mathenation) ensities wers logien] beings it

would be absolutsly Sontradictory for them to exist im reality.

Now, from what wo have aesa abous the mature ‘l,th-nul
Sbatriation 1t should be evident het we sannet sy In ad-
solute fushion that the real exitense of mthougieal entiting
alweys involves a contradistion. Por there 1s a unu in which
it 15 true to » ;' that sor:0 mAthecmtionl sutities vy exist in

reality, not indeed in thefir astnte of ssparstion from sensidle
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matter. Wo may sore mathematieal entitieas, bessune there
ars ewiously a geod -w.-thu-uonl sntities, whish aye
evidently mere logieal beings, and whose real sxistenee
would mesessurily involve s oontradictiom. An sxemple suoh
42 the aquare Poot ef minus one cerms resdily to mind. m
fast, $he whole peint of Jehn of 8Y. Themae'enslysis is to
show Shat mathemmtios, by the very nature of the sbatroetiem
1% saplays, resmins isdirferent to whether the entities 1%

denls with are resl er legionl beinga.

Ard e 1llustretes tiis point by heving recourss
to She emuiple of prediesmentnl relstion, The esseuse of &
Telntion consists in the ordaring of one th'iw 3o _anodher.
Mt a reletion may be of two kinds: it =Sy b» either real,
that 1s, existing in reality, or it may be only lorical, that

1s, crested by t!is mind. 4 reel welation is ona of the nine

- acoldentel cetegories, and 1ike all of the othar agcidestal

catecories 1t laa & resl) existeunce in the subject whieh it

relntes te something .1-., 4 logisel relation does not bave
8 renl existeace in the subjoct relsted, incs 1t ii tho mind
which orem tesa the onlarlng_. tiow sinoe the proper esserce of
relation whici Gistingriistos 1t from all tlo other catecories

Consists in the oraering of one thing 1o enotler, or in
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Scholastic tewuino in
1067, in the ratie ad, it 1s 1ndifferent Fel ot jife semblant e qualque scrgs se canfondre, ea me

to Sither tristesce (the ratis ix) e purely logtend dlstingie pas imfdiatensnt a'il traite de 1'un ou de 1tautre

existenes. The yetio ad
24 is ectmon to both of theve types of vecClest 1\, encare uwn eoup, 1r sousfquence direste de 1'assord
existense. In somewhat the sans way mihecaties is indiffo.
ront to whether the oxtisies 18 desla with bave real on only
-

logionl axistense, Im this wmay 1% differs from all the other
wzaommuctintorw-boh.-mnlmnorn- .
ture md metaphysies en the one hand, and logie ea the ther, . As Das slready besn mugsested, this indifference on
the part of matheatios to real or loglesl existense is scme-

de 1'intellect et du scnaret dmns la matlduntigue, ot o'est i
o qui fais C.'»r.t $Mmant 1a vrnie ot umiqus ‘substense in~

b 19 ;
tarw'dinirs,* daus le sena de Platos.”

Yor beth the sofenss of mature and metaphysies dee)l nesse~

serily vtk ienl Salngs. - Logte denls nessssrrily winh logi- thing that arises sut of the wvery nature of nth—t.iul L
onl befnpg, Inthedit ite danls with oither or both. 1% 1 . strustion. As Jeln ef 3. Thomas wplaing, 1% is presisely
§ Srue that swtia ratianls enter 1n%0 both the ni..o. of mabure bacsuse mathaomties scusMcrs quontity stxipoed of thé daginite
: ol metapbysien, but their extstense in these st ilen 1o datesnination and formation $hat 1% bas in fts stess of uniea -
E uroly funstisnel, thet s, the whels raison &'8tre of the with ssnsibility thet mashemationl eatities enm be simple eon-

osonstruction of thess antis retionia is to snsble the philoe ocepta oaprdle of being realized in senasible matter, or concepts
————l0nls )

Sophatr of naturs er the metaphysiofan to et to know 14y; tunt hmve beem slaborated by the mind imto s state whiel osunct

they do 2ot eonstitute the objeet of thess solences, end ere be reslized in mature,

| . X vi suse ehetxretionis ob -
5ot considered for thelr ewn s, In mthemetice, hewsver, - m:!‘!‘ e o ot seentas, ou-

quantitaten sectndum £)11nm reslitstes aqul potest ee—
ders aud seuau, sod seeundus extensionesm Lmeinobilen
arvecise; quis, ui dixicmus, ad demohstrrtfones mathe-
matices sufficiumt linese et fi,uree in imaginatione
fomstes, quantun ad 1@ quod est sxtersionis, pro-
vertionis vel sontinuftatis comsiderari notest: nonveroe
Quntun &d {4 quod senaibilitrtia est in tels quuntite te,
aou in quantun ens neturele est. L't sic apuld Aver-

the entia yaifonis mye Sonsidered for their own sako. In thia

respect, mathematics ia similar te logie. L differs from 1t,

howover, in that the antie rationis 1t oonsiders are based
——————t 1B

oa resl beings whioh ¢lso eonutitute itz objeet, In this

sonze Moyerson ia Justified in BLYInG: "...chez Lo mnthécrticien,

gt




romm et alios mntiquos ecnsidersbatur quantitas in-
terxinata ot terminatay o8 111a iatermineta Aletitur
QURG [restine sxtensionem somsidersh sesuntum quod
presaise sequitur od materism, qusntum st 44 quod de
extensions potentiall et formedill dleit; termineta
vero quantitas est 1lla qone sub csrta terninnttions

et formatione ooneipitwr, at sie redditur senaibilie}

e » o« 132 mathesmtica sonsiderat quantitaten quomtus

ed 14 preesise quod lmbet de extensione inteeminata,

et sasundun 14 quod habet r meterie: nom seeundum
temminationen ot nedin quen hebet a femm, retions
auius refdisur ssuaibdilis. Quare qQuantitas mathematica
hebet emassptum pesitivam guantitatis internimataey -

o0 mode quo quantisas potest inveniri, sive imsginario,
sive saasibfliter Sa yetions eatis veri. Uads permi~
sive s babet ad retionem ontis reslis ot verii: neque
positive itnelwiendo st swnsidersade sdasquais, neque
poaisive smcludendo per repwenantism, realitatew fp-
sive qeatisatia. ¥ in d s quatitate pure
imginaris, quas ast ens ratiomis; haes enim repesnan-
Saw se Mmbet 34 quentitatam ranlem, quis eas resionis
est. At vero quantiles mathesatiss nom repugasater se
adet, sed indiffwrester; quis seque bene petest facere
suxs demonstrationss in eis realibua, vel imegineriing
sicut ai relatio consideretur sesunism retinam ad
Pressisze, nondum counsiderutur ut ens reationis; aee tamen
ut- deSerminate ens reale: esd imdifferenter ad 41ludj
quis non considerstur edrequrte ratio elus ex auni perte
Quee requiritur +4 reslitnten, ad quam etism Tequi~
ritur rutio 4in: sed ex er perte qua {ndifferens est

24 realitatex, ot solun explieat rastionsn ad, 3ie guan-
titas considerstur a ratlesaitico inedsequote, et sud

o4 rutions praseise sxteusionis interminntse; Quee in-
Aifferentsr se habet od Lim;tloariss ot reslem, ot sioc
Ron exslmdit yetionen ontis, sed permittis; aegue
repucnanter s habet ad 1llud, sed indifferenter. Umde
nee wns reationie est deterninate, nee ens reels €eter—
winste: snd indifferenter ot permissive ss habet ad
ntrumqus. Quod nom solwm dontingit im yetione ‘eatis in
oaxsmuni, quae sbstrehit ¢b eute rorll, et reticniw: sed
otime in reletiones, quae mbatrnhit : reali, et rationis,
acoundun inedrenu tuh ocnee tuz: 8d: o: in quantitete

n
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uas abatrahis ab ‘Anmaginaria ot ssnaibill, sud
W—u Sonceptu extemsionis tnterminetes.
All thiu helpe us to tmdarnmAmn asourstoly

tmmorth. phl‘buto'hlohnm“mu'ﬁm
cmu'mucm "-tn-ﬁu dspandent a materie sesoundwn
esas". The Primary meaning is that while it Gcesn‘t pertein
%0 the sssense of & mathemationl sutity te be oapable of
renlizntion, whanever it gs sapeble, the realimation lh;u-
takes pluse im metter. |But there is ancther impartent
meaning whieh ot«n also be attached to thig phrese: in every
-t_thql entity, espabls of reslimstion oy aot, there ig
alvays sn essential roi.tuu 0 matter. If prime matter
were impossible, matbematies wuld nlsc be impossible. Sinee
rime satier is the prineiple of homogeneity, mnd since homo-
#oneity is tlLe fundamentul postulate of ell netheuntics,
tlore in o!»uomy no possidility of wethesetyon] solenae
without am lutrinats referense to Prioe metter. But the im-
portant peint fs thet while elways 1nti-1n-1uu.yl depantent
upon matter, matlematiocnl entitien sre not always neces-

sarily espudle of renlizstion in matter, for the oepebil ity

of renlizntion does nat auter into their irtrinsic fermelivy,
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It is equally fulss to sy that mathemationl entities
have thds e=pability, or that thay do not bave $t, m
thensalves they are indifferent,

But this nay sesm %o involve us 18 eontredictien,
or at least in a -mxu-. For in dissussing the nature of
motheentienl abstroction we stated that mthematicel entities
&5 suel are not eapeable of Tealisation.in nature, sad new
®0 semm $0 adnit the possibility of their realimmtion, The
Sontrediction hers is omly apparent; bat}: atatewments are
scrreet, provided Shey be rightly wderstood, And it is pre-
eisely bosnige the sathesmtical world is so strange that
1% elves rise to apparent contradietions of this kind. m
tLs firgt Place, 1t is obvious that abstruaet things are mot
capable of realimstion in their sbsiract stute. In thia )
sense not even the soncopts arrived «t by mere univeriselizing
abatr etion w.isl lifts them out of individuatien have sueh
¢npabllitye But aa we saw abovo, matheemtiesl entition =re
incapshle of realivatien 1n & desper smnse ‘than this. Per
not only does mathemntioal sbatreection 1ift them out of the
sccidentsl determinations of individustion, but it se;eretes
thea from an elesent thet pertolua to their very sssenoe ir

tiat emaence 1a to be rorls Metlwontienl ontities rre not

eapable of remlization, therefore, in the sense thet Shey
onxnat exist im their state of ssparetion from sensible matter.
On the othar hand thers is & senss in which they ere ospadble
of realixation, for there nre astuslly oxisting lines and
eircles and & plurelity of quaasified things. These way be
sansidered the realizntion of nathematies). linse, oirsles and
mader. It 1s true that the realissticn fs nos perfect. Ma-
thematioal entitiss cesse to be truly sathematical onee thay
ars realizsd, The reclizetion robs them of the el purisy
and perfestion they posseas in their state of abstrastien,
The straight lines in nature are net parfectly streight, mor
re mitural eireles perfeetly efroulsr, It would be & mis~
t!'ll" to idu\tm the nethemsties) ssro with the philosophisal
Sonoept of mothingnass, or to eenfuse rmthematical namber
with ¢ plurality of naturrl beinge. Anrd «1l this rosults
fram the natuwre of mathsoatioal abstruation whioh does net
seime upon the ontologienl sswenss of the things it abstrects,
Ou the ether hand, the relation Letween mathematiesl 1ines
sad eiveles mnd S¥s lines and sivelew existing in mature s
Rot the sews as that existing betwsen lociorl beinrs end their
foundation in reelity. We ot oay that logieel beings

are rsalizod in their objective foundntion, as ne oer nay




Shat mathematiesl lines sad cireles are reslised in the
1ines and efreles of nature,

