per sccidens and those thas are sensible POT_se. Odjecta
are said to be sensidle Pe® asoidens when although they
Mmmu@-mwumm. they are
sonneeted with somsthing thas 1a the aotwml oquet of
senstion. Thus,for exanple, substance eannct be estuslly
sensed; navertheless in so far as it ia the sbstratum of
the ascidents that mre sensed, 1t is suid to be senafdle
por acoidens.
whieh are setwally sensed in thenselves. They are divided
3n%o %u0 ¥ypes: proper ssnsidles amd soumen sensidles. It
is this litser distinetion timt interests us »eriioularly.

Gbjeots that are ssnsibdle Per_se are those

The proper ssusibles rre those which constitute
the specific cbjeot of eneh individual external nnu, amd
are Mmly the emclusive property of only ;n- Bense,
as, for exmmpls, oolor for the eye, sound for the sar, ete.
The ocommon sensibles are those which are the ccnnon propersty
of more than ons sonse. Thers are rive principal eormon
sensibles: figure, motion, rest, number and mitndo- end
to these are added three others: time, wuch is connected
with' -u- and mt; poanlon 'uoh is umnu vr.lth

external figure; and Place, whieh 18 connsoted uth wagni-
tndo. ‘

0
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Thess common sensibles ecmprise all of the
predicanantas except two. Action end passion are included
undor motior and rost; qﬁlntity ocores in undey number l-l
wagnitude; quality under rigure; hnbltua is taken in: hy
figure} 8itus has llrouxy been enumsrated as ons of tho
ocommon sensibles; and ubs ana §usndo ere directly redueible
Vo place and time.  The omly two prediosmernts mot in~
eluded are substanos, 'hich, as ws sav 1s only a sensible
Rex -ecuo:ii, and ni&tion; whish cennoct be sensed bacause
1t 1nvolves somaihing thet 1s yroper to the 1mvellect, am
ordering of one thiag to imth-r. Hence, in so far as
experimentel sclenmce is based upon the eommon sensibles 1t
will be ineapable of attaining the substances of things or
true predicamental nhtl@. And yst quantity provido- a
subatitute for both -ub-tanco and predicamental ralntion.
Docause of the unique position which 1t occuples as tho firat
aoccident and oconsequently ‘the one closest to substance itharo
1s a quasi substantiality ;tbout 1t which, ws we saw injtho

|
last Chapter, explaina why 1% alone of all the ncoidonﬁa 1a

. ®apable of being the cbject of a spesial seienes, Because

, \
"in solo quantitatis genere, aliqua significentur ut

sub jects, 111-\ ut passionea™ quantity cen constitute a world

apert. And 4n this world mathematical order substitutes for




real predicsmental reletsiem.

Nﬂmﬁ.ﬂﬂw”pﬂnotthu
m-dmoumu-?:’mxumztm
are all seducihle to geentity, Nember and megaitude aye
pesiss of quansity; ﬂmh:qulhy Siat s proper
o qumtity, simes 3¢ senpints in the termination of
magutsude; m-(nn)dt&-mmutumtm.
ox ”"M(::;.‘- entitaten ad divistonem
slisuies geantivetis; snd pesition and plase, Ny
boing scwn eted with fiure aml maguitule are yedusible to
eEatity. The fundsmsatel yeasen fop thia redwetivilisy
$o quntIty 1a Slat quamtity dy being the firet meeident
ummnmmmmuommn
them & quantitative weds. This sommen mtyix em the pert
amamnmtmmammmumw
on the part of the sbases, Ths very homogereity in whioch
motibmmdhmmmtunkuﬁuoom
tommaﬂmt&fmhlxgprowto

KYy omD semse.

In esmnection with the proper sensibhles a
distingtisn mist be mmds the irportanse of which will be

apparent later. Among the sxternal sonsos there s

hiererchy in whioh sight occeuptes the hichest plece ama
Soush the lowest. of all she oxternal senses aight 1s the
Most perfast besnuse 1t 1s the most imaatertel amt the
most objective. % 1, the sense which enables ws to knew

the sreatest mydber and the greatest variaty of objeets.
(28)
0F all the sanses 1% ia the mest detached from its edject,

Touch, om the other band ‘fa the most mtarial amd the meat
mbjective of all the Seuse fasulties., 1% 14 tae Jengs
detuched; 1t has Sho weadest Sapasity for apprebanding
Yhings fn their distimctfons. 4na yot 1t bns & qualtty
which makes {t xeel! all the other sxternal faculties,

Professor Deoninck hag snalyssd with great acouracy and
alnrisy this sharasteristie qualiyy:

shoses., 11 st Powy ainsi dsire un Prolongement

. nous des shoses talles qu'elles sont dang

lour conerétion Propre. Il aofneide g Plus

avec elles, dany 1'espees ot dane 1o tempa; 11
revet davautage leur eondition. Pour ostte

reison, 1) eet uasl, par excellence le sens

ds 'expirience ot de 1'intelligence. Au point

de vue osrtitude, o'est 1o Soucher qug 1'erporte,
Un sizue en eat qua nous demandons de toucher les
Shoses eomie eritire wltinme. L'ouje, et davantage
sis0re 1 vue, & sausy de lenr proxiniss ge

1° Smaginet fon, Pouvent Stre sujvis 4'111luston,

1s toucher, ay cemtraire egt davantage soumis au chog
des cl: .sen dans leur Samordtion “peigse, 1 est,
d*eprés 1'expression des wnclern 'crousfort ot
*erussior', mais cette grossisrets lus donne

dea avantnges su point de Vue de 1s acbre certitude,
En tent qu'ells 1'pligue *subire )p connnlssunce
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of homgoxwlty. the sense whieh tomes closast to thy
sxphrinsatale eet ewmentiellemeni impartaite, ' : Wentitative eupects Of material objests, the sense timt
poraicoiial parheliaris m‘:;_’ﬁ,::;:f’ o8 olosest %o pure corporeity and pure exteriority, 1t
w&mm:t:;';uﬁ.h 1s the sense that 3, the moat clonely allied to mathimantfieal
mm:&r::w:lnmh‘: ox physics. Imdern -uaﬁe‘ wents to reduce 1t sense ex-
Lntue n::“c::"m“’l‘:'r‘m;;;,fm” 4 PeTionce with the untverse to the wintmm tha 1n fount 1a
:“:: ot M.‘::;:l.f:.”: le plus W the senne of toueh, and that means ROt merely to the generie
:::1:‘ “‘e.* m-um:l:&‘”‘ W - " senam of touan vhich inolndes peroeption of t-p.!'nu#..
:mmmu m‘::-h»? tm. ote. dut ¢o pure %action, th:t 1¢ to say to pure comtaet
::::.‘m m:-h.‘n:\.:: m“‘.u_m L1 of pofnt %o point.
& s soeipimis, qued aliqut tngentost |
“'“: ::_:." l;u.:r :..,‘E.“m":"&':.“ A ’:-’- Thie brings us to the Sonalieretion of g fing)
34 per somasgueze u-:.‘:.:t ':«“l: ::‘:’.:ﬁgé i""" (letinction that hae @ Beartng upon our problem. - - the
m w:-:‘;l."““:io';:.:;'_“:g, (29) d1stinction betwean extornal am internel experience.
. . ) Fxterna) SXperisnce consista in the Sxperience of the
Tt 15 elear, thea, that though from aifrerent | extornsl seuses of whiy ¥e have bosn spesking. Internal
points of view we Ry sy et btk sight and toush are at' 9Xporieice consists in tha. @Xperience hed of onety own
Gnee the most objective and the “’“ sibjective semse Proper reelity through th-i operations of the fnterna)] adnces
foeulties, the objestivity of toueh has o YTy special : and the mird, Now a1) too:orton 1t ssous to be taken fop
*ianifionnes for exyertwmntal sctence. In spite of 1ts _ 6Tented thet the study of nature dspends only wpon cxtm.x
lack of diatinetion, 1t provides us with the greetest Sxperisnce. This 1. far &vu being the case, eapecially
Sertitule, med in Ahis 1% 14 1fke fowthing thet s fount ¥hel 1t e & question of the atudy of living nature. Asla
in the tntellectuml orter: the most canrused knOVIeflet hes “atter of fact 4% g, true to Smy that 1: & vertafn sonse
the ;ructest eertitude for us. ’

the study or P&yelology g9 baaed princi;ely Upon internd}

O Al 80 fur as the senne of touwh i the sense




axperienco, nmtoh-mxmumn.ny-u
mmwmmproparmuuvhm. st.
mmmm-mmun-wumm
Anim of sristesls; mmmmwmumm.
ol seiliset heboet antumm, ot quod anime viviriost.s
m:h&ﬂm“touwmtnmm
to-Mmtmlmwtmﬂ-mMcmu
uvm.hmmmcmmum
muumnummthaucmau
interml wporiones 1s 2ot the f1imey st wtrustworthy thing
tut—mmcn-pcu-horu..mm
sontrary 18 enjays the Sreateny u;-titﬂ.. In the Sext
Muh‘,sﬁ.ltu-ahmth-lmmitn‘ottd

kaown through interna} *xperisnce. In eamparfson with the
certitule whick wo have of our own iife, our knowledge of
the existence of 1ife in other things, which depends wpon

probability. It s precisely beocause Paychology 1s based
mthomta.uhnotcwuulthﬂthhuc
Aristotelian treatise oa 1iving nature is oalled Ng De_inime,

In 1% the soul s oconaidered in quadem abstractions - -

not in the sonse thnt 1t 1s studled in carplete abstraction

from the sensible mtter with which it is united, ror then
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1t oould not form u pert of maturel lu!.:riu. but in the
sonme thet Lt is eensidored %0 somes degree in and by itself,
And this dependence upoa intermsl experience irntroduces a
new faetor into the ordering ef the matural treatisea sdout
which we spoke fa Chapter IV. 9inoe the besis nathodological
prineiple 1s %0 begin with what is best known to us, the .
study of living mature st start with she -oui as it is

sxperienced by ws, in quadam abstreactions, and thea pass on

%o things that are more intimately bownd to matter. That is
why Do Sensm et Densato comes sfter $he De Anine. In She
ixtroduesion to his Cerman' o De ot Sensato st.
Thooes explains this exderixg. Yogstative life whiah is
208 attaimable by direst interml oxperisnce is the most
hidlen furm of life: "vita in plantis est oemlta.'(u)

But 1t would be & mistake to believe that internal
exporience enters only {nto the treatises on 1iving nature.
It is also used in the Physica. For sxample, in book thres
when iristotle is looking for an ‘illustration of motion, he
has recourse to the exmaple of m mun bullding & house. Cne
night be tempted %0 wonder why he deliberately chose the
sxnmple of the becoming of an artefactum ond not of a
nutural generation. pBut the 1llustretion like all of the

1llustrations of Ariustotle, 1s not without its profound




)

Signifieance. For in the example of the building of & house
we have a cese of motian in which both extermal and interual
sxperience eater. s o miter of faoct, the ltrlvin; of an
&gent for an end, whiah is 80 easential to the true ooneept
Of motica, 1a most clearly apprebendsd ky us 1n sur ows
internal sxperience. When this internal experience is
sompletely set aside, it s all too saxy 80 lose sight ef
thMmﬁmnwthmm.»lngoflm
aotuality whieh ‘li‘tho o of an agext, and to look- upon it
22 a pure Qegradation, As & mtter of feet many modera
scleatists have eose to ook upon motion mrely in terms of
the seecnt law of thermclymamics whian stwates that the world
1s continunlly in a state of dogradation, that {5 to sy,
eontinually losing Setunlity, and consequantly destined

ultinately to arrive at a state of thermodynsmic equilibrivm .

in which all of eommic reality will de in ¢ state of uster

ehaotio diffusion and formleass homogeneity, In oomﬁction
with $his question of entropy which constitutes tine's arrow
for the scientists, it 1s interesting to note that in Ms
$Fmantizy ea Aristotle's treatise om time in the fourth boek
of the &‘ sies S%. Thomas tonches thet 1f we nb-traot;fran

the agent of motion and from (is intention, time. 15 & de-

grading factor: "mutatioc est aa pelora ex pature }:u."(a)
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lstation and tiue must be jJoined with the idea of an agent
asting for a eortain emd h\ ordor %o have the generution of

a naw astwality.

All this mey appoar o be an irrelevant dighl.ion,
but am a mmtter of fact 1§ is very a propos. Yor tt_~-§m-
%0 bring out the fact that the starting point of nth&mt_sm
physies is dismetriocally oppossd %o thnt of phuolophy; of
nature. ')nth.-ttml Pliysics sseka to take 1ts start from
& mintmm of sxperiense. f;n excludes Internal experisuce,
and it reduses sxternal .Ex_borionoo to its very lowest form;
pure corporeal sontact. ind out of this minfsum of o~
parience 1t seeks to omtjruct the whole universe. Philosophy
Of nature on the other hand, has as ita point of deprrture
& maxicum of sxperiencs. EIt.cuplogyn not only the whola renge
of external experience, but also internel experionce. Tuﬂ‘
in connestion with its do;‘_nndonee upon internal crperléneo.
it must be pointed cut f.hnjt this method of investigrting
problenms is neither anthropamorphism nor subjectivism. Un
the contrexy 1t enjoys a high dscree of ebjechivisy, F‘or
one’s owa inSermnl states and sxperiences are as objective

as anything in the universe.

This sontrast between t'e points o dentriure

of rmthenatien]l physicus and the philosophy of nature brines
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into relief a striking parsdox. While rra'tbo ypoint of
view wo have hed in mind in this dlseussion philosoply of
nature depends wpon 2 maximm of experience and mathameticel
physies wpon & nintwum ef experience, from ths point of

view from which we sonsidcred the provlem of sxperisnse in
Chapter IV the situation is sompletely reversed: a minisum
assTves as & sbarting point for philcacply, whils e aximwm
is required for wethemntlonl physies ard all drmaches of
expsrinsmtel sefohion. ¥eo smay ssy, them, that dessuse et a
signiffeant effort on the pwrt of the intelleet to shake
1tself loose frem 1%s dependencs upon the semses, metlhe~
matiosl phynies tends towsris & minfwm of experienss. This
tendenay is sesn first in the vast wee of Mpoithesis Wy
whieh the nind sesks to shtfeipate yeality, I% is esrried
forward by a redustion of sense mxperiencs to its lowsst
form: purs tastion. But 1%t is a tendenay that can ssek its \
end only by binding the intellect down to a maximmm of ex-

perience.,

But in order to decoms aware of all thet is
involved in ¥iis questien'fs 1s not suffisiest 3& comatder
the 4ifference betwaen the starting points of mathomasical

physles and philesophy of mature; we muat slso censider

the terminsl points at which they aim. Preeisely bacause

~ €11 -

philosophy of naturs begins with a -th-'ot experience

1t has as {ta ultimnte gosl and ss its most Important object
the noblest being existing in nature, the being which in
sose sonse transcends nature, and yet is & part of it. The
Weoing which possesses the highest degree of haterogenecus
interiority in the mwru':tho spiritun) soul of mn;(u)
On the other hand, precissly because mathematicsl phyaics
begins with & nintwwm of experiencs, its nltimate goal

mist be 8o yedues the whole commos o purs homogenecus
sxterierity; %o a state of pure othernoas without any formal
dhth\oum.. As we ahall have oecasfon to poimt out a
11%tle later, if mathesmtical physics sould actually arrive
a% the goal towerds which it is oconatantly striving, it
would muccsed in redusing the eommos to = state of pure
sxptiness.

It showld be obvicus that this question 1s
closaly connected with the divergent forms of messurement
smployed in the philosophioal aciences and in the axpari-
nonttl sciences, to which we slluded in Chapter I and shich
we shall eonsider In grester detail in Chapter IX. The
nethod of mathematical physica hes ita many sdventeges and
ita rich returns, dbut When, as has oftsn heppened, the

knowledge that it provides is roposed ss the only velid
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knowledgs of miure, then we are asked to accept an
epistenclogical Ronstrosity, an exnltstion of the supeY~

fiolal, a radicel form of nihil s,

3._3cicnes and Sensibility.

¥o are mow in a positiom %o eomsider the problem
of sclence and mensidility. From what was said above it is
slear that it ia ®spesirlly in reletion to the Proper ‘
sensiblea that the ever widening gap between science npd
the sensible world has oscurred. Ve must now try to nee
what has created this Eap. TPerhaps enough hra already bo;n
said to show that it is not an artirieis) and arbitrary .
creation, nor a fortuitous Ocourrence, but scmething tiat
bas ocxae inevitably rrom the Very nature of experinental
science and the nsture of sensibility,

The first csuse of the withdrewal of secience
from the sensidle world is obviously the subjectivity ot
sease sogeitien. Maturel science 1s orfentated oompletaly

townrds the sbaolute world condition, rnd its whole inn;r

finality urgss it to druw ever clouser to this goal., The

inherent 8ubjectivity of the ninistrations of the senses

i N
{
)
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is a direet ocbatacis to this tcnunv. rcn: the deliveranees
of She sennus presont an ant!n:-opmorphlc world, & worlc
that hoa besn refashioned, to some extent at leass, ac-
sording to the strusture of ngn'i sense orgens. They
sonsequantly pressnt a relstive world, a world of sppear-
anoss. If scienes 1z to be true te ita inrer urge %o .
strive for the sbsolute world condition, it must £imd &

way to disenthrepomerphize these deliverances; it must,

&8 W have suggested, strive %o transform the ™uti spparent™
of Xeat $0 "sieuti sunt". And 1% does this by mesns of a
dauble substitutiem: one on the pert of the subject and onop
ou the part of the objeat. on she part of the subjest, it
puta in the pleos of organisc liutrnmmn of percertion in-
organie artificial {nstruments of msagure ent espenially
donignod for the purposs in m;oordnnoo with sclentifie
theories. On the part; of the ;objoct there is a correspond-
ing substitution of quuntltati;ve for quelitative deterrni-
nations. The soientifie -orui thet 18 buill up by means of
these artificial inorgsnic instruments of measurement will
inevitabdbly drsw farthor and !‘lrth.r from the sensidle world

) (38)
that 1s built up by the urganie instruments of pereeption,

It is to be notul: that the subjeetivity of the

senses is an individucl sudb jeotivity, The ocorresponding
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_uacmummumun-t-;unuy
ropressnt the same ebjest iR the saww way. Ten different
mm, for cxample, WAy ot ten different parespiions of the
Seuperatuze of the sams boly of water. New this is ecmtvery
umxmm-em;n.mnmuum
AR Beest yours ao Axtermbieetivibility. And scleses has
fowmd thet W the dowhle substituilen meatisned adews o)~
mm“mﬂv.-umm
Omspball hns ahewn Siat the enly cunet fulgueata with
Togmd e perespilens that we watversally aseeyteld aze
these that axe beand en-Ywmatitalive deternimtions, st
Pertioulasiy Shase.shish Mave $o do With the three sategories
ct-u.unlnlﬂ.(“’ '

Amtder Luportaxt yessea Ler She vithirewml of
mmmwcmutmmmmcr
Mmmthmqmoh-'hm.

&3

i1}

the proper smsibles Bite frretienals. Amd thet for two
TORSMS . hhmm.tbnmmmtmnumt
ba defined. It {0 Supesafdlp bo deCize heat; 1t is im-
pesnibls 0 &ufine & solor o & sownd. Thay aze witerly
inespadle of snslysis. Mmuuinhantmi—
®ability. IS is Sspesslhle te sxplain te & men bora blind
what red ed blse aww. And the reason for this is that the

7
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proper seusiblss are the primery and immediate dnts of
assnse sognition. Fienoe there are mo prior notions in

terms of whdeh they may be defined} there are no more funde—
mental elsceuts into whish thay may be analyzed,

Now 1t is differeat fer the mind to rest _
setisfied with this state of sffatirs. It has nxf instinetive
desire %o define, %0 express to iteelf the guod quid est
of things. 'l'ht u ,~ there have always been attenpts
to liberate :;u rreper ssusibles from the incomrmnieebility
that 1s native %o them. The mediewval Seholastios made
sttepts of this kind. Yor exsuple, they defined white
as diegregativem visus. But it is evident that such
attenpts can naver yield ’nrut definitions.

Similarly, the proper ssnaibles sre indemonstre-
ble, Thare are no prior primeiples in the sensible order
from which Shey may be deduced. AS the seme time, they
themselves are nos prinoiples of demonstrstion. Fothing
oan be &eluced from Shem. However, it is only through
Sham that the emmen sensibles can be perosived. Thet is
why they may in & way be campared %o what s knmown in the
intellectusl order as the suprome dignitates, which are
Receassary for every demonstration, but which are not in

thenselves the principles of any demonstration. Indefinetle,
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inonpable of amalysis, imdemonstrable, incspsbls of being

a soures of demamstyation, the pruper sewsibles sre merely
gARe 1s IS ey woolsr St scisee instinetively drews .
amay frem them?

o The sséend soures of thelr irreticaslity is very
mnunnd#ihpm-{;‘ﬁm’ﬁyhnmiu '
W & logiead pattern. . As.we shall attempt to explein
presenily, net a1} txpes of hetevegenaity are esssatially
which Meterageasity is inespable of being redused to seme
.“MMnMOtspun:
,mvhu@,\,mmmmw-

won the 1381aLMAm of the preper seasiblas:

offes, de ¥éfldekir A 1a nature de

anl 488 a0 yondve scmpte & quel peint elle
d -Asfried) s tentatives eeunsistent

Merfh\lemen'l’ & religy, mssdalemens, la divers i 1tjdentique,

qui el ‘Iteoseeniiel 40 Joute explieation
o - y ). - el .’p:‘::-qt le
walyge A non ’
pos*“lﬁ Yy phon ,pp - . risn e dohors
olle qualque ehess &'intensif

ot ne wdgﬁ polst susceptible da ss eombiner,
48 s'ujeuter i smtre shoss. (37)

Materisl qualities lend theacelves adn:rebly to
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the outer worlq ;h:‘:ng.h, o { t:;p:u.::o;‘tl““

i0lence has of o sa

meAhods Of extending cur naoto U8 With

Our aenses both in Trespect
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For the question foroes 1tselr Upon us: why 1,
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Physies not gomtent with this domsin of peroesived
colors whiek has only -two Ainensfons, what urges

sirdlayr in their Place? after all, from eur
visusl psroeptions we kaow Rothing about the
sscillations of Yhe *ther; what we are given are

in genoral distines in all their renaining phyge-
sieal and ehemiea} .orrocta. Ir, ;’or exemple,

Sem white, the 1)luainated surfececusunlly looke

quite &ifferent in both Onses. Fed and green-blme
Sogethear give white light, equally 1l1ght hrorh to-
gother with violet. Ik the firat Ueght produees
& dark hue on the Mm}l&o)hto. the sescnd

& vory Light one. I ote sends two 1ights whienh
visually appsay as the sane white through one amd
Sbe sems priem, the intensity distridution in the
speetrum arlaing behing the prism s different 1n
both cases. Thewafore physies cannot deelars two
1l4chts whiok aye Pereaptunlly aliks to be reslly

alike, or else it ™uld be involved in o oconfliet

with 1ts Semivating pringiple; o under
ual eiremmetances uode offeots. Per-
oop Ly Tefore appsars to p sles only

s & somenhat agcidental oquals
which Physioally distinet gemiss produce in the

{40)
sonsations viritablemeat 1dentiques est excessivement rere.”

That 1s why seiemce must look for a soures of permanence

which &» so essential to 1ts ncture,




Maweovey, the alitative i.touu-um of
mtre pernit ‘of saly mx-u dscee propositions. Im
iuu-toacnméc-q.'ou in erder o meke 188 pro-
positiens eapadle of unembiguous cenfirmatien o refutation,
sclenes mest hawe reseurwe %o uaztitasive determimations,
For examgle, mwa "Tire eamsss water to befl,~
umtm-lmchm‘mluhhnmtunh
dded with regasd %o Seuparatupe, Prosewe, respestive
-.-.atmm-ann. -wt.uotnlhuh-«th
five, oto. xm-:m-.t-tn-nnaum
ol actmlly keay: water from bofling,

n-m“uahﬂmmmna'

13 1n the aseenteney, ' AN Shat eax parhaps be adduced us
-Wm*%uitmm-hmm
and more irsersed in the gnnuhuu.

e
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And mow, having esnsidersd the relntion thet
oxists beiween ssience and uunamty, wo nust try to ses

the way in which the mint trlw& over the lixitations of
he senpes.

‘4. _Bolenes and ”-!‘.:&,1!1-

In oxder %o Waderstand the part thet homogeneity
Plays 1n sotence 1t 1s Bssessary to begin by mking an
Inportant distinotien between two trpn of heterogeneity.
There is firat of all & king of hWnelty which 1
fm-thmattbobm Gho.l'dgcandﬂﬂchn
shall call *mmturale, This 1s the Momlty that
oxista batwesn man eng brute, bot'un ths numbers two end
thres, between the different -mllc
logfioally dfatinet Xationss farmalas of the divine esmence.
This %ype of heterogenetty obviously: lprinsu fron o
Kifference of form (sn tho brosd lmo in which it signifies

@ ratle formalls), - o h Oﬂmtly & beterogenetny

species, between the

‘that 1s Sasantially nuond. It hes 1ta sourve inm

lltonlgibmty. And the more Perfect an intelleet 1s, the

ROre perfectly &oes it &rasp thin-s in theiy Proper and
i
irreducible hatemgmity.




rhnu-muvp.ornwmmt-q
h“wwfm;tu_mm-thwtdth
osm-chn-m..nguthmcﬂ-hulunnn-
sarr, nwuqﬁ.-&tmmwcuunmpu,
wm-ummm'-umnunm-_-.uquq
1n erder to lnew meality. The mre inperfest s fatelleet
is, the greater 1a SMin mdtsp2i0tty. TRie boteregemetty
mumwﬁw. I8 is & refloetiam of
e erigieal petentialiiy of the Satellecs. I8 1o eleer
mtm‘mmmhm-w
Reterogranlty ta nll the Mullnses tnz riskness of its
Proper specifis uumhm of absolute mostie

lmtv.

Sphesisg
ﬂdhmmﬂnthohﬂhtouupth-hmk
W.htmmaw. Mnnwthomuor

natures ia theiy speoirie distinetneny through a suall
mmber of intellfgtbly Speeies. In the lower ssparated
substanoes a groat wultiplicity of medga Are required. anma
the limit of this provess 3a found {n $he e n intelligenoce
Whioh beonuse 1% Paxrtekes of the 41ffusion of nntter wity
whieh 1t 14 united, eem know things tn theiy €istirotness
only Slorcugh o mitiplieity of intelligtble wpectes ogmal

attatned, oy She othey hand, neture) hotommoity. Shough

%atnot he reduced o boue kind of unlrluuon. to some type

of hnogmity. It ruat be Trerembored that e8ven though the



_ : U ,

e ) | ;
~ 625 - ;
- 6ne - . . ,
‘ , | | will be a uwnion of thia d#lﬁimmll and this certitudo.
In the sensible order th:- is possible, since sight and
Soush ean be bLrought tnto g Gombined operation en the cane
ebjees: "unless I 508 in lﬁl bards the print of the nih.
and mm into M-: side, I will not believe.” put
in the intellectusl order seperate twult;lo- of dintineft—
Ress and cartituds, ar hetsrogeneity and homogeneity do
DOV exist. Henes ti.e mind will heve to di-mr some other
means Of siriving towsrds 1ts fdeal. Lot us oes how 1t
goos about 1%,

There are two importent ways by which man tries
%0 trtumph over the heterogsnaity of reality throug homo-
gonedty, The firmt 1a by retresting into eonerelity nnd
Sonsequemtly into legiool potentiality, It 1s gn this sy
\ Shat philomspley of neturs studies the commos. By reduaing
the apecirie heterogeneity of the uuiverse to the logical
hamogensity .of nurauuu; 4% 1s able to prooure for 1t
*lf & mmber of important sdvantags. It 1s able to cut
at the fundansntal, common struoture of the physicel world,
i vlﬂ %o know 1t with esrtitude. It 1a able to view the

008008 1in texas of unity and in terms of what i® most know-
b remining gn the W.jty of generality that the mind - sble far it. But the price 1% hes to

pay for these ad~
is able to0 arrive at h-u_;;_..g.“ug, oartitude in relrtion ' ventagss is groat. For all the conorete richneas of the
¥0 the commos. The ideal towards whiop man will ever striye | )




Mﬁ-~th“i__.ln¢, abatrested by mere total o~
streciion. -~ '

Ituhmto'pt-tthuﬁuuwnm
$hAt 4he nind sterts dts mareh tovers s semeretion, Bt by
HiTereing s Whis dizeetion 1% seem gete Lavelvet 1n o
intallestunl ertets. For 1% guin frem e petnt of view

i - generalitieg,
& distinetnens %o canhle the mim to press forwrd to~
-u.m.., ndnhntobou-tna;tht

will maiss it possible for the mimd $o ses nature in berms
of what is most knowable for it (amd thus make up for whst
is lutAbyﬂuwll‘.Ily from gencralities) and at the same
tine 1a Serms of what 1s most knowebls in ee (and thus
maie wp for the defisisnsies of purely gemeris knowledge.
And the nind finds a basis for what 1t is sceking for in
a general substrasturs of comis yeality, in & sommon
matrix in whieh the Meterogensous determimations of the
physieal world are rootel. This, we belisve, 1s the' most
fundswental, limlﬂ.m of the mathesmtization of the
\nuvoru.“l,

Now scisnce gets at this homogeneous matrix by
dlmplacing 1ts objees frem the realm of $he proper seanidles
to that of the ecsmon sensibles. And thess cumwon ssnsibles
serve i%a purpose axesllently %y the very fact that, whils
they are not quantity in themselves, thay are ell reducible
to quantity. Simce they are sensibles, and henoe not
Quent ity specifically, the sclenve which studies thea is
able to remain within the realm of physics. On the other
Mnt, elnos they ave all redneible %o quantity, the mind
is sbls to find the hamogeneity it ia seekins for, and
pliysics b ecomes muthemationl physics. Sinoe quentity is

the primery accident and the one clossst to substance, all
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mental payehology in terms of quantitative Seasureents
bused on an mssceintion between sexrtain payeholegionl
Feactions and @ soals of Mon.i Mmthamatical physios

is primarily Senoernied mod with ap oxtrinstie apd artificial
scrrelatien of this kimd, hub with ea intrinsie correlation -
whioh springs fyom the very strusture of phyaicel reality.
This intrinsie ecrvelation 1s ®ot a discovery of moders

science;. it wae 01“1’11 resogained by the ancients, end
. (43)
was ths basis of their mathemationl physios,

But 1in order to understand this point aceurately
1% 18 necessary to istroduee a Aqwmxon here, which wil)
Bot snly help us to slarify the presest isaue, but will else
b.!nﬁltorulntholutchpt.orlhn-mtodi-
Suss the yelution betwesn seisnce amd aemsurement. e have
in mind the distinetion betwean predjiocanental ana trans-
osndental quantity. St. Thomas explaing thias distinotion
with great Preciseness in the ron;ung Passese:

Duplex est quantites. mma seilieet, qune dlocitur
quantitas molis, vel Quantitag dixensiva, quae {n
solis rebus %0rpotalibus est. : Unde in divinis
Feraculs loswn. nes hayes, Sed alia est quantites
virtutis, quee attenditur sesundun perfoctionen
alicuius matures, vel formme. use quiden quantitaes
dosignatur, ssoundun quod discitur aliquid megis,
vel niaus calidum, inquantiym et perfectius vel
minus perfactum in talg caliditete, Miiusmodi autem
quantitas virtuaelis. attenditur primo quiden in
redioe, idest in ipse perfectiane formee, vel
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' ' In iomse Disputates de Virtutibue 1n
:m.:::' “‘”‘:I:mn“'mm ’ SReanl, S%. Thowas explain that bestdes tne Degmitude
“'ﬂlﬂ:‘: s T‘:::‘ra:' ‘: hu“u:‘:t‘:o Vhich qualities and forme Are anid to possess per_se, there
non male mmgne e, ot PrrTRmid 1» Another mgnitude that 1e attributed to them per scoidens.
me osae. melg 4 ;
mmh;;m virtmlis ix o?:::-u::- ru-:f. Tt 1s Shiw quantiny 2or scoldens that 1a of apectay signi-
Primm suten effestus formse oot soe) nam comis Tisanee for mathematicnl physics ‘
Tos habel esse seemium swex forwes:. Seeundus . ‘ o phy! 8
sutem offoetns m‘ i prodd ;"::m“‘ ‘ . Bmidus qlitetibus ot foruts eat o unga
per suim formem. o sooundum sperationom, o mpuitulinie quee dieta sat, setris
mm"-“-“m." \ perfestis soarwe in sudjesto, Aliques temen
Seemdim s ‘gutden, tnguax duretionis. QuAlitates, preeter 1atam megnitudinem sen
X Lewis ., st .t:l:l“-ll. Quae Quantitaten ques seapetit oip per se, habent
ferakinem  Begunding MR vere, vy petentia : Sliem megnitudines ve) quentitaten quae
s NAris mtures, mgls Sepetit eis per ®ocidens; ot hoo dupliciter,
o agendum. . (44) o modo rattons sublecti] sfout albedo
dicitur quante per acoidens, quia subleotum
eflus est qQueantum; unde fugnentato subiecto
The meve or lese of transeemdentel er virtual mEtity 1s suguenta par accldens. Sed secundun
hoe Supmentus, mon Ataitur aliguid mmgis o)
based ea himny witle that of prediesmental or . sed mator albedo, siout ot dioitur algquid maing
altmm , , .moncomtltunmntm
forml quatity 1s basel en Memogeeeity. imd 1t 1 fn- . © SMriiter alisut qualitass per accidens, ex
i t; ot haeo Alcitur
toresting ant belptul e view the latter as the d1alestical fuantitas virtutis; quas mgie d1citur propter
X ) hisrere \ quantitaten oblectl vel oonunenthu: sicut
Unit Sewrds vhieh the former temts s the ty of Aleltur megnae virtutis QUi muznua pondus potest
- - . ferre, ve) qualitercun:ue poteat magnim ran
dceen Serial Shings dessends towards the realm of sorporsslity rmaz';, sive magnituding ten, aive
. . mgnitudine perfactionis Yol seccundun quantitaten
The differsnce of Loems Freduslly dininishes and at the diseretan; steut dloltnr.cuquh magnee virtutis
S qui potest mlta facere , , . 35e4 oonsiderandu
linit the gy of ( 39%, quod elusdem mtiontia est ok aliqua qualitas
oager formal in aliguid magnem rnt_t % qoed fpee it magne,
definition of the yhals. The diversity 1s mo 1 i sleut ox supra afifi, x'n:ot; unde etimm megnitudo
Lo . C - ' : Derfestionis potegt di0d megniudo virtutis,(45)

of quantity are fownd together. The htorngomity of
themchmhthl.pnnworthothrm
takes on its modes el dsterminations,

It 1a olear from this mmosaze thet in mo far ap

forms ang Quislities aye found n gorporeal bsings tley may




-
,

hoou Qs itative E’ Acoidens in relation to predfee~
mental quentity, uirm the last 1ine of St. Thomes Just
ei%ed 1% 1a ovident shat there mhnm l’ﬂhﬂu
between the W&mivotmufm
q-nun and the prefiommatally quantitasive wodes
whiok make ﬁ- anditadive Po¥_sseiloma. This mekes

nmumumn&m ‘ *
w

Tetily of hmmﬂ-ﬁm

“L".._.""N.;__mgsz;

s "¢'est la quantits qu
Teprécente 1a l‘lu,ﬂ Ia plus solide .

| 4 “"“-'C She quantitative mathod the dnl

,nhlnmﬁohhmwmutht

ormumntomdmmwmmhmonount
of sense. mmemuugmn:u.mnht»
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Ress in a wy that -onl.d be sinilar to the ;;ort.ououfa of
the manse of signt s & question which we shall consider o
little later. Loreover, nothing is capable of being so
ahstract and ideal ag qt;antiv. And this gives alnoq‘z un-

linited soope for the nind's desire for perfect ntl.o;ullty.

