legitimats to may that "“rea}® space is spherieal or

elliptiocal, or that he geometry of nature ia mot reulidian
but Heimanian,

Put for the bhilosaphar, the geamtry of "realr
apace is not nerely the feometry which best “saves” s
collection of weesure-mmbers. It 15 the gsometry whieh
13 realized (though net or eourss In the abstreot state
proper to the nathermtiocal world) in the quant ity of the
objsotive world ocondition. There is a vast difference
between thim ohjestive realizntion and an explanatory
saving of a oollection meAsure-numbers, aml thet s some- .
thing thet more than one modern scientist and philosopher
of acience heve onrlo_oh‘.h Theorstioal eontinuity be-
twean a gecustrical aystem end a oollestion of uuun-
nunbars does nct eonatituts an experimental proof of the
objeetive character of that aystem, In feok, 1t seema
necesssry $o inoist that aa long as it remains true to its.
proper method wuthesstionl physica ean nei:iher prove nor
disprove that the absoli.te world conditien 1s either
Bislidian e noo-Feelidisn. Mor doss the theoreties)
continuity just mentioned prove an some contermpornry
seientists hewe clained, thnt the distinction between

geoneiry and physics hns been wiped out, in such a way thet
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the former must be considered an experizsntal scienos.

If the ubility of & mathewticrl mystem to pro-
vide muserie:l values which eoincide with those derived from
physiocal messurement were a aufriichnt proof of the onto-
logioal charecter of the space p%-oper Lo that system, then
eny and all fictitious construcis which could be put into
continuity with messure numbers uou].d have to ha.u objeotive
existence. .oms modern sciontiaf.- asex to have recognized
this faot end have consequent ly folt the neosssity of
attompting to establish the posaibility of sowme connection
between non-Ruclidimn sproe and tllonnory perception. The
results c;f these ntt.ﬁpta have only sarved to show their
utter ruullty.(aa) Sir Janes Jo;u. for example, while
sdmitting the obvious dirfisulty encountsred in trying to
fuagine "sphericel spece” bolicm that this diffioulty
derives meroly from its unfemilisrity. He holds that our
intuitive belief that apnce 1s ‘uolidirn 1a similer to the
"eoxion seuse bolief t1s'v the eerth is Tlat, end compares
the diffioulty of imagcining non-rsucudun apsce with the
diffieulty Shat a ehild has in tmgining peopls sxisting
on the other side of the earth wituxout‘ rfelling orr.(ﬂl‘)\

momant®s reflection will show thet thers is no parity be-

treen these two onses. Jt is possible for the trrgination
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to eope with the sphericity of the sarth, but it s witerly
iapoasible for it to cope with the concepts of pon-Kuoelidian

[ 1 0. 18

Consequently, when "real spsce” ia undcratood
in the philosophical sense of the term it becomes nscesssry
to suy that the geometry proper to it oan be nothing but
Euglidian. The modern non~Euelidian ¢vecmetries are purely
dialectical atrustures ead thet they eannct be appliet to
real gquantity without n contradistion. only the ontities
of Fuclidien i eometry are cepable of csonstruetion 4{n the
imeginative intuitfion, end this eapability is necessary for
realization in the objective world, sinos this realixation
motns $o exist with ssnsible existence. The entities of
non-Euclidian geomstry require ruelidian geometry ng a
foundation of their eonceptual exiztenoce; consequontly,
their objewtive existence would iuvoive a coutradiction
since 1t would deprive ther of this foundation. For this
roason the non-luclidian conastructions which have proved
#0 fruitful in modern physiorl theary onmm} be considered
te Jave astml phyaieel eownterperts fn mature; they mast
be looked upon not as sorething shich directly revesl the
quantitative nunture of the objeotive world, but as oure

goometricnl asymbols of this objective world, ind the serm

\

- 805 -

muat be said, mutatis mutondis, of the mathem:ticsl [

struetions of .uantum phyaics: they are pure methematical
symhols, which, witho .t possessing sny direot physical
counterperts in the ol jective world, provide the best
theoretioel schemn to explain snd syntlhesize the results

of our meesuring procesnes,

It must bs pointed cut ho-oujr that there is a
sonse in .hich the mathemntiorl ecomsiructions which canstitute
nodern physioal Sheory heve objeotive significence. Though
without direct phyaical countorpert, they do, nevertheless,
sucoeed in a certain fushion in seixing upon the structure
of the objeetive world. Ry providing sn fntelligible
soheme of relationship which establishen eantimious gonnection
between the maubors of the menifold which econstitutes nature,
they sucoeed in reflecting the interrelstedness of coamlic
realit, and the hrrmonious opder that prevails fin it. Ters
thias not so, the wvnlue of nodern science would be extramely
dubioua. For 1t would heve Fuined very 1ittle for k- ving
condamned decadent icholsaticiam for trrceforming facts into
nire pamss, if fn the end it rosulted in aothing more than
the trunsformmtion of fects into 8;ynbcla. .8 € ot tter of
fact, however, the secrifice which methematization has

imposed upon it of ronouncing the inper npturaes of inys
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the Sransformation thet this translation produces in the
is yepaid by a reflection of she all-inclusive strueture :
' refleotion of neture thet is found in physicel aclenoco,

of mture,

All that the thirg* of the populer view of

the world loses in properties it gains in i

relations; for it noe longer remeins 1solated 2. The Trenaformetion of eture.
and dspondent on ituelr alone, but is conrected
inseperably by logierl thresds with the totality )
of experfience. I'agh particula® coneept i3, na : ' . ‘

1t were, one of these tlresds, on which we It would be virtuslly em endleas trsk to attempt

atring real sxperienees and counset them with . . : ‘
future poasible experiences. (36) to bring out in rul) detail the profound mstamorphoais that

the mathematixation of Physios produces in the ncientifie
B reducing mature's mmifold to & retions) unity view of nature, and we nmust 1init ourselves to touching

tirough relatedness 1n ® momber syatem, mathemcticnl physics briefly upon a few of the moat characteristie and signifi-
provides a quasi solutien for the problem of the ono and oant pointa. And o mnt'; reflection will suggest thet
the ._". Wy reating an order of pure howogensous Telated- the pivotal point of thin 'kixolo transformstion ig found in
neas 1t arfords a quasi sepientisl view of the universe tho concept of motian, which, ms St Tiomes wn’“ﬂ' -
which enables the mind to derive the menifeld from tl?- one, %0 apenk, the Wery "1irer of the world. In Chapter Iy we
even though the one be a pure subatitute and the manifold be

Yeached only in ite Purely matsrial snd numerioe) diversity

out to comsidersbls langtha to show that physice) Bolence

1s essoutially a atudy of mobility. For nature 1s necesseril:;
and pot in its roper cifie nature. This leins : (57)
s spe t hy d4ofined in terms or motion . and thet s why Aristotle could
it 18 80 » for the mind to mistake mathecet s izo : (za
ind ool phy * 80y that he who 1s dgnorant of motion is fgnorent or neture,

|

I for true wisdom,
| on the other hand, we explajined in Chapter VI that mathemntics
|

|

ALL thls 15 u great achisvement., But it 1e sasentinlly exsludes motion. The mathemstiosl worid is a
peid for with a great Price. Perheps mowhere does the world of fmriobility. It s 1f:run that methemnticlans apeal
adege traddutors - - t;'aditom obt:in with grester tores . of & kind of motion, but us we pointed out, this ~otion ig
tiar in the mathenntier) "tr%nali-tion" of physicel science, ) only a dialectical, Loeyin ryf, intremonte) thing, whieh coes

And taat 45 what w8 nust nop try to aee by eonsiuering
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Rot izvolve $rue besoming. As we mentioned in Chepter I,
this opposition between the 10b111ty of neture and the
immobility of mather.tica ven traditionelly ene of the
stumbling blocks for those who wished $0 mathemetioize the
cosron, and provided one of the bases for iristotle's
criticiaus of the “latonists end the Fythegorenns. we

must now try to see in what sense mmthematics may be eapplied

to motion and what {s the effest of thin spplicetion,

Aristotle end 9i. Thomas explain that motion may
be considered under two Aifferent mapects. In the first
place, 1t may be vonaidered in its proper amd specifie
esoenos, and in this sense it siguifies a foming into being.
Considered in this wey, it is socsthing profoundly obsoure,
sinoe it lacks tha determinntion sad sotuelity of being.
Conssquantly, it emn be correctly defined only in a wey
which will bring out thiam »rofound obscurity, Aristotle
has given us the essentiel definition of motion in the thirgd
book of the Physics: the aot of a thing in potency in so
far as it is 18 potency. This coning into being 1s reelirsd
oth 1n the substemtial and in the soeidental order, and in
She lrtter emse (which is the strictest moening of the
Thonistic term *motus™) it 1a found in the three estegoriss

of quentity (growth ih living beinra), quality and place
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{looal motion). ill subatantial shange involves acsidental
changea, and potion in the predicaments of qusntity and
Quelity always involve locel motion of some sort.(m'z‘hi-.

in a senss all motion many be roduced to loeal motion, Thia
kind of motion is the most superficiml rnd the one which
renlizes the lemst ihe conce;t of becoming. It i:ivolves
esse. tially an extrinaie denomination. To may, theraroi'e,
that all the motion in the w iverss msy be red ced to locel
motion, is to say that 1t may be reduced to a syetem of

extrineic relations.

The second espeot under whieh motion may be

considered is brought out by It. Thomes in his Comentsry
{40)
on the Fifth Dook of the Metapkyaies. In analyring the

Botion of quantity, he tellsus that tho;o are various kinde
of guantitative modes. Soms things sre quantitetive per se,
such as "lime", others are quantitative per sccidens.

Amon; those which ere cuantitative per_aceidsns some zre
such by the feot that they are accidents inhering in a
qurntified subject; others however are quuntitative by the

faet shat thay ure diviaible according to guantity, Ia

%.ia category are found motion and time., St. Thov a writesa:

nlio modo dicuntur alique quents per aceldena
non yatione subjeeti, in quo surt, sed eo gucd
dividuntur geoundws quantitaten sd divisioner:
rliouius quantiatis; sicut motus et tennus,guse



~
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dieuntur quasdan quanta et eontinua,propteres
quod ea, GQuorum sunt, sunt diviaitilia et ipsa

dividuntur a4 divisionen

Soruxn. Tsmpus enim

ost diviwibile ot continmuua propter motumg
notus suten propter magnitudicem; non quiden
propter mognitudinem e{us quod uovetur, sed
propter megnitudines efun in guo alicuiad
Aovetur.s XX @0 enim quod 3ila whgnitinio ent
quanta, et wotus est quantus, rt propter hoc
quod motus eat qurntuy, sequitur te:pus esse
quantuu, Unde hrec non solum per acoidens

ruantitates diol posaunt

» 804 nagia per

posterius, inquantum quantitatias divisionen
ad aliquo. priort sortiuntur. (41)

In his cmnhg on the e 'n-uuag be shows how thie

quantitative aspect rnkee 1t poasible for methewetics $o

enter into the study or notion:

suan non partinet &d gemms quant itatis, sed
participet aliquid de naturs quuntitatis sliunde,
sesundun quod divieio motya sunitur ex divisione
spatil vel ex &ivistone mobilis: et 1deo X
fonsidersgre motua non pertinst ad nthmtlm,
sad panen Principie mathemmtion ed motum
asplieari possunt: et ideo ssoundum hoe quod

Principia quantitetis ad

motun applieantur,

naturelis oonaiderere dobet de divisione ot
continui, et ®motus, ut patet in vy Phyaicorur,
X in selentiin noutis inter metheny ticom et

——

nnturelem octatur de mensuris wotuun,sicut 1n
selantiia de sphuers note, et in ussrologie. (42)

These distinctions mcke it clear how it beocaes

poasible for mmtheemtics to be applied to the motien in

Ahe

universe. Ry reducing r)1 notion to local motion or move-

Beut in space, by canaidering

this loeal motion net as a

U
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eming into batn: but am A pure extrinale relstion, and by
eonaldaring shis axtrinasle raletiae purely tn terms of its
qusntitative aspsot, mathemntics is able in nome way to
seize wpon motion. Wut in t:lolm_: 80 it trunsforme it into

i
the only senss in whien 1t cun have meening for a et he—
1 I.icinu: = = the eimple veriation ¢l the rqletiona of ; point
with coordinated axes. and thus in mtho:iatleal phystan
noveneht becones nothing mxlﬂe then a veriation of spatial
relntionaship between two Or more bodies which resmin fn
trinsecelly unchanged, Mnitn, Tor exrmplo defines it ac a
"eham of position in -pna? @itk tlm."(gs)A eont inual
soeriss of spatial polints l.\re united with & continuous series

of temparal points ard the four dimensional curve which

results beoeo s ths node) of motion.

It chould be irnedistely evident thet such a
notion of motion amplies it or ita proper physical ease: ce,
It 13 no longer a true chmig?, but a riere diasplacerent or‘
6 poiny, no longur q@rccoss but 8 relgiion, no longer s
beco:ting, dut & state rhicn hrx & cort in Getermined vrlue

(e0)
then err be xeesured.

Things do 1ot come into existe. ce at & eertain

———————— L T

plies ard at & certrin instant of t4ie -~ - they siaply exist

8L & certein point fa g cout inaua.
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That physise-mathamatiosnl motion is eaptied of

all decoming s eleerly brought out by Skr Arthur Pddington:

I'vents do mot happen; they sre just there, and we

come acroas tisri. "The formality of teking place”

1s mersly the indication that the sbssrver hee

on his voyege of explorntion peszed into the

absolute future of the event in question; snd it

bhas no faportent signifievnos.(45)
It 15 olesr, then, thit thare is no trus becoming in t:;)
phyaiso-mathermtical world, and oonssquently no rest. 4
good analogy of the differance betwssn the shysico-methe-
mationl world emi tle resl world may be found in $he
differonce betwean & piece of muaic 2layed by s sysphony
orcheatra and & record mmde of the pieos. There is sowe~
thing on the atatic record to correspond to mll the move-
rents and nuances of the piece, but the movements snd
mances themsslves hove been lost. They have all been

spatialined,

Decnuse methemataticized motion is mot a coming
into being bdut & pure rolation, 1t is perfectly recipreeal,
That 1s why Descartes who had fdentified real motion with
mathemutieined motiom could ssy that it 1a perfeetly ia-
different whethar we say thrt we are moving townrds a
goal or that the goal ia mov¥ing tomrds us, since in both

oases the variatlon of the relations of distance remairs
) (47)

extctly the same.
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IS 1 eamy $0 see what han hapoened in thia
mthmtlnﬂeﬁ of motion. Nothing ia so irrettomnl, o
refrnctory %o thes intellact as potentinlity., That 14 why
the mind in ite attempt to reationalize the universe as
completely as possible is inevitebly led to the atterpt to
wipe out potentielity «rd to recuce everything to the ,;)lnno
of actunlity, From tits point of view Ber;:non is correot
in maintaining that experimental science deals only with
the "tout fais. .~ @ But in wiping eut potentielity gt
deatroys all true mobility, It thus sucecods in explaining
nature only at the sxpenas of destroying 1t. 1t reduows
wotion to something that is perfectly clear end intelligitle,
but in so doing it saorifices ita very casence, for motion,
os we sail, is somsthing essentially obacure. That $g why
meshanism talen as s philosophy of nsture involves an
intrinsic sontrediction., For tn ettempting to give an
sdequate account of Trerlity by means ‘f motion ard extension
1t empties mvtion itself of 1ts rerlity. Tt wes baceuse
Lieseartes fatlsd to realize thet Lis mathenmticized mot fon
¥as not true motion that he hezpad sueh supereilious seorn
upon Aristotle's definition.

4% vero nonne videntur 1111 verba marice proferre,
quas ¥im hubeant osocultrm supra c: ptum humeng

ingenii, cui dicunt Botwn, rem uniouisue notissiren,
o488 actun entia in potentias, prout est in uotontia'-_
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quis enim intellixit hass verba? quis fgnoret
quid sit motus? ot quis non fateatur illes
nodum in scirpo Quessivisse? Dieendum ost
lgitur, mullis unquan definition Ibus eiusmodl
res asse axpliosndas, we loeo sixplicium
sopositas appreheuderms; sed 1)les tentunm,
ab aliis ommidbus searetns, attente sbd UROgRUOque
*t pro luwaine Lipgenid sui ense intuendas, (40)
It is to be noted that Iwscartes 2id not say: "juia
ignoret quod sit motus,” bus "quid si% wotus?* yor
Aristotle the extstence of motion was perfectly clear; it
~ bad all the olarity of e dairect intuition. Descertes
thought that thia Porfect clarity of 4ireet intuition could
be extended to the Very essenos of motion. That is why te
‘his question; *“quis ignoret quid sit motua?” one ia
Justified sn answering: "Descartes.™ DPaateur's dictum;
"Je pleins les gems qui n'ont s doa 1dies clairest, ia
sapesially applissble %0 the reala of Meture where thing
30

&re sssentially obacure,

All this helps us to understand the solutiom to
tls sntinomy mentioned in Chapter I betwsen the ancient
and modern eoncepts of wotlon. Jor Aristotle, as we saw,
1t mmuthithmxmnnetabdyh-ouu

denanded a cause and without this omuse the body would

come to rest. For loscartes, on the other hand, the

{61}
Principle of inertis wng perfectly ovident, and according

TN
N
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to thia principle the ceasation of ths motion of a body
denands n causs, nnd without this cause the motion will
continue ad indefinitum. The eniemar of this striking
paradox irrediately venishes when ':o ¢ell to mind that
Aristotle and liesoartes are talking sbout two different
things. ror iristotle motion monns:a conming tnto h(ein@j,
and sinoe nothing can bring 1twolr 1080 being, there must
be & eamse to explain the Process of becoming: quidquid
movetur ab alio movetur. Yor Dascartes motion 15 a state,
that fs to say a xind of entity 'Mqh will retain ite
#xistenoce until robbed or 1t by nom- cause. The prineiple
of inertia hes %o do with methemmticized motion, that is
%0 say with a motion that ia lnrinj.to).y unlfm and
rectilinsar. This prineiple doces no:t in sny way involve
the falsity of Aristotle's motion of motion. They belong
to two different orders. Lristotle mado no sttempt to
troat the mnthematicel mapect of local motion. It 1a
extremaly 1: portant to keep in mind ti;imt this ~witl.emetizetion
18 not & sutatitute fror Aristotle's iorinition; it ia e
Passing %o an entirely different cmujr. 4ll too many
historians make the misteke of treeting iristotlers Thysics
as though he were attenpting to write & trantine on mathe~

witlon) physics.,
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This question ks an isportant aorollary im
ths problem of prismm vis in St. Thomrs' damonstramtion of
the sxistence of Cod. In thia demonstration motiom is con~
sidered as & beooriing and not as a stats. And thet is why
it makes no asense to aey.that the arpument ia disproved by
the prineiple of irertia. Cbviously, 1f notion s cone
ceived o5 a state thers is no need to have recourse to
an actio to explain ft. This shows thet the mathenatization
of the cosmos hes & profound effest upon the prodlea of
cananlity in the wniverse. But before turning to this
Queation we must sonaider in a suunary way how this mathe-
matization effects & notion thet is intimately connected
with that of motion, namely time: *tempus habet fundanentum
in mu."‘u’

Contemporary Saholastics have fnsisted upon
the differsnce betwesn Ariatotelian time and :insteiniaen
tims to the extent or denying that tiey have anything more
in commonr than the name. 03] They have furthermore wlaimed
that what Linstein has to sny about the impossibility of
almutansity at o distance s nothing to de »1%h She
ti~s of whieh Aristotle npenks. ‘o feel that this 15
extreoly smbifuous. vor the term "time” doea not alwiys

b vo exnctly the sane mess irg in Thonistie ter.inology.
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In the first plaee, it signifies she duration of mobile
beinga, that is to say, the peraistence in exiatence of
beings whose oxistence is succensive. But the “time™ which
Aristotle defines in the fourth book of the "hysics doss
not exmctly cofincide with shis primery notion, although it
is emsentially comeoted with it. For by defining tin;o s
the measure of motion mceording to a relation of priority
and posteriority he makes it cleer thet he 1s spsaking of
an extrinsie determinmtion of this duretion in relatien to
8 chosen standaxd, thes is to say, of & messurement of this
duration. Consequently, in so far as both Aristotelian
time thus defined and Linsteinian time have to do with
neamorement they colnaide. And we believe that what
Einstein hts to say sbout the imposssibility of sinulteneity
at a distanes applies to the time defined by Aristotle in
the Physica. For we know of mo way in which the neasure
of motion according to & relation of befnre and after can
be determined so that distant aventa can he Tixed as
similtanecus. of eourse, in so far as time is sncceasive
duretion there is such a thing objestively eaa distaut
alaltansity oven though thet aimiltoneity oannot be deter-

mined by us.

Hut 4t would be 1llecitimete to eonclude from




- 810 -

Shis that the time defined by Aristotle in the Tysics ia
srxe a5 the time of which Ninstein speaks. For in the time
of the Physics the noticn of true physical motion to tne "
volved, Conzsquently, this time ean truly be safd to “flow
from pest to future. In Relat{viiy plysics, on the contrary,
the motion cr nonibn hen been enptied of its Proper physical
reaning. There im me true procsass, no becoming. Consequsntly,
Einsteinian time does not roally flow; it ia & mere dimn;ion.
It is atudied in ternms of aom.try.(“,

But sven bdbefore thie mdvent of the Theory of
Felativity the motion of t1se hed alrsedy undergons & pro-

(55)
fomd trenaformstion by the mathemmtization of nature. e

have alresdy spoken of the syrmetry of mothematiosl squations.

The processes of elnsaieal dynanics sre reversidle, thet {s
to say, if the veloeities of the particles of & system should
at any given moment be reversed the motion woula proceed 1n
&ccordence with the same oquations in the reverse direction,
In 20 far as the notion of tine is Concorned, this nesns
that the equations of classiocal dynamics meke no ;llttlnetion
between the posittve sad negative.direstions along the time
axes. Yrofessor Cunninghen doces not hesitate t:. say that

in 80 for as time ia dofai'minad moochanically, past and

(58)
Tuture nre iuterochanmable. ind Lindsay and tiorrenan
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write: "If squations prefiict future events they prediet past
(s7)
onen as well., Of oourse the physicist in order to 41~

Qover “time’s® arrov iy have recourss tn entrom_hnt,
but even thou the irroeveraibility is anly highly iwprobable
- (38)

and nevar abanlutely impoasitle,

In Helotivity physics the utbemnti‘cal trans~
forpmtion of the notion of tiwe becomes complete. It is |
assimilated to the notion of ap;.m ~ united with apace as
@ dinension in the four dimensfonel eontimmm eslled space-
time which, as we saw in the layt. Chapter, mmy be cut up in
different ways according to the: position and velocity of

the individunl observor. Time then becomes “the totality

. ) (89)
of possibilities of relative teriporal position of events.”