ALl this makes it alear that zathenatiosl being
is a nedium betwoen posaible being, arrived at by univer-
salizing abstrecsion, and logieal being, ) Posaibles deing
Prescinds only fros the nctual exersise of exiatence; 1%
Telaine an intrizsie order %o real sxisteace, Inthonatiee)
deing, by tho very fact trat 1t is indifferent to efther
real or logioel sxistouocs, pressinds nos only rm- the ;o-

sl exoreiss of existanas, but also from any intrinsie e~

" 4ar to existence; on ths other hand, 1t Goes not abeclately

xslude the posaidility of astual existemss. ILogicel betng

uot only pressinds from resl sxistenes; 1% mlé_lnh ox-
cludes it,

The mathenatios) world is icdesd & strasge world,
; 1t mind and mtxre, the real order and the ideal order
are ia sore sense MNised. utb-.hu,-ﬂﬁ-ﬂnlbo&u
uus-'m--u--cu-uu. nﬁ.mhﬂ 1t 1
ROt & pure dissavery sf $he nind. For sincs -Mti-l

abstrection never lags hold of quantity in its ﬁtologinl

330000, & matiionatice) entity is never a propert;: of realtty,
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On the ons hand, nethematioe) entitias preseind not only from
astual existeues Wt from an intrineic order $o rexl existense.
On the other hand, rmthenatical being has a hesess:ry relatien
with the resl, end the sharecter of this relution ia unigue,
for 1t never retatna she ‘ontologiesl essenos of the Shing

with whick 1t i ecnnested. Even the rathemationl ntltlpﬂ
which are eapalle of realization in mature haw an $deel otiareoc-
tor about them wiieh they lose by this reelization. Xven those
whish are not eepsble of realization in nmture ere in one -y
or another slaboretions of sosthing that 1g espable of roali-
mmtion. AL the desis of the whole mthemationl otructuro‘ ie
suething fomd in l'glitly: quantity saken by ftself with' ite
proper forms and spesifioations and relstionsl structuress Pus
Pight from the start the mind lays hold of $his quentity im
such a way an 1o establish 1is om priority spd its own suto-
hosy. ¥or, as Las been seil repsatedly, it does not grasp

its ontologieal n‘tm; to do that would meen a somplete gud-
nission of mind %o omtelogloml reality. Rather, 1% Srensferme
qul.l%.Ity fnto o .oomtlon:that is espesially oconrenial to its.
own nature: it establislies it in an abstreet stete and desls
with 1% preeiselr as ab-tlg-uot. By s0 doing the -ind smcquires fo-

1tself a freedon t st !z alrmost unlinited. Tho:g deeling with
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things origimilly connsdted with sense mitar, it 20 Jom-
&er has t0 be emocerned with having 1ts prospsses terninate {n
the external senses. l'h-cn reunins &a indrinsis counoetion
with the intuiSive Lmginnticm, Yt as the uind axpludty itl
Lreeton and prsues its prosess of tatsllestuml tlhhmtm
this sonnestion ean b stretohed $0 extreme liniss of temaity,
4nd a8 tho {atellest takes Taller asdvantegs of 1ts 1fberty,
1t w1 tend moTe and mOre %o inpose 1ts own neture upem the
tuthematisel world. Thers will be an inevitadle growsh ta
Spirituslisation. The ecncretensss and potemtindity of tne
oomtisuom will tend tohomhythom.m
mandnmntyotm rbonvnlmu-mmu out
beyond the amfines of quantity itself o trenssendental mal-
titude and pure logien) rolatioms, And all $his 1s nperfestly
legitinete, provided the intellest remins sritically eonscious
of what it 1g doing. £nd in thie intellestunl novenent, the
Bicd is not bowsd down to dealing with ren} entitiess 18 has
=% 13 alapossl the wees poesidiistios 6F Yepiehl belng. put
in the last nalysis it remming true thet 81l lerierl mathe-
mtical beings are founded upon rea) matheemtion) beinss, and
tiat these rer) bein:-g have by & process f ratheretior ] ab=
atr ction boen lifted omt of sotunl uxy-rience witl: tie reel

world., Thua the who'e mathenetion) structure is rooted in

resl queantity — the ssme Quantity whieh the philoscpher
gYesps mtologioally,

All shts te extremsly important for the prodlem
of mathematisal physios. A® has elready deen sugrested,
mathemmties) physies does not medn the discovery of tho
rathemationl world fm the physieal wu'u. For does u -
Py the llmt renlization of the mtln.tl‘ll world im
the physieal world, Rather, 1t 1s a cueetion of applice=
tiom, And by applieetion we Nedx an intelleatual Intem-
Pretation of She eosmos vhieh always resming fn SOMS senss
extrinale te the comsos. This s trus even whan plysies
“ploys mathemntien) extities shioh are reel befags amd
whieh are ecnsequently oapable of realisatiem ia the sshse
delinet adove. Yor, nnhnnnraq,potnd out, whea
these sutities ars sployed i physies they retain thesr
mathewat {en] olaraeter. In other werd, they «rs applied
to tlna plysical world in their abatruet stote. It ia the
mathenmtically perfect atreight 1ime thas the physiciet las
uuu“nm.nzutxmumnn
straight 1ine.

If the use of 1etheetionl entities whiech Ere recl

boings 1s s:lwcys an extrinaje applicution, that 1s a rortiors

true of tho use of thoae antities which are merely logical




e

At

beings. And 1% is extreemly signifiomst %o understant thet
W the very faet Umt 1t 1a @ quesion of an extrivate
plication, 1% is posaidle for logical mathematical
beings $0 be more fruisful in the inderpretation of the
comws than real mathecationl belngs. As wo bave already
pointed out, -n-u-xmu u-—-smxy-m-
oftuﬁ.' muwamwmwu auu
"mhh"mthnamlhhg. mm-mm.
nmmmthmumd queatien abouwt
whether the semos 1s nnnuu on ren-Fuelidian, n- do
ot wish to uﬁqt a nluthu of this guestioa hors, Mut
tbﬂmltntﬂmthtm.thmmuuth
mth.hmmih\'u Hrltct!l.l. to say slat
mmhkulﬂhn‘nmotunthlmd“h.mtry
85 such, that 1s, 1n 1S5 Sdenl geometrisal state is realised
in nature. Kor does it necessarily imply that Bncl;ﬁhn
§oxmiry 1s capsble of “explaining™ tha sosmos with treater
aceuragy and fruitfulness t)a§ any other geenmstry. 31% oen
only msan ﬂ-“t“tb .‘th-ﬂ.o-} :.ttthl N‘hﬂ_ﬂ.
structure of the Fuelidfien wyatem are real beings qnﬂ are
capsbls of realisstion in natwre in the sense explained,
Horeover, thia question emmnot be solved by an appeal to

lie rolative explanctory powers of the Aifferent geozetries.
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For 1% 1s possible for a Fuslidian wniverse to ba more

retiesal for us whem interpreted in ¢ ¢f Riemannian
goometry thag when htcrpntd in Serus of Euclidisn geo~
watry. That ia why most of the srgweonts sdduesd by those
who $ry %o prove that ths physioal universe is none
Euelidian are ineffioncious. The gesticn e further
eomplisated by the highly sibiguous meaning ef "physicel
wiverse." But we do not wish to enter l.nto‘ the predlem
at this poimt,

In comnsetion with this prodlsm and with the
gvneral questiem ef the relation between mathemntios ard
extistence, the oft—quoted remerk of 3ir Jemss Jeaus comss
% mind; the semee was cretted ¥y & pure msthmwtisisn,

X8 we know, Jeans was lesd 40 this conclusion becanse of

the remmriable way in which modern physieists heve bean

able to rit the moat abatruse constructions of higher muthe-
matics upon the ratdwial universe. Eut from what hes gust
besn puid i‘ is _llur. that this sucoesaful and fruitful
wpliention dess et scastitute 3 sefficisnt preaiss fer such
a oonelusion. Moreover, itiis worth while pointing out that
there is a profound oprocition between the ooncepts of a
pure muthersatician and a crestor of a material universs.

The pure mathematician is indeed a oreator, hut a creator




in the abatreet speculntive order, amd the world he come
utrutuh,unhuu-.mulymdthc-w.
W.Mmtmwmhmrtomh
oxistense, Ho deals with the abatraet as abatrrot, end
n-dmlolon-.tethhuhmhhthoppulu
dmnmmwmtnmmmmmmn
69 16 ke % the substance of the nathriel wiverse, In
mm-‘-u:mmtd:munm»m
mnmm-mou-umum.m_nmm
mnt;hnp—qlrn-wprhp."ththm
God male the matharmsics and san mads the ﬂlto"(u,h
mﬂm!'mﬁnﬁ‘MWhhnm
nu-mammmumnm
uthmuhm.itmnhmmuth

truth to aey; in Physics, man made the mathematics and God
mde the yess.

mmporhapnwh-bunuu to make it
Qoar thas mntLesntica amd logte sannat be deatified,. The
Sufusion detwesn the two generally Garives from & sonfused
notion of the mature of logle. or are those who maintatn
Shis Identity with suoch xsal slwys anxious to explatn whet

they mean by logic. The sclence of logle ias easentielly

8 roflactive scienoe in the sanse that ftg objoot 13 what
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1» Xnown in seholastic Serminclogy es “seeond intentione.*
That 15 % say, 1% eonsidors what the mind knows in the eiher
sclenees, preeisely as known by the nimd. latbematies 1s

%ot & reflsctive Lut m Aircot selenes. IS does not deal |
essextially with secand fntonticns. It has as 1ts cbject

& proper yealm of knowable "mstures”. That 1s vy 1% eane~ .
=0t be fAenfified with logle.

This dlscussion of e relation betweax mathe-
maties and existenss would mot be compiste wnless at least
bussing mentien ware nede of the quastion of whether mathe-
matienl beings Mave the property of goodness, The aneient
Thonists pasd sonsideruble attention to thie question. I
faet 18 is prinoipally in scemectiom with 3% that they dia~
sussell the problem of the relstion of mathematies to
existenos. And Misfly their solution wms this: precisely
because mathesction) being prescinds not only from existence,
but even from any intrinsie order so sxistence, it necesserily
lagka the property of goodnesa. For the good 1 whatever
mh@p%‘-wtﬂqdm_&um- .
Recesoary connaction with the existentisl order. 0r, to
present the queation &n a slightly differsnt feshion: because
the mathemtion)l world prescinds rrom all order to axtstenoe,

1t i» an im:obile world of -aure Sasences - -~ essences which
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in %0 ssnse ave matures. ow.utu.mutm
uubm.mmnmmm.utmuq. And with-
Oxt finnlity share 12 ne goodnuess. For the good is formmlly
defined an; perfeetivem alterins per modum finis,

In Lweodilidus mom contingit aliquid eses per
®8 bomm, Unde in matheonticls nihil per hane
Susm prodatur, ‘Meque ot aliqua demonetratis,(aR)

Wnthomiion aen subsistunt separata seemndum un;
quin oi mbaistersnt, ssset in eis bonwm, ssilieet
mmthann

Spewn esse nat swten S$1ea ssperate
ssowndwa ratSteousn tentwm, preut edatrabamt a notu
ot a nmnnm-ma-.unu,

mumm-thmuuum-xnbm
mhmas-mwmmwnn. n
refers ealy te mathermtienl being considered intrinsfeally.
For 1t 1s ovideat timt extrinsteslly finelity mey ntc
1nto matheratics, and with 1% eotness. -n—ctqi' being
mhnmam-muuuuﬂ,Mthuubotﬁm.
involve finality. 1In the rirst Place, 1t oan de an ond in
the spoculative arder in so far as there fs truth ni; mathe~
mtios and truth is the £00d of the mind. But as Joﬁ of
%« Themas peimts u.‘“’m dose Mok mnke -Mxm
beings intrinsionlly €ood, Just as the knowledge of oﬂl
things may be a good for :hnnlnluthmmnmtho(evu

things good. !mthemntics may be good as & moans in rrletion

hmmutﬂm,utlwmtbm“m
Shat muthumtice plays in Sestmology. It my also be good
&5 & means ix the purely spesulative order. In Shis semne
M-h-mrw&munnnmnu
bna‘-ufchhulntmthnwtho-nh;d
the mniverse. nm,uuhm-t--m-
ma&mm&mx;uum 1% agoeptance
cnm-wthmm Tox, as we sball see ia
mn.mu-m.uudnumuny
M}bch.mna:thct;xnwhhoa they are emly
wed ar i, n-m-mecm-monunu
SSsentially & prapmatist.