This reveals the profound asignificance of the
‘bomogexixation of the Cosmos. Because man iy oomposed' of

in hia; %o drew ﬂorythug from rmtter, and to drew cnrr—
thing from mind. The por-i-tont rvourrence of the Qﬂma
of materialiem and i“llln in the history or Philosophy
have besn a gonstant nlnirnt-uea of this. FKow the .
quantitative hmunon of the sosmos makes it posaible
for man to x-ulia both of these tendencies -hnltummly.
The mathematization of n-tun means something far deaper
than an aitmpt to escaps from the anthropomorphism fn-
volved in the lubJootlvit):r of senaidbility. It is rully
Rn atteopt on the pert of ‘the intellect to shake lt-olr
loose from the sensnos. m. 13 in a wmoy o natural lovom-nt
since tntolhlt in ite perfection s Independent of unu.
To oonstruoet the universe ‘out of a minirmun of -xmrien;e
13 the next thing to positim— the universe., To o certain

extent the mind s auccosa,rul in this attent., mut by an

AN

A

K4




iromicel paredox Shis i000ss fnvelves a felling beok upon
seae thing lhnutot!unq lovest form of sense 1ife - -
pure taction. IS 4 o oonoentien of the Wniverse in tems
of the homogemseng sxtariority of puve materislity,

411 this explains Wy the goal towerds whioch
scienee ll- aver mwiving is to resonstruct the universe out
of sessnces, "!h uim of the anrlysis ecployed in physies,”
writes mhn.? ‘-u %0 renclve the mv-:‘;x;u structural
unu-. whieh are m 1l oms ancther.” 7The annlysias

of matter g 8%ne far in this direstion; 1t hes sueccesded

suggesting that *Shey cre Acturlly similor unite of structure,

and the dlrtmmu. in their rels. tions to the general
48

distridution of n_ihr 'Md foarms the \uunr”."( )

The ek Swerde which phystenl solense 1s aiming
1s £0 resonstrees *he whole universe, 1.s. tc conceive the
universe is Serms of struocturel knowledge determined with

exnatness by mthenationl formulne, ¥nowledre of this kina

D¥essinds completely from the mature of the units which
sonstitute the strueture. In their place rre substituted
munipulassbls mathemntionl symbols, which while they serve
as admireble instriments for knowledpge of atruoture, as

the ssue time blot out all thas lies benenth she atructure.
¥athemntios is expoecinlly competent to express patterns,
but incompetent to reveal the proper nnt\u‘-a of sntities
ani operations, Through group~-structure mathemntics 1
@ble $» lsy hold of realities which in themsselves sre not
Qirestly suacepiible of mathewstionl ooneeptiona,

All shis explains the increasingly important
Place of mathermtics ia physics, for it 1e only in mathe-
matieal form that pu.}y structural knowledge osn be
sdequately axpressed. In partiowlar 1t explains Xhe centra}
role played by the Theary of Groups.

This structural knokledge is at once oxtrenaly
objootive and extremely subjeotive. It 1s objective in the
senae that by presoinding from the proper determinations
of things, the knowledge of whieh involves 0 many sub-
Jootive olnont'-. 1t 1» able to conatitute e type of
knowledge that 1is exaotly cosyunicebdble to all minds, It is

at the same time sub jective in the senass t rt the esnential




L
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Plastielty of the samaness out of which the structure is
formed dn“ wlinited soope to the oconstrustivity of the
uisd, In fect, thhAlhoh'-mm- mst be looked upon as
the aini's ispasition of its engrained farme upen reality.
This 1s & point that has been stressed by EAdington:

Granting that the elemsatary units found in our
tmlym‘gtmuuunmmiux;-nh in-
trinsisally, tha question remeins vhether this
1a becanse me mve %0 do with an ebjestive
universs buflt ‘of sueh wnits, or whether it is
qufm,dwhu,ﬁui’m

v-b‘__lhmcttpm :
wm-mmmpprmmm4
oad Sotuaible fiom o study of the equipment, Ne
nO¥ Say moxe thet 18 1s the impress of.
mmqtmghtuthhqha.tmodlm
the © 1 want to show therefore thet
1be Mul-tnowmu_u-
M‘lrylndlnﬂln.unhblt

course of scisutifie dsvelopment. Driefly, it
is the hadit of thought which regerds variety
always az a ehzllangs $0 further anrlysis: so .
thet the ultimnde end- Toduct of amelyais ess |
only be siugaess. e lmep on modifying our
nysten of dimlyais wmtil 18 1s sueh as to yield
the samenéss we inaist on, rejeching :

a foresseable Qohsequence of forsing our knowledpe
into this form of thought . . . I conoclude there~
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fore $imt our sngrnined fomm of thought is
such $iwt we almll not rest sctisfied artil

ws are able to represant all physiocel phenowenn
o3 sm intorplay of a vust number of structural
units intrinstoelly =like, all the diversity
of the phencmena will then be scen to ‘
eorrespesd to different forms of relstedness of
theee unita or, as wo should eay, different
ooufiguretions. (49)

The foregoing analyasis nikes 1t cleer that 1t

ia precisely through the source of bowmogeneity that the

oomeon mEtrix of quentity offers to the mind that it is

Possible for sefence $o rationalise the cosmos, Mok hoa

beon written onm thia point by modern philosophers of aelence.

Profeasoy W, for exanple has this to suy in Proceas

and Reality:

It is ¥y reecson of this disclosure of wltimate
system that an intellsctus) coaprehsnsion of the
physioal universe is ponaible, There is a
ayatumntic fremewark psrmesting all relevent
fuoS. Ry refarwnce to this fremework tis variant,
various, vegrant, evaiescant datails of the .
abundent world can have their mutusl relutions
exhibited by their eorrelation to the oarvaon
terms of a univeraul system. Sowdas differ
qualitatively anong thexsslves, sounds differ
qualitatively from igolours, colours differ
qualitetivel; from the rhythmic throbe of emotion
snd of pain; yes all aliks are periodic and

hove thelr spasisl relations and their wavse-
lengths. The A1ncovery of the true reolevanoce

of the methecu.ticsl rel:tions disclosed in
presentational irriediscy was the first step in
the inkellectunl conquest of nature. (50)

But perhups the autlior who deserves particuler

fttention in relrtion to this question is Eumile Yeyeraon,




for we ore tewshing hers wpom the centrunl Shems which
rucns threugh ail of his voluminous vorks, iSyerson has
1sbered te show ShnS $he mind eenaet widerstesd reslity
exespt by redusing 1%s diversity te some kisd of identity,
-.acmmwwu&an--umu
realisiag 1% 14esd fo tinb of wadiffereatisted spetinlity,
tnfortamately, Shere 1a wawnlly & fagrly thisk pessmbra
surromding Ms enelysss dessase he fails 1o mke & mmber

AF tnportams sud Nesesssry distinetisas, Like Darmenides

end Amazagurea, hp oeafuses the asetie aad the catologiesl
wﬁlmtrth\qg.lﬁ-y;blmnﬁ“to'
nomnmwmlh'hm.mutn
us end mth*m_i_n__a_._, bstwsen the retienslity
whieh mmmp-u the retionality thay Mave

.oatohnum- mmm.mumm

different kimls of diversity and the differeat kinds of
ungty by which : mind sesks $o triwph ever the diversity,
14%h regayd h _A .
distinetion hom mtural and noetie haterogeusity. And
1n ks trestemt of Mestity there 1o ne atbespt $0 di-
Minguish elearly hetween the homogenizstion arising from
the redustion of d_ns!nnrlv to univermlity, from tho

coordination of laws {n theories, from the reletions of

euusr ifuy, fron the umntifiecrtion of rerlity,, wna fron
the awthod of 1i:4%s. 4t 48 eu.eel lly Lo ortert to keop

tiia lrat type of unifiertion distinot from ell the otlirse

mit An woite of these limiteticic, his fundr-
ity X tenela ere guile correcte Yhe fo[towl7 pq.ﬂw}n 15
a good oxgreslon of hids contrsl these: '

€e & quot 1r actones tend de 1n swrnitre lg nlus
L’ €lete, c'eAt a Atablir un rajport logisue entre
les phinumdnes, 8 les deduire los uns 8da eutres.
in cetto tendance n*esdy tu fond, au'une
consfgusiien, une ex reapion narticuiitre du
poatulet de la retionmlits du Mel: ctost, en
ywigue surte, de 1 mime non ¢ e de M-tiowlits,
11 n'est doue point £Somnunt gu'en l'secumulent
nous finisaions per reconstisucr, au ning
prrtieilensnt, le cupitsrl primitif, clest-a~dire
qu'é foroo de dfduire lea phénuwbnes les uns
deas nutyes, I science finlawse por faire crouler
lea rmraillea yul on divipalest lo dowmines en
prreoliean dlutinetes, srivies de oo uniecution
les utios avec les oculres,
Colte opiration, cole est de toute évidence, ne
aout strscoalir cuten yemouetnt & ce ui ost
qualitatif, au jrofit de la gquartit®, n effet,
tout ce §ui eut arfect! d'un tndice qualifuiir
dovicnv, ser lo wino, u;)écirif-\ue. ig0lgd « . .
Malas oe guil orperaft certetn, c'cat ?c 1'Selanton
de lo notion de cubntité dens 1'engemble wue cun-
eaptirns du mft.u com i, tout eon &ient ovorigle
yur dsa coiattlions des ex;dricrecs car 1os
ShANoVNeN... et cependant murtcut conaitimale
ptr oe gouci de 1l'ex licrtion, de e retiommlisetior,
i conatitus le ressort fordarwnt' 1 de netre pens’e
tout entiera. (5l1)

if tre fdeel of aeirnop cowld be réequntely

a-ideved, the e tire universe would . rad: ced to :n
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Lasense tiutology emd w thus collapse end venish con & dans la vie quotidienns, notres rrison ne croit

conplotely. “La seteon, an choxchart  exslicuor, & rendre | henort et oqorin aue o elie st ervanme s
robone e 1n S0l exticiaus, dn Dt Slmratire e Artioabees e sombraTamees L pemiioe
Firlooart dara Jo Sout dnistinet do Vemeon ot @y | ienchoas o e eineen oo o mifcorion se.
shent. iocerding to Veyarsa, this ecllapas will nat Blioiner 18 Giveraisl 4h ve mrommomen rren et s
occur baouse 1o Gosmon w112 evex xeemin progped , ap to e e 3 o e et e -
wpeck, by Srretionad aluomsts which are susentislly re- e vk e ey L e elore
frrotory to the mimd's nrocess of homopenisation. is we : 32:1::'1‘33:‘;rgé;::::v‘,onq:ltli't:?i::r:tp;;::;:::: une
have M suggested, Mayerson fuils 80 rmke it elear thet . m&ﬁx:: :l:x:;::.n;:oizﬁzsla:g:; l‘flzz:lr:e;:a |
frou & wore funde~eatal point of view thess props ere retioral gl e, prete niemoins - in succe wiate,
¢lesents, ia the sense that they derive from naturrl Lete- }:t:rz;: p::::at:n:ma‘d;.:h;::?“;::LS::?:::’L::;::'
rooneity, It is bessuse of ther Hat eur attempts at retio- Seminnlen mire sns mo SeLoTie? I biate saves
zalizition mre kept from issuing into the utter irrationelity . | gamntitier a",’é:;i‘:"‘ﬁi“‘l’:";ﬁ'l’;: o eomer i t“,‘f‘.’";“::“_
of & purely lomogenesis 858 enorphous Wniverse which wld e 1 quotidiorma.pous socmtieer vo i e
correspord to ﬂul;'oﬂglul ixrationality of the human intel- \ , :.:fxr;::::';t:?:l::xln:uzil;' g:t:g:d::t::h:‘f?;; (.farzimt
leot in ita statejof tobuls ress. It iu & striking and bictly | Fimion do.1a sochorene oty o Sonaes TTE
siinificant ullw $het 1f our attemits at retion: 1*:at1rn ::nr::l::_?::r:;:32?:(,?:;;’%2}"1':01::3&??2::“:Z“ia‘;t
c0u1d suscesd ths untverse would be rendered sovpletely 1r- Sonon.du eos tibron bien ae 1t 10hes He tu seramen inre
i retioml. i ‘ on toute rigusur irréz.l‘m ble, ‘inel¢:e aclenca ast !

» 4 possible: cvest le la grande merveilla., ‘ette sitintion
2 ! 84’ trouve keswrie par une phrase .e *'. Prul Velary,

] - "phirege sens doute inspirée ner la lecture mdme des '
Betiar.4han any one statsnent of Leyerson nimself, ouvruces de M. m.,.so_n. L'eaprit hwmein ast .,bmrdg
Rx ) . phr ce qu'il reclerche; 11 est grend nar ¢ u'i) tpeave,
e . Lo 7 V" bo3b D .

the following pmaseze of Prince louis de Rroilie mums up tle mig oacykm on dérinitive ltunivers ne peat pas se

. i ‘ . : reduire uri yhate tz utolocie, nouy devons roree.aq"t
883068 of tila dostrine. nous heurter ¢u et 1@ @ena .ut.rp deneriation aefcim
jelon 11 (i]ayoraan ) dens ic rec. arcie scisnlificue tiricue de 1x na ure o des ¢lduents 'irretionrels! qud
. i & - i 1

rdstatent & nos tentotilves d'laeriific tion, ltef:urt
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Jonis leas’ do la reison Lureire atee .
: c:zlt::‘:;an).' eo: $ldnenta ot :‘xeo: :ﬁ:?:on;c
It 1s clear, t'hn. how the mind through the ho~

mogsnizstion of the oomo; sucoeeds in triumphing over tire
irmtionality that arises out of the pure givenness of tle
deliveronces of the ssnses. Unlike the isolated perce-tions
of senne experiengu, the quentities with (Lieh rethermtiecl
physica deals lead thc’a_nulvoa to the mind's desire for de-
dustion: ‘ 4hey ean ba bot!: the couclisions and the urinciples
of dedustion, And to $le higlly fntegretive vilue of guan-
titiea which makes tl.em derivible from encl ot er ia edded the
sdvanta.ze of the widse scope of relsationsl possitilities which
arises from tre extenmion of %he quentitetive mysto- bo ine

clude Fero walues, negntive Yeliez, infinite velien, etc.

But mt is the price wilch the mind must vey foy
tids triumph? From what has bnni o id about tie mv@t of
soience towards tautology, one might be led to susnect tret
ths price is retiier iish, and to wonder what has setuslly been
€ained by ebandouing the logioal harwogeneity of Fenerality
in whiecl: the lpﬂl\ﬁ‘la distinetions of thinre are swellowed

Upe It might semm trat the horogenizetion of experinentel

scienoo ias co.trery to the Very naiure of that science
»

which aseeka to get at things in their specific natures end
consequently i1 tiolir heterogensity. To p.t tle questicn
quite bluntl, : does not the quent 1tetive homo;enizat fon of
the coamos deatroy tlhe specifie conoretion of thingsm and

thus turn science hsok from its easentiel &in?

The anawer is: yes and ro. There 1s &n sssent el

aifference betweon tle lopicnl homogeneit; of penerelity
and tle ontologicul homo;eneit; of quentitr. In the first
case there is & sconplete renuncietion of apecific differen-
cea; in the segond ocse tle renuncintiocn is only dertiel.

Yor as we explained mbove, by loceting itn objeat fn L e remlm
of gormon mensibles, matienatieal physics does not deel wit!
pure quantity; it deals with the quantitative modes or, to
uac the expression of Meinon;;, the "quentiried surrogrtes"

of the specific ucterminetions of meture., Aand because rathe~
retios is not only a science of great gererelity, but also &
sciance of great exnctueass, maihemaliocnl phyeics ota, tirowh
a procesa of rigorous physionl iL.emauremsat, g¢st &t tiese spe~
eifio determinetions with far grester co crete precigicn thun
sensibility oen. Al) of the qualitative aspects cof nature lLove
thoir quantitotive nodes and their wariations inv. ve quan-
titetive nmutations. Aind we pointed out sbove thel there can

be a direct correliticr. betweer t.e tre:iscerde:til cunillt,




canentel quantity thet ia nensursd b. physicel processes.

-which 1t 18 prseciascly t.roupl thoe homogeneit; tlet tle

o - | )

shat is intrinsie $o qualities and forms, and the nredi-

tially dialectic: ) churacter of ox;.eri ent ] acience it a:ould

- | be clear that it cannot provide true ol sctive certitude.
That 1s why %t honogeneity of rmthematiomnl plysics is not ‘
The same rust be aeid of distinctness. For, with whatever
6 conplete renunciation of the leterogensity of neture.
] | OXEXuie ;»rociglon W gud to Vnow the quantified surrorrtes
Froa one point of view it is a neaus of knowing it better, 3 ..
. ‘ of tis qualities aid forms in nature, it "W
| 3 nlweys wit!
and in tiis sense thore is a distont resszblunce liers of tle . : , ) e
substitution tiat we are dealing und never with the quéili~
perrection of sognition found in tho separnted subotsnced in ‘
ties ond forus in their own aroper, awelfic nature,| Exact

. ) lnowlod.'e 18 not the sane as s.ecific knowled: e, orsover
hetorogeneity is knowmn. And sven tihouch in its superstruo— " ’
. 8 surroimte 13 slways anbivalent; at the seme Llve thet it
tures mathesatioel plysics oves towards undiffsrentiated

unites us with the obji-ot for which it asubsiitutes,

apatirlity and towtology, it nlways starts out fram, end muast 1t se0e—
. . rates us fram it.
inevitnbly lo:d back to, the lheterogensity of nt ture.. Ti:s
mrea it essentially different science based on logictl Lomo- . To atteast to pet at the propjer nature of ‘the
gonelity. . qualitetive through purely quantitetive methods is £ acoept
one of the fundemental princisles of Repelisr. and lerxist

Taus $he mind is able to on}oy rn experience re- A
- dialectics: every quentit; 12 sufficie tiy

motely mlo;;ouﬁ %0 the o mbinution of sijght and touel in (34)
' ' . into a quality,

ircreased iturns

X5 is eble to get at nature with aémothing

sense sxporisncey’

thut resembles the sartitude that is derived frow touch, em V That meny have setusl ¥ beer led to identify tie
with something thet resembles the distincimess thet comes from Qualitetive witl t'e quintitelive ig well inawn. ";pa};[gr.
sizht, But it is extremely important to recognize that in ' _ for exmmle, holds thet our physicel exierirents ,ﬁceL,‘,
both oases it is & question of a mere substitute. mthecatiarl in mensuring quality dir;;c:ly,(bs‘}-or ML quentity 13 not
netiod affords g ktnd of exuctness and certitude in dealing souethiling titt exists obpectively in the physierl 5”1,(:“,,.8

with ;eture, but from all that was said above &bout the easen— of reslity, but & conceptucl construction which resulte
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fron our process of meuguranrent. But ordiuerily this
identification h s bien m,.romched Iru: t e oppbsiie
direction by a sacrifice of gurlity %o quintity, The
evidont dependence of the sense qurlities upon the organic
gtructure of ths sense ﬁculties, and the limenge success
of quentitative rethods in science hrve led soms to dexy
an objective status to all quw lities and to concsive of
the oosmos ms & purely quantitative structure. Such e
position 15 completaly gretuitous. .e heve already shown
thst even though conditioned by the instruments of per~
ceotion, the senasible qualities are not psychieal,but
physicnl emd henos exinting objectively in mature. Aind
the fact thut they do not exist in the distens object in
exuctly the sans way as they are perceived, is no argument
thut ths objeot 1s deprived of all quilitetive determin-
5
atious.(dv)mreover, the success of urntitative metihoda
cannot be adduced cs o demonstration of the non~existence
of qualities without trunsformiug a rethodology into an
(s8)

ontology.

As & ratter of faet, the oxistence of an in~

finitely homo;ereous reality is tardly conceiveble, ind

even if it were & poasibil ty, it could never be & aoirce
- (59) _
of kncowlodiee I% could not even L rmemrured. TFcr, as
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Profeasor Thompson has reunrked, “quertity, per_se, in otker
words, jure undetormined quentit,, is as wnieBsureble as
Quelity. It is neasuruble onl; wien buunded, stemped, or

por oatod witi ¢uality, The guantitative picture of lature,
in sapite of its sttiafying accuraey is not self-supporting ;
it is executed in e Trurigwork or gquuli ties, witl m-.'ich the
BuUVELE nuSt maintein contact.: (60)113 is worth while pointing
out, noreover, that tlie numbers out of which the atructure of
mathesatical physics is ereated tr'e eoncrete measure=numbcrs,
This means tikt tie,; involw soething: niare than pure (uentity,
Yor even ti.o.ag:, they do ot neeceuar rily Lave & direct and in=
redinte relation with our qualitatively different sensetions
or witi tie ontolosical quelities of reflity, they tire the re-

sulty of qualitatively different brocessen of meFsuTenant.

A1l t!ds enebles us Lo wce wiel is sotuelly ip-
volved in t..a aciantific hauozenizetion of Lhe coanos. The
birriers lsolatliy; the 8peaific proverties of rature are bro-
kon down; the Pure givenness of tlese iroperties ere mastered ;
nature is treansforred into a deductive avsten; remlity ia
rationalized; the most profound aspeat o the cosron: tle or-
der of the whole, im in = sense, revealed to the mind, At
tie same time contact ig mainteined with the ajneoifie PrO-

yerties through & proceas of gorreiasion . subatitit) n,




&llvt .18 13 a great achievamant, put it is not witkaut ita
price. For the determinant propertice of things in thbir
specific esssnces, tiw ¥ory inner natures of thinfs have fu-
ded out of the picture, _The hillside witl: 1ts .;roéneau and
its softness of turfl, the elephant in ity own Projer essence —
2ll of tre thinigs in Nature w!.ich meer to be of tlp greatest
significance for the other aciences of Tenlity, !‘ox; all the
arts, and for huws 1ife itself, have alipoed t):roqp,h the

Tingors of the Plysioist and have left in their weke only a
(61)

series of pointer readin;s,

This reises tio question of the relative raticnali-
ty of tle qurlitative and the quantitative detersunetions of
roelity. It Lua oftan been stoted, that the )atter are more
retion:l than the former. That there i% & sense in wiieh A
tlds 13 true is evident fraw 6ll we have been sayirse, Rut
perhaps ons might be tenpted to quest ion t'ia suporior ratio-
nality on the score that quantity is said to follow ‘upon ':nt-‘
ter which is the source of irntiomlity, wlereas gunlity

is =aid to follow upon the form, John op-5t, 'I'hunni €ives ug

the answer in the following terms:

Non est intcllil:ondum, quod quentitas seguatur ad
materiam nudan aine formm, cum constet faequl ed!
sradun corporefitetis qui arrebetur ¢ forma. 3ed
intelliyftur fequl rntericr., ve) Rule solum in~:

-M9-:

venitur in rebus materialibua, qurilteis auten

saquitur sctum, etim. ol inntericlis sit, ot

sic propriwt est cunlitrtiy qualific: »e glout

ot forwes; tum etian quin quuntitis se hebet ir

feneres accldentiur, sjicut reterie !n ,enere

subatantise, quia non eat sctive, sed medium

Teoeptivum aliorum accidentiw: et inter religua

primun, (82) Lo
Quantity hes the great mdvanta;e of being the acoldert ¢lo~
sest to aubstance. jmterial mubstence .is e substenco that
cen't contuin itself, 80 to mpeek; it ig diapersed, divided
into parts; «nd qummityj is the order of theme parta. It is
pracisely becaupe quant ity eo::sists in order tlat it cen
provide us with formal ctuaslity and not just with o kind

|

of naterial ctuaxlity, &s one misht be led to tLink becouse
of the fuct tiat it followa upon matter. .uentity g more
abstractable than sansible quelities —— not, however, be-
ceuse the latter ere qualition, but bectuge tiey sre sen-
sible. ‘%t ensticel beipngs cre more nerfsct t'An sensible
bel 13 from tle soint of view of exnctitite and cortliudo.
Thelr very hmogsneity s the source of precision, V'oreover,
their very emptinesz mekes thea riore ~&nipulatabla by us,
Finzlly, quantity provides the cawion rEtrix which, an we
have just seen, is so nofcos:mry for the rntiomilization of
tl¢ cosos. ¥or nll of ibaue reascra muentity has & source

of ratio ality which the 3pacific proiertian of renlity do

nol poasesns. Jnd {t {3 1 tyne of ratirelit,y t'rt 1a per-




$isularly asenable %0 the nethodg of physiesl seienece,

On the other hand, the speeiris properties of
Feulity aro far more rational Trom Smether pednt of view.
They reveal the Proper natures of things. Consequently, it g
in philoaophioel sciense that thair retionality ia rartioularly
Televunt, 4As we oxplained in Chapter I, the retionalitles
hroper to physies and to philosophy are nhtol to eash other
in inverse propsetiom. n the last analysise, 1% all cores
down to a differense in e type of mesasurement proper to eash
scisnes. In the Tfollowing chnptor we shall returm to this
point,

And now, hvlnc %sen the way in whieh the mind trie
wphs over cne of the sources of irrmtional}fty connested with
ssusible perseptions - thetr {solaties uxd Fore giveuness, we
Tust turn owr atSention to the other elenent of irrational 1ty
about » ioh we spoke ewrlisr in thia chapter — the 1rdefint-
bility of roper sensibles. By tle mue #JT00@3ses w! ic! we Laye
bean descibing selence aucceuds in masteriyp this second iy
miom) SO ST Vo Sntartmage,
Through i%s que *t1ve nathods, physics 1s obie to define heat,
aud oolour in teyms of moveent or wolecules, 1140t waves, scte,
A non~seientifrie porson witl, tle Taculty of aigtt clinot dee

fine #lat Le reans by redresn, hut a blird nhygied <t ern,  ,r.

mmm«m.mwwmnmam that
thay do not need to be ment ioned. .

But onse efoin we must Temain criticelly ewape

of what fa actuslly involved in this defining of the indefi~
nable. Fran wiat we have aiid ebout the 1mpons1h111ty of
sttaining the qualitative in jus Proper, speeific naturs by
nesns of the quantitative 1t is bdvicus that the scientifie
definitions of heat, Solour, ete. de nog glve us the Suod
quid est of fhm propsrties. There 1s a world of smbiguity
in sush expressions an *heat A8 & sovenent of molecules.” A1l
that they setmally mean ist there 1a a sorrelation between
the movement of wolesules and heat, And eeisnce onmmet even
tell why there i sash a eorrelasien.

The seientisy 4908 not neek Aerivative messurs

for qualisies whieh are ineapable of direct mes~

Surensut in exrder to £114 what those quelitias

really are. The measure of an odject, whether

fundemental or derived, does not OXpress what the

ob jeat i3 1t exprosses how the obJect, s e in~

atange of a eertain charector, is related to an-

otuar object chosen as a stenderd for that che-
racter or for a gorrelated clarncter, (6s)

Dewey . .
<oV SARLIING Mine3 0f Bewy, 42 epite et thotr

PICPER " -~
cbvious instrumentelistic bies, bring out rather accurately
tLe poiat we are trying to make;

The resolution of objeots and neture as & whole
into frots atated exclusively in terns of quan~

s oo L Sy —wucnel



)

$1t10e whieh "y b Janidlat in aalsulasion,
mohunyhgth-trd_lgnchnmnﬁor_d
shangea while green ie another, seems

and puxsling omly when we fwil t0 appresiate
what 1% signifies. In reality, 1% is a e~
clarstion tlat this ia the offective way to
3hink things; the offeotive mode in which to
frume 1dens of them, to formulate their metnings,
The procedure does not vary in prineiple from
that by which 1t is stated that an article is
worth =0 many dollers and cents, The latier
statenent doss mot say timt the artiole ia
literally or in i%s witimmte ‘reality' so sany
dollars and osuts; it says thet for purpose
of exehange that hﬁnwtothww“,
%0 Judge 4, Ithn-myoﬂur-lunpnal

tm.cﬁnammxymlmmh-

herently. Mut with respoot to trade, 1t is
what 1% is mi. what 1t wil) sell for, and
the prisce value put upon it expressas the re-
lation 1t Years to other things in exchange.,..
The formuletien of 1dees of experiensed ob-
Jeets in terms of measured quantities, as
these are estadlished by an intentioml art op
technique, does not sy that this 1g the my
they must be thought, the wlid way of
shinking $hem. I% states Lfer the puwpose
of generalimed, indefinitely extensive trens-

way to Shink tlem, ., , . !
There is something doth ridisulows and disecw~
Serting in the way in whish men have let them-
Belves be imposed wpon, o as to infer that
#cieintiric ways of tiuinkin: of objucts give
the imner reality of thkings, und thet they put
n nurk of spuriousnoss upor ell ot er weys of
tuinking of them, sud of Jercelving and enjoying
thew. It is ludierous bsonude thess selentific ;
. #m‘:hwwm&o[t 1'7 mamn I 0/}«@#4
Sain interest — that of the mexirmum conver N i ;’L a ad-
$1b111ty of every objest of thought into any and
overy ctheor. (64)

It is clear then that mathemationl physice does
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ROt susesed 1 setually dafining the specific properties
of nature, tut merely something that is correlated with
thea, But even wish regard to this eorrelation & further
1Rportent qualification must be made. Yor, since sotens
titie definitions are ueeosaarih: operational, the defi-
nitione ur~ physios do not #ive us an absolute, objective,
quantitative element tlmt is in sarrelation witl ‘th. spe~
eific properties; they l;ooouaruy involve the whole opeara~
tiosal procedure by whieh this quantitative element | - T
oms to be Xnown by us. This obviously removes Lhem atill
further from & direst rendition of the qued quid eat of the
senaible properties. And in this scmmeetion 1t 1s mesese
suxy 80 point out that though the pointer rendings which 1-;- ‘
Sue from owr processes of metsuremsnt are mot abstract but
conarete mmbaers, they are not somerete in the seuse thet they
direstly mﬁmﬂ to certain Seusstions, but only in the
seuse that they mre produced by naieroto Processes of measure-
ment into which a wmultiplicity of c:oncrota detcruinnat fons Lave

e tared,

TR e el b e ) Kslage Meta | “he o s
: us te anether signiffeent quewtion,
Oue of the importunt romsona givan &bove for the adoption of
quantitetive methods in phyasics was the attempt to overcowe

tio sub jectivity ana anthro.oniorphism of senaibiljty.,

“®
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nwmmw:m:mm&xm.u—
struments of measurement for erganie instruments of per-
ception selense bas doen adle te triumph over the sud~
Jectivity of sense eognition. Put jJust how cceplote is
this triuph? Do our measuring instruments provido us
with & perfeotly objective rendition of reelity? Until
fairly recently, it wes not uncomaon for scientists to
think =o. “,!ot a greater arror eculd hardly be imee
gined. In ths mext Chapter when we ecms to analyze the
process of measuremant we ahall try to show just how
mch subjestivity this proeess involves, and for the mo-
ment 1t will suffice %o merely mention the more impor-
tent gourses of this subjectivity. In the first place,
Shere i the mental operation iwvelved in the oomcep-
tion and wethod of appliesiiom uf the measuring instrw-
ment; all instruments are constructed and epplied im
agcordanos with certain mcisntific theoriea, and hence
participate in the subjeotivity of thsse theories. In
the segond plaece, there is the physicul operation in-
- by Aaor B bt g B R
struments of measurement enter Intrinafcelly into the
proceas of msagurement in svah a wmy that the results

are not independent of tlhem,

The necaurin~ insirudents are not merely noo-

sive resipientsa sinply registering the reys
impinging upon them: tley play an aotive part
in the event of measuring and exsrt s crusal
influence upcn its reault. The physicel sye=~
tem under eomsideration forms a totelity sub~
Jeot to law only if the process of measuring
is treated as forming part of it. (66)

In principle & physicnl event ia i:separsble
from the messuring ingtrument or the orgen of
senss that perceives it; and sinmilerly a science
cannot be ssparated in rinciple from the in-
vestigutors wko pursue it, (67) .