To quots Rddington once agein:

In the four-dimensional world see the evanta
pest and future lie spread out before us as in
- @ map, The events sare therc 1g their proper
speticl end temporal relation; but there is ho
indioution that they undergo what hos heen
dascrived as *the forrmlitytor taking plrce,?
wid the question of their doing or undeing
doos not arise. e ses in ‘the mp the path
fram pust to future or from future to pest;
but there is no sign-board to fndicets that
it 1is & one~way street. Something must b
afdnd to the geometrical eonseptions comprised
in iMuowaki's world before it becomen a
cociplote picture of the world a8 wo know it.
do may u;eel Lo counseiousnesa to suffuse
the whole - - to turn existance into

he airg, belig into becomip Lo Tut first
-..‘QP.".:_I@ =g .__..___&_

. |



- 818 ~

In thia pesialization of time, methemrtion}
physics hes u.h.lcv.ul the goel at which 1t has ained from
the beginning - - the tranaformrtion of all seuauoug and
intuitive Mmity into pure honogensity, The
Tirss step in this tranafoarrmtion wes the homogenizstion
whieh sredwmlly aiptied sxternm} experiemce of its proper
and spoeifie ®ontent. But even whep this had been
astomniished there sti1l) reemined utouched the “foym of
the imum”—-thm“dmtln'hich is »0

intimately comscted with interne) wupariencs. Through the
spatialization of time this last barrier or speoific

experiential gonten: was broken down, Speaking of thig
transfornation Cazsirer writes;

This trenaformation of the time~value into an

imaginayy unerical value seoms to annikilate

all the ‘reality' ang Qualitative determinate-

Dazs, which tine Poasesses as the 'forny of the

imver 30058°,83 the form of immedinte SXperience,

The atream of rocess, whioh, paychologieally,
diass

formula. Thers TerRins in this forumls not

of thmt fomm or time, whioh telongs to all ::1111-ng
experience as much ang enters as an inseparabls
and nscessary factor into all its content, pyut

Paredoxiocal as this result seems fro- the ’
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standpoint of this sxperience, 1% expresses
only the course of mathematieal snd phyaioal
objectification, for, to estimrte 1t eorrectly
from the epistamologieal stamdpoint, we must
understahd 4t not in its mere result, but
83 & process, u cmthod. In the resclution
of subjeetively sxperienced qu:lities inte
pure ob jective numerioal determinationa,
mathemationl physics 1s bound to no fixed
limit. It wust go its way to the end; 1t
cun stop befors no form of oonusciousness no
matter how original and fundementalj for

it 1a precissly 1ta specirie coguitive

tusk to translate svarything enumerable

into pure number, sll gquulity into quantity,
all perticular forms into & wuiverael order
and it only *eonseives' them scientificelly
by virtue of this transforsetion. Philosophy
would sosk in wvain to bid thia tendenay

hult at any point and to declars ne plus
ultre. The Sask of philosophy must rather
be limited to recognizing fully the logical
msaning of the mathemutionl and physiocal
concept of objectivity and tLereby con-
esolving this meaning tn ita logieal limited-
ness, (61)

noe again 1t is isportant $o recognise this
spatialization of tine as an attempt of the mind to
triuwph over its greatest enemy: potentiality., Jesignnted
points in spece are all actuel, and when time is honogenized
with space, tl, t2, 3, ste. beoome but a series of actual
"xw-.-". Perbaps it s legitimate %0 ses in this spatiali-
zation of tirme a atriving of the hummn Intellest townrda
the duration of perfect actuslity thet is proper to pure
]ntellent.(w)r’ut this attempt only results in the des~

truction of ¢4 .e:
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ece 81 1o devenir doit ss transformsr em dtre
(selea M. Ximstein), eu poiwt qwe l'scte de

ss preduire, pour un évinement, devient une
simple formalit’ dénube d*ixportanes (melon

M. Fadington), si la suscession n'eat qutune
111:sion (selon .. Mexrais) st 8i sout
systéne physique constitue une entits privie
de epangement (selon ):. Cunninghem), cels

& peut signifier qu'ume chose; 1*'abolitien

et ln disparition du temps. Aussi b, Cunninghiem
n'bésita~t~11 point & purler de l'univers  nop-
teaporsl de )iinkowski.(63)

The destruction ef mobility in the universe has
many hr-nnuu oconsequcnees, but parheps the noat
significant from the point of view of sclenos, which i»

2 knowledge of things in their osusen, is its effeat upon
sausality. In the second book of the Physics ui-tétlo
and it. Thoems place cousiderable ezphasis wpen thi fast
Shat the soiense of nature rust study 1ts odject from the
point of view of all of the four fundamental types of
causelity: effieient, final, formal end meterial,

Dicit ergo primo qued oum quatuor sint onusee,

sicut supra dietunm ost, ol neturalem pertinet

et orines cognoscere et T amnes natureliter

dsmonstrare, reducendo quae¢stionem propter

quid in quanlibet dictarum quatuor causarum,

seilicet formem, moventen, Cimem ot muteriam, (84)
n-m-rcm.unnhm. there im sn snalysiea}
gommection between mobility, the formml oL ject of the

sclence of nature, and quadruple causality,

Yesonse est auten quatucr esye esusms. Guia
o crusa sit ad quun sequitur asse alterius,
o838 elus quod hnbet cuusam, potest econsiderurt
dupliciter: wio modo absolute, ot sic crusa
essendi est farma per ques 8liquid eat in
aatu; allo modo sscundum quod da potentia

ente fit actu sna. Ft quis omne quod eat in
poteniia, redusitur ad astun per 14 quod eat
actu ens; ex hoc neocs:so ast esse duas slias
otusas, scilicet materiam, st ngentem qui
radinlt paterian de potentin in notum., sotfe
autem agentis ad eliquid determinatum tendit,
nicut ab aliguo determinato principio proocedit:
ham come apens sgit quod est sibl eonveniens;
14 autem ad quod tondit actio sgentis, dicitur
osusa finalis. Sic fgitur necesss est esse
onusas quatuor. Jed quia forsm est sausa
ossendi absolute, alite vere tres sunt causee
ossendl speundum quod aliquid accipit; inde
ost quod in fmwbilibus non eousiderentur
aline Pros causne, sod asolun eanss formalis. (63)

The last lim- of this passage thm great 1ight upon the

offect that the mathematics) trn:n-tomu'on of physics has
wpon oausality. The stulent of nature as long se he stays
within Ris own fleld 1= bound to reduce natural phenorena

to all of their four causas: “In meturalibus redendws est

propter quia ponltuu:(“)mxt unnihlo to diocover any

univarsnl and necesser: 21@ ter quid for ex,)crimental

proponitions he 1s forced to have Teeourse $o nethematics.

~ Simos mthemsiss, hewever, 1s @ world of fmucbility, She

only type of propter quid he cun;horrmv rm it 14 the

unique type thmt 1is nropar to 1%: propter quid in the

line of formal erusality.
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In & passage Smmedistely pressdiag the ome Juat
quoted 3t. Thooms gives an sxemple of what he means by
forvinl omusality:

Quandoque enim propter quid reducitur ultimo in
quod quid est, idest $n definitionsm, ut patet
in ounibus irobilibus, sicut sunt mthenetica;
in quibus propter quid reducitur sd definiticnem
recti vel commensursti vel alicufus ealterius
quod demonstretur in msthematicis. Cum enim
definitio recti angull sit, quod constituatur
ox linea muper alimm oadente, gques ex utraque
prrte faciat duos anguloe ssquales; si
Qeeratur propter quid iste aagulus sit rectus,
respondetur quie eonstituitur ex lines fasiente
duss angulos asgwales sx uSrague parte; et ita
eat in aliis. (67)

It 1s elsar that the only type of caust.1ity that
oun be found in mathemmtiocal physies is a kind of formsl
eausslity oonsisting in an expression of ths metrie
®bersnse of phencmena. This metris eoheremce constitutes
what is known as the causal structure or world ocourrences,
It is truo that physicists may spesk in terms which secem
to indicate Sther types of causelity. They mey for sxample,
use the expressfon “eft'icient causality”, but in doing so
they werely refer to a relstian between the statas of
physical systems st differext points of time, whieh are
conieoted in such a way that, given the determinstion of
the siate of the system at any one point of ti e, its state
at any designmted future point of time can be lorically

(68}

aadaced, St. Thores bhrin s out the inconipetonce of

1
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mathewntios in she field of efffelent ctuaslisys
mtheemtioa amscipfuntur ut abstructa ssoundum
rationen, cwm temen non aint sbstracta seoundum
esse. Uniouique nutem compstit hebere causan
ageutem, sacundum quod habet esse. lLicet igitur
n, quas sunt mathemetica, hebeent caussm
agentem; non tamen secundum habitudines, quam
hnbant ad causam sgenten, cadunt aub considerations
methematicl. 1t ideo in scientiis methematicils
non demonatratur aliquid per causam sgenten. (69)

In pre~helativisy physics the rathematization of
the cosmos had slready resulted in the disappsarence ef
true eofficieney from the ooncept of efficlent causality,
but in Pelativity physics this sffaceswnt is asde even more
omplets. XFor now, the oonoept of foros, for exarple, is
oompletely absoxit{ad into a system of deterninations dound
togather by mmthematioal relations ixplemented by the

differential and Seassrial saleulus, ete.

In somewhat the same wmy, physiciasts often spesk
of maiter, but their ratter is far from beinr the meterial
cause of which Ariatotle speaks. Tt 1s somalhing that is
completely actunl end not a potential principle of becoming,
In faet, in Relativity physios metter becomes o0 formalised
that it 1s absorbed into isotropie space. (n the other
hand it must be noted that §r natter is formalized, it is

also true to smy that the Torrml cnuse ia mateorialized.
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That 1s to say, the formal causs that §s treated of in
mathematiocal physics is not the proper speesific formal
cause whish revesls the nature of things in their
hetorogenesous interiority, but a homogsneized formal esnuse
of spatial nhtionl.‘w)

In insisting upom the neoessity of studying
nature in terms of sll four osuses, Aristoile emd t.Thomes
Plros special explmsis upon the importanoe of final-wamse.
"E$ haee species ssuses potissirm est inter slias causes:
ont enim osusa finglis alierwm ceusarum cnuu."n}n fact,
after explaining in s gensral wey how nature involves all
four types of causslity, they single out emly fime) causality
for particulay attention. The whole last part of the ugond
Bookufib&duind“dtonﬂﬂyotlt, mtoﬁ
insiatence of its prime importance in the study of nature,
Yot of all the causes that disappear in the mathemetization
of the commoa, this is parhaps the type that 1s most
efficaciounly anéd moaet completely effaced. G(ne looks in
vain for anything that even remotedly corresponds to fim‘lity
in meathemetion) plysies. ind the fundecental resson for
this his alresdy bsen pointed out fn Chaptor VI: since tLere

is no good {n oathemetics, there osn be no final causality:
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mm.mmrmunénpotutununba
im0bilibus, videtur procedere quod in seientifs
mathematiois ques sabstrahunt a nuteris ot motu,
nihil probatur per hane ¢ausam, sicut probatur

in scientia natureall, quae est de rebus mobilibus,
aliquid per rationem boni. fcut oum uaignemis
causam quere homo habet meDUs, quie per ems melius
potest exequi conceptiones retionis. in mathemcticis
sutem nulla demonstretio fit hoc modo, ¢uod hoo
modo sit quis melius est sie sase, mul deterius
81 ita non esset. uta &1 diceretur quod an;ulus
in semieiroulo est rectus, quie melius sat quod
aic nit quem guod ait acutus vel obtusus, &Kt
qQuia posset forte aliquis esse alius modus
demonstranid per causam finalen, puta ai
diocerstur, si Cinis aTit, necesmse est 14 quod

est ad finem praeceders: fdeo sub fungit, quod
mullus omnino in mathewatiois facit rentionem
alicuius taliun pertinentium sd bomm vel ad
otusem finmlem. DPropter guod quidam sophiatae,
ut Airistippus, qui fuig de sscta “piloureorum,
emnino neglexit denonstretiones qune sunt par
ocruses finanles, reputans sas viles ex hoo guod
in extidus 1111beralibus sive meehanicis, ut

in arte *Sectoniesa,* tllenlt tsdifieatoria, et
‘corieria,' omniuwm rationes assignsntur ex

hoo quod est aliquid melins vel dsterius. In
mthematicis wero, quas sunt nodilissimme ot
certissimes sciertiae, mulla £is mentic de bonis

ot malis. (72).

Fram all this it follows that it is entirely
illepitiirie for critios to re;?sroach scientiats as some
modern Ssholastics have done, f:or failing to take all types
oronuuutyl.lumln. The very nature of his
sclence mekes 1t impoasidble rax; the mathemetical physiotst

to consider anything but formal 'cuumllty. sl 1t 18

irportant for the scientist to be avare of his own
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linitations, so that he will not, for exsmple, eonfuse his
substitute for efficiont oaum:-14ty with true efficient
cangality. There 1s particular danger of this Nappening
with this type of causnlity since St is the best known emd

the most manifest to the mind.

At first sight it might sppoar that this
banishment of causality from the cosmoa night make the
physico-matbemetionl world like mlebranche's world of
cocasionmlims. Az & matter of fact, there is only a sur-
foce likeness between the two. In e deeper ssnse they are
oprosed. For in the world of Islebranche 1t is recessary
to bave constaut recourse $o crd, aince every event is
the occamion of Ris metion. In the physico-methematical
world, on the other hand, Cod 1s corpletaly dispensed
with; tlere is no need to go to Hir at all; nor is it

even posaible to go to Fir.. pRecause of itas rationality,

its ever increasing unity and its im-utability, the physico-

v the xtioce) world is more ifke the iarsenedian sphere.

This snalysis of the effevis of the mathematical
transforeation of the eommos night go on interminably. ~e
might for exmmple show that 1t destroys not only the

beceoming of the universs, but in & certein sanse even its
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bolng. Yor as we sew in Chepter VI, mrthemetics preacinds
from existence , ard the only meoning th ¢ being has in the
physlco-nathamrticel world s the oceuprtion of & "place™
in a cartain order, in a apece-tine aclera., In this aense,
Lerguson 1s correot in aeying thut in nodorn science ™
1'existance soncrote des plAnoucres de :\ll. b ture te;lﬂ &
s'évancuir . . en funfe a]aébriquo."(wp e might elaso ahow
how the concept of subatance 1s tranaforred into the motion
of persistent qy-tm."“mt we feel that enough has al-
reedy been said to show tlat the nature of which the mathe-
natiocal physicist speaks 1z not the nature that is defined
by Aristotle snd t, Thooms in the second book of the “hysics
83 & prinaiple of motion and of rest and as a "ratio~ or
ratiooal prineiple put inte things which directs them n
their striving for ondo.(w)‘rho nature of the metherwtical
phyaicist s, as ddington hna remarked, “only an empty
lholl."(w') In othor words, sa we have already re:srked,
in order to explein nrture the rhysieist has found 1t
heoessary to deutroy it,

Obéinsant aux deux tondances, nous svons, de

thiorie en Shierie, ot 4'identificetion en

{lentification, fait eompldtoment disnaraltre

le uomzo fel. ous avons 4'abord oxpliqué,

¢'est-a-dire ni® le chanyenent, idantifiant

1l'antAoSdent ot le consiquent, et la marche

41 nonde s*ast a=rdtfe., 11 nous restais un
espace rampli de corps. ous avons constitust
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les corps aves de 1'espece, ramens les ecrps
a 1'espace, ot lea 0OTPs #8 sont dvemouis &
leur tour. C'est 1e vide, 'rien dy tout?,
comne 41t Maxwell, 1e néant, Cor ls tesps

de eorps, m'étant plus marqué per rien,

rich

Sxxpensations that are datly beoaming move spparent, ror:

oven shough 1a destroying neture we destroy the intelidgence

that Ariatotle maw in 1t and rob 1t of its meking for

onds, at the sexae time W make nature more intelligible

than it ia by injeeting our own intelligence into 1t. The
mathematical representetion of neture 1s an irprovement or
1t, in the sense in which a nathereticel 1ine is an lnsproVo;-

ment of a physicel line. ¥e construet a model for nature,

78
and this construction foroes mture to yield up its uecret£ )

Frou all that has been said about the nature or

this rationally constructed pbyuicO-mth-mtleal world it {,
oleer why 1t.houumuhh).yqppnrtomrhmm
as a world consisting of Pure tho

(79)
mathematical thinker,

ught, the thought (f 4

But 1t should also be clear why

it g illegitirmte for bin to sonclude that the objective

O

universe, that is to ary, the absclute world conditiom,
1s nothing but pure thought and the produot of a pure
mathematiaien acting as « pure mﬁwticxan. For sven
though a phyeico-mathemnt feal -orft:d may tend towards

the absolute world condition as th_ough townrda its
aaymptote, a pure methematician céting purely s ‘-uch.
neithisr would nor sould oreats a p:twliul universe. As
Bridgman haa recmriked, “ithat .Tuac might have said is
that imn is a rathematicien, sm r;ot'lootod that 1t $» no

; (80).
accldent that he forms noture in his own inage.”




CHAPTFR TFN

A SHADOW ¥ORLD OF SYUPOLN

1. The Mmture of Symbolism.

Having aeen-how the rathematician trensforms the
Pliraical universe into & new world of his own mnking, we must
how try %o anhlyme brisfly the nature of this new world., a1y
the best philosophers of scienes are now wmanimous in chapec-
terizing the physieo-nmthemtionl world as a aymbolic universe.
Sir Arthur Bldington, for oxenple, has, as ia well-known, re-
pettedly desoribed 1t as "a ghadow world of lymbola."(”'o be~
lieve that if this phrese be rightly understood, 1t bringa
out with great accureoy the true nature of the universe cop~

struoted by rmthematienl Physics. Let us try to deternine
what precise nenning must be glven to 1t.
A

In the rirst Plece, it ia Besessary to £ix upon the
memning of the word “aymbol®, And .ere we San® upon 8 great
laeck of wianinity. 411 will tgree that in its pricitive
ueaning the term “Symbolon" signifies a mark or smblem or in-
dex employed so deaigmate semsthing, and that Sonssqueatly
every siybol ia a sign. But ig ever) alfFn & symbol? HRot a

few authorz seen to think a0, ‘Thus R, 0. Perry writes;

"n1y datun naf be @ mywbol 1f it i:eans sometiing or o .erates

(8) :
as & sign.” And he goes on to axplain that suah dats may

inolude;

ses GOnspicuous features of natuwe, monumenits, writ-

ton or spoken words, small irmies or familier ob jects

easily duplicated or dlstributed. 4ny of tl.ene i

& symbol provided it directa expedtrtion or 1rtoroest

to sciething otler than itself. Syubol.mw is, tlen,

the study of the part played in human affuirs by

all thune signs eid aymbo.s, especiclly their in-

fluerce or thougit. Jymbo.s direct end orgsnize,

record and comrmmiceate. For words, arrengements

of words, irm;es, gestures, snd much represen—

Sations &8 drewinge or ninetic sou:ids we use the

term syubols,
To make the aiin and the aymbol eoterninous in this way is to

(s}

rob symbolimz of all preoise neaning, And the ordinary usege
of the term sesmis 0 insist upom & preciss meaning. Clouds
are sonsidered to be signs of rain, and snoke & sign of fire,
but they are never referred %o as symbols., It is neceasary,

therefore, to try te press she neaning of the term a bit sloser.

In the first place, the exasples just referred to
rimke it clear thet purely naturt} slgus (i.e. Lhoge wiich have
& naturel and rea) counection with the thing signified, prior
to aLy gonnection eastablished by ti.e mind) must be sxcluded
from the notion of symbolimm. To spply the term "symbol" to
& patural eige 1s aotumlly a distott on of llmgmge.“,m
otLer words, symbols mreo necsaserily arbitrary or couventionnl

signs, 1.s. signa in w:.ich the cornection with the thire afp~

nificd ia not foumd in nature s such, but ereasted by tig
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uind. This goee no%, however, sxslude the Ponsidility or
there being in rature a foundstion for the sonnsetion em-
tedlished Yy the nind,

Having mede thig im.ortant distiretion we wre

faoed wit!: tiig nrobleci: are nl} touvent fonnl aigns necessn-

rily symbols?  Joee 8guin, o guok meny ~uihors seam to thimk
80 ~— at lsuat if 1t .be Question of the most izmportant typs
of sonventionnl signs, Déraly those whigh make up lsngzuage,
Miss Stebbing, ror 6xmaple, tells us thng wa word ig a
apeoial kind of aign calYod a aynbol."(s)m a8gein sha writes;
A aign couseiocusly designed o stand for mothiue:'vlll

bo called & symbol." This opinion seems to be ahared by
i’rotunor Whitehead: “The word syrbolizes the thing. Language
alwost exclusively refers o presentationa) umd.hcly as in-
Ssrpreted by gymbolie urmg.'("nin t.nd-ucy% to rake all
language and even all thought aymbolig ‘7’nnkq- it aifrriculs
to attaoh Ay precise and Proper weaning to the tarm,

3ines the word 1a eurrently euployed in auel: &
loose way 1% 1-nmauvtoru.totrytortxnp-thptr-
$isulay maning 1% 1s to have for U2 1n this disoussion of the
symbo:ian of saience, T¢a etymolosy provides us witl & helprul
Figgestion. Phe Oreek words UV ang Barde V nean vto

throw tarethory, How, whatever mey lLrve bien thre crigiuel
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historical usaye of thase words which gave rise to yhe term
we are mnalyxing, it is eleer that they suggest a oollection
of things smong w':ich there' 1g Ro strict netural unity -~ en
“euregate whose principle of unifiestion 1s purely extrinsie,
If we kesp this in mnind we alha}.l be able toe;ee why saint

Thoves, 1in iits Commentery on the Sentences -&ives thie des- .

oription of the symbol: .. .nomen symbol1 similitudinem et
colleationen importet.» 1t i-onld acen thet & aymbol mst

be defined as an artificte) aisn esteblisted to signify a de-
termined object that is one only aoccording to the wiyd., I
order to bring out the boanix:xg of thia definition, 1t is neces-

| (9)
sary to see the diffarence between 2 gymbol and & neme,

In ):is Comentery on the Perihermeneiea, 3t. Thonms

explaine the important distinction betwoen the name and the in-
finite nane:

Deinde oum dicit (Arl.to‘tol-s) "non homo vero non

eat nomen™ etc., excludit Quesdfs. & nominig rationa,

Kt vrimo, nomen infinitwm; seoumdo casus neminum; §bg;~Ca=
tonis sutem vel Catoni~ ate, 3feit 870 primo quod

"non namo” mon est Romen. Grme ¢nin nomen signi-

Ticat aliquam neturen deterniratam, ut "horo"; aut
POTsONAR determinntewn, ut pranomen; aut utrumgue
determtnatum, ug Sortes. 3ged loc qQuod diao *non

hao”, neque dstaninatan maturas noque deteminstanm
. Pawsonsm aignifieat. Dmponitur anin a nogatione
hominis, qume Aequaliter ‘dicitur de "ente" et ‘non
ente”., Unde *mon horio* potest dioi lndiﬂ‘crontsr,

ot de eo quod non eat in reru: LDELUre; ut gi dioanm.,‘
"chiwere est non homo™, et de eo quod eat in re-

L naturs; sfeut guy dicitur, “equus aent nen L.emor, |
31 auten 1mponeretur 8 pr;imtione, regiireret guhiectur
6 miaus exiastens: sed 4uid frmonttur g hogatlione, pom
tosl dici do ante ot de wm ente, ut lLoetfys st Am-
monius Jinu.ut. Quin turon si;,nif'icat. per pcdum neminia,




quod potest subiici et prasdiceri requiritur ad minus
suppositum in mpprehonsions. Kon awter oerat nocen

positun tempore Arisiotelis sub quo buianamodd dictiones
scncluderentur. Non enim est oratio, auir pars elus

non signiffont aliquid ssparete, sisut nee in nominibus
compositin; similiter auteem non est negatio, 14 est

oratic negative, quis huiusmodi orssto suceraddit negetionem
iffirmntionl, gquod non eontingit hie, it ideo novum

nomen inmponit hufusmodi dictioni, vostns eem nomen “ime

finitun” propter indeterminationen significationis, ut
dietun sat. (10)

It is elear from ti.is passage that the neme munt signify samething
that 1s ome By nature. Beocause of ita indetermination the imfi~
0ito nams does not aiznify something thet 1s ons by nsture. Re-
cause 1t {s a pure nsgation, 1t does not even heve the determi-

nation of privation whieh must dlways be in the same genus as the
thing of whieh it ia the negation,

Nevertheless, in spite of the indetormination of the
infingte nams, 1t has e signifiomnce; in sowe way it signifies

sanething thet 1s ome. St. Thamas explains this In hie éount_u_rl

on the 3econd Book of the Periltermensias:
—— D8 Terilermeneias:

sccliOnan infinitum quodsm rodo signirfort unum. MNom
anin signifiset simpliciter unum, sieut nomen finitum,
quod siguirfoat unem formem teneris vel species aut
etlen individui, sed in Quantui signifisat negationem
formr.e aliculus, in qua negatione mmlts conveaimt,
siout in eedan e sesundum retfonum. “Tamg® oaln
sodem mode dfoitur eliguid, sieut et "ens"; unde si~
cut ipswa ™uon ens” dicitur “ens”, non quidem aimp-
liciter, sed ssounaus quid, idest secundum raticnen,
ut patet in IV Metap: siofe, ita etism negatic est
unuwa seeunaun quid, soilicet scoundun rationem, In-

troducit auten hoc, ne aliugis dieat quod arfimtio,

in qua sublicitur nomen infinitum, non sig-

nifiont wnum de uno, quesi nomon infinitun

non signifioet unum, (11)
Thare is, then, & unity in the infinite pape — a unity
that is founded upon the unity of the tlhing negeted. It
is possible to prediocata the infinite neme of anytiing, o~
cept the thing negmted. Dut it i importart to note that
even though the infinite name cun be applied to any one of
the Shings that fall within tle class whiich Includes svery-
thing sxospt the thing negated, 1t does not properly sig-
nify any one of thom. Nor doos 1% algnify the class of
all thosa thinga, &s & genus mignifies everything tlat falle
within it. The infinite ne:ae 1s not a collective noun; there
is & olass of things to whioh it mhy be applied, but it does

not axpress any of them.

