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a4 Symcl of jrogressy

Il. BADLIOEraPY socascascncscoscassasecacsseccorsscsese {I8)

*0n $he ssoond floor of the Eall of Seience at the Cen-
tury of Frogress Taposition, held at Chicago in the swmers ef 1033
. and 1934, reasching np {nto the great tower of the duilding wes u
maller tower dosigned to symbolime the interrelations end iaterdepen-
denos of the physieal ssisnces. The huge base on whioch this remeining
s0fancss were supported and uplifted was sasigned to msthesatios,
Astronomy, physies, chenistry, the medicnl seieneecs, esology, geo-
graphy, snginesring, arehitssture, the industrial erts — 21l had
thefr riote 1m the séiencs by whose rmstholn .:ﬁ attainments they
Q)

uave learnsd an! continuve 30 learn to exprozs thenselves.”

The milling thromgs that erovded the pavillions of Chiesgo'e
Bxposition found a srest meny things to meks thair visit rewmrding.
For thers, under s great varlety of forms, sere tha sonerete and
tangibls resulis of a esrtury of amaming scientifia and fecbnolo;ie

cal progreos shieh bad gone t0 almoat ingrecidle lengths in pare-

trating into the inner seereis of ature and in gontyrolling Aits
hidien forces. Eut for those sho vers interested not merely ia

things, but in their rmeanings, the tower of the aciences rosting
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upen the base of mathematics was the nost significant objm“E
in the whole Rxposition, For 1t was the symbol of a hwann '
Ariwaph that was the sowree from whieh hedt come nll the othier re-
marigble e¢hievensnts on display -- ] m oo fruitru} \hat

it reached beyond the limisaticns of these Mimhr»hlm-
ments, and woulll ever woutinus to reasch Leyond ‘he even more
remarkable acoomplishments that would ootw from 1% in the mtnﬂ.
More than $hat, it wam the synbol of something thint wes far too
great %o be put on display: the armxing Sheoreticsl attain~
ments of Kinstein, ilanek, Bohr, "wisenbers, Sehrodinger, Diree,
and Da Proglle — 40 meation only a few of the namss which heve

nade modars physiss great,

'

But thers were sven more far-reaching implicsti ns Fln.
this symbolism. Yor it wes a rewelation of what has hnpp.nodi to -
the Mszan {ntellsdt ix moliePy timse. And bere we have in -15?4.
not merely a question of melentifie methofolory, but sorething -
far desper. Tn Shia symbolism oould be found sn indlcation of
the preeiss &firestion in which the mnd of man han womuoé in
the modera sra. Yor-in so fur as the speoulxiive int-il-d"l;-
concernad, modera progresas has not been m» progress in vd-dou,i
but in sofencss; and not in selencs in the ful'-and Derfteot ‘
sonxe of the %arm in whieh 1t was understnod by the Groeks nqﬂ
the Modlevslists - the ssnna In which ft sirnifies an intelle¢tunl

triusgph over the obscurity of maitsr to tha extent of layins hold of
|

|
I
|
!

the ¢bjwative logos of nature with olerity and aertitude —
but in that disleotical type of knowledge into which soierce
necessarily issues as it pursues its develoment in the
direetion of inersasing soncretion in mettcr. And in so far

an the pructicel intellect is esongerued, mutern progress has '

not Lasen & progress im prudense, but in arty; mnd, onae agsin,
not ia the higher form of arg, the art of muuou or {ine

art, ia which the darkuess of matter is transfusvé by the

liyhit of the mind, hut in teahrologieal ars, in which the ine
tellaat is bent upon the axploitation of matter, and at best
achicves only a kind of compromine wth 13, ;nd as thia
donln'puont.hn- gone on, not on'y has Cinlectiocsl ﬁcie:zco
tenied to dispute tm'hoc-now of wisdom ian the spsqulatiive or-
der, and teohnological art ﬁ;«t of prudence in the practical

arder, but aefancs amd arts have Leon drawn closer mnd oloser,

and waited in a new and straugs iotimacy,

Gbvioualy, the mairix of this distinctive intel-

legtusl growth, se aiaraoteristic of our times, is something

higkly swplex, ond At would be a najve ovorsim 1ifigestion
ta -ﬂrﬂut.- $t %0 &y one fector. MNeverticless, wa feel
t);it the .nouro; which has aontributed most to 1%, and given
it its strongeat ispetus, and Qictsted fts preaiss direction

has bean t'e &r@otion of the towsr of the sciencea upon the

bnse of methomatiass: the interpretation of the phyeicel

world in tha light of the wurld of unathemalics,



Yor the moment we shall not atiespt to ssteblish
this peint. It has been suggested hars mersly to orientate
properly the )'robhl we sre uniartaking to disouss, and fure
ther development ef 1% mow would taks us too far afield end
-lu 1t nuucq o .nthlp.u miah of what is to follow,
But porhap; 1:‘«;‘:11 not be lmlm‘l to q;nou [ ,puuqm
from oae of ﬂw Mtt oontumnn‘y -tmult!oa! physieists,
in which m: e hnvc‘bm lvlnc finde at lsast a genersal
lonﬂmﬂc-. In the introdustion to his }leotrons, Frotons,

sutrons, and Qowmi E » Professor muxm points oud
that it ia onl, throuch the eppucnuon of mth-uﬂu to the

physiesal mhl that the uomn of naturs can te effeatively
latid bare, sud the road thrown opsn {0 men's eontrol over
naturs through technologieal art:

For 1% uswslly bappena that elien nature's innor workings
bave 0nes deem laid bare, Wm sowr On later finda ¢ way!
40 put his brains inside the smmchine snd to Arive it whither
he wills, Rwery increcse ia man’s Inowledge of the way in
which nature works must, in the long run, increase by just
se mish mmi*s ability So eondrol nature vl te twa har hid-
den forces %o his own socount. « »

In this pwsssutation I shall not stux Shea disenasion of exmet
quantitative experiments, for it is only upom suoh a bdexnis,
as Pythagoras assartod nore than two thousand years ago,
$hat any Yeal ssientifis treatneny of piysionl phepomena is
posaibls, Indeed, from the point of view of 3hat anatent
philosephisr, the problem of all matwral philomoply ia to
drive out Qualitative conseptions and to reulaes ther by
quantitutiive relationss 4nd thia poind of viow hae YLeen: e~
phesizad by the farseéing tirouchout all the history of
phynics clear dewmn to the presant. me of the grastest of

modern physicists, Lord Telvin, writes: ™hen you ean mwasure
sliat you are spenking sbout snd express it An numbers, you
know something about it, when you emnnot expross 1t in num
bers, your knowled;:o is of & mon;re +nd uncatiafsetory kind,
D% may be the beginnin, of )mowlu‘pn,bnt you have searcely

in your thought advtnsed to the stage f e
science.” (2)

Porhaps enough has b cn sd1d to suggest that
thare 1is hardly a more Liportant or mare pressing task
confronting echtewporery philosophy, nor oue whieh
promisss greater intellectual fruitfulness, than the
analynis of the significmnce of the mysbolisa of he
sclontific tower resting upon the bane of mmthesatios,
the attecpt to unfold aihe by ona 1%s manifold
fiplications {n their proper foous. Such is the purpose
of this atuly. Us shsll nos attempt $0 unrevel
soxpletely the whole cauplicated mszs of epistemologioal
problems that have arisan out of mathermticel phyaies,
snd wttc;dnrly out of 1ts more reoent developmsut. The
states of this development is st1ll %00 fluld perhaps te
wake any attemptol that kind feasibls. %e shall content
oursslves with an analysis of the basic significance of
the interpretation of mature in Serms Of methemntiocs.

It would ba interesting to know how many of
the hundrods of thousands of visitors et tho Chicege
Exposition found the tower within the tower worthy of

speainl interost, and how many grasped the ;rofound




meaning of {ta mywbolime. Prima fucis, it would wa-

doubtedly seem preposterous 10 suggest theat no ome mong ' -

those who bed remped the fruits of moderm progress, or
respanaible for its great sshievements, sould wnderstemd |
this symbolimm quite so well sa acme who lived oouturies |
before the Cendbury of rogress began. Yot 1% does et
-o-nmum,ormpo-bhtoﬁhm-mo

mipposition in & priogt feshiom, And if this suppeaitien
oould be proved to be trus, it woyld previde striking
' svidence that not everything that has Mppened in the |

i
b
i
|
I

_c.ntuqurpromnhlbmpm In any ocese, 1% ’
12 tportant %o uwderstand that modern progress hes not |
besn aabiopenetie, The sethematical interprotation of |
meture 1s inlesd characteristio of the modern mind, but |
Aot in the sense that 1t was first discovered or creatsd
1n recent times. x.umwm--ua-a-nmn.;.nm-.s.ux»«gzmulL
doep in the prst. This has alresdy besn sugrested fa the |
puwjusi-qwtr-mn.mu'mhmoti
the main purposes of this ssssy to show how importamt

these roots are., But for the jresont i% is necessery to '
|

exseiine i8s historicsl beckgrows oaly in & swmwry -y, .

80 that our proble:: will be throwa fnto propvr focus.

é:i
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¥ot a few histariuns have sonsifdered the Renais-
sanes es the oxigia of the physieo-mthesntioal oethod ia

sgienos and have gemerally secorded to Calilso or to les-

" cartes W honaw of being iis ersatar. Bu\ history is there

%o gontrsdict the himiarianc, and Fisrre Iahem, among others,
hea #hows With Shuat remerksble claxity of putline the ao-
salled modern asientifis method had alrsady been ovnssived

in ancient $imen, . ¥» shall have cocamim later %o show that
this is h'nn of all the major elements in this scientifie
method, but for the woment we are interested orly in the mp-
pliention of methesmties to puysios. It is true, of ecurse,
Sust oaly {n modern times have the far-resshing possibilities

and resaxkable frultfulneas of tuis epplisstion been fully

. reaalized -~ realised Both conceptunlly snd practieslly.

That !s why ‘uhea hinmeelf eould write;  "Créde uu XVII -12«1.;
1la physique mthdmtim 8 prouvd quells &t-it la saine
rdthode physigua pur les progres ;rodigioux et lmmt-
qu'sile o Lafts deta 1'dtude da la n;ﬁxro." ® I; ;.--‘Lto
trus that tha modarn developmonts of mathematlioac) paysiee kave
brought to light, or thyoen ln'.o‘uhnrpcr ocutlie, certain

new apistensologfionl aspeats of t‘:w generul plysico-rathenati-
enl method, And i% is probtably these new nspects thet have

1ue Uix Tunmes Jeans 10 Geslare: " The Taot tisi the methes

mation]l pleture fits neture rust, ! think, be cunceded to te



a now dissovary of sclenas, swbedyling new knomledge of
nature swsh «s gould not have been predicted by any zort of

(%)
genarnl argussat.”

But thase new aspeeds do not shangs
the sssencs of ths methode 4And it is this assenca whiech
has 13a Xaots in tha paste 1% ts, Zoreaver, this essecne
whieh has the dsepest awd mcat intsresiing philomsophisel
isplications. That 1s vhy we must, 15 we wuld ase things
in their proper perspeciive, try to situcte our problea in

1ts hiatorical eontext.

Alrendy aticag the sneient Crasks the physigo-
matiwnatioal nethod wes glesrly eonseived, and estually put
to eonsiderabls use. IR Shis eonncgtion the nume of i¥e
shinedes sxme resdily te mind, for it wns throush him that
this pethod sghileved 183 fullest ruitfulness in ancient
times, and setuslly lod %o the definite snd eleer sut far-
wilation of the selexses of neshanice snd hydroatatice.
Pus Arehimedss was not the inveator of the method, Lomg
before his time, the Greek astyeuomers, swh as Fwloxus of
Onidos, had \mited mathemstiss and physies by attempting to
"save the phenomsna” Arough dedustion dramn fro; geometrissl

(8)

hypothessa, In the same way mathematias bnd besz applied

sucsassfully in other seionoes, such as opfica. But aince

the purpose of this historieal sketeh is to crientate = philo-

sophienl problem, we are interasted less {r thoss who setuslly

applied mathematioa t0 nature, than in those who in same
reflootive way nttempted to bring to 11 ht the 1hilosos
phifonl significance of this appliention, and in thia conw
neatisn it haa begome mtqgéy.to vepignnte tvo rrosk
shilusophers L] ﬂ_\a anoas who ieu,sncxw_t timos grusped mRore
6locrly than any others the msunimg of the :«v.;hmﬂcsl
taterpretation of pature and the rench of its possibilities,

They ure ythagoran and :'letoe

The basie dootrine of the Pytrugorerna is well

known. The ultimate reclity of thinga was for them es-
sentislly nuthomatisaly the structure of the universe wss
base:l on nunmbars nnd their relations, artstotle charaeterizes

their position in the following terms:

Contamporanaously with these philosophers «nd before them,
the so-galled Pythagoresns, who wers the first to take

up oathematioa, wot only advansced this atudy, but alaso
having basen brought up in it they thought fta prineiples
were the prianeiples of all things. Sinee o7 thess prine
ciples mmbers sre by nuture the first, und in mmbers they
seumad Yo see mmay reserhlances 30 e things that exist

o ome into deing — mwore than in fire and sarth end

water {such and such a modifigation of numbers deing Justice,
wnother belng soul and reason, mnother being opportumity —-
nnd sinllerly almost all other things befing numarioa‘'ly
expreusible; since, asnin, they saw that the modifioations
and the ratios of t:e musicnl ngales were expressible)in
nmbore; — since, then all other things éoomed in their
wliole nature to be moldelled on maders, ard nuf:ers seomod

to be the first things in the whole of mature, they supposed
the elements of mmbars $o be the eloments of all thingm,:end

the whols heaven to bs a musicol sgele snd s number, And all tae

properties of musbers and soalas which they could show to
a;Tes with the attridutes and parts and the whole arrenge-
nont of the heavens, they colleated and fitted into thelr
aci.ocm; and Af there wus n gap snywhers, thoy rerdily made
edd{tions so as to meke their whole theory ou!erent. (6)
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Yoy the Pythagoresns the divine One was a n-;ﬂw-

matisnl god; he was the supreme mwmber, and the source nnd)
- . (7
eause of all the muwbars that constivuted the universe.

All $his seomme u bp a distmt -nt'hip-tﬁn of th- ooblnlom

pme 2 s8 M- .
ﬁn e of the m cmﬁm:n( uﬁ-tlnl m-unu

:,n 3

humam-tummt«namymermum
nouua of mmwmwmmxuw
*Our éoptention,” mm air Jau J’un-, "is ﬁ\n tlu mll-
wergs now mtoba -nﬂu-upa!. ina -mﬂ;tpru-t
frc- m which Fant mhwhm ormihly eo'ul‘ h«n o~
teplated — h\brw. the nathemstias outcr- tho mlv‘or» .
from above nthor thﬂl from balowg™. ‘,', m t-hl I.ntrllul.
evidenes of his Wlm, the Mt Arehitent &(’:ho ulll'um

mbo;xmtow“apunuﬂx‘tkln." uTroaM

nore -oam -uuu-u are looking back to lwtworu L to

1

the one whio thﬂ oonecived the vision that they are hborrtn‘
to realiza, mhho-d, for exssple, hu this %o .vs

So today whan nnn-ln. and hia unm preslaim that
physionl faste, sush as gravitation, sxe to be oc-utmd an
sxhibitions of lesal peeuliarities of omuo-two'ml Pro=
pertian, Usy arg folloming the pure Fythagoresn \radition.
Truly, Prihagorss in founding Ruropsan philowophy mﬂ
Ruropsen mathsmaties, ondowsd them with the liwkisst of lucky
£u0S288 -~ OF, W8 1t a flash of divine genius, pesnatrating to
the fzmost netnre of things. « » Pimally, our lpast reflsetion
mast de, m-tnnninthnﬁmbuktoau:;nm

of the dootrine of old Pythagores, fyom whom sathematics

and rathasatieal physios, took their rise. (10) [

Rrust Casairer also sass in Pythagoras the fa;ogonitor

of madern science:

In the tixes of Fykhagoras and the rirst ythagoreans
CGroek philosophy het disgoversd a new langusge, the Lan-
guage of mmbers, This diseovery marked the natal hour
of our modern soussption of seience, « o
The Pythegorean thinkers were the Tirst %0 concetve num-
br as an all-ewb¥mcing, & really universal elemont., It ume
is o longar eonfined within the limits of a spsoial field
of inveatigation. It sxtends over the whole realm of
being. Whea Pythagoras mde his firet great diasovery,’
when he found the depenisnos of the piteh of sound oa the
leugth of the vikruting shorde, 1t was not the faos {teelf
bus tha interpretation of the faot which becare desisive
far the future arientation of philasophiscal and smthemsatisal
thoughts, FPythagoras oculf Rot think of this diseovery es
an ieolated phencmenon. me of the wost profound ngysteries,
the mystery of besuty, seomed to be diaclosad here., Te
the Oresk mind bsauty always he¢ an entirely objeetive
moaning. Hemuty is truths 1t in a fundamental charsstar
of reality. I7 the beeuty whieh wo real in the hurmomy
of sounds i{s redusidls %0 a sixple muerical ratio 1t is
musher that reveals te Us the fundemental struoturs of the
cosmic order, “Rumbor,” says omo of the T'ythugorean texts,
“is the guide and master »f wmn $hought. Without itas
powsr everything would rumain cbacure and confused.” ¥e
would not live im a worldl of Syuth, dbut fn a world of de-
esption and {)llusior, In mwder, and in number alone, we find
an 1ntolligible universe. . o
In this generel methodologioal ideal we Tind no antajonism

" between olassical amd madern physics. Suantw machsnies
18 in a sense ths true ronmirsangs, the Tenovation and con~
Tirmation of she slassienl Pythagorews fdenxl. (11)

But Pythagaras is mot the only ons maong the ansient

Gresks %0 whom modersm solenfiata and philosophars af sstences
ere 1ooking bask for tmspiruticn. In \he question of the methe-
natical iutarpresation of mature he ta mude to share his homora
with Platos

An intense bewlief that m Xnowledpe Of mathemntical relations

would prove the kmy to unlock the xysteriocs of the related-

ness within Hature was ever at $he back of Flato's gos-

roloiicnl speculations. . .

His own spegulntions as o the souras of nature are all

fowxied upon the cosnjectural applicuum of some mathenati-
enl eonntruetion, o o




Plato's mathemtioal speculations have heen treated as sheer
wysticism By sekolars whe follow the literary traditicas of
the Itulism Renalssanee. In truth, they a's Sthe products
of genius rooding en the future of fatelleot exploring &
world of mystery. (12)

»v The Mlatsmie Sogtrine on Na question of mathenmtionl
phyeies ia conatdexedly meve 4L7fioult to 4afine Sham o Py-
thagoresns For in 42e-4ims that hek wlepsed Batygen Fyttagoras
and 7latd she develepmemt of She philosophiies) mind had gone a
long ways 4% bad gone fxr enewgh to reesh a high degres of ecm-
Plexity, dud got far sugugh S0 redwse this somplexity to the
slarity of sa sssurataly &efined mmd well artieulated system.
fletoriens have presmied the poaition of Plato in a way whish
makes it sppear extremely parsdaxical. (m the ons hand, it 1s
oftan 1dentified with Shad of "ythugoras, It is in this way that
13 is presented by Inile Meyerson: “"Four "latom, le fin fond
de 1a mature, e que Nous appeloms actusllement, d*uwn terms kentien, '
la choss en soi, est mathimatiqoe et n’ast (uo mathimstique.

Tout le riesl se sompose wniguassnt de figures ‘e glemmirie,” (s)
Sinos mathamaties 15 in & ssnse the mos: perfest form of retio-
nalisy for the lassan mind, it would asem to follow Rkas for Plate
naturs was in itsslf something perfestly rational. And Yeyerson
saoms to acoapt in substance this imameapable sonsequensse, for ke
writaa; “Platom, o « SToynit farmenent s l'explicabflite de

1'univers, « « Four lni, en offet, la r&-ulsrité de la nsture,

am l/ralité, m'itafs vn&u-.émnt qu'un dorollaire de ceise

(14)
rationalitd.
n the other hand, naturs would scem to have been
in a sense somplstealy irrational for Plato, for he held that

no true soience (opistems) of it was posmidle. About the mate-

rial universs man aonld have ouly opimiem (Im).(m) And

1% has been customary % druw u shary tontru‘t between the ir-
rationality of the udiverss of Plsto and the num;muty of the
universs of Aristétls, who mede a sefends of nature possidle

by uoamum,. 80 30 spesk, the Jlatonie idsas in the worla

of sense., The parsdox eculd acaredbly beé more inocisive; on the

one hand the transponent intelligivility of methematios, the

most rational of all the selences; om the ‘othnr an unintelligibili.
ty so complete aa to preslude the possidlity of any true

sgience.

¥o are evidently faced here with the treditional
problen of tha conflist betwesn the rationality snd the ir.
rationality of the cnsmos whieh had besn so scute for the phi-
losophers who had preocedod ilato, expeeia ly Reraclitus und
Parmenides. In a sense it 1s this confliet that is at the Lol
ton of the problem we are undertaking to solve. butl we feel
that in so far as Plato himself 1as oonoerned the paradox has
b-en Tendered more agute than it actually is by the more or

leas arbitrary oversimplifications of historians.

In the first place, thowh it fe trus that Plato

borrowed heavily from the iythegoreans, his position cannot be
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fdentif{ed with theirs. The impaat upon the Platoniio phy-

sios of othar systems, expeoially that of llerasli tus, wes too
(18) |
strong $0 allow sweh an identirioatiom. ¥Yor Flato

the mathematical world wes not realized as sush in t%po vorld

.OF aense) the idegl mathemetigal furme yerp mot given in

nature, but xerely suggestsd by 1%, in so.far as nuturQ in
sam more or legy foeoure my sertieivated 1n them. The._
world of mathematies wes not sirply immmnent h.: the physieal
world, but to some extent transcendant from i, Yotg 1t wan
not s0 far resoved from 1t as the porld of pye .u“:‘. It
occupiel, in fect, a kind of imterwediary poeition bohuoa
the 126es xnd the wrM of shanging things, That 1a why the
mythenatical forme were realised in nature more Oluijly and
mare perfestly tyas the other 1deas. But at the sene time

b
!
this realisation game from without,. >
i

The feli—ins mor Aristotla brings eut the
difference betwedn the position of Flato and that of the Py-
thagoreans:

But he agreed with the Pythacoreans in saying that the One

ie mbutam uﬂ not a predicate of scmething elaej and in
duying. g, ape; theuonunes of the replity.of lother
thinga ha “with thoa; “but positing a dynd and oone
siructing the infinits ocut of great and small, inmtesd of
treating the infinits as one, ia peculier to hblg ad so is
his view that the !'mbers axist apart from sensible things,
while they say that the things themsslves wre Hutchers, and

do not plsce the cbjeots of mathucistios betwosn ‘orms and
sensible things. ‘ils divargence from the jythagoresns in

making the One and the Rumbers separaste from $hings, and
kis introdustion of the Foxms, were &ue to his inquiries in
the Tegion of definitiona (for %iie earlier thinkers had

no fineture of diplestic)s o o (1Y)

It i0 slear fyom this text th.t_ the reasom why Flato sepe~
rated the mathemaiiegl fomme from the physissl world wes shat

. %he Miuh; universal, and aesesoary doﬂuuon eharaeteris-

tie of pathenatics sould x0t be mund as sueh ln the an-
santially mutable -cld of sense, llevertrelens, yb:llul
reslity in some way participated in thoss mathematical forwma,
ard L% seems that for Plato our knowledge of nature oould ap-
proxinete to the trus seientific Xnowledge that 1s eharacteris-
t1e of the intelligidle world in so far sa it could take on
the form of presias neasurament snd mathamatical formmlation.
In the Philebus (18) for exsmple, he diatinguishes batwesn
the arts "whiah have a greater partioipation in true lé!cnti—
ﬁo kn'ovldgo und ﬂ\ou which have lems.® And to villuntnw
his poiat he says, “If we took away the mmbtering and measuring
and ;otejmlng from all the arts, what would be left in each

ﬁu would be onlled a Poor thingee."

Kmst Caseirer has eharactarised the position of
Plato in the following terms;

I% is rooted in Plato's interpretation of rnthenntios,
which {s for him the 'madiantor® between the iceas prd t*e
things of sonso. The tranaformation of emplrical gone
nostions {nto ideal ones esnnot take pl:rec without this
middle teiva. The firet and necess,ry stepn tlaounghout is

oo
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$0 tranaform the seusuvus indefiniteo, whioh as such can-
not o grusped end enslossd in fixed limits, fnto somsthing
that is quantitatively definite, that ean be rastered by
measwre and mmmders, It is expesially the later Flatonie
dialoguse, as for example the Philsbus, whieh: most clearly
4dsveloped f2is poainlatey The shacs of semsd perespiion
must Do confined in striet limits, by apriyi: g the pure eoco-
eopis of quantiiy,.hefere 1% sun badent sn «bJood of kRew-:. -
led: e, ¥o gannet reat with the inderinite "sore’ or ‘lesst,
with the ‘stronger® er “weskar’, whiah we think ws diseers
in sensation, but we rmat strive throughout for exas$ measure-
. mont o€ Yelag. ed Droesss;, In this meesurasent, deing is.
grasped end wxplained {é€.,Failsdus, 16, Bif) Thus we stand
before.a sew fdeal of knewledge, one whieh Flato himself
resogrined ss in issmed{ste hamsony with Lis teleclogleal
thought, and somdiniag with {¢ & wniried view, Belng is a
sosmos, @ pirposively ardersd whole, oxiy-in so far as its
strusturs is eharsetarined bty striot mathesmatical laws, The
matianationl order is st onee the eondition and She dasis
of e existenss of reality; {t is the mwmrieal determinate-
ness of the universe that sasures its iuner self preser-
vation, (“)

Plato's doetrias here, o8 1n s0 many questions, is
fur Cyom being sasily definshle, But parhaps encugh has besn
satd to show that his peeition asm bde Ldentified with that of
Pythagoras only by ssssiferable oversimplifisatisn. O the
other hand, 1¢ is periape an oven graeater oversimplifieation se
dras the eontrwat batween hin and Aristotls so inelsiyely that:
the peripetetis werld appears as soasihing eompletely rational
and the Flstenis world as stewthing scnpletsly irrstionsl, we

shall peint out later what a large pard the paralogem played in
the syatem of Aristotle, It was preeisely bLocsuse of the ir-

rationality he saw {n the sosmos that he e¢orceivad of mathe-
rmatical physica as 2 gejentia modis, an intormadiary seience
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in which it was neceasary to reash cut beyond the realm of physics

to thet of mathematios in arder to rationalize nature. Pare~
doxionl as 1t may appear, LVbm Aristiotelian cosmos 1s at once

hoth lsas raticnal and mars rasional than the Platonio, and the

solusion of this satinomy lies in & distinetion betwesn two types

of rationality. We gonsider this distinotion to bo of ospital
imporsance; 1% will, in fast, bs one of the h?“ for the a0~

lution of our whols prodlem,

The fﬁ';?typo of rlﬁmiity u that piopcr 49 the
physical world iml.t.. It is a ratsionality that arises out
of the exisienss of fosl of intelligibility in the obagure
mass of materiality, eof r-uyix'xg points of intellestual sta-
111ty in the flux of comtingensy. Eecauss the mind cam dise
sover and disengege these intelligible forms, in a confused
way at lsast, a sgience of nature in the strict sense of the
word, in the semss of episteme, is pomsidle. It would seem
that Plato never arrived at the realization of this possibility,
and it remained for Aristotls %0 found the philosophy of
nature, From this point of view, the Platonic commos was ir-
rational} it ns_;hn Neraclitean eosmos of change and ob~

scurity. Of it the mind could not have true episteme, but only

doxe.

The seeond type of rationslity is the mathematiecal

rationality of which we have already spoken. From this point
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of view 'mi Platomio world was exireswly rational, Fov
oven theush 1n the sehers of Plato Bature wes not ecapossd in-
trinsieslly of mathematisal fearns, end the progess of mathe-

metization ewee in same way fwyom without, aavertheless nature

was profoundly A-Mﬂul in the sense of bonguh‘ianly‘ . .‘
smenadle, pcrh;p- indefinitely amamedle, to this mrocou of mathe-

R . TS :
watisation. Frofesscr A. B Taylor smms up I'lato’s dootrine i
; . < . . iy oot P AR '

.. ?

on this imn {n the following Serms:

N n

The identifisation of the forme { £/d2 ) with nuwbers

' moans Shat 1hé "uunifeld® of ngture ia only secessidle

%0 solentifis knowledpgs in so far as we osn sotTelate i?
variety with derinite smeriesl funetiona of “arguosats”,
The “arguwosuts” have then thamsslvea to be correlated with
auseriasl fenetiona of “ergewnis® of higher degree, 1f
this precess could da ocarried through without remainfer,
the sensfble world would b8 fimally resolved into sombl-
netions of mumbers, and so into the transperently iatelli- ,
givis, Thia would be the osmpletes "ratiomalination” of ne- |
ture. The process saymot in faot be coupleted, besause nature
is alwmys a “basoming®, slways unfinished; i other words,
bogsuse thers is real eowtiagensy. Rut our bhusiness in :
selence is alweya te sarry the prossss sne stiep farther. !
%s esn never ecupletely eritimlise nature, but it is our ‘
-duty %8 sontinwe stoadily sritihomtising her, “ind still i
bayond the ssa there is more ssa”; but the rerinsr ls never
L0 arvest hia vessel, The “swrd® zever quite “ecles out” , |
but we ean oarry the eveluation s "place” furiher, end :
we Must. If we will Bet, wa betoms “ageonetretes”, (20)

Plato ssems to have sousidered this methemati-

zation as the revelstion nf a logos that was proper t0 nature, }

Ynat is why {n his system smthamaticsl rationality ooculd sup-
plant physical rationality, and his atliematical interpre-

tation of nature become a philoeopty of nature, Yrom this

C

point of view, Aristotle's attridbution of mathematiocimm
%o the ,htoﬂl.\- would sems to apply to Plato himself:
“isathematios has Yeen turned by our present day thinkers

(21)
finto the whole of philosophy®.

[N [

m-totlo'-__ disoovery of the physical rationality

o:f uh\ro 414 not meke hin }ose xight of two important
fasts, The first ract was that ¥his rationality 1s only
parsial, indeed extremely n?agcr. He too recoinized a
g_o_x_.__g of nature along with the *p. igtems he hed discovered.
; we have alreedy mgg;-m. md'a.l we shal) explain mere
fully later, 1% 1s enly es loug as the mind resains iz
geneiralities that 14 is adle %0 lay hold of am cbjsctive
Jogog .of nature with cértitude; ld as 1% follows 1%»
umi’}mlmt Sosaxds fuller Oomroi‘ion. this oer=

. Situde very juiekly fades into a dialectionl Xnowledge

that is sinilar to the Platarie doxa. The eegond fash wes
$that Aristotle elso recagnisud the part Played by mathe-
matical rationality in the oﬁxﬁy of pature. Indeed, oms
of tho main objestives of this study is %o show with what
slarity and preaision he recugniszed 1t. But we shall not
take timo out mow in Shis drief historfosl sketch to ses
l‘onh- his position on this poimt, For besides the general
fact that all that is to follow will be an explanation gnd

development of 1%, we inteni later in this ehupter to

apsolal attestion to the question of the rejevn
TA UNIVET 2008 pava,
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poteticien iu the protlen of methematio:l phymica, ‘ot

1t suffies “or $hs moment $0 have polnted out why the
Aristotelian eommoa wus at xoe both nore rational end less
rationnl thex the flatonic. The umiverse of loto ssme o
havs heen muuh rational from the -Mtle-l poins

of view, 8% hm i th sense of being uﬂd‘tnlhly soenable
to nth-nuuﬁu. n wes at the sems tims eorpletely
frrati -mul m th- purely physisal point of visw. The
universs of .iristotle wes n onte partially rutional end
partially irrattonal from both points of view

Another ixterestiag paredex amerges {YOR & S0
| parisen of $he positiens of Flate amd Aristotls, In

the doetrine of Plade the mathesmtissl worid is slooer to
the physiesl world sl ad the sane time ferther svey from i%
than in the destyine of iristotle. It ia oleser W i
for the reasens juet imitsated: fer Plato the physiesl worlsd
is indefinitely sensbls (0 pathematisation, end this matie-
matisation fs @ revalation of a logus $hat is proper te ne~
sure; for Aristosla ouly ons sapest of nature is suseeptible
of tne spplieation of nathemmtics, and even with regsrd to
this one sspeat, the epplication always remmains easentially

extriusie in the smse of providing only a subetitute

rationnlity,.

The mathsmmtical world is at ¢

oo~ avsmmarr g

i
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away from the physical world in the position of Tlato than

in that of Aristotls. In separsting the ~athorationl wmorld
from the phyzical world with which it was idontified in the
doetrine of the T'ythagoreans, Flato gave to it an onto-

loglieal axistense that was indepsnient of the material cos-
mos, Aristotle also separated he mathematical world from

the phyhlonl world, but n doing so he geve it only a oon~
oeptunl extstenss, Yor hiw mathematioal forrs are atstirac-

ted by the mind from the Quamtitative determinations of

the material cosmos. As such they esn exist only 1n the aind,
In so far as omtologieal aexistance 9:1 be atiriduted to them
at all, this existance must dn found in the rwterinl aoanoa.(n)
Ba$ they oan have this existence only at She expeuss of being
rotbed of tha spoeific atate of abstraetion t)at ia proper to
then, and that is why, in themeslves, Lthey alxnys rernin as-
ssntially extrinsie %o nature, since, them, the mathematiesl
forma of Aristotls have no ontolorfanl existence apart from
sonsible things and alwaya hnve an sssentinl physiosl reference

they are oloser te the physioml world t'an thos: of Plato,

Put since tin abatraction that 1s proper to thmm mshes 1t impossi-

ble for thoir praoperties to to atiributed to t>e thirgys of

nature, they are at the aame time fartler away Trom the

physiesl worlé.