An ¥his brings us to the question of whether
o nob there 1s truth in mnthemmtics. Sinoe the world of
—t_tm 1s & world of sssences whieh constitute an
ohjeot kncwabls by the nim,, 1t is evident that there ia
Sruth 1o mothemties. Bus sfmos this world of essencos
is separated offr by itaelf withowt evem an intrinsfie order
umnu::;uqmmcm.'dmhu

" & very spoaial sort. For the dsfinitfom of truth as the

conformity of the mind with axisting reality cemnnct Ve
dunctga-lnlc of a world whish is out off Trom exinting

reality, end in which logfcal beings sre accepted on squnrl




Serns with real befngs. The truth sharscteristis of sush
a varld oammot eomsist sssmtially in & relrtien, see
ummi-munmmu-»nm
Woth of whose h-mt-lutm&mhum
o in other words, In intrineis sohsrence. And Shat e~
Plaine wiy mathewnticn 1s the mest dolustive of all the
scisnses. Fres of amy necsssity of eaxfouming to am
objective order, it esm fallow eus rigoroualy its own
ioner logie. It doss mot, like Philossply, have %0 kesp
in eonstent touch with exparience. It afforde the ene
mmtmmmtocnmmwm-}o
Eivenneasn, I‘l-m-:ﬂ.nghuvthtmm
notien ef Srwh 1a proper te e asienes of mathomsties .
Lvery sthar seianes, including lagle, euplays Sho senformity
notieme mtn-mu‘un.-th—u;ahmm-
Get:ched from the resl then lagia, slthough from another
point of view, as we saw sbaove, it 1s in oloser relution
to 1%, It 1s also wuth while pointing out that the word
"real® 1s aftem substituted for the word "ires"s Yor &
mathemtislan whatever fa mathematically true ey be com
sidored real. And this sdds to the ambiguity of the
question whether real spaes is Luelidian or non="uclidian,

The spscial maaning which truth has in matheretics 1s or

B
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greas inportance for our problem, Yor & physieist by the
nrynnthtbx-nnmuﬁﬁmtm.mdhmh
0 far as he 1s abls o the oonformity motiem of Syush,
}htm'hnthanhomimotmmlnm
Sogethey in mathecmtionl physies we shall see later whem
Wo eome t0 discuse the relutiom between the plyuiec wthe-
matical world and she absolute wowld sondition,

Though without €codness, natheratioa) beings

€

POssess beauly as well as truth, For as %. Thonas points

(es)
out: “pulehrum proprie partimes ad retionem couses formaliy,*

And tima Aristotls writes;

The ohkisf forme of besauty rre order and symaetry
and definitanees, whieh the sathaemticsl ssienses
doncastrete ix a special dogree. And sines these
(9.8, order ent definitaness) aye sbviocusly enuses
of many things, avidently these sciences sust
treas this eort of eetsative prineiple also. (1.0.
the beautiful) as in soxe sense & ocause, {(£7)

These rewrke are not gratuitous, for the besuty of rmthe-
mtios -u-tinu preveuts the seientist froum recognizing
the essenticlly functioma) rals that sathemmtics plays n

. Pysicos. ¥hen that Mppens, the end of mathembtisal phystios

13 nnde a mian., and the means an ond, and the scientist
becases, as Professor Babin has renabked, "un artiste 4seré
ou frustré,”




This ecasideration of the oature of -n-a.tuu
tb-trlltloa aad of the det: olwwnt frem axistenss thlt is
na.qbnuputthlp-uu—‘ﬁntdtbku-t
osusality timt s found in the mathematioal world, A world
which is the yesult or Tormal ab_strectiom in the strietest
Sause of the term, that 1, -Mmtlu“bw
mtmtmthmmm umrmum.
mmmmww»-.—umnmm
ocrusnlity xloms. In ohher wards, ia lbltn-tug hu natter,
he mathemation) worla «xiludes mlerial ssusclity. Y-r»n-

» Y18 Sbetrastion from nadter Invelves abetraetiom
Tren mbiltty, oines nhility follews wpem matier. Hence
the mthemtical werld preseinds frem Lotk efrfesent et
fiml Omumlity, which are,. ne 1% were, the e somsal
Serns of mobility. or, so pus the miter fn a slightly
different way, in deteching iteslf from existonce the onthe-
metical :orld deteches ftself fron sening imto sxistence, eor
becoming, and only foreal ctusality ean exist where thtn is
0o becoming, sinee ths otlier three ssuses have aa mlnled
relation with encing 1mie exilebenge,’

This point is of suprems ir:portance fer a correct
understanding of th. mture of nathematicnl shysics. Por

the Bclontist, by the Yory rac. thet he fa a physiciat,
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mtmmtoho-thnco-nhhmofuu tour‘
otusas. Rut Ly the frot that he ia a mothsantica), physioist,
Mm'bmbﬁwmmﬂmh‘h nghtof
mathemnties which 1s the formal elemsnt in hie sgudy, vhere-
®s the Plyalenl £s only maberial, be sem see things caly

in tema of formnl ceusslity. Whet happens when thees twe
tendencion mest we shall eonsider 1n soms dsteil in

Chapter IX.

The peredox of stadying a universe in whiteh'
sffisient, final and materisl esusss are ssesntial 1a the
1light of a sefence whieh Peaitively excludes all bus
Sformal saeality 1s in She lass analysis redusible [ TR
Parsdox of fmtroducing in%0 & ssisnce whoss ohject h
osoentizlly mokile belng the prineiples of a ssienes
whick absolutely excludes all mobility, e do et intend
%0 conatder this problen here, but perhapa 1t would: bo
seoll a¥ $his point $0 slinimats a poastble soursce cr
confusion. Por it night be argwod that there is nob!.l.lty
1n the mtiematioel merld, siaes the Snfinttestmsd,
veotorisl and tensor oulculus, for emmsple, deal 'U%h Hu
idea of variable quantities and the funation concept. )
Thus wo can spenk of an infinitesimel es a Qquantity i-high

spproaches zaro es itn lirdt. ‘‘oreover, the inherent




oonstrustibility of mthenationl sntitiae sesns to in~
volve motien, for we nnnukorumnnhhg Fenereted
W & moving 1ime.

M!-Wmﬂuo{-.ﬁhtbn&b
mtical world. mtzsumuim.mmmm
xsu-m:-gx-qu_mmm,-am
»tmluhmhtbh-moxtbm.nm-
mtienl eatities de 2ot oo fnto beings and they are
neither the prineiple nar the terminus of beooming. Te
w“muhummhmh
gsernte the ﬂsuru.htthtul-tothhnmctlu
of swr Juowlelge. mﬂmth-uhu‘outortuuu
Shat wmy,

Hareover, the axelusioa of resl motiom from the
mthexniioal world dces not QMh the possibility of
A= applisatism ef mathermtics $0 rea) motion, For, as we
have alrealy pointed out, guaatity is the primsry aceitent
and the metrix of all the ethers. Axd that is vhy al) o
the deternimations of mobile being are eniowsd with a
quantitative mods. Thig quant{tative mode My be Lnid hold
of, and treated rathematicelly, Hut we shall ecre back to

thias point later.
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3s Imthermtios and the Intuitive Dagination.

It 1s edear frem the Loregoing that, wnlike
phynies, mthoraties does not recetive its sudbjeet frem the
external senses. It is true that mathenaticel eatities are
darived originally fyom sense exparience. YFer o.mu. we
rmmmund‘nctnh Wmm&u axperiensed
S tonorete perceptivle sireular ob Jeus sush as & dall,

But this sense eXparience has only a pro~ssientific funetiem,
I% 1s requires &y mathematies enly as & presupposition, mot
88 e ixtrinsie element in the scienss ftaelf, as 1% is yo-
uired iy physies. Ones derived from sense sxperience,
mtliesaiienl notioas W virtue or mthaatics) abatrastion,
mmwummﬂmm They are stripped
of the sxperiential ocotext in which they were Aiscovered
&M invested with a new, 14ealined, non-sensible charactar.
That 1s why methomatioal Sulgmants 40 not have to tarminate
in ssnse expsrience.

m-muutmmmln inte
question this detachewnt of sathexsties from senss sxperience.
¥or example, Professor Hogben whose popular book, ¥ themmtics

for the !411%on, 13 written from the point of view or
SR Allion,




RN

d1alestical mmtertinlim oven %0 the sxteat of being evert
Propeganda, m:'n-mt-nu-chu-Mnn'th
muu-—mmuz&uuw.-mu-.
knows hew $e make QRctly oqual lings 'nhwutvl

tompass or ruls. Its correet Sransiatien (a 'measure AR
(z8)

mhmawnmwunwn.
4nd & & refutation of the Proposition Shat a -tnl@t 1ime

1s the shortest 41stence betwwen two poings h nitu the

exwple ct-nq»rmtmh ona mwm:mnaw

Rovensnts sxe eoutrollsd by a certedn orgen counected with

the nervous mystem. I tnis Organ is £illed with atesl

fillings, the alrinp swinnming in a magnetie ttqid will move B

in curves sinae the 1ines of foros in the l-au;t‘te field

are eurved. cwwmmml;p--mimlm
(29) .
hutmmun-nnhtmtwpmu. ¥e do '1

not eonsider it nuouny %0 give an expliois refutation of
his view of the nature of geomatry. o much has alroedy
boen said about the .-..mm abstreetion of u-ﬁu-aue-
from sensidbility thet 1t would be lnportlnm to lador the
oint any further, mlmmtolbot;mloqof
the word geomstyy which aignifies the science m’ aurveying

afford any ratioma) baais for the advoeates of "Physical~

geonetry. In mecent Yotrs the so~cnlled 'mem‘te' methois

l/f-\“
N
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of teaching gecustry have besons }unnt!uh popular,
Mmrumqthh&otthuntnthuopw
mmwmmummnnrntuor:m«
meihemtionl abstrussion 1% 1a ovideat that ene dosa not

nuhumhtothrﬂndmtumtuﬁhm
.tnnzonmm.n-m

Kinstein's views o6 the mature of gecetry ave

relewmns here, anMg wrhu‘h

divides geametry inte two diskinet brenshas. The firet
conaists in puro.ly formml knowlodge based on qxiu- that
mm.m-gzmormmmm-uwa
sshamatis comospts thas are 2Pty of all eouteat. The
#000nd 1s emlled prastioni ecmetry; 1t is & anturel seienee,
&3 1s in fuet She most ansient nmmw&.c
physies. Teken as it stands, shis opinion of H.n.uh b
Teelly & denial of the trne mature of mtry. ror his
firat braneh of Sommetyy seans to he nothing bul dill.ntlel.
and {f his luonl branch 1a fdentified with )hysicnl science,

thers fa ne place lefs for & specifieslly distineg ond
Propexr selenes of geonetry .

(noe agein we do not foel it necessary ?o enter

'mto 8 refutntion of these views, They have bsen intro-
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Mlq.ubnutnommmmtohdhmﬂu
Shis sestion, memsly that while em $he s hand wrthewotion
ts“ltcmmndhnumuh
dsmtified wish phynieal scionen, e the other hand % &s
net Mm.n.t-nmmhu-n. an dialectiss
-y be.

Though detached from the external sansce, mathe-
miies kaa an escentiel comneetism with She intornal ssase
of Lmagination. It in fn the intuitive icaginntion thas
all the Judgments of mathematies st terminats, eithey
diroetly and Swndiately, or at least reductively. aimd
this Wrings muummt_butemunry
dwracter of mathemmtios. Unlike wun and 1ike mete-
Pysies 1t 1s independeut of sxternal senss experiense.

But walike metaphysies gnd 1ike physiss 3% still retains a
termiual conmection with sense 1ife. imthematics is at onee
botk mare free and less fres than metsphysics. It ia more
fras in that waliks metapk sies it not only 4oes not have

o terminade ia Shss sxporisnce, bt 1ts Julgeents G0 ned
have to eorrespond with aything that is given in objective
Teality. It 15 less fres in that it has to terminete in

the intuitive L@ {nntion. It is bectuse of having sbendoned

this {ntrinsfie connection with insginative intuition that

Nodern mathematicinns have arrived at the motiem of mathe-
mtiss as & setense thhl s eapty of muy cbjestive sontens,
85 & sslense that is ia the lest analysis Ldentified with
lagie. IS 1s evident thas the trus view of the mgture of
mihenatios holds a middle oourse bet the te
notlsm of mathecatios whiek sesks 0 establish an in-
Srinsie asinection betwean it exd external sense exparience,
and the parely axicmatie mx-;hm-wm-n omnestion
with the intirmal eenss. Neth of Shess extrems views will

ovidamtly have repsreusaions wpom omr prodlesm. Ry halding
$he firat posision ene eould be )eed to balieve that mathe~
masienl physiss eenaists in discovering the mathemntieal
world §n the physieal world. Iy holding She seeond eme
would be foresd to camolude that mathemeties ypovides the
Supty forma $o shish physics gives objestive esmtext, or
Shat mathesatica revesls the eassntial rulss of the ceme
whieh the sclentist plays with the physieal universe.