Now all tiis kea & ver; importent bearirg upon the
pature of the aymbol. For we belisve that tle symbol falls
scoewhere betwoen the namo end the infinite nere. The nane
may signify & oollection, but it uever signifiea e coll oticn
4= oolleotion,i.e. & & mere ncoidental unfon. The infinite
oans en She othyr hemd, though 1t mey be applied t0 a collee-
tion, dees not forrmlly signify a ocllection, beomise of its
indsterr.inmtion. The mymbol slone signifies a collestion for

mlly as 8 colleetion. Unlike tus universsl neme, the symbol




does not abstrest from multiplieity; im faet, 1t 1s recisely

the multiplicity that it signifies. Like tlie name and unlike

the infinite ‘Dame, the symbol signifiea a determined ob jeet;
but unlike the nrme mnd like the infinite name it does not aig-

nity hing that 1s one by nature.
anyt

4 sinple exmmple will serve to clarify the issue,
Is the sign "S" n symbol? That depends upon what it is taken
to signify. Ir i1t Teprements the three w:ich 1s a nusbering
number, a pure fgeroute, a oollection of 1+2 §1, 5t tg a lYll-
bol in the strict sense of the term. If however, 1t is em-
Ployed to signify mubersd nusber, or predicamentrl namber,
¥ideh 18 not throe ones, but one thres, beosuse the thres bave
unum per se, 1t 1s not

but merely a emvenient substitute

8 Somon physioal s;enus and conat ftute an
8 synbol im the striet seuse,

for the name “three“. In other words, in order for a sfgn to

be & aymdol 1t must signity sonething that pounaées only logical

mity; 1t must slgnify a eolleetian in ite pure colleotivity,

If Aussellr s definition of muber 83 "the class of all clasges

tat are sinflar to it« were sorreet, all nusbers would be no-
(1z)
Shing dut aqpadiols,

The transcendant terms of loiio nsed BO extensively

in the Priora .Anai"tior. are illustretions or t.-e symbol, for tig

81imify at the sems ty

© everyth in?/ nad nntkiny. @3{ t!em st, -

- ot - J

Albert the Great writes: *Ideo terminis utimr traiscenden=
tibus, nihil et cmis -mniricanubuu. Nihil dico, quia

nullen deterriinant mterin e ()mnia voro dieco significane

tibus: quin oranibua mtorua sunt anplicebiles, aicvt gunt

(13)
a, b, c.”

It is clea;' that a uyx..bol_ia sonething quite dif-

. | .
fersut from & mere -bbrouation. AR abbreviation haa only

the ocutward u-mocrnnoo of & gymbol, and {a in mllty nothing

but 2 scmvenient -ubntituto for s neme, Vouhr'l‘romrk

that the languege of mthmuce is pronominel, must be rirhtly

understood, Ir it nuuu that tle language of mthmtin con~

8ists in aizns that ‘\lbntitutﬂ for names, it $g truc of tre-

ditional mthmtiea. - If it means that —tha-ucal aigns

stand in the plece or names in the sense of slgnifying col-

legtions whieh nanes c;mnot siguify, 1t i{s true only of the

dialegtical part of modern matheatics,

loainalisn is et botton notlin: but a defitel of the

frmertant distinction we hove Just drewn betweon neme rnd sym=-

bol. By a strange varedox, it ig a rejection of tlo neme in

the true sense of the torm, for 1f al) memes signify n&thln(

but u colleotion «f siviulars, ir "belng® for oxwm'\l‘e, ieens
’ (14)

nothing but the wi.ol.: eo_leatiorn ..r beings, all um-. can be

nothitng: but symbols,




- 638 =

If rames in the last amlysis wers oaly symbols,
snd 1f reality were suoh tiat 1t oould be repreaented end
sxproased only by means of sycbols, then thers would be no
true natures in existance and 81l things would coustitute no-
thing nore $ian un tecidentel colleetion witbout eny intrinasje
or sasential uLity, Vniveracl obilimn whick denfes a1l de-
ternined maturey must neceast rily eonceive nll lenguage in
terns of pure symbolims, That 1 why Bhiteheed, for wiom real-
ity i a yroeess, 1is logioel in bolding shas all naxes ere am-
bols. Amd in thia conmeetion it 1 interesting to note that
Cratylus, who pushed universel ncbilism $o its absclute oxtreme,
held timt words should not be employed as ell, and hed re-

(14e?
eourse to the movement of a Tizger in order to expreas himself,

Amd now, having fixed upon the precise meening to
be ntteehed to the tern "aymbol” let us try to see in what
sense the phy-:oo-m-tl:mltioal World enn be truly celled 2 world

of mymbols.

2 Symbolisn mnd Mathematioal Fhysies,

It has long been customery for setentists wii) a
senchant towards scientis, to ridicule the Philosophical seien~

¢es for their "verbalia~, fpriy 2ttitude has been brged upon

the assumption +het pl iloso-hy deals essentially witp vague
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and shadowy eonospts which have no definite counterperts in
reality, and that only 4n experinuntel soience are things
laid hold of in their true objective netures. The rew self-
revolstion that has occurred in the realm of sxperients)
scionce ey dome el 1e zitifete this natve view, It has
bacaie inereagi: . 1. avident trst exngrire ntr) neiérce, it oo
far as 1t attemptn to eploy naves, 1:4. the most verbalietic
of all the scisnces. The philosooter cen defirne with pre-
eision the fAundsmentel ooncepta wi:ieh he smploys sueh o8 sub~
atance, accidert, .otion, time, cto., he etn set Torth the
nature, the quod quid eat of thinga. The pPhysicist, on the
other hand, 1s herd put to it to define what he mesns by
oven the simplest and most basic notions that enter into his
acience, such as body, energy, metteor, mess. As we shall see
Presently, every attempt to defire those notions involves him

in «n endless eircle from wiieh tlore is no exit,

The fuet of tia vetter 1z t.at sxperientsl scisnec
is esasntinlly nominelistio 4n trr scnse defined ehcve, Ry
i1ts vory rmture 1% 1s camitted t tte use of symbols rather
than of nemes. Amd nothing eould de more oriking than the
contrrut between ti.e e ueness of acientifie lanruese vhen ine
terpreted in terms of naces, tnd its vreetsicn when inter-

preted 15 tenmw of ay=ools,




It has taken scisnee a long time to reelize
this. Beesuss experimental science necessarily tends to-
wardsthe condition of sgience in the strict senss of th;
term, it was only nmtursl that in its origin and develop~
ment it siould mspire towards e atete in which its lap~
ruage could eonsist of naves {5 tle aroper ascse of the
vord. The greect mistaks of scisntists bas been to believe
that this state was already 8 fait fcoompli. Thia was
charecteristie of classieal pPhysies. It was partieularly
claFagteristio of a view thnt wes surrent 1n thduinetossth
century, especially smong such ren as T.H. Huxley, thch held
that scienoce 1is nothing but orgamized snd relined sommon
senss, and shat 1ts language s only the ordicary hnemc. of

corxson sense rendered more Precise and ascurate.

This view fa no longer popular, The Ccleavage h'-
twoen science and eormon sense has beecome so profound that it
nhas caused dismay not ouly in the minde of laywen who are in-
torested in trying to find out what science is about, but even
in the minds of the acientists thouselves who desire to com~
preband the meaning ef sheir seienees. How for exemple, cam
Sehrodingerts oscillrtions migns operatin, in multi~dimonsionsl
8pnce bo expressed in the orainery langusee of conmor sense? WRe

balieve tirt t':.im atnte of alffsirs eun be underutood‘ onl, by
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beoaming aonscious of the Taot that experimentai sciense
is essentinlly 8 "bolie, ‘thnt fa lansuers 1s not e lan~

tumie of nanes, bute languape of aymbols, Let us try to

ooe w:y this ia so.

As Saint ‘Thomaa points out i1 the linex cited

tbove fram thse - wznont-nry ou the lerihermeneius, a mme

in the etriect zeuse of ths tam 8lweys stends for ¢ do!‘inin
hature(or person); it tndicatn saxietidng that iy en unun

per es — a quod guid ent. Now we lave seenr that thougk ax-

perimental science tends ;tomﬁa leying hold of natures, 1t
uogseas' rily fulls short of its gosl. Jure induction by
enumersation can uever of Eitult diaclén & nature that is
strictly one. Tiat is why fram the very start, experi-sntel
sclencc ims doomed to dul with colleotions, no matter low

it may strive to rise abov. tLeir mltipliolty and arrive at
the unity of a striot naturo. Wrat the nominalists. taugkt
about knowlodze ia nerfectly correct wiien opplied to experi-
mental science. ”aciex".ce.: writes .eyl, “concedea t: 1detlimm
thay tuis ita ob jeotive wo:rld is not yiven but ouly propounded
(1ike & problem to be solved) st that 1t een be eomstiveted
onl by ny;‘xbola."(lg&t tiet 1s rot 11,

In this strivin, e risc sbove maufi 1lec .y, it is

féreed te oserade RO NG (:wg Thie Speration, aq we sqw in




Chapter IV, never reveals the objective rature of things;

its results deperd easentinlly upon the shole collection

of concrete elements which entered into it. 3ince, then,

tic definitions of physies can be nothing but operational,
no.a of its notiona enn sicud for a strietly unified ob-
Jective ratiue, They ean wesn nothin;: more they tla whole
colloetion of slements entering into the operations from whieh
thay deriva; they cem signify only a colleotion que oollaection,
that f{a to say an acoidentel rggregate of mature plus a mu)-
tiplicity of opsrational elements, all of whieh have a unity
ti:nt conas from th_o nind alone. Symbols alone, and not nacgs
can stend far eollsetions of thia kind. That {s why allor

the lengusgze whieh physies uses, whether it sonsist of words
or suy othor typs of aigns, 1a Dessssarily mymbolie. is a con-
sequeneés, vhen the physiocel world is 1dentified with the

warld g__-_._ it ia impoasidle to esoups iranssendentz) synho-
lism, lLikewimse to look Upon these signs as nunes is to come
Tuse art witn nature, gubjective sonatruction with objective
reality what is one only in Lhe mind with what is one by nature;
i1t is to fall into e very peruicious type of ldeelisa, s we
shall point out in a dater sontext.,

It should be evident fron the fore, 0i:: that science

is aymbolic not merely 1u its nore theorstieni au“ersiructures

(16)
but in the very results of its primary contact wit: nature.

Lindesy nnd Margenaun brings this out in the followiny pra-
shse

It thus apreaxrs thet the symbo: Lere is but n
shorthend expression for the results of A given
oneratior leadin to thse aasignnent of o nune~

ber value to the aymbol. Insterd of Ceseribing
in words the entire serios of nels i volved in
the setting of the tubus snd the rendins of the
scale, the wiole matter is swwed up in the oune
pirese: measuremens of P. s this then all thet
there ia to the meaning of syrboliam? If it were
nees ry $o m iste » symbol with the results
of every singls physioan) operation the deserip-
tion of these opsretions might indesd be simp-
l11fiad but it would not constitute what we now
consider thooreticel prysics. The re: 1 power

of symbolimn in physics first becames clear whem
we envisa-e the poBaibility of lettins o syrbol
atand for a ooncept which is, 80 to spesk, the
synthesis of the results of & whole set of ope~
rations which ney appeer to be supsrficially die-
similar, but are esswied by the physicist to heve
8 oomaon element. (17)

It should nlaso be evident from the foreroing that
the aymbolie sharacter of science does not eonsist in its ab-
siracinese, as some seen inclined to believe. The lansuare
of the philosophieal sci:nces ia tbatreet, tut it 1a 1ol epe
ocntiully ayrbolic. There is, as we observed earlier in thie
Chapter, & profousd differsnce batween symbols and nemes whioh
atand for abstreot natures. Dnhem has erde: vored to clarify

tiis distinction in Ia Thiorie Physlque:

Prenons unc loi de sens Soomun, uhe aes ilus si'ples




60 me une des plus certsinea: Tout Lhomse emt

Dortel. Cette loi, assurdcent relie entre eux

des termos abstraits, 1'1d%s cbairaite 4* hoome

*ll ¢"1iral, ey non 1'1dfe conerdte de tel ou

tel :.omne en particulior; 1'idte abstraite de¢

1e nort et non 1'1d8e conerdte de tells ou

talle forre de 1& mort; o'est ex sffet 3 cotte

seule condition de relicr des terues ebatraits
qu'alle peut 8tre (“1frile, 1e18 ces ebLairs c-

tions ne acnt nullement dea symboles thioriques;
8lles uxtrilent sf ~lebut ce quril Y & dvunde

versel dans cheoun des ous particuliers aux-

quels le log 8°8pplique; auasl, dans ¢liwcun des

°us partiouliers ol nous eppliquons 1e loi, trou~
Yerons-nous des objets conorets off seront réalis’en
ces idSes ebatraits; chacus fois qus noua suroms

8 cansteter que $out lLomse sst mortel, nous nous
$rouverons en prégence dtun sertain hoowse par-
tlculler inenrnant 1'idse gntrele 4*howene, dtune
cortaine mort particulidre $rplicuant 1r1d4e

g'ndrele de nord, . .

Il n'en ot plus 4o nlime pour les lois de la Thyaique.,
Frenons une ds ces loix, la loi de Meriotte, et
exanicons-en 1'4noncs, sane nous soueier
da 1'exactitude de cetts loi. 4 une tecperature,
les volumes ocouphs par une mime wanss de gaz sont

o0 raison inverse des pressions gutelle aupporte; tel
sat 1'4nonot de 1a loj de Wriotte. 1Lan- termes gutelle
fait interwenir, les idfes de nagse, de termp/rature, -
4e pression, sont sngors des 1dfes sbstraites; mais
cos 1dées ne sont Pas seulsment Abatruiten, elles
aont,de plua, symboliques, st les synboles qutelles
conaliluent ne prannent un suns qus grice eux thfories
ohysiquea. Placous~nous on faoe dtup cas r’el, aon-
ctrel, ququel nous voulons appliquer 1 lei de Iariot
hous n'aurons pms affuire 3 une certaine tempfrsture
conerdte rfmlisant 1'idfe g'nfrale de tempirature, meis
du gaz plus ou moins chaud; nous R'eurons pas devent
nous une cartaine pression, mais une cersaine pomps sur-
laguelle an & pest d'une ¢ortaine manidre. Sens Qoute,

%e gax plus ou moina o'.nud 00rrespord une certaine
taapdrature, ¥ cot effort oxerc’ Wur 1f pompe core
Tresnond unes cetaine pression; .:uis cette correspordence
83% ealle d'une olivse signiritde ay signe cul lu rem-
blace, d'une réalit’ ay symbole wi Jg
Sorresjonds..ce n'ost nullemont b LAY
mo en d'inntmaentn, var l'inters

to;

s pour le ncoent,

reprisunte, (Cette
‘ate; olle atetlrblit ay
“dicire scuvent trde lons

ot troa eoanliqut des TwmBires; pour attribuer

ne teepirature dAterminie A ae pax plus ou

woins claud, 1l faut regourtir su ther:.oodtre;

pour fveluer sous forre de preasion l'uifrort

uxerod par lm pope i1 faut ae servir au

nenosdtre et 1'uange du thermonstre, 1'usere

du renanfitre, inpliquent, nous ltavon. vu su

chnpitre préctdont, ltusape des thforics

phyoigues, 18}

vhe ayibolis of oxpe rirental seds i _ £y take ony

warious forras. In the firat p;m. 1t may teke the form af
wordse Put worda serve the purpose of s;Tholism vory inude~
quately. Puar they are primirily desicned to siguify mrtured.
That 1 Wy thelir use na aymbola presents the oonstent denger
of their 'baine, rtdataken for naa!:m, end 1t 1s vall kuoewn how
o0y sciontists and phllom;phm;'s have geller, sirey te, thig
Qangare It 1u a alin of extreae neivet” on the ~wrt of s B
losophers to re joice over tha foet that certein terwa, mich

ts "substunceT, “metter-, *body*, eto. rre slared in com.on

Ly both philesophy anc ac.lor.ca,: end to belisve that §t ig
leoi8 s te for thas to Inecrporste inte tiefr .hiloanshicsl
wrate: those notions sx thay are understood in SCLCRCt, o~
over, there is an 1sclntion nbmﬁ: worda which -wies t.o:. fie
oapeteant to express the interconnectedness that solenos Sries

|
to gchiieve. Yecouse Verefore 8xpartentnl scicnoe rant ne-

coauirily apeak in syadbols g imcmme OIS BOTVO thin i
sBae 90 inudoqietel, there 3a a nAtarel t-enéenéy, w«éﬂﬂy

I mathapabi cod PL?@M., o dm(;\fqm?_! Mzwﬂ(p%m_ po-.ss"ble
f;-ouwon\s,- 4o Aﬁw& IeERI¥SR m‘}%&m 571&,, end Lo consFrud

n 117‘1‘9\;1/@, 01 $%s owh whicl. d(ei‘i&j eth Ergnsiafioa nig %\




ordinary languase of sosmon scnse — moh to the disecom

fiture of the populsrirvers of soiensa,

A svoond fore wihich sciontific symbolism my
toke im tiat of models, Theso serve the purpou# of wym-
bholisnm scmewhat nore effactively than rere words, v‘I‘h.
danger of their being: mistoke: for natures in the striot
Bense of the word is to sams extent diminished. Besides
this they have the odvantage of givins direct and {xme~
diate axpreasion of interconnsotedness. Mut they are still
axtremsly inadequete. ¥For ove thing, because of their ai-~
ract connsstion with intuition they all too etsily give the
1mwpressic: tmat Shay represent nature in its pure objsoti-
vity, indespendantly of the menufacturing processes of the
selsntist who works upc;: mture, This ecafly lsrds $o the
delusion that they ara direct and tmmedinte sopies, or plo-
tures, or 2t le-st sei.ecms of objective natures. That the
dlaasicul physiefatw lubored under tiis delusion snnstently
is @ natter of histary, and ft i3 now Cenerally recognized
Low great an ohstuele this delusicn placed in the patl. of
ssleatifie pregress. Nedels are not well sdapted to sym-
bolize the trus solleetions that are involved in the notions

of experinantal solence. Morsover, their frnediate sonneg™

tion with intuitive meliemas majer their cepacity Sor sxpres-
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singe  intercon:ectedness oxtrersly limited. For these
reasons soience hes in reeent yerrs tended to free itaself
more and wmore frou tie restricticns of these models. As
we intimated in the lest Chapter, liowever, szince experi~
mental science deuls with the reslm of the physienl, it
1o d =h.ful 1f ft will ever be &ble to diapense eniirely’
witi., !0 senaible suppart thnt sucl. sensible ' constructs
provide. But 1t is extremely irportent to remain con-
scious of the faet that they are mere constructs, mere

synbols, and to be awere of what they actually signify,

The next step in seience's seerch for adequate
symbolie forms lLas been the use of wihat have sometimes besn
called pseudo-sensidle conatructa.(“)'rhon coustruets in-
olnds such sntities as atoms, electrons, etoc. Though some
of thess constructs may be said to be closer to nmaturs
than others, none of them has any imediste correspondence
with, anyt.ing in reslity. A8 Professor iargeneu points out,
their value Lma nc relation to their mode of aexistence.

There is less resemblance between tiem end objective entities
than there is betwesn sluss and eriminals. As Thampsom has
remarked: "ije may well asy of itleri whet !'obbes seld of words:
'They sre wise nen'a counters, t.er d¢o but reekon by tiez, but

(20) ,
thoy ure tie none, of fools.'™ Construsts of this +ind may




be ganerated by safenes ad 1ibitum, for since they are
merely cownters by whieh to reckon, their nature and
validity 1s essentially functionml. And their funection 1s
to construet and shape a body of doctrine whieh will explain
netural phenoviena. Though- they fio not correspond to any-
thing encountersd in exporience, they serve to give aystometic
form to the deta of exparience. is Cassirer has observed ;.
"thought only separates itsclf from intuition in order to
turn to 1t with new instruments, thereby $o enrich it in
iteslf... They render insight into relrtions Poasible, and
guarantes it, although they thesclves can never bs par-
coived after the fashion of 1solated ohJoct-.'(u)'Huy differ
fron the dats of sxperisnce by their essential inter-
Sonnectodness. DBeosuse of this intereormectednens they can
sexve to srect & echsreat organism wiish oan mubstitute foy
the 2isconnected mmss of experientinl dats and thus ration-
alize it. In other wards, by mapping the olcnnt-' of

Rature which by $hemselves eppear as incoherest, eadtin-ent
and umpredictabls Upen sonstruots, salencs is able to oreats
& mymbolie aystem whieh is more eoherent, more raesssery,
more ratiemal tham meture. More or less arbitrary rules of
cabinations my be smployed in rolatiou to thase constructs

whiah gives great freedom for the mind to reeson about then

ard whioh gives grest pliancy to the coustructionml systen.
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The results of this retional Srensformation are ultizately
mapped baok upon neture ip such & way as to prediet pheno-
nsnn.(zz)

In this way aclonci« succesds in building up a
world of its own . . a world tiat is ationally organized,
and intrinaically soherent, &nd all the nlem‘nntl of which
mitually imply sach other. The ¥#1idity and signifiosnce
of the individual eonstructs which go to mske up this
symbolic system camnot be eatablished by themselves alons
by appeuling to expsrience. éIn 80 fer as the notion of
verification oan be ap.lied t(;v thom, 1t cernot m: an the
ostablishmen t of any direct ;erarcnda in reality. “Their
validity and significence 1s derived from the role that they

Play as mecbers of a theorotical o lex.

It is evident thatithsu pweudo—sensible sonstructs
g0 Tar beyond the strictly physionl models in their capacity
to serve as aymb ls. But n .o 'ar as thoy resembls in
sons re-peo.tn these physicel m:odoll they share to some ex-
tent in the limitations :ttach;sd to the latter. Both types
of oonstructs provide tho sensible support that physical
apeculation needs. pBut tbou@_,h they may for a while etand
the weight of speculntion pleosd upon ther, tley tend

. (£3)
eventually, as Jeans ligs renarked, "to bLroak An our henda,e
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That 1s why physisa must reach beyond the linitations of
theme oonatructs to a more porfect type of mlln.(“)
This more perfect type of symbolism ia found
in mathammtics. 85)A. ia woll known, mathematics, especially
in 1ts modern 4ialiectios) forn, is adnirebly suited to
pPlay the role of mymbolism, Its abstraction from existence,
from pature, and from all specific substances, and ita empty
Torms make it an apt fnstrument $o 8ignify collections und
tho relations among smnifolds without signifying the nature
of ths Telata. Through rethematios) symbolisa slone can
the diverse phencmens of nature be reduwed to a high degree
of interconnectedness. That is why physiocs is lesruing to
sxpross itsolf more and nore fully in the sbatract forms of
mathematios. One has only to recell Meissnberg’'s, Dirae'a
and Sekrodinger's recent developments 12 quantum physiocs
to realise how far thia tendency hes gons. is we have
already remerked, sensible and Pasudo-senaible eonstructs
w11l never be eoupletely dispenssd with, but as Jemns has
put it, they will remain mere parables -~ - mere slothing

(x6)
mdndnpom--ﬁ—tm sywbels,

3« A jforld of Shedows.