It 1= cleer, then, wiy iAriatotle was justified in

ARy
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elaiming that the Platonists had turned mathematics lnito
the whole of philoeophy. For beeause of khe elocsuuqi of
the mathematical world to the physieal world in the dé;:trim
of Plata, his physies was o kisd of watbematicsl m-xj..,.
On the qther hand, Dieanes of the eAtalogicel existensy et
triduted o the mafhemeticel world, his mathemmtios to;i" on
a metaphysieul mm. and, to th.t axtent his utw:lu
s a kKind of mathametieal nm-xu. That 1s iy se .
much of his -puuhuu nbcnt xnltﬁ. ‘whather mlluiw K
metaphyaical, is ixyolved in mathempties. And that u u
on the fass of $hings his qnt- night appear as thg M ‘
phllmphlul ﬁ)hllum of the mathanatissl htq-pr-wh.tioa
of nature. 3wt w fesl that a desper emalysis wll reveal
that tﬁu is »ot tr-o. Yor his -th-nlul physies u ful‘
from hh; tho -nl.-ueal mun of modexn oalmo. asrance
a8 1t may seem, t;o‘m )ﬂnlnlty ct his -uthcmtlul world
%o the pmu.l mu prevents Als dostrine from boiu the
true mlmttol of modexra uthauunl physios, Om m.
other hand, tha very fast that he invested the mmnhl
world with am ontohnul uhtcnn of 1%s own drew mho-
matics out of its proper spliere and away from its prop_pr
function, and got 1t involved in intellesetual ul,tn-tlvo}pu alien

to 1ts true char:eter and $o the POls it plays in MOZ;I'I ssience,

i
i

|
The following lines of Professor Strong are :oxtrr-nwly
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pertinent here:

To substitute ratlienatical objucta for the *flctfion~
of Forms pakes ides)l and matlwictical nusber tho sesme
and destroys the diatinetion by which rmtienatical
nusber is valld no matter what netaphysicel theory of
the universe 1s advaenced; ' ®*for thoy stante hypoteses
pecsuliar to thameelves and not to thoes of natlhesatiocn,”
{aristotle: Met.rAIIX, 1086 a 9)
The hypotheses in respect to tho rstaphyeical stetus of
number are paculiar to metephysiocs and not to mathow
matios, To uake ideal and pathematlios) sumber the ssme
fs a verbalism, & figurative way of sprach disguising the
fagt that ths fdeal numler is no% the mathematicisniy
soienoe nor the use of nathemstics in desling with phy-
slcel phenomane. Optics, music, and satronomy sre open
to mathenatioal treatmeat ar involve e mathexmtical ele-
mant, Their subject-netter i{s methomatically formulablae,
bogaus~ objects esn be designated by nwaber ani coan pres-
8¢t quuntitative aspacts. Xurthar to poxit mathematieml
obfectas and relstions as having suhatantial existence
not only doos mot advance mathemetical acience, but also
rosults {n a oonfusion of mathemationl procefurea mnd
propertias with the first prinefiples of telng. ¢ e
"lato, {f wo =y judge from Aristoile's acctam} Jroposes
s seientifig myth. Aristotls would objnroct to identifying
mathematica, the denonstrative ssience, with the conjecturwl
tisories of existential number; at least he objeats to
supposing that “fdeal” methamstical numbta: is, in faet,
what mathematiss is defore going to the length of paying
it Retaphysical complizments.
If we suppose that God is a geasoter who geomotrinl
edutinually, we have earrisd mathemsticnl certainty to the
throne of oetaphysienl or theologlenl ecorteluty, I8 will
thence be delivered back to us in the orsstion of things,
by rigure and number, 1t will enter into knowledge, #inoce
the soul 1tself will be a mmber, ¥hat actnally returns in
the philoscpherts acgount is the discretion and alassiftication
of Intelligsncee, Tdeax, t:e soul, and the existences which
make up the world aftor the patterna, parcdisms sxemplaxs,
divine or seminal nux-ars in the mind o3 God. The proonslures
without which there is no dessonstirative soclence &o nnt come
back from this journsy. Yabers and figurea are volusd {n
Tespeot to their reality mnd this depands uror their status
- in respact to God and not 'toc mmthematical use, TIn the face
of sueh a trmsformetion, arithmetiac en: i eomstry srs pro-
paedmuitic o theolorionl aritimetia, aiol'lary seiences for
a kind of superscionce in whiich they bocone metaphores md
analopuss, {23)




is has alrsady besn noted, it is belig rrequently
\I;pd by contemporary phiilosophers of seionoe that the
dostri:e of Plato and the Platonic tradition are the me-
Saphysiaal forebesr of modern mathemationl physios.
“In -odon ﬁm.' mm dn-lnr. '-m;-timl physics
firat assks to yrove 145 elaime Wy going b-:\:)tm the
philosorhy of Aristotles %0 that of Plato," s
elain might mesn several things. Im the first plaee,
1% xight mesn that historicslly 1% was’ the ylatenis Wre--
dltion that setually gave birth to modern mathematical
physies, that it provided the metaphysieal basis and the
intellostual impatus whieh t rought sbeout its origin acd
developmeat. IS 18 in this way that the ¢leim is under-
stood My meny medern erities, and Professor Burtt, emeng
othexs, has gome o -a- lengths in his m. sisal [«m;u)
detlonp of Modera Fiysies) Siolense to give it substeneo,
fe 4o 1% think '“.t the eleim, upderstood in this senne, hee
as sush importance a8 might rlr-'t appsare JFer history is
not logiej mor, gsmerelly speeking, is its davelopment
anaped by ma-w cruses,. Tuisre is econsequenily
no resson why a philosophiesl system shitch is wholly in-
sldequate 30 explain the true meaning of suthenatioca) phy-
sios xi;ht not have besu the actvel listoriaal impatus

which brourht sabdout the origin of mdern plysienl seirnce,

e e, et} e - —_

Yos 1% is interswting to note that an acourate
and detailed study of thiis question regently underta¥en
by Professor Strong has nade the Alaim that the Platontic
tradision sired molern waionoe appear extremel; dublous.
BStron; underyosk ﬂdq stidy with the intention of eon-
solidaling the opinion of Burgd, dut sll the evidence that
emarged from £ aloss exsniiution of the work of the ssfien-
tiste of the sawrly-moferr p.l'lc-ld Yorced him to arrive at
the eproaite molmim‘ I his Prossdures end lstaphysics
he writes: .

A yshagorean-riatonio (or Heo- latonie) oonception of
mathamtios i regarded by scw presat-duy oritics es
the rualiatis and reticmalistic doctrine of a mathora-
$foal strvoturs of nature. This may rean that we ars todny
{41 she light of comtemporary IMatonio scholarahip) im
a poeittion to estadlish ariticelly emslogien between
Matw s writings sand proainent sharaoteristics of modern
, soiense and philouophy, If, howaver, %t in nsserted thaet
the earlr-modern math@mwtioal invaatijators based their
nofionos upon wrbaphysioul foundetions, 'latonic or other-
wise, the woight of eviGnuee plouoned from a survey of
s0m0 of the Italimn setentists {a opporel to sugh an es-
sortion, The histerical prodles should Lere be die~
entangled from medern eriticsl expouition, 'y eaush eXe
position, 1t onn be meintained dhat s Pytha:-oresn~i"latonie
motaphyosies i oompatible with the nhathemmtifcenl tresatmont
of nature. Tn the lighe of historfeal evidence, howevar,
we may question whwther the Tlatonium of e fifteenth
and sixtSednth emnturies had at that time the rols und -
siniricance wnigh philosophares now oritically assien to
it in oo neation w th mern sclence, The anacrtion that
the Platonic metaphysice 1n{d the foumliations for the
nnthenation] selemoe of “alileo i1m ot olds with th~ nosie
tive evidenve elreefy presented, Iusiormors, it appesrs
hirhly qQuesticiadle whian the $reAition of Tlatouism is
exgmined. The NewPlatontia dool.ines of Fioino, Clovarngi
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Pieo, and Rewchlin, and of the rathematical writers ‘
Zanbarti, Domenico and Des — sxpress matamathematisal !
doctrines ocarried over from Proclus and his predeces-

sors with sdditional eebalistie esbrojderies, If this !
arshaic trsdition 1s sharscteristio, wo are in'm pesition
$0 recall the ohjeeticis and diffienlties raised against
Niecmaelhus, Theen, and Preclusy Yhe main intemtien ef
this ehapter is %0 expese Whe definitely drcheie eharso-
ter of the Tlatomising traditita of metahathematicsd pre-
aorved {n several mattamatical writere - archete  Whdd i

is, in the sense of i\s {nepiness and womeomneetion Wi th
the saientifie work of -the mid in whieh 18 is roho |
“d..“ B EENEREN RN L L H A \
The loo-?ythomn-u od Ioo#htmuﬁ wre trgressed -
with the mathamatiesl dissiplines, partieularly arithmetis.
Mathetsatios is taken over end given a coemologieal signif i~
cance, but the éoetrines presented, the metasathematios:

of Flatonising thinkers, sere foreign to the method mnd use
of mathermiioas The rele attribduted to mmber setisfied
the assertions of metaphysios, but thess amssrrtions eculd
20t be applied er swdetantiated by sither the logie or '
ths praotice of the mathematieian. The metansthematicisns
ansume a2 bein- and funetion for mathematienl oddests
superior to the sub ject-matter and prooedures of the :
saienee proper wnd assume thet this metaphysioal ‘stetus ‘is
more real and importent. Mathematics and mathematieel
soienee could nof and wers not expested to substantiate
Ahe assertion that one could by methermtios nount to a know-
ledge of a superidér résim of being] yst a propasteutis valus
was supposed to lie in this initiative eapacity of mathe-
masicel study. The comverse of this assertion is equally
wnsubstantiatod, namely, that he who knows the mysteries of
ontole-feul and commeologion] wuxter-forms s sble to pine-
trate into the inner significsnes of natural things, This
is no% a Yypothesis for mathemntionl procedure, The dasfé’
supposition is the motion that baturnl things are the
ereated eopies of w @rending ferm, inferior effeets in sn
individual of a supsrior, unitary csuse. Thus, although tho
metevathematisians ewployed = number-symbolism, the -ym.‘-;
bolism stood far forms and efficacies not mthmtically
sonoceivad, .

It 18 & mobering reflection to oonsider how long the "y-‘
thagorean arithmolocy and ita oonatitution im the ‘eo- '
Platonic system persisted in olaims unsubstrntiasted in r,aex.
Demands of logloal and dootrinal consistency wers unthrhd
so far as the purpose and end of ths metaphysician wora oon-
eernad. To suit a metaphyafcal purpose, mathematios was'
thrown into a status and assigned s role divoreed from .
mathemationl eoncoption and meaningless for procedure.  The
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metaphysiocel and of cosmologieal status and divine resi-
dence was assumed to be tha goal for which mathematics was
preparatory as en intellestual purification; and sineo the
“ns 1s easual of the many and the archetypal number-form

is the unity of the inditidual, created thing, the use of
mathematies is supposed to depend upon the constitutionm

of natural things by the metsmathematical patterus. Modern
mathexatical~physical acionee established {ts method and
aghieved 1ts results in svite of, rather than bhessuse of,
this kind of metamathematieal tradition. 1sd the early-
modern mathematioal inventigatora in general, rather than by
exception, taken the philosophical tradition.sartiously,
hi-tory might have seen nore mixturea of metuphysics and
soience similar to Kepler's, without, perhaps, the saving
conditions that brought ¥epler's mstaphysiocal predispositions
to a scientiric iasue. (26)

But the modern oritics' insistenecs upon the rele-
vance of the dootrine of FPluto for modern seience might also

be taken to meen that amomg ell philosophieal systems, or ak

least among those which have eams down to us from antiquity,

this dootrine provides the moet adeguate explanation of the
true meaning of mathematical phyl:ic-. Understood in this sense,
the alaim is of extreme inpurtcm::e. And it ie tle purpose of
this study to dispute 1ts mllditl;y. But in doling oo. we have

no intention to minixima the g.nlu of I'lato or his contributiona
to the philosophy of sotende, Int hia doctrine the philoso-
phical mind made a great advanes .W.rdl providing the true
explination of $heo wathematlicel interpretation of nature,

The concept of the world of mathematiocs as occcupying a kind

of intermediary position between the physical world and she
world of pure ideas was a aicni;'icnnt contribution. iiven more

significant was the corollary t at uatuially flowed from it:




the mathematization of the eon-0s is in ronr sonmse imposed
wpnz nature rrom without, Moreover, iherc avs s mmber of
strikiny suslogies hetmean pra:zirent features of modern
ssisnce and points of Platomie doutrlne. Tho view now gone-
rally scesntad by the best uhnults and phllonphon \hnt
experimantal scisnes emn m give wore thu mu- Imua- i
1e: ¢ woull seew so v a mﬂmﬂn or \ho hmte _&. i
Tho immnlag!; ﬂunt rut thqt :od-rn na-noo 1a sssen~
tilally scustructed ef u.allnttm-, that 1is to say of ideal
Torws end 1ixit éeases which are mot pQu in nature but
xeraly su pntd by 1%, that scientifia hu are not tiscovered
in the o‘bjooth'c wniverse but izposed by the ninﬂ ix u- at-
tennt to rationalize experisnce would seem to be r-inumt

of the Platonic doeirine of the relatiom between 1dess and

physiaal reslity. Tob or this mathematization and retionali.

PP ——

sxtfon of experiece throwh the process of 1deelisation has
came the ever insrexsing wee of hypotheris, »hioh played sueh
an esaential rels in the method of lato. it And tshexe lmld
mtoumﬁgkwmummmu the a priax]
¢haracter of the modern seientifie world shieh is mmie wp

a0 largely of sonstructs of the mind, All of thess points are

significant, dut we 40 mot feol st they suffice to sorsti-

tute ths dogtrine of Plato as an adequate philosonhy of science.

P -
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Continuing how our historfonl skotch, we find that

in the Alddle Jues the problas of the mathamatioal imter- *3

pretation of nature received cociarstivelr little attention,
thourh, a8 wv shall sen, 1th trus nature w:s fer fron beirg
ignored by the Thamistic schools “rooseteste at Cxford
soens %0 have ha! eonsidersble interest in the possidilities
of mmthematiesl physies. We are t0lé that he tried to re-
duee all the ssiences of nature to the one universal science
of optics, that he eousidersd matheratical priuntplén a9
the 4\:.1 40 all kxnowledge of the physieal universs, and ¢one
soquently tried to sxplain natwrsl phenasena in terws of
geometrical lines, figures snd angles, This sane interest:
is found in FHoger Racon, who inm thin, as 1in so meny ways,
anticipated the so-oalled modern mind, Bacon held that the
bock of mature is writism in the language of geometry, and
that mathematics ia “"the alphadet of all philosophy.” How
sgeurately he had eonceived the matlisratico-cbservatiorel
method of modern physics may be gathersd from the following
1ines:
It is true that nathematios possemses nsaful exjerionce
with regmd to its own probloms of figure and pumber,
whioh apply tn all the seiendos and experiencs itselr,
for no science ean be known without mathematics. But if
we wisn to have complete and thoroughly verified knowledge,
we must proceed by tha methods of expsrimental science. (28)
With the dawm of the oarly wmodern perind a new,
spontaneous enthusiasm for mathamatios began to muke itself
manifest. And this gruvitation of the mind towerds nathe-

maticel scionce soon Lecema all of a piace with tho (enersl

pattern or Renalssance philosophy, whish wns so profoundly
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Mmarnistio, Yor, as we shall explain later on, methematies
is the wat “hupan® of all the sclences, in the mu li;.t

it has the greatest oomnathsality with the hwmen utomafn.
I% is alao the ssiemes in whigh the mind emn 1; SOoNe 'q
imitate the g yrieri end ereative sharsster of divine tno\-
ledge, and as n couoqumoo 14 otrcr- 0 the nind mnt
meamure of aipnw. That is m n was -lno-t invxhbh that
there dwnm be a natursl mvitauon sowards -th-nano‘l in
the period ot huuin ll -Md the intelleocs of man tonaod
1o become tho neasure of a1l things snd to that extent nma—
sarily divine, amd h -hleh}t.cn vas saoh @ wniversel vilu-
dieation of the eomplasec satonmsy of the nind._ "n\rourh Co-
pernicus®, Xepler'as nd Galileo's great ai-cov:'usrie-.' !x‘-;iitn
Di{l%hicy, “smid shroug: the scoompanying theory of m-trix:o-uﬁ
aature b; neans i:r -thuaﬂoul‘ oleunents given a prlori‘suu
thus fowided tha -ovordp conseiocushess of the .utonorw af
the husan intelleet and uf l'u poxSr over n-tnn; a doctrlu
whieh bo::’;; tha m\lu.un( soavistion of the most -dvnn«d

ninde.”

»

T'is rravitatiocn towarts notherwmtics is nlnuiﬁr

found in the dootrins of Cardinal MNicholas ~f Cuss, 1r w.om

we's burgeoning grurtically nll the trehds whish were suh-

sequetly to pive direstiomn to the sevelopmert of the mo-

dern miad, e helc that “knowledse in always mmasuresent-,

(30}

tiat *number 1a the first model of things in the mind of t-e
|
nnd that “theve is nothing cortein in our ‘

i

Creator-,

- 3] -

(3%)
knowledge sxcept mathenatios,” Fror thene prinoiples

he derived the 1dea of m universsl mathematiesl etrueture
and determination of reality, or a reality whose spiritual
core and arigin is revealad in 188 deing the subdjeet of

(33)
waivarsel laws, lews of mmbor and nagnitide,®

Xn the .arly modorn reriod the one -ho ¢rasped

most olurly tho significmnov of :qthu\-uoa for the -tudy

of nature was undoudbtedly Lesnardo & ¥inei. Yor Isonardo
ssience wno gemuine only ir the moasurs in which it was

mthmatlul. "No'tmn investigetion emn onll itself true
-cionca unlsn 1t procecds throush mathermtical demonatrations,~
“There is n> certainty in seiences whare one of the mathe-
maticnl ncxoﬁm annnot be appuod,' or whioh are not in re-

: . (3¢)
latfona with these matiematics.*

*Ch, atude:ta, atudy,
cethexatics, end do not build without a foundstion.* 7This
enthusiams for mathemtics did not, Lowever, land him $o belleve
Alat Dature 1tself is methematioal; he attributed %o the
rathomatical world only conceptual existsnce: e tuta mentels,
And he was inafstent upon om;hinl‘ng obaarvat fon with rethe-
maticul spegulation. "Thomo melences are vein s rull of
errors which are not born fror exporinent, the moitker of all
certainty, and whiol do not ent with one alear uxrm‘lment-.(m)

Thet all this was not pure theory An the mind of leonardo is

woll X:iowne Fis important eantridbutiors to the Jovelopment of




meghanios, hydraulics, and optics were un impressjve gonfirustion

of his deliel in the fruitfulnoss of the nmathematico-observa-~

$ional method,

This method wan Saken up by XKepler and spplied with
great suweessa to problema of astronomy. “Astronomy is subore
dinate to the genas of Mathematieal discipline awl mses Qeo-
matry and Arijimetis us two wingss W.rouch them, it considers
quantities and flgures of smundane bodias and novements, and

ommarates tises, mmd in this wy prepares its owm demonstrations:

(36)
and 14 bdrings all speowistioms into use or proctioe.”

¥e have alresdy remarked that thars is no ooncluaive svidence
to shaw that Platonio philosophy proviced a foundation for

the asientifieo work of sny of the sarly-modern aciontiets, It
aight seen, howvar, $hat a osas sould be built up for Kepler .
Yor his writings ars satuwrated with a dsrp convigtion that the
eoszom 1s mede wp of hidden mmthanatical harmonies, a eonYio~
tion that seems inpregasted with the quasi mystiocal atiis

tude of the Pythagoreans snd 3!.0-’1.:0915“.: whaich atteahed

a racondits religicus significanse t0 the smthesmtieal ._ehmo-
tar of reality. “Ceometry,” ha writss, "was ths form of
areation and entered into man with the immge of Cod® =
There can be no doudbt that a great c¢eal of philosorliical re-
flection dfatiuvetively Neo-Platonic in tonc accompanied the
solentific work of Keplnr, but it remeins extrexely queation-

able to whet axtent, if any, th: former provide!l s foundation

¥
i

et et

e, T 0= il

PN

- - %

for the lnt;.er, or exercised any tr.e cqussl 1:flurnge
(38
upon 1,

In the work of Calileo ths nethonatioo-obesr—
vational methol Dedane a well-defined setentifio o~
gofure, In his famous experiment of roll;ng a ball dom
a1 inclined plane at the tower of Plsa and of descriding
the phsnoctenon Iin terms of a mathemetion) equetion, mo-
dern mcientific metlhod wus clearly erystallized. and he
rointed out the fundemantal principle of this method when
he wrote: “To be Dlaced om the title-page of my eollscted
works: Tlere It will bs peraeived from fnmmeradble exemples
shat {s the une of ruthemtios for Juigments 1n the natural
salences and how imponsitle it 1a to philoso hime sorreatly
wthout the pulflance of Grometry, as the wise mexir of

(39)
PMlato has 1t,."”

"Philosorhy 18 written in that grest

book whish ever 1les before Our eyes «= Y mean the universe —-
tut we am not understand 1t i we do Dot first lewrn the lane
guage and ;raap the myrbols, fn siiek it fe vritten. This
buok {s written in tic mat:euatiest langunie, and the ayw.
bola are trimngles, oircles, and other feonrtrical figures,
without whnae help 1t is Impossidle to compre’ end a single
word of 1t; without whioh one wenders ir, wels throush a

(40}
dark labyrinth,”

All sofentifio method involves salection, and it was

—
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in the ssnsitive body; =0 that 1f the animal were re-
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inavitaLle that She @mowiny conseiousness of the fruite

fuliema of methermties in the explanation of natural p“i‘o-
|

nomena should result {m sn inereasing soncentrati:n of ‘at-

taution wp n the guaxtitative aspests ef natwe, But 4

|
sclentific methos all %00 easily tend to booone tyren-
nical, md what begins as a mere ulect‘xonAror the purp;uo
of .:;;lainng phetomena aof'ten lmo;- into an explai r.ingi
away of the elements left out of tho seleoticn. calileo
was probadly the firet in modern times to cnﬁ. into qnaftlon
the oxistance of the m-qmnuh.un aspeots of ml,lt';y.

Eepler sesas %o hav® supprsed that the nnmtbmuul-i

properties eof Bature wers in sowe wiy less 18], but bo'idi-d
Bot deny thelr odjestive existenoce. This denial is fmnh
exp1l1cisly in Galileo, for vham Whe gualitative mwontu
of nature had existenocs ss such only {n the feoulties ell xan e

I foel myeelf impellad Wy neansuiiy, ae sneh a0 T oon-
ceiva a piese of matter or eorporal subatanes, aof QOD-
cofiving that {x f%¢ own nature it is Sounded e £1igurel
by suak and sueh a figww, thet fu relation to others it is
large or seall, thet 14 &8 in t"1s or that place, in $hia
or that time, that 1% is in motion or remains at rest,
that 1t towches or does not tough wrother body, that i
is aingle, few o: manyi in short by u> fmaginetion oan a
body be separsted from such sonditions. hut thot {t must
he white or red, hitter or sweot, sounding or xmte, of a
rlessant or wplessent odowr, I do no% pervetve sy nind
faraed to acknowledge 1t rocompenied by oush ear 1ticna;
82 if the sanse wore not the esoorts partaps the reason
or the irerination by itsolf would never lave arrived st

theme lienge I think thet those tastes, odours, colou‘i-n,. atc.
on the side of the objeqt §: wiiol: thay senri to exist, are
nothing eslse but mars naes, Lut hold their resi’ence. solely

|
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moved, svory sueh quality would Lo mtolished sxd auni-
hilated, (41)

This quontification of nature found fts full realization

£ tha philosophy of Rene hoscarton.

It has been ayatauary to consider Descurtes us
the philosopher of modern watliecationl plysies, lvyer—
son writes: “Clest Doscurtes, incontastablement, qui ( ’

4P
a {t4 le viwitadle léeislateur de ln sclence mot: rre.=~
“his optinion ia shared by Meritain:
eesll (Desgartos) a su la elaire vue intellaatuelle
du go:atitutis proyre et des droits de la solence
phynico-mathdérmtique 8u monde, avee trutes ses exi-
ge.ces et, 81 Je puls dire, sa firocité ce dlsalplire
ori;innle, d':aftus frrfdnctible, Y] mérite -vraie~
me.t, a ce point ¢e vus, &'¥ire ro.ardé comme le
fondstour &e la scignee modarne, non qu'il 1'ait,
arsde de toutes pibees, mals parce (ue avest lui qui
1'a tirde 3 lo luaidre du plain Jour et &tablis &
son corpte dans la ripublique de la penade, (43)
¥e believa that this pcs'sagé in Tilled with errors msnd
mﬁluultlon. Tt Wil eventuslly becorw clea:, we hope,
that Desonrtea®' ir.tellectual view uf the "eonstitutif
propre” aof mt!-omtlcii physios was extrenely con‘ueed and
profoundly c:-ror.eo.u.. AS & consecuo.ce he could have
no just notisn of fta ri;hts and exigenciea. '8 n natter
of fse , the extent to whioh he exngrerates the- wes
i .
neti:le less than =onstruous, Iirce rathenntical physics

18, ns we 85nll wee, an internedia v aclerce, ard siice {t

is, i\ fact, not a mcionce in the strict npd fornin)l sense




of the word, but dislectice, nothin, €014 be more

false than to appiy to 1t the terms “disoiplire eriginal- "
and "habitus $rréductible~, Much coculd be aid, nore-
over, tabritisisw of the expression "république ds le
ptn.lq." for take: as it stande i% sould sestly leed $o

& false nntion of the indeperdence of the sclieroes, but

this is mot the place %0 develop avelb a, aritisisn. - .-

%e do not bolhﬂc $hat "oscartn amm‘to
be onlhd the fmmdcr or -oc'u-n -ehmm. .mrt?:olou,
e doﬂrlne had an sxtremaly impor:iant historieal {ne
Tflusnee up-n $he develorment of mathewatienl vhyaics - -
aad fer that reason 1§ marite consiferable sttsatione

Tor Desanrtes the mathesmatization of neturs

was not a mare ulm:tlrlc methol; 1t was a warld vxptou
ke

The story of how th-t vi-tu: o to Mm on that vln-

Ser's right at Newburg on the "mnube is ona of the b;lt
known events in the nl-tory of philomophy. It hed bm
M by snothar crut dimucy whieh wes te px”

an dl important p.rt in the fmltrll ‘evelopmens ef o

. thematiesl yphiyaios —- $he dingovary of anelytissl Geos
metry, Having sueceeded in reduedng peosk dry to arie
thnetle amd algedrs, 1n spite of the fnct tiat the ariee
‘otelinzs het! always 1 oiated on their formal distietion,

the next step was to rsduce phyatcs eonplotely to mathe~

- 37 -

matica, It was o trenenious step, but lescartes ¢4d rot
heaitats to take it. In actusl fact ho went mush fare
ther than this avd reduced the whole of plilosoniy to
pathenaies in the sense that his universal method was
the goomotricnl method of beginanfngy sith a olear and
distinct intuition and progeeding bLy mwans of decuction. All
t.'u‘a lay behirnd ﬁl.” 'ﬁogito.‘ That is vhy hia whole philo-
sopr.q may be considersd a kind of matlenaticism. But

we are not interssto” in this aspeot of Canteslanism

here,

,'X'h. vision of which we have spoken is suxowd
up in the apltnph‘urltton by “ia olomrst friend, ‘hanut:
*“In his winter furl-ugh compering the mysteries of mature
with the' laws of mathematics he dared hops that the seo-
reis of both gould be unlooked with the asre koy." And
s ‘s himmclf deseribed this vision for us in the fol~
lowing ternes

As I conaidered tha metter carefully 1t gracually
euna to 1ight that mll those mutters only cre re-
ferred to ratliemtics in which order and reasurensnt
are investigated, ard that it cnrkea no ¢ifference
whether 1t be in nunbers, fi,urea, atare, socutds,

or amy other ohjeat that the question of measurewent
arices, I sawx aonasequently that t!ere rust be some
gonaral selonce t0o axnlain that olememt as a whole
wiich give: rise %o problems about order and neasure
ment, restrictel as these are to nu speciul subjest
natter. "his, I parceived, was cxlled w.iversal
rstiomaticn,

Luc ., & eclene shioul contals .o prinary rudlnents
o7 hwaai resson, and 1ia8 provicee sught to extend to
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the elloitin, of true results in every sutject,

To apeak freely, I am oorvinesd that it 1z 3 more
powerful instruent of knomleiye than any other that
has bdeem baqreathed to us by hunan apeney, als belr‘;
the source nd' all others, (44)

i
\

Huving enea lid dom this wlmlph.[

sartes m m hesitate %o rono- its onuuqumu to tho

very snd, Ny moh physies, " e urn to his h-und

Mernenne, “is qaﬁ:lu but geometry." ~1 uoo-pt no

principles in physiaes which ars not st the qno:‘ tine ao-

uptod in mthmtiou." And he (oes on to mh}uln;
Nam plane profiteor, 20 nullas alism rerum o
malérian sgnossere, quam 1llam amnimode Mvid\i}m,
Tigursbilem ot mohilex quan Goenntrae quaniisnten o
o 6% pre cbiesto swram Jemonstrutionmm’ -nm\mt;
ac Rihil plane in ipsa gonsiderare, praster istns
divisionss, Pigured et motusg mihilque de {vsis ut
Yorun edmitters, quod non ex sorvamibus illis notionitus
g quarsn veritate nou possmma dubifnre, tan evidentur,
dgdueotu, wt pro nethemstios demonstratione sit
heddndume P4 ‘quis sie cemia Yinturee “hesnomcna possunt
axplisari, ut in asgquentibus .ppmhn, nnnu slia 1
Prreleas prinoipia’ puto ewne awtm, nec. ella ‘¢
otian opt-nd-.' (46) ) o

The tamediets wid necesenry mnqmm of the

’ P

transformetion of physies into mathematics was the iden~
t1floution of the nature of Yodtes with sxtension, of mat

tor with quantity, Wia% is natter, ssks Duuxj:tu in the
Irineipis. 4nd his answer is that "Its mature oonsists

neither in hardnees, nor in weicht, nor in hoat}j, nor in eny
other qualitias, but only in extansioa in 1¢ngt§, brosdth,

|
anl depth, which the geometriaisns oall quantity.” "Those

|
|

}
|
|
'
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sho distinguiah between material suliztance snd _extonnion

or quantity, either have 2o real tdes corresponding to

thc' naxe of subhstange, or else have a confused idea of
(47)

naterial substanee.”

Motion hed traditionally boen the matn stumbling
blosk for those who had tried to rathermbioise nature,
Aristotlia'a oritisiam of the Pythagorenna snd Platonists
had baen that mathematiZzetlion reans the axclusiom of
movemant, mrd he who ia ignorant af ;xwmut ‘onanot wnlere
at:hd nature,

ind Seint Thorms hett v-18: "IXx matheamaticis

(48)

non poteat alignid efficeciter fe motu conoludf.” This

problam proved no obnhieh to Nessartes. He was ecavineed
that ven wovemsnt sould be msthermticized, not in the
sense in whiich it -m_:m: be matheraticizod later by the
oaleulus of Yemton and élp_lhnlx, but {in a senss for xore
radionl, Descartes thought that motion was in its vory es-
sence mmthemationl, that in the last analywis it sould be
redused to the displacenant of a point on a plane, And
this sceued s;o evident to “im, and the neture of motiom
anenad 80 imndiatsly clear thot he saorued the dofinlition
of Aristotla whosg profuncity appsared to him to be nothing

but the obacuratim of isomething essantialy simple and

tranapnrent,

Sone modern philosophers fird in this ciflerence




in the concept of motian the best exprossion of the 4if-
ference between the ancient and the mdern nind. Thus,
e Brunschvice beliaves that in the matern eoncept of

motion “une forme .d_- l'mtollt'go{xcn_-ppunit, qui rem-

* hma s

placs une autre farme de 1l'intellipgmnos, aveec qut elle est
sane cmoun— ra:»).;m‘x't.“(n’ mtavnr'.pq be thought of this

view, 1% is eertain that in this Alfrarsnce betwesn yhe
obsourity of the Arfstotslian fefinition of motiom and the
olarity of Qartesian motiom we have n atriking symbol of

the vast ehange wrought by Descnrtes {n the history of
philescphy, BReality, whioh for the Oresks amd the wedievslicis
had nhny_a b.n -ono‘thlug profoundly cohplex, suddenly be-

came ttmmn_ly clo,r. This 1s a very significant pqht.

‘ ln\‘ in a p.nrtleu‘lar way, wa £ind In this question \
of rmottom Whe sharpest eontrnst betwaen Aristotellan and
Gsrtesisn physies. Im fant, a more inoisive sntinosy could
hardly bs immgined. For Aristotle movement was » becoming;
for Desesrtes it was & s¥a¥s| For Aristotle it was u Proesss;
for Teseartes 1% wos » relation, For Aristotle 1t waa selfe
evideit that because of the pringiple of‘ inertia the cessation
of a body In motios demanded a eatse. Wa snhell return to this

antinomy in the coursa of our annlysia,

- 4] -

#ith theso two olecr intuitions of matter and
mution ns pointe of dsparture, Doscnrtea s°'t ~ut to de-
Auce t:2 wi:ola 6oence even to 1ta smallest detail, e
felt confident thet with matter wd mation alemg be oould
conatruct the world, In acmenting upon this |uttaayt of
Domeartes, Juham writess

Alani, dens tout l'univers, est répsndus une netiere
unique, hamogbnre, fucompressiblc st indilatable dont
n us no o naiasons rien sinon qu'elle est §tendue;
cutte uatidre ¢st Civisibls e: purtlea de ¢iverses
ficuros, at ces parties psuvent sa mouvolr les wuces
par rarport sux autrea; telles sont les seulus pro-
pridtés viritables de ee qui forme leo corpsg a ces
propridtéa doivent ee ramener toutes lea apparentes
qualitda qui affeatsnt nos aens, !'otjnt de le Phymique
epwtSsionne est 4d'expliquer corzent se falt cotie ré-
ductiom,
wutest—oe que la gravité? L'effet produit sur les corps
par des tourbillons de matidre subtile., Cmtect.ce
qu'un corps ghaud? Un corps 'compnsd de petitea parties
qul se remusnt siperédmont 1'une fe 1'outre @*un mouve-
mant trds proapt st tres violent.® Qu'est-ce que la
lusibre? Une prassion exercde sur ' ther per le -
nouvenent des qorpa en flarmea ot tretenise fnstantordeent
aux plus g-andes diste ces. Toutes les ualités ‘es
corps, anans aucuns cmiaaion, se trouvent expliquéen par une
théoris o 1'on ne conaldore qua 1ventendu glondtrique,
les figures qu'on y psut \recer et les divers mouvenents
dost ces figures semt susceptibléx., ‘LYinivers est ure
machins en laguelle il pn'y a rien du to-t & corniddrer
ue les flguras ei les mouvemants de ses parties.’ Alnai
1a olozae eptidre ¢e la nature matirielle ¢t riiulte
@ une sarte &'irithastique universells ¢°oli In catérorfe
de 1a qualité est radicalems:t buinie.” (B1)

¥hen he had Tinished his task, escnrtes estopped
to contemplate it with pride and satisfactior, an® te de~

olared that nothirg wen luckirg, that his vork wan perfect,
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me of tha lnat paresranhs ir the Frinoipia has an 1ti,n
title: “That thers i1s nc phenomenon that 1s mot lnc{\moﬁ
in what has been explained in this treatinse.® (2] I;; was
10 slisht elainm om the part of Desenrtes $0 protend t‘)a heve
8 4irect 1ntuition ef the 1mner essence of phymieal rj’nut,
ard to be able to embrace all iis p%mwnnna ina tyx’mf of

xnowledge t{mt wa slear and sxhaustive,

The proclemation of Ioscrries as the fmmdcj'r or
logislator of modern mathamatieal phynies is uu-cepuihh
of a variety of imterpretations, I8 may, in the ﬂrlii place,
be takex to mem that Ris philesonhical eystem affords the
truest exylauation of the meaning of puynieo—ntmv:ilaal
knowledce. We Believe that amy eleim of this kind s far
from being Justified, but 1t wouls le premature to ewbark
upon & diseunsion af this point here., It wmiy also bci taken
to péam that he romhta‘d with eceurtgy and chrﬂy'éﬂw
method that has beam Tesponsible for the dmlown‘llfof
nodern physies. ¥e 40 mot thimk that even this eloin 1s ed-
nisasble, Cartesien physios ss a sysatem wan oxtrmliq shorte
1ived, 7This iu iteelf 1s not negessarily a ocndmﬁon of
oartseian method, for it is poosidle for .a thitker tq; work
out ® trui scientirfie mathod, mc¢ yet in apite of it'b¢ le¢
into numerous orrors in the ordor of application, und: this

faulty applieation nay be ue to giraumstnnces lmyom!:3 Con=

C

trol, But in the case of Desonrtes the orr rs were for
tio poet part beoaus: of his method ratlher t'.an in spite

of ite Vis physics 18 n tinswe of arbltrury assumptions

procisely becnuse he rsfuscd to recognize Ui induetive

sharaster of nhysical socience, Modarn seience (s aonmtie

tutod essantially of both a priori and a posteriori ele-
uonts, and Desdsries waa as blind to the latter s Francis

agon was to the former.