In attespting to get away from & mixture of aonses &nd ob-
Jocts we suceeed omly in earriving st s mixture of instru-

mants acd objeot,

¥hile eousidering all the advantages thet have
asgrued to soience from the substitution of inorgenic in~
strunents of memsurament for orgenic instruments of per-
geption, it ias important %o realize that our senses are al-
80 instruments of messurement, and that from this point of
view there is no essentinl differense between the two:

Perception 1s & z11d of crude physict) mea-
surerent. . . There is no essential distinetion
botw.en sclentific reasures nnd the re:.sures
of tie seanses, In eitl:sr case our requaint:Lce
witl, tae external world comes to us thro. .k
material channels; the observer's body can be

fle t'.erefore group together percentions a'd
acientific meesures, and in sperkins of a'par-
tioulaer observer' we inelude &ll his measuring
appliences, (68)




The greater objeotivity that eamea %o %8 by means of Lrper-
sauial {nstruments differs Trou the objeotivity that somes

to us through the senses only by degree; there is no que-

litative difference betwoen the two cuses. The mense of

toueh perceives differences of temperature, and it rey be snid

that 1% {g only by acaident that one's finger 1s & poor

thermometer. If n Were poasible to know the physiologieal

state of the ttnccr with grest Sogurasy one eoculd Yy ln.u

of it arrive at the degree of teperasure with as great

precision as that achisved b a thermosster, In ceneral it

must be Xept in mind thet in our peresption of the comaon scn;

sibles, even without the wid of inpersonal instrusents, we

already have a comparison,

I eo:nsstien with what was said abeve mbout the
sdvantages of the haogeaisation of the waivarae deriving tx-e-

the greetly extended renye which measurement adds to our 11—

mited powers of peroeption, a reservation must 8130 be made.

For wiile 1t 1s true thut there 1s mueh in nature whieh oernot

be MMMQ‘NW, 1% 15 likewies Srws that
. Aoy !uﬂnn exremtial - .
1s a great deel which exn be wensed 2nd ennnot be mea~

sured,

This analysis of

the relation between sciorce and

9
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sensibility would not be ccqnm;it. before eoncluding,
soms attenpt were not mede to determine how elossly the
ssfentific world remains linked $o the sense world. From
one point of view the bond seems to hsve grown extremely
tenuoua. As hes already been -ahi!. netl ecititiorl phyeics is
based upon # vinSmum of experience. Ti!e only kin@ of sen~
8ibility that 1s direstly required for the solentist to car- ‘
ry on his work ias that whieh is necessary to recognizs ob-
Jeets and instruments snd to perceive the coincidense of
& fixed line om & soale with another varieble line. 511
that this dewmnds 1s the ability :to parceive a spatio-tem
poral exteriority that is qualitatively differentiated. It
makes little differsnce just lh‘t;'l'. neture of this guali-
tative differentiation 1is, praud:ot it afforda a sufficient
means for meking mesessary distinetions. Im other worda, sclenee
has sxxe as close as possible to the lowest form of all menss
experisnce — the quantitative ooﬁtnot of pure tnctinn.(“)

But it is important t‘oé}:eer; i nind tizt in spite

of 1ta teopuity the bond between tfu scientific world snd the
JAUEnL OO LR eyl Pohisaln b ppido Lo

. 'h“‘ m;? Vae  ron -
Sem oL AL S
What I meen ie this: we rip up some delicote
Physienl experiment with gelvrnometers, mio-
ramaters, ete., speaielly designed to elimi~
nate the fallihility of humen percentions;

eyt




bt in the end w'.. mab tyust por-
to

::z:::: o tall us the result o:":ho [~

o Evem §f the ap.aretus fs self-

rosordins we emplor our
v (70) senses to Tead the

The dessnnibilized procewses of nhysies sre not self-

supporting. Indepandent of t'e whole backerourd which

they hf” in tho esusible worla they are meeningless,
Morsover, 1% must mot be forgottem Shat by the very faet
that mathomtiesl physies ia physies, it must realise the
reductio ad sensum mentionsd in Chapter II, which is oharse-
teristis of every seience of nature. It must both take

.lpllm thi. "ry .lﬂrly in

Modern Pystes:

In ny opintom, the Senehing of
A mnethany
.o:i'l’lﬁhn o begin with Newtonimn rar:: ';lu:t
bl 1: ea begine with the sensation of c:)lm
st on with the seneation of nr-t.h
-ubp & the fact tLet & more precine besias 1 ’
by -t::ut-d leter on. Agein, 1t must not ba.
o:: ton that tie sigmifionres of a1l physicel
o Ll‘p‘: and gropoaition- ultinztely dces dep .M
Q1 thalr palation to the humnp senses, Thi II‘
indeed eharncteristic of the peouliar u;ho: °
.wwdhplxyuo&l ressarch, Lf"llht:

o RAMLY 00 Pl ztae
onx

ﬂuminrninthuggh_tct

: By redourse

mlzf Dmgination; and theas depend upon our

Sreeitl :unmtio. B, which are tha omy eouresof
idems. PBut to obtain physics) laws we

oust abstruas sxhoustively from the images in-

ard

Y

o
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L

117

wi

- 089 -

trodweed, and remsve the definitions set

up all irrelevant slesants and all imegery
which 4o mot stand in & logieal connection
with the measuresents obtained. Once we

have formlated physioec) lews, aud reached
definite consciusiona by mathenaticnl pro-
ovases, the results which we have obteined
munt be transleted back into the lenguage

of the world of our senses if they are to

be of any usoe to na. In e mrnner this method
1s eiroular; but it 1s essentirl, for the
simplicity and umiverselity of the leéwa of
Phyeios ars reveeled only after all entl—
ropomorphie additions have been oliminated, (71)

As physios progressas it inevitebly betores moTs sbatract
end more highly symbolie, Put to even its nost abstraoct
symbolism thers slways remains sttached s dictionery which
1inks up the mymbols with soncrete entities. And these
aonorste entities ultimstoly lead back to the world of sense.
Tims modern physiss presents the parsdox of sn ever ineres-
sing detechment from the senss world, and at the same time
an esmentiel atteclment to it. And this paradox is comp~
rehanaitle only-in terms of another paredox: modern ~hysics
1s et the samo time physics and not physics; itlel 1s ic say,

it is a hybrid soiencs, &n intermedi:r sclence. It is for-

dateat ,
iy SAakiaififmn pure saturel seiemse, but at the sne
time it 1a & valld study of nature. Bescuss 1t is formally
mathematios) 1% must in its development drew ever ferther

and farther sway from the world of sense; but beceuse it is

torni-mtive olysicsl it rust irevitsb' 1c d heek to 1t.




This brings Wa Vo the fiml pofat that must be
touched upon before we lsebe the gsneral question whieh has
fored the subjoot of this Chspter. In setting up the
prodlam which hus bheon ogoupying us we nentioned thrt some
#uthors sce in the recent devrlopaonts of physies on
nbundonnent of the oorror mensiblas similer to tie £rer
sbundomaent of she proper ssnsibles tnd sorplencntery to
1%, e &0 not beliwve thut this ia the cor-eet inter~

Dretatics of the newss sajeutifis scnstreckions. It s

true that they =ye not susoeptible of direct imeginetive
ropresentation. But this €ves not mean tiat science hea
removed its object from the reslm of the Qormon aemaibles

a3 earliar it hnd removed 1t from the reelm of the proper
sensibles. It probadly mesns ssverel things. For ons thing,
in 20 far as tiwes yeocamt ecnstrustioms have to do with the
nlerotomiic world, it means that selisnoe i3 beginning to
dizoovar tlat phenomsna on this miorocosmic level may not

ba er;uhle of direct Tepresentat fon in tornu.of phenomsna

on the miarosoopio lsvel, leBroglie points this out in

Iatidre ot Lomire;

p/‘l‘SM\ls e WCG;} Yes structures “infimes
) de la mutidre plus nous nous apergevons que les
s Sonceyts forgha pur notre esprit au fours de
1'eapfrionos quotidienne, et tout perticulidrément
goux d'espace et de temps, deviennent impuissents
2 nous perncttre de décrire les mondes nouveaus

- 661 - . u

o nous pSndtrons. On direis que le gontour de
nos concapts doit, s1i 1'om peut s*exprimer ninsi,
s’estomper progreasiverwnt pour lewr permettre
de s’appliquer encore un peu /um raliths dea
échellos subatomiques. (72) .

- But 1n gonerel, the most fundcment:l’ aigniticrnce of these

develojpmonts semiv §: Yo thet acianefo, bx wuins Lo its
Listruonvs mitiure. ticel onitics, whics, as we mow. in the
lnst Chepter, o¢:n strotoh their connsotion with the im-
aginntion to the extremes of tenuity, ey so lntanootm—liud
ita subjest ra to place 1t outside oi:’ ay irmisdiete reletton
to the senafible. There s no Tecwon: why 1t ahould not &o
this, provided all of its lntollcnttu:xl songtructions can

bo mede to lead back ultimetel, to ffrinoation in the aensible
world, Io this way that een be suid to "explain~ the sensible
world. But this #oes not mwan that thuo escnstructions give
us & direst amd hnodintq nvelntionlor things as thsy exist

in the renl world or that they prove the comoh sensidles

to be 1llusory. I

And now, having s:.en the brsia for mrtlo #t1.:tion
that exists in nature, we must see how science, by leying
held of Shis basis through the instrunsetelity of mensure-
nent, auwoccoods in traneforning nnture irto & new world of

synbolian. This Chapter has atterpted to show thet in methe-
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mationl physies the mind*s smbition is Vo tronsform the
universe into a purely rationel system in which mulsiplicisy
and differences will be constructed out of unity ond seme- (
ness. It is in mensurement thot the mind finds & road to-
wi.rds its gotl. For meesure ent fonsista in the repeated
a-, 11ication to reality of the szme unity - -~ @ unity which

the mind has determined,

.. ..vwiaé%’w sy el 2 LIRS L e

4

CHAPTER LIOMT

All ANl LY SIS GF MU SURFVENT .

1. Joienos and lmasurenent.

This Chepter is in a senss the pivotal point of
our whole atudy. Ior the cantrel idea in methemetical phy-
sics 1s thmt of a mofentis media involving & union of the
physiocnl axd mathesmtioal worlds, #nd it is preeisely
through meamurement that these two worlds are brought into
contast. This was slrecdy recognised by Yohn of St. Thomes,
for in speaking of the mathematicel phystes of his time, he
writes; "Astrologus non agit &e coelo et planetis, ut sunt
eutie mobilin, sed ut mensurebiles sunt ocrum motua."(l)'l‘ho

reason why measurement is able to achieve this union between

n aclence that is essentislly experirentel snd one that

TR0 from iment that Toms a
_'p bv oied S WARL SLUBER 2do o P"a\‘w N".‘_hﬂ%.uu )m(i eb- A
aical Instrument of experiment, it %s not an instrument
which morely reveals physicel phenomens; it both revesls

thes nnd trrebaforns them into numericel veluos. *Ce ‘qui

pac
distingue notre acience,” writes M m son, "ce n'e st cu'elle




o

expérimente, mais qu'ells n'expiriments ot plus’ ginirulaneat
»e travaille qu'ea vus de m.wm It is sfgnificent that
the nemes of preaetieally all of our modern experimentel
apparatus end in "meter™ whersas formerly they ended in

"sgope”.

In other worda, there is something both physical

" and mathematical mbout measursement. It is, as 1t were, a

trunsforming muchime into which physical determinntions enter
and from which mumbers emerge. And even though the mntov
nessure-numbers which imsue from our pointser-resdings are

not in themselves a mathematization of the physioal in the

full sense of the word, they are the incohation of this mathe-

. metization. They are the stuff out of whioh all the mathe-

mtical eladoratioms of m-gul sciencs evolve. Although
still directly linked with the physical, they alresdy have
sonething of the idealimation, the abaolute aharacter, the
necessity, stca. thnt belong to the mathematicrl world. :ind
Just s the whole natlismmtical interpretetion of nature

arises out of the physioal through processes of measurerent,’

processes of uessurement. For no mathematical theory in

physica his any value if it cannt be verified in oconcrete

peinter-resdings.

e U T —

1: ’;—\
\_ )
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This explnins wiy the whols progress of physical
scisnoe h directly bound up with the refinsment of meansure-

(3)

nant, Lnd, as Norean Campbell has pointed out, it is to

the faot that it is a scionce of metsurement that physics

. ' (4)
owes ita ascendency over the other naturel sciences, All
this explains why nothing hes sn:y meaning in phyaical asclence

(9) '
Por a physicist & thing

except in terms of measurensnt,
is real only to the extent in which 1t is messurable and
averything that €falls outaide the scope of measurement is
trretional. To define a body by its physionl proverties
maans simply to enumerste the op:orationll processes of
meeaurecwnt to which this body e;n be wsub jected, and t¢ list
tis series of numbers whisch the éinatnments used in these
processas remler. Yor exauple, what meening for a mathe-
n:$ical phyaioiet can hydrogen hfav., with its wrricus pro-
perties: oolorlmes, of a ocertain density, licguifying at a.
cortrin tumperature, ete.? It c;!n heve no miet ning execpt
tho following: & body will be called Lydrogen If when sub-
jected to the instrumenis which define fludity, viseosity,
eonp e MRRITOTe,. relasation, o\0.y 15 produses
“ collsotio; of pointerracdin(;a";hluh ;quhre uit); tm

nuab.ra ¢ited in the definition of hydrogen.

~mong; nmodern philosophers of science no one hr i
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‘ngton. Im comaestion with

; we digcussed in the last

»f exact science cousists
tniler indiomtions. *e

s definition of wiet &re
indications. The obser—-
noidenes of the pointar

: generslly be extended to
£ any kisd of eoimcidenco -
sssed in the language of
.aory, am interssetion of

al point is thet, although
nite souceptions of odbjects,
.oss oonoeptions do not

snd are not in sny way
axast scienes #sR bagzin

+y must bs replaced by

~he results of physiecal

1hat although only the

ato the setusl ealemlation
£ the prohlem to isave out
Z elss. The problem

» kind of oconneeting buck-
pointer resding of the

14 down tlLe hill: And yet
T exsmct science ibs thing
the hill can cnly be dea-
>inter resdings. (It should
1111 also hirs been realrced
41 the sliding down is no
ire but & functionel

o T A o

11eany that mentel impressions
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in which we setuelly recognize them when: confronted
with then, and %ot aceording to the metaphysiom :
signifrioance whioh we mey hrve anticipated for them, }
In the old Sextbooks mess was defimed as *quantity
of mittert; but when it came to sn mcturl deter—
xination of mesw, an experinentel method was pres~
oribed which hod no bearing on this definition.

The bellef that the ruantity determined by the
wcoepted method of meusurement represented the
quuntity of matter in the ob ject was merely o

pious opinion. it the present dey there ia no

sense in which the quertity of mettier in & pound

of lead cen be snid to be syual to the quentivy

in 8 pound of sugnr. Einastein's theory makes

a clean sweep Of these pilous opinions, and insists
that erch physicml quentity should be defined ss
the rusult of osrtain operations of measurement and
saloulntion. You mey 4f you 1like think of maes us
sowsthing of inscrutable n:ture to which the pointer
reading hes & kind of relevance. Tt in physics at
lessts there is nothing much to be giined by this
mystifioation, becruss it is the pointer reeding
itaelf which is Jandled in exact science; and if
you embed 1% in somothing of a more tremnscendentel
nuture, you have only the extra trouble of dicing
1t out spmin . . .

Yhenover we atute ‘hs pioperties of a body In terms
of physioal quantities we syre imprrting knowlsdge
as t0 the response of various metrical indicitors
to its pressnos, and nothing mo-e , .

The recognition that our ﬁnmc of the objecta
trected in p' ysics conaista solely eof reedings of
pointers and other indicators trunsforms our view
of the atrtus of p ysicrl knowledge in s fundamentel
we;. Imtil recently it weas teken for grented thrt
woe ‘iu.d knowledsrs of & mich nmore inti-tte kind of
the entitics of the extern 1 world. (7)

Thenglun J H Phoss,) il 252758

Parheps & word of explanasion should be 1mmedi-

<

& -
toly n. ended to this .nae : 30.
hject hundled in the phyajerl otely n. ended to this prastfe lest confusion erise. “hen

wa ssy tlat mothemmtical phyales deels only with nointer

iysicist oom rises & number

. l’-n}iie}: :1:‘011.;Y:p§y°2::;1 rardiugs, we 4¢ not mean thet it be;ins and ends in rumbers
., wie :

¢eopnizod as essertirl

‘f1ed @ ccordinye Lo the o




SV

dus 93 o4 FuypIoods POUTISP 9q PTHOYS esoyy 3eys
TeT10e88e 8v POXTuI009I mou 81 31, *GoIayquend
T80184qds TT90 o4 WoIns **oqe ‘quoand fIetausgod
‘eozoy ‘Ayyoorer *otSum ‘YiFueT ew yons spIon’ Jo
dequnu 3 S8STI(W00 ¢8Toyedyd eyy Jo AIrTngmooa 2 A
L . chﬁﬂ@.ﬂﬂ.ﬁhnﬂ
Teotedyd ey uy peypusy soofqns oyy eq jouuzd oNs gg
suopeseaduy’ Tequew $oq IueTd Y 47 4nq ‘suoresoxduy
T®qUeW JO NOTIHTO0S8SE UL B AR BYTRO jusydete
PIOA onf, - (*seInswen Gufy puB eouds JO HOI4BTOI
© TBUOTAOUNY W 4Nq SINJUSADE OATIOD UB I08u0T
Cu 8y usop JuTpyie oYy pus ‘sSurpwvex xegutrod Aq
poevurdex uveq voy OST® TTIY oug g8ysg’ POISNWSWEY o
PIRoys 3I) *sdurpeot Jejquyed Jo oTpinq B €9 peqyIe -
=-80p 8q ATUO UEd TYIU °oU3 PueOssSp PIP LTTuéL oYy . ‘
' Bulyy eql eouSTOH 4ouxe- Jo- #eYA jo jutod ay3 uoal.
304 pay :1TTH oU} WHOP PYTE 4oy euTqomm~FurySros
9uq Jo Sutpsed isjutod eq} 0% SvA 4T “pimoad
~Jo8q JUTILBUUCD JO DUTY OUWOB SSATOAUT ATjIvBsessu
wetqoad By *este Burgslus o072 2oUBISINT ITE
480 94897 04 WOTROId 8Y§ JO SSUSFUOU OYVW PLNOA 47T
UCT3BTROTEY ToNg0E g OUT Jeque sBuypuex tequjod
ey ATuo ySuoyiye 29ys 40efqo YITA nof sdeyged -
fqusuBInSvon
Teorsdyd 3o sqTnssx oyl Qupjuessxdes seijrqusnd
£g prowrdes eq genm Lovws movssad oq3 ITPTIY 0%
wideq uwo souelos §0uUxe sxoeg 4y £q penagyuco
fex Aw U j0U BlG PUB OOUSYOE 30UXY ojuy desus
90U Op FU0TLdEOUCD OS0YLF ‘PTIOM TRUIAIXS 8Y4 UY
‘s308(q0 Jo euojideouos egyuryep L1os eawy 09 HoOR M
¥&noyare “‘49ng 8y quipod [BVIIUEsSE9 O : *SOUTT-DPTIOM
Jo uorjoesIequy uwe *Aroeyq L3TATISTSI [8XaUusl oy
- Jo 8FunFue eyy U} peossesdxe ATensn £ 31 €8 ‘10
~ O0UAPIIUTOD JO PUTY AUB JO UOTABAIENQC 84 Opuroul
04 popusixse 8q ATToIoUsS UBD WOTSTATD-OTROE B YiIa
aejutod 8y} Jo spusPIOUTOd aguurxoxddw Jo uoyqeA
=Ie8q0 3YJ] *SUOTYBOTPUT IBTTWIS BB DPOSSUIO €q 09
oIw 4374 JO WOTSIUTIRP O 03U aIsy I94U2 J0UuURD
o4 °*SUOTI3BVOTPUT ASTTWES pus sFujpsed Jogurod Jo
S3E8TSUWOD SIUSTOE 19BXE JO Jejiwu~4de{qns eTous oyf

iseayan oy *egdesi)

| _ 4887 SY4 U POSSROSID oM YOTHA junydeTe Jo aInquesp’ eusy

YITE WGTL08UU00 Ul *UOGIUTPPH INYALY IS UBUY POOLRISPIM
. (9}
ATTwaeued gquiod STYq ONwiI 01 TBOZ 1899863 UYJTR PeIoqeT







- 668 -

alone, If this were the ecss it vould be mathemties ad
2ot methesmtieal plysies. The mesbers it deals with are
nessure mambers. In other words, the experisnce which

gives rise to these numbers hes somsthing more then a pre=
acientific function as in milxmatlu. The physical pro-‘
cens of messuring the yusntitative determinstions of mtm
is an integral pert of mathematical physies. Censsquently,
oven though the numbers dealt with do not represent Xhings
fn the objsctive oommos, ns we shsll see, they are alweys
t104 up with objective determinetions of the physical
universe cut of whioh thay have issusd through messurement.
In this sense thers is a physicsl buekground in whish they
ars smbedded. Yel t'b- mnthematien) physiocist oennot get

at this baokground im amy other way then by wmeasurement,.
spd that is why as long As he remaims true $o the nrture.

of his sclenos this background will alweys elude him. Of
course it is pos:idle for him to go out beyond 'he limitctions
of his science and embed the momsure-numbers in & backrround
of his own choosing, but, as rddington remw ris, in sc fer

os mathemntionl physics is concerned, there is nothing to

w%m%}w‘*‘fd‘ S OOP abvl tra e T KRG

e ahall return leter to diascuss the nature of

xnowledge which gruaps roflity only through meeaure mnts

TN
SN

- 600 =

yor the presant we mevely wish o @Mu the fash that
this s the only type of knwlodsnltblt is hed in mathexntical
phyasics. Of wur-o..ln actuel prcétia, scientists never
restrict theiisclves completely $o Mo-mmbern.w)n
}’ol_ncnrc/ tu.n row ried, Lthey cennot be donied the liberty of
using motaphorss why rore than poots onn.(g)nut. i the lent
anulyais their gresp of ihe COMO8. is restricted .to motric
knovledge. It ia beonuse tlis is not always recognised

Ahat wuch of the confusion about the meening of modern
scienos hna aricen. This is parn;cnlarl;' trus of rany

of the abortive ariticisns of the Theory of eletivitye
Etnutelﬁf groot merit is to have racopnized cleerly tha
complets dependenos of mthmtiea?l physiocs upon messuremernt,
and $0 have seen the fspliostions and limitations or this

dspendencs.

That mnthemtionl phyaieu is essentislly a
gsclionce of e auruvrert ‘s now bccér.dm gonorally reconired,
put whnt 43 not ,enarnlly nc«m&@ im that every science cof |
rotslity ia easentinlly a ;clonoe <:1f mot surecet:t, This stete-
mat do, o€ secres, whipws, f0€ briemaly the Serm Tmesere-
ment” cmmot be undorst.-od in v.hez a' e sense 1 sixich we
huve buen erjloying it In rel: tion to phyalcs. And yet it

ia not an eguivocation; in both ¢ ses the term is uned in
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i%s stristly fermal semse. And in order to wnderstand
sscursialy the part thet msesuremsns plays in physies 1t
is extremely twportant to see how the other sefences, end
particularly the philosophiosl sciences Ere relutod to

neesurexent .

Trken in {ts gonaral seuse, metsureneni izplies
an effort on the purt of the intellect to ses & oortein !
couplexity in the light of a prineiple of simplisity. This “
principle is provided by m atnndeid, snd the attempt of
the mimd to reduce oouplexity to mimplicity will be rmore or
less sucocesaful in proportion 5o the degres of sirplieity
Possenged by the stamdard. This explnins why fin physies
there is & continual seerch for a minimum metsure. Put 1t

1s not only in physics that thers 1s an attempt to ses the

scxplexity of remlity in terus of the sisplieity of « 1

standard. This i» found in the Philosophical seiences aa
wall, although th neture of the atendnrd /i nd herce tie
nnture of the measurement is soething quite different from

whet is found in physiocs.

e R i S T R
' e s definee measure as *that by whish
(10)
the quantity of ¢ thing 1s rrde known.* Fut as we saw in

the lunat Chapter, there are two kinus of Qquantity: predica-

contal .nd trunscendeutsl. he for ar ccesiats in lorogereoys
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exteriority and the latter in Anteriority, that ia, in
perfeation of befng. low whareas im physics it is pre-
dicemental quantity timt is made known through moasurement ,
in the philowophioal sciences it is transcendentel quantity.
In both metuphysics and philcsophy of naturo it is the
arined inl ubject of the smcisnce whioh provides the ulti.':xc-te -
yrlnqlp!.e» pt_-_mpucity in relution to which evary other “j
subject in tha sefence iu measursd. Yor, as Jobn of st. f
Thomie rew:rin: "mensure inportas perfectionam, cum ssmper
aeoipietur pro msusura 1d quod perfsctissizmum est in
unoquoyue gensre; neo requiritur quod sit notiffontivum
rei nmensuretes, wt fundans imperfectenm cognitionen; sed
per nodun alicuius mngis simplieis et perfecti quo res
msnsuwrata magis ad unitatea et waiformitaten Mncim."(u)
In every order in which 2 relntion of more or
less iz poasible there is rmasure, and the *mexine tale”
1s tlwuys tho norsure of everythin: th t 1: toud In the
order.‘le)ln wett pu alca the orineiprl subjict which »lrys
the pert of the stunderd is cod, known extrinsécslly, inm .
ﬁhu‘-&‘&mﬂﬁm IV 15 by compericen
with (:od, Pure ltct,. thrt bt.ha trenscendents 1 (usnkity of all
metaphysicel bel g« 1s measured tnd their intrirrie per-

fection revealed. In philoscphy of pe-ure the princinal
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subjest §» man, and L% is tn welation te lﬂ’- that the
iranseendentel qwantity of all noturrl beings is determined.
In this sense Protegorss was right in making man the moa.'.\n-o
of all things in the universe. Mhoreas from the point of
view of the physieist uan 18 the most complex being in t.ha
co:08 unﬁ the ono thut is the furthest romoved frun hia
standard of measuremsat and henos the ons that is leaat
amensble %6 his precssses of nsagurensnt, from the point of
view of the philcecpher of nature he is the most simpls
baing in the commos precisely beotuse hs possesses the
highest degres of interiority. I$ is nxtrcn;l,y sigaificent
that the measwrecwnts of plysics mnd the yhilssophy of nature
1aad in opposite direstions; the one determines thinge in
relotion to the siwplieity of parely hamogeseous exterierity,
the ether in terms of the si~plicity of interierity. For
physios intSeriority is frretiemel. Thet 1e wy the oxpo;‘l-
nantal science which deals with man « - experisental
bayochology - ~ s tho most irretion:1l of mll the experi-

mental sciences. ¥or the philosophy of nature it is

hhcvn-n sxteriority. Shos da irresional and thas sxplains
icth I Mhirveranke 6as euphers aatursl iaa ’ véir

ﬂ"f‘ ‘maturnl Shings becowms more obscure

as one desconds the acule of perfeckfon. No one, perhkeps,

hes handled this nusstion with grester skill than Trofersor
pedioninek:

- 673 - <\“/

Toute soienes steffares de r&dum le oomphu
su plus sinple et de 1'expliguer en fonction de
lui. imis 1) fuut s'enterndre sur la licniﬂoatlon
du terme *simple’, Ln mture de ln -mpliuito e
lnquonc on Aokt tout remener Aifférenciera
protm\damnt lus savoirs. Cr i1 est foeile de
moutrer 4ue ce Quo nous appolons aimple en
scialos exp’rimentule est tout oppost & ce gue
nous dimony siziple en philosophis. In scicnce
exphrimontnle unc plerre eat infiuniment plus
9f ple quune collule; le ve—dt=viont dtun
phston st beanucoup plus simple yue le bLord -
d'une punth&ro Qi oo jette sur sa prois; de’
toun lea &tres qu'otwiis la mcienoce ‘expirixensale,
1'hompe eat umonh-tablumnt‘ le plus conplexs.
Or en philosophie o'est tout le contreire qui
eat vral. I7anfiml est plus simpls s le plante,
et s tous les etrss qu'auudxo 1s philos-phie de
1n nrture, c'est Ll'hore qui eat le plus sirple;
de more cu'en itaphysicue lu mesure et la cruse
de tout stre oat l¢ sirplicite ahsolue de l'rete
PUrs Tn physique on mesure per ln minima mesurs -
le temps par le texps stomicue mm
phuouophi- la pessure sat toujours riche et
ooupnlwuutw - = leo teups ost mesuré per
1'éviternite, et tous les deux per 1éternite.
" dhutres termes, la .mpusu- oxpﬂrhunt«la’
ont fnversement proportionnelle a la simplicite
ootalogicue. Le philosophe dire que le savant
explique 1o sundricur per l'inQo“hur, le perfait
per 1'imparfuit. ainsi noms pouvons dire per
avance ue .ans la mesure Ou une explicution
oxp’ri-wntrle de l'homne est possible, elle
comintury & 1'{ludier dans le persroctive de
o6 -ul est expirinentaleront plus simple -ue lui,
non nua pour iduentifier entr¢ eux le comilexe
ot i'AlLzontniys, mnis pour udriver 1'un de 'outre,
1} eat dono tout neturel gue le suvint clerole a
adrjver. A"hona de L'animal, eelui-ci de ls plante
vekx Soude 1a hidrarenis dss seplees meturelles
l'&w ha-nens 4'uns orgAnisstion toujours '
oroisonnte et Lius cou, laxe. e f)l {loafphe jui nic
s poulbultd mene d'une thsorie avolutioniste nie
l'auswneo axw do 1a nbthode acien Hri(b.m. 11
mtt lo.u%u. 11 devrait nier auasi lu vileur d'une
moaaro de Yowuvur. (13)
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This Wwinge us back to Wt we ssw in Chapter I in velasiea

%0 the possible extent of the matheartixzation of mature.

Tut in order to understand the psculiar nature
of the lknowledgs tirt is bosed completely on a measuremant
of things in terms of homogensocus exteriority we muat try

tn anmlyzs the natures of messurement.

2. The Mature of Measurewent.

Keapure, acoording to aristotle snd Saint Thomes,
is that by which the guantity of a thing is mede hzo'n.(u)
This definition imediately gives rise to a difficulty. For
quant ity may bo imowa indspendently of any seesmus. Im
fact, homogeneous sxteriority is an immedinte datum of
cognition, and consequently does not depend upon mny medium
such as & 30us .re. Moreover, we have alr«ady pointed out
that quantity is known and etudied both by the philesopher
of nature and the me sislan, and in neither oxse does

18 o4s 65 Lk 4 OF colmg it oeu pe meut . by L
the knowledgs of 1% {nvelve meesurement. This diffiewlty
41d not escips aristotle and st. Thomes. !'or after laying

down the @indanmental definition just cited, they proceed to
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qualigy 1ts meaning by adding the phrese: inguantum
quantitas. Thet 1s to say, neasure is that by shich the
quantity of a thing is mode known precissly in so far as

1t 1s quantity. At first glance this mey not seen to help
mwtters, for is not quantity knewn ms quentity incependently

of peocaurenent in the ways just mentioned?

Jt. Thomss throws light upon the question by
writing: "Addit sutem (Philosophus)®inquentum quentitas*
ut hoc referatur ad menaurnm qusntitatia. 1am proprietates
et alis acoidentin quantitatis alio modo cagnosmou: t.ur."(m)
In other words, there nre two fundemental rspects to
quantity. In the first pleocc, in so fer as 1% 1s one of the
nine aceidends it is a certain sssence and consequuntly can
be known in the st way that all the essences of reelity
are known. In s0 far es it orders the parts of s materiel
subatance by eontributing to 1t hamogeneous exteriority,
1t 1a & vriwry and im.edisnte detum of cognition. In so
far as it 13 involved in the mobilit, of the cowsos, 1t enn
be studied by the philosopher af nature. In so fer as it
BTN Ftletindd B vt i 'S utuled Uy the
-tnphyzuian. In all of these csses it 1s & cuention of

rquidditative” knowledi;e, thut is, knowledpe thet snawers

the question: wlct is quantity? TIow wijfle this juestion



®
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mwhat~ sax be ssked of all the sstegories of reality, tmr“\
is a spesial question that oan be esked ounly of quantity - ~
*"how sueh” (quextum). And 1t is knowledge which answers

this question thnt is yevenled by messure. 31inos, then, hhe
question "how much” {(quantum) is proper $o nuentity slons,
aristotle and .it. Thouts are justified in saying that’

nergure is thet by which the quentity of & thing is mede

xnown; end they aye speaking with strioct fermslity when they j

~ - —_—

o4d the phrese; in guentws guastitas.