Latherutics and the twngination hold a parallsl
Telation te axternal sease exparisnse. like mmthomaties,
the irmmgination is depsndent wpon tin external senses only
a8 & presupposition. Onoe 1t Mas received its meterinl
fras them, it oan to some extent detach thim ‘ateriel

fram the poreeptuel eomtext from ~hich it wes drewn, thet




o e

N

\//v

12 %0 eay from the external physiesl conditions which
embodied ft arigine)ly; like mathemotios, 1t ‘can constyuet
and reecnstrust this material into new forms and patternsg
1% oan ereate new entitics cmly yemotely oconeeted with the
mterial $o which they owe thidr origin. And the reascn
iy Rothematies must retatn some connection with the
imegizmtion 1s that though fresd from the daVerntnations
of asnaible qunlities, It 1s mot freed from all mtertality
and hence 1% must inm-qn-ubmwmth-
sognitive power related to naterialisy., T‘hm prior $o
the whale mﬁhMbyr-uotiubo@gtbpri-q
Secident, qumtity 1s mevertheless knowa o us culy hrewgh
sensible d-hnunlun-. d henoe svenr after it has been
detashed frou senaidle quulities Shere is still scmething
Of sense elinging to 1%. It e the tmagination whiek,
though a sonse faculty and thus susentially u:um from

“the intellect, 1a Bovertisless in the existeutiel order

bound Vp 20 inaxtrioably with the vorkings or tha intellect,
which malws 1% pessible fer mihanuties 1o retain 1%
ertentation tomris sease, even though 1t 1 0 fur edvanced
in the order of itelligibility. The objeat of mathenotics
is never purely intelld,;ibla. .

fut this conuection of mmtharetios with the
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mginative intuitiom must bs rightly understosd. Im $he
fkn Place, the mtin scheass which the fnaginatiea
Presents are et in theuselves the object of .ﬂthﬁltiu.
\hey axe culy the sensible illustmtien of timt ocbjest.
Narever, not all Wrenches of mathemtics are equally de-
pendent wpon these intuitive schemes. 43 has clready teen
pointed out, arithmstie, Becsuse of 1ta more »nrut
shaxaneter, h m renotedly um.utd with the hldnttoa
thlnml-y. m-wuuormntu-nuunoh
represont m, provided there is plurality} but ely a
very definite kind of phentamsm will serve %o ro,:nun Y
sirele of & trisngle. 4wl as rathowaties takes fuller
advantege of its fnhereat iberty, and as 1t folless its
maturel tendsaqy tomards hicher abstraction end epiritesl
isatiou, the coumschics with the Smnginat ion beoomes ime
arsasingly attenmated. It would be »idiculous %e meintain
that all mathazatical entities must be cspable of unn
and perfect recoustrustisa in the tmeginative fituiticn,

mmnznthnmux«m:upm-ormth-ua

gt Gaenimate Lmedistely in She Smgination. Such em
aunertion would limits snthemeties te an infinitesimml
fraotion of ita actual range.

Dut 1% in imposaible to have an sdeqiiate notion




of the orientatiea of mathammtics towerds the dmpgimation
witheut scaing tie essential relatfom shich the Lengingtisa
has wish ixtelligidle matter, whish emters intrinateally
1530 mathommtiond abatrastion, ¥s have axplained taas-
mnthematies, whils pressindiag from seasidle mtter, slings
to intslligible mutter. "Hen posswnt (mathesstisn)
osonaiderari sine fntellectn scdstantise qQuastitaid swb~
Jectaeg q;:’unt ous abatraki & mstoria intelligibii
communs o * By intelligible matter ia mnderstood the
mtuhlnhtuul-ukmutwmtwumh:n
quentity is she order of its parta. Wy it 1s enlled in-
telligihle matter $a supiained Wy Bt. Thaoes: "subataxtia
anin rewotis aceifentivus mom yemsnet nisi Sntelleetm
comrebensidbilia, so gued senszibiles potentias mot pertingunt
usque ad m-mtm)mmm-. Et &0 his abstractis
ost matheantion.” Though this waster is rightly ealled
intalligible, 1% kas aa ixtrizais ecarectien with the fmwe
uginetion, precisely beonuse it is mtter. ror matheemtioal
forns are not purely intelligible aa notaplysioal forme are,
They are 11ke maturel forms in that thay are in wetter.
"3ieut n;ts;fx)-ulu habent formom in mmtsria, ita et mathe~
matise,” And just s Lthe presence of sensible mtter in

the object of the study of nature uakos it necessory for
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sense experience to enter into the understanding of this
objest, 50 the prossnce of intelligible matier in the ebject
of mathematics makes 3t necessery for the imagimtion Se
play & part in mathesmtieal insellection.

In his quae mmt par 'mbstrectionem, idest im
mthemeticis quorum retfo abatrehit a wmteri
asnsibili, rectum e¢ habet sisu$ simum, Hase.
onin nathematies habent materiem, sjout %
aaturslia, Neotum euim mithemnticum est, sizwm
sutem natwale. Rat10 snin redti est eum somtimno,
stout ratio sini oum 1es0, Continusm autem eat.
materia intelligibilis, siout sisum materia
sonsibilis. Unde xaifestun est, guold aliud
eat in mathematiek res ot quod quid eret esse,
us stum ot rect 3 unde oportet quod alie
cognoseat quod quid erat ease horum, st alle

du.n per masurelia ostenditur, quod
1utallestus, qui seguoscit quidditates meturelium,

a1t alius & scnew qui cognosoit ipsa peturelia

singnlaria, ita ox sathemticis estenditur qued

intellestus qui cognoscit quod quid est ipsorum,

sis alind b imsginative virtute, quad epprehendis

ipsa mothemtion, (3S)
It is slear from shis last gquotation tlat intelligidle mmtter
playa the part of the materisl slement in mathesaticsl defi-

(34)
nitionme
The principal role playsd \y the Lmaglsdtiod in ne-

thecmtios In connoction with intelligible natter Las already
bean pointed out in Chapter II. From what has bheen ssid about
the nature of intelli; ible matter ‘lt is evident that it pro-

vides the laiogendous exteriority tlat is et the bacis of the
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whols mathexatioal strueturs, Now homogeneous exterfority
means a multiplisation of the same form - n.l:: s mal-
tiplieatien is impoasible without individustion. And this
individuation must taks plaee in the imsginetive intuitiom.
For since methematicel entitlies ars atripped of seo-,
sibdle qumltties, the individustion cannct be &rmu

ty qunlitaun detexminations grasped ty the --n. o
the othex hﬂ, thq imtellest of it.ol.f has to do with
pure forn ssparnted frem wattar, and an u it slone
funetioned in methewatics we eculd kave mo noticn of ho-
mogmeous miltiplieity. For thinge that are cutside eaeh

cther bessuse of the form are farmally different, henos

heterogensous. Speaking of Plato's dootrine of the Tnter-

2ediary positiom of methesmtics, Aristotle Mrl: *Furtter,
beaides sengible thingss and Forms he ssya thers are the
cbjeats of matheemtics, whish oeeupy en internedimte po-
aition, 4iffering from sensible thim‘s in bein, eternel
and unehsmgsadble, from

while Yorm 1tself is im eash case wiique." ST

in that there sre

Thers rexains jJust one last point of which pas~
sing tention must De :mde befors we bring tl.i“n discussion

i
t0 ¢ close., In his Comssentery on the Tosteri r sAnalytice
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3%, Thesms explains shat intelligible matter hgg
&muug.M)m in 1is strietest semse, t!ua. it
1s essential aily te geametry. Mevertlisless, svem
arithezatio muat termimate in the iragination iu some

Wy, in 50 fer as nusber iu Sansed Wy & divisien of the

 sontimnm.

&-5_ h-tm-‘n.mmu.

!h&cm-nﬂcrormmw’hym-xu-
vitadly resches out $o mthesaties for illtninltltﬁ. and
mofthnanmbuannpm. Bt at this
poiat ws wish %0 call partieulsr attention to one of 3he
moat signifisent sausss of this mmtursl gravitatios: $he
Profeund somgenislity axisting detwesn nathematisal seleuee

and the humen mind, 3ince the tiie of the Henaisstnes when

rathenatiocs eommenced the ph 1 dsvel t which bhes
brougit i to Ats present high peint of parfection, snd
whan phyaies heagmn Se be lmtuly mlﬂ.jl. she oot
of shis oumnaturality has besn cls-riy recopnized. ‘ Keopler
is quoted as saying t:at our mindas nre sc constructed tiat
they ean know n:athhu: nerfectly sxaent quantitios. *“Just

=8 thc eye was riade $o ses oolours, and the eor' to hear sounds,




nhh-ﬂmmhm.lnlhtmyw
ﬂ-u.hxtqmuw." 4And Dessaries® inaistence om g
umummmmmmumuuuonn
Mumummm. But while the fack of Shig
cwvmb‘mmmﬂmmumm

h-udﬂlywﬂ. Is ia signifiomt timt while

uwmhmmh mathemtical weienss
ud She gautiricstion ef physies wre ealy 1u sx iaeipiemt
m-smsm«mmhust.mm.rtu.
memtbmwtbuthton-

1ationship detween the fntellest and mthemmtics, bt elso
m-nmumowxwmu.

(90)
4s Aristetls potnte ewt,  Aiffisulties whieh

stend in She Wy of the mind's Perfest union with & ssientific
objeut may eore dﬂmmmuiuumthﬂbﬂ. In
tue ense of netaphysies, the diffisultiss eame froa the wegk-
Rees of the emn nimd, Por metaphysisal ocbjests beenuss of

mmmmm-“m of all) ..’-“ﬂ.g

objosts the noed knomakle in thenselves, But $n relstion to
the hismn mind tha; ere the least knowable. For theiy Mgh
degres of Laratoriality keepa ther. frox being within eaay

Tuc el of au intelleet which is esnantinlly unfted wit: catter

and whish wuet Sewive all its knowledge from She matertal
wowld Siarougk the wediwm of ergaaie fasulties. I» relatiom
%o metephysiesl chjests, as Ariatotle rnes en s explain,
the lsewm mind 19 Like the eye of the ondl for whieh She
1Lxns of day 1s Soo Wright So see well, end whish ean see
with greater alarity in the shaewrity of night. Asd Shis
oxplaius €y for Aristotls and fit, Thomas metaphysiesl wis-
don wase soasthing Soo divise t0 be possessed by man exeept
in a very ioadeqiate and presaricus fushion, ecmetlisg
rethist loaned to man than netually given to him outrirM.

In tho enss of phywdos, oh Ve other Iasd, the
di7Tisilsive e fyom the objest,. For sommie thingc, fme
mavesd s Shoy are ia watter and In She flux of wobility,
are cesontialiy ocbastes. It is Wrue tiet by rewmining in
generalities the nind may $rivmph over this ehseurity to sems
sxtonl, MG an {% puroues its inevitable progress towards
emaration, ¥he lighit snd eertainty deriving from gemerality
aviwally fwiss. Wew wolsen mperinental plyutss 1o & «Sape
in the astidy of She commos that .g frr advenssd towrrda son-
eretion. That ia why its objeet 1a dcubly chesure. It is
ohsoure first of all becruse it is com:lc reelity cf matter

and notion; 1t is olecure, secondly, becvuse 1t fttemptls
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to gt Bt this sommie renlity in iss sonoretion. nw
perimertal physics the laman iatellest 1s eegit 15 &

kind of snguish. m-m:-pomccvm.n:uu

A realn that 15 xicst proper to i%. For aines 1% fe hwwn,
!uma‘]o‘luﬂu“-thhhgnul
-x-.na--mnmna.wum-c&m
.smu-m-ymnquuwm&»
orstion, And yet Wy folloving this iatinod of 1ta nanwre
i3 iasvitadly beocws irmersed in desper end desper cdeswurity,

Neow mathematienl eeiense ocouples a privi--

.loeodpmnuiﬁnuthmtwom-. Oon the ous hand,

ainco A% sabstrwgis from -thr and metion, 1ts objest is mowe
intelligitle 1n sy Gma thet of the seiemee of Rature, Om
the other hamd, sinos 1t 1s not eapletely immterial, sines
it alwmys retains an essential conneotion with the: irmgination
fran whileh the hixma intellests derives all tw .w-, 1% e
nor'e 1uu1usm.qfostrac fmth;,nm:?;" Io: .tlwuu., 'S.dex
M.MM-M,”M_“*
cedentia intelleotum nostrum: et ideo in cis est nqum

(¢0)
certissimm ratio.”