Navert:oless thers is so ething to le aatd for
Desenrtea, "ia discovery o.f. el tier) pooretry provided
an extremely useful {nstrumsent for the mat'emtization of
nature, even thoih he falled to rooupn.ize the true nature
of “iis owm ereatiom. Iut mre than that, “is ambition of
a odmpletely ~athematicissd physics bqqueut’od o ptysicists
s dialeoctical goal towards which t}ny would never ceane to
atrive: to brire all the phenomena of nature under the eon-
trol of mumber. Th;t 18 wiy it may dbe snhi¢ that in the
philosophy of Dosenrtas the mthmn_ticul {nterpretation of
nature seened to hive recoived its ofricial charter. From
then on thers was never any quastion of tlie roac thatv phy-

sioa would follow in {tm development,

AAded to thr general ins:i-stlon iven to mathema-
ti¢-l physfos by onrtesisn vhilosouhy, wne the trauendoun

{rpetus contrnre fron the rew dlaocoveries 1o athamntiics;




jlo platwe lkowever ;ercrelized . t}e aohieverients of
scientifio thou ht In this century ean omit i%e advunoe
in cathemiatics, lere s8 alscwhere the gerius of the
spach refe itself ovidemt, Three grent Freuchren, Des-
onrtss, Desarguee, )asonl, initiated the nocer: period
in geanetry. Another Srenchrwn, Ferret, laid the fiun~
dations of modern mnalysis, and all dut parfected the
methods of the differential ealculus. TNewton and lefbe
nix, batwesn thum, sctually 414 ereate the 4ifferertisl
calsulus s & praoctival methold of mathemmticul rersoning.
“hen the century ended, matheratics ss un instrunent for
ap liestion to vhysical prodlesss was well estzblished in
scmathing of 1%s molern proficlency, (B3)

As & result of the philoscphieal fnfluence that
stormod from Descnrtes snd of the G1mtovery of mare power-
ful ~athenstionl instrumants, the role of mathecetics in
rhyaios acntinued to grow:. with sver incrensing fruitfulness.,
Trere were a fow renctionary attempts wade, partioularly in
Cermauy by Costhe, Sahelling emd regel, but they he¢ no

lasting cucesas, an) left behind them no positive tracc in

IOSIM'O-"';; . ) ) - .' . 1
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In'the physics of RaWiwa the mathsnaticsl inter-
pretation of nature scaried to hove renched 1ts orowning
achievemant. “The outstmding faet that aolors avery otler

belief {n thia ags of the Newtonian world,” writon Rendall,

(84)

“was the sucoess of the mathamatiorl interpretstion of netufe.-
The part that mathammtios playod in the work of lewton himself
1= aptly expressed T the title he shose for his clussiaeal

wor:, The Mathematicul Irinefplea of ratural rhilosophy, and

by the brief i.terpretation he g.ve of its si;nifieunoe in
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the preface:

We o fer this work as natherwmtical pri:ciplea of phi-
lonoph)y o » o By the propositions matlenatios'ly do-
rosstratod in the f{irst book, we then ecrive from tle
cnleastial phenomens the forces of gravity with which
bodies tend to tlie suw. and the several rlrnets. f7her,
fros these forees, by ot.er propositic:s which are sl~
s0 nathematioal, we deduce the motiour of the planets,
the comets, the moor, and the sea...(55)

Alt 1ough throurhout his work Mewton acted as toowh in
nature there wers a poss’bility of infinite determiration,
it may bo donbted perhaps just what sirnificance La at-
t.ched to thalas mnthodolojiorl principls. “To Tewton, at
any rate,” says ¥,"7. ., Uullivan, “the attenvt 10 dascribe
nature rmathematically was - acventure v at nl ht or night
(s8)
not be sucqesasful,” And Dingle writes:
In the matter of fitting obaervetione into a matheratie 1
fremswork, Newton was both more and less thorourhpotnp
thon %alilso, He himself enlarged ti:c frurework conside-
rably, so that shile %0 Calileo matlienntics was mainly
geoniatry, to “'ewton geometry ooccupied only a subordinste
place. Thus he was able to con'uct a mathemnticnl treate
nert of the phenonana of colour which fnlileo had rele-
gated to ths yank of a subfeotive quality. On the other
haad, he 414 not regard the whole of external ''sture
#8 necaesearily rathematical in charcoter, althouph he
hoped {: miht prove to De 80,(5Y)

It would be too long emd tedious to trace the sub-
sequent development of mathematienl physics ir full deteild.
Much could evidently be said ebout Yeibtnix whone doctrire, in
80 Tar as 1t related to tre physicrl wniverase, was, 1~ the

last analysis, & kind of mathemsticisn, I'uck couls be sald in
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particular about Xant, whoce Trunscencental iesthietics
i

Transaendental Analytic is an explanetion of the mathe-

desls nitL the question of pure mathermtics, and

natical ssienxce of nature. Ons of the greatest émtupomr.y
philosophars of physical seiense, 3Sir arthur dcington, 'as

tria to say about the dogtrire of Ymu¥:
If {t weXre necessary to chooss a leader fron ﬂmung the
oldér philosophers, there amm be no douhs that cur chofoe
wauld be Yaat, e do not accept the Yantien ladel; dut,
as A ~atter of neknowledgmant, it fe rislis to. msay that
Kant astiocipated to a renmarkatle extent the ideas to
whieh we are now dairng trpolled by the modern dmlopmcnu
of uhysics, (88)

. %o shall not rtop to ovalumte this atatianopt now,

nor %o disguss in detail the relatiom of nthmtleal phyaice

to the phllmophy of Tant. This we hoje to d0 ig dhapter XII. .

Ry that tine wa shnl) be 1w & poxitic to sce how reny large

concossions mwt de made to Yontianiem 1f we am:ito ander- |

stsnd the trus nature of physico-mathenntieal kr-oiwladh. lor
the present let 1t miffles to point out that Yent considered
Newtonian physiss as the onl; poruine type of ucfcx.oc. (]
that Shers 18 @ senas 1n shich it 18 trus to aay that he

. . i
made it the foundation of his whole elnbhornte phi;loaop‘-:lcal
s ,atem, From the following lines it is savident tﬁ'bat for him

the physionl world euvn bte knner seientifieslly o’ throuih
|

sathenatica:

i
Leas auppositionn de le ,Aomstrie ne sont pes Cos After-
athatio: a d'uns sinmmla griation de notre farteisio pok-
tigue, ne vouvert ninri 8tre ra-orten nvec certitude
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& dos objeta réels, mals slles sont nécessairomant
valablea pour l'espace, et par sulte pouwr tout ge qui
peut se rencontrer dans l*espase, rarco que l'espaeo
n'ut pas nutre chose que la forme ¢e tous les pheno—
ménes extirisurs sous laquelle des objeats das aens
pouvent nous dtre donnds. La sonsibilitd sur la forme
de laquelle se Fonde la gépmétrie, est co.dont dépend
la possihilitd dr s phénomdnes ext!risurs;’ceux-ci ne
peuvent done Jamais renfermer sutre chos: que ce que
la ghordtrie leur preserit.“ (659)

Yor Kant sprice and time which iare the & priori forms that
Aetermine all our ncl_mtifie knowladge of the material
world sre reducidble to the abatrast couseptas of continuous

and diserrte quentity. In his Firat tetaphysical Principles

of tho sclenge of lature he writes: "In evory particldar

theory of nature the »nly thing that is scientific in the
strict sense of the wrd is the Quantity of nathematics it
. (680)
oontainas,” .
The progress of physies in recent years, par-
tloularly since the edvent of ‘the theary of relativity,
the quantum theory and wave-tischanios, lLiss resulted in a
mathopatization of nature hovc;r dreamad of by even the mos§
enthuainatic of the claessical 'p!nyaiolutn.(61) In one pense
at least, the nathematicnl elenent aexms to bhe suvplantin
more and more the purely phyasfcesnl, an obvirus example of
this 1s the way in which the problem of gravitation, which
in elessical phyaiocs was a ques:fon of dynm:en involving

the notion of force, has in §i:steinian ;yhyclczs beon reduced

to 8 protlen of pure peomrtir. LYoreover, i1 ' e ecomparison
P 1§ N »



with clasaieal physics, the corceptusl mathamatlocal imple-
nents now bei-p used 2~ of a rmch —2re atsirict nﬁtura,
and are taken f-om what is sowstimos known as “pure nathe-
mtio-'.x*.ﬁt:_fanﬁ Joans sees in this application of “pure
mth-tin"i'i: the pfqaienl nniv.ra‘ a nevw epistessolo-
rical phenomsnon shich constitutes a major differense be-
twean contemporary and ¢lansical mmthamatieal physios. (2]
On the other hand, parodoxionl as it may seom,
Relativity end antm physics are at the seme time less
natheratioal and more physical thun olassioal physics. Car-
tesian and Newtanian rhysics were in meny ways extreciely
sirmplicist, They attampted to impose wpon the physiocal
universe sbsolute quantitative determinations such as they
may be aonceived of by a rathemmtician who d4oes not have to
worry sbout concrete ph'yui‘cnl .prooeue- of ob-nrvntion -n'd
concrets physiecl procedures of messurenent, mnnoin
brousht to light the wvast differenas between a pure mathe-
matielen and a mathematical phystoist ny showing how mmeh ia

involved in the sonsrete procedures of observation and nea~

ATt

surement. Ais & result, ulom; has been brourht closer

to the objeetive physical universe, MNoreover, contemporary
physies has becoms less matheraticnl ané more physical in the
senae that it has ocome to realize riore clearly t:wt nature

overflows any geometrionl freme that we nay attempt to irpose

upon 1t, that there is a greater irrstional element in
nature than was suspected before., Ilowsver, undorneath
tuis rovolutionary charec ter of contemporary rhysics there
is, of course, s fundamentel continuity rith the past, as
ww shall try %0 make clear later on. (s

One of the characteristis feamtuins of recent
physics which is of partisular interest to us is its solf-
gonaciousnesse Clessiesl physies wes nelf-corseious dbut
1t wan, 80 to sjeak, tha naive self-goncoi-ssness of ado-
lences:ce. In recent vears physioel sclierce has bejun to
acliieve tiuc self-couseiousness of naturity, whioh sonsists
chiefly in a detached zelf-oriticisnm. "K11 of the grestest
anntemporary rathemantioal physicists, thoce W.o hawm ogne
tributed woat to the advancement of sclercae, suc* «s Linstein,
¥lanck, Je Droglie, %Weyl, Diras, Helsenbery, Uchrodinger,
Racington end Teans, have felt the need of doin: sone sericus
raflicotive thinNing n'i;out tlhe nature of their science. This
tiinking 18 of unequal philossphical walue, to ba sure, but
out Of 1t has gome  wealsh of MBLjful insights fnto the na-
turs of mutul saiangs, Ath this point wa cru A0 no vore
than selsat I'rom thess coutributions s few tyrlcal obser-
vationa on the general amture of matheratical rhyzies. These
will Le surficlent to situnte our probler: accurately in its

sontempurary oontoxt, and t.at is all f.at interests us for

the noment,




|
But before indicating the chnrutonnlie po~
sltions taken Yy some of the mare resent nnhouztficai
physieists as to the gemeral rature of their ncx;mco,' per-
haps 1% would bs worth whils to gconsider hers a jl:ughl.y sig-
nificant pansage of ons of ths nost cutstamding of aine-
tessth oentury bielogists, Claude Bernard, Beraard wae
one af thoss whe mada the greatess mﬁ‘lb\nlm"to the
£TOWAR of the eritiesl view of seience, end his éb-uutim-
on the genexrsl charagter of natural seiense are ot the
grestest valus; ’
The absolute principls of the experimental niuul is
8 necessary and eonscious determinism in the eonditimms

of the phensneie;. -  Tt~isvef auch u sort that & natural
phencmenaon, whatever it is, beiny given, the experimenter

ean never admis the® $here {s a variation in the expresaion

of this phenemanmon, unlnss at the srae time thers be the
intervention «f mew eonditions ix 1%s mifu}qtlon; HOTe-
over, he has an s priori certitude that thesc.varintions
ars detarmined Wy rigorows end mathermticsl oonnocuhu..\
Experience simply shows us the fom of the phenonensy
ut the scanestiion of the phemomenon to a deternined sause
is nessssary and independent of experienas, and it is ne-
sossar}ly smtbhesmtionlly abaoluse. ¥e thus o‘qo that the

* yrimeiyle of the oriterion of the experineztal sciences is
in reality fdembisel with that of the mathemeiical ssiences,
sines in eesh of tham this wucxphumndw-
nagsessary and sbeolute relatien of things, nﬁvnr. in
the experimsutal sgiensos these eomnecticna are surrownded
by mmssrows, eamplax, and infinitely varied phomn.,
which hids the ecnncetions from our viow. Xy the atd of
exparistice we analyss, we dissoclate the phendmens, In ore
dox- $0 reduoce then $0 relations and omditiona that are

more sinple. We wiah in this wey to seixze the form of

seientifis fruth, that ia to say, ic find the law which
shnuld give us the key to all the waristiccs of the rheno-
wmona, This experimental analysiz is the only: *‘al’l. that
we huve Tor searehing out the truths in the a:porlwkl
soinncen; und the adbsolute determiiisn of the iplenorena, of

o
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which we have an a priori coassiuusness, is the solo

oriterion or the sols pringiple which directs and sup-

ports uws. In apite of our offorts, we ars still very

far froes this absolute truthi and it 1a probable, ee-

pecially in the dlologisal seisncer that wea shall never

soa it in {ts nudity, (64)

Wasn uzumoul spesk of the general question of

determinima in natare, it is uanoﬂmu dirrieult to tnov
who ther t)ny are hlklng of d.tomlnim as a rsthodolosieal
vrinciple or as a physienl principles In fuet the two are
aften swomsh sonfusoed in the wind of the ncicnﬂnto th:o»-
selvas, Determinima 15:, of oourse, le:itimate aud necos-
fary as a nathalolwice;l pringiple, .ithout it there qm:ld
te no sgiance. Bus u;- evident from the patsese jua§
quoted thet for Hornerd deteruinism iz not mersly a eethon
nxisting im thoosnd of the astmnsint gnd in: thi procens
through vhiah he stuifas nature, but s reality existine in
nature itself, In the physioal u:itvaersa 13- ob jeatively ree~
lixed the infinite rigor of the mathermtical world, This
view of Bernsrd seams to hnve been tic tsnarally aoccepted
opiunion of the ol.mmloail physloists, thougli ano'.g them there
vas this differsige thit whila for sne the {nfinite deter
amination ur nature cwuld Le arrived st by sclence, at least
t‘.oorﬁtlcall:,', for ot’mrs 1t was an obJeetive liuit towards
which soience must aver move, Tho ever increasing nuecesa of
tho appliention of matiiematics to nature tands alment inovie

tably to lend naientists to sorme poniti-wm of this ki~d, for



as Professor Bridiman has pointed out; I
was the general t'sary of ral
‘olativity whieh
eeeit 15 & resuit of every day sxperience tuat ma we :o;":;:“ut ranner the fnoarrestness {:f tm.!-l :1”::“' 1
refine the scoursey of our physisal messuresente the ;"hle b:.::’::’ m::“.hd $het 1t was ponstile for ‘:.
tame amoce 1 remov £
::.::::. ;muc l:::i:‘ot orr::{ .::a‘:ﬁ{:.:r:::gm ”"::’;'. to do J““rd:. t:.;}:nr::uro 2‘::.;:0 of :::- : ot"
that view of fhe Lature of mathesmtics widch spparently :.’:’ -nu':: y "‘:";’ #¥en more emplete and utl:::o:f
» Qo8 ] ¢
e L Pt e St et et e ey e e
methematiss would be exsetly verified. absireet mathe- She Tiotitious eheracter of the Pr::?;:x:::" ithia.
metiesl principles sre supposed to be aative iz nature, ::::‘:-:71"2;:;“* :h:t 1% is po-nsblr to e’:h::‘i’: ;tc'::u
aren
i et B, o e L cevreete Teads s e a2 5 e
nystis relation of nusders, (68) perienss, This indicases that 13 b mith -
4 d;rivo the basie conoepts anc 1::?" :‘ t:::t 1;:«1«11, to
t - an r
And althougd :nisendberz's prineiple of unsertalinty, whioh Ir.‘::;:"::"i‘:':;a":‘ ::)::::noo 18 40omed to ::1 l::.
the axtomatie b .
i retion} asis of thao-
oxpressas the high cegree of indsterminism reosntly dise ‘ bus "““pz.:'::o.::::::::n m ml.::omao £xam experience,
d W any right to hope

wovared by seientists an tte levsl of mierosoopie plenemens, tais
} correct approash exist at all
s Bave {n our imagt-

i that
| 8% ®e shall rind the 01Teet way? til) more . does
i nation? iave we any ric-ht to hope that exparienas will

s thrown wide opsu the whole problem of the detearmitation ’
. f.“:g:n‘;:-"‘:ﬁt. vien thers are theories (1ike clasaioal
of nature, thera are still meny scientists who hold that } sxtent, evon -:2)\.8:”‘ with experienes to o vary great
: out sorprehending th
d ng tha suljects
thils indetorninian 13 purel’ subjesti‘e and that it gives no ! 1:’3’:}“:;’7:":"‘ 1 ‘:"‘r with aomplete miumnc:n ::: t
b here 'm°Wththm ]
reason for dcubting the obJestive existence of s mutheatical ! Suat 1% 1a fn our power to £1nd 18 D oxp. foreover,
i date justifies us in Tesling sure that § O;N ranae up to
- % . n Nature a
dotermination In tho miverse. \ ! o:::::: the fdea or oathematisal: sinplioity, ni:...o-
on that puyn riathenaticel o onatrustyon enabl:

In tle a nals of modern seience there {a Lo grep-

. e mana of Hature, Experieuss oun of course
tar nams them that of Llbert Kinstein, and ocnasquestly his
upinfon or the natuwre of rathssmmtieal phyaies ia of t:e ute
uost intereat, & the zamy important stuterents he has made

o1 the subjest the following is perhaps the rrat sigaifieant

v
b::O:::utgl;f 8 mathesmtionl sonatruotion for physios
Ta e “:rnun Prinsiple resides - Bathematios
pure thomnt ey the_x-.roro. I hold 1t to be true thut'
oy ; 8 comoatent to somipretiend the resl

.(c8) s 28 the
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for us and the Mot relsvant tu our presant purpose, hia
: Pensage 1s 30 l.0id and

Precise thut it sgarosly need

]

On the euntrary, the scientiata of thone ti-es were for 8 ooy
the 108t part convinced that the basiec owneepts apd laws aatary, The impartant point to be drawn from 1t 1
of piiysics wers nnt in a logion) nwnse frne inventtions that altliough the
of the humen mlnd, but rather that they were deriveble mathenatisal eoncepts mid prineiples
by abstraction, 1.¢. b 8 loglienl proces:, fror experire-ts, 10 physies are mot dertved
¢ ved directly Iror nature. b
» dbut come

&




from the productive agtivity of the nind, nevertheloss

there exists in the common « basie inthautieﬁl -tructurc
and thramgh the yrogress of sofenoe the nthuulloal son=-

struetion of the mind esn lltlmhly re hought into exast
confersity Wit it. '

|
|
V

" Allusion hao alresdy besn smds %o the views of

S1r Janes Jenns on the efgnifiesmes of the applieation of

mthasatios to natire, For Jeens regent developcwnts in
physies have produced o new and highly sipgnifieant oplae
temologieal Phenomenon: the suecesnful -ppuc"aum of

"pure mathematice” %0 the phyrical wiverse, In classtieal

physies the use of nakheratics had dean larme m rnitml.

but the mathematies used was somsthing thad hul been pre-
viously drawn rrom neture; it was not “pure -athmtior
dcrlung Solsly from $he oreative aotivity of the thllut.
"By *pare ntlll-tin' is meant those dopu-tnmta of mathe=
naties whioh are arestions of pure thoagih, ar }mm o
rating solely within her ewn -pbor., an mh'a:hd with'ap.
pPlisd mathanuticas’ wiich reasons sbms the uh;ml worla,
sfter first taking some sup:oned ]

{o7)
as {ts raw Ratarial,« It is

Property of the external
this “pure mtﬁlr,utloo"
which im now wumed in Relativity and Guantus physiet. And
the great nystary is that neture seers to oontom to thou

Tras grestions of pure thowhs;

™
NN

He emuld mot of course Araw any conclusion from this

1f the gonoepts of pure mathe.atics which we find to

be 1nhorent in the atructure of the universs were nerely
part of, or had been fntrocuced through, the concepts
of eprlied rathimatios which we used to dlscover the
workings of the universe, It would prowve nothing if
nature had marely been found to aot in acoordsces with
the ooncepta of applied mathematics; theso conespts were
specinlly end delibarately designed by ran to fit the
workinge of nature, Thus {t rey 5ti]) be objeoted that
even our pure mathematics Gosa n ot §y netunl faot re=
pressnt a ereation of our own minda so much as an ef-
fort, based on forgottan ar subaonsciocus memorien, to
understent the workings of nature. 17 80, it i» not
wurprising that nature should be found 1o work ascorw
ding to the laws of nure mathenatioa. Xt gannot of
course he dsnisd that soms of the ovncepts with which
the pure metherutician works are talen dirast f'rom his

" experianea of nature.  An cbvious instonos is the cone

oant of quamtity, but thia i =0 fundanentnl that it is
Lard 9 imagine any schawie of neture fram which it was
entirely oxeluded, Other gongcopts borrow at lpust some-
thiirg from experienoei rfor inatance multidicensional
goomatry, whieh clearly originnted out of the experienge
of the thres dimensians of spece. If, however, tha more
intricate concepts of pure mathamtios lave baen transe
planted from the workings of uature, thoy must have besen
burisd very desp infecd in mur subegousoious mirds,
This very sontroversial possibility 1s ons w:ick ca;not
be entirsly disminsed, but 1t is exarediigly hard to bo-
lieve thn% sush intricate conceptm us a finite curved
spnce and an expandin; space aen have entared into pure
pDathomatices thraugh eny worth of unconecious or sube
oonnoious oxporience of the workings of tha sctual unie
verse, In any evont, it ¢:n hardly te disputed that ne-
‘ure and our consclous mathesatical rirds work eocording
to tie snme lawn, ihe doea not model her behaviour, so
to apeak, on tuat foroed on us by owr whine snt passions,
or on that of owr muscles und jnints, but on that of our
thirking minds., This renains true wheotleor our ninds ip-
presa thelr laws on paturae, or she inpresses her laws
on us, ani nroviden n su’fiocient justifiention for thine
¥Xinge of the universme as being of mmth:ematical desijm.
Lapsi:y: back sgain {nto the orudely anthropomorphic lane
miare we have alrea:dy used, we coy any that we hove &l
re. dy cou: 1dered with tuaruvour the pousilility of the
iivarse haviig been planned by & binluydst or an encinoor;
from the intrinsic evidence of hias c:ertisn, tie Croat




Architect of the Universe now begina to appesr as a
pure mathematician, {(68)

It is %0 be nsted that for Jeans the nathematiocal i tere
pretation of nature gives exhaustive knowleigs of 18, for
he saya: *The final fruth .dout a yhenomenon resides in
the mathenatical desaription of f1t; =0 long as there is
no mr»tx?:' in this, our knowledge of the phenomenon

is empltt‘.'

If we ware to stop at this point and Yook bask
over the hiastorisal aketoh we have been pgiving, we would
find thiz one gentral thought running through the various
opiniona discussed: the fundmseutnl renson why ratheraties
oan be applied 20 nature is that nature is ultinately e
thomntisul; that in the physieal universe tiiers is realized
a basfc mathecetienl atructure; nathammtical physies aisply
means tint in the last analysis mathesmtics and physias are
in scce ssuse {dentified. MNost of the authors we have
mentioned would susgride to the opinlw of Juvet: *:aus pro-
eiser davantage notre pensée, nous Airons que le monde
physiqua Br'est qutun reflet ou tme sectiom du monde mathbe

{70)
matiquae,”

Bu$ at the pragent tine a large number of authors
are advaneinc an opinfon wiicl, on tle surf:ce ot leust scems

to be direatly oppomed to the position Just stated,  or rmny

- §7 -

mocsrn philosophers of selense, matlamtios 1s nothiug
but formal logie, and the part that it plays in physios
has no other significunes than the part that logle plays
in all the selences. Yassily Paviov has swuned up this
positian in the following torms:

It were well, tien, to introduce briefly the elaim
that matherwtics ot dottam is only lojgic, To many

this oclalm haa boen demonsatrated for sll tire in the
work of Frepe, Peano, ertrand “ussell, i.!'e “hitehead,
and oti.ers, xho developa! the subjnct of “"symiolie”

or “mathematiocsl” logice HKaethematics au? formal logle
ave basn declared to be identical. lolh l.ave Leer
plotured as vast systens of so-cslled "tanutologlas™,
substitutioun, identitlass, possessinsy novelty only in
= psychological senses The ontire aystem of mathewmatics
(or logio) is sald to Le cuntained in its postulate
sets, which are nothing but the "rules of the gane", a
gnoe souvontional to the core, possidbly derived from
Teality but xastlly iniifferent to it. In short, there
has occurod an gppotheceis of the rules, the rules withe

out the
Many of ue are Yary unsomfortable over the sherp so-
paration whish has ocourred Lutwean tho rules of -the gawe

and the gaise itself, 2very application of mathematiosw

loglc to natwre, then, somss to us a proise of a happy

reunion. a0 return to nature otly Shat whioh helongsd

to 1t in the first place. The mystery, 1 any, liea in

the original asparation, rather them in the application.{71)

Taken as it 13 presented hare, this opinion reens

that nathenatica is ueed in pLysics rerely as nn instrument
that rewins axtrinsic to the essence of the sclence in which
it 1s omployed, Just as logic 18 a mere fnstrurent tliat re-
Nains espnentially axtrirnsie to the fmer coratitution of the

solsncens whioh erploy ite But it must be noted tiat not all

t.0 authors who tenoh that mathematics i{s u iy & tosl i: phye




sics necessarily hold that it 1s « pwrely extrinsic! fr-
strument, Yor, as we shall expluin presently, it ln POS-
aible to hold that the nathematios enployed luvnhyi‘le.
sarstitutes an easontial pary of tlhe sbjset of pm'cioal
solengee and atill m-ld;r it &» purely inatm\g} in

the sense that the whole purpose of physieal nlanoia in to
knos the physieal univearse and not the —thﬂtmy wrld,
and gonsequently the whole raison d'Stre of the uoe of .
matienatics 18 %o ensble the mind %0 eams into closer con-

. |
treet with the objeotive gomscs. DPerhaps 1% is in this

11.3% thet we must interpret the opinion of Diree:

- \
From the mathenniical side the approech to the new theo-
ries pressants a0 difficuitiss, us the mthounuca o=
quired (at ay rate t'wmt which is required for tho deve~ E
lopment of physies up to il presens) s not sasentially
différent from what hes been surrent for a conaiderable
tims. MNathematios is the tcol spesially suited for dealing
with abstreet sonoepts of eny kimd and there is no 1limit

%0 1%s power in this field., ¥Yar this rensam a hook on 1
the nes physies, if not purely desoriptive of uporh-nhl
work, »ust be essentlially mathemationl. All thae smne the
uth-tiuhmly-tooluﬂmmulum}ohou
the physieal 1deas in one's mind withoul reference to the
mathemmtioal form, (TR)

It seems quits probadble t'at it ia «lmo in this
11/ht that the positio: of Uir artlur “4dington m.t be under-
stod. Jontrary to tie ovinion of Jemne, he holds tLat the
physical universs is not mathematieal, and that if :iutlmtia

snbers into physicnl science it is only beceuss th-:mind has
introduced it from without. FKor can the role of mithemﬂo- bte

'

I

roeduced to a quest{m of mere symtolian. !at'iematiocs iz

able to get n grip on tha cosmos becouse piysionl reality

onh by processes of massurenant be transformed into series

of measure-numbera, and the relation betwacn trese mensure-
nuebers aan be built up into a @thomtioqxl system princinally
hrough the 1nntnman'tnlity of the thcory of Croups, In

The “hilosopay of Thysioul :i¢ionoe he has thia to say;:

Theoreticonl nhrsigs to-day is hifhly rathemuticnle Where
nes tho mathemmtice gome froc” I cannod acoept Ten'e
Yiot that nathematical (:mnooptiu:u appeaxr in physics be-
erise 1t deals with n universe created by @ Fure lathe-
motlalang my opli:lon of pure nathermticlana, thouyh res-
peotful, 18 not ao exalted as thot. An unbiuned sonsi-
daration of hwwmn axperisnce as n whinle doos not suriost
that eithar ¢'» experience 1%sslf ar the truth revealed in
1% is of auch a nature as to resolve itsalf spontarecusly
tinto rathematienl sonceptions., The ::athenaiics,is not
thers t11l we put it thore. The queation to Ve dliacussed
in thias ohaptar {a, At what point doea the ra‘herwticlan
contrive $s pet a orip on matarial which intrinsically
does not of ftarslf render & subject rathermatiorl, If in

» miblie lasture I use the cormon ab reviation Ro.for a
nunmber, notody protests; but if I abbreviate it an H tt
x{11 bo reportad that "at this point the lecturer deviated
irto higher nathematios™, Disregnrdinr such yprejudices,
we uet recogniza that the allocntion of symbols Ay B, C,s.e.
to various sntities or Qualities is rarsly an attreviated
nomonolature whish involves no rmtherntical aonceptions,(73)

And ha gows on to oxplain how $he Theory of Groups is em-

ployed in SransCormir; phys!cnl sciance into a mathematical
(74)
aystoam,

There 13 sti{1l another opinicn which in the mind of

many of tle sutliors #:0 uhittmce 1t gy not represont anythings sub-

- atantinlly &iffero.t rom: the positisn of thogxe who I11d that




mathematios is mething more tham a logissl tool, but which
if tnken litermlly smomnta to somethirg quite differert.

It 18 the view that the role played by mathamatics in phy-
sion, is that of a universal and axtremely eonvonient lan-
guage. In 20 far as {t is used in physics, mathematics is

N

Juss a eode, a khd of mmybolie language, a sort of esperanto
of sctenes, At Wiathematios, = swys Brzfelt, *is only a
tool, & shor¥-hand wey of expression, but eonnos atd enything
to the physienl ounespt, d.thau@‘ 1% might cevesionally suge
foad a ﬂqnio-l: law bacause its nathamwntionl expresasion

night be particulerly sirpls,”

Jor sase who kold this opinion, the rols of mathe-
maties in physies fs reduced to that of a stenographic method;
and just es short-hand 18 a rere sudatituse fer leng-hand, '
and everythizng 1% -pmnu san be expresssd with equal fuh:on
and aoeurisy, thuﬁ‘-oi -lfh .qn-l: eonveniencs, by thes orci.
nary pode of writing, @0 everything eentnined ia a world gro-
xeiry eculd, stristly speaking, be expressed in jurely "phy-
sicel lanjuage.” Yor athers tha symbolism of munter has ad-
vantaes over the sysbolimn of ondinary lansusgs whioch resch
far beyond mers somvenisncs, and which are the source of t'.e
fruitfulness of t e appliention of mathesatios to plysies,

For tus symbolismm nf ordinary language osr reprasent realfty

only in n disparsed and 1solatol wi, wieraam the syrbolism

of nmmiber is essentinlly u relationsl symboliom and that
is why 1t 40 able $0 represent the structure of tl.e uni-~
verse amnd tius open up its necrets. Darhaps the clearest

sxprosaion of this opinion 1s found fn Yrnest Cassirer:

The symbols of langutge thenselves have no
definite aystemmtis order. 'Yery single.
linguistic torm hea & specinl "apee of meaning”.
It 1, as Caxdiner says, "s bamm of 1light,
11lunining rirst thia portion ani then thut
portion of the fleld within which the thing,or
rathor the complex conontenstion of things
signified by a semtence lies." Tut all these
dirferant bosms of light do not have a common
Toous. They are dispcrssd and iscleted, In

the "syntheais of the smnifold* every new word
mies a new stnxt,

This atate of affairs is coplstely changed eg
s00n as we euter futo the realm of number. We
cannot spoak of aingls or 1s0latcd nubers. The
osot1i08 of mmber ia always relctive, not ahsolmce,
A single nuwber is only a single plece iu a
goacral aystentie order. It has no bein;: of
its own, 5o sslf-contained reclfty. Its meaning
is defined hy the poaition it ogcuplies in the
‘bols mmwwriocal system... it conceive it 68 &
now and ;overfiil aymbollism wkich, for cll
aclentifia pu voses, 1s infinttely supurior to
the gynbolism of speech, Yor what we find here
0re no longer dsiaclied words but terns t .t prooced
&coarding to one snd the seme fundenonts: plan
and that, therefors, show us a clear &nd defintite
structurel law, (76}

Tuin view, whicl at firat €lrnce, st least, sscms
to reduce ths role o.' wrthea:tics in plkysios to & uestion

of lungumge, differs frow the opinion &f those who ident|fy
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mathemntios with formal logic $o the mxtent that lengusge
i

diffars from logie, though periaps the distancs betveen
lozio and mathemationl langurge would not be »0 great
aa that between logis ond ordinexy langusge, % n!&ht
be argued thet in the measure in which mathemsties would
be oconsidered a universel lenguge it would be lifted
out of She materislity of individuslity and hrough;
closer %o the universal lsws of thowght. A% firat!sight,
this positiom would seem to be at t.e other extreme

from the opinten whieh sees the mtheoatioal world
realized in the physicel world, dbut perhnps 1if we
loaked desper we might find ourselves 1. the munoo

of a ouse whars extrenes smet, for, ir mth-nuu;l
linguege 1s but & subatitute for “physionl hw'
night not the resscn be thot the mothematicnl 'orl't;l end

the physical world esre really ome?

8. Relevance of Thomian

In undertaking to eatablish the signlficence of
Thoeai mrs (")fu' the problen of nathemmtical physios we
are not {nsensidle to the fect that mel an undertaking
oalls for en apologim. I'or historians .-‘L:.nnt without
axcoption have representad tha rise and develo - ant of
modarn physioca as somaething e mnletely a:rtithatlcrl to
t''s Wiole atrusture of peripatetic philoszoshy. ..pecking

ar falllse Nertrand Tussell seya: Tiis few facts sulriced

to destrey the whole vast syatem of supposnd knowledge

handed down from Aristotls, as even the palest Dorni: ¢

(78)
sun suffices %0 extin/uiah the stars,” And I'rofessor

Burtt writea:

But now, of ecurse, tis gquestion w:lel. Corernicus las
thus easily anawored carries with it s trecendous reta-
physianl essumytion, Jior were people slow to sess it and
bring 1% to the rorefront of dfsoussi n. Is it lesci-
timate to take auy oiher point of refersnoe in estroiomy
han the earth? lathenaticians who vere tiersolves

. subject £9 all the influsnces workings in Copernicus?®
mind, would, soc he hojod, be apt to any yas, Dut of
eourse the shols Aristotelian nnd empirieal philosophy of
the a;e rose up al gsaid no. Yor the niostion went pretiy
daep, it meant not only, ia tha astronmmical resle fune
danentally ¢monatricnl, w 1c» alnoat any ono would gresnt,
but is She univers: as a whole, ineluwdti:r¢ our earth,

fun” armontally nethemationr) in ita at ucture? Just te-
onuse this shift of tre noint of reference gives e s8im-
plar geomatrionl exvresalion for f.ots, 1a 1t lagitirate

to nake 1t? To =dmit tis point ix to overthraw tne whole
aristotelian physles cnd cosmwlocy {79




¥e are dealing here not merely with th.se who
hold it as s indiaputable methodonlogical prineiple that
ealightemunt £irat dawnod upon {he world at tle tiwme of
the ..enalssanes, Such as these we aould a’ford to ignore.
Jut thers are rany others .&o while they have a siingcere
sdmiratfon for sll that Greek and redievel culturs tas to
offer us in the way of ark, of metepliysigs, and of morals,
nevertieless believe t'at 1f thers is one ficld in which
both’m;totlo and the Mpdievalists mre onupletely darren,
it 1s the field of solense, ‘‘ost of these micht Lo willing
snnugh %o conoede to 'rofeasor 'hitshead th.at scholastie
loie and theology prepared the soil in wiich moderw saience
took its roou,(m)but this gould searcely serve as a suf-
ficient busis to comatitute Thorimn a8 a signifiesnt phi-

losophty of scliense,

Apong santenparary philosophers of scievnce few
aave won for themselwes wider recoguition and a greater name
than Emile eyerson, partioularly in questions of the re-
lation tetwaon nodern solenso and its historical background,
Yet if ¢t ere is ona thorm which rans through all of Yeyep-
sou's voluminous works it is that pesripateticism hap ab-

solutely nathing to offer to aeience. In Ydentité ot “éalitd

i writes: "le retour nu piripatétictmme, srdconisé aves

tant de rorge et de suvoir par uten - ous parait inpossiblc.