“The frank resmlisation that phyaicel sciance is
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concerned with a world of shedwws,” writes Bdington, "ia
ons of the most significant of rocent advauoes. I do not
rmean that physioists ere to a1y extent preccoupied with
the philosophioal Luplications of this. Prom their point
of view it is not v much a withdrawal of untenable cm:as
én an essertion of fresdom for eutonomous uove_lapaent."“‘y)
Hothing ocould be more atriking than the mrﬂo;icu faot
that by attempting to introduce the brillisnce of oarteaian
elarity everywhere in the physical world, seience hos mede
of 1t & world of shadows. Wo wist now try to soe why the
world of physios hus hecessirily beccne & world of shadews
and what asone of the philosophiocal implicstions of this

faet are,

The shadowy character of the physical world de-
rives prineipally fron its symbolic nature. But even in-
dependently of the uase of @yabols there are o number of
reusons why she world with ahieh Phyuies deels ocan be truthe
fully oslled a warld of shalcws. To begin vith, all lumen
knowledge is by its Yary nature shedowy. ¥or the humen
intellect 1s the lowest intelleot that eculd poesidly exiat;
it in essentially united with metter, and dependent upon it
(at least extrinsically) for ftg functioning. La a oon~

sequence its roalm of knowledge 18 at best e mere shadowl: nd.
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That is why aristotle tells us that it 1s 1ike the eyes of
an owl which ean ses well only in the deep twilight and in
the dark, And the rore it attempts to penstrate into the
realm of the sensible, the more does its knowledgs beoome
shedowy. enss knowledge 1s truly an obscure knowledse.
For it is at the utmost extrers of kmowledge, where
xnmtorh;lty peters cut into materiality, where the llght
of the intentiomsl world ia ningled with the dsrkneas of
the purely physiocal world, It 13 a very late twilight when
darkness has slmost entirely taken over, and when only eb-
ssures shadows oan de seen. liow phyaics deals with overy-
thing i{n terms of seusidle natter. Mot only that, but it is
the part of metural doctrine that is the farthest sdvanced
in the directiom of eoncretion, that is the mogt profoundly
immrsed in the cbacurity of matier. That is why its

ob joot i» essentially a shedowliand,

he dialectionl abaracter of phrsiocs gives ua

another reascn why 1t neoessarily deels with shadows. For

since it iy a sofentis qQuia end aot a seientia propter guid,
1% ean got ot phonenena alones ft is restriected to mere .

S.'pearnices. The nature behind the a;pearences remaing in
the daxrk. In attempting to get &t thig nature, phyeica‘ :

throws up a acgffo.ding egninat reality « - a soRfro)d ;"
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which 1s 1ike a shadow of reality, roughly, and sometimss
grotesquely reflecting its outline. Though there is always
8010 relation between the proportions of a shadow and

the ronlity, this relntj.ou is not definite, perticulerly
with regard to npocli‘ic@etailn. The relrtion betwsen

the world oconstructed by the physicist and the world of

reality, is of this kind.

Ry the faet of its being subalternated to!

mihmtic-, the world or physics takes on an even stronger
rsnmblnno; to a ah.do'hnd. Yor m ghadow is sonm- thinp
that reduess the hotnrq;anqity of the ohjeet 1t rnprosent-
0 pure hamogsneous oxtcrlority. The qualitative 1a .

swallowed up in the qunnﬁut-ﬂn. To be more lpocirfc,

- She mathemetioal 1ine is a shadow of the physiesl 1ins,

nd wheu the physicist stulles the physioal lime in terms
of the methematioal line, he is gotting at reality only

by means of its shadow.

But it ia pr!ncipnlh becrivse of 1ts symbo’lc
charmoter that the world of physics ia a world of .bndow-.
And the m for this doun ®e fairly evident. e have
saen that aymbola differ :n'cm names in that they do nqt
atepd for natures in the :-triat sense of the term. That i‘a

#hy when they are used ns: aigns, the wvrecise nrture r)ﬁ the
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things signified Termins

G -

blurred ana hidden in the back-

ground. And no maipulations of 07dols can meke them
merge from this backsround,

As sefengs Perfects its syxbolie forms, the

relatediesa of mature's manircld is seixsd wpon and peu

fleoted. The prinsipel oriterion fop the use of thess

symbolie forms ia not that they ahoula isdsvidually have
a direoct Oorrespondence with samsthing intuitively given,

but that thoy be able %o

Tit coheremtly into the aalf-

authensicating systeu. PFrom ong point of view the incress-

ing perfection of the aymbolge reflection of nuture's intep.

Telatodnees Shrows groetar light wpon the relata, but from
another point of view it mekes them more like shedows,

Sir Arthur Bldington hag laid great enphasiy
upon this poims, In the introduction to The Neture of the

Physical ‘rorld he xrites:

-icilence aims at sonstructing a world whish aha
e mymbolie of the world of ousonplace ctpor:-l
SNe8. It is net al gi1 Decessary that every
individua) aymbol thet jia used should represent
saaething in common experienos or even something
oxplicable $n terna of Sorsion exparience, The

nar in the atreet is
for concrate axplarat
to 4n science, but of

alweys meking this demend
ion of the thing referred
Recessity he must be
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disappointed. It 1s like our experiense in
leurning to read. That which i written in a
book is symbolie of a story in reel 1ife. The
whole intention of vhe book ia that ultimately
@ reader will fdentify aore symbol, sey ™. AD,
with one of the conceptions of Taniliar life,
But it is mischisvous to attenpt such identifi-
cations prow turely, befors Lhe letiors are
otrung into words end the words into sentences.
“he symbol i i» not the counterpart of mmythins
in feofltior life. ‘o the ¢hild the letter A
would seem harribly abatract; ao we give him

a fanilier -gonception slong with it,

"A was an ircher who shot at a froge™ This
tides over his in.sdinte d4rrieulty; but he
samot mnke serious progress with word~building
80 long as Archera, Bulchers, Captains, dance
round the letters. The letters are abstrect
il ootner or later he hes Lo realize ¢, In
physics wo have outirown archer and apple~pie
definitions of $he fundesental symbols. To a
Tequest to explain what mn electron really

is mppoasd to be we ocan only snaswer. *It is
A part of the A B C of physics. The mxternal
warld of physies hes thus becoiss a world of
.m.-o

It g dirficult to sehool ourselves to treat
the physical world aa purely symbolie, We are
always relapsing and nixing with the wymbols
inoongruous eond dptions teken from the world
of consgiousnesa. Untaught by long experience
we stretoh & hend to greap the shadow, in.toad
of aooepting its shedowy nature. Indeed,
unless we confine oursslves altogather to
mathemationl aymbolism it ig herd Lo avoid
dressing our ayisbols in deoceitful elothing,
When I think of an electron tlere risos to ny
mind a hard, red, tiny ball: the proton
similarly is newsral grey. Of eourse the
oclmhmbnd--paﬂqp.nomubmrd
than the rest of the oonception -« - but I am
incorrigible, I oan well understand that the
Younger minds are Iinding these pictures too
ooncrete and arev atriving to eonstruot the world
out of hailltonian functions and symbols so
foar ronoved froit hwws preconce .tion that they
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4o not sven obey the laws of orthodox srithmetic,
For myself I find some dirfioulsy dn rising to that
plaps of thought; but Iem oonvineed thet it has
&0t to oenm, .

Iater in the same work he brings out thig point
nore specifiocally in ot;rmaotiun with his explanation of
the oyclic method eployed in phyaica.(ee)All of the ocon~
Biructs out of which the structure of physics is formed,
such as point-events, potentials, matter, ets. are do~
Tinable and $renslateble only in terms of eech other, not
in iurws of anythiag #lse, and in partieular mot in terms
of any underlying reality that s fndependent of the nind
of the solentfiat or the phiysical odjects of the peroeptual
world. These constructs form a closed eircle. By begin-
ning at any point on thie eircle wo my define any one of
the members whieh form it In terns of the others, and from
it dedues the othors, put s we travel around the circle
A€ 20 point do we meke fresh eontast with remlity. st o

certain point, e.g. "mitter” we may think that we are

talking about something shish has a direet emdodiment in
th.nruotl-uty. L hpulttfut. the "matter~
that 4i» dealt with in physics has no direct sounterpeart

in mature. It is by working sround this circle that ve
derive the phyasieal lawa,

e - k/

In thias w physics recains within its own
domming it eonstitutes a clonmed world of iis own, and this
.Iorld is but & shadowlend roflecting the underlying mlbity
which csn never be made to emerge frau its obacurity;

And you cen aee how by the ingenjous device of
the oycle physics securss for itsolf & self-
contained dommin for study with no loose ends
projocting into the unknown. ~1l other phky-
sicsl definitions hove the mame kind of intexr-
looking. Xleot:ic force is defined as something
which csuses motion of an electrio oharge; an
aleotric charge is scaething that exerta acuo-
thing that produces motion of sonething that
exerts sometiing that produces . . ad infind tum,.
The supposed approach through the physical -grfd
leads only into ‘the cycle of physies, whepre wo
run round and rowd like a kitten chasing its
tail and nover resch the world-atuff &t a11, , ,
However mueh the remifications of the cyoles

may be extended by furiher mcientifie discovary,
they carmot from their nature trench on the baoke
erowd in whish they have their boing ~ - their
wctuality. (29)

It 1s particuierly in ita use of the theory of
groups that the piysicul world tekes ou the charmeter of &
world of ehtdows. As we saw 12 fhe last Chapter, it is
Possiblu to give an eiact natlesuticsl description. of
batserns, while the nature of the entities involved 4n
then remain in the dark. "It (mashematios) u-mm the
individual elements b)" assisning to tuex qynbol.v, leaving
it to non-mmtheantical thoucht to express the knovled; s,

if any, that we may have of what the aymbols atand Tor . . .

[
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Zvary path $0 knowisdge of what lies benesth the .t,n"uT:o)
is then blocked by an inpenstrahle matheratienl syshole™

411 this dfecussion about the shadow world of
shysics calls to mind the fmious shealiows of the Intenle
oove, In feet, the well-knowm prusage fro: the Ve hlie
ix 80 relsvant here that we carmot refrain from quoiing

1%

mouth epun towsds the light

ead warious mat: rinla, whick sipear over the
.ll? - = @

You lmve shown .m & strenge irmpe, and they
are strangs priecners.

110 owrselves, X zeplisd; and they see oaly
thedr omn shadiows, er the other shadews whiech
the fire throws on the opposise wall of the anve,

Truo, he saidj; how eould they ses anything
but tho ahadows if tiwy wore never sllowed to
uove thelir heads?

it of the ohjects which are boing curried in
liks mmiuer tiey would only sse she shadows?

Yos, he sald.

tren, }U?/:xid, the truth would be literail
n«)ahnj’ but the aladous of 4. ‘t8e(3L)

1M&?‘@)
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All that hos been safd in the course of this study adout
the nature of experimentel science mukes 1t evident how
auel: the sclentist s like a prisoner in a dark oave,

“he very method Lo whieh he is ocomuitted ave the chaing
which bind him end preve:nt hiu from turning his poed upd
aveln; reality L its objoctivity. As .lelo's observer
saw both other shal ws and his own throws againat the wull
of the cave, @0 in the shadow world of phyaica the acientiat
soes both the shadowa of ob jective reality and his owm, but

in this case tie two are inextricably blendad together.

The following persbhle brings out sti)l further
the similarity between the physicist end the cavedweller
of Tlato;

AL aged eollege Bursar omee dwslt secluded in
his rooms devoting himself sntirely to accounts,
He realised the intellectusl snd other activities
of the eollege only as they presented Lhexselves
in the bills. He vaguely conjectured en ob Ject-
ive realiiy 4t the beck of it all - ~ some sort
of paralisl to the resl colle;® ~ - though he
ooula only picture it in terms of the poundas,
sL1ll11y's and penes which r.ade up what he would
cull “the cormon sennsw college of everydey ex~
perience.” The mothod of account=koeping had
becae inveterate hedit hunded dowm Lrom
gensrations of harmit-ltike bursars; he acoepted
the form of accounts us being pe-t of the nature
of thimy:s. 'ut ho was af a scisntific turn sand
ho wented to learn more about the college. cme
day 11 looking over his books he discovered a
reurktble liw. Tor every item om iie credit
slde an oqual fter o:onred somow.cre elue on
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try to amalyws its relatioan to the objestive world, The
the debit side. "Ha" said the Bursar, "I have

, nature of this relatfon has been more or less 1:.plicit
diacovered cne of the great laws controlling .
the college. It is & perrect nnd exmot law in gush that has been said thus far, and hes, we feel,
of the resl w rld, Credit must be called plus : .
and debit minus; and s0 we have the law of alresdy begun to take on fairly definite outline. mut it
conservation of L @. d. This is the true way ' |
$o find out things, anc there is no limit to 1a of supreme inportancs for a right uderstanding of the
what amy ultirmtely be discoversd by this )
scientifie nethod. I will psy no more heed vnlidity of scientific knowledge to erdeavor to -xke 1t as
to the superstitions held by some of the ' :
¥ellows as to a benefietent spirit called the : expliclt as possidble. That .is not an emay thing to do,
ling or evil spiriss oulle? the university ]
Comissionsrs. I have only to po on in this : for it ahould be evident fron all thet has been said up to
way and 1 shall succeed in understanding why ) : ‘
Pricss are always going up. Bow $hat this relation is far from being the simple thing
I lave mo0 quarrel with the Bursar for be- 5 ‘
lieving that setlentific investigation of the that the olessical physicists amd the majority of modern
Agscounta is a road to exnot (though mecessarily i
partial) knowledge of the reality behimd them, Scholostics have imagined 1t to bs. Ve can only hope to
Things may be disecvered by thia method which : . |
£0 dospar than the mers tamism revealed by trest the problem in its generasl uspects without deacending
his firss ofrort. In sny onse his 1ife is : : o
especially concernsd with aoccounts end it i to deotails.
wmrthtb-houhldimtholmot o .

aoccomts wvhatever their neture. But X would
nmwhu-th.tdumarydthmr-

lapping of the @ifferemt aspects in which

the realities of the oollegs present thempelves - :
in the world of mecou ts, is not a discovery A
of the laws eontrolling the college; that he

bhas not even be;um to f£ind the eontroiling laws,

The eollege may totter but the Bursar's accounts

still balanee.(3z)

lowever muesh symbols and shadows mey cut off the

scientifio sbhserver from reality their essential purposs

is to untte him %o it. ror the nature of symboly is to
slznify something and the nature of shadow ia to be a
(33) .

roflection of reality. That is why, after having seen

» WO .~ust now




CHATT S TrvEN
1
NELUTE WORLY Condition
T AS oy Pl CODITINR

1. Iserorphisa,

Ny the absolute condition of the universe i
Moaat the objective world as 1t 10 11301f ~= tho worla as
it (s comteplates bY supresndang intellireuces whioh do
Aot have to depend Upon the menifola sukjective and relative
tonditloms thnag meoonamrily aeeompeny all} knowledss derived
Shrough She Sonses, which ars free of the barriers that
rosulit fwom the 1txitations of the buoan intellect, whioh
€0 mot Mave to probe the world with Sppliances that are
Vithin 1%, and a part of it, ana subject to ity laws, and
which do not hawe to reconstruct the world, and thus remrdel

That this absolute world eondition e not
identified with the Plysieo-mmthesatica) world 1s omly

too evident, .g nuz(tt. boware of thy arbiguity of the term
2)
“physical world,- ieininally 1t wep eployed to deaiennte

the objective <oumos,

“hvsieal gciance was born of & irgire
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30 luy hold of this cosmos in its objeotivity, Iut cs mcience
grew, it gredunlly evolved, for ressons alroady net forth,
& world quite distimet from tho objective ocamne — a world
of i1ts own making. It 1a ta thin latter world that the term
"pliysioal world” now usually refers when it is erployed by
physioists.

Progress in science haa x;uultod, from one point
of view at least, in an ever widening gup between these two
worlds. The seientific universe has beooms more and noYe
independent of the objeative universe, more and more closed
in upom itoslf, more self-sufficfent. This bns eome first of
@ll from the astemdily increasing uss of hypothetical oloments
logieally interwoven intc a soherent strusture, but it hes
Mmhdtosmtlmgth-hy'thn subalternation of
physics to matheontice, whiek, as we have secen, is indopendent
of existence and of any nsceasary oxdsr to cxﬁtonoo. and
which conatitutes a closed und autonomous wniverse determined
only by 1ts own intrinsic logie. In this way, physical science
hop tonded to bocome nore and more a formml, self-suthentioe-
ting system, evon the rew meterials of whieh are no lowger
taken directly fram the ohjnotive world, dut are subjectively
created constructs,

From this point of view, then, the scientific rorld
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fron the absolute world oondition 1s only one nldo of the
picture, nnd to exm;:::rute 1t to the axtent of ob‘ucurln(
Lhe other side would t’)o to vitiate the wiiole mhinp, of
aclentirie knonledf‘.a.w}‘rlm objactive norld 1» roi re-ely
a m:lletble mutter ‘which ulicws the solantiat to mi ke ery
esnatructions he rey wish. Iu srocting his scientific
world he enjoya & greant reasure of freodon, but he iAa not
caapletealy rroo.w)ﬂwunh mthemtictl physies 1s formelly
wathermtical and froam %l.is point of view independent of tie

real world, it is Serminutive mturelis; 1ts wholo purpose is

to get %o know ob jective naiurs. The sclentific world remains
bound down %o the objastive world &t both ends] thet is to
say, the selentist ast both begin and temminete hia work

in contact with nature. 7;1:315 it 18 true to say that in one
sanse, the theary of Relativity, for exsaple, &8s it -ursues
its constructive elaborntions naver returns to the vorld‘ of
ex-erience but seeris to draw farther sd fartiier eme. from

1%, in anotlior sense it does meturn. TAnstein knew before

he stirted tlst ell of Lis mathermtical esleulations sn:i
constructive elaborations iud, ir the end, Lo lecd beock into -
theblack - bands of the }chelmon interferomoter.. The scien-

tist rust solve probleews thot are initielly piveni in the ob~

Joetive world; his sol::tions rust oxplein fa@ts 6s found in

/

\
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is a self-oconmtained world, distinet from rnd independent of
the mbasolute world conditiom. Seisuce has beoomo like & 1
platontio deniurge, fabricating a uuiverss out of its own

sub jootive constructs end raticoalizing it by mnweans of

© mmtherntios. And in thia peﬁpectln there is a great doal)

of truth in Haritein®s remark: "ce n'est pus la réalité

qui deannlors & la sclence d'éire vraie, c'est la -cieﬁc?
qui demsnders & la r&alt;‘) Atetre 'solentifigue’, ot de )‘.ui
présenter sea papiers. . In order to know that there is
& wist difference between the sojentific world snd tho sbmo-
Iute world osomditiom 1t 1ainot NBCesINYY, u some uisht be ‘
ternrted to supposs, that we have &ireot knowledge of the
world in iteslf and thus be able Yo comware the two. For

in the first place we hsuit!mt there is a nogative diat%moq
betwean the $wo universes by cur experisnos with the kind of
knowleadge we have, which mt go from the wore general to
the more conarste without éver bein: .nhlo to exhaust thej
conarete. The history of science brings out this point snd -
underscores our groat u_mnfmnoa. In a positive way ve .knjo' !
St Shore L@ & WS difTerence betwesa the VW9 universes
bouzues we Jmov Sl% £n swher to earry om sulemtifis |

(4)
sndeavor we Must oonatruct and mst inject mathemntios. ' '

Mt this irdependenss of the scientific vorll}
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experisnce. While the experirientnl operation mecsures the
world oondition, tl.ere is a senass in whiok it is truoe %o
sty that t.s absolute world oondition measures the experi-
nental operation. 4o Hddington Laa observed, "The study
oL physical quantities, althougk the. are the result: of
our uwn eperttiona {actunl «r potentirl, :ives .s swe
kind of knowledge of the world-conditicns, since the same
operations will give differsnt results in difforent worlde
conditions,” (B’M'oreovu-. there is &8 .suse in which 1t 1s
true to sty thot the sclentist dealnm witl. familiar ebjects
of the objuctive world. i sign of this is found in the fact
that ooxereizl companies concerned with thess objeots al-
ways have rsenurse tc tle i.eln of uxonthtl.(g)

All this helps us to understand the problem that
the memning of resl existence presents to the m&nd\ of the
nodern selentist, (m)n' the question is retsed: "Doss the
scientirio world reelly oxist?" or "Does an e']ec'.:'on really
exist?” it is imosaible to answer eitlher yes or no, far we
are dealin,: witl constructs camposed of both reality and r.imd.
Tuken fwon $he point of view of the subjestive slements they
contain, tiey do not reanlly exist. DNut teke: fro: the point

of view in which theoy ere n refloction of reality, the, do

really exist. 1In fact, in the latiter pers: sctive we &y
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suy timt tney exist in & more real sense then the sense
world or the world of philosoply of nature, for soience,

in coming dloser to concrete objectivit; busor.es nore like
the knowledio thet God and the separatsd substences leve

of tlo abeolute world condition ther 61 ot.er typo of
knrwledge we hnn.(u;mt is why Idd1: teu, writin, of Poa
sett1s Nlessed Daroasl who Gonter 1t tes the world from
heaven, 6an say: “If the Rlessed Do ae\ 8oL LT g rth fn
the ¥insteiuinn wny she will be seoin;- truly — I cen feel
little doubt an %0 tlat «— but ale will be nisaing the point,
It 1a as thouzh we took Ler to &n ort ghllery, aud she (with
that painful trutlfulness which cennot recornize amnything
thot 1s not reslly tiers) saw ten squere yards of yellow
pelut, five of crimson, md so on."(m'l)'bo sofentific world
is mmde up ot yards of paint token from the objective worldj
but these yerds of paint Lave been causl.t up fnto o soupo~

sitlon that is net found in mature,

In the lipgkt of thaege rewris ¢ rturter of .ap~
og;'es in the writings of 1.odern soclent.sts whic. et [irut
aight might appear barfriing are rendered perfootly intelligidie.
A good exnmple 1s the followlry pessee 4 Bddington:
However, 30 frr s I enn Julge Lthe “seuine of the
queation, tic tuswer aprears to he in tre affir-a-

tive ~~ tle exierm.l world cencrihed ir D, ,sics
{E.6. 0, L.l reull, e.inta.
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One thing oan perhaps usefully be added. I

do not think that with any legitismte usege of

the word it oan he aeid thet the external world

of phyaica is tuo only world tlat reslly exists,(13)
Thers are in facl eu infinito mumber of "physierl universes*,
There waas for exarple the originel universs of Finastein whicl:
was full of -jnttcr and atatic. That hes now besn sbrndaned.
There wua likewime the 'niverae of De Gitter whict was erpty.
Thers o now the u:iverse of Abhe Lemattre, which conteins
vatter in constant expsnsion. These “physien) universes® oay
be multiplied endleasly. All of them ean be mnid to really
oexiat in $he sanse Just determined, but none of them esn de

considersd thi only ene thnt really exists.

Perhaps the centrol problem with which we ers eon~
carned in this Chapter oan be mnde cleerer by casting it in
the following farm: is the sslentific world trus? Is it the
truth about objective nature? wiat exr:ct nsnse ssh be attached
to Eddington'a strteent that if the Dlessed Demosocl sees tle
objeative world in tlhe Zinateinian menunor she sees it trulygu)
As is well known, truth may be defined eitl.er in tonx; of int~
rinsic ocherence or in tarus of extrinaie conformity. Every
scienoce in so far as it esonstitukes & body of doetrine and to)es
on systeuatio romm rmst possess truth in tle foruer mense,

Thers are sowe soiences in whioh t! 13 kind of truth in of pri-~

-y~ : {

MRry concern. These are purtioularly the mzthesntice) sci-

ences which deal wit!: sbetrnote ut ebsirrcte, sand which

prescind fron any sctunl order to existorce. ut ir thoae
disciplines which desl with rnt\iit:,' and wl ich 1 re soforces
in t.0 strict merning of thoe t.e::*n it ‘s trut) {n the asuse

of extrinslo conformit; Limt is of uri:ury concern.