‘Anotlaer reason for the conneturelity of rathenutics

\_/

With the humen mind is given by Aristotle and Satmt
Thomas in the aixth book of the Ethics. u)'n- tntellest
finds the selense whieh Sesls with seneible things dife
fieuls besnuse 13 dwwads & great desl ef expesrionee;
1% fids the wiuly of metaplysies difficult bessuse it
troaseents Uis lmagization and 14 fres of all referenee
1o semse. In betwesn these Ywo axtremes stends n;-tmuu,
"ques nes experientis indigent, nes.imaginetionen Sreas-
sendant,” One of the aigns of this eotmeturelity is the
saparatively frequeat ocssurrence of shild prodixies in
mathecatienl seienee -~ o phencmencn that is not foumd in -
tha oAlar spssulstive waisnees. n

This profound :'stneti)on whioh riathenaties las for
the intelleot onn sonstitute z danper. Yor it is ot;-y for
the -lnd so trylln one way or snother to reduece ‘ln:ho'ldso
to mathmmtion:l knowledie, and to rejest wintever doss not
prove smansble o this redustion. Dessurtes, we knew, fell &
prey %0 this mconq;. As St. Thowms remarks, ':qnlgu mon
mlpim(z\;):d ois dfeitur, nisi dlestur eis per modum mathe-

watioum,” It is true, ®s Lquinas goes on to exnlein, that

& similer monistic temdensy is scmetimee found with regard




.

!oothutxp-.oth-udso. But the danger is more aeuts in
somestion with mathermties bessuse of the conneture} ave

Aristotle and St. Thamnes insis® that the astudy of nature must
208 be redussd to a kisd of nathematios:

Ostendit gued ille modus, qui est simplieites op=
$ms, —uuu-nnuq-m;dm;m._,
‘*asribologie’ idset 411izens ot verta retio, sieut
[ u-mxm.umw in omnivms
rebus, de quibus sms sslantiee; sed dedet solum
Foquirs ia ; Q@ae non habent materism, s enin
quag mmh:'mun, subjests mmt motul ot
mmsnﬂuu”hnhohmm :
ominode eertitude ;. beri, Queritur exim in ofs
Mk quid awmper sit, ot ex Roteasitute; aed quid
81t ut in pluribus,. (44)

mulcmmuhuuutm-mnuumtusm-

Daszuge does not l.ntnl $o emslude the posaibility of sn -
plisation of mathemties to the study of nature. It is merely
$rying to point out thet this appliention 1a not an iden~

tifioation,

in anothar. This is the root of all seientific endeavar,
wioea purposs is to seo thines in thelr onusus. And the scurce

of tids tendency wa know: ovory intellect is s reflection

il
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of the divine intellect whish sees o1l things in thefr
Proper speeifieation and ia their ultimte Somaretion fin

the 11ght of the one dvine ousence. And not only does
SYery ixtellest sewek $o mnmihugulnotm. 1% alse
u&ummahmnloru—u-. It strives
to heoows Mike $he divine M.llo;t by smsitaNing 14~
*1f prioe %o things, by saking 1teelf the crester of 120
Ow ebjest. Dessuse the humn inte)lest 15 lawn 1% w1l
alwyps u—o—mhnmuuumu; bt b~
Sauss 1t fs an itellest 3% wil) ®rive to triwph over shig
c('!lnouhyﬁhnc 181 the mource of the things it knows,
thus dominiting ite objeot Sampletely. Now the unlirited
construstiMitty of she mathemtion)l world provides the ful-
lest frosiem for this terdaney of the mind, Im mthemntics
the intellest 1s abdle to ematrust 1te own objest. From

8 Doint 1t is abdle to construet a lime, fro: a line e plene,
from & plane o solid, ste, 4md 4 1s anly efter the eom-

booens manifent. Thus the mind eonstruets the 2o .res of theee
properties. 1t does not aa in the other seiences marely
diseover the properties and all.w thea to lesd 1t to £ know

ledpee of a &iven sudjoet. In all tlLe other seiences the sudb=




e

- Joot 1is _Avenness sthere 1a obssurity.

ithmtiu). akstroction has this unique pri-
vilege that the moat kaowsble in se is the wost knowable
for usy In Abhe sther two typss of formal sbatreetion, the
most kacwble for us is the least knowsble fa ss. Unlike
the fundamental prineiples of the other spesulstive selemces,
the prineiples of matlematics are at the same ‘thn umiver-
sl fa presiieendo snd universsl in causando. And thet Le
why the whole mathematissl werld is uhum;i'm- a fow
fundemntel prizeiples smd postulstes. Amd iu. oxplains
wumw-ﬁm:uiuxmmqmm
Tomrkel: sophiss feream mthesis. Per 1% 15 the preperty
of wisdom to reveal 21l things in the 11ght ot an origisal
sourcs, and tha perfaet dsdustidility of uth,‘ntln ensbles
the nind to see the whole rathemrtiesl world as flowimg out
of the orifierl postulates. And simes, as wmhhs(
abovs, mathermtionl prrtieunlers sre shatreed, snd In sowe
swise 16eatified with wiversals, this presess of mathe-
matical wisdam is uhlot,i'-e.h even partioplers. In n va'y.
rathsunties satisfles the mind's instines r&r;nm oven
better than metaphysies, for aince in Retaphysiccl ebatraction

ti.o baat kuown for us is the lecst known in -B, tle % ole

3 Ef‘

etaphysieal world san not be drewn owt of the originmel
prinsiples. That 1s why after the mind bas pursusd fte
Gourse fym the eriginel gensralities wp through the angelie
Waiverss 1o the divine Melng 1t mst, {x ordsr to satisfy
1ts quest far wisdom, oaplets 1te stuly by baving re=
sauxrse to a lh;ocu-l mu‘by whieh the ﬂtiphet:yct
$hings are derived fram the divine sowres.

In our introdustory abepier we pointad sut thet
Plato oneeived the mthemetieal world as ouwing e kind
of Unterwediary positimm, and we suggested cm&n'. was an
sxtrecely profound and fruitful ineight. There are, in fact,
muy waye in which mathemationl being 1s truly s medtum,
Same of nuT‘:#u been touehed upon and others could essily
be adduced,  Bul have w wish to oall attention to oune
particular sspest of this intermediary sharncter of mathecatics,
for 1t will -r%. So throw light upon the point iwe are

trying %o Gevelap.

Imthentionl being is ¢ rsdium detween purely
materinl &and purely Lauaterial belin;, and 1t mﬁictpc:o- in

the maturs of both. In the firat place, althougl. it ia dis-

tinct from materinl bein: becnuse of the reture of natiee




g
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miionl abstraciion which frees it frem seamsibls miter,

1% remins insoparedle fram §t fu the ssnse of slways being
linked to 1% by mm intrinstis axi esesatis)l bomd. As o
matter of faet, 1f the mteriol world wewq inpossidle, the
miheratisel world sould likewiss be iwpessible. Yyor $t
h-bha-wmu-q“lm, 4in wAich fermal
Oppositions are imscuplete becauss of the Gemmen mtriz

of prime mtter thet the mthemtionl world esa wriginate,
It umoq—--hkthlmﬁhumofﬂ.
homogenaity, asd sonsequantly of the umivesal roletions
wWich are sssential to mathemd_les. The mthmatical
wrld 1s a werld of forwality, Wus 1% ia a strangs formalidy,
8 kind of materiul formality, sines {3 A8 Lumeroed ia
homogeneity. It 1s something quite differemt frem 0e
heteregenesus forwelity of the world ef ssparstod swhelanses,
Because of the homapeneily and the sommen matrix foud in
e mthesmtionl world tharo fs 2 lask of the porfect unity
snd the pure &istinctions found in She asspayated substsnces.
But at m-—tﬂ-thmlvmu—bﬂlhh
for this lask of wity ty befng the swirds of 41w relatiens
out of .hich the methermitonl world is constructed. On the
other hand, the mathecatiea) world is & world of forumlity
even though this foxmlity {s not pire. And that ic why

i

- 871 -

lthuUm-thomﬂdMﬂﬁlMty.
mhm:mldotnucuu.-ﬂ-mdv. ™is
briogs 1% cloas te the apirisunl werld and renspesitions
m-umotmmnum.. IS we indeed o
mtminmunnmmotrmtounu-th-
-m-mmnm-.m:b "Sens™ and
the 'otb.-.(“). it very mature mthamatics sppears
uunurlmdmmh-bm.mm
mmterial aature, ‘,’“ all this emables we to wnderstand
mmhﬂmntbtmthxmwmmm.
mmmu.um-ms-u—munxu-. n
umwmmmm-m«rmutux
-mmmmmmsmm
thin‘dtnhn“'hﬁtb—bmmhm.

Now 1% 1s this intermediery ederacter of mmthe-
mtios that mekes it the Heal instrumeat rop physics,
Deoxuse It i without wmtter seoundusn &‘.11& 1% partg-
oipates 1n the Lmwbile world of secwsaity and raticnnlity;
mnunumumn is aprliesbls te
comuic reality. Semes it ia the perfeot instruaent by
which physica may be lifted out of its matural obsourity
am contimgency into the realm of perfect science, and even
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into a state that s in sems yespects zimilar to wislom.
And while beiug & rmdius between the mmtariel emd spiritesl,
1t is at the sewxw St & wedium Detwoen the cbjutlnlnd
the ub;octtn. tqwmnmahmunntth roilth.
1t bears to existence. This adds Lrvwssurebly to ita
affuctivensss &s & scientiris instrumemt. JYer it leaves
the uind Tree t0 wark oxt its own retiomsl schemes, and
yot it provides t):n poesibility of these schemss Neing
applied %0 commic reality. Tha foilowing remsyk of
Maysrson ia extressly relsvast here;

G'eat qus le mathimtique, se détachent du reste

éu véel a 1'air o powvelr progresssr sens falre

el } son eomportemant: «*est o0 qul sewhlo e

faire ia vzeis *‘matilee internidintire' eutrs la

pensie ot 1o riel, ot o8 qui eplique mmsed

1%abtrait que 1o pumsmthimatisme, eu &6pis &0

fruste irréafdiahle 4o 1'Lmmge ds 1'mivere .

sl comatruit, exeres ot exeresra same doute
2tarnellscent sur 1%eeprit humain, (48)




- 572

 intc & state that Ls in some respects sindlar to wisdowm,
And while Deing & rmdiun between the matariel sd epiritunl,
1t &3 at the smw tixe & medium betwsea the odjeetive and
the subjective, ss W saw In our discassiox of the relstion
1t besrs to existence. This adds Lmwesurebly to its
sffactivenses 35 a soientific instrumemt. Yor it lesves
the mind fres 0 work owt its cwn retiomel schemes, and

yst it vqoaboo the possibility of thess schemss being
applied S0 comic reality. Tha following u.lluw of
Naysrson is extrecialy relsvant here:

C*eat que le mnthimatique, se détaehant éu reste
4u péel a 1'air &¢ pouveir progresssr mns faive
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CHAPTER ®VEX
CIRKCE:, &'RSIBXIM, ARD BOUDGENXITY

1s_Yhs Problem,

This ehapter mayks o turning potmt 1n eur
study, Intholmth-u'luptonuhnbmw
with & dslineatice of the smlfent sharkotoristios of tho
tvo setwnces whose union omat itutes the intervedinry

ssilence of mutberation) Plyaies. Whatpver olse thin a4

linestion e etompliated, 13 nee Serteinly rought tnto
tlear relter the prefomd antitheass wiish liee between
thass two 881smosss on the cue land, a pelence whieh nees
overything 1n Serme of 203118y and wenuible matter, »
soimoe of cantingensy and ofbwu-xtn

scienoe which preseinas eesertially from nobdility and
sangidle ratter,

o the other hard, a

® salense of necsssity &nd retiomlity,
A nove radios) antitheais oould hardly be imagined then the

0 Wilth exiats devween thess two stwifee, And yet out of

this antithesss Bust corm » a,nthesis

if mmtheoatica) phy=-
sica is % .n.t.'

It 1x to the nature of this syntlesta

that we mugt nov turn our ettention, we shell devote three

cirpters to an anclysis of lLow tlig synthesis 1s effected,



In the remmining shapters of eur study we shall com-
sider She reeults of thias mynthesis.