It i ml: irportont to insist upom the:
precise mature of the kmowledge of qusatily Shet is given to
us through mssswrement. It is not “quidditative» tnovlgdgo;
it doas not in may way snawer the quostion: what is quantity.
It nerely tells we .hvw meh guantity there is. This ho'lodgo
1a mediate and derivative, since it comes to ws through the
wedive of measure. But a measure is a very speoial kind of
cognitive medium. Unlike a aig:, it does not sudbstitute for
the thing known, mor does it in any wmay manifest its ns ture,
And the prectioal conelusion to be driwn from thess oon-
W”’ ‘. Ty as seiense §o Bessd wn
neasurement, not only does it not tell us the "wheineas™

of all the determinnrtions of reality which full outsido:

the ortegory of quantity, but 1t does not even tell us

- 477 - | k-/) | |

‘the *whatnssa™ of $he guantitative determinctions Shat are *

being demlt with, Thie point 1s frequently loat aight of.

put in order to understend riore clearly the
nature of this peculimr type of knowled;e veo must try to
see Junt how quantity 4s reverled throuph memsurament, .-
reuwsure manifeosts the quuntity of a thing no£ in axgy way
whataoever, but throuch the reduation of a certaim type

|
of camplexity to simplieity, :of indeterninrtion to deter— ‘
minntion, of variability to u:nlromity - = in other lortla,j
of unintelligibility to intellipibility. “hen the dster-
minntion of one thing manifests to us the determination of
another thing, which without it would remain 1nﬂ¢termlued |
we say that the firat is the neesure of the sscond. In thh
woy She xeasure is a eortification of the thing nsasured,
Pram thias it ro_llow thet there are two essentisl elements
in muu:uuremmt“ prinsiple of pertoounn,and uniformity
and »i:»licity, which is the measure, andl’u process of re-
duction of thw couplex and miriclkle to tlis principle.(lb)
This se slemont obviously involves some kind of union'
LYY CAREAAVAGLLY L grde et 0 h.oa
betwoun €Yl ‘hefiinye nd ‘the thing méasured. TH order %o

undarstond the nature of rmeguremont it will be necessery

to annlyze ench of these two elemonta.
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H&m”“m““u-,nﬂu A wangure is & cortirication of the tddny meesured. Put
Order for a thing to be a neasure 1% must be ene amd in it cnn be a oertifiontion of something olse only to the
divisible, for in 06 other way ean it be simple and extent in whioh it fs fixed in certainty itself. And it
determined. That ie why in the tenth book of the rotas oan be rived $¥¥%rtainty only by being rixed in

plysics St. Thomes begins hisz explanntion of mea ot indivisidbilivy,
by syl s »
ving: "oum retio unius ait indivisibile euse; 12 A thing onn be & measurs, t1en, only to the
autex quod est aliquo modo inay '
. visibile in quolibet gonere extsnt in which 1t is indivisible. But as St. Thouss goes
81t uensure; maxine dsoetur in Mo
6 quod est eswe .
s s . (17) primsm on to explain:
surse uslibet genarg [ad
® But 1t must be pofnted ron similiter in omnibus invenitur indivisivlle;
out that the "ome™ is not » sed qusedsn sunt ornino indivisibilis, sicut
# such & measure. That 1s to unites quee est principivm numeri; quaeden Yero
any, MVW or § non sunt amine indivisidilis, sed indivisibilia
taelf doss mot Retsasarily secundium sensum, seoundwm qno:l voluit auotorites
sonstitute & measure; ft st inatituentium tale aliquid pro mensura; aicut
; be indivisibility 1n a mensurn pednlis, qure quidem indivisibilis est

certain given order. The trensesstontal tne 15 npot a proportione, sed non netura. (20)

Measuro besause £% is mot fin n(:;dl“o Sanus. oreever, it
does 2ot penesss striet unity. ) \ oit ounino infwllibilis :tu‘):orta. sed secundum quod est
poasible in geners suo”, In 80 far as the mesmsurensnt

Al elaewhers he writas: "Nee oportet, quod canis mensurs

iriatotle and t. Thoeas
’ ns meke 1t cleer why of predicamental qurntity is concefned it is only the one
indivisibility 4 "
¥ T one of the oseertinl Quilities of a which i3 the princinle of nwiber tiut huns abaol.te lvdi-
1102 3Ure 3
vigit{lity, That is why 1t elone 1z the ,erfect mcesure.
Asaignet sutem ¥nticuem E: y i s
. QUATS mensures oportet i i S9€  /meppurrdlon UALVS ARAV ”

o il ‘“W. i€l Z Q M;ﬁ,) mmmwmm.mmut
auffers vel addi. “t 1deo s ,:: :::'.1:::: G sallleef hoc oif ceity. sengurd,  principiun mumeri.”  tnd just ¢s all of nur notions of
cartissimn; quis unu, uod N (50)
numeri, est oamino hg“h:;:lzrlncip‘i:m“ meusurement are derived from prediceamentul quentity,
additionem aut subatract " -

ionen suseiniens so within the realm of predicamentsl quentity itself all

manet wnwa, (19)




OuUr nticus of mewsurement ave dsrived from the messure-
nent of diserets quuntity;

Primo ostendit quod retio mAsITSS Prime
invenitur in discreta Quantitats, quas est
Wwimerus dicens, quod 4 quo prime ocognoscitur
quantitas *est ipoun unm', idest unitas,
quae o8t principius mmeri. Mem unmm in aliins
speoisdbua quansitatis non est fpmm unumM, sed
aliquid oud acoidit ummn; sicut dieimus unem
tamum, sut wiem magnituwiinem. Unde sequitur,
quod ipsum unun, quod est Prime mensure, sit
principive mummeri sooundum quod est mumerus..
Hine mcilioet ex mmesro ¢t wno quod est
prinoipiim numeri, d1citur menaura in alils
Qextitatidus, 14 acilieet guo prime
oognoscitur unmwaquolqus ocorum. Et 12 guwod
sst mmmaure sufuslidet goneris guantisatis,
diettur wowm in 1110 gonere. (B4)

For us the “ams™ which s the principle of number is the
model £ar svery msaaurs. It is shat by whieh qunlity

is firss meds Xnown %o us; "13 quo primo sognoseitur:
quantitag, '

In the measurement of other Xinds of pre~.
dicamental quantity only quasi indivisibility ia possible.
It 18 fuposaible, ror exanple, to have a length which

will be a uuiversel measure for &1]l lenghis as the one

which ia the :
s ? TN RTIN0IPLe of mader 1a the waiverse) peasupe

Hoc modo derivatur ratio mensurae e numero ad
aliag quantitates, guod siout unum quod est
mensure nuseri est indivistbile, 1ta in omnibus
alils gencribus quantitatis aliquod ununm

O
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indivisibile est monsura st prineipium. Siout
in msnsuratione lineerum wtuntur homines si
indivisibile 'memsurs pedali,' idest unius
8} ubique enim quaeritur pro mensure
aliquid indivisibile, quod est aliquod afnplexy.(£5)

4nd this quesi indivisibility 1s nothing but an imitation of
the true indiviasibility thet 3s found in the "one" which is
the principle of number. Cne ignnh. for exajple, i3 en

initation, for it cuunot be by itself an nb-ol;uto netsure, |

ied pensures aliorm genorum quantitutis imitentur
hoc unum, quod eat indivisibile, mccipions aliquid
nintmm: pro mensure secundum quod possibile est,.
Quia =i ecgiporstur aliquid magnum utpote stadium
in longitudinibus, st talentw= in ponderibus,
latoret, ai aliquod modioum substreheretur vel
edderetur; et semper in ma jori mensurs hoe magis
lateret queam in minori. -

E% 1deo cemes socipiunt hoc pro mensure tem in
bhumidis, ut est oleum et vinum, quam in siocin,

Ut sst gramum et hordeum quan in ponderibug et
dimennionibus, quee significantur per greve et
mgnitudinen; guod primo invenitur tale, ut adb

®0 non possit aliquid suferri sensibils vel eddf
quod latest. X% tuns putant se oognoscers
quantitaten rel certitudineliter, quando
oognoscunt per huiusmodi mensursxm minimam. (26)

This etteapt on the prrt of the msrsurement of
nagnitude to imitate the wessurenent of mul-itude must be
considered in the light of what wea said in Chepter II
abent the m*u«... arithmetis and geamstry. we
pointed out Llst the hisher mbstrsction snd superior intelli~

gibility of aritlmotic waa bused upon the superior rution-

]
«1ity of number in aeomparison with megmitude. luaber s in




fust hore immaterisl, more determined, mese ‘astunl Yhan My She mind, ssteblished ly fiaS. '
eontimious quantity. 7The eontimnm is somathiag essentielly (woedsm vero mon sunt emnino imdiviaidilie,
‘sed indivisibilia secxmdwa seusum, secundum
obscure, fndetermined and potenticl becsuse of its imtrinsie : n::hm sustoritas instituentium Sale
q pro_mensura.

divisivility fnto infinity. is a result, the :
Y Y. 43 8 result, the mensurenent In grevitate pondermm acoipitur ut upum

of discrete quentity is something cleer nnd absolute, while indivisibile uncia, sive *mne’, idest
. quoddem minirwm pndusj quod tamen non est
that of continuous quantity is &lswuys something obscure aimplex ormnino, quia quodlibet pondus est
divisibile in ainors ponders, sed accipitur
and relative. In Mw lrtter thers is slways s baskground us sizplex per suppositionsm. (50) -
(27)
of irxrationality. This point is of conaiderable importance for the philosophy

of physical scioncs. Yror the basio mesasurement im plyaics

But sines msasuremsnt is clweys a ratsiommlizetien
1s that of nagnitude. Though science sxploys & greet

in the senne that it manifests tho quantity of the thing ! /
o : verfaty of memsurenents, they ere reducible i the last :
measured, ths mind van never rest satisfied with this haok~ | T e

| analysis to the meusurcuent of length. It is clear, then,

ground of irrationall That 1 11
7o 8 why there will inevitably that the mensurement out of which the whole structure of

be a constont at t to asainilate as mweh
Somp s possidls the mthematiesl physics 1s crested, is not based on samething
nsasuressnt of eontinuous 1%y %o St of . '
quaztily te that of disareto absolute, sawsthing perfectly ebjestive and gives ss such
quantity. "Omnis mensuratio quae ast in guantitatidus 1 in nature, but upem a eonstruetion of the mind, Roth the
ocontinuis aliquo modo derivatur e F
w & mEerc. Ft 1dso relatienss intolloot and the will have to enter into the prooess of
quae sunt socundun quantiteten contir t tt
(20) q uen etlem atiribuuntur messuremsnt to determine a standard amd establish & unity
nuMero. "
that does not exist. Hegnitude 13 lifted to u stutus of

This prossss of assimilatien will be at ence both intelligibility that is ot aative to it. .ind ull this
sibjective abd Bbjeotlver In A5 Firat place, sinoe & rend evioudigiavel ves @ seporetion of ssme cort from the real
definite unit of measurs is not given ob jectively for world. What 1s not by rature one snd indivisible is con=

magnitude as it 1s for smltitude, one sust be constructed sjdered by the mind as if 1t were. Cuoe asein, from this




point of view, mthamatios) physiocs is a selenes of als ob.

Howswer, this eonstruetion is not purely sub=

Jeutive und arbitrary. In order to assimilate the messsure~
wment of jaagnitude S0 that of multitudo it 1s mot sufficiont
Lo declure by fiat somsthing i:ndivisiblo thtt is by n.ture
diviuibie; 1t 1a neceassyy that what ia Jecloyed indivisidle
approach as closcly as pesaible o that which 1e objectively
indivisible. In other words, the leas sxtension the
standard oh T

, the move perfectly will it ba .
able to serve as & memsurs. Thet is why smolence is alweys
searshing for the smllest poesible messure ~ ~ the ninimm
Reusurs. And this Ls trus of ancient ss well as of nodm
science;

I2 quod est mimimmm in unoguogue gensre, eat
nanmzra {1iins gemazris, siout in melodia tonms,

ot in ponderibus wneia, st in omweris unites;
manifestum et anten quod minfwus motus eet

Qul est veloefissimus, qui scilicet habet minimm
de tepors, quod est menswrs motus; omnium ergo
motuum velocisslimia est motus coeli, Ft accipitur
hic motus velooiusismus, qui citius peregit cursum
suun ex parte brevitatia terporie ... !'nde ...
attenditur sscundun minimem mmgnitudinem. (21}

This ohoioe of the otuunonuntotth‘m'mqs
&WJVI”‘*

‘ SIB"\J""‘_L WAL, .
the stenlisd ins wen an kypothénis of snslens phyases.
As 3nint Thomas points out: “Ponit (Aristoteles) hsne

(32}
suppositionsm quod notus cosli ait mensure csnium motuum.”

- o8y - ' C‘)

Today the standerd hrs been ehenged end s now the speed
of the movemant of light. But whetber the atendard ehosen
be the spend of the movement of the heavens, or the spsed
of the propagation of light, or the wave-length of a red
spectrul line emitted by cudmium, the loglcal atructure

of the easurasent of oouti:m(;ma guentity ‘remnhm the assme;
it is slways a guestion of a stenderd which “a indivisible

by fiut though not by nature, and which reprossnts an

attempt to coms as closely as possible to the ninima m-nlml‘l.

It s olsar, the, th@t there 1s sasething pro-
foundly paradoxioel mbout tha measurement of contf{nuous
quantity. On the one nnd, it is neocessery for tie
acisntiat to searoh for the -inhn mensura, and the die~
leaticel tendenay towards cortsitudn about which we spoke in
Chapter V beaanes in thi}- field the ssurch for an nbsolutcljy
muall measure. On the other head, this infinitesinnlly smell
meagure does not exist. ~Sed in lineis mon est invenire |
sinimm sec mdum mq;uitndineu,‘_ ut sit scilicet aliqua linea
minine; quia senpédr eat divide:re quamcumque linecm. 't

(53)
siniliter dicendum est de tempore.” AR inrinitesinslly

") masiry Yotk Yivorve & woniwdtction, stnos it would

consist in & contiuum without extension. It {s tren n

purely dislecticml 1imit thut can be approcthed indefinitel 3




1t 1s »ot a 1imis given in msture that ean :'dtl.—to.'l.y bo
arrived at. And this fmpessibility of srrival is m due
to any lack of ﬁﬂoillon on our party it 4a due te the
very nnfure of oontimious quantity, We must then be
satisfied to accept the minirum measuye thot is possible
for us Lo have -~ = * acocipers aliquid ninirum pro msmsure

sesundum quod poasibile est.”

How is it poasible for the mind in spite of
this paredox to susseed in sems way in sssimilating tha
xeasure of megattude to that of multitude? In order to
saswer $his queetien it is nesessary to reesll that % is
possibile te knew that Swe or more ¢lasses have the sems
mmmber, without knowing whet that number is., Thus, for
sxample, if all She Sisksts %o & oertain theater heve
besn s0ld, it is peesidls to know that there are as seny
pogplo in the theater as thore are seats without Imowing
in ey definite way the mmber of the two clrases involved.
In the same #ay it im pozsible to know thrt ¢::0 clrases

have different mmbers, without knowing what these numbers

-n,’mm-nmuroﬂhmm

[

Ry Juxtaposing two rods x rnd y, I cen dlacover that they
are of equal or unequal lon;th, even though I crnnot sey

anytidng of the length of rod x or rod y teken seanretely.
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If it bapyena that rod x cun be pluced twioo.llon(g rod y,

1 osn arrive at the formulrn: y . Ex. Y;t onoe again, this

dues not reveel unything sbout the lem ths of the two rods
when they are tuken seporeiely. In other words, it is _\‘
poasible to arrive at the knowledge of contimuous qusntity i
by esntadlishing rntlon.(:”)m since the satructure of mntho-":ll
wationl phyasics is based on the measurelent f’f lengths, the ‘
knowledge that 1% given us is reducible in the last antlysis l;
to a knowledge or ratios. hen for exampls the weve-length :'
of the line N4 in the apsctrum of stomie hydrogen is im—
dicated by the messure-number 0.000065628, this does not
roveml any mbsolute property; it merely tells us the retio
existing between the length of a weve of Hy light to that

of » oentimeter, which is obviously an erbitrary standnrd.

In 1ike menner the whole of physics is duilt up out dss) !
ratioa detormined in rslasion to arbitrary -mmm-.( ) }
It ia clear, thon, how it is possible for the
mougurenicnt of magnitude to initute thet of multitude. Jjust
as 1 can know $hat two clesses heve the snie number, uo I
cen know that $wo rode have the seme length. The two ceses
ot aee IRALEATeE aalnt W
remain sinilar wtil X attesmpt to got ot thc -.nlw of the
"sume”. In the cese of multitudo this merains cen be

determined mbsolutely since it 1s besed on cerdinel number,




O

and ecnmequently 1t 1s poassidle $e escape from mere
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knowledge of proportion. In the cusse of megnitude, the
menning of the "szme® ocsnnot be deotermined absolutely} (86)
1t 18 impossible to escape fram knowledge of proportion.
From all that In-. been snid thus for about tle
nature of measurcment of oagnitude it follows thnt fror the
point of view of the physicist the standard of lcngth h‘-
no length. Sir Arthur Badington has brought out this point
vary forcefully in the Prologue to Space, Time, and Orevi-

37) :
hﬂ.on.( Put leat sonfusion arise 1t 1a nscesssry to mtke

saverel distinetions. The term “length” is in faet mrmh

" ambiguous and is susoceptidls of & grest variety of meanings.

It may be talksu to mean: 1) dimension as such (end this is
1%s nost proper mesming); 2) & lins, that is to sey, &
£inise length; » 3) the measured magnitude of a Finite
length; 4) a geometrical line; 5) She messured magnitude
of & finite line; 6) a mensidle line trken as s dimension;
7) a sensible line as a finite ~e'mitude; 8) the mesnured

angnitude of w sensible line. lHow, if the term be taken in
‘senges Tndicat

‘wader mmbeys sixund sevea 1% 15 cb~

vicus that the standamd of length is a length, If it were

not 1t coculd not be & standanrd: "oportet mensurs:: hoorenesm

esse rensurato.” DBut wen a physlcist speaks cf length it

¢ o=

J
|
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1s particularly $he sense indieated by nusber efght
that he has 1n nind, !‘h‘n !tl is a question of & mep~
nitude that 1a sxpressible by & meagure-number whish
angwere the quastion “what 1. the length of this line?
In this sense it is true to sm: tiat the stendard of
lenzth has no length. In ac fer as it is & stendard it
can be defined only b’r designation &nd in no: other way.
The same i trus of the messuresent of time. Underatocd
in this way, the theory of Relativity is correet im maim-
taining that if an objest oot';ld nove with the velocity ot‘
light it would be ocutside of itimo, for the apeed of the
propagation of light is tum an the fundamental -tundnrd‘

of the measurement of %ixe.

It is possidble, of oonrn.. to define & eertain
designated standard im terms ;ot another standard, mn.;
1t frwertomger;being dduodl Sua standard, sinee encther |
standard has been substitused. For exanple, we con define
a mater {n terms of a hundred centimeters, and tris gives
us the illusion that we oer kmow how long the standrrd me-

Ty 7,10 $his definitien the wtemderd is |

TN LS B

no longer the meter but the centimeter, and we are faced
with the question: how long im & sentinster: There are

Just two ways by whioh one mi;'-,ht; stte »t to snswer this ques-

tion: ~one is b su i tist it 1s tio lundradt). ert of
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& neter, sad this obviously involves a vieious eirsle;

the othar is b, havimg resourse to a still smaller ston-
daxd, and thia involves s process ad infinitum; by the

tine we have ooms S0 the inmtrom as tho standard we are still
es far fran ti.e snswer to oiur question as we were in the

beciining.

The infinity of the vielous cirele and the inde~
finite proeess is & sign of wiat 1is at the bottom of this
whole quet;tiuu the insxhauatible potentiality of the ocom-
tizwems. And most of the difficulties shet arise in eomnnection
with thls yroblem have their origin precisely in this thet
we atteupt to aonfer upon tha eontinuum a degree of intellini~-
bility that belengs only to diserete quamtity. 1t 18 ex~
tremely imporsant %o keep in mind that the nemsuwres of son~
sinucus guantity are essentially inadequate -and Mtativ;.
They do not de sway with the inherent unintelligidility of the
continuum, for t'ey ceunot cltrre ita nature. esasure ent
consista in the juxtepositiom of an urknown with a seele., It

is usuall; taksn for. mtod that this sesle is asamething
ol ;mﬂ.
¥nown by
ind as @ consequence, mensurswnt, in the last mlynu is i

———

mr.ly the Juxtaposition of an unknown with nn unknown. Bu$ -

“od.f AS & matter of fast, 1t i net.

perbaps t.is whole qusstion will becore clenrer later on when

1
|

e b n sliquo gumere est Yonsirs oe-
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we take up the distinction betwesn intrinsie end extrinsie
measure. In the mgartime It is warth while noting that
this point 1s obvicuuly of sxtreme signifioance for the
whole Question of mathesatiocel physies and particularly

for the theory of Relrtivity.

Indivisibilit; is ti.un tie rhirry quality'cl' the

first element of measuremant mentionsd sbove: the principle
of perfestion and simplicity. But thers 1s another em- [}\P
tresely important quality that is closely sllisd to it: the &
netsure must possess uniformity. In order for measurement to
be oble to reduce camplexity to mimplicity, indetermination
to determination, and variability to invariability it ia not
sufficient that the meesure be one and indivisible; it 1s
alpo neceasery that it be uniform. Jn no other way can ¢
provide objeative eersificstion in respect to the thing mes~
sured., Consequently it 1is usosssary to choose @ standard
tint is eontrollable, pryalse, uniform and fnvarieble,

Perfectic nensurse consiatit in uniformitete et

siiplicitate, que aliquid de se est notifict tivum

sliocuius quantitatis; hoc eni;, exiyitur ed retio-
nem mensuree ex parte suse perfactionis, eo quod

5,
<eterorum :
And cbviocusly $he unifornity required is unifor:ity with res~-

pect to the particular genus in which the measurement takes

Muce,




Sela wmmifosmitas seu regularitas, swpta in ab-
strueto, est sowwmmis ad canenm mensured...Irge
oportet quod determinetur retic Salis measuras
sssentialieter st intrinsece, per hoo quod sit
miformitas Salis vel talis quantiSatia, vel
pensris...Ergo pertinet ad ipean sssantialem
rationen NORRISS Roli 201um hadere wniformitetem,
sod uniformitatem Salis vel talis conditionis seu
generis; rations suius ait apte et habilis men-
sure ad mensurandiz talis mensurete. (40)

The perfection of a measure of length, for exarmple, requires

tiat it bo uniform in the genus of length, in other words,

that its length be objectively oconstsnt. Here we ere toushing
upon one of the most important problems of measurement in =0
far as 1t effects mathemetioel physics —— the problem of the
rigid rod. We shall have a great deal %o say sbout this ques-
tion later on, mnd at this point it will be suffislent to
merely touch upon the fundanental ifasus, In every mmo

of ecutinucus quentity there is froa the point of view of wnie
famity and invarisbility sn esssntial imperfestion tist parnl-
lels its irperfeetiom from the point of view of imdivisibility.
Por every measure of continuous guantity is an extended pfece
of rntter which 1s an eous nobile and ovnsecuently subjest to

a mtlnua:s%\:tll:.wfm?m olfft' :: ;\ip:;t&;r an ntn:oly Qm—
plowc- ool iR tine .i-nm-v%ﬁ?

innunerable physieal infl: es whiolh nes rily produce

changes inu it. These physioul inflwences omnnot be eliminated
campletsly without ehanging the naturs of thoe materisl stan-
de v g withouwt sennr ings 1t o aletel - froro th crarns, OF

courae, the e'mnges prodiced enn be controlled to soi: extent.

Al

But in ordes %0 bhave perfeos comtrol, 1t would e ne~
c«aueu').r $0 know ull of t @ laws or nature; 1t would be

locessary to have an exhaustive knowledge of tha soamos
*

Once agnin 1t ia ewident that the Perfectly uniform atep

dard is only e dislectior]l 1limit that ¢en be approsched

mdatinitely, not & neturci Yimit thet is ObJL ctively

oapable of being reached, Onee agmin the nind mgt step

in end ooustruat; it mugt provisionnlly declore to be

uniform whet 1s b nature leoking in wniformity, (Q)A'nd

we ray apply here wiat st. Ma hes to say about the

nuulty of hawan law; "uomun debet esso permanens, quan~ [

tum sat poasible; sed in redus mutebilidbus non potest

anse
(42) ‘

aliquid omino irmutabl)iter pervenens, "

In someotion with tho first easentisl olemont wg

hn been discuswing ~— the Principle of erfeotion and

simplieity there im one final poirt thet must be touched upon

¥ N .
Wo Yave said t .at o hioasure is t ot by whicl the quentity

of » thing: 1s made ¥onnwn,  But t}.ore are lwu wiys 1i wsich

one thing mey manifest wiotier. In the first plece, a leas
»

Pirodt’ I b} A VS mantFesh W B perteet’sh ject .

It is in this way

that ereatures ranifest their Creetor, and

this 1s in kesping with tl.a limited nature of our homn

knowled;;e which in tio order of tonseraticn srosresses Lron

u.l‘l(' s
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: ! the metsuys and the thing measureds In ordes for this
the less perfest to the more perfest. But 1% i» also pos~

union te be pesaidbls, it is cbvicusly neesssary that shere
aible for a more psrfect objact to manifest a less perfest
be some kind of eanpatibility betwean the two. And this

bjoet, and it is obviocusly in thia way that a measure meni-
objest, prerequisite sondition is expressed in the fumdamensal

the thing meesured, since in relstion to the latter
o the TN B Thonistie prineiple: ™nensuram oportet esaes homogenesm
the former is always & principle of perfection.

mensuruto,”
Licet msmsura de se ordinetur ad notificandam .
quantitatem farmelem vel virtuslem rei mensuraties, Mensurs semper debet esse ovgnatum, soilicet
nou temen ent ds. reijons mensures quod mokifiocst eiusiem naturre vel memnsuree eum monsurrto:
aodin guantisatem rei mensuravas wide imperfesto, siout menmire megnitudinis dsbet esce mag~
seu fuxta melwm que procedit mostre eogmitie nitudo: et non sufficisfz quod conveniat in
&a inperfectso of perfectim; sed reguiritur guod nature oomsuni, siout omnes megnitudines aon-
ox fpsn yations msasurandi notifiest nodis wveniunt: sed oportod emse convenientiam men~
sensuretun mede perfecto, seu procedendo a surne a4 mansuretux in natura sepcisli secun=
perfootiorl ad minus perfectum seu mimus nebis dun umunquodque, sie quod longitudinis sit
notifieatum . « . }ioo enim mofo mensurs aotificst, longitudo meusurn, latitudinis latitudo, vox
seiliest por modum perfustionis st simplieioris, voois, et gravitas gravitotis, ot unitatum
quia perfectissimm in unoquoque genere est unitas, (64)
mensura esterorum: unds per moduz perfectionis, et xon —
vis genavetiomis (sive prossssus de imperfesto But this smediately gives riss $o seversl difficulties. I

ed parfectun), 4dsbst mensurs notiffosre. (43)
the first plave, msumber is neasured by the “one", w)ich is
Now it happens et in the type of messursment with whish

] not A number. Ommsequently, in this omse the rmeasure snd the
seiense is primar sunoerned — the messursment of lumgth —

primarily \ measured do not meem to be in the seme genus. St. Thomas
there is no objestively nerfect stendard, uc sbsolutely per-

enswers this difficulty in the paregreph wiich follows the
fect principle of simplicity, es is evident from &ll thet lLas )

ane just oited: *Unde nihil aliud est dicere unitatem esse ’;’L
buen suid thus far, That i1a why science must ever rewmin in (45)

mensuren nuneri, guen uuitaten esse mensursn unitatum,®
sonrch of a more perfect standard to mnnifest tie less perfeot, .
A In other words, oven though the "one"™ is not a mumber, it
And that i S asesurenent will always resmin imperfest
Vo lrewew &m WP Py e s &5 w oy Sde e e balengs 40 She: s genus In $he aenss of being the prin- /
and obscurs.
ciple of number. "Though not in itself diamcrete quantity

Axd now, having apaiysed the first essential slewment | it pertains % the order of disorete quantity in so frr

of measurenstit we must sonsider the second: the union between i sa 1t is i%s principle. A more serious difficulty arises
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from faet that sure of all .
i the God 1s =id %0 be the mes . Bt Chis bests eompatibility betwesn the meesure
| beings, and stermity is ssid to be the measure of Sime; :

‘ and the thing messured is omly the prerequisite emditfon
yot in nefther omse doss 1t seen possible to apply the for the fulfillmeat of the ssocod essential element 1n mes-
prineiple: “mensuran cportet esse homogenean mensursto.” surement. In order for the indetermination of the thing
St. Thowas suggests the solution for thia diffieulty in matisured to be effectively reduced to determination spome
| the Summa; "Meneura Nmn)- est homogones ransurato, now ki1d of unfon betweer tle two 1s necessery. I'ow there are
‘ autom mensure remota."  In otlier words, in order to have two ways in which & mensure can be wited with the object mee=
| measure in the etrict sense of the word it 1s not mecessery sured. In the first place, it can be united to it extrin-
thet $he measure and the thing measured be in the - sleally by means of soue Kind of application. This applic
genus in the striel ssnse of the word. This {s required vation need not be physieal; it may consist in a purely m—
only of the immediataly proximete memsurs. For every ‘othcr tellectusl juxtaposition or comparison, as when, for exemple
measure 13 is sufficlent that they be in the sexe ““f”l the trunscendental quentity of creatures is mensured by the
i . eategory as for emaple in the esss of time and eternity Suprene Being. In physical acience the application 1s in one
‘ which balemg %0 the eategory of duratiom, or even in tho : woy or smother plysiesl m@n doss mot heave to be m_m; or
one waiverml gedar of beisg se n the cnse of God and tnedSate, otherwise it would be impossible to mewsure obt
. srestures. IV 1s In She Tealn of magnitude that the prin= jeots in motion and cbjests at @ distence. Yet 1t suat bo
\‘ ciple which requires the mesgure snd the thing mllurod to pointed out in passing thet  “ysicel memsurement acquires cer-
be homogeneous is most porfectly reslized. For tha measurc t1tude and objectivity to the extent in wiich the p:lication
of u length ia mot & point but emother length. That is wiy becomes mure direct and imrle(iliate. Mow whenever & messure
| o Thauas in his scsrentary on the f1fth book of the Metaphy- _ and an objeat measured are united, by means of an applioation
) Jhuﬁammmmm)-r ‘ eSS N NP N e Perel ey
! nitude uses the phrase: "magnitudo sive mensurs.” Mpgni=-

- ‘
tude is, in feel, a meapure, whereas number is no%, . But thore is another &nd more inti ate way in which
] L] 14

@ meesuro onn be united with & measured object: by identification.
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lnewn as intrinsis.

This brings us to the distinetion betwean extrin—
810 and intrinsic measure which 1s of oconsiderable importence

for an understanding of the naturs of meesurement. St. Thomas
(49)
‘Souches upon this distinction in seversl plases, but perhaps

ths elearest and fullest explanation of it is found in Johm of
St. Thomas:

Opartet distingusre mensurem instrinsseem ot on- '
trinsssam, Exirinsesa est Quse mensuret aliquid

sxtra se; et 1300 Der applicationem et sontinentiam
11ljus dieitwr mensursre, sieut duratio et motus

soeli menswrut motus inferiorss tamquam sxtrincesa
memmure illorus, ot ulns mengurat pannum, ot libra
pondus, Unde $alis mensure terminat relationesm !
Teslem sui mensureti, Intrinsesn mensura sst i1la  /°
e inest rei msuswrutas; ot 1ta 2on memsurat per
pplieationes, sed pay Infermaticaen: wde habes !
perfestionsm memsuras, 1ieet nam relationam realem ‘

ot perfestionem Cependentios o nenewrstun de-
pondet & nanpure;, » «» ot in wnoquogne genere per- 1
festisslmum ¢st mansure sut ot ssterorum, sul gui-

dmm instrinsees, aliorum vero extrinseea, (50)

It is obvious thet this aistinotion rests upon a

difference in tue kind of union existing betwsen the measure

of aimplisity and wniformity, 19 more perfectly reelized, so

1ikewise it is mors perfect in proportion to the degree of in-

timeoy found fn the union with tre meesured objeet, This hes

alresdy besn moted with regard to unjon by application im
physieal measurensnt: the certitude and objestivity of the
msagurensnt depends upon how direst and immsdiate the ap~
pliestion is. But obviously union by 1dentification is more
perfeot than emy kind of union by applicetion, no matter how
direot or irmediate it may be. That is why, spenking ebso-
lutely and objectivaly, intrinaic measure is more perfect
than extrinsio msaswe. Thus John of St. Thomas writee:

Quanto parfectior sst memsura, tento perfectius

sonfungitur suo mensureto, 1lludgue magis od se

srahit quantun poasible est. Xt fta eun setes~

niteas sit mensure pexrfectissime, suime soniumgi~

tur suo proprio mensurato: ite quod habet identitrtem

oum fllo. {51)

The diffarence, thea, detween extrinsis and intrin~

810 measure somss down $0 this thet, wherses the former mes-

sures AMAMERIfosta & soztain cbjees per applicationem, the
\
latter messures and manifests per inforrationem. In the firat |

oane theare is a real diatinetion detween the neasure and the
thing memaured; in the seoond omnme the ai stinction is anly
lofical. That 1g the neaning of the prircinle *omnis r ensura

in suo genere seipsn mensuratur.* In Thomistic terminology,
TNV C meadurd meagures

Ras S00-9hJo0t WA quod, Shet 40 S0 |
ssy, per gontactim rei ad rem. Intrinsic measure, on the

other hand, memsures 1ts objeet ut quo, that is to say, it is

$he very form of the thing measured,




o are »o -ocut'u_noa $o making mensure ovter
minoua with *xirizsie mensure that 1t is diffioult io form
& olear notion of intrinsic measurs, And m 1t h‘iw
that the perfection, n-p'neny and miformity of o :thlnz
6an manifest another thing only Yy manifesting
In this senme intr’inale netsure

Gation of extrinais Retsure., JYoha of 3t

itaelf in

1s the very foup
Thomas writee;

W Yeapieft guantie it
Viale atem aliguem Vit
en;n., miformitate affectam, st sie K

In ot
bar words, by the very fact that a thing exista st nes

e sertai
B perfection ang simplioity, 1ndop¢ndont1y of any com-

p‘liﬂm with "1°th.! ObJGCt. co’“‘qm,‘t‘]\y. it poﬂﬂ.‘ﬂaﬂ a moe
.

sure intringie g ‘
wm/u?é v i 2; tril.f. Az: inge 1% 14 the form of g thiag '
MA " Menbim ’ﬁ:i"ﬁt;iﬁie"ué’mre.