I1 ne noun senbvla pas, ebn olffet, (ue la Pure dootrine
(1
A artetote alt 4t une doatrine varitadblenm ¢ aci ntifigue.”

And again 1 Du Cheminevent de ln _enn‘e, le sa,a: “leo

s0sange p ripatétique, assurdsent, a piri et, quoi gu’en

pensent carteins partisanas sxtrimes du retour au xoyen hge,

pdrt tntelement ot irrdrfAdtablerent, ]l eat puasl leoposw

aible de 1ln 1sailrtenir en foce du triomphe ce ;n plysique mo-

darne qu'il 1tent G >a cougilier, fit-ce nixwo rartiecllerent
(8=)

avac callo~ci.”

In regent rears, s few lListoriars hava, {ndeod,
eorm t0 resognize the w-inenew of the sgsientifie spirit and
=etiiod of iriatotle, and the worthmhile siynirie-nce 47 the
aocam lishnants which were the fruit of ti.&i apirit snd me~
shdj but the tridutas of thess few are entirely reatrioted
to the field of biologieal moinuoe, ‘hat t“ese tributes are
merited ia evident to anyono wio haa ever talen the pains to
read the physioal treatisss of .ristotle, but the’ leave une
solved the question in which we are directly intervsted.

‘n fast sxa Lave seen in the irtenne davotl'n of t'.e Lto-
£irite to research in the fiels of bioloyy an argunent esainet
the eontention we have set out to substantiate. Dlopp, for
exenple,writos:

1 on;t arrivé qu'.ristote a'eat senti peu de guut pour les

mat'.‘ratiques, ne s'ast point conssoré a cos saiences qui
lee utilisalent, mala a'eat donné murtont & iss recharcius
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d*histoire naturella et da hinlorie, ‘eninelles eon-
sistatant saseitiellemont sn ‘escript!n' s ot at ana-
lynses de qualitis nu d°-otivités 1.1 ou mirr [ 23
continuanr, done gqunlitativea, o »

Cette doctrine avait en sorme rour portie ‘o llb/ror
le phyaieien n 1%/para ce n ponadc mt‘\.,mtix‘po. zlle
posara sur foute la tradition pkilosophique du doyen
Age o%, Dar eoftiines Ao ses scnadquences, sur lo
philosophie moderne fumiu's nos “urn. (83)

The view {a now baing edvanced by mors ti.an one
philosopher of socfenes thot thare is a dfrect corscotion
atucen ATiBtotle’s predominant interest in bialogiosl solences
and tha type of lopglo he evolved, ~nc that Aristotelisn
logie 1s not only of 11ttla use for the aﬂolopmélnt aof mathe-
ationl phyales, btut in sxwn sonae -n obst:cle to {t, Tor
biolopy is sssentlelly Juclitrtive and elurulffcstory, thet
is to any, 1t sttempts to olarelfl, living bolng-lin n schens
of genera and speeies that is based upon quelit-tive ehsrno—
teristics. ind that axplsins, we nre told, wy Alstoteliod
logia 1a ossentinlly @leasuifioentory, end not relrticnal like
aodern mathematicnl locfe. " rofeasor “hitahesd !:s 1nid con-
ai’erable azsphasis Hn this pnint: g

In a asnse, Plnato nud “vihugur:s stand nenrer to nodern
physicenl assf{snce th:an does :ristntle, The tvo nrmer were
rmttenntieisne, w-areas Aris<otle m:s tle son of » &oetor,
thourh of acurse ke weas "t thereby ignorant of »sthe-
natice. The practical onansel to he tarived trorn Yythegorrs
{r to we-sure, and thus to axpress suslity in.terns of

nurserienlly daterniced anntity., But t'.e diolopriss) meierass

t:en ard 411 our own tire, have been r:verv‘-elﬁh-;ly elos-
aifiantary. iceordinglv, Aristotle Uy his “ogle throwa

t:e am mnsis cn classifiention. The popular uy of .ris-
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totellan Loyic retaded the advirge of phymical salonoe
taroughout the Middle igos. I only tlha schoolmen had
asnnired tnatead of elessif:rii;, usiw swmen Vier might
have learnt, (84) ‘

Professor itienns Gilash, ¥ is o »slderssé by
cany $0 be one of the aoet eminent monarn olwapions of Tho-
wiwm, hae gone rur beyand either hopp or .hitaheed b; claie
mi~- .t‘uat periputeticisn “na buan stter), nt«-;rilo in the
renlm of phyesios bLecsuse Arl-tptla ettenpted to bleologize
tie whole g;f puystoal ro«uty,_ t.ut Le notu. lly sande phye

sieal vodiem Into 4c nuhiy raimmlae IR N8 esucy, “Concoruing
(85) :
Christior  Rilosoply™ we rint the followliy devemtsting

eritielarm;

eseiie arv bound to gondemn !t.‘:o seietific aterility of

the Middle iges for tliose vary ressous wick to-day rake un
eondesin the philosophic aterfility of "polentim e Airise
totle also :ad axngReruted the sooje cf e scloneo :nd

t @ v-lue ¢f 1ts method, to tie detriiant of the othars;
snd in a senre 1@ wiaa lees excusnble than [ essartes, for

in t:18 in onan into oper smtr:.diaticn with tha reguiro-
mants of His cw oetlial, wierons .esecries wns .nl: oure
rytny: him througlhi. aAnd yet, piilnasophioilly, iriastotle’s ws
the lass dangerouas error, {6r it wus an errur of Vasot,

nnd laft tha questinn of principle vatoucl.eiy 1o biow
logize t.¢ Inor,mnnio ws e ~nd tro -elinvel puilosop wrs
did, was to cordern. oneself to lgncrernoe about those
solcroes of the inoygenie world whose presont populertity
comes axfefly frot the inox’ nustible fertility wrich they
diaplay in tkings praacticals but to mathene' {76 knowledge
entiraly, snd om prineiila, was ta set strurpe’ linmita to
physios snd ahesiistry, undt to raske {mposailde biolosy,
matrphysics, oot gonseguently norul thaorr. o o aristotle’s
error ley in not baing trus to his prinelple of =_nclenge of
ths renl for ovary orier 5L thue ranl, «nd 4 g error of

netiev 1 ;hilozoshy lay in Tollowinge Nie fn this. Comnite
tine tha o'm'mite mistnie to that of Demenrtez, ‘ristotle

set up tha bielodenl nethod ss : Pyste ) wetiod, It s
ranarully wdid tted thal the onl: Pﬂsltitt Linds of YRowled ce




in which Aristotelianisn nchieved any progresn cre t' - se
slich treat of the marpholory and the funetiona of llvirg
beizgs. The fuet & that Aristotle was bufore everytiing

& naturalist just as Descartes was before everytiing a
ratlematisian; 20 rmoh 80 indeed tlat instead of redueirp
the organis to the inorganie like Leacartus, aristotle claimed
to irelude She imorganic im the orgmnia. Strusk by the
dominonee of form im the living beirg, he mede 18 not omly

n prineipls of the sxplanasion of the phenomsna of life,

but even extended 1% from living belngs to mobile heings in
gereral, Hence the fsnous theory of substantiel forms, the
elinination af whieh was $0 be the first care of Desowrtes.
For » ssholastie philosopher, as & matter of fast, physieal
Lodies uwre endownd with forms from w:ich they derive their
novemnt and tholr properties; and just as ths moul is a
cortsin spesies of form = that of & living being -— so i9
orm a curtain gmiw of soul ~ tlie genus wlhich Lnoludes
sota the forwe of inorgmnie beinge snd the farms o souls

of orasaized beings.

This explaina tha relstive sterility of sho ssholasiie phi-
losophy in the arder of plyaics azd even chemistry, as well
as the insdeguagy of Cartesianiem in the order of the nse
tural sclenses, If tuare is in the 11iving beins snything
other then pure neshniizm, Dessartes s foreicored to niss
it; but if t'ere is mot {u phyrlcal reality that which de-
Tines th:e living being as sueh, thien the scholastic philow
sophy will not only fsil te Cind it thers, but wil) naver
“isgovar even what is tiere., Noverthsless it wasted its
tine in locking for shat wes not therw; and an 1% was eonw \
vinoed that »ll the oparations of imorganie bodies sre ex-
plainad by forme, it strove with all its pipht against those
who claimel to ser thars paxwthing elso, and slung to ttat
inpossible puditiom umtil, in losing i§, 1t lost {toelf,
Three centurtA® spest in elassing what rast be mensured, ue
to-day sans PEFSiMd in messuriug wat wmust Le clarssd, prow
du-ed only a kind of pseudo-physices, »s dunyerous to the fue
ture of ssiense as to thet of the pullosophy shich imagined
1tsely bound to 1t; soholasticlsn wea unal-le to extraot Tram
1ts own prineiples the physies whioh eould aud should have
flowed fram 1te o » Tormmee naturales sunt scluosae et guaﬁ
vivee, anid the 'gholastics: datwesr the Ca:tenian art 1am
82135 nakes aninmala {nto so many mashiies, and th.e irise
totelian vitalisz: w .ich makes physio:l bodies into s rany
aninmsle, there must bSe roam for a nechaniss irn physics and

» vitalisn iu biclo,y. (88)

To this oritielss Cilson a.perxs tie followiis ipte-
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resting footnotes

It ia oloar tiat Artatntle's er-ror, loss serixa %an

tiat of Vesourtea from ile point of view of philosophy,

wa %0-e serious fromn $.8 point of view of sclence, To
extend, 1liks lossartes, a mora ;y::ersl acicuce to the

lons general soiencves, leaves 1t ponsidle to Tese: in

theso last shat ther haw in cormon with the first; houes
a maeochunlizasin, always possible t ough alsways purtisl,

of hioclogyi but to turn e nethod of a pore partisuler
soloioce baek upon a nore paneral setence wiuuts to lsee
viag the more guneral wit'.out an objoet. 1low, ir missing
tho real objeets of physies and ahertstiy, Aristotls migsed
at the dees tive all tdat dio-chenlstry teaches us conm
oarniiy biolopical faats ~= wW.fol:, 4lt. 0z} it is neither
the wiole aor the most important part, is possitly the part
w:ic:: is mowmt useful. And this, aa well am bel ¢ a serions
#a - in his theory, is tie thing thnt hucen utilitarfenism
wil} navar forgive him, (B87)

It 1a to ba noted tlat tisce lines are writton by o tioe

torian who does not cite so much o3 o8 text to substantinste

tiin oriticiam. Moreover, ths onl: thing thet presenis the
asesblance of a resaon for the assertions rade is tuat Aris-
totle extendaed his duetriiie of substantisl forn to inorgmnie

as well as orpganic bodies, “ard just ns tle moul ia » certain
species of form ~— that of a livin, belig « a0 In form a
qartain senus of sonul —— the genua which inelutes tot: the forms
of tnorgmniec beitgs and the forms or aouls of oremnized belrgs.”
Tie aop {atry of this argr:ert 1a 20 obvioua t.at it des pot

Lave to be pointed oit,

Gila.n holda that Paripatetic steri'i:y &in tle realm
of paysioes derivos frum She foct tlat iristotle failed to re-

copndze or at least to faollow tie principles tint wero inneront



ir is dootrina, but he sdmits that Lhese jrireiples cfuum
provide s frwidrul philogophy of metencs, Thie, !:m&i&r, hu
breil o fed by M. Augustin Nansion, who fn a long u:‘tf;blo (a0)
ontitled "La I'hyeique airivtolélicienus et la hilosophie,
has triod to show mot only why mothing of any eonqum for
rathomatienl prysies is found 1n the dostrine of Arist;;th.
bt even why 1t was tueoretiowlly Lipocsible far it to%bo found
therein. According to llansion, mat'wxstiosl phyzica q&;mld
Tind no proper plase in the dostrine of iristotle bec:«:!;alo by
1 unfortunate and highly erbitrary division ofr the nc;;unoe-
te created @ abyes batwee:u physlos ard rathermtics hf rlsecing
tl.em in Tormall: difTerent dq-;rot'a of abstruotion, 'u:;vi:zg onee
rute this fatel blunder, he could mot but be ecbarrassed by
tie aotusl sxistenss of gertain physicnl scisnces al:'dW to
sose extent mathermiicised, suoh as astronamy, o;.uca,"%atc.,
and recognizing the utter impossitility of finding s npoolul
place for theu in the scheme Lo lied aoncelved e _priori : he was
foros! %o olass $hsx mong the Rathenatica) soiuiices, thl-
At the same tino attempting to save the situstion in a’? -
fashim by pointing out that they were "more ph_ aioal"";tl:.n

i
pure mathematics. In this way he raoved these sclences fro=
the realm of physies proper. Thias, addod to the fuct tust

Aristotls had 6 personal aversion for mathematio-l speculation,

sxplalns why peripatetioion 1s oovaplstaly barren from the

T

~

point of view of mathematical physiea,

‘VeAld done deartits de L'oswvre d'Aristoks, avant tout
physiaien st naturaliste, — quand 11 n'est pas logioien
ot mitaplyntiefon, <« 140 seionoes methénmtigues proprecent
"41%88,- lais 11 et alld plus lein, 8%, ootte fois, 11
8, do fagen exprésee, fait appel L ses prineipes;  powr.
* alldger:sen jrogrenms e eertaines selenves auxquellss:mu:
7! pout” guire- GRler:30 snrastive’ & seivhtes physigié,
©-Go'nokS vollen’ prselntubit qui, de bUA) deaps, ss trou-
vateut Stre 1es plus avanoles ot qui avaent prie 44Ja
la forme qui leur fuit reconnaltre la gualits. de sstiences
| e sendl mederat’Suanti sstronewde; npiiqus,: harmatque
* om aqoustique, ieghique, Ia supériorité cmreetiris-

T %iqhe e eke Stoulplines; ecipurdes & d'autres encore
woins développdes, provenait du falt que le edtd quanti-
tif o6 Jhinciues’ snvisapls 4tnld mon seulconat: Teeonam
ot dderit sn termes ginéraux, omis ftait Atwdis en a4tail,
var 1'applisation pomssse susel 1vin: gue possible:sidas
lors, 11 Lallait une sompétence suffisante en mathima-

- $iques pour'iberdew +ds dranshve de savoir, qui per le faft
niue $tafent devesusa 1'apansge dss mathimaticione, Augsi -
- Aristote les slnessetill sans hiisitetions parmi leasd (4Hd Toho
les selenses mathémitiques, «— tout en leur attribusnt un
" sarsetire “plub physlqwe”. quaux mmthinatiques pures (Phy-
aie, B.R, 194 a ¥ .. 18) ‘
On toushs du doigh tel les sonsdquences & la doedrine
des deux premiers degrés d'sbatraetion, en mime temps que
4¢ 1'dloipammmt qutyrouvalt Airtstete pour la apSsulation
mavhliuat 1{le, | Tou suiences ou branshes de la physique
©A61E mathBut s5ed’ nuraient dh owwititusr pour luil 1s dype
le $lus exhavi des Belences physigques partiouliires, & con-
dition, dion antendu, 4’assigner a ehacyna 4felles 1'§tude
: %%‘:‘ plifnamdues 4°un dcemine bien d4limisd, welul do
) g ‘u 40 14 nissnique per smenplencs . ' o
f Om voi¥ Goud scwnimy, en Seartens de ln yhysiqus, pour les
Sefigner W demaing nathiitiqus, Tk setsxces mentionnSes
® 1'instend, Arfstets ¥ munqus L*eccasfon de tratter &
" fondl siat dod Sus oonerets perfaitement slapiss, le problime
de la différenes entre une §tude philosophique et une
" $twie purelany sefentifique €e tells ou telle porticn &
_wonde matdériel, Oes vues aur le doghé d'abatrnction de
-~ J(ou Jo mathdrintiqes en soutiresponssbles pour wue purs; mais,
4'un autre e3t§, une fois admises, elles eussent suzai bien
e nstrdnsmie 4 une miownigue somplite, & la feis
mathbmtique ot physiqus, an effet, de 1'avey m2me du Ste-
girite, les entités mithématiques sont ¢} Lddipecrws
02 mont des nbstraits ou dos nftnln d'un ensemble pluas
eorplaxe, qui sonatitwe pricislment 1'ob et physique, Done
elles an font partie et pour Studier eo Aernler ob jet de




&
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fagon intégrele, le phystsien lui-mdws m'on peus négliger
1'aspast quantitutif jusque duns ses derniores ¢étersde
nations,

Neus savons douo pourquoi, = $iishant la tueation de fait,
~= Rous B8 trouvons pes et L -~um ne pouvons pas trouver,
duns 1'oeuvre d'aristots, des ex;.s4s ou des traltés res-
sortissant au dosaine physique et rénondunt & Ces sofences
partisunlidres AB38% AVANA588 POUr : voir ravdtu une forme
mathézatique quelque peu dfvelapnZe. {89)

Some authors have sousht for a source of this bar-
Tenness in the Aristoteliar doetrine oh sensible knowledre
whish eatabliahes an abaolute 1dentity butwesn the sensidle and
the physiesl, thus precludine the poesi¥ili¥y of n phyateal
sclence thet would be bes:d not on the senaitle mialities of
nature, dut upam 1ts quantitutive relationa. Sreaking of tre
phyaico-mathenntieal sciences in ﬁluticm to the system of
Aristolle, salman writes:

Elles na dériveat pas em offet normalement 4o la thiorie
Ges dogris A'batrastian, mads son$ des Gomsen de falt,
assox ginantes d‘*silleurs, que le théorieion inthere ovrme 11
1ls peut deans une synthse qul ne les prévoyeit pex,

Pour les auteurs sgolastiques 11 n'y avalt done qu'uno
prysique unique, homogene ot uniforms, wui exrlicurit tout,
depuis 1o Iremicr Moteur Jusgu'd 1 salure Gus 1wt 8, et le
Térima des vents. Et ces eona- ptions énio¥iruloriges
&talent rondfes aur une Gootrine A%)1%/r e ¢« ln cornein~
snxce seneible, qui identifialt résoclument le pliysique et
le scnaible. (90)

akes mc],
m—“"'—”ix Shie geholustic LmtiTivation botwovn Whe

pivalenl and tie se cible, 8 foda 41 11 reanor to raleet
not only thiut part of geloliatie na*ur-l doctri-o w.ich corres-
s 4o pndern physics, 't even U wrle o 1losophy of ra-

tureyg
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las seclastiques aroysient déhoucher de plain-pied dans

le rdsl, en pereevoir d'emdbléc st par les sens l'organi-
zation intime, O(ratifiés d'une jonnie famsédiate et par-
faitement aimple, 1ls pouvatent édirier ume sglertin

118 undque ot homogne Gui fpuisait la conunisssnoe

wrs seunsidle, las modernes somt moins bien
partacgds, Ils savant qu'il lour faut transverscer ln zone
du seneible, qui est physigueaecnt. impure avant de re-
trouver un nende matfiriel vratrnest ob jeetif; e n'est qu'en-
suite, lorsqu'une pénible reg-natruetion ieur eura rendu
des donndas authentiquement physiques, qu'ils pourront
songer a en ’airs la philosophis. Ya "Philosophie ‘e la
Natwe” ai Svontiellement olle se reovistitue, sera
1'enalogne de la philosopliia naturells mAdidvale; tandis
Que la anolense physique modarna, ralgré ass reasemblances
supexficlolles aves l'ancisnne, oat 4'un type épistimo=
logique radieslewant niuveen, ¢o.° il serait naif de cher
oher la formule chex ler auteurs du moysn &g

On peut mesursr du mdms coup la portée virituble de 1a
physique seclastique, et 268 possidbilitis &*alsrtation,

Il ost manifeatepent futils, ex offut, de rulitiplier les
"objets formels~, dont las nuencns plus subtiles devraient
remplaser las vues insuffiscemment diffdirencifem des anciens,
Car, pour user de ce langure scolastigue, ¢’sat 1'~7obfet
rat4riol” lui-mime qui as dfrobe. Ces qualités sensibles,
asur lesquelles reposs touts la co:struetiion mfdidvale,
a'ont point la poriée ontologique qu'on leur accordaft.
Flles n'existent pas dans les corps ¢e la nature, mais seule-
ment dans la peresption de qui los eonnalt. Lr Jhysique
ancienne ntest dons Yss seulerwrt orronke dars telle om
tolle de aea gonelusions, elle net atteinte, ¢ éa son point
de 4ipart, dtun subljoctiviamn >a: ienl Jort s¢ ressent pro-
fond4sent lo systome deus goa onaerbles Flusicurs de ses
thbsen sassentialluc gmscrveint sata ( mte wne v 1or per-
mrente, ot seront pauf-gtre wouvées. Maix €lle: ne pour-
rant revivre yu'apres . nouavelles dénncstrati ne fonddes
sur de nouvslles domndes, exprinftes surtout dsns un lane
gage et avec uno technique concoptuelle Anspirés du réel
physique et non per la vainc inngerie du sersible, la soul
parsi paisonnghle das lors est de renchesx déLinitivemeat
auX yepproshemsals superfisisls ¢t ds reprendire l1'&ladboration
d%uns philnanphis naturella sur les bases t utes nouvelles
Qiie’ nous irfesent une comalSsqaice plus nunncée du wonde
puysiquna ot de won ¢1Tlcile accurs (90 a)

Jther arparents of thiz kind eould be ersidy edciced,

e oot el s ‘ LA Tigt
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Phyzies 1a the atudy of mobile belng (ens ;nohua), lnd
everything 1% eonsiders must he stuffed in the ngr_;t of mo-
b111ty; yet the Aristotelliars have always talgh'tv tﬁat -th.-
natios necessarily excludes motiomn. As we have nl;;oaey
pointed out, Aristotle himself used this argument rpainat

tre mathormtizaticn of nature tsucht by the 7'ythag:;raa";n

and the Platonista and 5t. Thomas stated oxpucitl_;;;: "ex
netiematicis non potest aliguid efflomolter & noh; eoncludi,."
It would sesm imposaible, then, for a ssiemes to lx?ht whieh

would be st onoce physicsl and rathematical. '

Nontaighe once safd of iristotle that h.’-;hed an
"oar in svery water and meddled with ell things." iirowanr,
the argusents we have just sonsidered seam sogent c:nmgh
$o fores the eonelusion upom ua that there was o-oxpam of
water in which the Aristotelian oar never 4inped: ‘tihat of

|
mathematical physics.

i
1

T:.ese are mrerious o:nrpas. They quantmr.i; the aom-
petencs of Thauian in the whole realm of thoupht Mc phlio-
0phy somes %0 grips W th sefance and with the -n}ltﬂlnu
aplstemolocicnl problmws which trve nrisen out of 151% nodern
development, T:ey ro far d eaepas than even thoar whp yroffer

t-em may suspect. In a asonse ti.ey touel. Thomia: #t 1ta leart.

“or 1t there 18 one tk}r\; upok whlch T‘l,{)migm prldesj {tgolr, it

1s 1te preeminenee in that part of philosaphy that ie
truly wisdom. Now {t pertaina th wisdom not only to have
. ’ : N . Y -
s oritical knowledge of fts own nature, but alaso to hlﬂo
that same oeritieal knowloedre of all tte other sciences
and of all their manifold interrelationa. If Thomism can-
not find within itaelf t-eo p:ri".ciplon which will te alle
to open up the inner moaningl of mtharmticeil phystor und
to situate it accurately ir the whole epistemolorienl soheme,

1t must renocunce ita olaim to the possassion of ifntegral

wisdon,

We 40 not propose to enswer hare all the charges
indicated shove. The whole itudy we are 'ndertakiry will be
an anawer to them. Yet it seems nedessary ut this point to
purify the atmosphare of irr:-ltvmt cansiderations so that

the real issue will be thrown into sharpsr foous.

In the f£irst placs, it rust be pofnted nut t' ot
ixi meocking t2 comtablis’ t'e stenificarce of Thonmisn as a Phi-

1oso:hy of sciencu we hold nn brief for the Cecadent §chiv-

" lasticism which first felt the inpact of tho rise of modern

scionoe and which has pcrn!aftnd in 56 mray wavs down ¢t~ our
own dar. It 18 & sign of a sinjular lack o1 discermnent or
the part of historiana Lo confuse truc THGEEN v1Eh thix

rrotesgque esries ture, O:ﬂ”éo, wko ims tyadiii g1 im@n

(el owpoan M\p,-cfl:'nct ur‘.ti‘.(f\'-sin efaﬂ Wmifm‘b@ﬁciw.



stands for, realiszed the mecessity of distinguishing be-

tween then, In hism Latters Intormo Alle Macshis Soleri he

says: "leg sua ignarus, quam hese¢ opinio sit inimiea phi-
losophiae Aristotelioas; sectee nagis quam principi est
diveran, Da mihi rsdivivum iristotelem.” ou

This does not mean that the advancement of physiocal
sclence has not resalted in the liquidatiom of a rond many
of the theories proposed by Aristotle 1n his treatises which
deal with nature in its eonsretion. Nut only those who are
utterly ignorant of the resning of sxperimenial sclence gan
find in this ¢ resson 40 vondwwr-hir, In dsaling with nature
in its consretion error is normal. im we pointed cut in cone
sidering the philosophy of iesenrtes, it is important, when
one wishes $0 svaluate the work of a thinker of the past, to
distingutah betwesn the errors r;:r whieh his system anfl pethod
are intrinsically responsitle, ani those ever w-ich he had
nn eontrol, The historians who are so eloguent in ri‘iculing
the physics of Aristotle f£:1) Lo reulize that tle on’; goal
that experixental sciernge ean anttain ia, in the lrst ansl:sis,
te "seve ihe Prenomenn”, and that the physiea of Aristotle
saveC tle phiendmena that were kuown in his tine Juat ws nocu-
rately axi as perfeetly ar tho theory of Relativity saves the
pienoreng L.t sre known todmr, .06 we re Well wonder how

et of Tineteln?s vork vi1 la v till stendfr, artes Ay i.ory

thouasnds of yeaxrs have passed over it as huve olnpaed

aince the time of Aristotle.

We think that the following passage of Charles
Singer is extrewnely dimcerni:g:

Against Aristotle it has deen urged that he ohatruoted
the progress of sstrorosy by not fdentifyin;: terres.-
trial und ocelestinsl nechanios, end by laying down the
prircinle that oceleatial motions ware regulsted by po-
sulisr laws. He pleced the hesvens beyond the pos-
sibility of oxperimental raesenrch, und nt the sume time
impeded the progress of meohnnics by his assumpsion of

a distinetion betwnen "naturnl® and “unnntursl™ motion,
n the othar hand, we should remesber that aristotle
gava nn interest to the studr of Nature by ‘.1s pravisicn
of r positive and tapgible schera, It acoms unfair to
brins his own greatness as ¢ éharge sgninst hir, 311
our gonseptions of the materisl world —~sciantiric theo-
ries” as we gall ther — are but temrorary vevices to
be abandoned when occension demands, That the scheme
propounde. by Aristotle lassted nore then two thonsend
youra is evidence of 1its symmetry snd beeuty ond of the
greatness of the mind that wrought ft. Tiat {t received
no offeative eriticiam is no fault of iristotle's, dbut is
ovidence of what dwarfs the mean who followed Lim were
by eomperisor with him. (92)

It 1s significaunt thet the firast one to enll into question
iristotlets theory of t.o henvens scnis to iL:ve beern Thomas
\quines, who cunsldered ristutle’s doctrine =s & mere opi-
(93)
nion.
It in olear, then, that in ettemnting to esteblish
tha relav.. cco f Thonmim: for mq-them-atit:ul Fl\yslc:,, we +re hot

s:oxing to revivs mxt::néml physieal theortor, Mop are we

Qg‘éﬂy to ngintain Lhat Ax.-?sf,o:‘.c or qny of f/ze Mediev: -
lists wew M mittematien) _PL?M?M‘} The point s thak
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iristotle was sumething grenter than o mot..ematicnl phiy-
Bicist; he was a éu\ philnsopher. Unquestionably, n‘
Tull and exact knowledge of muthemutiecal physics {a xnéxxp
pousable for any philosopher w.o attespte to oomo to ;;}ips
with the hipghly ‘spesifie rnd conorete spistemoloptor 1 1;)rm
blema that arise out of the sdvsnesd developrant of phy-
sical sciance. But this knowledge 1s not Recean: Iy iz.;or-
der to dimcovar the key whioh will .open up a elenr and‘i
Pregise view of the true nature of rmthematio:]l phynld;
nnd its relations to all the othar sciences, We baluﬁ
that (ristotle dissoversd thut key. Ve believs that that
key is neceasary todey if w ore to find our way out nf‘
the apistemological maze into which the progress of ne#onoo
has led us.

It may Tesdily bo aduitted that from a purely ra-
terial point of view Aristctle ha very 1ittle to » v sbout
matienaticnl plysics. The few passnces i: w.ic !=e t'winhon

uson the subject are mlmost awallnwed ue in the rrent bulk

of his A2
levant, !oreover, there aro ntﬁnr Tennone to ex]vllm\ 1:;.‘115
Phr‘nm{eﬂom nther than tha purcly extrinaie reasons v toh dow

lijlﬂ 5o many historians. It Fms often peex ::;r:ihtr-i;\'qLR thut

Arterotte fngw verr 1ttfe mathematlen ens that fa had: o
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partisular avarsion for mathematiocal speculation. Oil-
son, for example, tella ua that if Aristotle 4id not ges
vory far with scientifis enquiry in terrs of quantity and
neqsurement, “it may be aimply becmuse of his ignaranee
af xmethematios, of which he seens to have !nown only simple
proportion. It is possidle that this faot had & conaide-
. . (94)
reble influence on the general trand of his labours.”
Tuis is also the opinion of Mansion, as we have soen. Gile
son givea us neither reasoms nar refereuncas to sup;ort his
assertion. .imd all that Mension has to offer is an ellusion
to a text in the twelfth book of the lstaphysics where iris-
totle, spesking of the movements of the heavenly bodies,
writess
That the movemonts are more numercus than the bolies that
are moved is evident to those who lmve given oven moderats
attention to the matter; for each of the planets has more
than one movament, But as 2o tie actual nusher of these
novemsnts, we now — to givea sume notion of the sudb jeet -
Quote what soms of the aatrematieisra say, that our thought
may have soms definite nunber to crasp; but, for the rest,
ws must partly investiente for ourselves, pertl: learm
Trom ot er inveatigators, and if those who study this sub-
Jeat fo:m an opinijon gsontrury tu what we huve now stated,
¥¢ must estesm both parties {ndeed, buil follow the ;wre
scouratea, (95)
Of this text Measienm says: "témoim la eonfession a peios ‘
voulde qu'il e a “Fnit an ZT¥Ie livre ¢o la *ftap yajque )

propos des astronoues, treltés comae Jen 3pecia.is?e:~, dovnvxt

1u eompétence W 1} a*inelire suas voulels éim ter pi

lewn titre ni lowrg 4’7’)0#249&

(96)
Even « ca_gm 1 m-cl,wy
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of the text of iristotls reveals the utter gratuity of the eonfusion ef mathenatics with doth physios and me-
Mansion's inferencs. Ko one who f{e at ell asquainted with taphysies $hat was characteristic of t'ie dootrine of
tie writings of Aristotle is unaware of the faet that it the platonists, Aristotle established its trua spiste-
is customary for him to introduce a quastion by eonaidering mologioal atetus, He thun freed it of all tle essso-
what authoritiesa in tho field heve had to sy about it, and ciations which tendod to ¢raw it away frown {ts proner fun—
that he alweys hsa respect for the opinfons of these autho- ction, andi made of it a more apt instrument for the uss
ritiea unless his omn m-oyin,; has prodwced evideunce to of seientists, Professor Lirong has hrmglné out this
infduce him to differ from them., In this ease, 1t is evident point with remarkable olarity, and we sannot refrain from
from the text and eontext in question that he is interested quoting the following passage in spite of its lengtn:
asrely in arriving st sorne prodbable opinion ebout the mum~ Crities enn eriticise iristotle for his refusal to so-
’ capt the doetrine of Form ni metaphysicnl number, but
ber of the movemeats of the hsavenly bodies so Shat the sertainly m0t apon the ground tiat he failed to con-
(") sider the meaning of matheratias. Rather, one may sey,
mind will be able to fix ftself upon a delinite number. 1t was hesause Aristotle refused to sonfuse mathematical
solience with metaphysical primeiples, sand beosuse he
And sinoe the opinions of rudoxus end Callipus ssem probsbls insisted upon the operational character and plysical re-
ference of matheiatias that he refused to ldentify re=
to kin he asespis tham, theratical mumber with ideal nueber existing in a separate

realn of reality. This meuns that Aristotle did not ad-
vocate the formulation of a metaphysies in mathesmtiesl

AS a matter of faot, ssholars are now eaming $0 re= | torms and relations and saw such a metaplysies ss » con-
fusion of the notion of mathematics wit't ontologicel
socnize that Aristotle's knowledge of methematics nas far ad- realitina, Yencs Arfetotle teld mo foetrie of t!e unie
varse framad {n vatismutical urniversonle ~f relati-w, for
varnged fur ids dey. "It wes kuowladcs, rather than tgnorance he rogarded the ratiocs and proporticus of rathemetios as
cmstituting no ¢lrss of . xistengeo-in-thensalves, ‘hey
of tne mathematics of kis time,* writes F..».G. lerthrop, "which aro relational only <7 entities of u ;ethermtienl ¢ arse-
{e8) ter in arithmatic, geomatry, o some more physical asclev:ce
supparted Aristotle in tie formlatio. of his logie.” sucl as meehanics.

e . The Physigs, De Caslc, and Problemata reveal passages in
T RN v vate whish b weed Mathamaties in eonnegtion with physieal
Aristotle’s polenic against the mathema'ieiam of provlens. Thir {8 of co:rse not sGuivalent trn saying that

the basio prineiples of iristotle’s physical socicnce were
the platoniats was mot a polemic sgatnst the existence of mae mathematioal, Aartattle racognized mat  eratice en & 81 1=

ooltelwd sciunce m as s Instrument {: the physicel
“emntical sciencs, as 2oie sean 10 th1nk, but aminst the selenees. So far ac he mainly directod hir o trestment

of nature tg thn prodvlan of growth whare W\t“lﬂ'luﬂcul fure—
antolorieal exiateace o7 rintheantion! antities, @,A{nsxf;nunj mulntion war aot yelevanl, & ar g5 may §or thal his 1p=

Wl




Serest and approash wers directed to other than tie
quantitative aspeets and soncepts of nature, !