The geueral problem which imedintely oonfronts

us, then, is tuis: how doss the mathecmtiesl yowld loy
mamwcun.m.mum
nmm-g-,huonﬂnhum Axyoms at all a0~
quainted vith ‘selenes knows thet the smewer te his prob-
l.-uuhi“-wmh meesurement, Mt defors we cen
mum'ma:bmmmmt,-
mm-uymu- 1mposes 108)f; what 1s there in me-
fure itself whieh mkes it smemable te this Teasfermation
wwm-mmamtmw
belism? Meswaremeat is the instrument of the mthamti~
sation of the ecameal Mt thers st be in the commos
1%self a basis for thin mthemtizction,

Dubawe has posed She question whieh coanfronts us
here iz She following Sormn;

g . 4 ar . . 1 8y

o Yl T vie’ PhSerie Physique se pulsss presenter
sous la forme d'wae ncmg::nnt de eslauls al-
gadriques, 11 faut que toukes les uotions do:t
olle fait ussge puissent Mtre figurées par des
nombres; nous scmes sinsi smenés & mous Poser

cette queation; A quells condition un ettribut
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%% Fn-u re 3icnifih per un ym-
20ole nunsrique?”

And to this question he €ives the following general ans-

war:
Gette question poede, la premidre rSpouse qui we
présents & 1veuprit ont la suivante; Pour .
qutun attridut qus noua rensontrens dans led
Sarps puisss a'exprimer pay wn symbole numdrique,
11 Daut et 11 suffit, wselom le langhge 2'Arte~
tote, que set stiribut sppartienne A la caté=

jorle &s le quantiis et non pas n la catfgorie
de 1;11Mtatumrﬂt.p_o—u—rsﬁ;fn
s wvolontiers accept$ per le

[~
afamdtre moderne, que cet stiribut soit une

sxentavr. (8)
This generel answer is fairly obvious, and was already im-
Plioit 1o what we saw ia the last shapter abous the mature
Gf mAthematies ani the link whieh binds 1t to realisy.
Bus it is only & general answer, and 1t stands in need of
& good deml of explication. And perhaps we osn orieatate
oursolves towards a more definite solution by prosanting
the feaue in the following terus: Since mathesatieal ply-
sics oonsists in the wnion of a sensidble world with a
worM whieh Jrwetinds from senefblfity, the suture which
knits the two together muat be along the lines of acme~
thing whick is at onos connected with senaibility and ine
dependent of 1t, soneathing whioh -&_:ue not ssnaidle in

the fullest sense of tLe word, is neverticless sensible in



tro all reduuilhle to Quastity, even tlLough ia thmo;m
$hey are nos @;uw. Yrythe very fuct thet tiey u.
seisible. ¥a Bolieve st % ig ig Mils dostrine Abat
the fundnmental eciution of our brcblen 1a to be fouad,

Auuhovorubcturny of bringing ﬁho
question fwto proper foous then by having rescurse to the
wll~mom edvezture of 81r Arthuy kdington's elephent;

let us then waming the kind of knculedge whiok .
umhmn ssienss. If we ssarah the
®enination pnpera in Physies and paturel pht-
lossphy for the more intelligible fiestioans we
By came agroms one boyiuniry soasithing like this:
'An slephant alides dowm a Cressy hill-side,,,.* :
The experisnced ocandidate Joiows that he need :

in to give an izpressivn or retlism. Ne reads
s 'The mass of the elephant is twp Sons, ' Now :
e are getting down to busincoey; the elephant
fades out of the Problem and a mmsg of two tons
takes itg plase....lot us Dass an, *Thy slope
dthgunulp_,.ﬁ'_. . lntholub-u‘.hh-

Slephant alid is replaced Wy & ecefficient of
Triotion, whieh tloy:h pourhaps not directly o

We heve ror «xamnle, an i ‘ression of bulkiness,
To this thexc 14 Prosurably some direct soun-
Yarpart {n the oxternn) world, but t.at counter-
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Part auat be of a nature. dayuud ouy Sppwe~
hensior, and sciencs N smke nothing of it
88 euters into axmet soience by yeo
" anothex .ub-tituuoa; w8 replace it by «
suries of ieodlugs of & pair of calipera,

Various wave-lengths of Light. And no en uR-
t11 all the Shuracteristics of the elephant
ATe exhmusted vnd At bas besows reduced te

a seshedule of aaswres. (3)

M™is Fawnriable pense; bringe out with great

. emmstuses tbe fest tust 14 1a Shrovgh tue tnstrumentality

o verieus typea of Bohsuramsut that the sosmos §g mthe~
matisised. But it algo suggests wimt the bagss of thig
suthesatination ig, For 1% ie evident frem the conarsts
Suple here given timt whan the xathemetisian seeks to
lay bold of the mterial univerase aj) the atiributes of
this universe whigy Sre lmown in Thamiatie terninolegy os
Proper senaibles and {n modary Seminology as uoomry‘
Quulities slip through bis fingeys, ang ko matter how
-ay mm-p.qu..to TRoRphwre Ahen, they sontinue to
elude hig &rUsp, jith thol':r Passtng, the Yory vatures

of the things he is dtnliggg with veatah. The oharecterig~

F19 Qualitien of tre Lill-aide, the mresncss af the prass,

the softness of the turf, ete, rade out of tle picture of
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the plysielst ~— and the hill-aide fades with them. And the

sarm i Sywe of She slephsnt 1%self,

Yot 1% ig eleay that the sxnet selentist lays
hold of scmething in the materis) universe, otherwise is
ssienss eonld in no sense be sallsd physies. It is like~
wise olear that he lays hold'ot something whieh theugh in a
miﬂwofumibutty;‘ﬂ the stum $ime essen-
tially Wd \;1th it. Hes Qoss xot rrasp the greyish-
blaek eslewy of She Slephent in its proper maturs, yet the
wave-lengths of 11ght whish recister om his phetemster ere
.’mtlguy mt.l with this greyish-black eslemr, And
evidendly the Vhine whieh he luym hold of men be approsehed
Wthmmmmnmm. Yor, a blind \
scientist ern have 8 parfest knowledge of optlcl.( ‘c) deaf scien~
tist oan be expartly vrofieient in scousties, and if it were
possible to live and hanve sentieney without the fasulty ef
Soush thers would e mothing to precluds th.. possibility ef
the selencs of thesmolywsmics. This ccumen eMrevier of
the objest with which exmet usiense direstly deels monifests
i1ts nnture: 1% reveals ths faet that it is intimately bound

up with homogoneity. Ard all of these eonaiderstions lerd us
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Se this eomslusion: mathemmtionl physics preseinds from
yroper sensibles; its objost fulle within the domnin of
the sonmen sensiblen.

The views of modern ulnultu; «d philosophers
of seimmce enfirm this *onelusion, even though these views
are not W in Thomistie teminology. max Planek,
for exemple, has Shis o say:

Now all physieel sxperisncss 15 besed upon
Sense perespiions, and cegordingly the rn--:u:na
obvious aystem of elmsaifisation ves in scoor-
dance with our senses. Physiss was divided into
meshenies, Scoustics, opties, and heat. These
wore trected as distinet subjests. In eourse of
$1ne, howaver, 1t wes seen that Shere was & clowe
connestion betwean thase verious subjeots, and
that 1t was ouch sasier to establish m-c; phy-
sionl lews if the sanses are ignored and atteatiom
is cancentrated on tis oveiss cutsaide the ssnses
- if, for sxaple, $he sound weves smeneting from
2 sounding hody are deslt with apert from the ecy
and the rays of 1ight emenating from & £lowing ’
body apert from the oys. This leeds to a different
elnsaifiention of physies, eertain PErts of whish nre
o while the organs of sense Trecede

opties, whers they were dselt with
as thourh en-
tirely similer to light weves, Admittedly ane' »
.mr o .-‘cacm“ t, n;:l;::tim: e8 It doos the perceptiona
%, @ontains en slenent
bisrarinuss, iﬂ) of Bive nd re

But this concentrrtion upon primery quali‘ies to
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She exelusion of Setendary qualitiss is by mo means po;nlilr
to modexn meiense, A Qefinite movemeni in thet direstion

is disoernible almost frm the begimning of the lyntmth
ltnqy of the commcw. It ia trus, as Plamsk points out, that
in the first stages of its dovelopment l-tunl selenes
1demtified $he ssmaible end the m.:i. This was inevitsble,
since, as we have Seen, pure maturel seievee is a -tuly“

of Tenlity In termis of sensible matter. Fhysies took its
origin whem man began to cbsarve snd ssalyxe pompuhﬁ
properties and to0 express the Tosults in desoriptions, ‘fu-
enabled hin to mtrodnoo or\i- iato his eognitions by means

aof ehuitinuon. mcu].u- Tesurrences in his un-m u-
pericnoes (e.g. hot hodies begame ®ald; a swinging obJoet

cames to rest ete.) made it possible for him $o arrive dt
general laws based on Quulitative uniformities, But the per-
sistent attempt to perfect this rudirentery krowled-e, t’;

snalyne those Cln
ftaite uinoatlon- ard wmiformities vlth n'nto:

NEXAY

exnetnens, and to m them mere yatiomal huvitably 1.(
tna du.ol’ltion of the relstion of identity between the: it
3ible and the physienl, and o gradual abandonment of mep-
sorinl categoriss in the explenation of the physieel worid.

In same er:sos thias abaudonment becere not only metlodologieel,

. a. [ SN
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wu$ philosophioal. Alresdy in Demosritus and Incretius we
bave an explicit denial of the omtologiesl axiatence of what
ware later $o be known as proper ssusibles or secondary
muliﬂn. 1% is omly by opinion or omnntlon that thoy onr’
bo uﬂ %0 exist. A% the tine of the Remaisscnes thh doe~
trine of the sncimmt utomists was revived by such men &8s
Vives, Samchen, and Cempenslla, and this revival, together
with the astounling sucoesa of the wew matheasticsl method in
physies, hed a profourd influence on the epistawloglesal vlo"-
of subsequent seientisis. As we eaw in Chapter I, Xepler,
while aduitting the shjeetivily of the qumlitative determinations
of mature, maintained that they ware scmsliow less real amd
fundemsntal then the guantitutive determinations. Oalileeo
wnt further than Xeapler und made the sseondary gqualities
sub jective, JFor Lin the guantitatsive dsterminstions of nature
were absolute, objeotive, and immtablo, and the object of
true knowledpe, whereas ths qualitative deturninations wers
relative, subjestive, flmotusting end the sourse of mers
opmm and illusien. Donmu-”cmlnlm of guelitetive
detorninasions from bath the physion) end the geomstriesl
world, end Newton's subsequent dluovery of measurable cor-

(6}
relntes 0f oolour in ter:s of dirfhrontu refrengrible- reya




provided both a theorstieal aad experimental foundatiom fes

4 B
this poaition. Amd it resmined for Hobbu‘ )a-i :m.f"s.

lend the weight ef Sheir authority te mke it tiw geserelly
acespted philosophienl snd seiemtifio view., Im m‘l;um
the diveres betwesa the awmsidle amd the phnxni wos as-
esptel as & funimmentol dogwe. And wherever meshenive wes
2eseried as & hilesephy; the denial of the ut;lodul exie-
teuse of the ssaondary qualities wrually wesulted.