N manifests {¢, It 1s

is
Perfeotion mng uniformity 44 Possessed {n-

O
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dspendently of smy camparison tlmt thers een ba & basis for
s eamparison neosssary for extrinsis meseure.
Eose menmmrem honogensenm mensureto potest intelli~
&1 vl ut quo wsl ut gquod, et reapsctu subiecti reci-
pientia est homogenes ut quo, seilicet 14, quo $ale,
aub fjactum redditur homogenetn ot wdfurre slterf |
oxtrinseco, respoctu cuius cst homogeneun ut quod,

al penmurat 111ud per epplioutionen et contectur
rel ad rem, (83) :

|
But the relation betwoon intrinsic and extrinsic msecurs muwt
R
bs rightly understood. It io extraxely inportent to keoep in
nind that the sxtrinsie num &ows not revenl the 1ntr.;‘malc

Ratigure, 88 sotw tight bo tompted to shink.

Wish regard $o the nature of intrinsic messurd, two
inportant questions suggest Shemselves: first, does 1% max-
feot the quAmtity of tho thing n tha sense of anawering the
question *how wesh”, ssoondly, is it something -h.ouso?i These
Questlions are sonnected, bdut we simll conwider them npaphly.
itk yegard to the first, 1% is difffoult ot firat glanch to
880 how intrinas nensuro rAnifesta the "how rawch” of the quen-
tity measured, since ﬂmw we wiah to £ind out how mcﬁ:h gusn—
tity there is in & thing we fnevitebly hove to w1l b&ck% on ex=
Wrinsis npeswey: On She ethew bend, wa have defined mensure in
grneral as that by which the smount of quantity that s tginc
possasnes ia mefe known, and if this definition is vnl.id% it

should apply to intrinsic Reasurs. Ferhepa the best way' of

EEEEEE— N ——



solving this preblem is by ecmsidering the follewing pas~
sage of Jolm of 3%, Thome:

Aliud est eoneiderers menmurm et nohmaratun,
sx parte rei copnitae, - aliud ex nodo et ex

parte cogrosdoentis. IXx parte quiden rei eogai-
tue, a9 er uenewre est perfectior nensurvn to,
el notiricetiva {llfue, ntque explicativa som-
fusionis sius vin perfestionis ot simplieitetis
At vaY0 &x m0ée eugnoscsntis ROk nexper mene
nostre, propter summ iwperfectionem, attingit
sbxplicitaten o8 wmilornitatex rel mensurentis
mpra menmoutum: hoe Semen non tollis yationem

per ncoidans ob defestun sornosocentis non pos~

sit uti 11)s memeure ad sogRomsendwm per 1llem,

Samqueer part wediun, rem mensuratam, (54)
Intrinsie watause does mnke the quantity of a $Shing mown in
mmnmmmm-ﬂ,-unm-tmm
She defintsiom of mensure., Mt this maifsstation 10 dopan~
dent won two fuetors, In the first plase, 1% 1s dependent
wpm the mture of $he subjest to which the manifestution is
being mndo, It is posaible thet an intrineio neamue ray rmnie
foat the quentity of a thimg in n elenr and sdequate way o0 a
supsrior intellect but only in & vepue and general wey to sn
inferior intellect. In this esse the Inferior intellest will
have reocitrse to sxtriiialo meesure. This is true of the o~

trinaie mmsure of predisanentnl negnituGe, The intrinsie moe-

mure of an isolated extendod objoot manifesta afiscuataly the

Quentity of thet shinct to the ¢ivsi: ireellret. ™t te tle

- Y -

hunen intellest this menifestation is only vagus amd obscure,
Before eamparing one extended objeat with another we know

the quatity of the first ima very loose and insdequate way,
If wa 414 not there would be no basis for canperiscn, To
answor tho question: how mush quertity is there in sn extundsd
objeat, we enn point to the object and say: that mueh, But
t'ho intrinsic meamure does not give us uuiy agourate and de-
finite knowledge of the quamtity. It does not give us the
presisiom of knowledge that oen be expressed iz s B guUre-DX-

ber. That is why reseourse must b had to extrinsia mossure.

In the second place, ths menifestetion deriving from
intrinsio xsasure iz depsndent upan the nature of the adjeot
ranifested. Whem the quantity of this object 1» something rixed
and sbsolute, it ean be menifested in a definite and absolute
fughion, This is trus of the trensesndental quantity of jwm-
mterial things. Mt the axtension of meterial objeocts 1a
not fixed and sbaoluts, For, as we have pointed out, all reterial
objects are entis mobilia and are constantly in a state of flux,
Thoe extension of every matsrial object 1s always in e atate of
mmngmmmsumumn

~ oot medieq . . -
duced in 1t by the inmmerable physiesl influences to whiek it
is subject. That is vhy even to t e diving mind the intrinasic

moagure found in every nateriel objeet orrnot manifest the quan-




$i%y of Shat ebjest 8s something fixed amd definile. Ir it
414, besming would be jdentified with being.

Axd $his brings us to the answer $o the sesond
queation: 15 t!:o intrinsic meerure of raterisl objsats same-
thing ebaolute? The nswer ie Yoan and no, It ia abaolute
in the sense of not Dosasasing the relativity that ia proper
%0 sxirinsic meaawrs end that darives from the samparises
of cne cBjsot with another, It ip not shbgolute in the sense
Of manifesting & quantity that ia fized and deffaite. The
pertisans of absolute dimensions in the sosmos oonsiatently
ovarlook Shis seeomd point. ul)'o thair argument: e-u ens sat
al{quid, wust be sppended the qualificntion; in quentum eat
ens. To the extent in whish & thing 1s besoming 1t hm
& being and h.nu is not sbsolute. And from this point of view
1% g» um.‘. $rue to sey that the stendard of lesgth has ne
Tixed lemgth. Through a progressive refinement of ui;ntiric
procasses, physios is constantly drawin;: closer to the!ebaolute

world condition. But in mo fur ny tle process of me:suremnent

is conoerned, it s importent to keep in mind thet tuougt this

abasline Gl RBRIN e 55105 s B o %
absofvte warld- oen&:t\ is absol/vTe m o et \'il( A

relative to our weys of knowing, 1t is not abaolute 4in ‘tho

L o

i

seuse of being fixed and irmobile. We are not dvawing: ‘olowe to

u static esommos,

e S

e said above that extrinaje measire £iffers
from intrinalc meegure in that whereas in the lntter the
relation betweon the msasure and ths object meesured ia
only logleal, in the formwr it is somethiny reel. Since
8ll scieatifio momaure:ent has to do with extrinsie moasure
it might be wall bafore finishing the discuasaion of this -
point to try to dstarmins ao exnotly as possible the naturs

of the relantion that arises out of Jysical moasurement,

3oholaaties treditionally distinguish two typlnj
of relation: transcendental lnll prediocamental. The tnmr‘
does ot eonstitute m special category of boing end hence ‘
is roslized in swveral out.go‘;vias. It 18 found whorever a;x
entity, though acmetiding nbaqlute in itaelf, hes in its
very intrinsic nature s msocessary orientation toward ecme-
shing else. The relation of .aot ard potency is always a
relation of this kind. Prsdicemental rel tiom, on ths otl:jer
hand, is a spoecirl mocfdent t:hot is superadded to thLe
absolute entity which it rolates to something elese. /s

. (s¢
Aristotle and St. Thoowa point out, thers are three

, PRESISN 9 PRI solation: 3) Shose Lased ex mumber
and quentity; =) those based on action and passior; S) those
hased on measurs. t. ,homs cl:rifies the meaning of the

{57
third speoles by explaining  thst nme ‘sura here seans sotie-

thing dintinet fra the neesure of nuwiber or ~aguitude,
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the thim speciocs. IS hms %0 do with the "moasuresnt of
being and truth,™ In Shis sense our knowledse of thimgs in
mensured by the things known, thot is %o say, the Sruth of

our speculative soiense is determined by objective reality,

Tuese distinstions throw light upom the mature of

our physical mstsuremsats. In the first place, there 1a a
transcendental relatiom betwean the standayis and the
measuring instrucents used and the reality thet is meammred,
for neither standards nor neasuring instruwents heve any
intrinsie meaning except in relasion to an object to de
wsasured. In the sesond plnee, thers is a real predissrental
relation of Whe first speeiss between sur wnits of méasure~
ment and the quantity measured. Finally there is a predion-
mental relssion of the Shird type hetweon the knonledge that
"o gather from our measuresmsnts and the edjeet measured. But
hore it 1s necessary o introduce a distinetion. The knowledge
thnt comes to us from physica) mes&surement in sefonce is at
onos both spesulntive end prastienl; from ome point of view

18 vovenls Sousililiiniig

T e g o e
reveals an artiele whiek we Bave manufactured. ®Wenoe there

ould seem to bo & dewble predicermntel reletion of the third

trpe involved. T¥rom ome point of view objective remlity is

fobb:

e .

i (-

$he mesmure of our knowledge; fryom amother point of view

our mind is the mesaure of the objecs. Dut of the two the
first relstion is $the most fundanental, for the sscond hes
only a functionsl charecter in relation to it. That ia to
say, the only reason ;lv we become the nessure of the pbjoct
is to make 1t possible for the objeot to becoms the measurs
of oup knowledge in m more perfeet aml adolqunto way. It

is true that we choose the standerd by which the quant ity of
reality 1s revealed, but it is alsc trus that the object
meapured determines the rieasurs. Jome ideslistie physioists

tend to overlook thia point.

3. The Sutions of Measurenent -

*If ealy the sehoolmen had mengured imstead of
classifying,” writes Whitehead, "how much they would have
loarut."(m’?or hiatorioal reasons indicated fn Chepter I
it ic doubtiful perheps just hov much the medieval school-
nen would hn:h:otmny 1sarned if they had devoted them~

aaae o
ulmhrll-.hadnmt nus th;nu-u
no doubt about how much has been leernsd in modern times
through the systemsatic proceasss of metsurement. The

magnificant structurs of modern physics 1n an eloguent




N

- 708 ~

Proaf of $he smasing fruitfulness of wetrieal methed. Yot
¥he spistemalogist must not allow himself $0 become wnduly
inpreased bty this Sowering structuref He smst sirive \o
remain completely detached, apd examine its rmnoaj. with
as mich objeosivity as poesible. His task is %0 assess fts
value, not from the point of v ew of practicel -ucoam; but

from the podnt ef view of pure knowlsigs.

This is the Sask we mist now undertske. Imving
onos recognined the mmaxing suoccess amd fruitfulmess éttho
processes of measurwment it is necessary totrytonniyu
their ltmitations. lemp of these linitatioms have Weon more
or less implioit im wha$ we have becn saying wbeut the meture
«-im.n,unummmuwtouhm—u
explieis as possidles lthonhh.thhwthtn‘m.
Some 0 #ee the trus matwre ard value of the kmowledge Shat
is feund in mathesiioal physios, sines, as we have soen,

all of this knowledge 1s in the last annlyais derived from

moeasurerwnt.

In the first place, metrie kmowledge is abls to
some to g':::‘ -ﬁwwhh the quantisative determinmticns of
nnfure. A® we explained in Chapter VIXY, it is utterly
blind %o all the determinant ;roporties of things in their

spocific es:ences, to ths very fiier nrtures of thlng,s‘, to

>
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lnthnn-toboofthonchndgunnr'su!u
philosophy, for art, nnd folr bwasn life itaslf. The proper
reals of metrie kmowledge 'x'. the homogeneocus oxtorlorny‘
found in naturs, and from the point of view of pure knowhago
thin 1s an extrencly provnrty stricken area, both bocnusa

of the homogensity and because of the exteriority.

Perbaps the following considerations may um
to uuh tha outling of thia: 1mport-nt limitation more elur-
out, }n the first plaoce, 11; must be notsd that messuremant
oan reveel nnture to us on]& in terms of its diftsnnoo;f.
This 13 in itself an sxtresmely significant linitetion, but
it 1s only helf of the story. Added to it is the furthnf
limitation that measurement oan handle those tl:lt‘fcroanj
only in terms of smmeness. 411 this is but a corollary from
the fast that She proper r!oll of meagurenent ts one that

\
Dossenses axteriority and hence differences, and nt the same

i
|
t

time hoogineity and hence sareness. Dut porhaps we can

moke this point still clamr by remdsring 1t riore eoncrote

and precise.

hg o, m WA ED B2 thn Tttt e s Yugr 9% P
There ayve two typn of mioty in nature. Sone

objects differ in kind, as 0,.3. green differs from large and

hot from hard. Other objeots (or states of ot lects) thouph -

, .
H 1 |
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-r\h-ukgd.uttnw&bmthtth'cmntbu
comen elmrnader in varions degress. In faoe of the firast
type of &ifference measuressnt is wholly inempetent for
the simple reason that 1% is & question of diffarsnce with-
out -umxuu.(sg) Heasurencnt oan come to grips with

thess differences only in an indirect way by introducing
senenses tirough an srtifiela) oonstrustion. That i te
Yy, RWMMe-omef\ncumotW-
in the othar, er if eerbain gosurrences in the cme determine
in soms wwy ocorresponrding cocurreadis im the other, then a
sorrelation omh be established betwean them. Dut it need
hardly be remarisd how linited is the type of knowlsige
thas results fium simh corralations.

_ Messrement bas far greater ecapetence ia
Telation %0 chjeets or stwias of sbjects whieh &iffer Yy
degres. But even here an Lpoarimnt dfstinotien must be
mede - - the distingtion between what have beooms known
a3 "intensive quantities~ and “extensaive quantities.”
anpl.n of the for-n- hurdiess, temperaturs.

st T mples 7 e lathe~
-;ﬂﬁ-n Wibion. o Hha ipkser are Langhl, Sime
and mass, but there are meey other exrrples of less im~

portance, such as volums, electric resistance, momantun,

utc. Tha rwesurerents of both of thess types of rquantitica~
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bave this 1n eoxa0m that their differences can be deter
mined by a seriaml arrengement whioch will be both asymmtrie
and transitive, This is possidle bectuse thers is a same~
ness uniting the differences. Rut they ars distinguished
from each other by the fact that in the case of intensive
Quantities the sorial arrancement 1s not additive, ;hsnl-
in the case of exteusive gquantities it 1.s. It makes sense
$0 say that eighty feet of length are twice ss lerge as
forty fest; but 1t is utterly devold of senas to say that
oighty degrees of Semperaturs are twice os hot as forty
degreea. This distingtion arised from the feet that though
in the case of “intensive quantities" tlere is sufficient
stamness $o0 allow the diffarences o be dotermined by a
sarial arrangesnent, this samsness s not true homogeneity,
and eonseqwentiy the ssxies is not additive.

¥e heve explained that all nessurement consists
in an attespt to sssl 1late in some way the objJeot measured
to the astatus of pure numhers. rom this point of view

thexe is & vust difference between intensive and extensive

" M ® 15U PIbat R vhere 15" in afprossh %o

ordinal number. It 1s only en approach bec use of the
artificial and arbitrary elecucnts entering into the arrarge-

nent of the order. In the secound oaro, there is aovething
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more) bessuse of the additive quelity these is an approach
te eardinal mmmber. Put cuee again, it is oaly an approaeh,
sines, as w explained above, the meassurement of magnitude
o2l never emoape the limitations of ratios.

Through procsases of correlation similar %o
those mentionsd s moment ago, the measurement of intensive
"quantities” ean to scms extsnt be assimilated to that of
extenaive "quantities”. This 1s doue when the serial order
of an intensive “quantisy" is foun 1 o correapond to the
serial order of an sxVensive “quaniity”. The most ecwson
omuples of this are the sarwelation ssteblished between
ma_ymm&lﬂthd-mm eolwm
ht“mdem‘nlcdnnnt-utbw-tni

refreasticn, betwesn the dagree of Indensity of & sownd ard

th-xf-xthot.-n. Neasureneut ebiained in thia way is ;
called derivative, wheveas direst reasiremeat of additive
"quantities” {a ealled fundmmentsl. liow the indirect,

artifieisl und erbitrery eharacter of derivative meesurement
is 50 evident that 1% is herdly necessery to eall attention

Vitws

neasuranetit is extremsly ltmited.

m avea in the field moat proper to it metric

knowledge cannot get at the quantitative deterriinstions of

: : N
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the eosmos in the semses of boucl able e tall us, what Shese
determimmtions sre. Preaisely b‘om 1t s "quantitative”
nowledge 1t 18 no% "q\Mlhth!:" knowledge. It oannot
answer She questiom *what™, it dan only snswer ths question
wjiow smeh"? This ia & profound limitation that must not be
1nat sight of. It makes littls difference to ihet extremes
of refinement we sussssd in pushing our measurewents, In tho
mmmmawm‘mua;:z)ﬁujutnm
sarutable as 1% was ia the boghmtnci

But the metris knowledge that is found in physics
cannot sven tell us the "how mash® ef the quantitative detor-
almtions of nature in axy sbselute wy. If mathemticel
physien were Y hsed wpem $he measurement of number, wpom
ocounting, 1% eonld sall we ..ﬂuc absolute about mature.

But as a matter of faet, 1% hghnl fusiementally upea the

. mossurensht of magnitule. m:tt is always & question of

mere extrinsic measure, never of intrinsic meesure. This
means that it never tells us anything absolute of the object
taken by itself independsntly of the standerd. It only tells
us how ous objogt gieniu i oomparisen wish another abjest
under min kiven al.rmtanéno. In other words mstrie
knowledge in sclemos gives us iny ratios. This point is

sometines lost sight of. We tend to trensform the retics




indo shsolute properties of the objests measured. vhen,
for sxampls, wo hear it said that the dsnsity of gold s
19, 38, it is sasy emough te look upon this metsure-auiber
as dsaignating somsthing absoluts that belongs e geld
in se. is a mtter of faet, it merely indicatas the retio
betwesn the weishs of any piees of gold and that of o
volume of water of squal sise. Sir Arthur »ddimgton bes
beought out Shis peimt with his uswal elarity:
aotn‘nvm of physies wo always have two
objests in nimd, the shjest we are primrily

interested in sad the objeet we sre eomparing it

with. Yo simplify things we generally keep as
far as pessibls %0 the same cemparisom ohject.

4
st
i6}
fs
i
1
i
i}
g:

iy

t and seareely metiee that a second
We talk abowt the propsrties
R we really msex the properties
anl & yardatiok -~ ~ preperties
eriense in which the yard-

Just sz maeh ae the elsctron,
the ssoond sbiest at all we forpet
is a physieal objeots for us 1t is not &
it Just a yard. (61)

sHEpARLNIE

il

l :!i{
Biki

E
i

¥rom what has been said thus far it should be
fairly clear that striotly speaking metrie knowledge dces
ot Yeveal to ws. As Professer s
2ok reveal Shings te ua. 4 Defontank
rumrked, "les entites fondementsles de la physique ne
symbolisont que des eoupures métriques dens les choses

don: ellos ne répresentent qu'un aspect. Il est sbsurde
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{e2)
de oonsiderer un atome comme ume choss.”™ Ond of $he most

common exrors in science is to reify provisional mstrical
seggentations and to attribute to them the status of
ontological entities. In this cammection the follewing
1ines of (assirer ure sextremely pertinsnt:

It soers almost the unavoidadble fate of the
scientifio approach to the world that each now
and fruitful conceps of measurcment, which it
gnins and sstadliales, should be treasformed at
once into a thing-eoncept. Fyer does it believe
thet the Sruth and the meaning of the physical
conocepts of magnitude are assured only whan it
parnits cerdeia sdgolute realities to correspond
to them, Rash orestive epoeh of physics dls~
covers and formulates new sharasteristic measures
for the totelity of being and naturel prooess,
but eash stands in danger of taking these
preliminary and relutive meestres, these
temporarily ultimate intellectunl instrusemts

of meesursment, as definitive expressions of

the ountologically real. The history of the
soncept of matter, of the atom, of the eoncepts
of the ether and of ensrgy offer the typieal
proof and sxamples of this. All materialism —~ -
and there ig meterialism mot only of *matter®
but also of Torce, of energy, of the other, ete.,
~— goss hnek from the stendpoint of epiatemology,
to this one motive. The ultimnte constants of
physical caleuletion sre not only taken »s resl,
but they are ultimately reised to t e rank of
thnt which alone ia roel. {63)

The faet thmt metric knowledge in science pives
v Bt i 0 VA VU Faviva Detwesn two obJetW¥s rings
to light further limitations thet are intrinsic to 1t.

If nature itself determined the strnderds, the resultant

rriion would have a fixed and objactive meaning, ™ut es
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Bergaen hes rwnrriced, mature does »ot mensure. Amd simee
She stendards of meesurecisnt ere not given 1n mature they
must be sstablished bty eonvemtion. The muuutmﬁn
of mam must emter mo the process of measurement to
detornine the norm in relatien $o which the ratio =ust be
establighed. Lnn Liecoses the legislator for neture. A:l
Professer Benezs hus remarked, “dire que le shoix de
1'unité est sbityaire, c'est dire que la volonté de
1'opératerr va introduire dans 1a sxmaizsanse wn §linent
r h@l 1a m&hnl.“ »'e plus wuoune prise. Et cels
na nwhmmhmmnwznu-otti
Pas 156 eu sonsible, mais 11 Be lui est 116 que fustement

pares que la volomié de 1'cpéreteur en o afo1ak -1;-1.-'1(“)

ALl this evidently intrefucse ah element of
mibjeetivity amd 48 & cortain sxtest of srbitrariness il;to
our metrie kmowledge. 4s & matter of fact, most of our
systems of measurements derive originally from extremely

trbitrary scurees. In the knglish mystem of weights, rér

th Wi
and the ‘pound was sousequently dsfined as the welght of ‘

seven thousemd of these grains. The blook of matal pre-
servaed in the United

‘itetes Purean of steudrrds now proﬂdea

w
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a much mare uniform staniard, dut the basis roilunty ed -
arbitrariness of the n-anuringl system hes not been changed.
The sane is trus of the measurement of length, es Bddington’
has shown in his own whimsiocnl way: .

if report is to ba trusted, Kingy Henry I, rbout
the yenx 1120, fixed the yard by stretching out
his erm. King Devid of Sootlend (c.1150) more
demooratioally ordained that the inch should be
the msan messure of the thumbs of thres men,

*an merkle man' a men of neasurnble stature, and
&n 'lytell man', the thumbs being msasured st

the root of the nail. The meter lsas pioturesquely
aribodiss the mistakes of the early geodesinta.
Thus the result of all our careful messurement ia
to detarmine, for exsmple, how many hydrogen atcms
to the length of King Henry's earm or to the thumbs
of thres 3gotolman. That does not cirry us very
deaply into the xysterics of NsSure. (635)

It is true that science dose not rest content with the pure
arbitrariness of the stendards just mentioned. It has been
possible to dissover ¢srtain constesnts in the eommos, such
as PManok's constant, the velosity of 1ight, the mass of &
_proton, ete. and these to aom. extent enable the .clsnust‘
0 measure naturo wit!. her ovm g'uge, 80 tu sneak. Nut |
oven these constents are dotormined in relection to the

orizinally selected siandards. And no metter to what sxteht

SR S BN 1AL e b 4 ity 11 probeesis of |

* nrbitrariness, in the last annlysis the esazentiel relrtivity

intriusie to tho measurement of mrynitude will remefn un-

'

touched.
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This essential relativity fmposes aa infinite
linitation upon the metric knowledge that plysies affords
us. For no matter what extremes of refinerent the pro-
gressive porfestion of our processes of moasureewnt may
Teach, the resultant measure-mmbors are slways an infinite
distenes from amy esbasolute meaning., gufrficient attention
1s not slways paid %o this infinite limitation, The ime
pression iz often given that an absolute measure sctually
exists in naturs, though profoundly hidden snd extremely
difficult 3o get at. This is, of course, an illusion.

nmmtlmthmbnonnmli.

cachf &ans la senafble, et 11 1'y poursuit Somene

ou poursult wa gibisr que 1'om sait diffieile &

sttraper. Mtaphore Srempeuse: 1%irposstbilits

ds 1'atteindyre e Sient pas au fait gque 1a

msure sxaetcserais M ocushie, mais

Sextative du Jugoment &*inpeser & ls mattdre

1'influnence 4'un 6}4went, 1twnite pure, qui

lai ead eriginairemert Strangive. (ce)
I¥ should be olesxr why it is 11legitiniote to dismiss this
question, as some suthors do by morely stating thet our
Reasure-numbers are only spnroximetive. Yor approximetion
W.M‘”‘&ﬂhﬁhmﬂhm oase

no such terminms exiasts.

In order to make up in aoew way for thia

linitation science rmst seck to remnin in e strte of

- 19

tendensy towerds the dtalecticnl limit of the minime mensurs,
The Possibility of indefinite progresa in thie tendenoy, even
though 1t would nevaer succeed in trivaphing over the mut-uu,
would at lesst provide acwe coxpensation for it, put here
e are brought up short befors another restriotion, Yor sven
though thooretloally this indefintee drogress ias Poasible,
bractioally 1t is not. There are, in fuct, ldoﬂnxto linits
to the asoursey of our Fessurements in atomie physics. ror
Bo smtter how highly refined our instrusents of Beasurement
become, thay are #n the last analysis made up of atoms them-
sslves, and as Plasek hag recariced, “the accuraey of any
osesuring nuutrl-nt 10 limited by 1ts own nnnluv-mu."(”)
Moresver, it 1 irpoasible for us $0 recetve any " sss e
fron natwre of grenter refinecent than that brought to us
by a eomplets photon. Thig 15 a vory serious confinement,
énd at present at loast there ssems to be no way cf eveding
1%, As 31r Jomes Jeans haas said, "we have clumsy tools
at hest, and these oan only meke a blurred Plcture. It 1a
like the pioture & child might muke by aticking indivigib)e
walfers of eclour on to o m.'(w)

Yew

In relation to this cuestion of the limitation
of the accurncy of measurenont in atomie Physica, the muok-

discussed problem of indeterriinian realily coiss to rind,
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9o mich hee besa written abewt thumuumtimu
that 1t hardly sesns nedeammry to ge into detail in u:phh}ing
its mature. It is well known that elassiesl meshanics wes
rigourously deterministis. Ita whole strwsture was built

upon the assumption that cnr; given state of umiverse was
caapletely predetermined in its antecedent stete, 1n ‘iuch s
way that if all the slements entering into shis antessdent
state had been known, 1% could heve beea ‘Ih—tlnuy de~
duced fram it. And this applied not only te the universe as

& whole Wt %o every individual particle eontained in it. The
future state of saeh partiels was alresdy prescmtained in its
bresent state. IMest, present, and future were perfestly con~
vertidls. I% 1s $rue thad the existenes ef statisties) lewe
Was resognized, Wt this existenes was attributed -noh- ‘to
md jectire igwrense, axd net te any o jestive indeternination
in mture. That is why theamsodymanics wes for 2 long time eon-
sidered 39 be the lomat scientific of all the branctes of phy-
sies, and it was taken for grented that as mcience prorreassd

the role played by statistical laws would inevitably decrease.

"bout ow ABS mather of feet, 1814 Jest She eppeddte that
has Saken plees. Statistical lews now reign supreze in asonic
Physies, and olassies) physios' fond dream of determinimm has

besn campletely dissipated. ‘rogress in science, in general,

\

p——

.
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and progress in the refinessnt of messurement fn parti-
sular, bas not provided us with gr-t& power to prodiat
future states of partieles. On the eautrary, it heg de-
monstrated with 1noroaiing olarity our utter incapoe%ity
for naking such predictions, It has now becoms gcuj)rnlly
recopiised in physios thut 1t is 1 podsidble to datcxi-nino
both the position and the velecity of a partiocle a$ fthq
same tins. It is posatble to determine with greet l?xoen-
racy its position by preseinding from its velooity, ‘-r
1ts veloeity by prescinding from its ﬁoaition, but it is
impossible to do both lllmltnnoonuh/. Rot only th-g, but
there is & scustant proportion in our knowledge of t:h.n
two fagts; that is to -:ay. in the preoises measure 111: which
our mowledge of the pt:mx‘uon increases in nuunq.i, ouy
Jnowled,® of the velosity decreeses, and viee mu. And
this proportion is equsl to Planck's constant, h, t};u quen-

turi of aotion.

41l this has booo;m known as leisenberg's prin-
o1} #€ indsterminaey, and o greas desl bas besn wiitten
about how this principle whould be interpreted. It lwou1a
take us 100 far afield ‘to attempt tc anamlyze 1iis philoso-

phioal significance here, but in &o for es our presert pur-

pose is sonocerned, jt is necesszry ton point out tlet threre




are s fundamental issues involved im thie Questiom,
&l both of them reveal an intrinsie limitation of the

process of meeasurenent,

In She first place, the velooity and ponitionm
of a partisle oarmot be simlteneously measuredl with »
high degres of aseureey simply bessuss sush n thing i
& contradiction in terms. A partiele in motiom is mot
in pleco; 1% {s passing from oms plaoe to ancther. And
the higher the weloeity, the less is 1% sonnested with
any one definite ﬂ;nu. At any givem instant one ¢mn
-pnkwu-pont;‘i.om&pmcmmrmiunu-
sity. It is trwe Shat by beiug satisfied with rough
wd inexset measurements we exn determime bokh the po-
sition and the valosity at the sexw time, swpecislly if
the velooisy 1s low. But ns soom as we try %o determine
both of them with a high degree of ascurecy, we shrll find
that they are necessarily nutually exclusive, for a thimg
is moving to the extent in which it s not in any one po-
sitiom, and 1% 1s in & definite positioa to the sxtent

T A NN SV 1S R Barpetatss, then,
thet selence finds it impoasible to meesure both the po~

sition and the vslocity simultaneously with nny grest de-

gres of rocuracy. And ell this shows how the “rocess of
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ngaguremsnt, by the very fuet of 1ts being ;;orfntoc. leady

us imevitably into mn impesse from which there is no eB0Rpe,

But we are far from pretending thet this is an
adaquate solution to the problem of indsterminacy. There
is in feot a good deal more involved in the question., And
the prinecipal issue is, of course, whetlLer the indeterminsgy
which soclencs hes discovered in 1%s processes is e revelation
of an odbjective indstarminmcy actually oxisting in pature
itaelf. Ous wust olways be extremely diffident sbout attemp~
ting to determine ths philosophieml aignificonee of the tea~
ohings of sxperimentcl soienos, and it would be foollardy to
arrive at hasty conclusions. Dut we fmel thet at lesst this
mieh ean be s01d: in the mensurs in which scientific indeter
minaoy 4s s revelation of onmtologienl tndeternineey it s in
perfeat Mo:mit‘y with ’Mﬂl'-— s8]l the writings of con~
tenporary Seholastiocs to the contrary notwithstanding, Ko one
oan reed the works of Airistotle and St. “horrms witrout being
inpressed b the larse maensure of sontingency rind trie ob-
Jeotive indeterminiem thet they attridute t‘o the material uni-
vIessr, ) 1p smething that 1s & pivetal poixt in the shale
Thonistio syste, since it is an imwediate coro’lary of the
dootrine of mtter and forri, To deny objective indeterminigm

to the rateriul universe and to «Ifirm at the same tine that
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emp of She ee-prinsiples whish ecnstitutes the very ssssnse
of the things of the universe is & primeiple of pure imdster-
nination — prine matter, is m sontradiction in terms.