IS i{s eharacteristie of Aristotle’s approsoh to hu
predecessors that he regards them as ren striving 'for

the theoretical view. !iis snalynes of his predesessors
are thus g sourgs of knowledge Wi th respett to their
"mataphysies.” His own inquiry ends it a position op-
posed to the views of lenoeritus and Plato. The op-
poaition, in mcoordence with the view pressnted i: the
forsgoing anslysis, is not to methematics or to the use
of mathematios in naotural sciends, but to the rols whieh
aumber and mathematical objects are supposed to hnve as
ontologlcsl existencea, To insiat upon the dhtineuon
betweon the mathenatieian®s subjsot-matter snd the sub-
stantial and 1deel nurber atiributed to rlato, does not
involve & rejestion of mathemmtics proper. It does in-
volve & rejeption of theories about the "real” existence
of nusher-forms. Those who assume that a mathenatical
metaphysies is fundamentally ixportant in a rcguhtho
and interpretative role to the developwent of mecharics
and mathematiesl physios oharge Aristotle, upon the basis
of his different eomelusion in mataphysics, with heving
obatructed the progrees tLat would supposedly hLave fole
lowed from his acceptance of $he I'lutonioc theories of
existential number, So far as I'lato en¢ the Acadery were
agtually engased in mathematieal work, the argument ap-
pears o sarry weight. Nevurtlieless, the assunption that
netaphysios is impartant in respest to subjeot-matier

and procedurs must first be established befors Aristotle
can de held responsidble for obstryoting the development Al
of mathematical science., (99) 3

It ia olssr, tlhan, tiat tLare must Lo ollal reasons
besides a lagk of knowledge of nathematics to explc\li} wLy
aristotle, having onge diacoversd tis true principlea of mathe-
matieal physiss, 414 not devote himmelf to Sheir dovglomont.
In ta firat plase, in mriar for ury substestisl y;ra;‘j-maa te
be made in the application »” st .emaliecs to rature tvo kinds
of inﬁtmmnta are asmentinl; oconcontunl math cmn'éica,)% furtru-

monta, Qﬁ& physisal inatruewents of exact &P@‘im«nt nn& meg—

e
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surenant, Withou$ these only extrumely mea;er progress
ean be mede, and Airistotle lecked both. It was only mfter
the Renaissance that the negosssry physion! instruments
were invented, and the conseptual instrurients whieh werns
to prove so fruitful, such as analitieal semetry ané the
ocaloulus, were discoverad. T:e Gevelopmont of mat'.ematical
physties depends oompletaly {xpon these in-t;-tmnt-, and, as
Lieyerson hes pointed out, "si los mathéristiques accomplin-
salent & 1'heure actuelle nn progres camparable, ne fit-ce

quo dans une cortain mesurs, & celui qul a 438 effectus

" par ls eréation &u ealeul 11.£1n1tés1imal, ls physique & son

tour ferait, presque immddiatarent, un bond en avent in-
100)

nense,”

Another possible axplanaetion of why Aristotle
Tailed to give more attention to the exploitation of the
fruitfu) principles he had discovered ey ba that he war Tar
from realizing tie vast extent of tlwe apphcablln)- of his
owp prmt.iplee. but before comsidering this possibllity 1t
1s necesssry to exsnine the mejor texts in whioh these prin-.
e1plee are Latd dom. -

There are twn cn_:ﬂ!tnl. texts in whieh sristotle deals
explicitly with the nature of rathematicel phyaies, These will

consLivate the seed oub @F @AicA G pﬁ,!mlf& Stuidy pAl} ?/HJW;




The first of these two texta is found in the Posterior
Analyties. This whole work is devoted %0 a diseussion
of the principles that are scumon to all the seiences,
In chapter thirtesm of the £izst book Aristotle sxplains
how knowladge of the fact (saientia quis) differs from

knowledgs of the reasomsd fact (seisniia propter quid).

After showing how thay 4iffer within the same seinnce, he
goas on to sxplain how Shey d4iffer when they are found in
different scienses: and in meking this explanstice he briugs
in the question of the mbdaltermation of the seiencea whisch

we sonsidexr the key to the whole problem of mathsmetical
physies.

But there is another way %00 in whieh the faot and the
reasonsd fast Jiffer, and that is wshen they are inves-
tigated respestively by 4&ifferent ssisnass. This ococeurs
in She case of pro®éleswe related to ona another as sube
alternate snd miperior, a3 whem optisal [rodblems are Mibe
sltsruated to geometyy, mechanicel prodlems io sterecmetry,
harmonie problems te arishmetisa, the data of obssrvation
to aatronmmy. S8Some of these sciences are almost synony-
mous, e.g, mathermtical and nsutieaul estronamy, rathemati-
oal an! asousticel harmonics, Tere 1t is the tusiness of
the empirieal ohaervers to imow the fact, of tha rathe-
maticians to know tlue reason for i'o fect. For t' s latter
are in possession of the demonstratiuns gdvizy; the causes,
and sre often ignorant of tho simple fact; just ex those
who know universals are aften igoorsas of mone of its pare
SMevler instanses threugh laek af obssrwition, Sush are
213 the seiences whieh, thewgh differing by their sasense,
use ” rms, ¥or 1 e riathanmaticml scluonces have to 40 with
forms; they are no' o-neorned with a aub jeet, si:icc, even
thrurh peometricul propertiss are prediceblo - f & suljeet,
it ia not as predicible of & subjeet tiat ther considar
them. As opties 1s related to cecmetry, so snother ssience
is relatnd to opties, narely the thooor, of the raintor,
Here 1t pertains to: the phyoiciqn te knowtl\t‘_ fact, bu

to the optician to know the reason for the fect, either

qua eptician er quas mathemati¢ian. Meny seisuces, though

not subalternated, are mutually related in a ainilar

way, 0.8. medioine and geomeixry: it is the businese of

She student of medicine to know that eirocular wounds heal

more slowly, but 1% pertains %o tho geometer to know the

resson why. (101)

The sseond important text is found in shapter two

of the sesand book of the Physiss. Sines scme historians
have failed to see why ¥iis passage should be in this parti-~
culer plece amd hv- prefarrad to seek for smme exirinsic res-
s0m to explain its presense hers, i3 is worthwhile so point
out 138 souneetion with the context. After having discussed
in iook one the problem of the prineiples of naturs, Aris-
totle tekms up in book two the prineiples of tha seionce of
nature. The gemral prineiples commem %0 all ssiense had al-
ready been considered in the Posteriers Analytica. but sash
seclence has 188 owa provor method, and consequently it wan
negessery for iristotle after heviig deterrined upon the prim=
aiples of nature to discuss the mothod t0 e used in the in-
vestiration of nature, It was neceasary to consider ¢« cnures
scooxding $o whish demonstration sey be had in natursl sciencc.

E EO A B iR & fu 00 oy
Now §t hanpens that the natural soientiat in seeki:p for the

gause »f naturel phenamens often tur s to sattarmtics Tor light.

Ariatotle had to explain the sirnificece ~f thia recourss to

catiematics, In other winln, a“tor hqvir7 Aocussed 1n HMe &'—
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termation of ome seisace 10 anether, he 2ow applies thess’
principles %o the subalteruntioa of physies to mathenaties,

Having desternined she Affferent ways im which the torm
"pature” 1s used, we muat now consider how the mathe-
mutislan 41ffers from the physieiss. Yor phyaical bedies
contain surfaces and volumes, lines smd points,and these
are Sthe objost of the methematieian. Roreover, astronomy
is sither differsnt from plysics or a part of it. Yor,
1t esena strangs that 13 should pertein to the physieist
to know the neture of the sun or the moom, but not to know
SRy &f their accidents, especially sines witers en plg-
sios obvioualy do discuss their shape elso amd whether
tmmhmmmumwmnm.mmm
themmtician, though he treats of these things,nevertheleas
du.mm-tth—ntblmudlpivuon body;
nor doss he consider the mcoidents precisely as sceidents
of such bodies. That is why he abstymets them; for in.
thought they are shatractable from moticn,and 1t makes no
differsnoce, nor is awy falsity invalved if he so abstracts
them, The holders of the theory of Forms ere una:are of
this. For they abstract physioel things, even though these
are less abstraotabls shan mathen:ticnl things. This be-
comes ploin if ome tries to state in sash of the tws canes
the dsfinitions of the Shings and of their attributes, ‘odd?
and ‘evem’, 'styuight' emd *eurved’ ,ond likewiss ¢ numbert ,
‘line’, and 'figure', 42 mob involve motien; met. so 'flegh?
. end 'bone' and *man'~ - thess are defined like ‘srub nose*,
not like *surved’. Similay avidence is mpplied Wy te
scisncea which 2re more physienl than mathematicr), such as
optica, hurmonica, and astronomy. These are in a way the
gonverse of geometry, for while geowetry investigutes :
shysicol lines but not qua physioul, optice investigntes

nuthountienl lines, but que physicrl, not qua me henaticel, (102)

The contrel ides that emeryes from these two :Qn.
12 $het matdemntioed plyedee 1n & Rybrih scismes dn whieh piyest
sica 1s subalternsted to matfenntien. It is, to use the tech-
ioul Themistic sxpreusion, a scientis modis, on intermedicry
scienoe between physies end mathermatiea; it involves a kinid of

neetic hylnmox-phium in vhieh The materinl elegEnt is ('.rqw‘x} fron
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physics and the fvoml elenont from mthmﬁu. The pur=
pose of this stuly is to analyss the unique type of knone
lsdge that is bom of this union, As wo have elresdy in~
dloated, it is not our fntention to‘attmpt to came to ripe
%1th ell the cum licated epistamolosic:) problems which have
avolval asut of the dovnlop;nnt of sathermtical ytysies, Rae-
ther we have in mind %o tn}i:c this one 1"!.;0 of a molovtia
padia and explore nll of its implications. But we hope to
draw ous theae implicationas far suough to make it clear that
in this one idsa is found the central key wileh will open
up the meaning of all the other problema encountered in phye

sics.

Before underteking tha detad 1n¢ analysis of these
taxts several gensral consideratious ars in order, In the
first place, for the purpose of LudleuuN‘a the c¢irestion that
this analysis will follow, it i{s helpful to try tn orientate
the position of aristotle in relation to Jhe other positioss
outlined earlior 1n this e:}\ez-ter. /’55 wﬂ.—/\swz alreqc[y s\%xxsta&,
most of these opinions egn épe reduced. 16 two cuufﬁm'ios: the
rols of mathematies in physios is either aonsidered to be that
af @ pare ifustrunent (vhm.:}gar 1:5}(:"1 oV mrely llfyuut‘ic.)
that ts amplo;:cé bi-/ the gc.;ém.i_s't. ik ov'du»tc: g;,l);"k,more af-
1'9@{'1\'&1)/ upon hls. zole dlreot nb]ﬂ;cﬁ w,{wl\ 53 mﬂLm'@; er 1t
i r:‘@lﬁll&fﬁéﬂt [ A A A
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self in the sense that the mathematieal world is i1dansified
with or realised in $he physical world. low the position of

Aristotle is loosted sgquerely betwsen thresme two extreme po-
aisiona,

In the first place, the role of mathematict iz phy~
sics is easentislly fustrumental in the scisa that tle wiole
talson.dlatra of fts introduotion {mto physies §s to snsble
She mind to get to know the physical universe better. The goal
at wiich the whols of mathematieal physiss aims ia mot to know
the mathematical world (for that is alrendy knownj but the phy-

sieal world. Mathemutios {5 exployed as a weans to that end,

On the othar hand, mathematice is rmoh more than s
mere %00l in physics, that is to say, 1t doss not remain ex=
trinsis 10 the seienes; on the eontrary it enters tntﬂnlium
into 188 very oonstitution. And it enters into it 1ntr1naleui‘ly
not merely in the sense of yprovidiri tie princinles from which
physics may draw oconclusio:na g ugur ing- ite own prover objeot
wilch in itaclf remains untouchicd by mathermtics, tut in tue
sense of entering into the very object of tiie soieuce, For, as
»s shall see in shapter thres, the type of subalternation feumd
in matherntical pbynicn is not merely asubnlternation scccraing
to priseiples, suoh sc is round 1n the depondacee 47 tieolopy

upon $he seiopen of tis Vipssed, but sploliernatiof accoriing to

the objeet. This means Shat the formal objset of mathe-
rnatical physios is constituted by a combivation af botk a

mathermtiocal an' s physical element,

But the nature of this ecombination st be ri;htly
understood. It does not mesn tlat mathemcticnl physioa
stulies ms such the quantitative determinmtions found in ne~
ture from the point of view that is proper to them. 5Huch a
study is possidle, but it will be either pure pl.ysios (1f the
quantitative determinations are considared in relation to
wohility) or metaphysies (if the naturs of quantity anft its
properties are canefdered). Mathemmtical physics studies the
quantitative detarnminations found in maturs, not just in the
1 ght of their ontologieal status, but in the light of the
status that is proper to mathemmtieal sbatraction. For exemple,
when the physicist says that lisht is propagated in a stralgtt
lins, the line he 1s talking alout ia neither a merc physical,
sensible 1i-e, such ss 18 found in nature, nor fs it morely e
mathenatical line; it {o a ermbinatfon of the two: the mensible

1ine is considered in the light of a mathemeticrl live.

o ,

In t:is way matheratics senters into the very essence
of the ohjact of physios, hut it Coas 80 in such & Tnshion

thint the ratbemationl woyld le not fdentifie’ with the physical

vorld. 14 relains the extrinsic charadfe thaf 1s proferto it.

t ‘
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And this is extremely importand. Yor oaly by remsalining ex-
trinsie san it fulfill its essentially funotional and in-
strumsntal role, by retaining xll the pliancy and inexhaus- .

tidle virtuoaity that is proper to mathematical nbnt:‘lzjaction.

Thts brings us to a delicate point that miat be
touched upon Lefore proceeding further in our asnalysis. It
would seem that fer Aristotle snd the medisval Thomists the
cambination betwesn the mathematical snd ths physical elemant
in the objest of mathamatiosl physies was in a sense nor. in-
timete then it is possible to admit today. Becsuse of & lack
of refinemsnt in their mssas of cbservation, they ue‘n to have
held that there are quantitative determinations in nsture which
coms sufficiently close to the sbsolute state of porﬁctlon that
they eajoy in the matbhematioal warld %o allow for a tmo ssien-
tifie (m)hmdlug of them 1n terms of mathematics.  The hes~
venly bodies, for sxample, were for them perfect -phejro-, and \
consaquently there was sui'ficient conformity betwaen'them and
mathematienl eplieres to allow t!:0 mathematical proper;'bias of
sphericity to be applied to them directly and sdequately. This
does m -u. of oourss, that mathematical -nutlu mn ree-
Iized as suah in t‘w physieal universe, for that wou]t’ invo'ﬁf
a ennfusi.on of ;mathematics and phyaloa.'nnd Al‘istotlg and St.
Thomas go to great lengths In invelpshing apelsist timsze who pro-

(104)

dsed such a eoniust . Futl it ¢.en moen that some phy-

®
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sieal eatities posssused & determination which was i

aloss enocugh conformity with the perfeet dstsmination of
mathematical sntities for mathamaties to give an adequate
dxphnnto;x of tham, Tiat e i;y Aristotle and. St, Thomas
oould look upon the eombination of matherw tics and physics

as giving rise to n acisnce im the striet sense of the term,

3

It would soem that this partieulsr aspeet of their
dostrine is open to modifisation,  Beosuse of our more highly
refined inatruments of research, we are not longer imolined
to believe that such u eam‘c\rnt:ty exists betwoen physical and
mthenatical entitiss. As a eonssquence, the mathenstieal
interpretat ion of nature is ncv!er more than an extrinsle ap-
proagh to nature, Anc that is why from this point of view
methematical physios eannot be itmluadorod a science in the
striet jristotolisn sense of the term, but u species of &1a-

leatice.

There is another closaly relmted point tila.t rmatl be

underseored ere in order to samtablish accurately th.e cannec~

t4o0 between Thomistie doectrine and modern mathematf{oc) physics.

When Aristotle ené the medieval Thomists sperk of mmthesmmties

they undoratatd 1t 1n t'e mens: in which it wan generally unler-

atood untll recei:t years — tiiat is to ssy, as n mcience which

dopls wit!, quentitstive relatiors thnt are c;;.qulc- of realir:.tion

,1"."}
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in the seusidle world Shough not i the ztade of sbatraestion
that 18 proper to them —= “gportet salveri principia msathe-
matiea in amnidus maturalivus, wt dicitur IIX Cesli et Mundi.”
As is well mown, modera mathesatios is no longer restrioted
to these linits. It now ardbraces a greast rrunge of onnoeptual
construotions shich resch far beyond these quantitstive re-
lations, How it is bootlens to dispute adout nenes, but it is
extrensly important to keep in mind whet they are meant %o
signify, and in so far a8 our problam is scncerned, 1% is ne-
csssary to regognise the fagt that from the point of view of
Thomistic terminology, the part of modern mathematies whioh does
not deal with qumtitative relastions abetrreted from the sen~
sible world is not mathemsties, dut n tisaue of dislestical
constructions, Now these dialeqticul conatruetivns have been
employed with sreat swsoess in the recent davelopments of phy-
sies, The obvious exsmple which irmediately suigests itaself
is the use of non- uclldinn gsamatry in the theory of relatie
vity. Does tiis mean that tLe Thomistie doctrine of sclontia
oiis has n: relevance for recent mai:mmiic 1 p:.ynlcnf W
do not bouou that sueh a eonsluasion is logltinltl. For the
PRI ©ThoeIL 0 edomicali R 71
np-\uutlm of the dialestienl con-truﬂm of modern mathe-
watics to nmture followy drm sare general pattern niu the ap=
pliention »f =athenatics in the restricted senre 11 whic' It

Whas und: ntoadly Aristotle mnd the Maciew 1isty, Gab 55/0-
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vermed by many of the same genarel principles. Nheverthaless .
it 1s nscessary to ksep im mind that in so far as theae
conceptual eonatruetions are employed, mathemetiocal physics
is dialectioml in a senss never envissged by iristotle and
gt. Thomas, that is to say, mlthough their notion of dfa—
leotios in applicable, they naver envissged thia appli-

eation,

In connedtion with this gueation of the meaning
of the tarm "mathamatieal™ it will be helpful to deternins
here what breadth of meaning the phress "mathscmtica. physies”
will bave throwghout thias study. This is a doubls problenm,
involving the rauge of apylicability of both the term
“mathematioal” and the term "phyaics.” In so far as the
firsh anpest of $he question is soncernad, it ia to be noted
that sone authors restrict the pluewse “mathematioal phyaica”
o those parts of phyaios which have attained ihe hishest
de;;res of muthemutization. Professor Lenzen, for exauple,
divides physies into experimentel physics, theoretical
physics, ig;al theoreticel physics, and mathematios)
m( w.!)h,m Seepience of the phaepe . is mush
broador. It includes any part of physics in which a
nathenntical element is introduced to detert:inc tue ot ject

in such & wny that new aipnificent truths remdt which would




not arise witheut his detemmimation.

The second question whish must be detorained ia the
meaning of the term “physics". A reading of the texts of
Aristotle sited above reises a ?roblm about the range of
applisability whish the principles laid down ir them had
for aristotls and thé xedieval Thomists. The examples given
in these passages aye reatricted %o & very fow espesially
priviledged cames in which the presupposition of sll
mathenatixzation, mamely, order and regulsrity, 1a fousd in'

a particularly high degree - whether it be the gocmetrioal
order that 1a found in astronmy, for example, or the
arithmstiocal order that is found in wmusie. It would seem ‘
that the exmples given are more than exmaples, that they
are an exhaustive indieation of tha fislds in whiech phylitjl '
1ad to some extent besn subaltermated %o mathematies. Did
Aristotls or the msdieval Thocuists look beyond these flelds?
Did they conceive the poasibility of a universal inter-
pretation of nature in terms of mmthematicu? 1t seers quiite'
posaible that thay did not. . It is probable that the honoAr‘
of Ahie ALsavery Juusth be acearded t0 the celentists mad -
philosophers of ihe Renaissance. hut this edmission in no

way canproniscs the objestive applicability of these

prineiples, nor tleir roel fecundity,

Mashemmties 1s almost symomywouws with determin-
atien, and as & oonssquenss nature is refraotory to
mathematization to the sxtent in whieh i$ participates in i
some form of imdeterminstion. Tt is wly it 1is nesesssry
%0 understand the weys in which pature is subject to in-
dsteruinntion if we are toiaeo the extent to whish mathe~
matiecs mmy be spplied to nkture. How sthare ars {wo iypes
of indetermimation; pmssive indstermination which ia #n
fnperfestion arising out of the potentislity of matter, N
and active imdetermination which 1s a perfection deriviag
from the astuality of form, Pessive indetermination i
found in all beings which have sny shere in potentiality;
sechive indeterminmtion is found in 1ts fullness only in
she liberty proper to spiritwal beings, but it is slso
found antieipeted %9 & greater or leassr dsgres in the

spontansity of all living ‘hinge.

vow in aristotle’'s ‘x:;d the medioval Thomists*
ooncept of the comwos, the heavenly Lodies occupled &
very priviledged position. Though mobile, they were
Inbrngtile, sad Wy mw cosupied & peaision il
betwsen the metophysical realm of immobile beinga and

(1o
the terrcstritl world of corruptible beinys. ~“hough
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{manincts they wers in @ sense more perfect thin the
living beings of the earth, sven than ran, in that they
were subjest %0 mo inirinsie ocorruptiom, but only to the
extrinsie mobility of leeal muaniwﬂ'rhq were thus Iree
af both the paasive indetermimation that is proper to
corrupiible things, and the astive indetarmination that
is fomd in livisg beings. That is why for the ancieats
they sonssituted the part of natiure that was most highly
amerable $0 miMatisation. It would be diffieult te
sty just wiat pessibilitiss of mathesmiization Aristotle
apd St. Thomes saw in the Serrestrial world of corrwptible
shings in whieh bokh passive and active indsterminaSion
play sush a large part. But a$ leest this smeh cem be
sajd; they would resdily gprens the pessibility of & ‘
mathemetisal fnterpretation of the corruplible world %
the extent in whieh dsfinite regularity and order eoculd de
discovered in its phenomsnt 5108)

put whatever Aristotls or Soint Thomms ey hove
thought about the extent to whioch nature rmay be mathsmetised,
Shere uummmumm-nmm?uu
the whole range of mathematization which moderm physics

has achieved. And that is all that iy of any reel i-~

portance. This universal applicebility of Thonistic
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prineiples is s0 trus shat fa this study we shall, when
speaking of mathematioal physiocs, teke the term "physics”
in 1%s prinitive Aristotelisn meaning in whieh it ia
coterminous with the whole of maturs. In this sense it
inoludes not only shemistry but svem diology and payoholoyy.
As we shall nes, mcoording to Thomiatie principles of the
unity and distinctiom of the selences, sll of the sclences
which deal with masure, whether 1t b imanimets, animte,
or even pbyche nature, constitute one indivisibls seienee.
In recent years there las boen an attempt rade Ly nany
Thouisss So depart from this dootrine, dut we ahell point
out in Chapter Two the srror invelved in this attespt.
That matheomtios has been successfully and frultfully
applisd % all of theee differsnt fislds of study is well
kmown. And all of those applications (end whatever new
appliontions ths future rmy discover) constitute the
:11:1‘01)“11: ;a0die of which Aristotle and eint Thonea speak.
N

Lot all fieldu in the study of nunture are
squally smennble to mathesmetization. Thias is ovident
a go__s__t. ariori froa the history of science. It is sven more
evidaent & prioril. For the objective besls of mathei etization

in, us we shnll see, the horogeneocus exteriority found in
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nature, In the msasuwre, theu, in which the objeset of
essrtuin branek of naturel doctrine has to do with
homogenecus sxteriority and in the reusurs in whieh it
exoludes heterogensous interiority, to that extent
nathemstization ia posmible. Ths field in whish this
eondition is found in its highest dsgres 1s, of courss
phyaics, in the modern sensa of the term, ind that
explains not only why rmthematisation is possible o such
a larges sxtent in plysiocs, dut also why it is neceseary. |
Yor, to the extent in which heterogensous imteriority

1s excluded, physioal rutionality loses ground. That is
why, if scientifie imvestigation in the realm of physios
i3 to sdvence at all, it rust procesd in the light of
mathemmtion]l yaticsmlity.

For experimsnial scieatists, physiecs reslizes

the idetl type of science. ind it is perfectly legitimate

“and naturel for them to meke every effort to bring the

other branchea of nuturel doetrins into ©n close conromitj
with physics &3 posaidble, As we shall see later,

homogepa Sy 10 BER I Polpt SF Yige 2o1e knewedly than
hetorogeneity, and as Aristotle end :it. Thomes point out, :
it i3 netursl for the intellect to reduce the less know- "

.

able tu LthLe maore knoweble. tut tlere ias po doubt thet

O
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$his eouformity will never be complete. Mthenntios i»

not competest to Sreat sdequately of all natural being.
Yar the wubjest of mathesntics is quantity, which 1s the
order of the parts of the -ub-hx_xoc in whish it inheres.
But the parte in question are always mterial perts, end
hence must not be confussd with tho form #f the substance.

This confusicn would lead to = denjel of what is beat in

) nrtural things.

In other words, in th:o meagure in whieh beings
are onmmim mors porfect, ;thq lemd themselves loss
40 mathesmtionl interpresation. Yor s being is perfest in
proportion to the sxtent that its form emerges sbove the
potentiality of matter, that hito say, triunphs over the
potentiality of wmtter. Mow, ln: the strusture of waterial
Seing, wvhile quantity follows upoa metter, guelity follows
upon form. That is why s we nootﬂ the soale of rmteriel
being gualitagive detarminations assume &n aver increasing
importance. This is particularly true of livins beinrs.
For tie forual prineiple of life is form, end 1f s thiug
1s living a “hm ’3;.5?! ;.I -upd so a sufficlent
sxtent above the potentiality of mtter. That is why

quolities and classification play such an {mporiant role in

biology. !'oreovar, in living beings we find not ou): the
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passive fndeternimmiion eamon $o all material Shings,
bat slae ths astive indistermination of thair wital
spontaneity. This deuble indaternination will slways

provids great resistaszes so mathesmtimatsion.

All this smownts to- smying thn’t as wo asosnd
the soale of Leing heterogenecus interiority aeonstantly
fucreases. Within Ahe coswocs 1% finds its fullsst
realimation in mam, the most perfeet sosmis being. And
ve ore refewzing hers aet maraly to the payehls side of
-n.m-xnutu.mum-tmm. of all
She bodias in the wniverse, the body of man ks the
greatesat heterogeneens intericrity; it is the farthast
removed from the gartesisn body, whieh ia the ideal of
aa autensmeus and nelS-guffistext plysics. IS i shis
hetaregeasity of liviig beings Shat mkes it possidle for
us $o keve & valid scienes of blelogy without sathematization-

u sciencs of clussifiostion.

It is interesting to note here in peasing that
-larm.to.c Pysieal uhl,t (n the modern senss of the
tern) hounm:t;“ ts an frretienal slensad, fer philoscphy
it is homogeneity that is in some senas irrational. Vere

we are touching upon an important point to which we shell

"
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return in ehapter ninssg the differsnce in the weagurement
that is proper to eash seience, TYor every scienos, even
metaphywics, is in & way based wpor measursment, but in
esch scisnes thers is & vast 4ifference in the mensure
which provides the norm in velation to whieh sverything

that falls within its objest is determined .

the Leportant peint to be borne in mind for
the preasnt 1s tiat in spits of the great heterogensity
found in mature, all matural things ave spatio~temporel
beings und ecasequeatly subjest to & scamon messure. In
discussing the probleam of Indeterninisn, Professor
DeXoninek has suphasized this point:

quton ne erois pas Sebapper 2 cette sonsiquence
namnquov-nmnhpmnm
nitSroghnes ot yebelles k une meswre homogine.
mmquﬁownd—o E
borloge? Cepsndant, puisqee 1teximtence et
proportionells 3 )% essenee - ~ quntum wnicuique
inest da formn, tantum inest o1 de virtute essendi
— la durfe des Stres comaiques est ausai de

plus en plus aimple, de moins en rnoins temporelle;
11 existe ainai toute une hiérerchie de duriea
cosmiques. mils cetts nétéroginkité ontologique
n'eapéche pas le terps physique, que l'on a4rinit
par la desecription de son procidd de resure,
d'enlacer tous les dtres spat io-temporels par ce
qt'mull'mmuuxupmnm
durfe. Cotbe Coaris'mesure oot fondle wur 1o
¢cenre comuun de corpor¥ité dans lsquel sonvieunent
tous lea étres naturels, ie tempa physique
n'atteint Jque leur bas-fond, et encore n'y touche~
t-11 que Qu dshors. LYhonopnf is4 eat fondemwrt
de toute nesure gquantitative; ce [enre physi: ue




commn explique suffisssment ltunisé spieifique
du temps expérimental et pourywei 1*Mtéropinbtth
des Gurdes Aehappe sux prises d'ume mitriqwe
sslqube sur M'extériorité homogdne. La ssiemse
oxpirinenty e 4ibouche 1A ol tous lss Stres

se touchens st se confondent; 1'échelle gradule
sur la balenoe n*indique sucune diffirense sutre
180 livres 4'horme o% 150 livres de brigues. 981
maintenant le tenps physique ‘touchkit les $tres
dans leur fond ontologique et spfaificue, si oe
tempa Spulsait ls réel, ne fit-ce qu'au point de
wvue de 1a durde, les Aifférents degrés A'Mtres ne
serafent que des Spiphinomines da eswploxité
matéirislle creissamie. Whue si les ¢hosss somt
plus que &u dshors, eola ntempéchs pas que la
mesure 4o lowr sxtériorité homogdne soit eommuns
ot vrale. Cos Aaux perspestives ne sont peint
sontruires, slles ss campldtent ltune l'sutre.
sans eonnaltre 1 semplexité expérimsutels d’wne
chose on ne peut aaisir 1a richesse és som unité
ontologique. (111}

The ssms author has olwevhere swwwed up the
question at issue:

1a bislogie axpérimsutals st une scienes. exmote.
Les socisnses axpérimentales peuvent dtye appelbes
exactes dans 1a memuw ol elles nous permettemt

de faire &es prédictions. O'est en co sans gque ls
physique peut $tre dite la plus exmote des sciences
exp*risentales. Fa astronomie on peut pridire des
&olipses cul nteuront lieu cue dtns plusieurs
sisoles, b une fraction de secuide prés. im
acience expérimentule eut essentiollenert nmtrique.
..1le ne peut dfinir los proprif¢tés tue par la
description de leur prooddt de mesure. Asucune loi
expbrinentals — ~ relation algébricue entro des
nombres-mesures - — n'est absolumens rigeursuse.
Cependant, dans I%emsesbls, las loid strietement
phsiques sont plus rigoureuses que les lois
biologiques. ulle raison do s'en étouner. jJous
venops de dire qu'il y & dona loa dtres vivents
une apontandits toujours croissante qui daus

-~ lus -
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1'homme aboutit & uns veritable libartd. I est 4
absolument impossible & un physieien de pradire '
4d'avance quel mouvemert de brus je ferel dans i
les cing ninutes & venir, si J'y préte mttention. ]
Il peus mamrer le mouvemsnt gue je fals quand i
Jo lo fmis. &is de cette rwaure il ne paut

pas déduire le mouvemsnt suivunt, Chague
uouvement qus j'effectus libremsnt est quslque
chose d'absolument nouvesu dans le monds. Dés
lors on peut dire que plus un stre vivant eat
perfuit, plus 11 Sehsppe & le rigusur mftrique.
£lus 11 est concentré au-dessus de 1'espuce-
terps, plus 11 dahappe sux prises de la science .
axpéximentale. Alusi, de toutes les pciences i
expérimentules, 1a payehologie expSriuentale

ast la plus imparfaite, ls plus inadSquate, dien i‘
qutells étudie ls plus haute forme 4'oxganization H
naturelle.

kn philosophis, G'est le contreirs qui sst vrei,

Plus nous nous éloignons de 1'howas powr deacenire r
1'8abelle des vivnuta, plus leur vie devient

obacure. Alnsi, la vis des plantes est plus

ohscure pour nous que la vis animele. HNous

reviendrons li-~2sssus. Il suffit ds reasryusr pour

1e noment qu'il existerw une certeine complémenturité _
coampensatrios sutre oos doux ordres de connaissance v
sl profomdément distinets. K£S par estte .

sorplémentarité coapensatrics, je ntentends pas qu'é {"
un certaln point oces deux ordres de counaissance se ! |
fusiomnent 1'un dans l'autre. Hon, ils me sont i
Jamais plus éloigmés 1'un de 1tsutre qu'su point .
ou 1ls ne touchemt; coimwe des points sur une drolte

non euoclidienne qul sont infininment proches, mais

susnd infininent ¢loirnds.™ (11}

In cheristry #¢ already find an eleuent wlLich is

refractory to complete msthemstization. For the part thet
Lo+ ey ve Wy P . L. (a13)

qmllutfw diversity phy-”h oh.&i-‘u-y {s essential. ‘Fit'!

and even though history hes nede uﬁort surift of Comte's

rejection of Lhe posaibility of the mathemmtizatioun of
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shonisizy, 8s 18 bas of many axother Cemtian thesry, it s

safe % sonalwie that in this scisnce thers will always

renain & mrgin impenetrable to somplete msthemmtisation,

In biology this margin will always be imneasursbly
lerper than in che .istry, for the reagons fndicated above,
Nevertheless, the attempts mlresdy rmde toverds mathe-
xatization in this field have besn surprisingly fruitful,
and there is no wy of laying down sny well dsfined linits
boyond whieh this mathemstizution may not go. As vhyte
has pointed ows, "if nn laws of l1ife were independent of
the physioal laws, utc eould neither exist within tbe
physiosl universe nor discover its hu.-(m)m Just ea
1t is the &uty of every acientist to procead in prectice
an thowh there were 2o linit to the determization soming
from per =e almlﬁy, that is to say, as though there
were no chanee in pmture, so 1t is the duty of the
bilologist to met &s though thers were o limit to
methematization in biology, even though he mamy reelize
thst the imomnence that is charecteristic of life will
nl-n»x—h qpnl:' %0 pure ocorpessality, sod thas to

aow extant ascupe meusurability.

It does not fall within the mcope of this study
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to disouss in detuil the verious ways in which mnthewsties
»ave been applied to bxologfnﬂmt the work slready
earried on in bicamthemtics by sush nen &s D'Arey Thompson,
\leHe Thompson, Jeniseh, i»J. lotkm, Vito volterra, und ReA.

riocher, for exawple, bms been sufficient to demonstrate

how promising this line of research in blology is. To cite

only a few typicnl sxamples, mathemstics have been applied
successfully &nd fruitfully to probleas of oryanie ltructugfﬂ
laws of growth, laws of reproductionm, etce

of particular interest are the sattenpts belng made to relate
biologioal phencmena with the discoveries of mollern physics.
In shis comnection ths experirents oarried on by Tinofeef-
j.ossovaky, Zimmer and Delbruck on the relation betwsen genes
and moleomles, and thoss csrried on by stanley on the
r-hﬂﬁ bot.woul virus individuals and molecules seex
especinlly suggestive. joreaover, Tecent experinentation

on the biological effects of rediution seen to indicute
soma pro ise of tho geiwrusl usefulieos of un nta.do-
physicel end guentun-~physicel interpretation of fundemontel
1ife processes. And it is interesting to nute thut lohr
e Teak She great wiight of his neme to the belief that

the now physies will ultimntely have profound repercussions

upon biological sciencu. Jhero ocun be no doubt thrt by

L B

L
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sbandaning the reebaniss of the ninstesnth eentury in
fovor of the anslysis of phenomesa in terms of eonstituent
funetionnl relationships, phyeics bes Lumecsuredly in-’
creassd its signifiocsnos fur biolegy, smd opened wp in t}}o

latter science great possibilities of mathematizstiom.

is we bave alresdy mugyested, experimental .
payohology is of all -th fields of matuwral doctrine the
least congenial to mathematical interpretaticn. Yet sven
bere the appliostiom of mathexsties has besn lsrge and
Mim.{m,‘fh. use of wathemtiesl formulutions in ﬂ?
intelligence tests bf Ninst and hia followers is well

(119)
Xnown,

The Weher-Pechner law for the intensity of sensstios, the
Logarithimiie laws’ governing ¥use semary ond forgetiing,
the gpearman factorial analymes’sf mental abilities are
only s few of the results of the npplication of
natheratica to expsrimentel paychology. :pd *hnt wa :
htve suid of biology epplies here as well: there is no
way of hying d@ definite 1imits beyond which this

mathemstiuabsin day hov @0 © -

4. jome Implications of the !roblen

In the be;inning of this esasy we alluded to

i
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the ismportance of the philosophiesl study of the nature
of uathemitionl physies. Perbaps it would be well,
before bringing this shopter to a cloas, to try to
round out our introductory consideretions by indieating

briefly some of ths mmjor iasuea involved in the study

we &re undertaking.