Contesporeary seieues has sontimusd to mainsain
tShe divores betwesn the ssusible and the physisal. Mex Plenck

ssen Uhe evelutien of Flysies as a progressive withdrawal
from the world of lluxu:

But at the same moment the strweture of this L
MNysieal world emsistently noved faxther and
farther away from the world of sense and lost
its former sathropamorphis slarsetsr. 9$1l1
further, physiocal sensstions have besn progree~
oively eliminated, as fer ssmapls in physses}
opties, in whieh the human eye no lenger plays
any paxt at all, Thue the physionl world has
Progressively mere and more abatrast;
puraly Coppal waibempbiond sparstions play »
grovwing yost while gmlitetive differenses Send
%0 bo explained more and more by means of quan-
titative differencss. « .
As the view of the phyaiem) world is pexfected,
it similtenecusly resedes from the world of senne:
and $his proceas is tantemount to an spproee) to
the world of reelity. (9)

The aap betwean the world of sense and the world
of physios hee betome no wide that autlhors dispute whethex
squalitative physies® might mot be ecnsidered a eoptivaliotion
in terms, or whotlher such qualitetive propositions as "aop-
per condusts sleotricity;® "the melting point of ioe is
lowered by pressure,™ sam bo enlled physiesl laws. (10)

Resent physics hus introduced ¢ new and signifi-
oant aspeet into Gk‘lll prograssive recassicn from the world
of sense. i clessiesl physies, alticugk the gap betwesn
the worid of ssismee and the world of externnl sensibility
hind alreedy grown wide, therse still rommined a direct snd
imsediate relation between tis neimntific world snd the
fvmgination. The scientifiec comatructions of clasaionl phy- »
sios weie susceptidle of dirset reprsssntation throuph eom~
crote immges, That ia wly wschanism wes essenticlly e phy-
sics of modols. Jord Kelvin's well~inown rertrk thet re had
t0 bu able to make a model of a thing before he could wun~
dersteand it is typleal of simssies)l physies. But in reseat
years scisnee see. s to have mede s direot break not only
witt external sensibility, but even with the imagination,.
This Wwreni: w.a Tirst effected by thre irtroduction of thle

thoory of Telstivit) 5,4 the thaory of uente&. And Lire




Tresent develomwnis have served to widen the gap im-
refsursbly. The thearies of Bohrodinger and Dirae, f\

Sxsmple, sesm to De ooapletely inempsble of Imaginat §ve
representasion,

I¢ is lmpartant 15 resognise the faet suat
\his progressive withdrewal from tie World of sense has
oung from a Tineltty iatringie to axparinental nunoo
18201f. Y% was not Wrought about »y ardbitrary, -xtrhmh
influenses, In pariieuler, it 41d net grow out oruy
$healintte biay, When Galilec mads the seeondary qun-
ties s Jovitive, e M b Jestive 1a tnh un-. of

mwcmmuhmorMe. M:‘
mtwhhthprdunoruhtmcﬂh between -nu-

1

Sernal object and & ssuse organ, ZEven Deneartes, who might
Derhaps de suspested of & Dias Sowards 1dealtanm, Mnitn

ted the oljnt:n existenee of a reelity which onuged the
Sotondary qulittiee, u It 13 true that 18ee11st e »uo»-
phers have setned vpon this pertieulay d"qlopmont of'
aciwite as grist ror their mill. put seience cannot bo
Leld responsidle fror the interpretations and generaliéation.
of philonopherl.

And yob the direetions in which seienocs develops
have grest signifieanse far phidosophy. The partieular
development we hnve just sketehed presects several impoxtant
problexs whigh we muss try to ﬂvo if we are %o vndernrtand

the true nuture of nethemstionl physieca.

This should be evideat fram a1l thet was seid in
Ghapter IX about she on-nt;.ll relation between physies and
senatblo satters In sce ‘7 1:x)mxc. scous %o depend upon the
.-n.u Tor its vary mibjest, and yet #s it developa 1t
draws farther and Tarther away from the deliversnces of the
ssuses. What then -ia the preeise ralation between physissl
ssiense and sensibility? Why bas progreas in selence produesd

an ever widening gap between the sensible sad the physienl?

- In withdrawing fraz She world of sense, what is it tlat

soienes is astumlly laying hold of in the somsmce?. Yhat

is the nature mnd wvalidity of the knowledge that results from
this pressinding from the determinmtions of the sosmos that
are MM By the -;.s? Xa Plenek correes in stating
Shat this withdrawal from the world of sense is $antawount
$0 an apyroech to the world of reality? Hes the progressive
desensibilixation of physioal seience demonstreted Lliat the

objective world ia devoid of quelities or thet quelities maYy




in sone my be reduced to quantities? What is it tiat the
intellest 1s attepting to ashieve fundarsatally in pursuing
Shis progressive &eesnsfbilismtion? Does this development
in any way favor idealism? Thess ars sone of the questions
$ias denn our sttendion.

A% the beginning of this ehapter we suggested
that the key to our generel problem might be found in the
Thomistie dootrine or proper and ecsvion sensidbles. Fut tha
recent developneuts in physies to which w alluled above
mizght sesm t0 challengs this statemsnt. Jor some muthors
see in this break with the ime;inmtfon & demonstration of the
11lusory sharsster of the eesuon ssnsidles, fust es they see
in She previous withdrawsel from external senaibility a demon~ |
atrution of the 1llusory clarscter of the proper sensidbles:

Oor on eonstatd suus peine que le disceynement
sutre lo sensidble et le physique, sl dien com=-
meugf jedis, n*eveit pas été pousd sussi loin
qu'il sureit pu, et Que stns 4o ‘te 1l aureit

40 1'$tre. De quel droit uffirme~s-on le valeur
LeiMiatenent Dhysique des qualisés premidres

ot des sutres domnies mathSumtiquas pergues?

La force, at 1'inertie, sont des notions iasues
dirvotement do l'expérience sensiblo. Et 1'imape,
car c'est bien d'une representetion imeginative
qu*il s'sgit, 1'iumge d*un corps ¢ trols dimen-
sions, duns l'espice eiclidion, d*un corps Qui

80 d'pluce & ns se dAiformer ot qui dewwure fo-
Pénftruble, d%vend indubitablerwnt des corditions

- 587 -

particulidres de 1'expirience sensorielle de 1'homne
Notiona authropomorphiques domc, ot qui ne somt .
pes moins 1ides & 1 struciure particulidre de

notre sensibilish que ne 1'6ait 1e couleur orangee
o1 ls perfum ds 1a violette. 1) atagit Q*cllleurs
de &8 que les sneisms appelaient des sensibles com-
imns, qui ne sont jumis pergua qu'en lieison cvec
les senmibles propres; si done ¢es derniors sont
trancposfs du fait de 1a ssusution, 11 est normel)

que les sensibles eormmns subissent 1e nime sort,v(13)
Perbaps the best way of soniing to grips with these prebloms
is by oconsidering the relation betwesn sefence and senaibility,
But in order to understend Shis relstion it will be neosasery
to reeell a few Nndermntal notions about the nature of sense
cognition,

2s__The Mature of Jense Cognition,

Jensetion is in ARy respects an saamnloug thing.
It reprosents the firat oconfused ammiening of matter to con~
solous 1ife. It is at once an sot of knowledge (which is

defined in terms of immterislity) end em eot of a material

body. While on the one hand trenseending pure sorporeslisy,
it remeinas imierscd in it. By the fact tiat it 18 Imowledge
it involves a Rind of immmterial trans-sud jeotive union be-
tween subjest and objeat. But beczuse it is 8130 an eot of &

materinl body, this union 1s bourd up wit! & nsterisl ub~




Jeotive union produced hy u physiesl ngvensat.

Niow all knowledge is by its very nature cbjestive,

for to xmow is $o Legone snother thing in its very gtharnuc.

But not e1l knowledze is gqually objestive, for th.g. is &
direct proportion between the ubjeativity of ho-ld@o xd
1ts perfestion. Omly divine knowledge is omplot.y ob~

Jestive, for it alens 1a yerfect. This does mot ln-n tngt

kuowledge whieh is irperfeet is subjeotive precisely in se

far as it is knowledge. It marely nemns that its objecsivity

is conditionsd by = eartain messure of subjectivity.

3inse .sensation is the lowest form of imowledge,

it is nsoessarily the most subjective. It ia in-ersed in
miter, and matter is by ita Yory nature & smbjost lnd the
frzchewt yemoved fram the state of object. IS 1a to be
‘borne 1n mind that an object is an object not in so jl'ar as
it acts physionlly upo: a Jnower, but in so far as it spe-
cifics an tct of knowing. Asm we have Just suggested, sen~
sation 1is dependems npon retter nok only from the po;ilt o

viaw of 1ta objocf as the intellsct is, but even in its owmn )

intrinsic nature, For the senscs are not purely pnyg!.!c

powoera; they are psyclosonatie. SJSensation is er petus

sauluncti, aid iatter enters into it not mnerely sa ! ' ne.ceo—

siry condition, but as . co-onuse., That 1s wly it c‘ém,ot
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possvas tiw of'ivrnean negessary for pure objestivity fror;
"intus oxiatens prohidet oxtrensum.™ In tlie rncéaure in
which aognitivo powers wmuat conform to their objnot in ita

sntitative state, they cammot omform to it in 1ta ob jeo—
tivity,

Professor Defontnek bas brought out with great

oxnctness the srofoundly subjeetive eharactsr of gense sog-

nition;

-~

Alors gque 1'intelligenos est une facultd s'perée
qui ethdnt les ohoses suns leura qonditicre retérielies
individuautes, le sews reate, & tous les nivesux,

118 % oee sonditions de Ia mriidre, Ft osle est

le plus renifaste dens les sons externes. (eux -

01 sont pour rinsi dire diffusda sur les chosea

dans levr canexdtior xatérielle, ot, par eousbquent
dans ee qu'elles omt 4’ obseur en aci, sous ae renport,
ils participent aux Sandislons siies de 1'0b jes

drna oe qu'il ecmporte 4t irrdduct 1bs lecent entitettr;
1a sensation em est 1ife 3 wn 9rgans cor;orel. On

le voit le mieux dens le touclher, IL'orgnne de la

tern Toture a luf-rdre une tmpérature; 11 & lui,-n‘ém
durety ot mollesse; ost étendu, et 1) oat resure

par le te:pe; 11 & sn mnzee & lul; 11 s« répend sur
l'objet Atendu; 11 cdde A 1'cd jet aur, et i1 en #pouse
le figure; 11 8'inprime deus 1'objet ui 1'erv. loope;
oto. /Bxan Que les preniasrs philosophea se sofent
trom.es dens leur axplioation .de s surntissance par
wnp aimilitude sutitative Qui serais uise de 1a

part du eonnaigaant, $1s ont néanmoins once u prin-
eipe qui se vérifie du 8cns.  imis 1) s'y verifie dens
1n rosury ou le sens #'8loigné de 1a vure objectivite.
Ia counneinssrnce sensible cat luparriite purcs cu'elle
deande cette laixtion del*orgene & 1 choge matfriolle,
le wvons sers moins Mrfeitanent I'eutre Qens la Masure
o 11 demsnde mn prédalstile une asaimilation M
dany lequelle 1o sona néme ent paspif, le toucher ne
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’
peut sentir ume teoparature sans Gus l'orgsns ne
pranne lui-slme sette terpdraturs. Cetts pas~
#1b11134, ol neus scevses, pour ainsi dire, as-
Sinlles par une sutre choss, oat, sosme telle, 3
1'extrenn eppons de la Sormaissanes: celle-oi est,

on offet, uns oparation vitale; wotus ab intrine
800, L'Dewixtioa aux shoses dsas leurs sonditions

netérielles reste puremens instrumentale, (M)

The o jestivity of mense sognition is 80 evident
et 1t kas besoms proverdinl de gustives et de eoloribus
Ron ext disputandim. The seme oubjest muy receive llfl‘u-\
senseticns of the seme objast, as when, for exsmple a peraca
toushes o pless of metal and « Piese of wood in a e0ld rooca:
though both are of the seme tempersture, the first will Toel
much colder than the sesond. The same subjest xay likewige
ressive the mame sensatien from differsnt objeots, as when
one's hands have a different tempersture and ers brought
into contact with bodies of differsmt tempersture. !

Kow we ew best get at the sxnet nature of this
subjectivity by having resourse to mome fundemental prin-
elples laid down by St. Thavas., “Ram sentire, quod etimm
videtur esse eperatic im Seatiente, est extra matursm ine
tellectualea, noqu; -‘t\;t‘alitor ost ruu;tum 8 genere seticnum
quae sunt ad extiw,% w;.nntion is at the peint in the uni~
Yorss visre immansnce first NI 88 fram the trensitive

®etivity of materie)l ratureas. It does not somple

tely emerge
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from {t; 1t resins inextrieably bound llx; with it. For

in svery act of sensation a physionl, material inter-
aotion tskes place between the materin) ob jeet and tha )
materisl orgnn, Out of this mmlm coms & wm;
whose nature is determined both by the t;hractor of the
stimmli whieh impinge upon the organ (and thess are de-
pendent wpon the nature of the medium) ;aml the sharacter
of the organ which receives them. It is this "mixture»

of external mMisslt (slresdy & "mixsuren arliaing oat of

the intereetion ht;vun the distant ob jest and the in-
numerable, indefinabls elements which €0 to muke up the me-
diun) and the ermplex structure of the material orgem w! {ch
sonst ituse ". direet objest of sensstion. Yhat is fm~
nedintely sensed §8 wot an @baslute, distant objest oxmetly
s It oxisks in $1teelf, bus somihing Intre-organie,

Ong of the most fundements) prineiples of eog-
nition established by Aristotle amd 5t. Thorme 15 that the
sanaible objest in aet 1s the same ms the ssnse in set.