An sdequate dissussion of thias question cannot
be given here. That lnas -lrculy been sacoonplished with ad-
mireble skill by Professar nq’xmxnek.“”w. heve introduced
the problem omly beeauss 18 rewsels snother important soures
of limitation of the messuring process. Yor, am we pointed
out at the begimning of this Obapter, thsre is -o-.thug@t
onos both physieal and methematicnl rbout tUw prooess of mee-
surement. The mathewstissl eharaster is revesled in its at-
tempt to arrive at smet deternimation. If measurement were
being eerried om in a mathamsiesl world fram whieh 21l oon-
tingsney is exsluded, tlw refinsment of {%s exmetitude eculd
80 ou ad infinitum, but ss a matter of fmct, seientifie mes-
sursment 1is onrried om in & eosmos thet is rilled with oﬁaneo,
and that oonsequsntly is refrmctory to the exact determination

whiloh neasuremsnt seeks to realize.

This dissussion of the progresaive refinement. in the
conil 1 Faal 0 nehaarement Talees b quovtich whith surnst fo overe
looked. We lnve seid that the definitions which result from moa-
-mg oon never be enything more than opsretionsl: physicel

properties are defined in terns of the concrete pmoesso}. by
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which they are determined. And at first sig.ht this seers to
involve us in an inaolueble prollem. For since phyaic' 1l sro-
perties are defﬁxed by the procesaes tirouy!. wiic: troy ere
massured; since every nee:uuri.n;' process involves the use of a
diyaiea) fastrune.t; nnd sinee & fustiweant o rol Ve er:wn
or asftned oxeent v Lewm g of 1tg Lronerting, 1t 1s Al ?fiCL]t
to nes bow we cau encmne &n iimediate viciou.s cirele exeopi
through anot.aor vicious cirele, w ic! wo-ld consist I: felling
baeck upor the ssnses t‘ljmn» uho:ﬂe Iimitetionn tlhoe whole prncbsa

of meamrorsnt 1s irtended te dellver us.

It ia true, es wve pointed out i Chepter VII, that
all thysieal experimentstiaon finvolves &n ultisnte tependenoe
upon sense. But this doss not meen n going buck to theo 1imd-
tations of the senses which pixyaual agiernce onco_-.mters at' ita
point of departure. And we can escape this wit'out gettiné in=
volved in & vicious eirelo. I 13 not n question of & cirélo;
tut of an ascendin} sﬁmﬂl. In the bu jnu; ne, _:,cie‘;.ce, by
iniddns ugo of ordim ry erpse éx ta, WM@{"M!:]M{!—?‘
physicel thcory. The substit.ticn of cea g rin; indtrunents
nakes i3 possible to correct t.h‘ primery theoryj the new tljuoz"y
helpa *o vave: 1 #\Q,d@iﬁicienc!_.es of the J,A@Laxlm,dﬁ unyloyéd
aud makes 1t possible to porreet 1.5.%‘6}1('0:}7;1\ vho uGs =0 more

i

perfact Lnetruments science i§ e arvive aj—e\ nere /9€1l'foc:
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theery, and »o oo od Infinitwmm,

There are two things that must be noted about

this process. In the first plooe, it never errives at pox-
foot axnotitude. And this 1s an important point to keep

in mind, For i% means that from Shia point of view mathe-
matiesl physios doss not have an adbeclutely esrtain point

of departure. I8s primry date, the metsure-nmbers, are

not truly esrtain. And the fundsmental Tekson why they ere

not m.mutmmqumnamwam-mtynut

cannct be astained in the realm in whieh 1t 1s being sought,
From Shie point of view the prirary dats of the parts of the
study of naturp that are not mathemtieized have greater
certitude. This is %rue sbove all of the philosophy of me-
Sure. But lest this limitatior Sprear grenter than 1t actually
1s, attention must be patd to two polats. First of all, even |
though the messure-mwbors are not osxrtain, they are certeinly
&n approxinetion, and acience is aften sble to determine wit':
great exrotitude the limits within whicl. this approximntior cere
tainly mx-. m -b:::u:’.v or 1t- highly thotn-utia} e
-hnum. mathamtionl pijstes ts not so sasentially interes
ted in the certainty of its point of dsparture as »

surely

inductive seience must be, In & senee it is true t« se. that

it is more interested in ita point of arrivel, 1t 1s satisfied

with smy point of departure whieh will provids a sfficient

basis for & theoretieal shamstmre whioh will eventually “esve

the phanomena,”

the second thing to be noted sbout the process
we have been discussing is that the nrors highl: refined 1
gets, the more inplicated it becorws 1in theory, and eonse~
quently the mors deeply i-nersed in mhjoouvity. The use
of she yard~stiek doos not depend upon very many theoretionl
essaptions. But the extremely elaborats and sanplioated
instruments now employed by science ere depsndsnt upom &
veritable mame of postulates and essumptions. 4As & matter of
fust, does not our method of desiding that ons prooess of
measuremsut 1s wore sesurate than snother consist in deter-
nining Shas 1% is mere in ssecrdanse with our theories and

with the lswe which we hnvg assunsd to be trus?

This brings us back to what we saw in Chapter IV
about how the subjoctive logos is injected into pature tirou-h
the procuasss of exporinentution. Everyt.inp thot wes ssid
in that eomnestion applies with pcrtteulnr force to the pro-
o:j-m mmkk -umr-mt is sn mruttu whieh
we perform upon nature, and this operation has » double &spect,

In the rirst place, it involves a mental procedure which gives

the operation a meaning on): by plsein,: jt in e Lirhly com-
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Plicated pattarn of interwoven asswgtions. In the secomd
plage, it involves thie actuml physioml prooedure of meAsure~
ment. Both of these ampscis implieate msasursmeut in a
xanifold of somplex linitations. But for the moment we sre
interested only in the éentel procedure by which kypotheti-

otl elesents enter into ths operetion,

Mssgurenent has been considereld LWy sowe es a purely
eapirical pmcdup. dependent onl;, upon porooptloﬁ ltd(::;
mesns, snd canpletely free of hypothstionl assuptions.
Rothing eould be more falso. Rot even the simplest messuring
operation has & purely empiriosl end tmmdiately ocertain star-
ting point. Thewe is always « mltiplicity of scAceptual
Presuppositions lurking in the baskground, whieh, though sub-
t1y implieit, determine, nevertheless, the whole meaning of
the presedure. If all the implicit asewnptions upom whieh
the ordinary proesss of messuring tempersture by mﬁans of a
golumn of mereury could be disengsged and leid bare the re-
sults would probably be stertling, IHow much more is not the
slaborute and oomplioated scientific processes of messurement

i i M _oir.nvmmm toms

80 into the whols oconceptunl seiting up of the .xpérimnnt, in~ -

to the oonstruoction of the instruments of mecsurament eam-

ployed, inte the preciae wey 1n whieh tiey aro used, and, in
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faet, int0 every cperation that goes 10 pmke up the ex-
()
perizental prooefure. And every sttempt to verify thase

assumptions only leads into » more complicated network of

presuppositions.

Since & n\nbu; of thinga have nlready been sseid
about this general question in Chupter IV, we shell no:t atm
tempt to develop it any r;urthu' here, Dut we osnnot #rmin
froa quoting the following lines from Irnat Cassirer, who
has laid eonsideradle stress upon this point:

Yor any, even tho simplest, messurecent must
rest on cartain thearstiosl presupponitioms,
on certain 'prineiples’, *‘hypothsses,’ or 'ax-
ioms,' which 1t does not talke from the world
of sense, but whieh it brings to this world
an postulates ef thought. In Shis sense, the
Teality of the physieist stands over egainst ‘
the reality of jmmediate psrception s something:
through and through mediated; as a system mot '
of existing properties, but of sbstrest intel-
lectunl aymbols, which serve to express sertain
relations of mrgnitude and measure, oertein 1
fundtional coordinciions end dependencies of
phenomente ¢ « i
In tLis pense, ecgh neesurerient contzins e
puraly iderl element; {t is not so -uch with the
sensuous instrunients of mecsurement that we
mensure natur: 1l progeasss ! s wit our own tloud;itas,
The instrusents of measurewent are, ss it were,
only the visible embodiments of these thoughts, -
* g el Shan txvelves 1%a ewn theery end of' |-
fars sorreet and useful results only in so far
as this theory is assuned to be wvelid. It 1s not
olocks and physicel neasuriny-rods but principles
and postulotes thet/are the resl instruments of |
mengureient. For in the nmultiplicity end mute=
bility of naturel phenocens, the thow:ht gosacn‘ou
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& ralatively fized standpoint smly by
i1%. Im the eholes of this stand~

» bawever, it 1s not adsolutely de~

tornined by the phenomana, but the choios
romsine its own deed for whieh wltimetely
it alons 1s responsidle. {78)

But not only do inmumerable limitations result
from the nentrl opermtions which sonstruet the prosesses
of measurement, they also result fyom the physiesl ope-
retious involved in the motuel conarete prosesses. This 1a
an extrawly importent point and too much attention canmot
be paid to it. It fwmedimtely reminds us of all that was
said in Chapter IV ahout the opersiional eharecter of the
definitions of sxperimamtel science. But & few spestisl com=
siderations must de introduoed hers whieh apply in @ per-

tioculor way to the procsss of measurement.

In the fivst plees, it 4s important %o keep in
nind $he proper resson wiy definitions of magnitudos are
necessarily operationnl: #he measurement of magnitude etn
never give us more than @ proportion between the objsot
noasu_r-d .H‘: m-:ud -aplé5-o;d. Consequsntly the whole

WM Aapunis wien Shw ey In Wi dh the
standard is ehosen and the precise manner in w.ich it is e~
ploysd, and all this involves innumersble arbitrery elenents,

as we huve alreedy sugiest~d. That is ¥hy the knowledre

|
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whish the nsesuremsnt of magnitude gives us is always
essentially relative, even when it iz @& question of the
doterminntion of the proper length of an objeot. Ry
proper length in physios &s und:rstood the length which
results from a me: surcnent in which e sterdeyd 1s applied
to an object thet i» ci reat in reletion to it. 1Ir tox: on
we ahall see that e zecond kind of ralathl'ity enters in

when nmeesurenent ias rmds of an object in mo.fon.

Decsuse number is something sbuolute, ocoumting
is sn absolute opuration. lo rmtter how muny differsnt
ways of coun$ing & osrtein given plurality may be devised,
their results must coincide exuctly if thsy sre to be true.
As a matter of fuet, sounting is not esasentially an experi~
mental process, for it doss not necessarily involve a men-
ipulation of bodles. It iz true that physioal menipulation
7y be used s an nid, but in itself cou ting is s purely
miental operation. !wgnitude, on the other hend, is not
sawthing absolute, nor can the operation by vhich it 1ia
dutermined be eonsidcred ahsolute. It 1s possidle for a
mubey of Aniivitwels to metsure the seme extensiem by mesns
of different operations nnd ell errive at different rasulta.
And 1% is posasible Lo consider all of these reasults as

equet.lly true., To conceive the results of & certain meagure=
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ment of magnitede ey the revelation of momething absolwte

in nature to which ell ether operutions must sonform 1a fo
miseonstrue the whole mature of mgnitude, Thet is why
such msasurement ean never bave any mesning independently of

the concrete operations inwvolved.

And all this weens seversl things. In the first
Place, it means that 1f we wish to get at the exaet ‘
significance of u definition of a length we wust be abls
to specify oampletely and with perfect precision all of
the operutions which hnve entered into its determination;
Boocause of the extrems omplexity of even the simploest kim
of measurement this esems to bs an impossidle task, not
only bacsuse of the innumerable slecents involved, but aino
bessuse the operations interfere with each other, and there
is no way of tlxﬁg upon the exact naturs of the different
interfersnoes. But even if ome eould speoify the opentiou
carpletely aud with perfect srecision, the results would be
ver;y weagér. Yror in the lust analyais this specification
mu.ld consist 1n —rnly polnuns out gertain processes and
eertain material inetrmments. Ome 400s meh revond very
much about the nuture of man by merely pointing out ‘n

individunl msn.

O
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The operetional ehax':lotn' of the definitions
of length menns thet whan the cperstions change, the
significince of the definition changes. As Professor
Bridgman hss nointed out, *In gx.dnaip.lo the operution
by which length 1s mensured should be uniquely apecified,
If we have wore then one set of operations, re _hr Ve rore
then one concept, and strictly thers should be la asepurete
name to correapond to ssch differsnt sat of o;-art-tlon-."(?s"
The primary weusuing which nwauui-omant hea in physics 1s
thut found in the determinstion of & length by the direct
spplication or juxtaposition ot'n materiel stendexd to an
ohject at rest in relution to 1t;.. But not &ll the mezsure-
monts with whish physics dénls oem be srrived at by the
seme opsration, snd when new types of operstions are intro-
duced, .tho wesning of the px-oco;- changes, PBut lest
oonfusion urise 1% might be well perhsps to point out that
this does ﬁot moun thet the results of the mansurare:t
depend solely upon the nature of the operrtfons ermnloyed,
for otherwise 1l objectn measured in the s ~n way .would
have the sxms length. ¥e shall have ® similar remerk to
ke in &onh.l;&lon with the second kind of relrtivity

mentioned & moment ago: the resulta of the mersure-ent of

a body in motion do not depend aolely upon the freme of
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reforense in relatiom to whieh it is msasured, for otherwise
overy body measured in relation to the stme freme would heve
the srme length.

This relativity of mensurement is often lost sight of.
One typs of operation is constently being substituted for
ancther on the presusption thet thuy are squivalent and
interchangeabls. an operstion proper to one field is pro-
Jected into anciber fisld where determinsnt fugtors are
different, and it 1s tacitly ascumed that the opsretion pre~—
serves its original meaning. How is % posaible to hnve
any assurence thut sperations whish give sinmilay results
unéar esrtain siretmstances will nacessarily give similar
results under any other eirsumstancssy

Perbaps a few eoncrete illustrutions will serve
to dbrimg out more slowely this importunt limitation of the
messuring yrouau.(,“xn the first plnce, & very simple ex~
ezple 1s found in the difference betwcen fundsments) end
derivetive measurs:ents. .1l too often ihose two typss of
mstauremant are ssasidersd to be prastiocelly equivalent
yo: 't?::.! :'l‘:’ .°::.’f" ‘!1;;;,-:1;” tn th; ‘o;;rat‘ionn by:+-hoh '

they are dotermined. . more import:nt cume is thrt of the

wer surement of a hody in motion. Juch a process involves
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Opsrutions that are .uite different fron those involved in
tlu; mensuremant of a hody at rest, and the higher the
velocities of the motion, the more complicrted do these
operntions become. As & result the meening of the procees
umlergoes a profound ohrnge. 7We shall heye more to sy

thout this ¢ ae later on beceuse of its et 11:1 fiznortrnce

in modern physics.

Another way in which the oongept of length
1a extended beyond its originnl meaning is found in the
metgurement of extrenely lerge objects. Here the *teactunl"
operetions whioh are euployed in meesursments thr.t foll
within the range of ordinary sxperience, and which consist
in the successive direct appliocntion of the atendsrd yod
to the objest, cem no longer be eaployed, and optiocel
opsrations are substituted. This 1» elrerdy found to some
extent in terrestria) measurerients, but it 4g pertioulerly
true of solar and stell:r distrnoes, where the chr racter
of apnac 1sa entirely onticrl, snd where ne onportunity
1a given of making even a pertial oomprrison beswoen
Savtual and optteai epiiattons. 'And the smplexity of the
operntions inoreesses in proportion to the remoteness .

the dis$tnce me: sured. As Bridgman has remr rked:
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At greater and greater Aistonoes not only does
experimental accursey begome less, dut the very
m.ture of the operetiona by whieh length 1s teo
be determined beoomes indefinite 8o that the
diatr:noes of the moat remots steller ob jects

an sstimated dy Aifferent obaervers or by
different msthods may be very divergent . . e

‘e thus see that in the extenaion from terrestriel
Yo great astellur distences tie soncept of length
has chenged esarmpletaly in aheracter, To o'y tlat
4 cortain star ds 10~ light yours distrng 1a
scturlly and eonosptually an entirely &ifferent
kind of thing from saying that a certain goal
post is 100 meters dsatent, (75).

Scmething aimilar to Shis oocurs when msasure-
mont 1s extended iu the direction of the infinitely svrll.
The operetions involved shange; thay become mare indirect
and more highly sompliected. Consequently, the results of
mierossopic messuremonts have a 4ifferent neaning than those
of molar physiss. In this sonnsetion it it interesting to'.
Wote that though {n the determination of the Rumber of
molecules in n certein pieve of matter we are foreed to
uss indircet end coplict.ted mehtods, and though diffarent
nethods mny give results tlet mre systemeticer 11y differenrt,
there can be no doubt dbut thnt the number of molecules is
the rosults do not depend for their rwening upon the
operations employed. In so far as these methods are

thoorotict—l]y good &nd accurete tLhey must 11 irrive il thre

same Absolute result, Puk it doea not seex Lo mike any sense

‘ %0 say that in the determinetion of length, mass, force and

other quontitiea of this kind iavolved in atomic physics,
woe must arrive at sonething absolutely éinn in naturo in-
dspendently of the operatiens which enter into the dster-

minntion,

Of course in v1l of these om}m. of the extenaion
of measuremant beyomnd ite original meening, the changes
whiech result do not ocour in a tortuitm?- and uncontrollable
way. That is to esy, the new oparations are not chosen in
a purely rbitrary fashion; they cre selected by design in
mich & way that within the reelm in which both the original
and the new epercsioms may be epplied, they both €lve the
same mmerioal results within She linits of experimental
error. Yot there is never any assursnoe thct when the new
operations are applied outside this realm where new eircum=
atances are involved, the ariginal coincidence will be

preserved.

"I 1a posstble fer seversl divergeat definitions
of length to he e'ployed $n oircunatuncen in which direct
measurssent is impoasible, such as, for example, in intense

electric and mgnetic finlds. This ia quite lsgitinrte,

. 4 : | ,
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Provided thas, as the fields tend toward wero, they all)
converge towards the accepted definitiom. It is 1xpossidble
to say thet cns of these definitions 1a right and the others
"rong, For they will ali be sonfirmed by obaervation, since
the very obssrvation will depend upon the theory thet ia
originally ascepted, But as Fddington has pofnted out, 1%

must b kepS in mind that the distences thus meesured will bde

psouﬂo-dutanu-, "sinoe they lrok the most fundensntal
characteristie of the matrolaogicnl comsaption of length,
neuely the eorrespondence between sinilarity of length and
sinilarity of phystcnl -truetnn."(n)

The second $hing thst must be aoted in regard to
this operstiencl ehermeter of the meamuremeat of magnitude
is thit the opersasions in question ere couarete, physical,
mnterisl operations. No mettar how comg:letely mathemeticized
or how highly theorstical physica nay Lecorie, the definitions

of the quantities invoived fr it are nuver independent of

singular, conorete, materinl operations, nor do they ever heve

wmwummntu The definition of
N £, ¥ the e . :
length of a Reladivity physiciat is the acme e thit of an

ordinory metrologist,

If, inatesd or length being defined observutionrlly,
1ts definition were left to the pure mathemeticirn,
a1l the otler phyaictl tw atities would be infected
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with the virus of pure methematics . . .

In el)l orthodox physionl theory, the metralogionl
prictiocs ~ - or more stristly the prinociple which
it ettempts to eorry out = - supplies the theo-
reticel definition. Thus 1t is secured that, when
the experitientor checks the theorist, both are
roeferring to the ssms thing.

Ac ordingly, by length in rels tivity tleory we
meen what ths metrologist merns, not whet the
pure goeometer rerns. In sccept!ry relstivity
prineiples, the phyaicist puts aaide his

puramour pure mathsontics, dismisses thair go-
between metaphysica, end enters into honocureble
maxringe with metrology. (77)

Prom the point of view of the logical structure
of sclence, the limitetions which all this implies are
sinply enormous. 1o definitions in physics are detached
and universel; thoy are all tisd down to partioulay
mntorial operstions, They heve no signifiomnce in-
dspondsnily of the comorete instruments of msaguryenent

explayed.

All too often mecauring instrurenta cre looked
upon alnost as if they were i-rr t. riel cognitive faculties
which reglster events in + purcly trans-subjective f:uhion.
But a moment'a reflexion will show how far this is from
the truth. 1In the proosssss of mezsurement the inatruments
employed do mot remnin purely passive; they snter into
the oxperiment in an sotive wey. For olviously e phypical

instruriant oun revenl an evert to us or.lv if there 1a ¢
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physical eausal sounestion between the instrument and the:
. . ot ]
eveut. Amd this causal eonnection inevitadbly involves an

interference of the instrument in the event.

The seriousness of this interference depsnds
upon several frctors. In the t'irat pleoe, it is clear
thet the int rference will ordintrily be greeter in pro- :
portion to the greater imperfection of the fRstrument em-
Ployed. And in this comection it 1s necessary to ruall?
that perTeot hutmtl».ﬂnt only in She mind of the |
seientists; they do not exist in reality. QComsequently,
there is always something defective about every naaMt
made, Noreover, measuring instruments mever remein the
sane; they ars oon‘t-:t].y in a state of flux. The vory fact
that instrusents wesr out 18 & sign that Shey sre at all tices
subjest %o minute derangememts. Mt sven if meesuring in-
strunents were perfect there wonld still be censideradle in~
terferense in the event that is measured. For purely materiel
things cannot register objective events in a purely trans- |

sub jective fashion,

T

AT RSy Shpitint Tuibel Wi Whileh the sericamess
of the distnrbance depends 1s the degree of refinement demended
by the experiment in question. In molar physiga the interfe-

rence is relatively light, thow h even here it cennot be over—

|
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losked. But in the mieroseopie world the mt-ricua. 1s
of the sene magnitude as the Quantities neasured, and cop-
sequently the limiSations of measurement in this realm are
simply enormous. The degres of intinssy in the comss)l cem~
nestion baetween the measuring linatrumnt and the quantity

measured has also much to do 1:n deternining the serionsness
of the disturbense. In the neagurenent of m!..crosoopic pho;
nowena the cnuni nexus s extremely close, and as » result
the interfervnee 1s of great magnitude. This megnitulde
deorsases in proporsion to the increase of onusnl d{stence
between instrument and event, :but it ocn never be reduced to
»ero, since, &s Meanok has reomrked "if the ocuse) distance
15 aasomed %0 de infinitely great, 1.e. 1f we sorpletaly
sover the odjest from the mensuring instrument, we learn
nothing at all ebeus the real mt.-(nx)tor mist the fuct

be overlooked that when experiments. depand upon & multiplieity

of pointer-reedings, there ia ﬁocaaurily mitual interference

between tham,

Perhnps one might be tempted to think thamt this
limitation of meemrement 1a ok se serious as it appeara st
first sight, since 1t ias posaible for acientists to take eo-

count of the interfersnces in question and to mele compen—

It must be sdmitted

sations for them in their computetions,




that eertain possibilisiss of this kimd lis open. But
they are sxtromely meager in somparison with the problem
in gquestiom — if for mo other reason shen that every at-
tespt to sccount for & disturbence involved in & meesure-
mant demands enother weaswrenent for its verifiection, (79)
and this olwvicusly starts us out on an infinite series.

In our discussion of this limitetion of measure-
ment arising fram the causml influsnes af the instyument upen
the quantity seesurcd we have bsen using the terms “inter—
ference” and “disturbance™ becmuss they are the sxpreasicos
which have betome swrTent in the modern selsntifie litersture
which has trested shis problem, Mut perhapa they do mot
dring out the mest profound aspest ef the guestion as aseurately
23 oould be desired. For thay Send $0 give the impressiem
that the eausa)l influenoe of the instrument is & purely ae~
eidental and extrineis thing, or, in otler words, that the
meAsure-nunber energing from & process of mensurermut is es-
sentinlly a revelation of the object meraured, but $his reve-
Jation ML RPR AW A SETiagielly nolitiet by
the tnltru-&: “:..i-.' o eonecive the problem in this light
is to miss the main issue. Fror weasure-numders srs esasntiell;
the product of both the objsct memsured end the instrument

enployed. And here we liave in rdind sor.etiiing more ttan tle

- m'—

Polxt brought cut above about messure-mmbers boing mere ratios
resulting froa & eamparison of sa objess with & stendard of
masurenent. We have in mind here something that has to 4o
with physierl omusetion. We meen that the measure-muders

are works of art produced by the Go-oausality of both the ob-

Joot measured w:d the neasuring instrument.

Terhaps this point oan be clerified to some ex-
tent by a sim;le Aistinetion. The influsnces which an ing-
trunent has upon the results of mecsuremsnt are of two kinds,
Some of them are omusel, and in @ sense extrinsie, and tlese
the seientist may labor to oorreet, or at least, to aecount
for. But there sre other influences whish are essentisl,
sinee they resuls from the very nature of the instrument end
Irom She very purposs it wes deaigned to ashieve, and these
it would be nonsensicel for a selontist to attempt to elimt-

{80)
nate,

Profeasor De Koninck lLasa brougtt out with grett
exmctness the fuadaentel iasue involved in this question;

Eutre oes nosbres-mssures reperes sur 1'cehslle

fun“hm o 20 ‘Wuiet materiel,
Ty w fu fobPfoution dont &n ne peut 7o ire
abstraction sens tombey dans le subjeotivisme,
Ne eonfondons pus ln domee preseientifique
aves le nombre-reaurc qui n'est pas une traduc-
tion imiediste et rdéquate de cette donnes.
Ce n*est pas 1'objet sur le nlateru de la ba-
langs qui aerp le poirt ce degart propre de

1’ 8laborat ion scientifique, nuis tel nombrg
sur 1'ocholle graduso AAQUi] B'arréte 1'ade-
gullle. Une 1015 dofinie la propriete, ie

ne puis 1'attrituer tells quelle A Lrobjet,
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Smmme o1 la Baianes n'etait qu'uae esphes ds
ridesu ¢% qus dans 1a pesss on eplait vdsrrisre’
12 Blence por surprendse 1'odjet tout mu,

(Xt 6'est dlen co quton eroynit faire avent

Ja oritique einsteinienne des mesures ' aspase
ot do Sepa, oubliant qua lea oirecnstoness nimes
&» menaurasion font pertié A*une definition ot
q\.u s Aifférence de eirconstences ohrngn qQue-
litativenent oetto &éfinition, Dire Gue des
dafiuitions de longussy Qualitativement d4f-
férentea dofve:t avolr 1n néoe vole:r quant -

tative e'eat tnebor dens e relativiems dont
Tinstein nous a liberes. (M)

(luott!nmmvhytu.pmtmmm
lost aight of, at least %o scme extent, results from the in=

nate and inevitahle tendoncy of saience to 1denlize t}-; o=

tities with shieh 1t deels. Az we pointed out in ChaptexIv
[ ]
the physieist senda to substitute 1n his mind an uonl‘ £o0~

netriesl model for the physier) spparetus mith whieh he is

working. Ms tends to de-materinlise his instruments, in sueh

a way mtlomt.umm,rurmphhtmlrw

into an Lraterisl nater. Bpeeking of this questiom sir Ar-

thur ®adin:-ton writeas:

Primarily we sey yard ratlier thrr Yard-stiek
beoe:isc & great many oquivilent subatitutes
Tor the yard~astisk are poanidle., Mt we do

M’W&k‘.m". ShITR]l name :
toi - wWrlety of m&um. ’
Or systems; we do not think of 1t ns ap ob jeet

at 8l)l. Y crent that enotler physieal ob jeet

my be an equivalsnt substitute for s+ yard-stieyr.
e Y do not grent thet a de-mterinlized yrrd -
is &n squivelent substitute for yerd-utiok.

N

.. - —

When the quantum physisist employs & stendard of
length in his tbheory, he doea not freet it as en ob~
Jeat; 1L he 414, he would sescrding to the prin= -
eiples of his theory have to asasign & wave func-
tion to it, as he dous to thw other objests son~
cerned in the phenocmena. In my view he ia wréag.
EBither he is usin; the atandard length as a sudb-
stitute for the second body eoneernsd in the ob-
sorved relation of size, in which eese Le ought

to attribute to it & wave function, so that he

enn hring 1t into his equations in the seme wuy

tliat toe ascond body would Leve been bruught ing

or he ia trestin: size as though {4 were:not an ob~
sorvabls Wliticn dotween ons physisal objeet and
another, and the lengths referrad to in his formlse
are not the lengths wileh we iry to obeurve. .
We bave to resognize then that wiet ars enlled the
properties of an elastiron arxe the eombined proper-
ties or relativns of an electron and some other
phyesioa) aystern wi.ich constitutes & gampurisch ob~
Jjeot. For an sleotron by itaelf has no properties,
It 1% were absalutely alone,thare would be nething
whatever to be anid abouts 1t — not even tiat it was
an elesiron, And we mast not be misled by the fact
that in ocurrent quentum theory the comparison is
replaced b, an abstrastion, e.g. s metre, whieh
does not enter into the equations in tie way that an
ohservable sauparison objeot would do; fer that 1s a
point on which eurrent quantur theary is slearly at
fault. {(0@8) :

These ®0 miderutions will serve to W ring to Light
the position oacu ded by the imstrument in the process of mes~
mrenent. In sonc sonse 1t i3 an emdbiguous poaltiom, for the
instrumant balongs at the same time to the subjeot who ia viee—
mring, d to sy thjett mamcel. For an the ane band, it
is 8 kind of prolongstion of the cognitive powers of the aub~

Ject; it rafines these powers and enebles then to errive st

nore exact wrd more asnsitive discrininations. 9» the: othexr




hamd, 1% 1a one with the cbjeet beth besaude it is ons term
of the eomperiscn whish svery measurement implies, and be-

enuse of the physien) esusality it emsyeises in the mee-

In somaection n‘th this limitation of messure-
ment arising out of the part played by the instrurent,
another clossly associnted sewsee of limitasion must be
touchsd upon. We ars referring %o the varisus sommis
influences that entar inte svery somsrets measuring presess.
Those iufluencea are legion, »md they have @ very definite
orfest upon ths results of the mensurement. It s true that
it is posaible Cor soientists $@ cope with them to a
oiriain extens. In every prosess of mehsurement thore is
an atteupd £0 achisve an 14eal stete in whiek sush inflwenees
as arise frem eleetrie and magnetic fields, wafoveradle
atmoapi¥is oonditions, straim, corrosion, flexurs, ets. are
oither removed, or controlled, or moccounted for Theorstically,
And through the method of s\:ccozaive epproximetion esuployed
80 extensively in phynlu(aalcienco iz able to achieve an
mrw’mptpmnauumwmutm
mrluenosn.. But no mmtter how much progress may be mede in
this direction, the goml will ever remein at an infinite

Qdistance, for it ia a pursly dislectiocr) limit. In order to
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be able to accoust for all of the cosmic ln;‘lueneos vhioh
1;1q7 a part in the wewsuring prooess, ons would have to be
perfectl; soquaknted with these {nfluences, tnd thet would
demsnd an exhaustive knowledygs of Meature. .nd perheps
it ia not superfluous to note that this involves much
more then a perfect knowlodge of sll the lnm_o!‘ nrture. ‘
For ehnuos playa such en L.portant payt in the cosmos that
mapy of the influcnoss thot aetuslly bear upon concrete
experiments are pure ehsnce events whioh lave no determined
ctuse, and which cye therefore ocutside the pals of ell law.
It ssems snfe to oonclule, then, that our actuel knowledge
of the influsnces entering {uto our experiments will ever
renoin infinitesimelly seell, 4ind In this sense there is
.mutaondwwuupw-mrktmtm
mout gives 30 imnediate results which have a meaning of
their cm.'(u) v

hut 1s it that we actucll, measure in our
concrete process:s? orlieps it 1s not &n exvggeretion to
say that even in such & trivirl memsurement es the welighing
of the rwat - - we &re sotunlly met.suring the whole cosmos.