Now fron wiet wes snid &bove rbaut tio scientific
world conatitutin: r elosed and. Intrinaicrlly coordirnted
syatem and sbout tic erirerii for the cl.oice and elrhorrtion
of conatructs beliy not oorru):cr:dango with objective enti-
ties but their cnpacity to sorve na princisles of irterral
cohierense, 1t would T Lo rolio- tret 4% is troth 1R the
first sanse of the term that 1s elscuctoristic of exzerimen—
tol selence. This would seen t;o derive both fraz: tha vast
use of hypotieals and aapuolun.?y from the introduction of ma~
tiouniics. It 18 true tiat tlva:ro is Bo:e copnecticr detwuen
seic.tific onnatructy wid objective reel it , Lut it wo.ld peem
that this counection wust be vi:rmad not oo -weh in tarma of
truth as in ters of foodnaas, '811‘“ the welidity of these
co.agtructa is judged by thoir ﬁmxml role, by their ex-
planatory efficsc;. The whole question co.as domn to tlis,
then: oan t.e confégmity definition of trutl. be a» j‘ed to the
relation betwoon il sclentific world and tls nbsclnte world

condition?

|
)
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It al.ould be lrediately evident ti.at i1 the
scufornisy definition he taken in ita full and albsolute
weaning, tlc answer must be no. Teuth in this serse has
the impliontion or uniqueness and to apply 1t to the ever
shanging seientific world would nnko of 1t en oxiraely
protecn thing. On the othar hand, {1t 18 equnlly evident
tat there is som aorrespondencs and sone kind of cop~
Tarwity between tho #cisntifis world and tls absolute cop=-
ditfon of the universe, that some relation similer to truth
obtnins betusan thex, if for no other resaon t 80 tlat verie
sinilitide 1s, a5 we mew in Chapter V, of the Yery nature of
sxperirwntsl scisnce. Thia sonformisy is found even with
regard to the noast theoreticnl parte of science, for since
theory is the soures fram whick the .henosens of nature 1o~
g_xen_l_y flow, and the b jaotive essances of thinss mre the
sourae from whisl thay reelly flow, it is obvious\thet there
muat be sons kind of correspondence between the two, aven
thourh thenry may rot 17ive ur explrnntion of reality tist 1
true in the atrict oscuse of tlLe word, and as theory is per-

facted thiy corrospondence beeaszss more mnd more exact,

Horeover, the aciontifie world is reds up of rea-
11ty as well as of nind, and it rust not be Torgolien thet
even the subjcotive ele-ents darive tio!r whols peenin, from

thoir ortentntios towards Lln real world.
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In other words, seientifio symbols }ike all
yubels wre o pdxture of Sratl anc fietion, ea Urber has
obarvad ¢

It s, 68 we love aswi, of the ver: nelure of

FaC 8ymbcl that it containa both trutl, and fietion,
Lesti the reod ond Lle unres). This :irinei le
followa, in & penas, from tha two precudin, .

& have alrerd: neen t et e pymbo) cmast oterd for
sulthing, ot.orwlae it wuwié not be a uwyibol o

¥a hovo also geen tl.ct it eennot stend for amuy~
thing in o wholly unamb ipuous wey., If 1t 413

it wonld not bo & syrmhol, A Fietionel eloment

in ovar,; gymbol (o nule nagessary by tie urineinle
of dusl refersnce. It 1a of t)e neture of the
ayidol sunt if eltlor referance is inken exelu~
aively {t beconos unrem) or elgs & nere suba~
titutional afgn,

+ relation of two damins is involved in svery
ayikrollio funot.ion. If* the ayrbel is taken

lite: 8a wo pay, 1f, in other words, the
refersnoe to the prinary dome‘n 18 teken ex=
clinively the sybol 1s & fictics and nis -
repreasrts, If it is taken wholly sg ® s{mn
witiout any referonoe to the intuitive dovin

out of which ¢ aprings, it is apgmin a fiction,
in this case & Lerely econventiornt) sifne The
syntolie fuiction, e distinguished from literel
Fopresenvu.lon or descrintion and fror the rerely
conventicrrl, is not ouly tlic duel reference
but tle cambination of truth er fietion wie' 1=
rlnea out of it. This 13 @3 true in tle reriom
of scientific syrbolisa &a in eny otlLer. It ja,
in fact, one of the rein faruop §p modern, scien-
tific qo cajtu &8 truth «nd how imch riction.{15)

It 12 alear, then, that ‘n apite of its self-
ruthenticrving: ¢ eructor, rntherticrl plysics s e Qefi-

Rite relntim of corroa;ordorce with: tho reel world. By

the Yery on t tiet 1t fo tormicntive nnturelis, 1t cuat in
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sone -y Tealizs the conformity definition of truth that
is charnatoristic of all molences whieh denl wit) rﬂlitx('}o}
And if natheemticnl physics 8. oLYs as sometl.ing tlmt i»
froa one point of view sasontinlly dominated by tio cohee
rence dorini‘tion of trutk mnd at the sene time fro. ancthor
point of view prineipally dominnted by tle eonfornity de~
finitlon, it is e:iefly beonuss 1t in & ascientis media, )
Lat us tTy o fix upon the nature of the sorrespondarice bo=

tween the $wo worlds.

This obvioualy depends upe” one's theory aa to the
nature of saientifie knowlodge. For thome who pnﬁ ope~
rationalimm to $ne 14t of mintaining thet soience ‘reveala
m;‘.‘ﬁ & get of operutions serried on b, the ael.u-.urle
worker, thia correspendence is extremaly tenuous when it exists
at all. At leaust tids is true if the notion of eor;;.apm-
dence be oonsidered fron t. e point of view of n;m«)ulrtin
truth, as it fs beli oonsidered in this ontext, Far many
opertition lists, scientific sy=bols dc not represert gilo ob-
Jective universe at all; tlioy marely reveal d:ow one hra ope-
ratsd Wpou nature end how one st operste upon mwﬁ ia
order to oontrol :lt.(")'rhuo autlhiors fail to mlizo' that
the art that is involved in experimental sclence is nurely
funetionnl nnd that its wiole pur.ose lp to serve nci;nce by
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helping to disclose tie objestive losos. In other wordm,
scisubific synbols ure like pootic aymbols in this that

they turn agide fror o direct expreasi-m of reclity only
: (18)

tiat &n somo sevoe they mmy express it more profoundly,

Tte mnjrity of modern scientists and philoso~
Phors of' asciemnce :;olt-i that t}niplvslco-mﬂ:mtlccl world
muat be considered at luast o i:ertial rcproaontgtion of roe= '
1%y, This opinion fs held b Kinstein end Plenek, smong
others, and socording to culq-u- 1t conntitutes the es~
sentinl modern seientific atm}point. It sdopts 8 mediste
position between the sopy thuu;'j of the ealnsaioel physicists
and extreno oporationclimm, Yor most of t!ose who hold
thic view, tls setlentifiec ropr:caonteuon of reclity consists
in a reflection of nature's order, ssructure and inter—
rolatedness, rathor tian in o &iroot Tepresentetion of in-

tuttively civen natural phenonens,

We bolieve thit thia oninion {s esnentisll . cor-
Tett. DUt it ia negeasery to try to £ive greeter philososhie
onl deteraination to tho cmc:;;ondenoe botwoen the scientifie
world and the absolute world. Sane have sought to solve this

problec by seyin- that tie scientific universe fa anslori-

cnlly true. Jlicenen Laas boen partieul:r’y fryorrble to tiig
(19) ‘
solution, He holda %18t physferl thenries expreas ' n arpe
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logienl relation to reality and that if all the puper—
Tluous slenents in then cre elicinated by ~eans Of ex-
perinent and renaonin;’, 1t 1a poasible for the relstion

to beoors univoonl. We sis-ll not linger over the 1ftter
part of this opinion, for all thet tas heen scid in pre-
cadin, CMpiers nakes it abundantly evident l.cw utterly
untainble sugh ¢ view {ms. In go far as antlo;y 1o con-
aerned, we beliove that tlis opinion is extremely am
biguous. It ia clear that if the ter: analogy be tsken

in u iroad and loosa sense it mey be ayplied to the know-
ledge that aglence gives of tro objoctive world, in thrat
tho soientific world is partly like and partly differsnt
froa tise absolute world econdition. But it is extre-ely
important to keep this use or the term distinet from the
propor use that is found in metephysics. In true analocy
v find & totun ugutale thet 1a the ankloam in :hioh the
parts are knomn. In the ecse in hend, on the contrery,the
parts aro not ko:own well enowwh. The objective and sub-
Juctive elanents in tio scientific warld ars so inti~ctely
intsrpmetrated and rfused, that it is fmponsidble to i~
tinguish detween them; it is impossibls to ssy what is in
confornity witl objective rerlity and what in not; it is ime=
possible to detertine which pertioulsr pert is due tc pa-

ture and wi:fch ia due to mipd,
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e belleve that the sorrosponderce hetween
the scfentific world and the sbwolute worla conditicn
ctn bast be expleined in the followin: terms. JIn the
Tirat plmoe, the scisntific universs is & i u Of 1o obe
Jective univerve. Ivery wisn represents n: ubjeetl dip-
tinct fram itnelf to « cognitive power. Hut bectr.se there
are Lue sasentially different weys in wiicl tlls reyrenen~
tution o be elflected, Lhere nre, as is well known, two
esseutimlly differeut kimds of signs: formel snd ‘lmtmn-
tal. Sinos every sign {a o meens b widel ¢ cornitive po-
wor rots to kmow nu object, ever t formml sirn is € kind of
instrunent. But it differs from o instrumantel aign in this
tiat it delivers the ob Jeot it represents s. dirocily and
Liwdiately to tho nind that in this deliverunce it dosa not
itdelsl oonstitute sn objoot of Anowled, e. Thus the ocnecept
witlel thio riind formms of an objective entity !n & formal sign
of tlat entity becruse it dose not interpose 1taself es en oblect
betwoen the 1ind nnd the entity. an instrumente) sign,on tre
oti er hand, 1s ona tlat {s first knowr {1 itseif as an od jeot
in its own ri,t, and only by beins known in this wey does
18 represent another object distimat from, but virtuslly im~

(2u) (21)

plied in itaelf. In other words, as Cajetar lma remerked,
thers are two kinda of heings; some are prirarily desirmed

to Le and only secondarily do they revresert; others ére pri-
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warily do;lc::od to repressul otiar tLings. The Torner are
instrimental aigns and the latter are formel signs. In
Thaaistic teminology, & formml aign ia 44 in quo aliguid
copeecitur, an instrunental aign ie id per quod aliguid
og;_;_outm.tr‘a first 1s a foue intre potent jam inforrens,

tho sesond 1a an obisotw extre Jpotentisn rovens,

Fow the gront error of smny of the olaasieal
physiaists and of the ymjority of modern scholestios is the
ﬁl:qy have looked uwpon the scientiries wrld as a kind of
farml aign direetly end irrwdimtaly revealing the sbsolute
warld oondition. To view the soientifie world in thip light
metns $o fall a prey to a gret iunuox;. It nenns tc; destroy
the sclentiris world's ehmrwoter s & uwlgn, for it wipes

out $the trus revelntiom it gives of the ehjeotive unﬁorn.

The physico-metlermticul world ia not a forml
sigh, but un insirumentel, 8ifn of tha sbwolute world cone
Aitiou. It constitutes mn ot Juet in 1ts own right, and sust
be knom fs such Lofore it oui. revaez]l tho objuctive universe.
like all instruental signw, 1t hidee the objeot 1t represents
at the sane time that it revealas 1%, And 1t 19 only by
Yiewing the scientiric worla in this Might thet throug it
Wwe oan in msoae I'ashioh cone to kiuw the obJective world as it

is in itselr,
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Yo other notion brings out so acourately the
trus aharecter of the relation betwwer the two worlds
than this notion into which ontolra both (natrumentrlity 1
and signifiontion. It expleins how t:e bhysicormmthe~
maticnl world otn bo a% the »ne tie ecmlotoly closed
i upor itaalf and counigselyr omied to Ll e ob ject [ve
warld, It reveals wiy ilic oriteria of the velidity of the
soiontifto struetire cun be bot):l roodness nrd truih,
with the gooduens extirely subssrvient to the truth, wy
tho sclentlifioc universe ia at onioo pructicel snd speculetive,
with e ‘,umubionj. gowotaly orientuted towsrdas tie spe=
culntiva, at onoe art and eclencs, witk the rt entirely
ordoced to tiw saisnce,[both ia tha mense $1 shich fine
art reveals an ariginel, and in the sense 1) whieh useful '
art serves & Jurpose -~ the pny,tloal purnose in thia cane

buly found in tim snesulative order). Heit!er pure in~-

strumeutality alons, nor pure forrel signific tic: ¢ n

brin~ out all of these perndoxical elensnta n:d nerve to

entubliah them in their proper relations.

The plysieo-wathematical world is in many ways
e partielnriy serfact t'jpe cf f;;z'.rmor!n‘. “ﬂn t:-:-d; it terda
towards ke narfeotlon of 8 formal sigh. #ven f}\@se elaTents

in 1t ﬁ)\xgk rre #ek tnkopn djr-sct"ll_; from t'e «bjuctive wiiverae
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and whieh sonusequently from one point of view serwve to

hide 1%, are introduced into 1t only Lo reveal the ab-

soluté world eondition all the more. Im this it is simt

lar te & work of art into whieh the artist's own lagos han been
injectad only for the purpose of revealin~ the oririnal

with rre ter olnrity.

But the selentific world {a an e¥en zore per—
Tact si;n than ¢ work of art in tiat the fabricstion
found in it, while iuterpoafiy en ob jeot betwoen the mind
and the real world, oun never constitute en end in itself,
The seientifis world is art, but not sirliciter. IV »1.
ssssntislly speculative knowledgo, and as such ita whole
rajison d'edye conoista in its orientntion townrds the reel
woarld., Im tils it is sinilar to a formsl sign.

John of 7t. Thomas mssigns five conditicns whieh
sunt be present if one thing is to be ths sisn of lnot!.m(fz)
First, the siyn vast be something distinet frou both the
oblest sidnified and tne ocugnitive potensy. This condition
is fatrly sdvious and nesds mo comment. IJeeondly, it must
have the n-‘tm'c of = representation. Thia establishes a
Srenseendental relation betwesn the sign and the thing sip-

nified. Thirdly, the aign mmust be more knownble t:an the
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thiig aigniffed. Ry reconstrict ing the ot jeotive wniverse,
by infeating lLils own logon fnto it, by introdueing tha re-
tionulily of matherat loa, the sclentist miccoeds in rendoring
1t nore intelligible. Pourthly, the sign ramt be 1ses per-
Tuot than the thing signirfed snd inferior. This roonlla

Lo mind wiat we scid in an e rlior Clapter obout the physico -
matiecatical world befiy: worse then ths renl worid precisely
heotiop 1% 1in Letier. It ever reuning & pere anbstitute

Lor tue real world. Its role ia purely functionel, This
agans tiat ovsr uni ebove the transcordentel relation ment ioned
A wauani agoe, tnere is a prodiceientnl relation between the
aclentifioc world aa algn and the absaoluts world conditiom

a8 thiig mignified, This relntion belonga to the spoCies of
Telation tint exists between a neesure and o thing metgured
(1= the sense axpiagned in Chupter VIII ir conneotion with the
wnrious tyroo of relation]. Tie absolite vworld eordition is

t . uenasurs ni' the shynioo-ewsernticn: world, It is tiip
pradion-iontel relasinn umi noy the traumecndectal velatior
Lhat conntatules the latter @3 tho sign of the romr.(m)ﬂn
Yifth comlition laid down by Joim of 8. Thonas 1s that the
aign «nd tie thing signified smst be dissimilar. The wrst
differo.0z tetwesn Lhe sclentifio universe of discourse and the

objeelive iniverse uas &lrensy heen u ulliclent), strossed.
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The foregoing rakes it clear that in experi~
nental science the mind doss not essinilate the objeotive
world direetly, but retler reflects it by eon-true}inc, LI
sciien of 1ts o that is founded upon reality. mut it is
faportant Lo tr to determine the nature of this sol:sua
and thus dbrin out ng teguretely 1 possible the exrct
charucter of the instrumente) sign, Ve believe that this
oan be daus by laving recourse to the notion of 1goorphigm,
Iforphism, as the word innlles, signifies fdenmtity of
strusture or form, and it ias ocommonly defined in the fol-
lowlng terme: Oiven two classes: G, eomposed of elements e,
b, 0, evsp and 37, composed of slements ar, b, oY, ..
if the elemsnts of S ean be pPlaced in ome~ons corresnon~
dense with those of 8%, fin suel & wy that a eorro-fmnﬂ.
to a', b ecrrssponda to b7, ete.; and if ror every relation
R botween tlo elenents of g (e«ge & R b) thers exi:t. a
reletion R* between thae oorreanondin: elements of 3' (o.:.
' R b}, the two olmamns are srid to be 1srorp! fe. A
femiliar example of Lﬁwrphlm 1s found in en ord!nr-:r;' m—eD,
Thare i {deatity of strusture betwesn the relations betwesn
the points on the mp and the ‘corrnpondlmt points on
the countryside to which tho r» 19 related, It is luportent

to inaist upon the fnct that idiorpitan 1s rot founded upon

& materiel corres onconce batween the ele-erty Invelwed,
but tha_hlon';ity of nrlct\u'n}_tm-n. It prencinds fram

L a ropar mt.m-é of Lo wmttor to vhicl tle forms mre
acniliod. Tl t.ia proseinlirg s rot 6 nercticn, T fact
1f the Laterogenoity of tho rmiter of the &iffero-t g, o

tos woru westrored, % ¢ '.ei_u-r:)! Swowclld nlon te doatroyed,

How this notion of dorphis: brin s out the

e of the relution betwesn the slysico-mtle atioel
wurld ard the absolute wrld coudition, Far rathocetiaal
bliysics in ¢ sesyrel for ayntes iund orders An we twe ason,
it consvruats ito own orip.nhu& oyuten, but in so doine it
iu duternined in its overy nove, elthor direc ly er fudi-~
reotly, by eeguranents oude up;-ex: tho resl wordd. 1In spite
of tho arbitrer: elooents in ménaurmont, the sbaolute

world eondfition remning tio Lee oure of lhe noersardn: oroceas,
i suel v wny t'mt althouh dil‘.r--:'ont eolen T nerpurerrnt
eploy od in relation: to thy on 6 werld o rdition Il pure
der differont renulta, 8 long 8s tic sree codo fa n loyed
ir relation t(‘\ the gar~e worla c;m;dit.iou, tle remlts 791} be
m-mucu.(.a‘{-:m 1s why, fter the physeist has eomstructed
hias selierm b {3 eble to rap 1L back upon neture and sredict

{85)
natural phononen.

hs Dulio:: bay oboerved, the relation Lotweer tia
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seientific world ond the objective world mry be oo Ted
to the relstian betwess: tlhe forr: of m suft of aracur end
theform of the body of the knirht who worpa u.(m’ﬂnn
is alwiys @ sizdlority of structure in this reletion no
TRIter how Lnparfect Lho ouit of ermour imy be. Tlie

af llaritly rows i o sult Leeones 11 e pursret, s the
nucber of pleces of metal which composs it ino-e: sen, and
as its structure becomes rors coplex. At the 1imit tue
forn of the suit would be identified with the neture) fora
of the body, This linft cen never be actueily Teachsd,
obvioysly; but ft eun be indefinitely tpproached. 1nd as
the artificiel form of tho mlt pets closer to the mtursl
foru of the body, it 1s at the sane tise drawing farthor
eway fram £% 4n the senue tlat 1t &a conatantly beconimg
nare nrtifietial.

e Joricel Identity.

The gap c.at exists boalvesn the tboc! te world
eondition and the structures mepuf: otioed by tle scientisnt
is somethiug shat the mind aust sesk to bridpe. It must
asvek t0 go beyond ihe relantion of imcaor,y isz of which we
bave been speaking xnd arrive nt somo kiné of identity, In

oréer to see how Lhi: r&y be accompliaslied, how what §s ct
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once both reality wd artifiee oan be ersotod into m
ui.ified objuot, it im noosassary to Ieve recourse to the

notion of predioation of jdentity.

sristotle and Rt Thortas spoak of this notlon

in several pluoea, :utebly in the Fifth book of the 'eisn-
(27} [26)
p_}yuicu tnd the fourti book of the hy:nley. In the

latter text wu roud:

flanua potest oun saditione unitatis wvel identitutis
prasdionri de pluribus individuis existeutibus in
untt spocle, et almiiftar genus renwtum de pluribus
apaciebus existentiibus sub uno genere ;ro.inuog
neque tanmen species de individuis, neque ;e:ua
propinguum de specici us diversis potest preedicord
cws eddisiome unitrtis vel fGeutitetis... "t Luiug
asaignnt (Ariutotslea) wetionsa: quir oun 1den ot
divorsua seu aifforems opponeatur, 1bi posswmis

identitaten dicere, ubi dirferentia nnr inve-itur,
sed non possmuws dicare fdentitetew ubi invenitur
airferentia,

in order to ™« ko e predication of idcrntity of ‘liars tiat

ar¢ difrerent it is ry to - 4 to a renun t'at is

not divided by thoir proper difterencos. aristotle and St.
Thots explein this by havii recourve to e¢xizi les teken
fron "mthem:ties. 7Thus it 18 posaidble to ay tlat A scolens
triangle and an eyuilatoral triangle ere the sene figure,
Tut 4t would be incorrect to amy thet tle; tre tie sn e
trian le. The mbou is frirly obvious, ror the one

condition for identity is absence of Airference, liow the



-

- B84 -

soalene trisngle and the equilateral triangle divide the
renus triahgle by e difference tist 1s proper to the tri-
angle, since thoy are dirferent apecies of trieng;le, ‘‘hat
in why we cannot smy that tlhey ore the sems trizngle withe.
out falling into a ocontrediction. But they do not aiffer
by a 4fifference of fiyure, siuce they both fsll wder the A
e differsnoe which divides tls genus figure, nemely tri-
angle. And that s why we can say that they ere the sane
figurs, l -

s

aristotle and "t. Thonas give enother exanple
taken from the reala of mumbor. Even thouph it ‘h irxpossible
to say that ten cows mnd ten dogs are itle same ten, it a
posaible to ssy that thay are the ssme mmber. Tn other

words, thare are two differsnt species of ten, but the same

‘m.bor. The same number 1o neither the ten cows ((or then

eithar the dogs would not be ten or they would be identified
with the ten ;6-.), ror tla ten dogs (for umill‘hvr retaons).
1t is neither the one nor the other dntermirntely, btut
difrferent from bith. It ia not different, however, in the
seuse of baing non-ten, as tires or twelve. It is ten, but

indifferent to the particulsar speoles of ten.

Froo tids exunple it {6 cloar Lat the rel: tion

" bs applisd to the rntic entis. Both resl boin

(0
o
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of fdoutity ias eosathin: creeted by the mind, For o be
the nume mmber does not moAn to be idontieal, i

otherwise :

|
tho ten gows mnt the ten dogs would be the sene. ficuce

“te tdentity in quention in thia wh.le context $£u come

stistuted by & relntion of renson added to thrt whicl {a

predicable as genus of individuals oy as remote genus of

apecios.

WAt s been srid of figures end mumbers :ay
1

£ and loriceld

beins mey be anid to be tho sae being, provided that the

ratio ontis in questiosn bc not idertified with eftler i1g
one or the other, 1In ot.'.(;w words, the rrtio ertis o:n be
said to be the raue~ Ouly on oondition that 1t he “otherr,
Tt 18 to sy, it eon beltha "oare™ only if f{t is pot

ldent1~1ed with any of k'

i3 @#61d to be the parwe. It must he 1ike Lle revio. “eor
—

terrs &n reletien to whicl it

of relation, which ia inditferent to "inessor, or "low~

inease”, or like nathe:nmtion) quantity which is Liciiterent

to xeal or logfoal being, .

It 13 to by notiod that his predicatior of dentity

13 not tantologierl. hon'we say thne g actlene trin~le

axl on equilstoral triainecle are both t)le

sa'e fi-.re, No




4o not merely uish to sey that figure is predieabdle of

both of then 1n 30 fur ts both of them are figures. Far

the sane could bs snid of triangle since both of tlem are
trinn;los. Pradiomtion of identity coes not meraly havs

to do with what 1a tie “a/:e" in the s ncios, namely the
zanus, or with wimt 4: the ° spa® in the individuale, wriely
the species. It hns to do with the differences ir their

very differance — = not in an abaolske way, of eourss, for
tunt would -ake then abnolutely identicel, but in their
relution to the gemus tlat is predicnted of them Yty ldentity.
Thus, this predioetion in not wade after the teris in question
hive been ssripped of their difference, for any g enus may be
prodionted of its inferiors in this wey. On tha contrary it
Presupposes the dirferences. It is this, in fact, that gives

it its speeial significanoe.
\

“bat 1 reletion to whicl the differences rre
suid to ba the "anw™ 1o somathin;: jurely logicel, namely the
logleul ge'mus in 90 fur ks it tnkes on s potentiunlity that
derives froa our node of conception. The indeterriinetion in
quostion 1s not foumd either in the terms thenoelvus to
which 14 ntity is attrituted or in that which 1s etiributed
to thien, for both m sachlaue and snequilaterel triansle on

the on+ hrnd, and T4 ue 05, th otlior, sreé in the sclves
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definitely daterminnd thinga. The indetermin tion is found
in the figure in mo far an it i3 considered sms a vredicalle
ganus. In other words, prodicetion of idertity cen exist

only beoause 1t involves log{cal intentions.