There is a similar pPrineiple governing intelloeoctusl coge
Ritien: the intellizible chiest in et ia tdentiried with

the intellest in met. But thers is &« vast differenes between (/.
signifieanes of thene two principles. For beseuse of the

materiel intermoction of whieh we lLeve bsen speskins, the




trensition of the sansible cbjeet from the state of
poteney %o Shat of aed is net a Rre aatmelimetion whieh
- leaves 1%a intrinsie mature maelmnged. The asanible
®jeet 1a et 1s Piyuiemlly different from the sensidle
thjest in peteney. Q.-MW‘hpol.nt, ix the
following signiffiennt paseege; '

Prebat “(Philosupins) ol swpostsrns; seflicas
quod wms ot 1dem 818 astus sensibilis o8 sen-
tzmu.umﬁ.m. o his quae ount
oatense in tartic Mysteorwn. M emim osten=
e enl; Y0d tain motes qum astie Wil ‘pasaie:
sunt 1n 00 quod agitur, 14 ost in moM11 ot »

T patiemte, WMinifestum st auten, guol swliftus
patitur a 0] unde nessese quod \am sonng
iy s, wab Ainaver SR S Sl
ssomdum actwn, qui dfcitur euditic, eit In o
quod ot ssundum potewtim; nailieed in argane
suditus, Xt hoe ideo, quis metup astiv! et :
motivi £1% in Patiente, o8 non iw agewt: et mo~
veaty. BS ista est retio, quare aca ost naves~

qued came movens moveatur. I @osmgwe

- ohim est motus, 11lud movetur, Umde s notus '
st astie, quee et quidan motes esset ia movente,
ssquerstnr, quod movens moverotur, Xt sieut d{e-
twm est in tertio physieorwm, quod aetie o pas-
810 st unus astus mubjeeto, sed different retione,
prout metio signaswr ut'ad agen¥lg parsio autex ut
in patiente, 1ta supre dixi¥, quod fdem eut- ao~
tis sensfhilis ot sentientin subjeste, sed uon
ratiche. Astus igitur sonmtivi vel somi est somatia,
andisivi sutem mcius est auditio, :
Duplieiter enim dieitur audirus et sonus; seiliest
sSeandun aptuy of ssovndum potentinmg, K$ qued de
auiity ot bene dletwm ek, sadem retiome se habet in
alils senaibus et sensibilibus, Sicut enim motio
ot pasalo est in patiente et mew in agente, ut sub~
Joeto, sed solum ut in principlo a quo, 1tn tam mo-
tus senaibilis qunm setus Senaitivi, est in son-
n{&o ut inmbjecto. (18) :

it

g 1

)
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Sensation, thew, 44 the rosult of a Physical,
matorial action whieh tekes place within the materia) organ,
and whiiok produces th-rc_ @ mmterial notien, and this fn-
volves & Phyaisal, materis) Pass10 on the pars of the organ
vhieh, paredaxieally, fe the soures of betn the obJectivity

UM tho oubjeotivity ef seasstion. It is the somree af

Trom an exterml object] 14 ia the source o subjeetivity
becsuse 1% favelves a phystea) shange on the part of the
instranent of sensation and & remctfon whiok sontributes to
the constitution of the cbjeet fmedintely sonsed, s st
‘Thones points out, "mon -'h spartet quod eotfc agentin

modem patiensis ot Teaipientiag On a number of oemim
both Aristotle end gt. ﬂlﬂns state that sensstion oonaists
in a modifioation, an utti-tttou of tha senge organ; it ig
Shia alteration thet ia Lumadiately sensed. "oentire
Sanaistit in mover{ et pubs. ‘et anim sonsua in aqtu

(18)
quaedans altarntio; quod auten alteratur, patitur ot movetur, »

mhhnl,thu. u:u-tm,‘umm. *It is an
evident f et or sxparience that our apprebensions of the
external warld depend &bnolutely on the oscurrences within

the hwman body .,.. @ have %0 edriit t.: 4 the body i tla
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(19)
orgonimm whees states rexulate owr oagnisanes of the world,™

By neively attriduting sbsolute objestivity to cur sence
wnu--o-u.ummmuummm
“eoutimmlly making the mistake of the men who on receivisg
 telagrem, thinks that the Mand-Titing s that of the
unhr.'f‘." And 1n the seme -context he peints out thay
$0 attrivate She Wmste we sxpuarience in eating an apple te
mmhxtml;-nhmnhmmtmm

e GXperienss in & dental operetion fa fa the dentist's
drgll, It s neewssary then te resognise the en rmous-
distones whieh ssperetes is from the things thet are the
aloaost %0 we. The very physieal proxinmity of aensidle
thlmh‘llpd'wrdllunu in the order of kmowledge,

"IV 1 fmportant to mete ¥het this sud Jostivisy
of svase sognitiem in mo woy gives Wil snd cemfort to the
idealists, as sowe night be 1o %o Shink. Por, as w have
slresdy pofnted ous, the vary soures of the subjectivity
1s at Yhe sams thue the guarentes of adbjeesivity. That
is Wy Aristetle, after petnting out Shet sensations are
really mething Wt "melifientions of tl;o );ruimr*
Imredistely adds: *but that the substrrta whioh otuse the

sensalion shoml not exist evea apert from sensetion is

irpoasible. For sonsation is surely not the senpetion of
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1%aslf, but there 1s something beyond the sansation, which

must be prior to the sencetion; for that which moves im

(21)
prior in nature o that whick 1s moved.»

Moreover, to say that the quelities that are
Mhti):f sensed are intre~orgenie is not the seme ea
saying that they aze Psychis, As a —thr;ct Taet, they
ars completely physical and independent of oonsclon-nou.(n)
They are a pert of the Phyaical world, even though they &0
not exist in the place in which they are localized by the
oaive view, Amd the Tesson why they are where tlay are s
detersined by tha very physioal atmgtura of the universe.
Bertrand Ruassell brings out this point in Wysticiam and

Loge:

The view that Ssnse-data are mental is derived,
Bo doubt, im port from their Physfiologiosl sub~
Jeosivity, but in pars elso from a faflure te
d1stinguish between sense-datc and Ysensationa*.
By & sensation Y mean the fact eonasiating in the

sense~datum, on the other kand, stands over
aginst the sudjeot as that external object of
whioh im sensation the subjeot is eware, It 1ig
true that the sense—dntum 1s in maxy ocases i

tha sudjectts body, dut the subject's body is sas
distinet from the subject as tables ana chsirs
are, &nd is in ot oerely e pert of the material
world. So soon, therefore, as seuse~date are
slearly distinFuished from sensations, end as
their sub Jectivity 1g Tecognized to he physiolori-
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oal ned payshical, the shief sbetceles in the way
of regarding them es physical are removed. (2s)
We have laid oonsidersbdle enpbasis upon t}n

mture of eensation both bessuss 1t 1s of great importeasce
Low mml-nmwto solve, and ul;obr-
sause the mejerity of moderm Jsholastie phiiloscphers have
presextad asnsatisn as though 1% pessessed the m‘}urny'
of sbjestivity as intellestuml sognitiom. I s mr-);
inportamt te realise thad seuse amd intellestuel knowledge
“ffer gumerionlly amd not merely wpecifieslly. From the
peint of view of objestivity there 1s & vast dmcr-?no. ba=
tween semse and intellectusl knewledge. Kamt brings owt
Shia differeace rether acsurately when he writes: “3ensitive .
sogitata esme rerwm repressantationss, usi opnront.‘
intellestunlia autem, siouti suns.* (s) The sensesn {anvo te
4o with phenemena, with shimgs ae they Sppesr amd mot as
theay ere in t\hemselves. Thelr object is net an una;co -
sumething absolute as 1t exista in se in the externtl world,
bu:.-omunhg ssaantially relrtive to the sense ﬂ'mn 1smelf,
I% is Srue tfn whar the fxtellest 1s brought to m wp
sexse data there will be an fustinetive sttempt to sssinilate

thea to the eordition of intellectunl objeeta, that is to

1ift the ™uti auperent™ %o "sfouti sunt*, end as wo sha)l

O
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point out presently, this is precisely whet the intellact
i tryin- Lo do 41 ita v thery tizetior o tlg songible
world, but t'ie faet rewxr ins it in \lernelves the senge
date are purely bhenomentl. To lome si 1t of this snd to
nroject into the externzl world the senae dnte &8 pensod
by ua 1s tanterount to :.idontiryim. the aensihlg in not
with the sensible in po;tency. .3 we pofinted out above,
because of the r.mteriul.nnturc of ithe sense orgtn, there
18 © difference between the two, not only from tle motse
bliysicul point of view, but even from the physicel tnd
metericl point of view. - -8 ctnriol gLy Juat how Erent this
GQifference is., 7To do thut it would b necosssry for us to
know actuully tle sensiblo in potercy, whick 18 ¢ contru~
diction. Only the ne:mfnt.d subatences know seturlly the

sensibilia in Jotentia, and, we mey edd, they know the

sonsibilis in actu in tle only wey in which they con bhe

known: 04 aensed Ly naterirl sub Jecta, #y existing witlin
the organas of boinga ewlowed with sense 1;‘.1‘3. Fut evoern
t.o 0 we onniot sty jJust hoo ouel - cifference threre is
between tue sengible in act wund the sennaible in potency we
know tirt thers i -fif’f‘nrenw. Thinrs de not exist gx-
ectly as Lley ure swnsod.by Use J/nd we cannot inaist too

maeh upm; the fact thet we never scnss “lLie sonsible in
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potensy, that is the separated cbjest In 1ta owm sdaclute
oxistoncs. Perhaps ws een sum up shis peint susoinotly
in the fallowing Sermse. n the one hard only the sen~
eidle im posaney exiwts (1.9, ovtalde the sense orgun);
o8 the other hand, enly the sensihle in net 1 mown Wy
us. Conoequently, thor.uamlmm-untbn-
sible ani the plymieel (1.9. the extra-cegants world).
And ths vithdrewa} or ®tience from the sensible world is
a olear th.? of this gap. |

Paredexion) as it may sowm, the attribution

%0 sensatien ¢f the pure ob Jeutivity proper to intellestunl
Inowledge ecmss elosed Yo 14oalim thanm the olear resogaition
of the subjessivity that is sharasteristie of )l sense oper=
ations. Yor in vhe lagt enalysis this attribution eonsiats
in projesting inve the sxtermal werld scometbing thet is the
product of the seetfert subjest. In other words, idoalists
identify the senaidle in Poteney with ths ssnsible in aet;
those who atiridute pure objestivity to the seuses identiry
She seusible in aet with the ssnsibls in poteney. mn;n.u,
the s pesitions seinside. Aristofle and S%. Theems point

out the consequenses of this fetal {dentiriection:

31 osmne spparens eat verus, noo aliquid est verum
nisi ox hos 1pao uod est apparsns sensul, sequetur
quod nihil est nisi inquentun semsidbile est in actu.
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Sed 81 solwm sic aliquid est, uui'oot inquantun

ost seneible, sequetur quod nihi} ait s non

erunt sensus. Xt per oonsqesns si non erunt

animnta vel animmlic. Hos sutem est irpossible.

Nun hoo potent esse Yerwm quod sensibilia in-

quantum sensibilia non swnt, idest sf aceipiatur

prout sunt %uu- in actw, quod nom sunt

sine sensibus. IJunt enim senaibilis iz metn

ssctdum quod sunt in sensu. Xt sesundum hoe

oune sexsibile in setu ost Queeden passio .

sentlentis, quas nom potest esse sl sentientia

non sunt, Sed quod ipss seneibilie quee faciuwmt

h-ncpuuu-inmmuut, hos est

gponsidile. (28)
If the sensible in sct and the sensible in poteney are
18antic1ed, eifher the objestive world kepemds for 1%
existenos on semsation, or sverything in the ob jeotive
world is aetually end tonstantly sensed, or nothing s
sensed. This last ecusequence follows beceuse in opder for
&a objess %0 be sansed there must be s physicel mutation
produoced ia the orgen, and this mutation necensarily in-
Yolves & transition from o potentiel to sn actusl state of
senaibility. It ia only by clearly a1 st inguishing be-
twesnthe sensible in pnton.y»md the sensiltle in eot that

¥e can escape ideslism and sngelism,

And mow a fow notions reladive to the objact of
pensetion must be touched upon before we can consider the
reletion between science end senaibility. Aristotle amd

3%« Thomas distinguish between objuctas that are sensihle