*or the objeot measured aud the instrurient erployed never

eonstitute an isolstod systen. MNor ctn en isol: ted systen




ovar be ashisved through suseessive approximstien in the
sontyel of knoun cosmie influwenees. A pwrfaatly elosed
ayaten, other than the entire comice, s a pure fdsalimtion,
It oxists mowhere It in tha mind of the seicntist. The
following lines of louis Ne Broglie Wwwe ccusiderable
relevanes lere:

15 eonsept €Munisé physique n*est doms viaimsat
elair ot biaa 44finl que ai 1'on enviseps wne

wmisd scmplitessnt indipeniante du reste &u memis,
sais, cosme s parsille fndipendsmes sst Sviderment
1rréslisadle, ls sonsspt A*unité plysique pris dame
touss se puredd aypareit & son towr ecww une
184nlisetion, sawe un ong qui jumais ne stodapbe
rigoureuscment § la rfalfsé, 11 en est de wime,
d'ailleurs, du soncent de systies. ls syetdme,

Sans en S4finitlon stricts, sst um organisme :
entidrement fernd ot sans relations aves l'extiricur;
le conospt n'sst doms vraiwest appliesble qu'd
1'univers entier, (88)

These gensrel eonsiderationg lesd us inevitably:
0 & quention whidh esastitutens ons of the most esntrel
rroblems in any discussion of the signifioence of measure-
ment -~ ~ the question of the risid acals. 7Tt is lrmedintely
svidont that rigidity, or what “hitehead cells self-eon;ruernce,

1a the prisry requirenent for aly otrmdard of moasurenent,
raven vseh

axpansidle mnotals aver exmployed in meneiriy; devices. 'wd
te fuidrnantnl yeason for this hes beor hrought out in ouy

nnrlysia of ths satore of mocsuracent,

But to what extent is self-congruenoce possible?
Or, to put the question more pointedly, does the ooncept of
solf-congruence even heve any meaning? If it is fmpossible
to arrive at any definite determination of rigidity, end If
the very notion of nlr—oow;rnonu; is without meeaning, then .
to sny the lemst the vrlidity emd aignifietnce of the whole
moasuring process will be oxtrm]; Questionable, And at
first sight it night soem that we must be lerd to this
conclusion. For if the atatement :!hich we mrde a momsnt ego,
thet & length must be mensured with a ripid scele, is to
have any meaning for us, we must bo able to define what we
wenn by a rigld scales. aAnd the dsfinltion which nsturally
suggests 1taelf to us la: a rggid sazle 1s one that preserves
the el length. But this ix~wdietely involves us in a
vielous circle, for we have defined length in terms of a
rigid scale, and a rigid scole in terms of length. (m)m
as long uu we cling to these two definitions we .hell be
confronted by en Lmpasse. Yor, obviously, ir lan('tl; is &
quontity odbteined by menns of mnua:urauent with & rigid sc:le,
1% will be nessasyy to Jave recourse $0 another rigid soals
to deaide whether or not the len;th of the first scale

changes, and this sets us on wvn infinite series. The only

pos:ible way of surmounting this impeasse is Lo revise one
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of the $wo definitions. And a noment's reflestion will show
that the definitlon of length oznnot be the one revised, sinoe
lenzih oen have no definite meaning oxospt &n terms of the
sslf-gongrueuce of a standayd. ¥We must then attempt a
solution of the problom Wy seuking for a determinntion of
rigidisy independently of the notion of length, At first
oight this may ssax an impossibility, for it s dirfieuls

%0 see how one can decide whether sn extension has im~
oreassd, or decressed, or Fumined the smme, exocept by meana

of measurewnt. ind if measurerent is employed, a vicious
circle is ineviiable,

Fortunately there iz & way out of this impesse.
And thuyhm“uMWnnurkm.lrnoruthh
anslysis: the standard of length has mo length. Since we
s:nnot apsak of length in relstion to & standard ef length,
it 1a 1llegitimate, xnd even nonsensicsl, to attempt to
determine the rigidity of a standerd in terms of length.
Jone night bo teupted to object imnediately that, far from

loeding us cut of JUE dagasss, this enly eompliestes tha. .

i
4
preblem 311 the moxe. Per if She standard of length hes no

longth, what sense is thore in spesking of self-eongruence

or rigldity? o matter how nuch an elrstic metay tepe neasure

Iy bs atratohed, everything thit s messured with it «11)
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always bs a metor in length, Ais a result the whole proeess

of measurenent loses i%s significence.

A mament's reflootion will show thet tids obe
Jection orises from a confusion over the meoning of the
term "length™. As we have already pointed out, this term
is gusceptible of a multitude of nmesnings. But sinos we
are dosling with phyaioel soisnce, we have besn using it,
and shall continue to use 1%, in the sense in which 1t ia
amployed fin physics: the meassured magnitude of a sensidble
line. Ko standerd hnras langth in this sense. That is why
wo oannol employ measursment to determine the ricidity,
for then the standard would be a measured magnitude. Put
obvicusly svery standaxd hus leagth §n the sense that 1%
is an objoet with a definite extensfen. 4And 1t is pessible
indspendently of amy process of measureswnt snd merely by
having recourse to identity and uu—ﬂonuty(avt)a determine

the sonatenoy or inconatency of this extension,

A nuisber of bars of differsnt metoricl mry bLe
taken und their m-nticnl ommlon dotomined by noung
lh.oomunnoroxtr-ﬁhn. ‘!hnbur--q thnh ”
subjected to a wnriety of influences such as pressurs,

teupsrature, atmoaphric conditions, etc., (nd by comprrison

t.eir coeffieienta of expansion or contrretion ohbarrved.
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The ber which comes closest to idensisy with the original
extension is chossn as the standrprd., A speivl rooa ia pre-
pored in which conditions considered to he 1dcel sre kept as
constant &s possible, and .svery sffort is mede to exclude
disturbing influeness. The ahosen ber is than plroed in
this roon, and at last a rigid scals s been aahiovﬁl. This
is, in substance, the way in which the imternationsl legal
standard of length was arrived at ~ « the Mitre des Mvi.,
which is a _bnr of platinus pressrved in Peris at the

tecperature of melting ice and under atmocpl&tc pressure.

This prosess of determining nl.l‘-onﬁ;rmnao ay
Sppesr sxtremsly dubious, end one misht be tenpted t§ ask,
"Is thia rigid seals setunlly rigldr» A questiom of this
kind oomtains comsiderabls adiguity, snd 1t 1» arris}s
%0 know how 1% should be answered. If its merning 1s: *Cen
thia meter rod ever be longer or storter then & meter?, the
nnswer must obviously be in the negative. Once & sténderd hes
been chosen, 1t is impoasible for it to chenge qus standard,

T2 Tartion Mgkt lee neans doun the seale remin shoolutely
rigid as far na science ia cangerned? end it is possible to
answer auch a question {n the affirm-tive, in the sonss thet
the whole structure of secience is b: sed upon the assumption

thnat the sc:le 1s rigid.

Parhapa tie vord "ugsumption” will be Lﬁnodiatoly
soized upon and the t‘uaation' pressed home: "Rut is it yewlly
ri;1d?" The answer to this :uestion depends upon whet ia
veunt by "resllyr., If it meuns thet there is exiating
go.evhere 1i tho cosnos on ultin te ard sbusoiutely ir. otile
féer l atradrrd i relotion tgo whicl the crmstancy or -
coustency oi the chosen stenderd may be ob:juétivix].y detor-
s-inod, 1t is exBwerxly douh xful just how much sense a
question like tlint cen have.: It certeinly hus no sense froum
the point of view of p}wnic{:;l -ciunca.(fm) o do not see how
it ean even hve gense from the point of view of oliilosophy.
But 4if the question meana: does the scale j'ossoes sbaolute

objective imwbility, then e definite erswer cen be given.

. and the snswer is: curtainly; not, for the very motion of sn

absolutely imobile matorial: object in a contradietion in

terns.

ind this brings ufn Lo tle centrrl aint towsirds
which noyt of this Jiscu.n.:ion baa Lewn Jdirected: the whe's
ai nifie ace of the raasurin: nrocess Geperda u.on the
rigidity of the scale thsat 1;5 employed os & atrnderd, and
it is impossible to qrrive lt ST ubalolubef?' r%’({id set los "lo
ri;idity 'H\z\t 1a spoksn of ii uclence is. due Lhat is doter—

nlned by fiat; 1t is & convaitfon., And thia obviously
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introduces & profound limitation into the p'rouon of
weaning. But it 18 impoonaible to have & clear notion of
the nature of this limitetion except by pointing out that,
while it 1a mesningless to rsk whether thins conventior is
true r falue, it 1a extrensly 'importunt to deturmine to
what oxtent it is arbitriry. It in obvious that like every
convention, the determinetion of the ririd rod is in save
mersure Arbitrary. But 1t is likewise obvious fror whet
hes beon seid that 1t 1s far from beinr purely erbitrary.
In other words, it is somcthing thet 1s nt onece both sub-
Jective £nd objsctive. ;nd t ough it will tlwiys remain
impossible to determine the reletive deprees of subdjectivity
and objectivity, it 1s important to note that purely ob~-
Jestive rigidity in a dislecticsl 1imit to whieh science
nay dreaw constantly closer and ¢loser, by meens of i%s
usunl msthod of sugcesaive asnroximation through an sscending
spiral slsiler to the one desrribod above. “her wo strted
tist once a ri; id acale hes been chosen, it cen:of eclanro,
we do nct netn of eouruse thet sciunce cen never re joct a
chosen standard in favor of ons that seems more porfect.

in fret, it 15 of the very nnture of nhyricel selerce to
be constantly in search for m rore s2rfect stencr rd, It

i3 probable that the Puris noter will evert v 11y be

awwlented b oanet' v ostordsrd, suc nny, for (rxa\n\?ly, Yo
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greting apnce of & eslelts crystel, whoae iatico structure
his the ddvent: ge of wssocinting the stunderd with pure
murbers. It 1s likewise probable thit seienes will

cridw 11y achlove .rester end greuter rizidity in ite

v rds Che only Importent ,oint Lo keep in nind, s
dr ag ounyr or; gent discuasnion 1u concernced, is thet no
nalter what degreo of rijidity rey be ettained, there will
tlweys be in the standard an indeterminnble mergin of sub—
Jeotivity deriving from the free intervention of ths humen

intollect and will,

Thia discuasion of the rigl ity of the =easuring
rod may perbeps bring to mind the yueation of the fltrrereld
contraction, first postul ted to account for the abasence of
any indication of aether dreg in the :‘ichelson~orley
experinent end 1r ter confiried by the electromegnetie
reserrchas of Lermor end lorentz. sccording to the nostiulate
of M"itigerall, n materisl rod movix?_ at hich speed contrfets
in tlo Adrecsion of the lins of raciion.. “he ccnsgc\um:cea
ol Whis poastul:te for the probler. of netsurement ere
imnedintely appurent. hat determined meaning oan measure-
oLt huve 1 the stnnderd acule expends end countrrets
sccerding tu the velucity ot which it 18 movin: emd tccerding

to the direction fu which it ia turned - — o3 welally i

g NN
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(on 18 the cnae) it 1s imponsible to know in any absolute
way the velocity of the sctle. In ordiniry eircumstences
this contruction 1s neplisible; for example, the dianeter of
the enrth contrrots $wo «nd a half i:nctes, or one nert in
two huudred million, in the vaiocity of nineteen miles n
socond of its woverenrt mrou-d the sun. Nut at the speed

of one hundred and saixty one thousend miles a second the
contraction would be one hnlf. And is there any way of
knowing whether in relution to sorw point of reference in
the comsmos, the whole solar systen is not moving in a
nanter that anproaches this velocity? ‘het ia vopse, ie
tnere any way of knowing whether the who.e frems of reference
in relation to which we mske our memsurerents is not moving
in relation to other franes of reference in different

dirmctions nnd et different velocities, which perThass do

not remain constant®

It becones lir.ediutely ovicent tlet ell of our
deturalivtions of le: th {and of tie also, ts we- sinll gec
prosoutly) are dependent upon the perticular frame of
mtofmxce within which they r e made. And here we are
touching upon the srofound difference betwoen .lansaical and;
melativity physics. Tut t'e point is not that Clasoieal

Piysles foilled to realize that Aifferont veloeiti: s ord
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different fremes of referemce hove an influenes wpen

the process of measurecent. JIn fee$, it provided formulee
by which each obscrver could apply “oorrections* o
reduce his "fiotitious™ length to the “uni ue* Hewkonian
length. The wholes crux of tfae mnntter liea in the maning‘
of the words *oorrections”, {vmuwm". hnq "umique”. In‘
other words, Newtonisn physics realized thet measureserts
made by different obsarvers 1:111 glive different remilts.
Bus 1% took 1% for gramted thas there was en absolute

abserver who cecupied a privileliged position - -~ a

‘position that was lature's own position. And from this

suppoeition stesiesd two implicit postulctes: 1) shot
spatial yelatiows dotermined My the meesuremsnt of length.
eonld be redused to an sbaolirte meaning} 2) that Semporal
relations had mn shsolute apd imdeperdent charwcter,
Tinstein was sstute enough to see that both of these
postuletes wore porfectly srituitm, nd he proposed to
do without them. But in order to understrnd t;:;e sipnifi-
ot.ice of his doctrine for the question of messure-w-t, it

is nsocassary %0 returm for a mament to the ritzgersld

" oo ritels . ; LTI PRI 2 P

contraction and try to Tix upon ita exsct meaning,

AS firet sight, this contraction might sewe to be 1i:

the anme oatejory with tlie chanyes in the stendard sctle,
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discussed in eomection with the problem of rigidity, wut
82 & matter of faet, 1% coustitutes an entirely different
problen. Indeed, it is true to any that, parsdoxieal as 1t
ny ssem, the Yit:gorel:: contreetion hna nothing to do
with rigidity. The meening of this statement wil) be fully
expluined in a few noments, and for the pressnt i is
sufficient %o point out that the oontractien 1s determined
casplately by the Yeloeity of the motion and not by the
specific mature of the rod in question. All rods moving st
the pecse veloeity undergo exeotly the same contreotion, no
mattor what drgree of rigidity they may posseas in relation
to auch influenoes as temperature, stress, etc. The eon~
tractions of a rod of platimom and & rod of rubbsr moving
at the same speed ave identioal, Hense this eontrastioa
st 208 be looked upon as an iuperfreetion of the rod.

It must not be considered s defieency in relation to an

absalute rod. Such e rod does not exist, nor ocan it exist.

In order to come to understand how the problem of
the rit
*, TAHOINL seirestise dirters redteadly fren vre
problem of rigidity, it s inportent to note thet the length
of an objeet measured is in a senss completely irdependent

of the 4iffersnoe betwoen its terperaturs and tihrt of tie

nerauring rod. /. co'd serle 'y be browilt into direet
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contaet with an sxtremaly ot body amd determine its length
with precision. But the langth of an object msasured is mo$
independent of the difference between its motion and that of
the standaxd scele. In fect, it is, in a senne, corpletsly

Qspendent upon it.

“heun & scele end an object can be brought into
imwdiate contact, or when their motions ere ocorrslated in
such & way thet they ere moving with the same velooity and
are thus at ntt in relction to eech other, the msasuremsnt
g.ves us the jToper langth of the object. From one point of
view, pliysics would be immsmsely aimplified if it were alwsys
possible to arrive rt the proper length of the objects
mesasured. Duk, as kddington hes remarked, "it 1s not
occuvenient to send your spparetus kurling through the
laboretory -~ - after a pair of :,paruelen, for .mmpll."‘“)

Perhaps at first sight the difference between
the deterninrtion of the proper length of an objeect and
the detamdinntion of the lergth of an object in motion in
relntion to the scmle may not seem to constitute any serious
probl‘-l: sinoe it xr;poar. to .b‘cpn' fni'rly‘ oa\qy I;ttcr to re-
d:0e the one to the other. Let us auppose, for oxample, thet

a strright rod is moving with uniform velowity with respect
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%o a ocsrtain frame of refersnce. It is pont;lo 0 mark on
the freme the simultansous positions of the extremities of
the rod, amd then msasure the distance betwsen the two
positions marked on the frame, Wil ch resu’ts eorroupmd
to the proper length of the o\'aject. in motion? One might be
tempted to answer in the affirmc:tive, since the two positions
Were maried simultansously, But then he will be cblired to
tell us what he means by simultaneity. And therein lées |

the whole ortx of the matter.

hs we have rnlrssdy suggested, Classioal phyaica:
attriduted to the notion of simultaneity an saheolute
memning. But Pinstein pointed ont that this astribution wns
based on an implicit essumption whish was utterly ineepable
of being varified txpnrln::hlly. sinos this verificatien »
would presupposs that signals amouncing distent events c@l
cous ti. all cbservers instantangously, thet is, with an
infinite valooity. Concepts hove no merdng in physics un-
less they can be defined operstionelly, cnd Pinastein made
it very clear that every mttespt to define simultaneity
opsrarismally inevitably results in making it something
veletive to the frose of rererence in which the operation
wes oarried on. In other words, the only kind of definition

of simultaneity thet hea eny merning is such that if two .
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events verify it im ews sydtem they will not verify 1% im
another system that is in motion with respsot to the first.
The measirement of time, then, decomes essentially relakive
to & given system, And singe tl;o dcterminution of the lcneth
of a body in motion necessarily :anolns the notion of
sirmlteneity, every determination of suoch a length is
essentinlly relative to a ccmiin frame of rﬁr;ronoo. Thus
Einstein wans able %0 arrive at the following atatement: "If

& body has the length R with rempect to a system in which

1t is ¢t rest, then with r.upect: to a system fn whieh it is
noving with tho velosity ¥ 1t will bave the length ,ﬂsﬂ@
whore @ 1s the velooity of light. Thet is, length of o

body hes in esch system & dirftx.'cnt valne, depsnding on the ;
velocity ¥ of the body with rospoct to the =) stem in question.”
This difference of vclue is oqm‘{l to the ritzgzerald eontreet;.on.
And since the determinetion of the other .uartities which
enter into plhysica is bound up with the reckoning of len:th,
it followa thut musa, periods of vibretion, elettiio and
mognetic féelds, etc. bec.me rel:.t\tive to n certain freme

of mpaoce.
Rt aber

Receuse ol the way in which siwultaneity 1is

invoived in our determination of length, it is clear that

not only apace, but time &8s well 1s implied in all our
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measurements. In other words, %o quote Pdingten, *"the
fundamenttl measurement is 2ot the imerval betwesn twe
points of spase, dut detwesn two points of space associated
with instants of tlm."”)tvnh in nsture are exterior to
oah other in four different ways, of whiok three are
apatisl emd one temparel, snd the ordey of these events
sonstitutes ome indissoludble four-dimensional space-timse
order. It 1s tha purposs ef the lmsws of physies to sxpress
this erder iz tha form of mwssrioal relations, and this

oan bs done without asbiguity only by having recourss to a
systen of refersnice of four ccordinntss. That s why non-
fuclidien geomatry hes bacoms the instrument of Relativity

phyaica,

8ciente s deen led te resenstruet the worli
in this four-dimensiemsl order, not Wy any arbitrery enoioce,
but by the vory mature of extrinsic measurement upon which
ita whole method is fowded. Besause the bodiss which
esonstitute the eommos 1re in motion with reapect to each
other lsngth okn be mensured omly in reletion t« time, end
time enly in mlatiem ¢ length. ‘Osnsequertly, chesrvers
with different motions will have different reckonings of

space and tims, and eseh observer by morely changing his

motion will make & different division of the four-dimensionrl

\
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oxrder into spaes and tine. In other words, essh chaerver,
according to the differeant oporationsl definition he gives
of simultoneity, will out up the spnce—-time continuum
into spuoe and tine in different ways. But while the
determinntions of length and time are reletiva, the spece~
tine continmuum which tley constitute hrn &n absolute
aharncter. and it wes “instein's shief aim to attempt,

by & ecaparison of petaures msde with reaspect to different
aysteus, $o arrive at eleuonts which would be independent
of particulay observers.

But, tc get baek to the main purposs of this
analysis, it foilows from whet hes been said that the seme
body may have sny mmber of different lengths, depending
upen the frems of refersnoe in yelstion to which the length
is deternined. Tt makea no sense to sry that one of these
lengths s trus amd all ihe others are false. They :re
sinply Aifferant. Jor is it legitire.te to give to one of
them & a;ocial moeuing by sbtribuiing to its freme of
reference a privileliyed position 1in the cosmos. Fatuwrs has
nod devhaled suy Praviiitped Prafe. and thd Frofount
significiqios of the theory of Relntivity is not that it
discovered thet the frame of reference used by Classioal

physies was wrong or that 1t involved ex.crimentel incor~



f1atencies, for sweh & dissevery weuld met Mave M place, the qwestion might bo ‘taken to mean: 40 measurements

als ., :

any great yevolutien} Lut reather thas it brought Se light . of a body in motiom with yespect o 2 given freme ef re—

the fact that meither this frame mer any other freme that » Terenee give results which differ from those obtained hy
be oho be omuord uniqus. the measuroment of & body ut irest, and it so, is $his

uight chosen onn

di1fferencn equal to the nt:g.rnld contraction? Teken im
It 1o cleer, then, thet there is a double this seunse, the question '111: recelve an affiruative unz;mr
relativity iavolved in every determinetion of length. In froa ssientists. And this scems to be the only sense in
the firat place, every langth is essentinlly relative te the which the question cnn heve any aignificance for them. For
chosen standard, and this stindzrd is arvitrery. 3‘°°“u" in physics the phruse "aetxmlfly tako;- place” scan only refer
it 1s easentizlly relative to the perticular freme of to what mctually takes plaoe in measuring instruments.
‘, reference by which 1t 1s dotermined, and this freme 1is mlso .

arbitrary. The$ is vy lemgth s mo sbsclute meaning. All : But perhaps e ltm be tempted to push the
4 of ecurse, %6 extrinsie measure whiok alese question further and ask: Bus doss velooity meke the
this refers, ’
Tt R &S

has signifionnce fer physieal seiemoe. langth of a rof eontrect im the same way thst & ehenge in
[

1(, Vhetooqu ¥R Ty e

‘ ]“‘ teaporature doss? This questien 1s still smbigwous, since
. '\’J

But what M intrimaic measure? Is that s \ it attexpta te establish a eowparison betwoon “lengthe”
essentially relative? This question has already been solved, which heve entirely diffsrent meanings. Int perhaps the
at lenst in m general wny, earlier in our anclysis. Fut fnsue cen be alarified by putiing the problem in thewe
porhops 1t will be worth while to bring 1t brck into focus terma: does the motion of & body docreeme its intrineic
agnin in relation 1o what we hsve Leen maying sbout Fitm-

moasuret And then the suewer is: firwt, the Fitxgereld
‘emuestion oty - Do S Baply such a clengs, sines

it hus nothing at all to do with intrinsic oessure;

Tor cu¥rai- . Kap  tod RLER P

gereld egntractism. Selentists are often csked: does t)a ; . ' }
Pitugornld coutrsgtion metunlly tals place¥ 3Suech . qmntlon

Ny
1s extremsly ambiguous, snd no definits answer can be given

secondly, there s no way of knowing what actuelly bappers
until several inmportant distinctions are mede. In the first l

%0 the irtrinsic mensure of a bLcdy In motion, for in order
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to deteymine §h.dimemsions of sush 8 body we are foresd
%0 have resourse $o extrinsis measurexsnt made in relation

to & particular frame of reference.

In this discusafon of the limitations of measure-
ment it hus besn noesssary to restriet ourselves o rether
goneral and superfieisl considerstions. A moye refined
anslysis of partisular processss of metsurenernt, sueh as
those whish lmve $0 do with tims, for sxample, would throw
fuller and more Gefinite light upon the extremsly limited
character of the knowledge which metsuremant affords us,

But perhaps suough has bdeen said to show how highly artificial
and subjestive this kmowledge 1ia. Thers is, indesd great
wislon in Bergsom's remerk thet nature does not measwre. It
is man thot mecsures. And M seanot mecsurs without pre-
Jecting his own logos imto nature. AS every step im the
measuring prooess theres is @ projection of the human in-
tellcet and will, And the more perfect this process becores,
the rrenter becomes the pert played by the subjective elembnts.
in a very true senne, msasure—nmmhers sre not found in neturs.

memmh’m.

But leat all this seem to giwve too zmieh aid and

confort to idealism it is worth while pointing out, as we

i
i
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bring this tuestiem to a slowe, Shat -oum-ucut is after
all a real physicel eperation which comes to ¢rips with

the real world. And the relations vhieh arise out of it
are busically resl relstions, $a spite of the large mergin
of sudb jeotiviam. Woreover, the subjective olement 1is purely

fwictional; 1t exists only to snsble us to cows into moxe

intirete relotion with the ob f¥ative world.

v

|I| _/ \‘-

B



THE MATHEMATICAL TRAHSFORMATION OF RATURE

1. The Treansformation of Maturel Seience.

*rhe mathamatisian,” Goeths enoce remsrked, is
11ke & Frenehmn; 1f you speak to him, he tranaletes it into
his ewn lunguags, and et ones it becomes something nlfmthor
different.” In ¥his Chapter we must endeavor to see &t least
in a sumary and sehesstis way, how the mathemm$ieian who is
onlled i to assist the physicist in the stuly of neture
sransiates $the world of the physicist into his own langwage
end makes of it somethinmg altogether different. ind n
shall consider this transformation from two voints of. view.
First we shall try to see ths way in whigh the introduction
of mathametics in$o phyalcs effecta the very structurs of
mstglwn‘uuo ;ta].ﬂ tﬂn‘.ﬁﬂy,n-hnnt-nh )
bring out the change that this produces in the reflection of

nature thet 1is found in physical science.
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In the lags Chepter we eonsidsred the preliminsyy

step in the mathematiosl trensformation of physiesl uino}.._

In order for sciense $o be mathematieized, all of i%s pro-

sesses of sxperiment mast be transformed into prosesses of
measurenent] all of the pheacmens with which 1t deals mwst
be truuslated ix$e pointer randlngp. This pnlmmry. -t‘op
provides the uhun-t with a oollution or ‘Iﬂm.tl.
by whish are dotar-hud vsrious propertiss of bodiss push’
as mass, volums, zwmtm, pressurs, viscosity, yulom, -
molecular wéight, various opticsl, slectrical and magnetic
properties, koto.

phenomena, o wathesatioal phyaics is not & collection of

It Iwet ss physies ism not a collestion of

messure-mmbors. In oprder tlor science to omerge, the uni-
Lying wonu hﬂrlboﬂ in Cluptcr IV smaat undertske, by usiig
-onaur.—mmbors nu ntorhls, to ¢ onstruct out of them an
integrated ond oesmiimated mystem. And the first step in this

process is the eatablishment of law.

Sinse the ouly —téitlu of ematruction available
are mmbers, laws in xmthemitical physics can be nothing but
the expresaion of yeletions betwesn mumbers. ~Jines s law
must be universal, tiat is to say formulate a constant relstion,

u physico-mathesmticnl law will express & relation b-tvion

vuriable meghitudes, aud consequently will ot he algebraic mnd




not aritlmeticnl (in the reatricted ssnse of the tarm “ari-
thoetie®). The uniformity of assncintion which constitutes
.0 essence of experimentel liw finds its best expression
tio lengumri'e of mombers becnuse it iu st once both ezmot
und universael, This axproaaion usually tekes the form of

differentianl egustious.

"A puysicsl law", writss Flunck, "is any propo-
sition enuncianting a fixed and absolutely velid connection
bet.w_oou meusursble physicel quantities — & eoumeotion wt.ich
permits us to enlculiie oue of thaese qurntities if tle otliers
have been discovered by r.ot.nuraunt."(l)m other words, a
Physical law is a emstaut relstion between variable quenti-
ties; it takes tlie faru of an algebraic eguetilon wiich ex-
presses & funotional relationship iudicating the precise ve-
lue of any one of t..¢ mensures thei corresponds tc ery riven
value of the oticr refsures. Once the ccncrete medsure~num=
bers arc absorbed iuto mainernticul eyut tions tioy becore
susce:lible of 111 the plirnecy of methemeticrl :ruicilet;on.
The matimantiolen is freo to heve recourse to sll of the
rescurces at his dispossl: powers, roots, divisors, dividends,
sines, oconlios, vectors, ete¢. There is rot 1ng t¢ “revent
ld . fron squarring the aymbe. for tie, for exawsle. These

rauialetiona, obviovwsly, do noi «ffect tia coucraele Lro-

perties rrom rnhict the orlyfnai wedgure-aumbers have drisen,
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but they may lead to the dissovery of new properties.

It ia extrenel; i:portant to ir:sp the trug ne-
Lure of the functi.ral reletionsuin of pl.yaico~matrenatiesl
1nw. As .8 evident fron our enalysis of the uaturs of ma—
t.enmticel abatrnction, ratue aties orescinds fron all ceu-.
sulity except a type of formml causality to-t ip found in

formn)l relationships. For exarple, tle geometric “law- Bt
3/H: the base of r rectan;le is equel to the surface divi-

ded by ths height does not menn t lLat a surfoce can actually
be divided by a length. And if B varies It is not becruse
(4n the sense of true causality) S veries, or vice versa.

The law merely stutes tiat if the bess is charnped, tho nature
of a rectancle is such that the survace will undergo ¢ pro-
portional chenge. The "if" makes all sfficient ceusality
extrinsie to the law, and the phrese "the nature of e reo-
tergle is such that~ ahows t'et the lew venls witl for-.fl
cnuselity, aince it is the foru of & thi.. wiic) deterziires
its Jmulru.(aéonsaquantly, in the me.sure in w jch ph,sierl
laws are expressed in matheratical eyuetions tley are strip-
ped of all trus esusslity. Genuins sausal statenents are ir-
reversible, tixi ia Lo m, Ley alweys 1uvolve ontolofierl
symietlry a.d .uuu..'. 11, tamgport 1 asayetr, . The sffect cerendas

upon t.e cause for ftus vel  and n't vice verat. fFor-ulae

or' tovariation gnd f)drel\/ f’vnc{‘i()ml :;‘f’a{'u\emts. on i‘"l). other



U
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hand, are eszentinlly amy:vietrioal., .4n; one of the verimbles

nay be arbitrerily counsidered ss indepandent or depencdernt,

When o vathemtiecsl phynicist staten timt tle riove-
me:t of the planets is in accordance wit! t'e tnllowi:’:}- low:
tie force of attrection batwien bodfes is directl: proportio-
ntl to tie vrodiiot of Lheir vessss arnd inveraely o ortional
to ths square of the distnroe betwoen tlem, he 1s net exvres-
aing the caumse of planeisry rove—art, i'e ernnot trert foree
as & triue omuse aince for lim it ia reduced to & rensure-Rum=

ber wiioh i{n & product of the multiplicetion of tte numbers

"~ derived fram the reecsureent of mess and ncceleraiion., He is

msrely expressin; @& form:l interrcl: tedress emercing from a
eauparigon of tho reas, distence, and sceelerttion of planets.
Yorce and roveuent, than, are not related as ceuse ard effect.

T-e, tre sialy twe det: whier rre sutunlly u;émhmt in some-
: A

whet the sene why &8 tio dimmeler a«d circumference cf : eircle.

(31

Poisonrf han irs‘atsd upon thia point i I Scimce et 3 Gypoth dar:

masse! :
Qv est=em qua | W=Re® Teat, ripond Vemtgn, 1n
produ.ig du volume par [q dm/\uit'. 11 vaudreit
nisgux d.:re, TEporg Thormpson, qum 1 densité ent
e quotient de lu mdsse per le volwio. Qi out-
88 que 1z fores? C'est, Pipend Lugrsnye, une canse
qu? produit le mouverient d'un eorps ou terd A le
ra{;rodui.-e. Qaat, dire Kirenntr, {e preduit de
1 mhsse per 1tacegibrasiOn. Meis, ol TN T
Girel ne png dire qle fa mosse eud, e Wehf de
lr: foree par 1'ecedlérqlion: ‘
coz d:feienltég sunt Tuerbricables.

wnd on dit

(Tuu la Toren @sf 4 cause drun mmvemwv& on falt

de 1o witnphysique, et oette @4finiticn, si on
devuit s'en contenler, seruit absolurent stirile.
Po.r qutune &”finitio:. pulsse servir ¥ quslque
thooe, 11 frut qu'elle nous rpprence %' cesurer®

e forea, celea suffit d'eilleurs, i1 n'est nulle-
neant ncensr:ire qutelle nous &pprEIne e gus e'est
que ln foroe ‘e soi', ni 831 elle est Jun causs

ou l'effet du mouveneut. (4)

Olm*a lew merely signifies thet the rumbers ébtained
by ti.e nedsurenent of the inteusily of er elsctric ourrert, the
eluctronotive force, and tlie resistsiices tre so relcted that
Lhey elwey s verify the equrtion: I :i/K, whutever be tL.e nume-
ricul welues of tihe syubo.s i fudividunl cises. The law of
Muriotte is likewise atripped of ceusslit: wvhe: it is trens=
formed into n mothecntionl equation. It doea not meen thet the
pressure is the onuse of tiw inereased volume; in o0 fur ae the
matheanticnl pliysicist 1s eoncerned. Botl. the preasure amd t.o
volune may be connidersd either eas the indopendent (“orumeT)
or t.« dependent ("effect”) varisble. The law marely steles
that whan ¢.1l other msamircs are -equel, if tie nesasure of ter=
perelure increnscs, i:.0ve (s @ dél‘-x.ito corresaandirn;” increuss

in tic measures of the voluxe. Cr to put it in othrer worda

whiich will bring ocut the mssimilstion of s rhysieel law to @

i;eotictrioctl law, «uC show what tj*pe of ce .pality is in question;

t:e low stotes timt _1_1_'_ a cruse 8 ould incrense tle tormperriliro

of o gas, tLe ntiture cof the rrs ias such that there wiil bo e




- 774 =

proporsional increess in 188 volume.

The sene ia txue of all the laws of mathemmticsl
physies: they do not detlare that A is the o:use of B; they
neresly atate tiwit one ast of events B is & funotion of enother
set of events A. If tir mathematios) formsBaticn of the law
expressed ocausclity, tis osusality would hawe to be reversidle.
Perhaops oni: mizat be teipted to think that tlie intervantiom
of & tine metsure inio a law xight introduce esusmlity since
this neasure will indioate which of the wariubles is the ante-
gedent and which the consequent. DBut & moment's refleotion
will show that this ia not true. This intervention of a time
Measure Norsly sapresses tie faet Shat the otler messures vary
s relaiian G0 e e wlawre, AR sxpremsion of antecedence
dees not involve esusality.

\
It in oclear, then, that the matlerttical formulrtion

of physienl laws empties them of e)ll true efficiert causality,
ind the snme nust be said of finel couselity. Just how profound
this crnange .a becories evident w en »nne stops tr. consider thiat
ull law sasentlally iavolves finulity. By its very nature law
neans &n 1nc11mtiun; an ordination te mp end. s shall return

to thia gueation later on.