It da clear, then, that by withdr wine irte Lhe
potentiality of the loyiectl order whers differences cen be
blunded 1% 18 posaible to predicate the "amaue™ of ‘thina that
are susentiazlly diverss, to unite into one things thot sre
divided secundu: reiie :nd this in of extreme inportanoe for
the quastion of thw relation hetwoen acientifie constructicne

and the abmo’ute world,

in order t0 5 e why this is 0, lat us teke m
al.ple exarple. uthen after an ordinfry proocess of measure-
-nt we declare that the nroper lew:th of & certain body 1s
two rwters, this ntetenent csn be taken in two waya, Jt nay,
in the first places, wen simply tint s weter ~onsure }v s bcon
placed twice and Lo end mlonug the bodyp in other word: tlat
the length of She bod: is equal to the lsnith of two -et. rs.
An & matler of fao$, however, when we say that a cortain body
hma & len‘th of two motera, w ar e not spaekiss for ally of
the raletfon of equslity betwoen the body ard the reter ;leced

tvice end to end along ite surfuce. .e rre nol swenkin-



formully eit:er of the absolute length of the body, ner the
absolute len;tl. of the aeter nplnced twioe alons its surfsce,
nor of the relstion of equality between tlhn two, though all
s ia presupposed. In order to be able to nay ;.)mt "
osrtain body hrs & iength of two metors it is nocessery to
£6 beyand m tsre relation of el 14ty and srrive at faentity,
If the langth of the body 13 squal to the length of two
weters they sre the suwe length, but the; nre not the sane
length of two moters, just ws ten cows and ten doga ore the

s Ruwber but not the seme nimaber ten,

In other wnrds, ww have soen that operationrl
dofinitionu do not allow absolute attributions, sinoe the
practienl oparation fnvo!ved ssparates n\n fram the terminus
to which it 1s ordersd. !'ow when we may thet a body has a
losith of two msters we hive in a certlin);cnaa syroourted the
Bp crenrted by thin Ao rration, for serely to .daacflbe the
iwasuring operation end to 88Y the t the body hes a lensth of
two metors rre not tle aaw thiige. Thia hns been done ty
t.acending tc a logical geniis to which wu have Mdo@ the
relatien ef identity. In this way 1% hns become posaible to
predicate tle ' anne length' of the body in quoution; put,
w repeat, the ssue length iv not the sams length of two

aetarse  In Otiers words, we huve attributed to the body a
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losion) gemua which ernuot be identified wit} L. e are
uot in the real order, but mrely tavhed tourrde 1t. If in
tlls prediesition we Hotut1ly rerched the racl order Shere
would be eontrediotion, for the lensth tiat {s said te Le
tis wne for the body of two aeters mnd ror the moter Juced
tvier aloy: fta surfnce would b;; {2entiriod vith both of

them and one would be two,

It 13 olemr tlat thias identity sdds nomatling

to the unwl seoundw: quid conntituted by the opermtional

exporiiont and the mbaciute comiition of the wvorld, Dy
arriving at 1dentity even though 1t be nerely logicel, we

heve in sore way surmcunted the div- reity involved ir the

unun secuidun qu-id,and heve achieved & kind of oounterfeit

mEl‘ -

hot hns Juat been ariid mhout the sirple »rtcecs
of nsnsurenant can be upilied 1x~. a8 ;aneral wurs to il of the
constructions man.o: ctured by the scicvtist. - 1the stical
bhysice deals neitlor with the wfm'ld of ita own conatructions
%3 sueh, mar with tho absolute world as suel; 1t deals formally

¥ith & world $:at 4s n logfosl thentity of the two,

but ¢ .13 losleed t.lentity iu not arn end in ftaelrg

1v 13 only g mwnne. Anc s purpose 1s Lo erew the sciertist
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closer to the absolute ntnte of the universs. In so far
ag 1t kceps the geimitist in tbhe lopfend order, &.C in so
far as tho goal sou;hit for is the world in se, exserinentel
sciones muist ovear strive to entapo from this purely lorical
identity aid to drew evor closer to the rerl wor'd., In
ot'er worda, lojionl fdentity is not sufricfernt. Seience
st sssk to surpass it by tonding towmxds real identity.
Yo bave ssan that matlhematical physios 1s dislectics and
thet "omnis dia)ectien est Ssthtative’, Yrom the construct
which is the phynfco-mathoratfcr] world it must ever atrive
to rergh the reel wrld. To this dialectieal noversnt we

must mow twrn our attention,

3. ovenent towards Reel Identity,

That the scleatifie world is eon:tnntl} in
nov. sent s a fnot of history, Put there are twe thin,a
to bo noted about thia moverent. Firet, 1t i sonething
thet 1s escential to the sclentific world. “ithout it
soienow would lose its meaning. In this expsrimental
scienos d{ffers redicnlly fron all the sclences in the
svriot sense, which, thouch crught in the flux of history

und in s0ew ecnure mubject to it, are intrinsically

indeena nt of all moveont, The re son for this eltrgcter=
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istio proporty of expoeririental seience hoa elready bheea
erphanized: the scientific universe ia essentially a
dluloctio'ul construct which ruat ever seek to go beyond
ttoelf; 13 is a vehicle of progress sud not a manaion

of residcnoe.

1he seoond thing to be noted about this move-
ment is that 1t has & very definite dirocticl‘. *It is
Plain, writes rlanck, "that when regarded as & whole,
a1l the changen in tho different views of theo world of
Physios do not constitute & riytlmicel swing of the penila-
lun, On the comtrury, we find a clear course of svelution
making nore or less steady progress in a definite dh-octlu‘:g)
Fron this point of view it is intercsting and instructive
to constrast the history of experimsntal science with the
history of philosophy. Though philosophy in its inner ess-
ace 1s independent of movemsnt, as we pointed out a
momeat ago, it appears to be much 1ore & prey of the irra-
tionel flux of history. When viewsd in its entirety, tie
history of philosophy pressnts no definite directim; it

is constantly repeating and refutimg itself,

48 Poincars hus observed, to those who are

unacquainted with the true nmeaning of experimsntal science
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e sphemrul cimrecter of seisntifte Views and the soastant
suosession of nevw theories HAY west O hawe the same eim-
M.n-mthrdmt. however, these views aad
theoriss sre contimumlly truoing out & definite pattern,
"lans doute, au premier ebord, lea tikories nous sewblent
freciles, ot l'histoire d6 ln scionos nous prouve quelles
sont Sphimbree; slles ne weurcnt pan tout entidres pourtant
ot de chacine d'elles {1 reste quelque chu."(m) The
followiag ecmparisa of Dubem brings owt with great sxnah-
hose the existencs of u definite directicm in the movement

of seisnos underneath a superfisial appearance of aimlsantesa;

Colwd qui Jﬂhmmhmm‘omm
na.mamxuutuou%nmnupah ‘
marly amter; 1 voit e Jawe se dredser, sourir,
dferler, souvrir une ékrotte bands de ashls, paie
ammnmmlmhmmmt
‘Pari comquis; wne nouvelle less la ait, qui parfols
V& W pev plus lefn que la préefdente, parfols suast
n'atteint minw pos le oafllou que calle~qi ayait
muills. ixis sous es mouvemsas supnrficiel. de
Yo-eb-vient, un autre rouvessnt »® produit, Hius
profond, plus leet, fmperceptible a 1° cbservat eur
d'wm ingtant, mouvensat progressif qui se poursuit
tmjwndmhnimm,otmhqmlhmr
nonte sans cesse, 18 ve-ot~vient des lwtes eat
1°immge fidale de cos tuntatives a*axplieatiom qut
ne s'6ldvent que pour s*borouler, qui me s’ avancent
QW peur reculer; su-desscus, se powrsuit le progrie
Muwuumwxummuom
le flux conquiert sans cessc de houveaux territoires,
ot qui assure sux dootrines physiques la contimmité
a'une Sreditiom.” (%) '
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AS @cience advenoes it often h:ppon- thst the new theories
which supplent enab otier appoar, in their externel for ot
loaat, to heoume inoreraingly Civeargent. 71 18 in in itaelr
4 algnisioant feet, for 11 js e sign that the nolertiffe
world is beoening wore and more & subjcctive oconotruct,
hut no potter how diverient now therries vy be, they are
nuever born fn a vecuunty thore 18 alwe 3 & continuity with

Vie piots It bippens”, says Weyl, rthat broadened or riore
Procise exjpuricnoces and mw d1ngov.ries .o not overtlarow old
timories bt siaply correot L~ar;. Gue. looks for the lenat
Posalble chun e in the Mm.orice:s';l,y developed tleory that
will acoount for the new r&ctn.é(s“,rln' Rohr stor did not
dostray the Hutherford avom, Lut nearely corrected spd
doveloped it. imd the aoue is $wue of other obangos through
which physical saience hu s passed, This does not refer nerely
to ti ® gradual chanies that teke ploce in physies, :ven in
the sc-omlled revolutions therTe is alwnys éuntlr.uiﬂ.y with

the past. The formulation of the . uantuc Theory, as “larok
Linsell adfits, wns proared hy jimar'-l, ‘ringshein's,
Bubon's and Furlbeun's nsnwr«:.m:'xt.a or the spuctral dias-
tributfon »fr snorgy, by I,cm:rd'az experinenta on the

Photoeloc rie effoct, amd by F’rﬁﬁck oné Hertzta ex«i i onte

on the 1 .,»ct of olectron. In the wure e, , the -f!u:nr;.— ot

¢
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Relativity was prepared by Micheloon's sxperiments om
optical iaterfarsnce. At more than tlat, it is a mistake
t0 believe, as many &40, that the theory of Relativity aad
the Sheory of QuemSa mesn & ocomplete deatruction of classi~
onl physies, Yor it is necsssary to assume tha slassical
Sheory in oxder to dsfine the experimemtal oconditions im
whioh the theory of Relativity obtains $o0 & higher spproxi~
mtion. And that £ wiy Xinstein begins hias first puper m
She apesial theory of Relativity with the statement: "lat
us ave givea & aysten of soordimstes, is whick she eque~
ticas of Newtenisn machenics hold $o the first aporoximtion.”

Liks the system of Fuclid, or Molexy, of nlewtom,

whieh have sarved their turn, so the mystems of

Xinstein and lisissnberg may give way to some

fullar realisstion of the world, Put in sach

evolution of seiemtifis thowught new words are

set te old maic, and tlmt whish has gone defure

is not destwoyed ut refosussed. imid all our

foulty attempts at sxpressiom the kernel of

seiemtifie truth stesdily crows; ead of this

Sruth £t my be said ~—~ The mors 1t changss, the

more it resmins the ssme thing. (33)

It is clear, then, that the developmsat of the
saiontifie world does not take place in & dMephezard fashiom
bt follows a very dafinite direstion. AS the end of
shapter ¥ wo noted tiat there is a aimilarity bstwesn experi-
nutal soienes and the type of knowledge dsserided by Hussell

in iystiecimm and logic im which deductions sre drewn from

freely chosen hypotheses. Now it ia necessary to see thas
there 1s alwo & vast difference between thes. For in the
type of mowledge considered by lussell, there is no
directicn; we mmy, as he says, take any hypotheais whieh
seais mmuNing. Kxperimentsl acience, on the contrery, is
knowledge that is opsentinlly ordersd towurdu a definite
goal.

tiow the relation betweem the -oiontn‘l;c warld
and the aboolute wurld condition cannot be properly grasped
vnless it be viewsd 1n termns of & movemant thet e essentisl
to the foruer am essentinlly orientated towurds the latter.
And we Ynow of no way of bringing cut acourstely this
dynenie relatiom sxcept by laving recourss to & notiom which
Plays 1ts most familiar role in mihmmtios and cspesially
in the cmloulus, tut whioh omm be fritfully applied %o
other fields as well. ¥e bave in nind the notion af a warindle
ordered towards a lin.it.‘ A brief anulyais of this notiom will
throw grest light uyon the orientation of the scientific
universe towards the absoluts world owﬂlum.(u)

This notiem, tn 1ts mowt simple und generie form,
is usally expressed in terms sinilar to the followimy: &
varieblo quantity x is seid %0 tend towards a determined



Muthmmin‘mugmdn‘umnm
namber a in such & ey that the differcess x-n becowes lees
thmtlmm:,u-emmwlltwh.m.
mmio. tumuwc.a-rmuumamutmm
which the fellowing seriss tends: » 4
L, rvh -k % ...

nm-uw..euu-wuwmausmnutxmm
mnw-mmmuummmm-tm incresse
wmw.mtm:mutumunuhn.u
wmstu-u-tuumumhmum--m-wm
quntity whish by passing Shreugh the ive steges of 1s
evolution sppronsies the sbsalute world comditiom as its liwit.

in smalysis of this noticm reveals that 1% isvelves
thmxvudnwv. béthuotlumncﬂ
& liksness. The heterogensity, the othersess, cjoaplltn in the
fact that thare ere necessarily two terns whish belmmg to
Aifferent exrdars or to differeat pecies: e.g. discomtinuous-
ﬁthwu; point-line; limo-surfuce; polygon~oircle; ourved-
straizghs, ete, Hetexogenaity 1o essemtisl to ke notion of limit
m*mmnns‘tunutumwmnc
value &f the variable term: it s Precisely in its keneroganeity

thttththlhnnmutbmhhh.nhmt-pdym

(no Jmtter of how muy sides) that s the limit of the polygon

Whoue sides increese indefinitaly, but & olreip. Oon the other
hand, evan though the polyfon beoomes more and more lm; a
airele, it is not ohﬂn:,j:.ng in its spucics (in which it i
reanina easentially & polygon), but morely in its vluss

Kow this heteraseneity ia found in the relatiom betwsen the
voleatific universe and the absaiute univorss. A groat d;oul
of esphasis has rlresdy beon laid upan thoir sessatial
otherness. It is not ea advenced stage 1n its ows develop-
nent that the soientific world is attepting to reaah in the
movemnt that is esseatisl to it, but something beyomd 1teelf
and essentially other than itaself, namely the sbsolute state
Of the miverse. O the other hend, evem theugh the scientifie
world in its development ecmes sver aloser to this abeclute
state, it dees met in ulv degree lcae the otherness wideh
derives from the faos tlms 1% is sssentially a comstruset,

On the eomtrary, this otherness inareases, just as the p?l;b

& b , ina » more of & polygon, 1.e. a meny-aided
figure, the more its sides nre inersased.

But along with tliia heterogensity thers is sa’
mmw«vwva.rmuwumwmm
faot thet cne term is seid to be tho limit of the other. Whem

s say that x has & as 1%s linit (Mmx &), the fixed term

_a_l-conluorgda-th-mutnluorg.h:uuahl-vt!‘nt‘
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lim X~ & =0, "roa this point of viow the heterogencenus
tuwm w1 songidersd ao elonging 1o the saw order, that
is tovqy. oue in conpidored 6s & walus or o ense of the
othn'.l.polyzanlithlm‘ddduh considered as o
@80 of the-poly xm; e cirole is conddure (in & Yypo-
thotical wey' oo enothor aoge — the linit ocape: 1f the
MchWﬁhmutbmwmmahm
nmhmnurrerﬁmmthothwpwm in that g8
¥ould Imve the greciest nwver of aldes Dousible. From shis
yohtefﬂnthusiammotcnuuutybnmth
voriable and the 1418, And 4t 1wt be Noksd that the *more~
or “less of the farmal order of the varisble uuatity is
MWM!MM.MI-‘&Q”, & eartetn given
m«mmm:-m“ummwm
eeding walue; lth-ttb-ﬂn-nnhthlhn.
In other words, Wy ramning through its yelues tho.“rubli
is related to the formel strugtare of the limit. The in-

STensing strusturel simflority tands Sowards structural
ddentity,

Am-ﬁrotthhﬂﬂhﬁuhibnh-
tion butwern the scleutifto worlé and tho absolute world,
The formar tends to lssus into the latter. If the limit or
sciextific developont colce b “etohed theres would be

dentisy of atrwcture betwsen the two. And s the limst

is approashed the lfkenesa of structure which we explaimed
above by the notion of isoworphism, increases. 7hile at any
given stage of the developmemt there 1s & certain liksness
of structure between the two worlds, it is inadequate mnd
often extremsly misleading to consider this static relatiom

intepandently of the dynemis relation that the movement which

is easential to the scieatific world nwnlm;. This s suggesteld

in the following pessege of 8ir Arthur RAdingtom:

Solentifie discovery is like the fitting together
af the piecos of a grent jig-saw puzzle;
revolution of solence does not mesn thet the

pisces alrendy arranged and interlocked hsve to

be dispersed; it meens that in fitting on fresh
pleces we have had to revise our im,ressicn of

what the purzzle-pieture is going 30 de like. One
day you nsk the selentist how bs 1a getting on;

he replies, "Finsly. I heve Very neerly finished
this piece of blwe sky,.” inother day you ask

how the sky is progresaing end are told, "I bave
eadded a lot mare, but it wes sea, not nky;there's

a boat flomting on the top of it." Perh: ps next
ti-e 1t will bnve turned out to be s prrasol

upoide down; but our friend ia still enthusieatic-
ally delighted with the progress he 15 meking.

The nscientist has his guc:ssoa s to how the finfshed
ploture will wark out; he dependa largely on these
in his search for other pieces to fit, but his
Suessas are xodified from time o tire by unexpscted
davelopnents as the fitting proceeds. Tlese revoe
lutions of thought ns to the finel plature €0 mot
onuss the seientist to lose faith in his hendiwork,
for he is eware that the completed portion is
growing stemdily. Those who look over his shouldor
and use She present partinlly developed pigture
for the purposes cutside scienoce, do so at their
own risk.(35:



YO0 -

There ias, then, in the notiocn of linit the paredox
of heteropuueity rnd homogeneity. And the key to. this
parcdox, as has just been intimnted, is found in ‘x‘nomnt.
Yor one tera is ordered tom.ads anotler as its limit, mot
in its pro,xer specific cluractier, Wut only in so mr as 1t
is considered us & warirlile whove succesaive velues aporoech
tle term which 4n the linit, Those suocessive vnlusa rmst
be indefinite; betwson any given velue and the 1imit there
muast always be an infinity of otier possibls valuea in potency.
Dut this potentiel infinity is not sufficient. It s merely
the foundation of something wore, nemely » progression, &
movenisnt, & becoming. lecuuss of this wmovement the dirrer;nee
betwesn the two termws decreases indefinitely. In this way
the variebls terds to encloss the 1imit rs 1ts own finel
value. Hetsrogoneity tonds towerds homogensity. ‘x{he vrrieble
tunds to bomnd itaelf by ,-ofing beyond fteclf, thit 1a to ey
by .oin; beyond eny walue actunlly given within 1]'.:«:1{; it
tends to Lresk th-ouch 1ts own fornm mt‘l tinu dﬁst;cy itself
hy taking on the form of the linlt.‘wllu other zgrda, hath
3he warisdbls and the limit heve a doudble state: sn sbeolute
stats which consists in their irreducible otherué‘u, and m
sirte of becoming by :hich they tenc rto reduoe this otlherness

to smwsness. The varirhtle i: olweys e:sertimlly otrer tlac

)

s
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the limit, but et the sew time it 13 nlwnys beconing the
1121%, In the samw way, tlu; 1init has an shsclute atate ‘
by which 1t is easantinlly different from the varinble, but ‘
at the sarw time it has etate of becoming ~ - e stete #f
"aouing from: the wricble., *The 1imit nust be coming from
the otherness tliat is the vigriatle, 85 1f it were pre~
sontained in that otherness. The varirble - - whose prvpol;
values are bulng more wnd npb sctunlized, uo: thot the
varisble 1tself 1s beooiing more and more the self that it
eVer more oan bs - ~ rust et the e tims be moving swey
from 13201f umsd beeoning 1denticr) with whet is otherness

1o 1%, viz. the Mnlt."(é?’ In 80 far as the limit 1s
oonsidered as eoming: from the varioble 1t wcy be sedd $o be
gensrated by the progression of the vnriable. Thus thias
progression triumphs over the givenness of tle limit and in
this sense rntionnlizes the fmtlomlity of this mere

givennesa. :

This movement of whia! we hesve boasn speekin: is
.nu generis, for by ite wery Emturu it is 2 movement that
O8h nover errive. dhereas the teruims of svery other
novenent, such sz the bommni' of & house, in defined by
the posaibility or ita_ﬁctlwliy belng; renched (whetlier it

actually will to roeched or not) the linit of ihis nove:ient
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iz defined by the inpoaaibility of its being resched. “here-
as the Suruims of novenant in the ordintry sensce etn atill
ba cousidered the teruiius even though the movesont townrds
it Los sotunlly oensod, tho lisit of this movemnt censes

%o b a }imt-onoo the patting closer cetses. Jn other worda,
the notion of limiz su.voses un woturl and indefinitoly
prolonged mvg:wnt. Juat as £ll relations consist in en
“eese fd", 50 all movemonts are towsrds sonatlilyy otler,

Sut just es som rel:tions are of suc. & nature thrt they
cannot "be in® that “towsrd” which they tre, 5o this move
nent cemnot actuslly reach the 1imit towards which it tends.
From ons point of view ithis roversnt scems to be an end in
1tself, sinoe it oan usvor arrive at anything beyond {tnelf,
But from anotber poiut of view, it is mot nn end in 1teelr,

sinoe £t mwt ever tend townrds the 1imis whick is beyond
tuelr, !

Yiow all this he s an sppliortion to the rel: tion
betwien the acloniific “orld end the objective world. Troth
©f Sham have an ebnolute state by which they ure saesentinlly
hstarogensous. But they alsc hnve a state of beecming which
tands to reduce this irreduciile heterageneity to homogeneity,
In #0 far a3 the ucic:tific world 1s concernsd tiis state of

bocoufng oatisiste in & continuous cevolop-nt by -hich it
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druems aver closer to tha objective world, In =0 fur ss the
oh jective world is concerned this ntate of beconing dces
not, obviously, meen v resl ehanie; it merwly menns that

a8 the ‘cianiitlo vorld drews eloser to ihe :bhLsolute .orld,
the latter mmy be acmaiduered es coning froa tlie foruer. In
shin wuy, the absoiute woriG concition mey be viewsd as
heing gesorated by the construction of the scfentist; thus’
1ts pure givemess is triunphed over and the Lrretionslity
of this givonness rationslized. &s we remurked In Chapter
IV, if the sofentist coula rewch his peal, man would be "ode
put thore is one diffarence to bo noted here betwsen the
movement of & varismble tosurda s liamit end the movement of
the sciand¥ific world Sowards ihe objective world. In the
formar ¢ase the limit is alreedy known bofore the movenent
towards 1t begins. In the latier cass, thins is not true:
the obsolute world ias en uninown guantity that graduslly
reveals iiself as the movezsnt sowards it progresses. In
4his way the siate of becaying of the objective world hes

more of the nature of a gsnsratiom.

It is claar that the abjestive world as a limit
e umot be reached by the progress of science. The aim of
sclence, writes Planck, “ia an inosssant siruggls tower.a

a goal which can never Le reached, Necause the gorl 1s of
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itas vury-ntm unettainsble. Yt is something thet §s
eone: tially netayhysicol and wa lu?h is slwrys arain and
again beyomi each nchiova'nont."(m.l'ho ™wry utbodvfto which
oxpor&amhl. scionon 1w espaoially xa-'thmt.lcbl physies 1
coiziited nekes £ Lopossible for it Lo ever rerch the
objuctive univerae s it 15 dn se. Awd Yot by n virence
puradox, 1t {s only by resefuing feituful to thia l?nthd

3¢
4T iU 6un be ourried clo:er end adoser to this conl.( :

+11 this brings us beck to whot won o 14 asrlier

in this stdys experirental acionse in essentinlly « wehicle
uf Progress and onn never hecone a menalos of ruid‘eneo.
At %0 ot.mnmr 11 23 & manston af rosjdence is the moss
ori'oauvo way of demtroying Lts Srwe relation to the absolute
world sondition. From this Doirt of view, tha movement of
the scfentifio world muy ba conatdered sm on end ix\v iteolr,
An) in this saenss v ooy neccopt 4he diatwm of r‘-otthﬁld
leusing $0 which Prequent referonce 1s foand in thu} writings
of modern solentivtu: ot tha Posausslon of truth hut the
erfort in ':Dﬂ)luolht to mttain {2 brings joy to thok ro=

-"( Bt from mnother poisé of view §t ujobvtm
tint the mowemeny or tho ccientifie world fm mot sn end in
itself. The end rmuct ever romcin the at--olnt; world

codiitions The suientist who losea hirmmelfl in the develop-

mont of his own sudb jootive ocomstructions is not true to
his sofence. It mst Lo noted, noreover, timt while 1t ks
battor to be able to nove towinrda truth tlwn not to be able
so wiproach it sl rll, it 4a cs!booluuly sporsing far boster
t0 be in the full possussion of truti tuan meely to he

u oxonching: it.