In the first place, thll.n atudy is of ‘vinl
m?mnoo for physical sciencs ltjulf. Thers woas &
tine when philoscphy was hermetieslly oesaled off from
sclsnce. iven when uiontht- 4id not fesl it neeessary
to bes inimical to philosophy, they thought thet they
oauld yeimkin completely aloof from it. That time has
passed, i
1% 1s & well-foundad historfexl m.nuuum.‘l says
\hitehead in & scxwwbat different comtext, that the lest
thing to be discovered in any lﬂi‘ihﬂ is what the acience
is roally -bout.“ Aen go on groping for centuries, _;;uldod
merely by u din fnstinot end s puzzl.ed euriosity, till
at last ‘aone great truth is loosomd.'"(mu)

Oreat Sxutha have hesa locsened iR modera Dhysiss amd
tiiey buve :30de us rewlize tlet ln;ox;dar t.o t;arry on the

prograsg of selence it is nucoussary to find out what

acienoce is reell; sbout, Wé have alretdy pointed out

wly,
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how all of the greatest eomtempowayy piysieidts have been
foresd by %he wery nseds of Sheir sstemes to Imveds the
realm of phtlesoply. This ia & highly signifissat
phencmenon, It means tlat scisuee iz degiming to

recogning # meed for wisdoma., In this connection Helsanberg

writes:

Wy of ihe abstrestions shat are emracteristic

of modera thesryetiesl physies are to bs found
dissusasd in the philosophy of past esnturies.

At that tims thewe abstractioms eculd be dfe-
regarded Se were nental exsroises by thess
saiambiists uhese only conserm wag with reality,

Wt Soday we are sompelled by the refimemants

of experimental art to oconsider them seriously.(lzl)

- Of the meny great physieists who have fslt the
noed of %ming %0 philosophy, 3o sme has eontributed moce
to Mﬂl pistamology then Sir irtxr Mdimgbom. In
his Philosephy of Mosioal selence Bdington diswsses the
signifieanse of the nged that sefence has of philesophy:

¢ is however, important to recornise that sbout
twenty five yeurs upo the invesion of philoscphy
by phyoiea assw.ed a different chnructer., Up till
then troffic wish philosophy lmd been & luxury for
those sclentists vhose dlapesittons heppened to
wra that may., I ean find me indicttion that the
‘oefeaRitie rossarches of FibFida vt Pednenre L:incire
veore ‘T sny way tuspived é-cutdal Ny thetr’
partisular philoscophical cutlook. They haed no
opportunity to put their philosophy into practice.
Conversely, their philosophical conclusions were

the outcome of penerel selentific truining, and

Nq
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were not %o any extent dependent om familimrity
with recondite investigations and theorises. Te
advanes soisace und to philosophiss on science
wers smsentimlly distinot activitiss. In tbe

new movensnt saisntifie epistemology ie much
wore intimwtely essociated with aclence, Yor
developing the nodern theories of matter and
rdintion a -definite epistemoglogical outlook
Iws becoms & necesaity; and it is the direct
source of the moat far~reaching scientific
advenoes.

e hiwe diacovered that it is actumlly &n evid

in the secrch for knowlelge to understand the
nuture of the knowledge which we moek.
Theoresionl physiciats, through ths Inssoapable
deannds of thair own aubject, bave bdeen forced
40 beeoms spisktemologists, juat as pure
mathamsticiens hsve bheen foraed to becoms
legicians, The invesion of tha spletemologlioal
branch of philosopby by physics is exectly
purnllel to the Liuvesiom of the logical brunch
of philosophy by msthematics. Pure msthemsticiens,
huving lesrat by experienes that the obvicus is
dirfioult to yrove — and not always true —
found it neossstry to delve into the foundations
of their own procenses of resasoning; in so doing
they develaped & powarful teehnique shich kas been
weloemedl for the sdvenomasnt of logle generelly.
A minilay presmme of nessssity has caused
phyaioiats to enter into epistemology, rather
against their will. l)was of us, saa plain wnen of
science, begin with an aversion to the philoso-
phie Sype of ingquiry into the nature of things.
Shether we are perasuaded thet the nsture of
physicel objects is obvious to common sonse, or
whetlier we are perasuaded that it is inscrutable
beyond huwnn widerstending, we are inclined to
Aimsins the inquiry &s unpractiosl and futila.
‘Put modern physics hus not been able to maintein
Sain alsalnsss. Thexs osn be 1ittle dewht Wt
1ta advanees, though applying primmrily to the
rostricted field of scientific episterwlosy,
have a wider bearing, srnd offer an effective
contribution to the philosophical outlook s u
winle.
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Formelly we may still reeognize & distinotion
between ssiemes, as treating the eontent of
‘knowledge, and seisntifiec oplnmioc, es
Miuthmtmotmhmctm

physical universe. But it is no longer &
prectical partition; snd %o confhem to ihe
present situation scientifiec epistemo) ogy |
should be inelwied in solence, vwe 40 not ‘
dispute that it must also be inoluded in
patlossphy. It is @ field In which

philosophy and physios overlep. {182)

Selentists are beoauing inoreasingly oomigu:
&tbnﬂmtﬂthygﬂtoho'otmlny is ‘
inextrionbly bowd wp with $he wey they get to Jmow it,
ond Shet 85 &  eonsequemse they carmot be sure of what they
hwomytwmthnyh‘hhhtwaottom
1%, To use the lmppy expressiom of Leon Brunsehvieg, they
are no lomger aatisfied ‘ﬂth siving n_.rnﬂ:’chl sowmunique
of their victorias ever reality, as was their womt in tha
past; thay are finding it necessary to give an uo@

of their battles.

Pt philosophy hes as wuch to draw from
scientifie epistemology es plysics has — and mors. !"hr
s phildiephat’ Tou viilertakings sie mere Yowirdiing than
the study of the mystery of knowlsdge. And of all the

| different types of knowledie none pressnts greater

epiatemologioal complexity ithen methemetical physica,

-1 -

In physigo-sathsnntionl Jnowlsdge there are implications
thut are deepy ond far-reaching. A fulees view of its
maturs lsads inevitably to n falas m-‘ot’ the puture of
human knowledge in generel or to a fulse view of the
nsture of reality, or to both. It would be intereating
to point out thw connsation between modern physicsl
ssience nnd the muy modern th.oriiu or knowledge, but
that would take us too fur aricld. e lave ulrou;dy
&lluded fn n mw way to this oixmoetion in
gurtesianian and Keantisnisw, ond t!hia muzt suffies for
the nxwent. :

Beoainme the true pature of phyalco-methematiosl
knouxledge has been gensrally misumderstood, it has been
almost universally substituted sines the time of the
Remalseanss for the philosoply of mmture. Amd the rceults
hove beea disastrous for bdoth philosophy and physica. (ut
of this substitution has uri;en Lthe great historiel mis—
understanding of the relation batv:.on Aristotelian and
modern physies.

Looking beck at the physics ef Aristotls through the eyes
o: mofern mthematicsl physics, snd ot teking the trowble
to find out what iLristotle wes actunlly talking about,

acientistas end philosophurs of aclence have becows & prey




te the fallaay of igneratie elamghi, Thay havm not
suspeeted that shex Aristotle was talkimg sbout motion
his approash te the question was something euntirely
different from that of Desesries. If this atudy shounld
accomplish 3¢ ether purpose than $0 help to clesr up
this unfortunate misunderstaniing, our sfforts will be
more than justified,

But aver when mathematiosl physics hes not
boen subatituted fer ihe philecsophy of meturs, the
failure to grasp its trus epistemelegiocal eharacter
ma led te abertive and extressly walmppy attespts to
integrate 18 divestly with phtlosophy. These attexpts
have heem mmerens both inside amd outside Seholestle
elreles. DBefere the tres relation hetween Pyiloscphy
sad selenes esn bo worked out, sm imssnss spistenclogiosl
task of purifieation and olarification of n«tions must de
undertaken, It is hoped that thias study will eontribute
something to the furthermnoes of this tosk.

AS we ave said, the ecmusequcnces of a fnlse
view'oF 1o miture o mathimmttal physton are’ fur-

roaching, It would be easy to show for example how it

lends {(and de feoto hoa led; to a determiniatic view of

\

ki
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the whole of mature. In this eenneetiem Bowtroux writes:

Telle est 1a raeins du d4terminisws moderns.

Mous oroyons que tout est #Stermind ndcensaire~

ueht, parce que hous croyons qua tout,en rlelité,

sst mathimatique. Cette eroyance eat le ressort,

menifeste ou inapargu, de l'investigation

scientirique. (123)

But tha implisations are even deeper that this.

In the sourss of history thw hnman nind hes often been
tirmed on the dialela of materielism and jdealism. It is
significant that a false notiom of the neture of
mthemntionl physics lesmds to both of these diametricelly
oppoosd extremes.
Tha reegon for this derives from the peculiar character
of mathesmtionl soiemes. As we shall ses thers is some-
hing necessarily meterial abowt methemctica in the sense
that it deals with quentity, whieh, while it mbatrests
from sensible matter does not abstraet from intelligidble
ratter, and even intetligible matter implies homogereity.
In so far ms mathematics hes reference to reality, that
reality cen be nothing but material. Henge any possidble
real mathom$ionl aridey s neeessnrily mterial. That is

why universal mailliematiofzm cen lead and has led to

materialisn, ¢n the other hend, mathemntics i the roat
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abstrags of all the selenses, in & senne even nore abstrast
thea mataphysies. Yor mihematiesl entities are con-
sidered by the mathamstician in their very state of
abstrection, sad 8s & SORSQUENSE they are indifferent

%o reality. loreover, these mathemntioal entities in
their abstrast state sye prior to the sansidle mlityfto
which we apply Sthem, That- is why universsl mathematisisa
ean load and has lesd %o idealimm. '

 Durisg the years when meshanism hald complets
sway over mathamstieal physios the tendenoy of —tmneiu
ses towards mterialim. In resent years, however, llm
the breakiowa of elassical physics, the tendensy hes largely
been towards jdealismm, Professor Joad has desoribed the

dialestis by which mathamatisimm leeds $o 1deslism:
AP

Pus if the extities of which the wniverse is
om a maively Pealistlie view wppesed to
cousist; substanss spd space~time, turam ouat
to be mathwmtionl, that 1s sompletely
rosolvable into mathemation) formulse, and
1f %o be mathamatical is to be mental, more
will be Lxplied by the warious statemsnts
asasyting the mathemmtioal mature of things
than that the universe ia dssoribadble in

s

And, sinoe mathemetics ic thought, %0 be
mathemationl will also be to bs mathenrtical
thought. (124) N |

“
t

,/’—\‘
T )

Of all the moderm mathesmtisal Jpysiolsts
who have been drewn towirds ideslism, Hir Jwmss Joans
1s porhaps the most outstending example:

The terrestrial pure mathematieisn dces nok
eoncern himself with mmterisl sudbstance, but
with pure thought. liis creations ars not only
oreated by thought but consist of theought,
just a3 the creations of the engineer consist
of enginss. And the ooncepts which now prove
+0 be fundssnental to owr understanding of
nature ..., sesm to xy mind to be structures
of purs thought, inompsdble of realisstion in
any senss whieh would properly be dascribed
as mterial ... The universe caunct admit
of material reprosentation, and ths remson,
1 think is thas it has become & mere msntal
eanocept, (128) {

And elsowhore he writes:

Broadly spesking, ths two conjectures are
Shose of the jdcalist and realisk - er, if
we prefer, the mentalist and mmterialist—
view of neture. 9 far the pendulm shows

no signs of swinging bagk, smd the law and
order which we find in ths wuiverse are

nost easily desoribed— and also, I think,
most sasily explained — in the langusge of
jdcelism. Thus, subjeot to the reservations
alreedy mentioned, we may say that our
present~dey science is favourabls to idoalism.
In brief, idealism has always maintsined that,
us ths beginning of the road by which we
explors mature is mental, the chances are
$hat the snd also will be msutal, Yo this
present—day scisnoce adds that, at the
farthest point she hns ao fer resched, -wuch,
and possibly all, that was not mental has
disappeared and nothing new bas come in Lhat
15 not mentml, Yet who shall say what we moy
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rind awaiting we round the next coroer? lio L |
(ize) .

CRA™TTR TWO
a0 must try to see whether it is nscassary l
t0 ehooss hetween materinlism and 1dealisn. : TRE SPLOIPICKTION OF i Gimors

The expressions spathematicel physics™ end
; ; rphysiso-mathauntical sclence™ WIGQon n\fr,@-st an
] epistenclogionl dualisn which implies both a distinotion
and & timion. And She erux of our whols problem lios
in analysing scourately the mturs of that distinction
and thas union. In the preseut chapter we shall en~
dcavour to lay bore the bosic principles which deternine
the distinetion between rxthematles and physica; in
chapter threse we ahall congider the principles which goveru
the union of the two. aud the principles 1a14 own in theas
L ! two chapters will serve .s the foundation upon whieh the
| entirs superstructure of the chapters which sre to follow
will be built; they will guide snd shape the whole sub~

saguent analysis.

4
M‘ wqmmm.uummmuo-

and muthematics sre distinguished frov eegl othsr. The

more recognition of the duslisn implied in the expresulicn




~mathematical physios” does not af itself predetermine
the solution of our problem. For a dualiss my be only
nominals it »may be anly the superfiocial expressioa of c
basic identity. As a mmtter of fast, the dictionsry ér
modern scianca 1ia filled with expreasions whioh mugcest
epistemological dualiasm: blo-chomistry, sstro-phyaics,
oto. Aind the very crestiom of thess apparently hybrid
sciences ssans to have sore from a recognition of a b}\slo
1dent1ty between the hrenches of knowledge joined together.
ia sclence progresses, this bdasic Mtlty sesms to be
growing increasingly evident. narrier sfter barrisr 1
betwesn the scionces is being broken down; there is .}uﬂy
progress towards epistencloical homogeneity. ind on the
fage of Shings Shis seams to hold for metheshtical physics
as well o for the other kydbrid solences. Reocent dmlop-
mants sosm to be wearing pretsy thin the traditional .
d1stinction between physica mnd mathematies. The most
abstract concontions of pure methemntica are being
*incarnated” in the physicel universe; the most concrete
elements of the physioal universe are ﬁn‘hu a -tho;
rmatical explanétion. And peyhaps few would hesiiote ..£°
dony that thera is 8 greater dichotomy between unthem‘ tics

fnd Ohysies then hetween biology ond cheniostry.

=
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tur problem, then, is to try to di-o&n ho"
doep thin diohotamy iz betwesn p:hyuicu tnd wathemntics.
1t 1a & oronlem which las inmusersble renifieations, and
whioh otnnot be dealt .ith sdeuately in isclation from
ita epistenciogloenl context. In order to get &t the
nsture of the distinction between physics snd mthomtioa
we tust see how they fit into the whole spistemological
scheme of things. In other words, we are faced with the
question of a eclaasifiseation ot:y;ho soiences . And we
st explore this general quostim at least to the extent
in whieh 1t s neosseary to throw light upon the epecifie

problea we lave in hand.

It bhas often beon remarked that the human mind
has an instinative tendsney towerds monism. It is on
sxtremely signifiesnt tendenay, aml'tmo whiech revesls the
inner nature of the intsllect. The history of philosophy
hes besn u constunt rmnifestution of this terdercy under
& grett wariety of forus. There have for exmu;:le been
countless attempts &t soow kind of ontologigel poniam. Hut
fhis 1s not the aspest of the tendemey in which we are
interested here; we are concerisd with what richt be

called epiatenologioml moniam: the attenpt to reduce
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mu-nhwldgotooummltm; th-_r-u.\uo
to resognise the radionl hetarogsneity of thi ways in
whick the hwen uind snters inko eomtast with reality. It
would hardly be an exaggeration to say that ons of the
grevtest intellectual avils of nodern times has bean
this .pOl'llltCnt attespt o homogeniss nowledge. It 1s
an evil which has had far resching consegquenaos, notadbly
in the field of edwoation. But these oonsequenses &re

not particularly relevant here.

In this soansetiesm, positivisn and scientism
readily esome to mind. Bat even ,humpuul cirsles which

bave rejested positivim and seientism (including the

wajerity of nodern peholastic eireles) have desn affested I

wm-ovun-u-buorw.. Typieal exsnples sre: ‘l

the identifiemtion of spesulative and presticsl knowledgoe}

the identifiostion of metaphysics and the philescphy of \
nature; the ldeutification of dislecticel knowledgs

trus scientifie xnowledge, ond the tdentifieation of

mthemstical aud physiesl knowledge. This last sxanple

1s chvisusly, the ene whish affecta ua wogt direstly. mut

aull the othors heve definits repercussions upon ouwr

problam as we shall eventuslly ses. It is worth while
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pointing out here that the unification of knowledge has
historically been asseciuted with mmthematicien. And
the reason is that in no scienve can this tendenay be

carried so far as in sathemutics.

Kow it is extremely significant to note that
homogeneity l:- a% once the soures of unity ‘l‘td the source
of mmlsiplieity — infinite multiplicity. That is why
the melting down of hummn knowledge to ons standerd type
hug almost inevitebly resulted in the breeking up of the
scisnces into almost inpumersble branches. (ne has only
%0 study the elassifisstion of t!m sciences sttsmpted by
Baeom, (Comte, Spsneer, Pain, Far! . Fesrson and nuxloy,(:c):
nention ouly a few, in swder $o «se hev highly arbitrary
the distinetions between the sciences must neacessarily be
1f all Jmowledge ia of one homogensous type. Amd bsocause
thase distinotions are arbitrary, the advnncement of science
has rade ghort ahrift of meny of them. Thant ia why some
have ecws to the eonclusion thas all distinctions between
scianees are purely eaprieious. in in this eocunnsction
the fellewing 1inss of Mmx Planek are signifiocant:

j.ooked @t corresotly, science is & self-contained

unity; it s divided into various brenches, but
this division hoa no nsturul foundation snd is
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dus simply %o the Wwamu—nm
whish eauspel us %o sdopt © division of labour.
Astually there is @ ocontimuous obaim from

phyales snd chenistry to bioclogy amd anthropology
and thenoe t0 the scoisl and intellectual solencen;
& chain which cannot be broken at any point ssve
caprisjously. (2}

In ths sixteenth ocentury two ocontemporury
philosophurs wrote on the question we are dlacuulng. The
ona represented the Lirth of & new philosophieal mvount'
ihe other represanted the end of am old philosophiosl
tredition that was pasging eway. Thae first wes Rens
Descartes, and the ssdond Jolm of jaint Thoums. Dneu'to-
was the priuncipal aocuroce of what waritain ha- Sustly v
callsd “the radiocal lovelling of the things of the uph'i.t'

. (3)
that 1s so characteristic of modera tines. In his tuma
page in the Regulme ou the wnity of knowlelge, modern |
epistemologicsl mouism received ite tuﬁ explieit
formilation. And the soures of this formulat ion was th.
mathesmtizat ion of nature, about which we spoke in Chepter

(4)
Ve e Around the tine that Deacnrtes wrote this pag,a;

in legulse, John af .3t. Thooes wrote an article on t.he\
mmmammd the sajences st the ad of h,h

AT'S ;15&. ~ an article which surmed up snd aynthouizd

with sdnireble elarity and precision sll of the tundu‘r;zentalh

|
Thomistie principles vovirnin the cleasificution cf tle
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sciences. Yhough it must ba sdmitted sbat in his
philosophical writings be meglacted the crder of comoretion,
and that ho ssomed completely unswere of the great
aclentific discoveriss that were going on around him, no
cne ever achieved a better exposition of tho rx.mﬁamntnl
notions of science smd the principles 'h.lch determins the
unity wnd distinesion of the .csonou; Is is prineipally
$0 hin shat we shall) look for & p:umoj in our discussion of
the pressnt question. A% the osme tino it must be noted
that e nerely iynthn’uiud principles alresdy found in
l.rhtoth and .jt. Thomss} he §in no way changed or added

to these principles, as soms have mnmma.

But befare emberking upen;this discussion it is
tmportant $o point out that Rhere are two fundmssntelly
distinct nspeats t.t;: ihe question of spistemologicel
pluralism, Yor the problem mey be eonsidered either from-
the point of view of the plurslity of formally distinot
objects thnt the mind luys hold of :ln reality, or from
the point of view of the plurelity of Lhe meens of knowing
exployed by the mimi, nsmely the nmuu;n. apecies. In
othgr words there are two distinet problcﬁs of the «ne nd t'e

(6)

hNYe vjecauss we are engtged here with humen knoiledre,
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both aspects sater imto our problam. Put 1t is Important

to keep in mind that a plurelity on the part of the ohjects
doss not necessarily imply & pluralisy on the pert of the
moans of knowing. In fact, in proportion as an intelligsnce
is more porfest, the plurulity of its mesns of knowing de-
creanes while the distincinesa with whioh it knows objoective
reulity incresses. The divine intelligence ases ths whols
of ronlity exhaustively in its ultimte distinetion im the
ons intelligible species which 1a lis assence. A% the other
extrems of the sonle of intelligences, the humen mind neels
un many intelligible specios s there are natures to be
known. If the humen intellect wars in a stete of perfection,
the problem of the distinetion of the mcionoss would be
sasily solved: thers would bs as many spesiss of scionce &s
thers are spesies of things. 3aint Thoms explains thst in
thas infused knowledgs of Christ thare were as ANy spscies
of science &s there were aspacies of things known by Htm.(”
But beesuse of the luparfection of the human intelleot, it
i5 necessary tfor it to know e plurelity of objects which

in theaselves are specifically diatinot in the light of a
common seiextifis speeiss. This commonmess, hewever, is
aonetiing quite different fron the coamonnsess of the

intelli;ible species posssssed by tho hiiher intellijenc:i n

urigh eanebles thewm to }ra:a]o repiity in 1ts distinction.

It 12 & emmonness of posentiality whieh hides rether them

reveals the distinetion of reslity. '

In commection with the question of ophte_uologleal
monism mentioned above 1t seoms neocessery to point out here
that if the nonistie tondency oonsists rorely in an uttempt
to roduos the plurality of the rneans of knowing, as is done
in the method of limits, it is & lepitimute and llll\ldlbh

thing. It is reprehensible, howsver, when it consista in

a reduction om the part of the objecta.

These remarks should suffice to show that the
question of the distinetion and specification of the sciences
is un extremsly somplicated thing, whieh depends essentially
upon the mature of the intelleot in question, For God, for
mmph, there i3 mo -bocu.hﬂvo uinu distinet t:o- His
one scisnce which is wisdom, since Ne necesssrily must see
®ll reslity in terms of Himsslf, the Firat Cause. This doss

not nean, of course, tbat le reils to gresp the ratio

mobilitatis, for exmuiple, which, as we shall sec presently,

is the formal ratio of all notural things, but e sees it

sud rations Deitatis.

Por all created intelligences there 1n a

di{stinction of apoculative sciences even thourh ©ll of ther
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st remain essentially subordinated to wislom, 4ad ihe
nat.re of this distinetion depends upon the nt;xr. of the
intelligence in question. That is why there is & plurality
of sciences peculiar to the human intellect whish, mm
the sngelie intellect vhose Xnowledgs is prior $o things
in 8o far s it is derived from the species divinke ur\h

(8)
faotivee, 1is dependent upon things lcr 1ts kaowledge.

This dspendence, plus the feot that its object i nmw,u'i).y
moterial things, make humen xnowlodse essentially uhstx;ﬂ:ctin.
And that is wy the plurality of the husan speculstive .
sciencaa is determined by sbstraction. Yo other prlnolplo

of division is posaidle.

But befors we ooma $o the question of how the
speculativs soiencea are distinguished by tha latfn-om
degrees of mbstrsation, it is neceasary to go besk f\n‘thor
in our apalyais of the heterogsneity of knowledge. m
reusons whiich will become apperest later, pertioulurly. in
chapter IV, we sust begin with the prhmridal distinction

botween aspeculative and prectical knowlodee.
2. ulative and Practieal

The implieations of this distinction are mcnifold,

%
|

- | )

snd it would take us t0o far afield to cousider even the
more iuportent ones. e shall conteat ourselves with &
awsmry considerstiou of those ispliontions whick heve a
partisular relavance for the understanding of methesatical

(9)
phyaics.

Rriefly, then, spaculative and pnctioal
(10)

Xnowledge differ by their ond. The end of lpoaulntin

knowledgs is truth; the end of praotical knowledce is Gn
operation, that ia, & work to be done or nzdoslt!,nn we say
that tlic end of precticsl kno«hdgo is an oper-tion. or
a wark to. be élono or made, we msan an operstion or a work
that is outsids the intellect. m as Saint Thoms potn&")
out, an operstion may bs githnr exterior or interior to

she intellect. Im the latter eass the operetion 1s a mers
oontunphtioa':of truth, snd in tlLis speculative kuowledge
connists. Moreover, within the intellaot there may be s
kind of opua consisting in en ordering and & construction.
In this cane wo havo an art, but only & speculntive ert,
and not & pruononl s&rt, for the ocpus remains interior

toth.-l-l mthlagion‘—muumm-otthh

kind. “his distinction between speculative end prectical

art is of some 1:1.'101"?.anee, since both of them heve & vitul
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part %o play in the schastructicn ef mithematisel Phyaiss.

Thes objest of sll prectioal knowledge, then,
i3 sonething ocutside the limits of the inhlloot.(u)lt is,
in faot, primmrily and essentially the object of am
aprotite, for the imtellect can have practical knowlsdge
only becauss it submits itself in some wey to an appotite
(sven though prestical knowledge in itself does not connist
in & mere extrinsic submission). KRenes it follows that
practiosl knowlsdge has as ita objeat the good as good
{bormum ut bomum), and not the good ss true (boxum ut verum)
whieh iz ths objest of spsculative knowledge. That is why
in order to )n".truo prectical knowledge it¢ is not
sufficisnt that the cbjsst be im itaslf an mnbih. 1.0,
something thas im 1tsslf is "makesblen} it is msosssary
that this objest be eonsidered presisely in ordims sd

(1e)
operationen, or per modum operandi. Tiow wherses the

objeot of speculative knowledgs is something within the
intellset, and that of pructiosl knowledge soething out-
side the intellect, if we consider the principles of these
two Sypes of kmowlsdgs, the situstiom is eoxastly the
reverse’at lerst in so far as humen knovledwe 1s oconcerned).

~he uvrinciples of speculative knowledse are in things, end
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the movewent htr-mnoto\huﬂg the prineiples
otwuuc-l.huhdaomutbuﬂulthowtu
is from mimd %o things. That is why 5%, Thomas writes:
wprastious insslleetus ¢st de his quorum prissipia sunt

in nobis, nom quomodogumque, sed in quantum sunt per
(15)
nos operabilis.”

Consequently, the mind i» the measure of the
tuings of which it bes practioel knovledye, wheress it
1 messured by the things of whieh it has speculative
Kuowled e, &s J6. Thomas explains in the follewing

paastss:

Res alitar omparetur ad intsllsctum practicum,
aliter ad spsoulativum. Intsllesetus sulm
prestisus esusaS res, wmis o5t 1RsUIetio rerum
qune par ipswm fiunt) sed inmtellsatus spesulativus,
quin sesipgit & rebus, est guodsmmole motus ad
ipsis rebuag ot it%a res menguysnt ipsum., KX

que pateh qued res mturales, ox quitus intellectus
noster sscisntism mecipit, mensurent intellectum
nostyum, ut disitur X Metaphys. (eom.9): sed mmt
mensuratas ab intellectu divinog in ¢uo sunt omnia
creats, sicut osmia srvifiaimta in iantellectu
artificis. Jic ergo intellectus divimus est
NONSUrens NOR JeDsuratusj res autes naturalos,
mensurans ot meusurata; sed intellectus noster

ost mensuratus, non memsurens quiden rea maturales
sod axtificisles tantum. (18)

t e v

siow there ioc an snalysical connection and &

dirext proportion batween the ggmbi.um (the *rokesble-
neas*) of & thing and its ds;res of immteriality. liere




@
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1% must be noted Liumsdiately Shat we exe teking the Yemm
r{mmatersality” in its brosdest siguificames, inm the |
sense in which it 1s opposed to sry kind of pmtmlty;
and henos to sny form of contingency., The first conditiem
required for a thing to be $he objest of preactiesd
knowledge is tist its essence be ﬁot $deutified with 1%.;
existsnce, For tle practical kmowledge is knowledge of
things to be brought into existance. That is why Cod 1s the
only belng who emnnot bs the objest of pruotioml knowledre
{exospt in tha sense that He 1 attainable by intelligent
oreutures through prectioal knowledgel .‘unlt_n John of St.
Thomas polints out.‘u)tbo apeculative abstrects in some:

way fram the existestial (sb sxsreitio existesdl), shorees

the prectieal oomsidurs its objsct in 1%s existential state

(ut_stat sub exsroitio sxistenii). Yes 1% would be highly

sabigucus to sey, 8o some authors have dons, that speculative
noulelge hes to do with the sssentisl arder, snd prectioal
knowledge with the existenticl order. lor t::gro is an
cpernbilitas in the essentinl order s 7oll &s in the
existential order. ill besngs which have potency inm t)‘,eir
essence, i.e. matier 1n the siriet swse of the terms Mave )
en intrinsic ontologioml plawticity, n “formmbility™ wf\ich '/

pure forma do not have. In 811 Aterial creatures,

~foamabilisy" touches the very substence. In their wery

essenoce is found the reason for their intrinsie p\vpieﬂl

eoxtingenay«

yiewing the hiererciy of being dislosticelly,
we pmy say that in the measurs n which we got farther end
ferther from pure 1maf.orhnty! in -MohAth- ssssnce is
jdentified with existance, in the mesasure in which we ¢ot
dseper and deeper imto -hriaiity. the closer we approéch
o pure m bilites and hlnujtho (reater becomes the
soops of praciionl xnowledige. ‘s Bre getiing desper: and
desper into sont ingency tnd ln;loo farther and farther away
from the NeCessary, which 1s the objeet of spaculative
Xnowlodge. In this dhloctle‘il process we start with the
Being of which caly speaulaiive inoulsdge is possible, and
we tand towards & liait wuhw\d.d be an objead that would
be purely practicel. This object dces not sxist, nor cen
1t exist, but tlwre is sametlilng like 4% in morel Inowleds .
saint Thams pointa out that ;Lh?lgt;udy of noa_'ulu ia not
rfor tho eantemplation aof truth.

" J% showld be peinted out, perhaps, tbat we aro
conatdering ¥his descending scale fran the polmt of view

of netures, for if other points of vhkew ware introduced,
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such aa the large place that fertume plays in huwma life,
and the izmeuse amount of contingenay involved in $he
supsroatural order, what we have just ssid might de opsn
to modification. Perhaps soms might be tepted to teks
sxosption to the last paregraph on the score that the
ultimete slements might very well prove to be few ii
mmber and highly determined in their constitution. Fuk
even if thia should prove to be trus what we hnAnu
would atill hold. ¥or elemsnts are by their very nature i
for the whols, m from this point of view they would _ | [
possess indefinite melleability and formability” apd’
servioeabllity beonuse of the faet that everything in

mntsrinl sreation would dbe made out of them,

Tow all this bes en extremsly important beering «ll

upon the nature of physics. Por the objeot of physiocs ia
down very far in the soale we have bsen considering. fThis
is particularly true of that pert of phyaics whielk 1s

far advenced towards conoretion. /nd the ferther physics
advanoes tla deensr it (ets into materielity. That is why
the Akings with whieh plysies dsels are primeipelly
operul:ilis, more operabilis than speculabilir. ;nd &3
phyzics pro-resses, the things with wiich it desls becume h

less mul less eneunble to spoculrtive knowledse rrd more
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woreover, in order $0 poassss fully the speci-
1ntive knowledge of whioh Sheee things are espabls, &t is
necessary to have pyaetieal knowledge of then, Jor sven
though speeulative Xnowledge aluuys yommins sawsthing
disbinet from prectionl knowlsdie, in order to bave perfsct
speoulstive Imowledge of things that ays im thl.l" very npeture
2_-_:_-__)!._1_!-_, 4% is necessary %o have prastical xnowledge of
them, And the more thingd are operabilia in Sheir very
pature, the greater bsocmes the neeesaity of havimg precticel
Xnowlslge of theu in order S0 DAASASS with sny kind of edequasy
the speswlative knowledge that §8 is possibls $o have of

theme

liow the diffisulty is thet this prectiosl

knowledge is not oen to us. For we oanuot make m(t:;x;on. e
esn only imiteto them by making artificial things. Matures

are, in fmot, essentially “reiiones srtis divipne," e('.;l.)mtnt
Thomas points out in the necond book of the Phyaics, in

other words, art is essentially an sxtrinsic prinoiple, and
1t 1s only im &ivine ars that tuls sxtrinsis yrinciple ean
be the ca:. e of the intrxincio principls. The reason is

that wh.reas all created art presupLOses a subject, divine

art does Lot, :ud an A CoRzequence 4t enn rench Lhe very




first primeiple aof the thinga 1t mekes.

But even though men cunnot have & mottui |
knowledge of patures which slone would make it possible
for hin t0 have perfoot speculative knowledgs of them, .
he oan have prectionl knowledge im relasion to n-tm-nj,:
end by n:ana of it scquire ¥ more pex_-tut upoéulatln .
knowledge of them. A3 & mtter of faet, in order for
man $0 Imve a profound speculative knowledge of um
thinga in their scmoretiom it is nscessmry for him e ‘
have recourss $o an inmenss amcunt Of prestical knowledge.
Be must operate upon nature with {nstrusenis devised by
hinself. And ths dceper he plunges intc comcresion tho‘
nore highly complsx and gubtle aast theme fmstruments. j

and cpsrations beooms. mm.wpammmm

becocias more and mose an Iaplement of speeulstive knowledgs.

M0 muat oomstruct beforw he con conteplate, snd it 1s
precisely beonuse of the weulnscs of his apeoulstive

knowledge. $hat he nust have recourse to practioel knowivdm.