FroL. all thnt wes saaA ir tho 1est ehapter orn Lhe

pature of measursment it follows thst, ia apite of the
exnct matienatioal formulation Yy which they #re expreassed,
and in a certain sense precisely beoe.se of it, t.e laws

of physica dv not have exmet aud absolute walidi ty .(5)111
faot mny malhemuiicnl expression of phrsisel ocustancy

is oul. one of an infinite number of alirhtly “ifferent
esxprossions which night possibly be enplored to f ommllat.
She smme phonomenoun. All physionl laws are enpentielly
provisional. And they ars provisional for two refsons in
partieular; rirst beesuas ti.ey 2re Berely epproxirstive,

and in this sense neither true nor falae; seeondly baceuse
they are sohematie. They are approximative becouse the mem=
sures whose relutions they oxoress are never mede wit). ab-
solute sxmotitude. Thmt is why they must ever remeir open
%0 suecessive correstioms, for progress in the refinement
of measurement will sontinuelly introduce slight ahm‘ge;

in the numericnl coefficients, end there ia no 11 it to tiis

prooess of refinw.ent,

laws nre sghematic bee: use they incdude only =
srmll frogtion of the possible measures that could have been
=ade; thrt 1s 1o say, they exyprens & reclition betacven certein
chosun proup rties, indsperusutl, of all the other s>rojeriies

which 'w, bé cow.ected wiitl Lhe ones closen. Conuuently,
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25 sslenee procresses its la s must be senatantly
nodified in sush 2 way as to take into consideration
attridutes previously omitted. Physical properties

are dirined by the deseription of their rrocess of
r;;euur-mnnt, and aa we noted in the last Chenter sl)

of the eircuna’nrces entrrine nto t'is vroceas ee:

never be snumerated. Progress in experirentetion re~ |
voals an incrsesing multiplicity of oireunstances which .
have w definite influence upon the resmlits of the
measurisn: procsases, but which were neglected in the ori-
giml formulation of & generml law, That ia why all lnig
Huat remnin forever opan to A progressive modifiestion

by whieh tiwse newly discovered influences are integrated

into its strueture. This nodifieation does not change the

farr of the law or its mmerical soefficients, ss does th}.
rmodification ocoasioned by its approximative character.
The newly discoversd oirsumstances ean be introduced only:_
by the :ntroduction of new measures and consequently new
properties. Thus progreas in experinentaticn with geses !
Teveeled the fact thet in order to detersine with presisien
ths relstion bLetwees pressure and volume attenticn must

be paid to the mutual attraction of the molec iles and their

propor volune. A determination of these additional eir- ‘

cwastences resuits fun tle treusf-rry Sian of tLe law of

" to ayni esize hias Inowledge into orit.1) number cf pro
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ixportent than this 1a the stmplification resulting from
the diacovery t.at the results of certain processes of mee~
sirenent coincide with vathematical cambinations of otler
drocessos. Lawa revea) constant relutions betweqn tie o8-
surea of difrferent propertises. Thesse coistent relnticns
nake 1t eviceat thes cortuin n.mwree can Lc replaced by

0 combinetion of other measures. In tiia way it is possible
to reduce & vast multiplioity of netsures to & few funde-
mental meesures. In ragt sclence hes been abls to puak

thia proocess of simplifiontion to tLe extent of Treducirng ell
phyaloul moas.ires to socbination of the Tfundamental measurea
of length, maas and tine, in sugh & way tlet the former may
be oonsidered as functions of the latter. It thus becomes '
poasidble to define the multiplicity of physiorl properties
in terns of ocombinations of a few irreducible propertiea,
This does not mean that bodies ;lnm o other properties hut .
tie tiree t.nt Rre moapured b, @ rule, ¢ belance and a clock,
It merely :.eans mn‘t ¥ e the veriety or phyaieni ;:l;opar-
ties ure mensured by differsnt netsuring nrocessos tie re-
sulta are numerically the same s certain mathematiosl oome
binetiona of the mensure numbars provided by * rule, e ba-

(e(

lance and o clogks By t:1s almsiirication. tiec aclertiat :ig vblg

(e
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Mariotte into thut of ven der Waals.

Thus, as sclence progrousses its laws baccu.e
increesingl; eowpliocuied by tie intagrutiou of newly

discovered iufluencos. T is coilientic: results in

investis; cenernl laws witl sreeter precisiin exd aceu—
T™c'. Bul'an we ssw in tic lsat Chipter, aveu t:e aimp-~
lest riemsuring srogens irvolven the wiole univerze. That

is =hy a perfectly exuci law wo.id requirs tu exhaustive

descrintive of the sntire cCoOmINgs

But while this process of sanplicetion is teking

Place there is a conconitsnt Procsas of sirplifiertion going

on, which grnaists in t: .o redustlon of the ever incressing

multiplicity or messures to & few Lfundraartsl mens ures,

This is done 1n tw: ways. In she Tirat place it is disco-

vered tiLat a number of diiferent instruments give the same

results. inee physicr.l Jroperties &re defined b their
rocesaes of mousurerent it rewirg tlecreticnli:. true tirt

twe diffnrert processes dufine vwo diftere:t prowerties,

Hevertheless it sawtinxes becazas evident that the results

of two or more differe' t orocesses coincide, &a for exsmple

when heat is neasured L, f:f\e. exptnasian of & motel BPrihg

and b‘f ti0 expansion of a coiwm of rRere:r: . put even ~ors
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sitions intoc which only a few basie measures snter, snd
from the relations exiating dbetween tle fundemental mee-—
sures it becomes posnible to deduce t'e multinlicity of

relations existing between th¢ :articulenr measures.

Al)l t .18 showe how this process of aimpliti-
ci.vic.. gpena bthe wn  for tle sclentlst to take tie :nnr;t
stey in t.s unification of Lia knowledpe —- to escerd from
lews to theories, But before pussiig on to an anelysis cf
the mature of physicol thaory it is necessary tc ramerk
that beocsuss of the s :proxismtive and achematlic sharacter
which we have baeen discussing, physierl lews ere always &
simplifiontion of ths mind end in tl.ia sense n produet of
the mind., And their provisionel nature ceannot be loat sight
of without undernining their objective significance. Casting
physicnl remlity in mathematical form has the rdvrntage of
providings it with grest openness, tiezt ia to say, of ovening
it ur te the unlimited reac'es of ~otle-aticnl s .e¢ 1r?icn
whic!. arfords = .¢: atundant sc rees ¢ ¢x-lrnetion, ¥t st
the sse time, 1t Lhas t'e disadvanince of impcains upon
reality & frems whieh Decuuse of its exmet deteraination 1s
toc closed, And 1n $'ds cornecti~rn ‘t 3 wortr whila recel-

1457 tie well-knoam re ori of (fuateln t.ost in so fAr sa

the t.eses of petheratica sre vertein H\ay 46 noL refer to




phyaicsl reality, and in so far as they lrz"rdo to refer
to physioel reality t..ey are not certain.

But perhaps one might be termpisd to objeét to
tua stalensnt that all fl"tlm laws of physiocs rre pfovi—
sionel o tlic grouwds t.ust tlere uro certein fundeco tsl
lews kunewn £s prinoiples whick are not subjacted to. the
succesaive change ebout whiolk we have been -pnking‘nnd
which conseguentiy seen to have an absolute ard not‘ a
proviaional eharncter. Ths conservation laws, the law of
inertia etc. ore all lews of this kind. The angwer to this
objection is timt the absoiute oharecter of these wrinciples
is r pure gift of the mind. The nrinci-les of experimental
science are laws whish iave been -?nly suggested by néture,
but whici. the mind has arbitrarily orgctod into flxd and ab=- \
solute principles. The reason why progressive -mﬂnontation
does 1ot modify ther is airmle: the rind hes roce~ted t e- as
convontional definitiovns of the very objects to w.ia tley
arply. Conaeyuently it is impossible for these objscts nct
to be in acoord with them. And now, huving oxamined the ne-
ture of ::hyuier.i lowy @ wmust teke u- the srobler of nlysienl

thieories.

For reasuns ex)leired earlier fu this stud,, the

O
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the mind oannot rest satisfied with en a p_glltoriori pos~
seasion of physicn)l laws. It will never fesl thet it las
agsiilated then verfectly unti{l {t {a able tc possens
theor in an a priori feshion. Just as t!e forrulation of
laws Liekes it jossible for the mind b frrive i the re-
sults which a certuin no'nnurinr process would glve with=
out actually effaecting; t: wrocuss, so-tLe seientiat inatinc-
tively meeks for u Point of departure whick will enable him
$0 arrive at a certein law i ¢ way thet does pot depend
upon experiences. In othor words, haviiy etrrived nt physiecel
laws by inductinn, itie scientiat is 1ot te atten t to arrive
&t theu by deduotion; heving posited their existenes, he

miat sttempt to ex)lain them; havin;; arrived st universel funo-

- tlonal rolationships, hs must try to siow Lthat tliese rela-

tionstips are rnesessary. This is done by oaking tle laws ap-
pear es logically xxman;ary ccncluaiona.w;moo the lnws tier
selvea ares numerio:l relationa, t:e point of depsrturs frem wtfeh
tley are to be deduced must bo venere! numeriecnl relgtior s,
These . eLerel numerice) relutious constitute wiat is knowm as

a mathestionl Fhaory. A theory has heen defined by Duhiem in
the fellowing terme: &‘ aystdmcde pronesitions —thﬁ-tiqno-.

deduiten d'un petit noubre de orineives, gui ont ' our but de

repréisenter aussi: sirrlenent, au .ai cc»m]'olﬁtmqnt, ot nuesi exac—

(%)

towent que possible un enserble de lois r«.xréri-xem@@ﬁ."
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Kot only does m physieal thsory synthesize the
lews which experionce hus su;gested, but it tends to rill
in the gaps which observation has left open by substituting
whnt Casairer has cnllo@ “a continugus eonnection eof intsl-
lectunl conscqmnnl.”(m In this way e_cier_oa becomes &
conordinated system. And thia asystem 15 sorfected by a
continual sinplification and reduction ef the prineiples
which form its point of departure and & sontinual increase
of the experimental propositions whiah ecastitute its ter-
minus. As Whyte has remarked, “the highest possible aim
for saiencs is the formulation of a self-consistent elosed
shain of eonespts and principles permitting deductive ar-
gument in oms direetion at every point of the oh.uin."u:‘l)xe
d1alectioal limit of this movement would be & science in
whish the whole universe could be dsduced from one mathe-
wntical tomh.(u)

(n moys than ons occasion in this study we have
insisted upoii the fuot that the fundanment:]l reeson why
physioml science resshss out to mathesmties is to discover
&a sxplanstion which 1t finds itself wmabls to provide for

physicil phenomens, in ot.er words, to disoover a reeson or

propter quid for its sxperimental propositions. nut perbaps

what v s been aci{d thus rar i1 the prasent La: ter about the

mathsmnticel trensformation of physical seience may give
riss to doubts ms to whether this goal is actually schieved.
A% 8 matter of fact, & number of muthoras exrlicitly deny
thet a physico-matlematicel theory is en sxplenstion. Duhem,
for exanple, writes: “Une thforie physique n'est pes une
ox;:lioation.*(ls)‘!.’e believe that the difriculty here trises
from the mmbiguity of the word “explamstion*, n‘ « retter
of fact, it 1s a ternm that 1s susceptible of a variety

of meenings. In its most fundzmental sense it msans to
give the proper reason for & thing by presenting ons or
several of the four causes by which reality is conatituted.
This is the t,pe of explanation that 1s euploysd in the

philosophical soiences.

Thexre is another sense in which the term ex-
planation is used end whieh hea long been sscociated with
experimental science. It consists in presenting a model
whose structure and functiona reproduce the structure and
function of the phenozena to be explained. e understand
the term *model” here in ths sense of a mechenical cone
strust or at least of a pictorial image, and mot in the
senne in which it 18 now sonetl es used end which 1i1cludes
aathecmtical “"patterna” such &as "tensors snc meirioces,

nanifolds nnd their survature,differentinl forma end their
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(14)
inveriants.” It is well knowm that meehenioal models

oon-t:;uotod out of pulleys, wires, rubber tubes, etc. were
the favorite form of oxplnn-t-lon exployed by the clanl‘nl
physiciste, perticularly those of the English Scheel, lpch
&8s Lord Eelvin, Oliver Lod@-. Fareday, mxvéll. ste, :@
have nlm@y quotedl Felvin's well-know. romrk thet for him
to understand reality meant to be able to oonstruoct a
mecheniocal model of it and apart from such a model no ex-

planation of reality could have any msaning for hinm,

But even uhen less emphtais wea put upon con-
orete mechenionl models and more upon ebutrnet mathematical
conceptualization, there was, until recently, alweys luikilg
in the brokground of mathemetioal thsories physical mod;ll
of some kind, For exmmple in the baekground of the methe~
matioal kinetie theory of gnasea thers has always been a
Tairly definite physical model eonstructed of moloculo-;
‘wilch are a0 idealized and mo aimplified thet they -.re '
suaceptible of aceurnte nuthemsticel trectuernt, even thoush
specirw: analysis haz given abundent evidence of a con-:

siderable gap betweem the ideelined and simplified mole-

oules and the actusl molocules. Those ideslized and
aimplified physical models have served as a kiod of bridge

beiween actusl Pluysice. . reality end mathemnticr) theory.

aciciutirie explunsntion will the congs ructie:

O
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Because of their phyaienl chnr.cicr they Lave been conm
sldered to be in oontact with roality; at ihe ssme time their
8luplified and idealiged state makes them directly smenadle
to natheatiocal wanipulation, xecent ph)lfnica Las dimcovered
howaver that it cen gt along 'i;haui this bridge, that
indepencently or any physicel model it eun set up &
correspondence betwern the resulla of 1is mathemstien] ocon-

structions end the physicel aystem. This has bean particu-~

{15)
larly trus of the quantium mechanies of Diirse, Spesking of

thin sfignificant chénge Profeassor Iriégmer, writea:

ihat we now heve is in errect methematical models
rather than physicel rodels. This emencipstion

I faeel to be u yary importent atep forward towerd
groater theoretical power, because there 1s an
enormously greater.wealth of possibility emong
the structures of mothesmtios than in the phy~
sicnl models which we oan visualize und which
have a simple enough wathematica} theory. It
canuot be denied, however, thet & mothemrticul
model o annot be visunlized in the same aense
that a physicnl model ean be. although we may
Teoognize with our intellect that the mathematical
nodel ia Just ns rood 88 the physical model ir 1t
only smcbles us to 8ns#~er uny question thet we
™Ay propose mhowt the bebaviour of the physical
473laix, neverthelesa we have an uncomloriatle
Teelins tiat we have loat sonething. (16)

Profesaor Bridgaan ia eorract In meintainine tiet

this recent chaniie in piysical theory represents slgnificent

progreas. .s a matter of fuct, the fdentificrtion of

of mecherde: 1
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models, sush as is found in the writings of Loxd KXelvin,
and the elmssioal physiclst's insistence upon physical
@oasls as the criterion of the velus of theories, mels the
intellect the sluve of \':h- imszinetion. icoreover, they
destroy ihe true notiom of sclence, sinoce they seem to make
the sousible as such the formei objeot of mcisnce. In a
word, they ssoumt to a confusion of the meterial tnd the

formal object of seience.

It 1a true thet this tendenay to explain reality
in terms of phyasicnl and mechanionl nodels reveals = trait
Shat is mative to the mind in the senae that it is netural
t0o man to want $0 reduece the wafamiliar to the level of the
comnon and tb fanilinr, But to tis science down to this
type of explemation onn oaly result im ereating Insurmount-
able cbstacles in the path of progreas. Xor reality is
infinitely richer than any fixed fremes ihnt derive from
ordinnry expsrisnee. oreaver 1t is presuming a great deel
to expect to 'ind in fasiliar molar ex erience counterparts
of mieroseopie reality, Sclentists are euming to reslize
this nore clearly every day, especially in the fisld of
wave woohanics, and vhe work of Lirao, -.chrodinger, etc.
ht#s put partioular eaqphnais upon this polut, PBut the most

tiucriant us,ect of ’chx.s %uu.ﬁ.icn is that true progpess in
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scionce, s ws sew in Chapter IV, does not consist in
transforrd g things into whet is most knoweble for ua, but
in approaching clonar and closer to what is most knowstle
in me, though lenst knowable for us. In other wards, 1t
does not aonsist in i:posing our meas ae upon reslity, but
in allowdng rexlity irmpcse its mensure upon ue. Anu if

it becomss neoessary to hnve reeourse to ert, the only
roason 1s, as we have sesen, t0 open up reality more snd

uore aa an object,

But in this gquestion it is not necessery to
be a purist. The remark mede by Dirac to Schrodinger
"Boware of forming models or pictures at all,” mst not bhe
taken too ).neruly.(r,) Even though physics has recently
taksn a very definite step in asserting its emancinetion
froma physical models, it 1s doubtful thrt this emancipetion
will ever be caylete, or even thrti such & com:lete emanci-
Jation would be desirvble. Imeginetive construction in-
s3ct_ably aecoupunies Intsllectuel sctivity. oreover,

this Lmgoinetive eousiruction mey often prove useful for

the physicist, as Professor Nridgmean has pointed out:

1 think thet tho ordinery physicilst will want
to keep his physicnl models &s louy &8s he can..
tnless one has suprere jpowor as & nethemeticirn,
one iy o=ll £ind 11 useful to hrve 1t Lis
commend meh‘mo'c‘s of rquaniy by agalosy thet




will give him an insight into the n:ture of

the solution of special problems, and ome

mny choor fram the sidelines any attenpt to

invent ecubinations of the elenonts of the

m:ithen ticnl anrlyais which may be handled

soewhat like the elenwits of ordinary ex-

“erience, and of which ¥e my Lope ultiontely

to acquire a more intuitive coxxrna, 1 sus-

peet that Rohr*s attennt to f11d a dualistio

QSP‘QO" of nrture 1s an eLtuipl of Lhys sort.{18)
'ven matheastic: 1 canceptunlization s Rocessarily tied up
with the lngimtlon, B3 We aew in Chopter VI, The
imaginative construstion which acoonpanies thia eoneeptn-
elizntion, while on the one hund less Treo than that found
in wetaphysice.} knowledye, 1a freor and less deter-iined :
than thet found in physical knouledce. 1In Bmathoortical
theory it ia of 14ttle importance what the oature of the'
imaginative coustruction is, provided that it prove umeful '
and that it remain im continuity with the neasire nushors

out of which the theory is avolved,

Consequently., the physicist 1s rree to amploy
&y phyisicnl models that Y prove helpful to hi., provided
he rewain eritically consecious of their true si;nifioance.
Bclaﬁutomtnor'nuthtmct;'nn-'c
"eorpusclaa” or both, provided he does not allow hi “u- 1f
1o alip into the delusjon of thinking thst the ontolm-icai

nature of light 11 acty: 11y like waves of weter or like
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tiny pellets, The wmost Smportaat funation thist these modols
ern play is to provide suggestive sources of nathemeticml
winipulations and an imeginntive support which will aid the
aind fn coordinrting experimentilly observed reletionas.

The fruitfulneas of lchr's tlioory of the structure of the
atorm did not consist so much :1n he plmt-;llbn ‘eireulsiion
of slectrons around & nueleus ta in the fuot thet this
structure provided a busias t(;r mathem: ticel speculation. Ry
considering seven slectrons eirculating ir one atom amd
eight eleotrons in anotber, one is ensbled in sone wey to

: (15(
saize upon the dirference between nitrogen and oxygen.

In L Science et 1'Hypothiése Poincsr! hea brought

out ths true function played ;by models in physicel theory
and showed thet they are essentially srensitory wkile e
unthem:ticnl relations w:tch they suggest constitute thre
es:ential end permunent pert iof physicel theory:

«-. oop dquations expriment des ruyjorta et,

81 les /quations restent vraiss, ctest .ue

ces ranports eonssrvent leur rislité. . lles
nous ayprennent, apres comie svant, gu'il y

& tel rupport entre quelque choss et quelque
autre chosej seulemsnt, ee quelqus chose meus
1%appelfons autrefols rouvement, nous 1'apcelons
mmintentnt courant £lectrigus. lreis ces
Appellations n'itaiaent ue des insi-es substitu’es
aux objets rdels que 12 n.iure nous caclera
éternellemont. Les rtpnorts viritebles entre
ces objets réels sont le seule rfalité ,ue nous
puisafona ettelidre, ¢t le soule Mrt:&]lion,

- - | | g



o'sst qu'il y ait les mimes repports entre
oss objets gqu'sntre les images qus mous
scmmes forefs de matire & lesur pleoe,
css reapports noua sont commus qu'importe
a8l nous jJugeons ccmwecde de remplaoer une
inmge par une sutre, (20)

ind ha goes on to explein thet the sclentist may employ

vodels that ars mutuclly contradictory:
I1 seut se feire gulolles exprirent l'ums
ot 1'nuire des repports vimis et qu'il
n'y ait de sontradiction qus dans les
imrges dont acus avons habillé la rSelits,
Les hypothisas de ee genre m'ont dome
qu'un sens mtaphoriqus. Le savunt me
doit pas plus »e lea mtogdu-o que le
potte na s'interdit les mitaphores; mais
il doit sevoir ee qu'elles valent. (£1)

We balisve that this view of the meaning of
sclentifie models is eorreot and that it fits im perfectly
with the Thomistic dootrine of the usturs of mathemeticel
physics. For im & soience which is formally mmthesmtical
and Serminative physionl, the explan:tory constructions
will be sssentially amsthexctical. It will not be neCcessery
tLat in these constructions tlisre be physicel re—sembodiments
of wt ure.  All this is reguired is that the mathe s ticcl
conatructiocns bo in the and verifiable in physjcal oxperi=

nent,

Bus, to return to our originel question: is &

m.theiw tic' 1 theory an expl:urtion? Profaeusor bridemen,

- 791 ~

arter moting that the emencipstion from physical modelas
gives us en uncoifortable feclin, that wo htve lost some-
tiday, goes on to sey: "I think thet we discover on
anclysis that 1t 18 the explan:tion which we fsal we heve
lost”. 1t ia oertain that o nnthemcticr  theury is not
nn explenation in the senss of o roduction to faniliar
axperience, nor does 1t provide an explanstion of the type
that philosophy affords. Thet is to say, the purpose of
physiocul theory 1is not to give mus _Q_;g_o__r_o:_:!._ foundation of
the laws, but a logionl foundation. For thaories ara
nmestnl eonatructs, amni it mist be kept in mind thet methe—
matioal physics s dimlectics. Kevertheless, we foel that
& physical theory wiy be called en explenction in a true
acnse of the term.

Ju'est-~os dono qu'expliguer? C'est tout unique-

ment faire rentrer un frit dans une forme. Le

fait est expliqud lorsqu'il appereit jdentique

& 1'un des phénoménes qu'engendre un de ces

aorites indéfinis qu: nous appelons thiorie

ou formw.(22)
~hyusienl theory providea an exnl:n tion of retlity in the
sonse of making it deducible and thus rrtionel. It 1s
an sxplanation in the line of formel esuselity, even
thouch 1t i3 not a quostion of the proper ontological

foriel ctuse that is found in nature. It 18 & mere

surstitute formnl enuselity - - and never more then ProO=

visionad. lievertheleus bY wehdS of 1t parhomatigal L wins
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bodies and that the symbols m,g,t,v refer to diatence,
Sruly achieves the afm of subalternstion.
' gravitational eitrection, time amt original Yeloeity, or,

And 13 must be pointed out thet the enancipetion to be more @ocurete, to sets of sonerets mensuring operetions
from physierl nodels of which wo heve boen speuking doo; ’ whose resultant moAsure-numburs ropresent the properties of
not in any sense dissolve the intirete w.don between mathe- distance, atirietlon, ete.. Yo any tiet this 15 tle ecuation ‘
¥ ties ¢nd physies thut subaltern:.tior, 17plivs, o the. .for falling hodiea monns that the numbers obteined by the
Question: whot iy the theory or mxwall, Hertsy 1g luppoaod ) soucrete proocesses of moasurersnt determined by the taxt
to huve replied: "rhe T“haary of imxwell is Nexwell's . satiafy the equatfon when they ure subatituted into it.
systen of equationa,~ Avd Poincerd writes; ~Ume 1ot The text determines not only the nature of the mBEsuremcnte

| Pour nous ... en un mot, c'est une Squation difroronualle.(g“' involved, but mlso the Arecise connection between the verious
Thers 1a obviously a semse in which these expressions ar; *yrbols used 1n the squstien. 1If for exemple the time and
correct. ind yet 1% would be felse to suppose thet ?ilxwﬁll's_ the distance must be obtuined by simlteneous mensurenents,
Theory or auy other thoory 1n phyaies eonsisted merely of - thls must be speeified by the text. It 1a cleer that in
mathemtical equations and nothing more. In eo for as the dictioniry we shall find the wey 1n which the multi~

seience remains meterinlly physicel, thers must be a link Plicity of individual wedsures are reduced to She funde-

binding tliose mnthezntigsl squations with physioe) mllfy - jentel remoures and how perticular nefoures, such as that
even when the bridge coastituted by a physscel mdelvh,: of tomporature, for exearple, becorse allmorbed by the tleory
be n removed. This 1ink is brovided by whet 315 known es ‘ &nd loge thar‘a:)elvca, 80 to spsak, in combinations of the
& taxt or m dictiomury. This taxt revecls the physscal : bizie measures of lon:th, time and wmss.

significance of the mathemotivil equations nnd shows hew
- : It 13 eray Lo lose of #ht of the importince of
these ecuntions are to be baed Ir order for thet aimiricrnm
the dietionsry in physicel theury, and ymt 1tg Tuniction
to bo maintained. vor exarmple, the formuls s - 2, V ‘é .
; ia engentinl, for it wfilntring the intfi wte union betgeer
has no physicas) significance w: leosg 1t be accorpanieq by n
the nthematics and the Physies. Tt 1a nrs:cjs-.e]}/ G//mt‘-dmf
dietions ry whie exulning t et 44 15 Lhe ToTmula for 6,;\[{17

oo S ——
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of the text that the mathemmtion) physieist ia &dle to knep
ir mind thet what hy 1g desling with Qirectly is a phyaical
elozent, and thot the mathenationl element entere into his
object only by way 91‘ comotation. To quote Bridg:isn once
agnin:

1t appenrs, therefore, that & eowplete msthe-
mationl formluiion requires equations plus

toxt, and the text muy perforn a wvariety of
funetions. The noocessity for a text is a}-

nost alwoys overlooked, but 1 think it muat

be recognimed to be essential, axd a study of
what 1% must ocontein is an Roceasary for an
adaquate gonesption of $ho muture of the
ustheatical theory as is the study of the
squations themsslves. Une of the functions

of the text, we have seen, is $o tell us liow

to set up the Sorrespondence between the

nuzbers given by the equation and tLe numbers
obtained by menipulations of the physiea}l

zystem. The text eannot tell us what it is

that the sorrespondenes is %0 be set wp with
without going outside the system of ths mathe-
mtienl theory mmd sazuming 6n intuitive )
knowledge of the leangunge of ordinery experience, |
in elnssfoal mechenigs, the geomstrioel verisbles
in the equations of =motion are the coordinstes
of manive particles, but unleas we know
intuitively what g massive partiole is, we

simply esnnot make connection with equetion

or theary. Mot only ia the tusory powerless

to deacribe, either in text or equations, what
the elenents wre to which correspondences are

The $ruly grest Physicist never allows the symbe iasm of
, mathematics to meke him lose intirmrte contuet with physical

renlity, Of ¢instotn Lm;evin could write:
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Pour lul jommis 1o voile 4u aymbole ne magque
1n rMalits. Rombreux sont les esprita pour
lesquels le signe enche souvert la chose
signifife; rinstein se meut » 1'eise dens

le monde des synboles, mtis jezeis coux~al
o lui dfssimlent 1%espact phystaue dea
chones. (26) :

Tut this union betwson thet: vice ) construetion
“nd plysical reelity must be correctly widerstood. In the
sirple exampls ofted above of ihe foruule for falling bodies
there 15 a ane to one ¢orrespordence between the mathemnties)
symbola and operetionally defined physioa} propertfes., t!ust
we expeot this manme eorrespondence to Le found in 2l} mathe~
rtierl forrmlationa snd throuchout the whole of physienl
theory? Such en expectat ion would misconstrus the propex
function of methemetics in physics and would impose sterii-
ixivg restrictions upon the theoretiocel povwer of mathematical

(27)
oonstruction,

“here ia no resson why e&ch aymbol in the a8 the-
unaticel squations, nor even esch alep in Lhe atructure of
mathematical theory, should have a definite oounterpert in
the plysion) aystem, Nor is it Reosasnry that all of the
onerationas perfured by the methermtician in his inter-

pretation of nature should huave a physical meaning, or tiat

2ll of the quantities ranipuleted be nacessitle to ex erierco.
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It ia true that all Physico-mathenmticnl theories must

- originate in Wasure-numbers produced by physicel prboeaw-
end must ultimetely torminets gn fornules whioh heve direet
phyosficel relavanoce ond wliich correspomd to concrete nes sure—
numbers.  But betwean this point of deperiure sng this’
torminus the theoretieal physiciat is free to create any
suxiliary mnthemetical quntities which will help him to -
sarry forward his task, even those whose realizstion in
nsture would fnvolve & sontredistion. oy is thare any
contradiction im mainterining thet Tietitious entities ean

rtks a positive contribution to the axplanation ef reality,

It 1s well known how the fictitious construats of the Theory

of helativity hoth provided an explanstien for phenswmens
Previously inexplicadble, wuch as the enomoly of mrcux-y,
and led to the new discovery of the deviation of luminous
roys in the neighborhood of the sun. And if pure loslcal
ontitlies end fictitious constructs oen be sfflomciously
used to solve practical probleas, as in the rather well-:
known case of Staimetx's use of the mihomntionl surd,
T=7 . % solve the provies of cetting electrion]

locomotives over the Continenta} Pivide, they oan » fortiory
—lkiork

¥0rve as affiesofious explanstory deviees to solve theoretical
{28)
probles,
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liodarn physics hng 8xercised wide fresdom in
this reirrde It hes felt freq to push 1% theoretica)
poasr and the oreativity of aetherntics to the 2imit, pro—
vided only thot in the end there result forrulre thret ean
be given & physios) nerning, \i\',éyl hes olnfned for physica
the rirht te 3.2 uge of. every posuible TosouUrce no mstter
{29)

how strenge the results avy eppeer, In this connaetion
Addington writes:

The pure T:nthen-tlc_lan, a8t Tirat called in &

& servent, presently likea to assert himself ss

matter; the sounnexus of mabhers tier] propooitions

becomes for hipm the nein subject, amd he does

not ask permiesfon froo Hature whan he wishes

o vary or goneralise the original premises,
“hus be oar arrive 8t a rooretry unhampered by

Taally behave; a hydrodynamics of berrect fluids
doing things which it would be contrary to the
maturs of any meterianl fluid ¢o 40, {30)

e sme in thxs:exercis« of freedom a confirmetion
of the iristoteliun and Thomintio interpretation of mathe~
wutlctl phyaics an oppoaed to thet or Lhe ancient and neo-
Fythagoreans, As Bridgman h:s remarked, ths feeling tlat
all the steps in the strusture of mathasr tical theory must
lirve thair eounterpart i phyaterl reality derives frowx the
Prtlmgorean belier shet tAh'a methenaticel interpretation of

(31)
witure eans a discoviry of :thematicy, 11 orture, which




is 1n the last enalysis a mathemeticnl eonstruction. In
the dootrine of Aristotle amd St. Thomes the mathemetical
world is extrinsic to the physical world (in the sense
alreedy explained) and sonsequantly the use of mathematics
in the study of the physical world is mot a diseovery; i
is an mpplication. 4s a result the thecrist in meking
this extrinsic spplioation is granted all of the fresedom
that 1s native to the world or mthamatica, It took the
esnius of Einstein to fully realixe that gecastrioal
coneeptions must be manipulnted with the utmost froedon

in order to provide an explsnation of physiocal phenomans,

The faollowing lines of Casairer are relevant
here:

¥or 1t is precisely the souplex mathemationl
conoepts, sush es possess no possidbility ef
direct seasuons realizntiom that are continually
used in the somstruction of mechaniss and physies.
Conoeptions, whieh are soupletely alier to
intuition in their origin amd logical properties,
and transoend it in prinoiple, leed to fruitful
an Euuum within intuition, This reiation
inds its wost pregucnt expression in the enalyaia
of the infinite, yst is not linited to the latter,(32)

This brimgs us to ths mooted question of the

goometrical structurs of “resl® spase. It is & question

that has boen rendersd cbseure by the ambiguity of the terwms

ecployed. As a matter of fact, the word "reel" oan hove
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nore then one meaning. Kor the physicist, if he so desires,
is sutitled to conaider s space as "reel" when the coometry
to which it corresponds provides the grewztest theorstical
power in explaining (in the ascnse determnined above) the
concrete measure-nubers derived by sctusl experimsntation
with the phynical world, and has the grestsst success in
synthesising in an exnet, simple, ooherent and omploio
feshion all of the expsrimental laws. The only mnhlng
Siat reality can have for the matheswtioel physicist is the
mankers that ars the results of ooncrete measuring procesaes.
That is why the geometry that best rexpleins® thase results

13 for him the geometry of reslity.

Jhen the question is undsrstood in this sense, it
is cleer that no particuler type of spece, am mo particulsr
system of geometry is privileged. Any gocn-tr; which at a
given stage in the development of physice provides the
greatest explanatory power for all of the disaoveries that
hove beon made up to that point mey be considered to be the
geometry of real spaoe. Abd Just as soon as any other asystem
of geometry provides greater explanatory power or is better
abls to meet the problers arising from newly discovered
phenomena, it must suppleant ite predecensor and becoms the

goaetry of "reel™ spece. In this sense it ia perfectly