It i3 obvious 3LeT Slw recast wly the verirble
cunnct arrive ot Cie limit is lhat Lhic errim )l would in-
vo've n comrediction. The 111t of o pedyron would be
both a ¢ircle aud a jo0ly5en, (::!;z.t 1g tu ury, Loth ® eirele
and & nun—-cire.‘;.e, botl ¢ une~cifed 1M & nuy-sited figure,
both an unbroken £n¢ & brokon line, This cinirediction is
an sssenkinl concition Zop tc.m 20 bu rcleted us enriable
and linit., Ehen 1t is stoted thmt & polyjon end & cirele
et at infinity, this x:nmlyl nenns tl:m;‘ tley would moet
if per liapossible at infinivy™ could be. The virtuble
tende Lowerds ito uliinste value ke 6% Lic same tine ut
asxmbthitg that 1 ossentinily other thoan ci) cf i1te ve lues,
In othor worda, the Semtsncy ito Touiiso 1tnslf ik & tendanoy
to destray itself. But this doss not mesn tiet the dicleeti-

oal novenent towerds the Iinit iz 4un 1¢scld sontredictory

and meaningluss. Uie controdiction thnt would te is only

at the lini%, wiich om.not be sttained. he noversnt iiself
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c:mot be oconsidered contradictory si ply because it canmot
attain a sontruvdiction. The possibility of this -wwent
does not dopend upon the pousibility of attaining the

1iait but upon ths poasibility of consiuering tle term to=
word which Lhe' nioveneut tenda to the 1imit of this movement.
“he moveont in ftsnalf is neeningeful precisely becouse §t

never poss bhayond ths atace of “baing towerda”.

¥ow the maoveent of the scientific world ia &
zovermut towards eontradietion. 7This has alrerdy been
slluded $0 on several occasions throushout our study, s
lave sesa in a general way that the scientifie univurse in
soaking to poait itnelf mors fully tends to negate itself
and o vanish into erptiness. Severel partiewlar forew of
this temdensy towerda sontradiction have alreedy been indi~
onteds. FRut it 1s of extrens ixportance to exmnine fhis
Question mwore alosely hare, for nothing oould brin; cut :cre
clonrly and full, ties nostie structure of the aclentific
worite 4snd this can best be Goue hy abowing thet tle wout
fundunental wnd oost roper principles of oxperimentel
nmwmn;ltht thay eould mot ds really true without
contradiction, thut 1a, thoy could not be true witheut
buing fulse. Tleot funur-wntal principles ere the methndo~

logdieol priseiplen such su the prineiples of definition, of
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identity, of unity, of order, of induction, of sim)licity,

ate. let us considoer @ few excrples ip Jeteil.

he Tiral exaaple to be exacined is the »rinciple
of dufinition, To have soon Lhot in mntlenetiesl phyuica
all definivions sre £ ters of operalionn of noes rw-o7ts,
liow both frou the point of view of neasur: «:ii and fron
the point of view of opsretion this prineiple of definition
invoives mathamutic' L physics in ¢ movenent tom‘r.da 8 liwmit,
the attaimment of whioh would i-ply a contrediction. In mo
fur as morsurewnt ic conecrned this ia evicent fro- all timt
wss seid in Cheapter V. II ebout the sesrch for a minima
mousurd. Progreas in noasurecent nust couasist in a movement
toworda greater procisfon rnd certitwiae. The limit of this
rmovozent would be en absolutely miniruun messare. Put auch
& measure is m couniradiction uince it & :lies & queniity that ’

s at onge eoniinuous and non-contiiuocus.

A aluller movenent towrrds coutrndiction is din-
covered when the anture of oporntional cefinitions ia
snolysed. Ve saw in Chapter IV that theae definitions
ox Tosn @ mixture of nature rnd art, of m fuod end & cuo ,
of pukjnct and object. The thing defined i neizher o pure
oparntion, nOYT & nure objuective quantity , but an inextricedlle

mixfure of the %wo.  in other wiris, #‘e der:mwm is enly
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A2 BRUR per acnidsns and pol &R unum por ae. The wmity ia
conferred upon At by the niml. If it were a per sc unity,

the world would be at the asew tine Dature apd a nucn

work of art. Thin is the position of the Imrxists.

It 1s clear, then, that while oporetiocnal
definitiona ure Gesiinsd %o hwlp ua Lo lvow the real
in »s (for operutioma ere not earried on for their om
euke, and phypton dooa not oonsist in smre dsscriptiana
of what physicista do), & reality whieh could be knowr
3in #e by moans of oporetiome] definitions is sn ingosei-
bility, By meens of operaticml definiticus we terd towmrds
& limdt whioch cemnot be attainod by mosns of opcmtigml
definitions. The preoticm) operetiom imvolved sspartes us
from the termimns towards whieh it leads us. Arrivsl st
the 1twlt would fxvolve & complete arrival st the limit

and 2 complete soparrtich frves it xt the sems ti.-;.
ansthor gond example 1s found in the principls
of industiom. aincuré's stevonent thet all genorslizatiom
is sn hypothesis is trus of tho type of imduation that ie
characteristie of expertesutal scienoe — induction by
enumration, :iben u gonersl proposition “Rvery A is B~ is
founded merely upon the emmerstion: "i is B, *A 1a'n",
*h is B", etc., ii cxnnot be true. jur 1f *I'very 4 is B"

1s true, ":oms 4 in non~p*

is Talse, it 1n 80 frr s

~ 99 - . |

"Every A 1s B is founded r'roly:upm & coliectiom of
partieuler csnen, it crnnot be se1d that "Some A 1s
not~l* ia falme. Ilance, "Lvery A.Xa D" 1s a logical
proposition thet temin towerds reality without being
able to uttein it. it 1a, so to apaak, a reletion “ad"
without "inesse", If "ivery A is B" were irus in so far
wg fuunded wpon o colloctiom, m A's would not only be

nlike; they would be idantified — they would be the

. st Ae FO® 1L fnduction ¥ enumsretion could give a

universel 1n the strics seuae, this u iversel would ba the
cbiculer oases, nnd Ule perbicilar cuacs would be the

sidde perticuler ecase. unee there woule be contraGictlon.
'

!

The ,rinciplo of eduselity as employed in
phyaics offers e third oxample for ocur enalysim, ivents
are knowable by us only in 30 far as they are determinod.
Hones the futurs can be edeguately kmown by us only to
the extert in which {t is alresdy determined in the prosent,
“he futwre is, of courae, of great importonce in the fluid
universe that sonstitutes the object of phy.ics. The future
is & pors of our world, for without before end arfter there
eculd be no time. Now it is ovh:lent that thare must be
g cirteln eaount of dsteminatiozla in the relution between

P:‘uuan: ot futurs, aince the universe is not 1un by pure
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If the fdentities which we poait in seience were real
identities, the logioul and the real order would be

identified,

In spite of the eontrediction at the limit,
scionce tends to em-rgo from mere loglcul identity to real
1dentity. e f£ind this tendeney on every level of the
aciontific structure. In the definitiocns we tend to pass
fron logicul identity to the absolute world eomdition, even
though the arrival would bs sontrediotory. The sare is
trus of scientific lamws: generaliration tends towerdz a
universal nature, seven though if such a nature were achieved
it would de sontredictory. The omae of hypotheses is very
much the same: thay are destined to meke the truth known,
but they oannot provide truth ex propriis. The truth shich
they help to rc\val does not depend in any way on t‘hsm. 1T
hypotheses could be identified with their terminua (which ia
known by experisiics) they would destroy themsslves os
hypothesas. Tinnlly, scientifioc deduetion is orienteted
towhrds a true conclusion. But it camot provide this true
somclusion, that is to ey, the oonclusien canmot bo true
qua eonclusion. Hetween the conclusion taken as auch and
ths truth that it permits um to discover there is only an

acoidental commection, sinoe an other decuction could serve
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to reveal the same truth.

iAnce tharafire, the initiel definitions camnot
¢1ve uy the real as 1t exists in itwolf; since physienl lows
tre only genernlirzations which are never really fourded in
Apy absolute sense; And since deductions crirot by true ne
asuch, it i3 evideut thint the physfcal worlé caunot be
identified with the absoluta world comdition. It 1s,
sonsequontly, merely a gonstruction of the nind -- [3
conatruction which inftates more or less the absolute world,
It 1s turned tow.ds the smbsolute world, end can approach

1t indefinitely without ever beling able ta rerch $t.

The lerxists have sought for a proof of thetir
dialectio:.l materialism in this characteristic nature of
science. Their lime of argumout way be re..csd to thiss
The methodologicel principles ere true. “ut if they :re
true, the world s contredictory; t i3 at Ltk srve tice
affirrmetion and neration of itself, at the serme time true
el false; thore is no abusolute truth. Consoquently, since
this state of things cernnot satisfy speculetive thought,
man 1o not mede for thought, but for eotion. (u)'r'he error
of this ar;-ument cousists in an exploitation «f the
ambicudty of the term "true in the proposition "tle cthodo~

logicnl principles ere true' . “fhe Toreroin. anel =is g
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It is olear, then, that the principle of causelity
in physios hes a meoning, snd ocun be waid to He true, only
in 80 far as it is not reamlly true. It im merely a njzethqco-
logioal prinqlplo: it tells us how to proceed and not what
things are oh'Jectivaly. In 80 far am it tells us how to
procoed it in true, 1In 80 Prr as it attermts to tell us how

things are in thenselves, it involves a eontradiction.

Thesa sxarplos suffice 40 show that the move-ent
of the scientific world tends townrda a oontradiction, The
seaning; of thia tandenosy will be mede clamrer if we return
to the notion of predicetion of identity discussed earlier
in this Chapter. ¥We saw that n this predisation we con-
sider the terms which are sither specifically or individuclly
different not merely in what they have in commen ebasolutely,
but in their very formal diffsrsnces. It is this, in faot,
which alnn'ot‘&ize- prediontion of fdentity. Polygon and
eircle, for exanpla, bave an identity in their very dirrannou
{conaidered of course in relation to their rerode genus). tow
in owr discusaion of the notion of limit we saw that §t
Suppesss two tarxvs which are at emoe the seme and &iffeyent.
That 1z to suy, the linit must be comprismed in the variable;

sinoe it is the limit of the weriable 1t muat be constdered

as gomprised in the order of the vari:ble. Mow this {dentity

@
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which the linmit supposes is accomplinbed by passing to
the senus thet is predicable by fdentity. Consoquoi.tly,
I

the notlon of limit {3 founded on & predic tion of fdentity 1

of" the differences.

A/o:r the dialecticul moverent Congists /)recisr-ly
in the tendenay of one dirference twdhrds enother difference
within their sbstrect m.:mit&. This fdeniity. in the
difference is a prineiple of dinlectical uCvenont, but it
is not the terminus. The nné!enqy of one diffuvrence to~
wirds another difference with;in one abatruct identity, is
a -tendoncy towards nn icentity of emotlor order, narely
real identity. It ias the nen.%umticm of this real identity

thet is Lupossible.

All this mokes 1t evident once agein how much
truth there is iu iwyerson's coniral thae that if saience
eould arrive &t tho goal whioh 1t 1s conatantly seskirf
the reault would ba = vass tautology, snd how correct
bLeBroglie 1s in quoting in oofmoction with his descri tion
of Meyercon's dootrine the remark of Vellawry to the effact
thet what salunce sveks to achieve is an ubaurdity. 1t 1s
clour, however, that this absurdity is noi :erely thet of

& vaat tautolosy, but ithat of en ifutrinsie contrediction.
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to alaim tlat philaosophicul and theological Xuowled, e
Are essentielly subjective and that only experimsntal
seienos 1o oapable of &lving true objective knowvledge. ye

ruat try to ses why juat the opposite i1s the casa.

CHIGTKER T WiV

CIVGCTIVE JUBIICPIVITY

1. Tubjectivity and Objeotivity.

A® we expluined esrlier in tlds essey, £ll
knowledge 1is by ita very meture objuctiwe, since to know
ia to becowmes unother thing in ita very otherness. But not
all knowledge is equally objective, for thers is a direct
proportion between objectivity and the perfoction of the

imower. In God alone is perfect objectivity found.

How the word subject can be token in two ways.
In the first place, it oan be understood to riean atmply e
knower. In thia sense, all knowledge, in »o far as it
implies that & nown thing is in & knowsr (cogaitum ogt
in caognoscente) involves both a subjeet and en object. I
1ta proper meaning, however, the ternm subjoot implies a

atate of subjection. This involves peasivity, and conse-
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mode 1% elear thet thay are trus only as logioel prineiples
and not in the sense in which they would aignify the truth
of the world in se. 1In other worda, there 15 a eonfﬁ-ign
here between the logloal and the reel order. Jopicel
pcaaihiliti(;h have greater freedo: than real possibilities.
In the lusicedl order it is reasonabhle t§ build stiructures
with slements that are not capsble of reelization. tor
does the lock or this oepability prevent the possibility
of drewing oloser and closer to the real. It is posaible
for logieal construstions to comprelwnd being and non=beling
st the seme time. "Non homo™, for sxample, is sn indeter—
mimation which caprises at the sams tims both being: and

aon-being.

Because the scientifie world is -l logicnl con~
struction, because it 1p dislectics, there is deep within
it an emssential couflict from which it ever seeks to deliver
itaelf. 1In the first place, thare is the confliet between
being and non~beinge i'xperimestal science tends towerds
being by reans of the imposaible. It sends towsrds the '
real by meens of the purely logicel. There 1s, mn;nr,

a oon flict botween the one end the meny: it tonds tt;mrdo
ths ons by moans of the many. There is a conflict between

the speculrtive and the pructical, betwsen scicnce end art.
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Because of' ita operntionsliasm, 'rm'thmntlul phyoics terds
in its expurimentetion tomsrda thle res in its phys!_.cnl,
antitutive atatus; at the sans ti::'e 1t tawis towards pure
science in the intelleet. For this reason it tends to
lusue into two contrexy diractimtls: on the c¢uf hand purs
scionce, indepandent of pliyaleal Ec.nemtiom: of things 4n
tisir entitative stotus; on the other W.nd, pure operation
by whick tlings are 1mstersed through action. That: is why
there will alwoys bs two fundamentsl tencencica in mathe-
matical physica; one townrds a kind of “lstonic mtl‘e—A
mitician, end the other townrds A:klnd of dinlectical
mterialism whose ultimmte aim 155&0 msater th

ings throuch
and for practical aation.

’ Perhaps the general drift of this whole Chapter

csn be sumed up by seying that t;;e scientlfic world is

a structure composed of both the subjective and the ob jective
Gl that £ the poal townrda which 41 strives could be
rouchad 1t would be at the sare tice complecly subJoctiveb
and completely objective., for this reason it is neceasary
before bringing this study to a ol:oao. to turn our attention
to the questfon of the subjective and the objeciive in

mnthemntical physica. It hss beon customery for scientists
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Jdgaents, by fabricating farmal) discourses in its processes
of reagoning., This active subjectivity is also an obstacle
to pure sdjestivity. Yor all of thess recsosa it is necess-
ary te sgree with Pddingtom that "it 1s the innxonbl; law
of our soquaintance with the sxternal world that that

which ias presensed for Mmowing becomes transformed in the
proeesss of nowing.” w

But this subjestivity of the human intellect

must not be exmgzerated, Yor there is & sense im which it
is trus t0 sy that the nmind is ospable of a kind of pure
objesktivity. In itsx ordinary proeessss and im the way in
which it fumctionms in the philosophioa) scienoces it iz able
o disumgnge the quod quid est of thimgs — their ob jeostive
ososmess, Thars in alvays & certsin amoumt of subjsctivity
involved, to be sure, but it is a xind of mbjecquty

thas attachos not xo ruch to that which is known us to the '
way in whiek 1t is known or thr state in which it is knowm.
To use Sedolastic ternminology, it is a subjectivity that

affects rather the modus quo esofmoscitur than 1d gquod

sogmessitur. There is, of scurse, a kind of sudjsotive ele-
mant enderimg into the object known, dbut it i3 more of &
negative than a positive thing. Thnt is to mmy, in comperi-

aon with the object in se the object as known is always
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icperfoct and f{nadaquats. Put this does not transform

the otjeot in tha sanss of muking it & new object.

Lefinitious of the mind cem spply with perfect truth

to things as they aro in as. In other words, the mind

does not projoat & new positive element into the

essenece i1 knows in such & way thot this easenoce is

roconstructed into acmething different. In this the
intellect differs essentially from the sanses whioh in

Muowing their objsot necessarily tranaform it into
somsthing different becsuse of the physical intsraction

which takes plaos bhatwesn objeot and organ.

How, s wo have saen, physics deals with sensi-
bla things wmder ths espect in which they are the moat
profoundly imversed in sensible master. That is why the
obmsourity of senasible matisr and the subjectivity and
entlhropawrphisn attnched ta sensibility are of major com-
sern for it. fe have sesn what msans it has devised to
triaogph over thsse obstecles and how zreat has been their
auccese. i® have noted that Planck was correct in writing
»tiat as the view of the phyaical world is perfected, 1%
similtanooualy recedes fron the world of sense; and this
process is tentmsamt to an approach to the world of

(&)
reality.” But we have also inaisted upon the fact that
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quently lixitation and fmperfectiom.

When the term s underatood im the :Am way
there is no epposition between it end ’obJoeuv‘l“ty. In this
sonse it may be applied sven %o God, in “how knowledge 1s
80 perfeot and thersfore =0 objeotive that there ia no reel
distinction betwean the kaowsr, the knowlodge snd the
objest know, In its proper meaninmg, however, t?mor. is an
oppoaition between it and objeetivity, In M,:u pure
subjest in this sense 13 an object whieh does not know a%
all, .

liow in the lmavlodqo of all oreatures, the
Mhhmm-mb.tntlnzhm‘sgunno
of the word. For all sreatures receive their knowledge from
without end their state of being recipients nxvolvo- passi-
vity and subjection, Thia ia trus even of the angoll, for
their lntcl.uglblo apecies are impresssd upon tham by Cod,
An ob:ut, Lu i1ts full formmlity as objest, is above every
oreated iatellsst, for in =0 far sas an intellect is a
mmnmmmwmtmnhmw
the odbjest, and » measure, from the point of vigm in which
it is a measure, is always more perfect than the thing mes-

aured. Creatures cannot be the measurs of objecta beceuse

their being 1s not the source of thess objeots. Their
o0gnitive powsra cannot reach the vory root of these

objects bacouse they ere not the root.

“his sudjootivity {in the sense of the term
in which it 1a opposed to objectivity), elresdy found in

the highest engel, iner as we d d the hiererchy

of crested beings, It is found in the fullest measure in
which 1t can be found in meuss knowledge, for here a
mterinl orgun, which in itself gg a pure sud ject snd
hence absolutely opposed to o‘:.jaotivity, anters into the
very intrinsfiec atmctm of tha cognitive power, But a)-
Teady in the man intellect (which 1a $he lowest type of
intelleot that could posaibly exist) a large pessure of
sub Jeotivity 1s found. Yor tln; human intellect has this
in common with the senses that it receives its speciosn
from thinga, This involves = greater msasure of subjestion
and possivity than is found in angeliec knowledge in whigh
the spsciss though coming from the outside, 4o not come
from things {ghoy are, in t:ct!, prior to things) but from
God. Now the obecurity arising from this passive sub jooti-
vity foroes the hmurmmn 1ntelloét $0 have recourse to a kind
of active subjectivity. That };s to aay, it can know only by

oonstructing logical bainga, by compoaing eand dividing in ite
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irretrievably weafused with the way by which it is known.
Jeoondly, thare is an intelleotun) intrusion oonaisting in
& priord hypothetioal construction. Mathemntical physics
has no other mesns of getting to know reality exoept by
refeshioning 1t in these two weys. It ommmot mswinflate
reality directly; 1t can only recoratruct it. It ina, as
i instein end Infeld have msgutcd.(?)ln & position some~
thing liks that of w man trying to undsrstand the mechanism
of a slosed watch. Gines ho has no way of opening the
case, he osnnot know the inside of the watch as it 1s in
itself. .11 he esn do 1a eonstruct sowmthing that will
acoount for the moving of the hands and the tioking, As
lsyersen bas recurked, "nous voulons le réel conforme & la
raisom, mais nous ec:prencns em mbms S&ms que 511 dtatt,
la raison devrait pouvoir le nu-sor."(e)
. \
3inoe, then, the socientific world i forwelly
& aubjeative oonatruction, it follown that ite constitution
i3 predeternined by the methodologicsl principles emnloyed
in construciing it. “"Operabilia swmt quorum prineipia
wmt in nobis.” It also follows that $o the extent in
which &t is @0 predetenuined it ocan be known n priorf by
a closs analysis of these principles end their irplications.

“hias, 1t seeus, in the giat of Fddington’s The i-hilosonhy
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of Physical geience, the substence of which he has ex-

preassed in the followin - panacpes:

let us supposo thut an ichthyo oi;ist ia exploring
the lifa of the ocenn. }'e casts a net into the
water and brings up a fishy essortrent. Surveying
1.4 catch, he procesds in the usurl manner of a
selentist to systemntise what it reveals. ‘lo
arrives at two generalisetions:
(1) lio mes—croature s lasn ttan tuo i:rclon lon .
(2) 411 see~oreaturea heve gills.
These are hoth true of his catch, and he mssunes
sentatively thet tiey will remain true however
often he repeats i1t. .

In applying this anslogy, thw ortch steands for
the dbody of knowledge which econstitutes phyalocal
science, and tlie net for the sensory and intellestu—
al equipment which we use in obtuining it. The
ot sting of the net corresponds to observation; for
knowledge which has not been or ocould not be
obteined by observetion ia not admitted into phy-
sical science.

Ln onlooker may objeot that the first gensral-
isation is wrong. "There are plenty of sea~crestures
under $wo iuches long, only your net is not adapted
% oatch them.” Tha ichihyclogist disnisses this
ob jeotion contemptuously. "Anything uncatchable by
wy net is ipso facto outside the saope of lclhithyo-
logical knowledge, and is not part of the kingdom
of fishes which has been defined aa ths thers of
ichthyological knowledge. In short, what my net
can't ontoch i1an't fiah.® G(r = - to trenslrte this
annlogy = = "If you ars not simply guesaing, you
ere claiming & knowledge of the physical universe
discovered in some other way than by tho methods
of physical scicnce, and admittedly unverifisble
by such mbthods. You are a netaphysicimn. Bah,°"

The dispute arises, aa many disputes do,because
the prosagonists are talking about Qifferent
things. The onlooker hen in mind an objestive
kingdom of fishes. The ichthyolorist is npt
concerned ms to whother the fishes he 1s tolking
about Torna en odbjective or subjective clesa; the
property that mattors is that they are catchsile,
Fis gonersliontion ia perfoctly true of the elersa
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this movensat sway from the wrlﬁctuanud towmrds
the world of reality is at tho same time o mun‘knt awy
from the world of reality towards a subjective world in
such & w.tht if 1t be asked which of the two famous
tables of nfmugtm.u) {the femilfar table sni the sclen~
tific tadle) is the more objective end which the more
sabjective, 1t 1z necsasary to ke & very importamt
distinoticm:the aslentific table iz et cmoe mars subjeotive
beouuse of the escsntisl subjectivity of selsntific method,
aud wore objeetive, 1.e. more like a table as it is knmown

¥y a superior intellest.