Mot only must physiosl construction enter 1nto
R .. ViR L L
physiss"is an incressingly largs measure aa it dmo.
but montal conatructicn as well. In thoory-buildim-_,vhioh

still falls within the gemus of &rt, though it be @
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spesulative art, e solenbist nnkp-, as it waye, 'n sraaty
logos wiieh oun never 40 more than counote objective nature.
poreovex, in order %o retionslize nature the Wlidlt ia
foroed %0 borrow heavily from )‘Mti.o‘a whieh ism nlso

a speculstive art. . ’ *

Trus in a number of ways IESOMNC‘U.OII snters
{uto the objeot of physics — enters imto it so profoundly
that 1t becomes imposaible to distinguish between what is
doriﬂ from mature snd wiat caws tran art. All this is
necessary but it constitutes a dnnear. For it is all to
eugy for man %o cuotalookupon-ﬂtmuunro
mollesble matier to be worled upon and used. Morsover,
thchmldpuu@nbyminrumutonhw
struction mskes possidle mhm-nh- mastary over mature
thet the practical pewer thst im derived from this
xnowlsdge all %oo eanily Lecouss oconfused with the purely
apeculntive knowledge of mature vhtlch is the basis of the
practionl knowledge. n othpr 'ord. shere is the dangsr
of confusing the spesulative knovh:ago we have of matural
Wdﬁmm“potmtu mhuthth-. or
ot least of subardimating the spooul.tivo knovhdp. of

1
nature to the precticel knouledge we are able %0 bhave in

relation to it, in sonewhat the sane way &s is found in




the case of the artist who is concerned with the nature
of the material he uses only to the extent to which that
is necessary for the achievement of his work of art. Then
the prectical knowledge is no longer the instrument of
the speculative knowledge, but just the comtrary. And
even when the oonrusic;n between speculaetive and practical
knowledge, or the perversion of %the right order that
should exist between them does not occur, there 1s at
least the danger that the abuudant use that we can make
of nature might lead us to cease to wonder at nature, and
without this wonderment, as Aristotle has pointed out,

speculative knowledge cannot thrive.

That the tendencies we have just mentioned hewe
been prevalent in modern times is @ll too evident. Already

in Descartes we find the following:

Mels 3itdt que j'ai eu acquis quelques notions
générales touchant la physique, et que, ,
commenéant & les éprouver en diverses difficultes
particulidres, j'ai remarqué jusques ou elles
peuvent conduire et combien elles différgnt
des principes dont on s'eat servi Jusqu' présent,
j'e4 oru que je ne pouvais les tenir cachées sans
g‘cﬁer grendement qontre la loi qul nous oblige
procurer autant gu'il est en nous le bien
général de tous les hommes: car elles m'ont fait
voir qu'il est possible de parvenir & des
connaissances qui soient fort utiles ‘& le vie;
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ot dans lea ssclos, ox eu peus trouver une
pratiquse, par laguelle, esmunisssat 1l foree
ot 1os astiems du feu, do 1'eau, de 1l'air,
des astres, des sieux ot do Sous les autres
sorpa qui nous eavircunsat, aussi distiscte-
nent que nous ocuasissons les divers mftiers
de nos artisana, nous les powrriouns employer
o ndme fagon k tous lea ussges suxquels ils
sont propres, et ainai nouw rendre comme
mitres st possessours de 1ln mature.(2£)

Thase tendenscies have sentinwmed to grow aince
the timp of Desceartes, and today it is a0t raye to fimd
ovens in the writings of those wio have otherwise made
waluably esutridbutioms to the philoscphy of asicnse
passages in which She ixporiant distinetion betwesn
spesulative asd preatical kmowledge sesms §o have
faded te & large sxitent, The following limes 6f F.C.Se
Sohillax aye fuirly SyRpissl:

The mental attitude whish sxtertains hypotheses..
Lasls f¥e8... $0 Feorreangs $the world at lesat
in thought, to play with it, and with itself.
Yor Nypothaais ie & sort of game with yeality,
skin to fancy and make-belisve, fiction and
poetxy ... It i3 by this hypothesis - building
habit that science touches poetry on the one
side, and action on the other; for it is akin
to bothe The play of famcy mxd the somstrustive
usg of the immgimation revesl the sreativenves
of s 1uballigenes; by their usa (e .
asionting busenss-g ‘walnre Like She. pOet...

Yot on the other side, this Wypothetiesl
attitude mediates betwesn thought and action,
and helps %o break down the superficial
distinetion between the theoretic und tle
pruectical, It drives the scientist out of the
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purely recepsive atiitude, and makes him &
dosr. Yor %0 sntertain & hypothesis is %o -

a mental content kypothetieally, el
this is to hold it experimsntally, whioch,
again 1s to cperste on 1t sad to manipulate
it. (23)

From many points of visw it 1s im Marxism thet
the tendenciss of which we Imve besn spsaking have found |
their fulless sxpression. MRFx® aleventh thesis on
Foeusrbach atates that “the philoscphers have only
Morp_xgtd the world differently; tha point ix to change.
it." A% the henrt of Marxism is & revolt against the
humbdle lhhothusmdhythlmtht is
characteristic of speculative nowlsdge smd & desire to
becoms their measure through practical Xnowledgel There
is a sesking $o Yransform meture scmpletaly, to reconstruet
1t %o cne's omn inags and 1ikemsss, Yo subjest 1% entirely
to tha exigenciss of cme's life of pnxu.i n his ntro-:
duotion to Dialsctioal yaterialism, Piwerd Conze, & r-ii;h-

ful disciple of wrx, has this to say:

pislectical mmterisliem is surroundsd hy thes
glamour of being something apecially atrangs,
mynterious and startling. To the extext to
which this new methad. o€ ) dosoms .
better known, the elmmm of the " wtXY
vanishe It will be seen that it is not a
nice piece of decoratiom, but & very prosmic
and practiosl tool. It bas more the functiona
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of an axe then of & Chinese vass... .
Kot the mere understanding, but sun inerensed
sxniyol of the world, is the ultimate purpese
of sciantifie method,(24)

But all this in sn anticipation of what is %o
coms in subsequent ohapters. Consequantly, we mast loavs
this point, and having seen ths mturs of the distinctios
betwesn spasculative and prastioal huhdp. we nist pess
a now 30 a considerstion of the hiersrohy of speculative
solencs. This will bring us direetly %o the oentrel point

arcund which thae whole of the present discussion is re~

" wolving; the nature of the distinction bestwean physics

and mathematioe.

5. The Plerarely of Speculative Sciemce.

. Bolenge, writes Pratm Urban, ,-;u the most
smbigucus eoncept in the xodern world,n (‘,In order to
avoid coufusiom gt soemts 1 cessary to point out immedietely
that st the begloning of this discuassion end until further
notice we shall teks the term "science™ in its strict
Aristotelian sense. Ioth Aristotle and Jaint Thomes
somdiings Ve Ve Tipreasion’ vedii1fth knoeletge” 1n &

. (26)
fairly looae fashiom. Thus, in the Poasterior Analytiocs

~quaslibet certitudinalis cognitio™ is oanlled solentifie
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(e7)
knowledge. Ix the Sumsm 3%, Thomns semetimes uses $he

word "soire" in teurms of knowledge of partiesulsr
comtingent facts. Dut outaide of & few exceptioas of
this kind, "scismos® in the peripstetic treditiom has
oonsistently meant a knowlsdge $hat is universal and
19cessary, 2 knowledge that has besn arrived at by
dexonstretion, and & Jowwledge that s besn {ixed and

(88)
determined in an intellsptwel habitus,.

Now, in emuing to grips with the problem of the
distinotion and clasaificatiom of the seiemcss, it 1is
sxtremely important to diseover the truse eriteria by whieh
ons type of solentifiec knowledge is distinguished from
mother., O(ns sannot select these oriteria in am srbitrery
fashion, for, as we have alresdy peinted out,this inevitably
leads %o epistemologiosl ooufusiom. What, thes, will reveal
$0o us the trus eriteria of an cbjective and mecessary

classification. (bviously, the nature of knowledge itaelf.

Inowledge 1s essentinlly objeetive, for, in
Thonistis terminology, to kmow is to be the thing known
in 1te wery "etheriess.” ‘Pt kummsa knowiedge, deosuse
of its limitationa, 1s never ctmplotaiy objective under

evury mapect. Potentiality alwaya involves sume kind of
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subJeotivity, and the ixtrinsie peAentialivy of xas's miure

" pessssartly 1iaits the shjestivity of his kmevledge. quidquid

resipitur sl modum resipientis resipivwry hanos if the
knowing fasulty is vexy imperfess, the objeotividy of its
xnewledgs, however trus it may be, mad necossarily be very
inperfest. IS would ssem te follew fyom this that the
segmawtation of scisnsifie nowledge into spacifioally
distines types must be based om scomihing whish 1s fumie-
nemtally objective, but which hms, at the seme tims, n

subjestive determimtion.

As we have already remaried, 4f human knovledge
weze im a atate of porf'-cttn the problem of the digtinction
of the soisnoces womld be simple, sinoe there would be as
mny -pecusduimum-t-wnd‘ things. But
bessmae 10R is Smeapadle of gresping shings parfestly, 1%
istorhhtoknntplmlityﬁ objecte whish
in thenselves are mpecifioally distinot in the light of a
commen sclemtific spesies. Now in order to gresp clearl:
the mature of this comom seientirie species we rust inkro-

dues here the um.una bot-un "Shing™ aad "objoet" w

Ao B T AR ¥ P P PRI SUDE - THI -k Y
? «A

“thing” we undorstand whnt is oomwnh known as tho mtorial

objuct of knowledgs, 1.0, Shet whlch is known, the res in ae,
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eonaidared pursly ia its entitative status. By “chjest” we
uslerstand what is comscaly known ss the formel cbjest of .
xnouledye, 1.0. the particulsr dotermination or formality
by which the cognitive power leys hold of the “Shing™ s
Foar a thing oan becums the object of Mnowlsdge only iz so |
for as it iu orientatsd to a soguitive powey n-muu‘
dotowmined wey. Thus, an ¢ys esk pereelwe & wall ocaly
because the wall s orientated 4o tie eys by meams of its’
eclor. Fyom what lms alresdy bean said about the mature of
amea knowledge it munt be evidext that the spscificatiom
of ssientifie knowledge must come fxom rollny.(zg)mt :’
chtnut-rurodtwh_.'tuag-,munmu
is ssnstituted as & sejentifie objut.(w

Comssquantly, wvhensver T%. Thoums wses sush

exyresaions 88 "solentize seesntur quecsdnodwa o4 Tes,” (a1
ks understends *res” in the sense of formal cbject; for im
the text just cited he irmeodimtely addnm: "nsn ocomes hnbiéul

dissinguuntur per cbiectn, ex quibus speciem habent.”

In yelation to th. formal ob;oct. VNM 1ntx-o-
duoes a further distinctiom whieh will be sxtremaly uutul
for us, not oaly for our present purpass, bui alao for \;h-

finel explicit formulasiom of the nature of physico~-

mthembienl knowlelgs whieh we shrll attespt im Chapter
"_xjifa) ¥s poiuks ows that ihere are $we kinds of formsl
objest; ome is the fornslity existing in the thing itself
which directly termimtes She ach of cegaitiom, and by
weans of which the “thing" 1s mads spprehsnsidle by the
coguitive power; the other is & formmlity which sctualizes
the first formelity, The oonmh exnnple usually given
to fllustrate this distinetion s borrowsd from the realm
of seuse eoguitica: in visunl cognition there: are tw
t@tinx the eolor existing in the wall, and the light
w-h-loh plays upon the nn and' ut\;anu. ita color. TY
transpoaing this example to the realm of imtellectual
oosntlu we discover that the second foroality is & kinmd
-c objestive spixitual m(ulm maifests and
actualizps 8 determined rcmiltr oxi-uu in the thing,
whioch in turn remders the thing imtslligible by constituting
it ms an object. The first of thess two formelities 1s

known in Thaistic terminology ®s the nobjectum formele quod®

or the "retic formalis guse”, or the "rutio formalis objecti

'ob esotum romh

SR

utA;.' The mnnl. 1- kun as th

T 4dea

or the "xetio romna -ub qua ,' or the "r-uo tor-nlia

objecti ut objectum.” This distinctiom may eppesr extremely

subtle, but Cajetan rightly insists upon its necsasity:

o, .




Nesessitas suten, qualitas eb distinobie barem |
retiomm susnis st ox distimctione duorum :
SeneYum, nmnummatm '
suientise. Oportet enim quod formmliter sit

talis res, taliter suibilis, EV ideo operted

quod lmbeat et retionsm Tormtlen sonstitusntem

foymaliter ipssm in 421l eses reall, ot resionsm

formalem conatitmnm.tormlﬁw 5.:: in tald

esse aeibill. (34)

Now, from what has been said thus far it should
bo evident that tha peint of departure of the whols question
of the specifie distinction of tie sciences nust ve an
atiexpt to dissover in the entire realn covered by scientifie

xnowledge speeifically distinet "seiiones foruales sudb quibus,”

For, as We have just sser, 4t ix the "retio forxelis sub
qua~  that actualizes the rutio formalis ques . In other
words, what we are trying to desids iz whether or not thare
are spoaifieally distinet weys in shiek veelity is
scientifionlly kmowable, and it is preeisely rstio formalis
sud _gua which eonstitutes reality 2= scientificelly kmowsble,
i.0. in ssse acibili . But where ahall we turn to discover

she specifically distinet retiones forumles sub quibus by

which one uoionce will be diutinguished from snother. Once
sgain sur answey will be fund Txi Wie mature of Xnowledge
in general, end the ature of sclentific xnowledsge in

{35
particular.

(36)
The roos of all knowlsdge is Lmateriality.

This tsmateriality is yequired f£irst of ail oa the pert of
she knower whieh, in erder 10 be Gpea to obher forms benides
its own, must enjoy a certain indepesdence of the restrictions
of mattey which 1is esmsentially & subjeet snd hence entirely
clomsed in wpom itsslf. It is also required on the part of
the thing known, for m thing esn be known only in the
measure in whieh 4t 1s eonstituted ss an sbjset, ‘thn is to
sey in the measure in which it 1s 1ifted out of the stote of
being a pure subject. When sufficient Lmmsteriality is wot
ma.‘dwmobm in the state in whieh it is foud in
mtm.thhncnnqnmhmtt sod 1lift 1t to the
state of Lxmterialitwy zoquired.

Pecause of this dependanse of knowlsdge upon
Lamteriality, if in tho realm of speculative. kngwlesdge
different levels ef immateriality are discernidle, there will
be a stratifiestio: of the asciences oorrespondin; to these
different lsvels. doreover, necessity pertaina to the
esasence of acienss, for no traly scientific knowledge 18
pessitle of things in thalz o-ulnanw.(?.. Gonsequently

thers will bs an many different sciences ss thers sre

adifferent types of nacosaisyj that is to say, the sciences
will be distinguished by the specifically differei. levels
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accerding to whish the scientifie object ceh he lifted out

of the flux ofcantlnmmy. Henes St. Thosms eonclwdes:
"Et 1deo seoundum ordinem remotionis et a noteria ot o

motu scientiae speculativae dhtlmw.'(m)m the
sclences will not be specified by the duroo_ of imtuiq}ity
and necessity of the object eonsidered in its sntitative:
atate in such a way that the spesies of science will
correspond to the degrees of being. If this were the

case, the specifiention would be ecming from the material
object, which as we have seen, is impossidle. It is the
degres of imunteriality and necesaity arising out of the way
in which the object is known by the intalleet thet is n..
prineiple of specification.

Fow the means by whish the intellect lifts its
object out of the opacity of matter and the flux of elmnge
is ocalled sbatreetion. Hence it will be the specifisally

different degrees of abstraction thrt will give us the

raotiones formales sub guibus we are lookimg fcr, snd these
in turn will ectualise in the object different retiones
formales quas. Bub before pursuing the discussiea of n.
divorse degreses of abat;aetion, it 4s necessary to p’oint”
out that we are concerned here not with total but with l

forral abotrection. This &iatinotion is of capital in- i
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portance for the philosopky of sclence, and RO e bas
probed its profound implications with greater scutansss then
motw(w’ Since all poaitive sbatraction involves some
kind of separation, the basis of this dusl abatraction 1is &
dunl composition; ths Sompoaition of matter and form, und
the compoaition of a universal whole and its subjective
pests. Abstrmotion is colled formal whee 15 codaists in
dluwlnxntmtrm,tbnﬂ_o;;lm& it 1s con~
oretined; it is oallad total Ih-n it oconsists in hylnc
hold of & universal whols apart from ihe subjsctive perts
in which it is distributed. When s mathemstiocian abstracts
a certain qwnﬁtntﬁ. cw. sueh as the notion of line,
from the sensible matter in which it 1s oolc';-tixod in the
real world, ha is practising to@l abstrection. Yor "line”
stands In relation to Fsensible® as form to matter. When,
howaver, one -b-tnct; the eoncept of aninal from its
subjective parts, man amd brute, to consider it mpart, he

13 using total abetrection,

In order to avoid eonfusion it is necessary %o
PoLnt, aub that wiaq we mKy St formal sbstimction ecuaists
in sbstracting a formal element from its materiel conorwiiom
1t is never a question of sbstructing the substantial form

from the mmtter to which it 1s united, for as 5t. Thomas
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(40)
points out, the interdependence existing between a

substantinl form and itz correspomding matter is such that
one cannot be understood without the other. Thus, tha
studsnt of nature nover abatrsata the substandial form from
1ts matter; he merely prescinds from the ocontingent
materislity proper to individuals. This poiat is of
extrens importance for a proper apprecistion of the naiwre
of physics, sad it is usually misunderstood by scholastie
writera. Similarly, the mathsmatieian does not abstract
ths substantial form, but the accidental fomm ef guantity.
The metaphysician lays hold of substantial form only in mso

fer as it is a co~principle of m}rinl being.

There is a warld of &ifference between the two
intellectual prooesses involved in formal and total
sbatraction. In the first case tle ssperation results in
a dowdble conocept each of which is complets by itself. The
notion of lins doces not involve the notien of asnaidle
natter, nor doss the notion of sensible matter necesmarily
involve the notion of line. Tiance each cen bs perfeetly
sonseived in sepuretion frex the other. But in tstal
sbstraction only one com,.lete concept results: ths 1dea of

anirel is oconoesivable withous the notion of either men or

brute; but neiither 1au nor brute is intelligible without
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the notiom of amimal. Beocause formal sbstraction reveals
u foym thet is purified of the potentislity of its
matorinl ooncretion, it gives rise to greater obj.ative
intelligibility. In fuot, this greater intelligibility

1o the-yery Teason for the separability of the form. The
notion nt lins, for sssmple, is much wore intelligibls in
1ts stute of sbstrasticn from sensible matter, than in its
state of concretion. Ani let it be noted in pesning that
here we are Souchinmg upan the pivotal polut of the whole
problema of mathemstioal physics. In faet, we lave givea
here the fundsuentsl reason why physics in i%s development
mist necossurily beseono mathenutionl physics. But lest
any confusion srise, 1% is necessaxy %o suphesize the feact
that we have beon speaking hore of greater objective
intelligibility. Because of the ixperfect condition of
our intellect, greater objoctive intelligibility

{intelligibllitas naturs, or, intelligibilitas in se) does

not necessarily mean greater intelligibility for us. In
t“;. there is ordinerily an inverse proportion botwesn the
two, as we shell bave occession o point out in chapter .
4o say "ordimsrily,” Beosese mathematieal sclsnce presents
e unique case whieh we shall study in chapter 7i. And this

unigue case will havs an extremely important role to pley in




the solution of our problem. -

rom the polnt of view of actuslity, the move-
mant of total abstrection is the yeverse of that of fon‘nl
abstrection. Yor, in ascending from brute and man to
animel, and from thers to higher genara in the Porpm
tree, o are moving from wiat is more detormined und nm'o
actual, and hence moTe intslligible objectively, to mt
is nore confused, rors posentianl, snd hense lsss
tatelligible objoctively. For $he mind san sbstraet o
universal whole from the subjsctive parts of which it s
predicable only by retreating fron the actuslity and ; '
deternination of these subjective:perts into a state of
greater potentislity. IBut it bhappens that in noving trbn
what 1s less intelligible %o what is more intelligible
objectively we -rriv-; at What is more intelligidle ro? our
fuperfeet intellescts. The only kind of mind that oafl be
reslized in & bein; camposed of matter and form 1is one which
must acquire 1ts knowlodq_;.o through experience, and 'l;‘ioh
must, therefore, begin with purs uocetiec pot-ntxality,; [y

tabula resa, and move ea aredually to greater and greater

ALY

o ’ o e Y 2%
noetic actuality. ‘That is why things sre rore intslligible

for us in the potential snd confusad atate of thair :
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aniversalisy, thn-h the state of conaretion. It is mueh
easier for us to understand what & living beimg is than

$0 understand what a eow is. We shull discuss this
izportant point in considersbls detsil in Chepter IV ,

but it was necessary to bring it ocut hare because, as we
shall sse in a fow monents, a mmber of modern Thomists,
while admitting in the abstrack the distinctions we bave
1n4d down, hmve allowed thauolvéa to arrive at arronsous
oconolusions about the mt:uro aof iscuneo because of &

ecnfusion between the two kinds of imtelligibility we
have just mentioned.

It should be olear from what has besn seid why
She éagrees of abstractios which specify the sciences are
usecsssurily degress of farmal -ﬁsneﬂ:‘n. Totel abstrastion
is, in feets, sowon %o sll the scienoes, sinos scientifie
knowledge deals necessarily with universals. But before
leaving the question of abatrection in gesmeral to diseuss
the degrees of formal abstraction, thers is another dis-
tinctien to be made which will be of considerable usefulness
far us as owr avhlysis proeeeds, ¥a have in miwd the.
distinotion botwaon positive and negative abstraction. In
diseussing total and formal ubat:mction wo lave be:n

deeling with positiv. sdstraction. Negative abstraction is




- o8 -
samsthing guite different, and since its use in ex~
perimantal science is extensive, it will de necessery to

describe its mature hriefly.

There are two distinet types of negative
sbstrection. The first types is called negative bacnuse it
does not achisve & noetical separstion in the otrict sense of
the ward. Just ss B senss oan pick out a certain qualisy
sxisting in an objset, e.g. the color, snil leave aside all
the othar quanlities scsxisting with 1%, so the mind when
confronted by s plurmlity of formalitiss can councentrats
4ts attention on one of them to the neglect of all the
ethers with whieh it is conmseted. In thus concentreting
its attention on one farmmlity, the adnd does uot Lif% this
fommlity cut of its context, sst i% forth Ly itsslf, spd
acnsider it formally as ssparatad. Nense the term at which
it errives remmins tisd to the context from which it bes
been abstmacted. That ic why this type of abstraction does
not achieve oven ons ecuplete and independeut coucept, end

in this it differs from both formel and total absiraciion,

ps is evident fram what wis said abovo, Megabive .nyatpﬁzog__

1s l1ike total abstraction in thet 1t arrives at « common

potion, but 1t differs from it in ihat this ocomicn notion
{41)
iz not conaidered in rclation to its inferiors. It is
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1ike formul abstinction in that it lays hold of & certain
formality, but it d&ttn;l from it ia that the seperation
i» only negutive, wad oonse uently it does not consider
the formmlity formelly as separated,

m(w type of negative abstrrction 1s that
used in logte. It glives rime to an object which, though
related to something in netwre, doss not have l;o!ng dn
nrture, but only in the mind, Positive sbstrection alwmys
&ives rise to an objest that Mas being in reality, svem
though, as u);trh sase of mathemetisal abstraction, the mimd
separates it from something to which ft must be unfited if it
is %0 have 1its being in reality. It is of great importance
o uftlngllnh carefully hetwesn methwiuticel ebstraction
and $his setond Sype of nagative abstrmotion. In muthemakfesl
sbatruetion the mimd doss not supply the objeot but merely
the conditions of the objest, whereas in negative abstracsion
the mind supplies the very object. This type of negative
abetreotion plays an i:portant role in experimcutal scilence
beeause of its dialectionl claracter and bectuse of the
axbonsive wee of wentsl cumstructs. Ths first type mentisnsd
above is employed in the formmtion of the univeraals that

are oharacteristic of experimentsl science, for since the

universuls uarc merely hypothetiosl they crnnpt be the
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" result of positive abatrectiou. -

ze arse now in a position to pursue owr u-‘puuion
of the degrees of formal sbstreation. They are bro@t out

with admirabls clarity by Saint Thomas in his am-n‘ on
» (43)
the De Trinitate of Rosthius, and we scercely m.d o do

nore than paraphrase his trestmsat of theme There aTe tires
kinds of mattsy, and counssquently three distinct hv;h in
the process by which the mind 1ifts its solentifie cbjeet

out of the potentislity in which 1t ia concretized. - First
there is individual matter, 1.s. the motter which sets
individual things off from each other with all th. Mlcultr
zndivtd\nuzug eharacteristics proper to ssch. As: lone os
thess individuslizing characteristios ere retained no .chnoo

is poesidle, for: m- individuum insffebile. The r.-son 1s

that a thing is hxtoln;iuo on.ly to the extent to 'hieh it
is in act. latter is being in potensy 2nd cvarythmg t)mt is
dependent upon it essentielly and inseperelle from 1t 1o not
fatolligible 1n met. Tienco it is from the knowsr that
futellipibility in met must 6oue. Conssquontly the first
step in ihe procscs of sclantifis shetrastion ia %o alough
off tleue prriiculur cheracterietios end by so dbiig arrive
et a specific intelligilLle esaence. Thin first utoj‘vp is

colled physicel sbstrection, end it is used by nll the

e »,

disaiplines whish study nature. The sesond Kisd of mtter ia
known sa s.meacn sehsible metter. Ry ssnsible mattar is meant
matter that is apprehensibls by tﬁo senses, end henco some-
thing Sbhat snvolves mmterinl qm'xtu-. This sommon sensible
matter remmins untouched by tha first degres of sbstrection,
for the biologist, for exmpls, studies flesh and blood,

aven though he does Dot study this particular tl.enh and hlood,

(44)
the flesh and blood of Socretes, for sxmmple. The sseond

- shep in acientirfie abstruetion consists in disengaging sa

txtelligible form from this senaible matter. This is known
a3 matheaatical sbatyastion, for it is the abstrastiom e
ployed by the mathematicsl sctentes. In spite ef 1t hich
dogres of abatrastion, mathematies doss not succesed in
freeing 1‘“1‘ of all matter, for whatever is quantisative
is maoossarily waterial. But the mmtter which it retains
sShough apprehensible by the intellaat is no longsr Appre-
hensible by tlLe senses, since -11 sensible (uslities have
besn refined away. lence it is .knc-n as intelligible matter.
Tho lust atep in our lntolhcml purifiostion succecds u
mm.u-nm. objntdtﬂswn-tipcf A
matter and in setting 1t rorth Sn itas pure intelligibility.

This 1a known as netaphynical abstrection.

I | |



- 158 =

There is snether snd more profound way of
presenting thess three degroes of abstraction- Joms scien-
tific objacts depend upon sensible miter both for Sheir
being and for their *being known®, that is to say, doth for
their objective sxistence outsids the mind end for their
sub joctive sxisssnce in the mind, As & conzequence, they
can neitLer sxist nor be souceived or defined exoeps in
temo of senafble matter. Thess eonstitute ihs objeots
of the dissiplines which study mature. All of she matursl
sciences study the materisl comwosz in its state of eon~ i
sretion in ssnsibtle raster. And they stuly 1% precisaly
from the point of view of seasible matter; the$ is te say,
all the definitions of paturel science are in terms of
sonsfbls mautter. Ons msy be tempted to econtest this state—~
mant, sines ssnaibdble miter mesus, &= we mve said, sensible
qualitisa ixvested iz matter, nnd physics scera $o prescind
fram all qualisative determinations and to study the
universe only in terma of the categoxy of quantity. The
answer to this objsotion is, of course, that modern physics
is mothamatiosl paysica, and‘ oogngmntl; not & pure natural
science. C(ther sclentifile obje;sts depend npon. menaible
mtter for their being, bul nmot for t.eir "being knmow:.'

Jhat 4a to sey, in order for them %o exiast outside the :'ind
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in the world ef reality they muat be invested in sensible ‘
mutter. But they are couceived and defined indepsndertly

of 1t. The motions of lims, triangle, number thres, ste.

contain no seusibls matter, wor ars they ever defined 1in i
terms of it} ntxrth-ymto-xmumintho

objective warld, they must be concretized in it. Thess

foem the objects of the mathemetioal scisuces. Still other

scientific objects dspend upon sensible matter neither for

their being, nor for their "being knowa®. ¥ot enly are

they oonceived end defined fndepsndently of all mtier, but

they oen exist in objective reallity independently of all

matter, eithar becauns they neosssarily do not exist in

matter, as for smsple God snd the Angels, or becsuse they

do not necessarily exist in matter, as the concepts of

mMu, qﬁiity aet and pounz; )Qu. Tere we bave the

ob Jacts of metaphysicsl sclence.

5te Thomns points out that this thresfold
division 1a exhmustive. Far the only other possible case
that night be immgined would be that of objscts that would
L W of samaible matter in fheir ebjestive . w
axiotence, but dependent upon it for thoir subjective ex-
{atence in the mind. Though eom;»ictoly frxmterisl in their

boin;, thoy would have to be materialized in order to be

\
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coneeived and defined by the tntolhct.. The insdmisaibility
of suoch a casme is evident, ninoe it irplies that tb
intellect is easentially -.m.n-m and supposes the prinaq
of smtter. loreover such a prooess of materialiration -on.u

be just the opposite of abstraction.

_ It is neceseary %o point out hore in pessing
somsthing thst will be of considersble sigaificence for u
Jater. iven & cassal sonsideration of the three degress of
abssrection brings to light the faet that there 1s Mhh;
peeuliar about the type of abstrection used in the —m—i‘l
matioal scionces. In 1% slone 4o we find & deep dichotomy
betweon the way things exist in reality snd the way twm
conceived hy ihe mimd. Im beth physical and metaphkysieal
abstrection there is & serresponience batween the way things
axist ebjestively ond the way they are semceived snd defined
by the mind., This eorrespondenss in laeking in the seeond
degrea of abstraction. In order for mathemetical objects to
sxist at all outside the intellect they must be hnnrtod in
senaible mntier, whoreas inside the intellect thay cre oon—
coived und defingd fn omplete iadependenss of it. Henos in
this cnse sbstrection involves & separetion that is not: found
in the otier degrees. later on in our analysis this dichotony

will throw a greaet doal of light upon the nature of mathe-

SR

—

maticsl physios.

This Shreefold level of formal abstraction

provides us with the specifically uifferent rationes formales

sub quibus that we sot out %o fm. We have thres different
grades of immateriality, tlfru differsnt weys of sbstrecting
end defining the scientific objects In ntaptw:‘ucs svery-
Abing is defined without relatica to matter of any kinsd.

In Mathematics mrythug is uﬁmd in terms of intelligible
matter alons. In the M of mh:n everything 1is dctmd
in teras of sensible matter. low thess three rationes
formales sub quibus in turn sotualize und light up three
speoifioally dj.rkh“ retiones fo_nnl.l ques: being in
metaphysies; quentity in methwmatios; mobility in the study
of nature. The First of these Shres ebjects is mot of axy
speoinl interest for our problem. ¥We shall remit the question
of the second objest to Chapter VI sters we shall discuss

ia sone aot-u the mature of mathamatical science. Since

we are particulerly congerned with physics, the sciertific
object which has tha grontoat in;taront for us is the one

Shet is borm of She first um-j of abstrection. Thomists

have treditionally Insisted that the proper ob ject of Lte
(46)
study of nr.ture ia sns mobile: mobile being. For those

who approach the gueation for the firet time 1t 1s not
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Lmsdintely evident perbaps wiy this should bo‘-o. There
are m number of other ways of sxpressing the. ocbject

atudied hy mutural scisnce shich would seem to suggest
therselves mors spostancously than vnobils beingi” such as:
rmeturel body", *satural substanss", +ganaible belng",
wpiysical body", »patural being®, etc. In fuot some modern
Thouists have soen fit %o subatitute "sensidle being" for
the trsditionsl ™mobile beingr. “”mu. question hes boz:s )
stuiisd with grest profoundity and acutensss by Cajetan

and John of 3t. Thoams, 49028 though 14 would De too long
and Sedious to smmxariue all of their srguents, thers aro
a few points which must be ineisted upom with special
ecphasis. mmﬂﬂmmumnumrml
objecs of the stuly of nature umtboemtmwumr
poiut of view thet might be sslested, 1t opsns Wp the inuer
esssnce of -twml things. In other words, it iz only in

torams of mobility that nature osa be truly explained. The

history of philosophy givea us an sxtrinsic reason for thin:

from Heraclitus down to Bergson snd Thitshead, the problem
crubmwh-unmmgllnm in the atudy of

neture. 1In his Co entary on the vhygics, Tt. Thomwas

sus-ests an intrinsic reas:n:

De his vero gquse dependent & mataria mon solum

sscundum gsse sed eotism asoundum retionem est

Maturalis, quas Puysica &icitur. Kt quia omne

quod habet materism mobile est, consequens nt

quod ens wobils ait subisctm maturelis

philosophise. Imtuwralis enim philosophia de

neturealibus est; maturalis sutem sunt gquerum

principipium est nntura; matura autem est

priagipium notus et quistis in 80 in quo eat;

de his igitwr Guae hadent in se principium

motus, est scisutis nsturalis.(80)

‘Thn sxpression “sensible being” which some moders

Thomists hove atiespted to substitute does not bring out the
irus cbjestive formality in terms of which nature maat be
studied. For, things in neture ere not sensible for the
separeted substances, but oaly for us. Jence "sensible™
does wot diyeolly explaia what things are in themselves,
but omly how they sye kmowan Wy ws. Of cowrse, every mobile
being 4a &S the same time & ssasidle being, fer there.is sn
analytsiesl gonnection hetwesn motion aamd sensible matter
in thad both of them involve mmteriel potenay. Rut
senaibility doss not explain the objeotive mature of things;
it merely explsins how we know them. :obility, on the other
hand, is sometihing objective. Lven the sepersted substances
m-mmhamuw. sot, isdeed, as we 4o,
merely dn torus of the genural formelity of mobility, but
in turue of the ap.cific type of mobility .roper to etoh

ontologlenl speci s.
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ind Just 6s no other ward may be substituted
for "mobila", a0 mo othar expressicn oen sdsquately take
the place of "being“: mot "substance™, for that would
sxclude the sonsid:ration of acoidenta; not "bo_d_y". fax as
3%, Thomas points out,(n)lt pertaina to the sclisnce of
physics %0 prove that all robile bolngs are bodies, and
20 acience proves its own subjoot. John of i, Tha:-.:j :

oloarly indicates the pesitive xeason vlv the expression

nast be "mobile being:® lotiom is net defined in reletion

1o substancs or body, but in relatien to being, for it is:
vactus entis ia potentia in quantun huinsmedir:

Fundasentum huius econclusionis sumitur ex his,
quas paulo ante sunt insfwata, quia videlioet
propria st sdasquata pasaeie, quom physieus
demonstrat de suo subiseto, eat motus, lotus
autem nox dafinitur sxpliieando erdinemad
ocorpus vel substantisx, sed ed ens mobile;
definitwr eainm, quod est “astus entis in
potantia”, ut patet in hoo tertic lidbre. rgo
forrmlis ratio sudbieocti physici nom explioat
rationem corporis. lin quod formaliter est
subjectum scientise, expliocstur etism in
formall d:finiticne proprise passionis tamguan
14, ad quod passie dieis Mabitudinea. Rwgo
oum non explicetur in &efinitione motus ratioc
oorporis, sed ratis eutis in potentia, nen
pertinet ad formalem retiomsm subleeti eoxrpus,
11088 in ro veormm »it, qusd moa sit mobile
motu physico nisi 1d, quod ezt corpus. ged
tamen sub formalitate, qua pertinet ad
Thysicam, ita se habet, guodal per impossible
daretur aliquod modile, quod non esset corpus,
adhue trectaretur a Physics, sicut si per
Liposaible darestur a«liquod coloretém extensurn,
Guod non esset corpus,ndhuc videretur ab oculo, (H:°)

It is extremely important to insist upon the
unity sod indivieibilisy of the .'ogm of the study of
nature., The oomposition found in the expresajon “ens
mobile” is only verbal. It does not inply & oomposition
of two objeckivu formnlities, the formality of being and
the formality of mobility. lbbn..ﬁhoi'ng does not moan
“being® with the sdditiom of a specifie diffsrencermobile-.

If this wexes trus, philoscply of nature would be a part of

motaphysics or at lesast & ncionnt' subalternuted tn i%. iR

(83) (&4)
Both Cajetan end John of St. Thomas lay considersble

stress upon this point, and we slall soe Its impoertance in
a fow momerts.

The assigning of -o\-no being” ss the objsct of
she seisnes of mture gives rise %o a 4diffieulty, the
asolusion of whioh will sneble us So penetrete mars deaply
into the neture of physieal science. ¥e sald above that

pciense is possible only in so far ns its cbject ia lifted

" sbove the flmx of W. for .oiance is shout nocessery

and 2ot gosbingeut thimgs. Ths etymologioml root of the
word spisteme mesns firmmess and stability.’ connequently
s science of mobile beins would seem to be a contrediction

in terms.
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... O8 permusants, idsat 4 o0 quod movetwre..
nihil verum dicitur inquantum mutatur. Quod
enin mutatur de slbsdine in migredismem, nom
eat album nec nigrem inquantum mitatur. E¥
1de0 =i nature rerum sensibiliwe sewper
permutatur, et omuino, idest quantum sd
omnis, its quod nihil in ea eat fixum,mom

ext aliguid determinata verua dicere de

+

In radsing this question we are touching upoa
one of the peat persistent antinamics in She whols history
of philosoplye Ever sines the tims of the snelent Groeks
philosophers have scught to reconsile the fluidicy of
nature, clearly revenled by the osnses, with the nacessity
of soisnce. In the dootrimes of Hersalitus, Parmenides,
Plato, and their followers philosophy sad maturs wers
in scus memsure im comgtont ecuflist. Sumatimes it was
philosophky that suffered fram the osuflist, amd a$ other
times it was mature. It Sook the genius of Aristotle to
reconsils the two and to give birth to a philosephy of
nntuxe.wa} It is trus that matursl things sre in = constant
stete of flux, of geieration and corruption. Yet in the
midst of this fluidity of phenomens thars is in urture a
permaraxt, genaral astructuse whish the mink sam lsy hald.

of through the procsss of abstraction described above.

vontingentis dupliciter cognoaci posaunt. Une
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2040 ssoundum rationes wniversales; alio mode
sseundwm quod in particulsri. Universales

quiden jgitur retiones contingentiue imoutabiles
snt, of secundws hos de his demsustrationss

dantur et ad seientiss demonstyutivaa pertinet
sorum sognitie. MNon enin acientia maturalis

solum est de rebus necessariis ot inocorruptibvilidus,
assd etism 4o rebus corrputidbilibus et eontingentidus.
Unde patst quod sontimgentia sic considerata ad
eunden partem snimes intellectives pertinent 8l
quenz ot neceassrien, gquinm Philosoplus vocat hio
scien¥ifioum, (87) .

It is not necessary to trenseend neture is order
$0 find frrartable Sypes. Easie reguletions in the stresm
of phenomens reveal the fmot that thore are inmrutable types
fmmansat in mature i3self, It is cnly in their individusl
ocacpoaite exiatence, not im thelir wniversal essencea tha$
the things of mturs are fluid. As Aristotle points out
4n the sighth book of the lietaphysics, it is only sn
individusl house thas is brought into existencs, not the
mture of houss in genersl. In like mannsr when an
individunl mmn dies, the definition of man does not perish.
wrtel snim ista sensidilie corruptitilie sint in perticulari,

(58)
in universsli temen quamian sempiternitatem habent.” It is
i Shis way that definitions of natural things are possidle,
and whezever dotinitionn sre pbssibli, Nalence is possible.
These definitions give the univerasal essences that are

concretized in nnture, shorn of their individusl matter
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for exeple, to soaosive of quaskity witheut subetaace,
for quantity is precisely the oeder of the parts of the
mmnu,mmmumzmaumsu:
parta. nnr-tghnntu-pcutmmtobeu
confliect with what was waid sbove showt the mature ef toml
ebstrection. It was pointed out that total and formml
sbstyaction differ in that the latter vemilts in two
independsnt ocongepts. And we nided by way of exmple that
Just as the comsept of yuantity is Swlspendent ef semsible
" matter, 8o the concept of sensible mutter is independent of
qoatity. But from what hms Juss been waid it would seem
thet the scncept ef sensidle metter esanct be independert
af the eomeept of quantity. The solubies ef this spparert
eonfiiot lies in Shis that tihere are twe kinds of Quantity:
sbatract, mathenstionl quenSity, s concrete quantisy. The
notion of maim.. matter 1s indepenient of the torm-:i-.

though not of the latter.

This distinetion betweem sbatraet and cong}eto
quantity is of great ixportance for the guestion of
mcthasntionl phyuies. imes &% fs peasihle $6 lay held :
of the conc rote quantitative dsteruinstiona oxlsting in
nature by a kind of negutive abstraction the roed 13 open

to & confusion hetweon this way of considering quantity and

the way 1t is consjdered in mathematies which $s the fyuid
of a specinl type of romi abatrection. is & ratter of
faot, some suthors have fellex inte this confusion, as we
shall point out in & r-'w moments.. The eonsequéences of
this confusion are disestrous. Yor if mathematical
physies consisted merely {m & study of the eoncrete
quantitetive dsterminations sxisting in mature by moans of
negative abstreetion, s would n‘lt be a hybrid science,

W& @ pure physical seience. The mind would not travel out
beyond the physieal world to a mh apars, to returnm %o tho
physiocal world later with a satfonality fundkmentally slien
%0 13, yoo in & mysterious way Gepahle of being spplied to
is. The mind would remnin enclosed within the physieal
werld, fu.- would change the whole epistemological
Gerectsr of mathanntionl m“i’

How the relstion betweea this stretificstion
and the hiererchy of speculative science &cas not consist
in this that naturel science stmiiol the sensibdls qualities
alons, —thonatiéa the ecnarets qimntny as it is found in
nature, sad metephysies the aubm‘o of yemlity without
any oonsid:ration of the accidemts. All three of these
statensnta are false. Rather, the oconnection between the

Swo hierarchies zmust dbe oxpreud’ in this way: because of




- 172 -

the logiosl priority existing in the sbjective strwoture of
the universe, it 1a poesible for the mind in its attespt
to lay hold of reslity sciemtifieally $o Sske thres
specifienlly distines stepa: f£irss %o preseisd caly from
the individual characteristics and te eonsidsr raality in
terms of all its ocomcrete detarminastions, including the
qualitative dstermimations of semsible matter; secondly
to prescind from all sensible qumlities and to consider
reality in terms of ita Quantitative determinitions slone
{but here 1t must be noted ageain that it is mot oonsrete
quantity thet 1s being sonsidered, but abstract quantity,
for conarete quantity is precisely quantity eoncrestized ia
sensible matter ~~ hore we heve a key to the paradox just
xantioned sbout the greater and lesser d:gres of intelli-
gibility possessad by quantity); shirdly, t¢ proscind from
all matter and to consider bdeing as auch.

The hierarchy of apeculative sciencs also has
an essential counection with & hisrerachy of cognitive
powers. All knowledge begins in the external sonses, bdut
et all knouledge termminstes thare. Lilmwise all the -
sciences oconsidered from the point of view of their origia
hi:ve mome kind of relstion to the exteramel ssmsos, but

considered from the point of view of thelr term, some

- 1Y3 -

sciences aye independent of the extermal senses, and bear
an essential Trelation to some other oognitive power. For
exsnple, our knowledge of Cod depends upon the external Vi
senses for its origin, since the oni: way we cxn get to

know God 1» through the material things in the world adbout

us. But it doces not teminate there, that 1is to say,

fn our sonclusions about the TANEPS Of Gol we 40 no% Julge

thet Te is 1ike the sensible things ia the material ecsmos.

This is the basis of Zt. Thosss' doctrine that
paturnl scishes terminatss in the external senses, mathe-
matical scisnse in the Lamgination, and metephysioal
soience in the intellsot alone. The reason why natural
-'ghm must terminaite as well as originate in the external
ssnsen is slear: sll of its conceptions amd definitions are
uounru: in terms of sensidle mtter. is St. Thomas
puts 1%, "qul sensam negligit in paturelibus incidit in
m." B-noo all of its judgenents must Ve varifiable
in sensible experisncs. It is to be noted that we say
wyerifisble” and not *"verified" in senaibles experience,
for as we shall sse Jebar, i% s enly (et papt of mtural
doctrine which is pursly dialectiosl thet must necessarily
be verifisd in seusible expsrisnce. ¥We shall discuas this

queation of the relstion betwoen the study of nsture ard
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they srrive at their oconclusions. JNow thess media are the
premises esployed in the sefentific ayllogism. Thess .
prenises in turn are necessarily definisions, sad henee

2 speaifie differense of wedia reduces itself %o a

specifric difference of definition. PBut a specifically
differeat type of dafinitioa ean be hed only be meens of

a specifically different Sype of formal ebstraction. Since
Lazatariality 1s the scurss of fntelligibility, s speeificelly

distinst level of immmtpriality is ak the root of the

apecifiecally (uaunct ways the mind has of repdering runty

intelligible, Li.8. of laying hold of 1its ossence, of aott!.pg

farth its "quod quid est.” But %o set foarth the quod quid

est of a Shings is %o define. Henee the source of the unity

and distinetion eof the ssieness is the spesific types of
immteriality. These types of Lmmateriality resuls in
different types of definition. And this {ifferemce ia
definition gives rise:.to a speoifie dirfml;u in the
principlea and media used in scientific derionstretions. ;
The difference in Lrmateriality ar intelligible light found
in the prlm_;lph- are commniocated by means of the demon- |

atrution te the acientific eencluaiena.

In introducing this guestion of the distinction|

of the speculative aclences, we said that we would adopt es

-l79 -

our guide the treatment of the problem givea Dy John of 3.
Thomas. At the seme Sime we noted that ‘thia treatmant is
merely a swimyy of the doctrime of $%. Thowas and Aristotle,
and that 1% in no way sdds Vo it or modifies it in any
respest. Terhaps ths mmerous references ef St. Thosms

snd aristotle adduoed in our disoussien of the question
suffiss te establish the Srwth ef this assertios. But
because the issue is of acme memen$ Lo our study, and

beoause asome sontemporsry Thomisks have thrown doubs upon

4%, we oonsider it worth while to stop foar a moment to

(70}
consider the problea explieitly.

It has boen maintai ed thas the dootrine of the three
degrees of forrml abatrastion teugh$ by Cajetan and John of
S%. Thomas in not found in It, Thoums M. Aquinmes, we
are told, taug;t that only mathematical abstrection is
formnl abstraction and that the study of nature employs
nothing but total abstyaction. Certain texts of the
angelie Dootor neem at first aight to éive gubstance to
this claim. In the sscond artiole of t:ho £ifth queation

of M.l "mntary on tho De Trinitete of Bosthius, he

soens to Bay th-t ou).y 1u —th-atiul science do we Iuvo
the ebstraction of a forn from matter. A4nd spesking of the

kind of abstrection found in the study of meture, hs ndds:

O
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"Ildeo preedicts abastractio non diecitur formme a rrteria
absolute, sed wniversalls a particulari.r T the next
article, he expleins that thore sre thrce different kinds
of intellectual operetion found in the three ;pculatln
sclences and thet tim one thet is proper to the study of
w:ture in hrd "secundum oppositiones universelis a
particulari, et hrnec competit etiem physicee, et est
casunls ormibus scientiis, quis in ouni acientis

preetermittitur j;uod est per aceidens, et aceipitur quod

eal par as."

It is obvious that those taxts must be interpreted
in tho light of 5t. Thomma' gensral doctrine. And in the
first pleoe it sust be noted that if there is no formeld
abstraction of any kind in the study of mature, it cannot
be a science, for without formnl ebstraction it cannot hrve
o rutio formalla. Consequently, to hold that t. Thomna
a:nd iristotle in no way associsted formnl abatyaction with
the study of nature 1is equivalent to saying thet for them
ntturel doctrine was not a trues science — which is patently
absurd. lloreover, thers ism s spocial reseson why “it,Thomas
argoclates total ul.straction with the study of neture, for
it 15 only 4in the thingas of nrture thet there are indivicduals

which are not species, and eousecuently it 1= orly in nrturel

~
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doctrine that 1t is neceasary to begin by mbatrscting from

ind{vidunls in order to get at the object of sclunce.

t'any of those who deny foarnmtl nbstraction to
the study of nature &dmit it for netaphysics. This admission
should leand them to recognize the fact thet when St.Thomas,
says that formsl abastrection is found only in pnthermticel
solence he is taxing the term in o very special sense, A»
a matter of foct it is only methemntics which considers
forms thet are separeted from the ssnsible natter f:;\:igy
must bo united if they are to sxist, In other words, there
is formal ahatrection in &ll of the tluree species of
apaculrtivo scienos, but over ani above this there 1s in
mathemmtics a perticulsr xind of formel sbstrection, The
proner nsture of thia type of abstraction will bs anulyzed
in deteil in Chuptor ¥I. “khen St. Thams avems to restrict
formel abstrection to metherutics he warns us how iLnia
should be intersreted for he says: “...praedicte ebutrectio
non dicitur fornas e materia absolute.” It: is true that in
the esasnces which eonstitute the object of iLe :;tz;dl{ of
nature there ia cormion matter as well s form, but it is
{llenitimate to use this &s a foundation for & denivl of
fortnl moatrection in irturel doctrine, for t. Thow s

10in%s aut in innucy:reble »laces thet even «i torirl eccercys

’
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ean be considered as farms in relation toAtho individual
a.tter fram which they have bean eahstrested.

Al now we feel that enough hes been seid to
bring out the central poimt sbout whioh this whole chapter
revolves: tha banie principles which govern the dh:t}uctm
betwesn plysics end mathematics. Subssquent chapters will
provide u slabortion of these principlas. mut pcrhnpo
it would be well at this point, in order to give -hnrpcr
outline to the distination, to consider dbriefly m
obaservations made by a contemporary $oholastic on t);o
Aristotelian doctrine of physionl and methemsticnl ;
abatragtion in =0 far ss it applies to thw problec of
matheaatiocal physics. In an artisle to which we have
already mads refersanse !?oﬂm Mmasion of xnwua}a:
this to say: |

i'otous snfli cue lea dbterminations quantitatives
ne sont pas plus indfpendantes de l'sxp’rience:
concrete et ds la rfalité sxistants que les
autrea attributs,— 4%ordre guelitatif --
appartennnt sn ponle des corps, !lles prfsentent
seulesment cet ajvantage que, isclies par .
1tabstraction, ellss se prétext misux, —
merveillsusemsnt mieux, 8 une §laboration
conceptuelle ultérisuro: cetts Slatoretior,
oouvre de refson tout & fmit renarqueltlds, .

a donn4 nrissence, en effet, & des dlscinlines
indgpendant .8, construites sulvant une rigusur,
logicue infdirles .31 1l'on voulalt scunmettre &

O

un traitessnt semblable un eonespt tel (ue eelui
de chaleur, J'eutends le oconoopt répondant de
faqon Lumédiate dans l'absireit & motre sendstion
m\é. nos spéoulations s'arretereient court

arrivias fors loin. Cetts notion, en effet,

réfyastairs & toute analyse un peu poassie;
elle ast inapts & sntrer gelle quelle dans une
syatématization plus d5veloppse, ol sersient
ditermines ses rapports aves des odJets connaxes,

- tals que la froid, etc. Ce n*est pourtant pas que °
nous syons sffeire icf & un conacpt sbatrait & #m
noindre d4gré, que la notioa de noubre per exemple;
mais sinplenent que nous scwes eu prégenss dtun
congept Ao somtem différent, woins sccessibls Y
notre indlligensce uming dans ses eonditiona
actuslles.(Y1)

This passage is filled with ambigmities and
contredietiens.. In the rh’-tE place, it must be adaisted,
of course, that there is a unlu in which the initial stato-
mext (that the quantitative determinasicns of nature are ue
more ‘iadapendent of conorete sxperisnce and of existing
reality than the sensible qualities) is tyue. It is
obvious that wa get to know these guantitative Qotomimtiou
only by grusping them in thoir; atate of concretion through
oonorete experiance. It is 1ikuwise obvious that they ere
directly given in existing reality alorg with the qualitative

determninations.

In this senso ension is juatified in remarking:
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Toutes (les notes carnctéristiguwes de 1'ob jet

physique st celles ds 1'odjet mnthinctique)

font partie originairemsnt @'mn mams somploxms

sensidble, objet d'une pereeption globals, ot

daons lequel om retrouve les dSterminstions

quantitatives au méme titre que les autres."(72)
mtntthomtmthnhamitmﬁithtm
%0 say thats $hey ars more independient of conarste experience
and existing reality than the qualitative deternimations.
Because of the hisrarchisal structure of physieal r-uty.(’m
wo get to know the quantitative determimations only by seans
of tho qualitative detormimations. This dces not involve
& prooess of illatiom, of sourse. It »erely means that all
the proper objects of the senses are qualitative determing-
tions, and that 1t is emly through them that this quantitetive
determinations oan be gras;ed at all. )oreover, evsa theugh
these quantitative determinations never exist objectively
except in the stats of concretion with ssasible mtter, they
ore, as wo have ssen, concepturlly independent of this
sensible metter in tha sense that quantity is the rirst
accident and the wubjest of all the other acoident. Thet is
mthymhlmdmditmmh;awh@nml‘

apurt < & world of knowledge which does not leve to

terminate in tho world of existing reality as presented Ly

concrote experience, dbut merely in the intuitive imeginetion,
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Does not all this involve an independence of both con=
orete experisnce snd existing reality in whieh the
galitative determinations have no shere? Does not )ansion
himself admiz this independence when he states that ones
in0lated by abstrection thess quantitative dsterminations '
ecan bs sloboreted into ~des disciplines udope;ﬁhntoa"'.
Nor is thers any fores in Mansion's ergusent when he
cleims that Aristotle contradicts himself by postulating
a specinl degres of avstraction for mathesmtics and \-t ’tho
same time sdmitiing that matheustical beings ere To 6&
:kddlféd'ems. that 1s to say, extructell fram ths ensemble
porosptible to the senses, whish constitutes the physicel
obj-ct.('u)!b' slse could mathemationl beings have &
spacinl degree of shatrection u”pt by being sbatraeted
from the physieal objecta presented by the senses?

After pointing out that the quentitative
deterninations in their state of abstractive isolation
lend theuselves vesdily to a remmrkuble conoeptual
elshoration, iansion goes on to sey that this dosa not
argue to & higher degree of uﬁtraotlén.- "¥his statement
scems to ignore complstely the nature of formel abtstrection
which, as we have pointed out, is based precisely upon

rreater objective intelligitility. loreover, to attennt
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to estoblish a parsllel betwsen the wey the concept of heat
is abstrected from the other sensible qualities, snd the
way the oconcept of strsight line is sbstracted !‘mn
ssnsible cmtter is %0 vitiate the whole Thomistic d;ctrlno

of abatrmotion. For the proocesa of singling ont the

quulity of heat from among the other sensible cunlities is

not necessarily positive abstriction et all, to uy nothing
of formal sbstraction. Actually 1t 1s merely a kind of
negative abstraction in which the mind fixes its attentioa
on one point while neglecting everything else thlt;ill
connested with it. And even if it were positivs ebstraction,
there would s$ill be & vast difference betwesen it and the
type of abstreetion proper to matheumties. Mhlhl been
seid to show that quantity 1s in se mare "sbstrectebles than
the sensible cualitiss. The furmer can be oonuﬁh without
the latter, but not vice versa. We cen get at the guod quid
eat of a straight liue, for exsple, ema define it, but 1t
1s Lposaible to give a proper deinition of hest or sny of
the sensible quulities. Perheps we should mention here
something that will be discussed in a later sontaxt: it is
poaaible for ths atudent -f nature to consider quintitative
determinations of thé comaos, but in his cmnidorgtion

the, will elways be united with sonaible cuslities and

O
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connested with mobilisy; it aleo pertaims to ths meta-
Physiolan to study quantisy, but only 4in so for as it 1ia
& principls of being. Both of these ways of connidering
the quantity of nature are vn-oﬂv &ifferent from the way
1t 13 consldered by the mathesmtician in the second
degres of mbstrrction. The centrnl error of thia whole
section of Mansion's esssy um to be a oen!;t:nlon

betwesn the way of grusping qun:tity thet is proper to t&

- methematicion and the other ways in whish it may be laid

hold of by the mind. This is evident in the following lines:

En «'em tenamt L ge point de vue, on serait
dens autarisf & affireer qu'il y a mayen
d'sbatraire st 4'&soler — per la pensie
seuls, bien entendu, — tel groupe foulier
ds qualités sansibles, sppurtensat & 1'cbjet
physique global, ~~ le ehsund et le froid, per
exsuple, — auosi bien que l'sussmble des
détexminations quentitatives. O(n mursit
ainsi un objet plus abstreis, perce rue plus
ainple, que si l'on retenait tous les groupes
de qualités sensibles enalogues: on n*eurait
pus pour sutent un d*abastrsotion
euractéristicue, mais une wime abatrection
poussde un pou plus loén, dans un certain sens,
cholal 4*ailllours de tagon srbitreire.(75)

irising out of this fnitial oconfusion is the
confusion betwoen the conorete quantitutive detorminetions
&8 they exiat in pature and the absatract quantity thet is

the object of mathax.tics. i’rofessor lmnsion scems to



hold that the object of mmthemntics is what is known in
Thomistic terminology as the oownou sensibles, and im
modern terminology s the primry qualities. That is why
he objects so strongly to Aristotle's distinction botweon

asnaible and intelligible smtter:

Or ou est forod de constater lei dens cet

amplol des nots *intelligible' et 'sensible’,

un abus de¢ langnge d'autant plus grave,qu’il
pareit ocouvrir ung confusion dsns la penste

ot constituer sinsi ls point de afpert &'une

or formells oo Cot cbjet (matk’matique)

est, a 1l'origine et fondscwe ,
peroeptible par les sons, tout sutent gue

1'cbjet physique, ot de maniirs aussi directe.(76)

It 1: this same rosson tlat lsads hix to write:

I1 y & plus, et oskte particleritd ne mmnque
pus de saveur: le nouvessnt 4°sprés lui est
caraoséristiqus de Liobjet physique: l*odjet
onthimmtique en feit sbotreation. Or 1ls
nouvement est susal Tanph parni les sensibles
cozuns, mois, en outrs, c'est par ls perosption
du nouvamant, Que hous avons oells de tous

lon nutres, notorvwat les dftarminations
quantitatives, cuo retient seules le
methépaticien. (Do intrs T, 1,425,219 ~19)(77)

*ha basis of these difficulties vunishes when one points
out thas aristotle naver held that the oommom sensidlep
conntitute the object of metherrtics. .8 for the question

of moveasut, it 1a sufficlent to reusrk that it falls

uzder t. e co:.on sennibles only indirectl,, %Geeausw (f t e

o

axtension of space covered by the movement. !ovemen:
in itself, 1.e. the act of bteing in potency in so fer as
1L is in potenay, is not a comzon sensidble. The student
of nature considers it, not aa & common sensible, but

in its intrinsiec nature.
And thus 4. Thomas writes:

Hotus sscundum neaturam suam non pertinet ad
gonus quantitatis, sad participat aliquid as
noture quantitatis alfunde, sscundum quod
4ivisio mote sunitur ex divisions spatii vel
ex divialone mobilia: ot ideo eonsiderTrre
motum non pertinet ad mmthamatioum, sed

temen principis metlenstics ad motum sppliears
possunt: et ideo sssundum hoc qued prinsipia
quantitatis ad motum applioantur, naturalis
oonsiderare dedbet de divisione, et continui,
ot motua, ut pates in VI Ihysioocwm. Kt in
scientiis meliis Lxter mathesmtioem ot
aturalen Bectatar do mensuris actuum, sicut
in scientiis ds splmere mota, ot {n astrologia.(78)

The luat remark of Jwmnaion quoted above hes no particular
relevance, for in the plece indfacted in the De Anima

Aristotle morely stotes that sensibles ars psrcsived only

through an imrutation of the aense.

1 . S TR

e have devoted considersble attention to these
difficultiaes proposed by i’rofessor jausion not only Leccuse

they serve as an excellent beck-drop againat which to bring
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out 1in clearer foous the fundsrwnial notioms we have been

l#baring to formulite in this chupter, but elso becauss

Af left unsolved thwy inevitubly give rise to an i
ontirely fmulty view of Thomistie philosoply of scienoce

in geperel, sand of nmathematiocsl physics in particulsr,:

A3 & mmtter of fuct, thay have led Professor }ansion to

the fundsuantelly erroncous view of mathemeticsl physics
alresdy poiuted out earlier in this chapter - ~ that of
oonsidering it not es an interpretstion of physiesl nature
in %t:rus of higher science, but merely as a atudy ._or the
concrete quantitative detarminations existing im the qbno..

He writes:

Car, romirguons-ls dien, s'il est question iel b
sciance ou ds physique methlmmtisie, os n'est pss
qu'on alt substisut, dans 1%6bjet l’.xp‘rlonu '
brat, d des lttrlbut. qualitatifs, spparaiscant |
come tels dans la sonsation, des entites a‘u-!triqnn
ou purement mathénntiques; ces aciur °rB ne sont
encore ncth mativhes que peroe quiom & faid ontrer
dans le construction safentifique du ph*nosens ln
mesure exacte de oe yui ast a4 38 donnk eomw
quantitetif ou quantirié dana 1'objet A'expérience
lui-néme. 1a purt A'hypothidses gfomftriques qui
o'y sjoute, por exexple en astronomis, pour ;
{xportante Qu'ells soit dans la construction b
watémetique 4s ln scistuees, n's gu'wm ¥Ole secondaire
et simplercnt inotmmentsl dans 1m @Sterminatioa
des lois qmutltnuvsa - = de forme mathfincti, l‘lg - -
régissant les ph'nomémes ftudies, 't de plus, &
ce strde do 1'Avolution des soiences, les hypothidses
utilisfes ne sont, per ailleurs, pru encores hft roginis
au donnt empirique, Gont o cherche ¥ fomwler las lois.
{Pul
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¥e alall analyse the falsity of this positien later.

In the diffficultins emmerated &bove Professcr
liansion finds the reeson why, according to him, Aristotle
cut hinself off from the study of mathematics and of mathe-
mntical physica. From them he draws his conclusion that
in Aristotelianism no true scisnoce of mthuwtlcni physics
is ﬁon thepOetiocally possible. i@ Ihnva referred to this
conclusion in Chepter I and perhaps enough has clready

been said to oall its velidity into question.

4. Ultizate Speeifiestien

The sbove sketch of ths hierershy of apeculetive
scisnos will serve to draw a clear oit 1lins of demmrcation

between physics and rmthemnsics and at the same time to

" looalixe both of these soiences in the general field of

knowledgs. But it in extremely important for & true
understanding of the nature of msthemeticsl physics to nress
this gueastion of epistemologiorl plurium a bit further. .
The three degrees of formal :bs:rsction provida us with _
the bua!.e ;ructm-o ot' speculative scisnce. But 1t may be
aslod whethor thoy €ive us the shsolutely ultin=ie

specification of the sciencea. Js it not conceivrble that




- 108 -

in the gensral fruwwework provided by a wartein degree of
abatruction & plurality of more speaifie formelities might

be discovered whickh would serve as tlw besis for a sharpsr
and more ultimete specification of the sciences? In this
oase, the degress of abstrection would be & genus containing
within it a number of ssientific speciss. To the cusstion
posed in this genesrsl fashion the Yemiduts have traditiomlly
given an affirmetive anawer. And Jolm of St. Thomas provides
us with the m(m) Pscauss abstrection is & kind of
process or movemsnt, there are in 1% two points %o de
considered: the point of departure ani the terminal point.
This point of departure is the materiality that 1is sloughed
off; and eorresponding to the three types of mattsr thore
are tiree levels of abstrmetion. The termimal point is

the particular grede of Lxmteriality] the specifie spiritual
wode, the speciml type of intelligibility thaet an object is
brought to when it is once cut free of a cersain level of
materinlity. It is not the mere leaving Lehind of & certain
general typs of materiality thet gives us the ultimate
epecifie differenes of the ssisnces, vt the perticular mede
of intelligibility that is srrived at. FPor it is possible
within one and the same degree of abatrsction to have an

intrinsiec differsntiation consisting in & greater or lesser

- 193 -

approach $o0 fmmterinlity, In otbher words, onee the mind
has performsd the initial sbatrsction which gets rid of a
certain general leval of muterinlity, it may have the
fresdom to move $0 differeat points of terminal sbatraction.
Thus sll of mathemrtics has the same pensrsl degree of
abstraotion: the leaving behind of sensible matter. Yet
Thomists agree that within this degres of abstraction two
specifically distinet sciences sre found: geometry, which
doals with ceontinucus quantity, snd arithmetic which deals
with disorete guantity. All of the othér branshes of
mathematics are eijher further elaborations, Sr appendsges,
or ecmbinations or dislesctical muperatructurss of these two
fundamuntel sciences. Ths ressom why thsy ars specifiecslly
distinet 1s that arithmetic achieves a closer approach to
immteriality than geometry. This can be brought out both
by & proof and by a aign. The proof consists in this tiat
gontinuous quantity has more subjectivily and more
poteutiality than discrete quuntity. Contiruous guentisy 1s,
in fuct, principally matser, whoreas mummber is princi, ally
form. In sontinucus quantity there is a subjeet which hes
infinite po.entislity for division. It is true that number

can ba sdded to ad infinitum, but this potentitl infinity

1168 outaide the number thut is belne wdded to, wherees in
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the case of eontimmous quantity the infinite potentislity
is within. lxaber is samething definite and Getermined.

Contimuous quantity is something intrinsically indsternined.

Aristotls brings out the distinotion botween

arithmtié and geanetry in the Posterlor Amalytica:

A sciense such as sritlmetic, which is mo$ n
science of properties Quo imhering in &
substratiza, is more exact than apd prior to

- & solence like harmoniss, which is a seiemce
of properties inhering in a substratum; and
sinilarly a soienve like aritimetic, whieh .
is oonstituted of fewer beasie elements; is
more exact than amd prior to geametry, which
requires additionnl elemsnts. What I meen dy
fadditional elewnts’ is this; & unit is sudb-
stanos withou$ position, whils a point is
substance with poaitioamj ths latter contaima

an addistionnl element. (8l)
It ia clear that the diatinotion laid down here by Aristotle
is based wpon the greater Immmterielity of arithmetie. In

frat, as 3t. Thomas expleins in his commwentary on this

" pr3.mge, the contrest brought out by Aristotls botween

geoetry and aritimetia is a contrast between matter and
rom£ "alil satem duo modi secipiumtur sesundum guod ‘i‘om
est oo;t-mr materia, utpote quu.foru.! est x;r!.neipiuni
cognoscendi materiam,” )

A nign of the more abhstrict ehrracter of

aritlrietic is found in the fact thrt 4t is far less de .endent

| — l—- ‘ |

U ;
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upen the imagination than geometry. e osn dmagine eny
Mdntﬂuunpmtuntornumr; as long as there
1s hamogsneous plurelity; but not any kimd of Shing
reprosents a circle, for oxmpio. Another aign consists
in this that by extension pumber cen be spplied to

spiritual beings, whoreas cont_innona quentity cennot.

Geomwtry still has scmething of the qualitetive
clinging to it, even if it be only & gquestion of qunn'tnauvg
quality, sush s figure. gpeaking ef this diastinction

between geometry and arithmetic, Duhem writes:
i
paral les mcionces, 1terithmfticue seuls, svec
1'algibre, som prolongement, est pure de toute
notion smpruntée A la catégorie de la quelité;
seule, slle est oonforms s 1'1d5sl que Descertes
pose & 1a sclence entilre de le nature. Dés
1a ghombtrie, 1'esprit se heurte & 1'618ment
qualitatif, oar cetts sclenoce demeure ‘el ,
astreinte & 1a oonsidération’des figures qu
elle ne peut sxercer 1ventendcment s&n3 fatiguer
. besucoup 1'immginetion.' - - 'la :qmpuh que
faisaient len encienn dtuser des Sewmas de
1taritimftique en la ghomitrie, qui ne pouvait
proodder que de ¢8 qu'ils ne voyelent pes easez
clairement leur rapport, oanusait bLesucoup
d'obscurité et d'enbarras dn.:a l.ni::;on :ont
s*expliguaient.' Cette obscurits, ce
nms .:l: ;nwnﬂ!trom-d Aton classe de la
giomitrie 1a motiom quelitative &a forme, de t:gm,
pour n'y conserver que la notion quantitative &e
distance, que les &quations qui relient les unes
sux nutres les dist:incea rutuclles dge divers

points &tudiés. (83) :
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Jomm of St. Thomas mekss the following clear
out distinction between the twos

Sed Mathemmtioe eonsiderat proporticnes ot
mensures, quse in quantitate disareta et
continua ita variantur, quod si diversa
principis reducuntur et ad diversam abstreo—
tionem et modum definiendi, guia mensurstio
per magnitudinem mullo mode sonvenit eum

modo mensurandi penes numerationsn. Haeo

snim abstractiori modo proosdit, quie regnitudo
mensurat per modum continentis, ut loous,
mmerus per intellestum mameranio . (84)

(85)
In the irs Logica hs points cut that geomstry not only

has greater depsnisnoe upon place but also upon time. It is
not too elear just what this dependence upon tine consists

in, but in all probability he is referring to the generation
of the figures in geometry.

¥4

A further indication of the grester material ity
of geometry 1s found in the faot that eome modern suthors
srroneously believe that, at least in certain sspects, it is

more truly & physioal science then a pure mathemetical
(86)
scisnce.

Telle &teit d5Ja 1'1d4e de Gauss. "Nous devons
admettre humblement, Scrivait-il 2 l'astronome
Bessal, (us, 1o nombre esb do produis,
de notrs eaprit, l'espacs, au point de vue
de notre esprit, constitue ume réelitd 3

laguelle nous ne pouvons & priori dicter
compldtement ses lois'. negekind, dars le

préfuce d= son fameux opuscule sur la pature
du nombre ® vivement insisté sur cette idée
de 1'autonoriie de lvarithmitisue & 1'égard du
rdol. le nombre est 'une émanation immediete
des lois ‘ures de le pensfe' et 1ent P rane o
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. inAépendent des conoepts de Semps ot d'espese'}
les nokbres sont ‘'des oréstions libres de
1tesprit humein 115 servent de moyen pour
sainir plus au:&nant ot avec plus de précision
1a diversité des choses' (was sind und wes
sollen die zahlen? B2 ed., Brunswick 1923,

.111 see °

B\Nn Locke, 4&Jb, jugeeit que *le nombre est
1a plus simple et le plus universslle de toutes
nos idSes® (Essai Philos hiqus, 11, Ch. XVI, 0.
1), et Hame considerait ohtris comme moins
ass.pée que l'aritimitique ot lislgibre au
point de vue de 1a valeur spodietique de ses
sffirmations. {Psychol 4e, tr. Renouvier ot
Fillon, raris 1878, P-98).

Similarly within the general scientific frame~
work which leaves all matter out of considerstion, Thanistis
distinguish three specifiocally distinet sciences: mte-
physica, logic, and supernstural sheology, and once again
the distinction is based upon diffeyent modes of
frpaterislity. gupernatural theolegy is distinguished
from the other two 4n that it enjoys the highest grade of
Sastoriolity that eny speculative science osn have ——
that provided dy the light of revelation. logic ia
d:atinguished from metephysica 1n that its ebstiraction in
purely negutive, that 1s to sey, sinoce the objeat of logic

is not anything real, 1% has only & negative tumateriality.

Thus far all Thomists ere in egreement. Tut

when the question is reised about the poseibility of &