The profound subjeetivity of the physico-
mthemtisal werld is now generally tdlit-t.d by nll the
better utiutllt-.“) But it is importamt to try:to deter-
nine the nature of this subjectivity. By a strange parsdox,
the movement of science away from the sense world towards
the warld ef reality ia at the ssme time a movement awmy

from the world of reslity %o a world that is, from cne
point of view, subjective iR essentially the seme way as the
smee world. What we mean here 1s that, Just as the ssunse
world is subjeotive in a way that puts a po-luv.? sub Jective

elomemt 1in80 the object and reccastruots 1t to the extent of

Srensforming it into acmething differsnt, so mathemsticel
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phyiies projects a poaitive subjective element into fts

ob juot amd reconstructs it into somolhiny essentinlly
different. There 1a thorefors, a shurp distinction to be
drawn between the tipe of subjuctivity tixi is chrracter
iatie of exnurliental ncionoe_and the type m ntioned e Tew
noarnts ugo that accompenies other kimds of intellictucl
knowledre. In the latter cané, art merely surrounds the
objoct, wlv.rees in the caac o.é‘ aximri-untal soliencc art
eutsra {ntrinsically into the.object and coustructa it, anmd
Just ms in the cese of socnse =knowl'.edf:ﬁ the objective amd

the subjoctive are so interpesimtratod that it is impossible
for the knowsr to druw & line betwoen then amd thus aet
forth the objact in {ta pure 9bject1dty, 80 in mathemetical
phyuvics the subjootive and thu; objective are s0 fused that
it iv imposuidle far the scicntiat to disentangle t}mm.(b)ln
order to do this he would ):u;ve;s to hsve Qir-ct intellectucl

intuition of the resl world,

In the course of this study we have endeavored
to indicate the moat 1mpurtant wtys in vhich subjectivity
entcrs into eclentific kno-lad:ra.(e) 411 cf them, 83 has
alresdy been sug:eated, may b(: treced buck to two sourc: s.
First there is & physical intrusion of the subjcot in the

exp riental op: ration in which ihe object known bhecones
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Lord Rutherford showed us the satamis nucleus

414 hs f£ind it or did he make 1t? It will

not arffest our adnirrtion of his schievement
eithor way ~ - only we should rether like to
know which he did. The guestion is one that
acarocely admita of a definite answer. It

turns on & mgtter of expression, like the
question whether the spectroscope finds or
whather- 1t wken the groon colour which it

showa us. Fut since most people ars prodbably
uider the inpression thmt Huth rford found

the atonie nuclousz, I will neke myself advocate
of the view that ho mede it, The tendeney of
writers on quantum theory bas basen perhaps to

g0 farthar than I do in erphesising $hwe physical
interfersnos of cur sxpurinents with the objecta
which we study. It is seid that the sxperiment
puts the atoms or the radiation into the state
whose ehnrsctoriatics we measure., I sholl eall
this frocruatean trestnent. Prooruates, you

will remsxdor, siretohed or ohopped down his
gueats to rit the hed he had conatructed., nut
perhaps you have not heard the rest of ths story.
He meagured them up defors thay left next mornisng,
and wrote & learned peper "0On the Uniformity of
Stature of Trawellera" for the Anthropological
Seeiety of ittiom o . «

Suppose sn artist puts forward the funtastic
theaory that the form of a humdn hesd exists in &
rough~ahaped block of marble. 4ll our raticnal
inatinot 1s roused against sueh am anthropombrphic
speeulation. It is inconceiwable that leture
ahould have pleoed such & form innide the bl cof.
Put tlwe ortist proceoda t: vorify his theory
experinentally=~ with quite rudimentary aprerstus
t00, ‘lorely uasin;; & chisel to separnte the form
for our inapaection, he triumphantly proves his
theory. was 1t in this wey that jutherford
rendered soncrete the nuclous which 1s scientific
magination had crested? o o o

It ia Aifricult to sce whers, 1f el nll, a
line con be drewne The question does nol merely
econcarn light woves, since in modern physies form,
purticulerly mave form, is at the root of every-
thinge If no line can be ¢rawn, we have the
alerming; thought that the phyiicnl anmlyst is
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an artist in disguise, weeving his imeginstion
into everything ~ - and w fortunately not wholly
dovoid of the technical akill to realise hia

1 .npinction 4n concrete form « «

T.0 nuestion is raised whuther the experi-
monter reilly provides such an effective coutrol
on the intginetion of the theorist as is usually
supposeds Certa nly he {a an fncorruptitle
wito'~dog who will not allow anything to pess
whioh is not observationelly true. But there
are two ways of doing that - - as Procrustes
ro’ 1ipod. One 1s to expose the falositly of
an assertion. The other is to alter things s
bit 80 ns to make the assertion true, And 1t
is admitted that our experiments do nlilznr
thingzs. (1)

;11 this widoubtsdly conjures up the droedful
apactre of 1dealimn in the minds of nany and perticulerly
the neo-jcholmnastios for whom the stigmatizing phrase "duoit
ud sublectivisum” is surficient to demolish every doctirine
which does no! propose the univocal type of renlism whish
they consider inseparable from all knowledsre. Le a matter
of faot however, it is only by recognizing the essential
audb jectivity of scientifio knowledge that one can be a
true realist, It 1s for this reason that we have entitled
this Chopter "Objective subjectivityr. 1ost of the oritics
who buve belabored with the redoubtable club of accusation
of idenlism Pdington und other modern scientists who
hnve tried to bring to light thie subjectivity eare far more
idealists than their viotims. Vor tbey prcjret into the

ob juctive world sa:asthine thet in essentielly the ;rodict
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of ereatures he is talking about - -~ a selected
class perhaps, but he would not be interested in
making generalizations sbout any other olass.
bropping analogy, if wo tuke obsarvation es

the bssis of physjoal science, and insist that
1%a assertions must be vorifiable by observetion
we impose a selective test on ths knowledge
which 1s sdmitted as physical. The selection

i1s subjective, becauase it depends on the sensory
and intellectual equipwant which §s our memns of
soquiring observetiona) kmowledre. It is to such
sub jeotively-selected knowledge, and to the
universe whieh it 1s formulated to daseribe, that
the genernlizations of physics - - the so-callsd
lavws of nature - = apply.

It 1s only with the recent dsvelopwment of
opistemologionl methods in physics that wo bave
oams to realims the far-yreacching effects of this
subjeckive selection of its subject matter. Ve
may at first, like the onlooker, be inclined to
$hink that physics has misesd its way, and bas
Bot reached the purely cbjeotive world which, we
take it for granted, it wes trying to describe.
Ita genarslizations, if they refer to an
objeotive world, are or may bs rendered fallaoious
through the seleotion. But that smounts to cop~
dsmmuing obaervetionally grounded soience as &
fatlure because a purely objective world is ot
to be reached by observation...

Sappose that a more tactful onlooker makes &
ruiher differsnt sugrestion: * Y realize that' you
are right in refusing your friend's hypothesia
of unoatohabls fish, which cumnot be verified by
wyy tests you and I would consider walid. Ty
keeping 0 your own rethod of study, you have
reached a gencralisation of the highest i::portance-
%o fishmongers, who would not be interested in
generalizations sbout uncatehable fish. <ince
thase gencralisations are so important, I would
1iks to belp you. You arrived at your gemeral-
isation in the traditfonal way by exanining the
Tish. May I point out tlat you ocould have arrived
more sasily at the sate gencralisation by exanining
the net and the method of using 1t7r ‘

The firat onlooker is & metaphysiciean who
despises phystos on acoount of its limitations;,

- 920 -

{ the necon! onlocker is an spistemologiat who
{ ) onn help physics baceuse of its 1i:itations, It
Junt bocnuse of the linited — - wome nipht say,
parvaerted ~ - 611 of physics thnt ouch help le |
’ poasidle . . . !
Ceneralisetionn that ican be reached spiatesio- ! |
lopically have m accurity which in denied to those
that omn be rescihod erpirically... some laws of
neture nay have an epistenolopical orliin. These
are compulsory; #nd whea thelr epistemologicel
or{;in 1s astablished, we heve & rij it to our
exnootation thiet they will be obeyed inwverisuly
ond universelly. The Drocess of oLuyerving, of
which they are a consequenca, in independrnt of
time or plece.(9)

It would teke us too fer afield to apslyze and
easese the verlidity of the developmmnt emd sppliecstions
which Lddingtan subsequently rmkes of th: principles laid
domhtbapuugs.&ﬁ#ﬁumtmtmbemawl
about the subjective nonltmt;tlm of the scientifie world
we do not see how the principles thermelves oen be called
into quastion. 'oreover, we fwel the implioations of these.
principles are ao far reeching that all of the lews of 101
physios without exceptiom must be recognized as mbjoct.\:a.
iater in the senme work nddington lays great stress upon s
point that s vital for thea guestion which forms the sub-
Joct of thia chapter: the -c;i-utiric' world is mot sisply

discovered, it 13 manufectursd by the vcientist:

The question I un going to rnige is ~ - hLow
mich do we discover sl how mwh clu W s
freture by our ex;erimentat  \When d-L{ Igte
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objestive world, the latter is reflected in thes former and
is gresped in scne way through ite. ihorsas idealiam soeks
30 arrive at a mixims: of ideas with & minimm of expsrience,
pry2loal seiense tends townrds a rmximm of exporience in
order to arrive at a minirum of 1deas, ’seyeraon bhos
shrewedly pointed out that having started with sensible
romlity, it is $he sensible xather tham the reality that
plysicsl sstence tanis to dissolve and that this dissclution
of the ssnsible metuslly results in a reinforoessnt of the
roalisy. Idealimm doss Just the opposite — — the senaidle
rooeins dut the reality becomes nothing apert fro- the ogofm)
It oAy readily be admitted that as physies advenoces in ita -
theoretisal elaborations it soems to take on more and more
the eharecter of mnuu.‘n‘uut She likeness is only
superfieial. For in fdealimm swbjectivity is am ond in it~
solf, In phyaics, on the contrary, it is only a" means; its
character is pwrely functional. Necause the wl.ole .pumosc
of the subjectivity of physios ia to cerry the mind to s
greanter measurs of objectivity, it 1s essentielly 4ifferesnt
from the swbjeativity u‘ idealism. There san be 19 dowdt
that l‘hhtlvity phyaics for exnple is much more subdjfective
then Classisal physies wes. Dut &t the same time it is

far wore objeotive, for it haa purged physics of immmm reble

subjoctive alonmuets tizt vere Lindkdn: vosnmoccned iy e
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Clasaical systam. It delivored physics from the sub-
Jectivim of individusl oboervers and mede ull ayste-s of

coordinntes equivalent for the ex,resaion of the general

laws of nature,

There is another side 1o the theory of relativity.
ile have pointed out in the bepinning hon the
developent of scionce is in the dirvction to
make it less subjective, to separate more and
more in the observed facts that which belongs
to the reality behind ths phencsmena, the
abaolute, from the subjective element, which e
introduced by ths observer, the relative,
Linutein*s theory is e great atep in that
direction. ‘o oam say that the theory of
relativity is {ntonded to remove entirely the
r:lative and exhibit the pure absolute.(20)

2¢ Mthemmtionl Phyasics and fmEntianisn.

idington sums up the subatence of his I'hiloaomx
of I'hyslcul Science in the foilowins teraa:

e mubjeotive l:xa are s conswgueioe of the
concvptunl frane of thought into which our
observational knonled,» is foroed Ly our method
of forrmlating 1%, and can be disocovired a
griorg by scrutinising the freow of thought s

well as 8 posturiori by exmaiining the actusl
knowledge whieh hus been foreed into 1t.(81)
It is impoosih_lo to read tiwoe lines wit}out flucing tl.em
rendniscent of Kantianisn. ind as & cetior of fact, as we

uoted in Chapter I, ¢ddirgton hitmelf drava exslicit
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of the mind. They are in rony respects worme than the
Platonists of whox :t. Thomss writes; *Rx hoc in sua
positions errevit (ploto) quis credidit quod modus rei
intellacius in suo onse sit alout modua intel) igend] rem
1

1psan."( )'?ro:'. wlirt wna sald in the lautf Chavter mbout
logiord fdsntity 1t is avident that tiey fdentify the
logloal and the reml in roality, and that ia sssentinlly
1dealisu. Nor oun the sbjectivity of sclentific know-
ledgs be sonaidersd a falaifioation of reality, e
Prefesser De Xoninck has pointed owt:

e disons pas que les comospts ds 1a seience

reposant e A4rinitive sur une distorsiou

du monde o8 que dds lors les deeusmats dn

physicien sont par awemeco forgha et tr;hhuntl

1a réalité. 1mis Justement 11 as faut pes

% lataser abuser eette distorsion. las
domsmnts sont £ & lour fagom ot ne

Qe uon posts .o T.5.F, n'est responmbdle
de ®6 que mss enfrits crofemt qu'il y a m
monsieur eachd Anns la bolte. (13) i

It 1s futile to try to rule out the subjestivisy
of mathemtionl physiss os woms modern Seholasties have Some
by appealing to the Thouistic doctrine that ideas &re not

(1¢)
13 quod sed 1d quo copnoseitur. Por while it is true

that in non-reflexive knovledrs an 1dee 4is a r:iram que which

(D
N\,

which oarries the nind to a‘guod and not just to 1teelf
lowown 28 en 1des, the quod to which the mind is thus ‘
. |

carried may be eithor objective reslity oy a construotion

of the mind, ¥e hold that in mathenatical plysles the quod

to which the mind 1s carried fs forielly sotethin:- that
1s nenif'actured by tho nind - - though not without

dependence upon bbjective reality,

.

If the mubjootivity which we hav. &tiributed

to the sclentific world be rightly understocd there ia no

renaon fo fear idealisnm. “hile inaisting upon thia sub~-

Jectivity Lddington likewise insists wpon the fact thng g4

¢an never be more then partial - - thst objoctivity 1a glso
: (1)
sasantial to physicrl saience. ksyarson hi » shown how

¢roat and how conatant 1a 'the coneern on the part of wll

the greateat sclentiats #o renain in aa close a contunct

!
as posasibles with an objective urivirse. “Lis 13 true evenr

of physicists like Etinntaﬁx and sehrodinger whose theoriea
{1}

soem to have the greatest likeness to fdealism. ‘erens

1dealisn begins with a denial of the abjective univarse,

(17)
phkysical soiance begins by postulrting ite oxiatence,

A1l thoouih its developrent tha contunct with this ob jective

w: dvara: recaing unhroken, - And even thouck seicuce son.tructa

1ils 0w subjJuetive world e aonathing: ol!s.'.inc{f :fru”\ the
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speculative knonledge is reducible to objects of en-
perience ulnm.(u)).t the sa-» time, howsver, he insists
upon the faot that experience alone is not sufficient $o
explain scientific knowledge, that the mind camot atmply
be meagured by externel reelity but must in some way
become 1ts messure; in ether wards, that true scientifie
owlelge must bs a priori knowledge. His intimate
asguaintancs with the physica of his time mede it ovident
to him that the universality and aecesaity of soiemtiffc
consepts eould not bs derived from the singularity amd
sontigeney of experisnce and conasquently had to be a
sontribution of the mimd,

We have already intimeted, particularly in
Chapter IV, to what extent Xamt was jJustified in arriving
at this eonalusion. e have seen that -xperl'.onful science
by its very nature demands c'at the rind by neens of
hypothetiosl constructions of its own meking supplies for
tho mniversality and necessity which exporisnoce cannct
provide, and sven predsteruines sxpcrience. %e have seen
mznmmn-m.mtit in experimental
science the mind cannot know reality as &4 is in itaeler; 1t
oan only appromch it provisionally. And in getting to Xmow

reality, 1t necosserily f ashions and Terms 1t eccording to
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its own Preeonceived idoma. Kent's great minstoke as we

said a moment a0 oonuisted 1n making experinentel acience
the pattern and nora of &ll speculntive knoxledge, Thisg
mistake 412 not derive from the fact that he conceived all
apeculutive science ny Lecossarily camposed of an a priori
elaient as well ns an eleniont drewn fron expurience, for
that ia porfeoctly true, but rather in the fact that he
failed to redognize that there sre two esaentially different
kinds of a priorl slements. Fror in go far as pPhilosophy

of nature, for exeple, is univergal and ncosssery it con-
tains an a priori elemont in tho aonse that this univeraal ity
and necossity rises above, end hence is independent of
singular contingent exparience. This a priori elenont ,
however, does mot consiat in something posited by the
subjeet, but in smwthing rovesled by the ob joct, nans ly

an analytical and henoce nacessery truth coneretized in the

singular contingont experience,

#8 Wo naw in Chu,ter Iv, 1t $g brecinely because
the mind fs unable to discover truths ef this kind n experi-
mental soience that it is forosd to have recourss to another
Ekind of a »riorl elemont whiol is conrarred by the mind,

Ard tn so rur &s this type of knowledss is concernod, Kent

8 Justifiad in wakin: synlbetic a priori Jud?mms the
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attentien to the remarksble affinity between Xantian
oplatemdlogy and the rodern developments of physios. Let

us recall his words onocs mgain:

If 1t were necessary to chooss a leader from
anong the oldor philosophers, there can be uo
doudt that our choios would be Fant. we do
not mocept the Kentimn label; but, as a matter
of acknowledgement, 1t fu right to say that
Kant anticipated to o remarkeble extent the
ldmto'hschwmmbolulmlhdby
tho modern developments of physieas. (22)

Nor is »ddington the only on’e who has drewn attent!mA to
this affinity. rrou the start the Theory of Relativity
has seemed to have profound philosophical fmplicationa and
it has been a matural tendency to et teupt to associate .
it with at(n- ph.u.?aopMcal aystem. And, as Lnyn;'-an has
remaried, 3.3)& philosopher whoss name haa deon mentioned
the most frequsatly by the Telativists themnelves (iinstein
seess $0 bde an exoeption) has heen Kant. o

As 18 well~known, Fant was perfectly conversant
with Newtonien physics, and hed & vant admiration for it.
This efiniration led hinm into two sorious errcrs.’ Tirst,
be sonsidered Newtanien physica to be definitive. For
bia 1t wes not nerely dlalectieel; on the cantrnry 1t
had the suprece occrtitode of science in the strict sense

of the word. ;ncondly, not only -as {t a perfect sclence,

P

O
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but it was the perfect acienoe. In othor words the

properties of physics became for him the criteria for ell

apoeculative science. ind that 1s why the \Titique of “ure
Roaacn is in the Llist analysis nothin: hut a eritique of
physical science, or more ex:nctly, a critique of speculative
imovledye in tomas of plyateal sefonce. These two fundee
riontal errors necessarily comprorised the veli#ity of the
whole epistemological structure of Xant, but.thsy daid not
prevent him from asizing upofn the proper nature of physical
acience ~ - at least in an obsoure way. Thut 1a what we must
Bow try to see. And our brief amlysis vill conaider two
poluta: first we shall iry to nee how Fani seized upon the
gen . ral neture of phfuioal a'oience; secondly A'o shall oop~
ajider the relevance of his doctrine for mathemntical physics
in surtioular, and esnecially with regard to its object.

It 1a this second point that is of greater interest for us,

It 1s well~known that Iant erscted his philono-h-
icn)l ayste as a resction to the eupirician of ‘ume in which
he recognized tho utter deat:mcuon of all true sclence.

But this reaction 414 n-t blind him to the essertial rn'e
that exprricnce plays in sclence. In hia irntrotuctior to

the critique of ure “oms n le rakes It clies t'et all
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mtbodologion) principles whick constitute ihs Yory ssssmnoe
of the solentist's appromch to renlity, apd that as s eom-
S0QUEROs & Slome sxamination of thase prineiples mnkes it
pessible te know a pricri the fMmdsmental lines ef this
eonstruction, just as the esxacination of the fisherman's

De§ mmkes it possible to Mgp&r}_ & great deel about
the mature of his catoh. Necauss these methodologioal
principles do not chnnp, beoause thay are fixed forms

whieh are eesential to the very nature of sxperimental sedence,
the lsms whieh are known in this a prieri way have a necessity
that thoumunsrrmm.umdomhn.mnan
this theve 1s certaialy a atriking sffiaity with the

Kantism eutegoriss,

Mctn-utelwnrtmeohthh-mdyortb
Telstiem betwesm Xantirnism &) rmtheamtical phynies
is the oemsideration of the sinilerity between Thamistie
doctrime with regard to the odJoot of methamntionl physics
and Xaut's dootrine of senafhle intuttion, 1at us
resall the substance of what et hes to say about ssnsidble
imuition. Xarly in his Crisi of Pure he explaine
what he moans by intuitica 1y guneral. 2 e defines it as
tha necsseary moana by which aly knowledge is related to

cbjeets snd which all thraught uees in order to sttain thaen,

Kant agreed with asristotle that all our knowledye begins
in the senses ani he held that 811 fntuition as found im
man is necessarily sensibls ~— it has to do with en
objeot furniahed by sensation. levertheless, he felt that
sengible intuition could nol eonsist wer:ly in the recep—
tion of pluysicul date ocning froi externr) reality. JFor
Lis whole purpose, =s 1z well krown, wes to seve solonce
from the devastetion it hsd roceived at tlo hands of both
the extrems raticnslists who hed followed in the wake of
Desoartes and of the extreme empiriciasts such as fume.
And he thought that this could bo accorplished omly by
conxidering the whole structure of scisnce as determined
by & kiad of acetio lyleorphimn in which the matter would
be u posteriori mm! fwnished by physioal reality and the
form woull be & prizri and provided by the sudject. That 1s
why in setting out to disclose snd analyzs ths a priori
forms of cognition he felt that such forms should be found
even in our sensible intuition of the external world, in
such a way that even our direct exnperienocs with nature
would sonsist in & faahioming of physiesl reality by the

subject.

And in ordur to explain how this is possible he

diatinguished betwesn two mapocts of intultion: pure intui~
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Pivotal point of nselencs. It should bo reealled that for
Kant aynthetic a priori judgments were thomse in wlxich

there t- &dded to & subject & prediocate that in essentially
sxtrinaic to 1t. As & rosult such Judgmonts were a purely
lrtﬂ‘hh.l.'mthoul connisting in sn socidental composition
whose unity derived from the mind, Their truth was not
foumded upon the principle of contrediction as wes that of

analytion) Judgments, but an the ponsibility of exp}rlm-
tal verifioatica.

How all this 1s & fairly scourste do-criptim of
the Wype of Judgumsnts that are oharacteristic of experimental
scienss. W8 ave seen thmt oxperimental science is based
Sesemtially wpon induction by enmmretion. I 1t wers to
1tuit 1tself to the fndividwal suses of t-ho -mnanﬁu
(*rds & 18 B*) 188 Jeigmmuts would be purely sylithetie,
and 1t would be completely deprived of the eharacter of soience.
Om the other hand, inductiom by enumsration can nw;r £ive
true universal natures and henoe snalytioml Judcments with
the & priori kmowledge thet ia cheracteristio of such
Juignents. That is why sxperimmatal seience must hecessarily
bave recourss to synthotic a priori judgments in which the
8 priori elemsnt 1a samothing conferred by the mind.. *han,

therefore, sxperimental science decleres: "Every i 15 B,

-1~

this Judgment 1s at onoe mth-luo, beocause based on -
purely synthetic Judgments (*This A is B", *That A ia B-,
etc.) and & priori, becauss the form of universality is
sonfarred by the mind without edequate foundstion in
nature. lowever, bectuse of tho'rge:uhrity found in the
multiplicity of onses, it must be noted that such a

Judgmant is meither puroly mt&tic nor purely e priori.

) Becnuse Judgnenta of this kind are not founded
upon the principle of eantrediction but upon the possi-
bility of experimsntal veru'icaiim they otn never bhe
anything sore than hypotheticel. Becauss of his helief in
the definitive charecter of Newtonlem phyaios kant fuiled
to recognizs their lvpotheucnl:mtm and attributed to
thea perfect necessity that darlved from sbsolutely fixed
forms of thought which were his cetegories. The dfssolu-
tion of the Classioul syatem hes shown how. unwarrented

his assusptions were in this rogand. levertheless 1t mst
be noted that, in apite of the essentially trensitory .
character of the hypothetioal c{m-‘tmctialn of experimsntal
scilenes, Kant was not wholly wreog in attriduting a fixed
and neasssary character to the L] priori element found in lt.A
For ‘earlier in thins Chapter we a:ar that the coastmictiocn of

the scientific world s pmdeterlmined end shape! b: the
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lli-ﬂn ssasation, 11 sutt que, et e
mtiere do tout phincomsms ne nous est donnée

qu a Seriari, ls forie en doit $trg
a 335'1&1—.@:“, towte prits &
L‘{% & tous, st qus par comsbquent,
t pouvoir la eonsidérer indépen-
SZTnemt &e teute ssusation, (87)
¢ should ¥e feirly evident thet pure imtuitiom and the
forn of the phancesenon Ere mrely two aspects of the same
Shing. Puxe intuitiom is mmronm o8 far as 1t
s emsidered as o Aetormimation of pure sensibility. The
tu-ofth,h-n--htha Sane a priori form oanag-
dered fn yelation to the manifold of ssnsations to whiech

:.tumuamto-m-xuummmmey.

IS 13 to be noted that in the pesange tust
oited, ant, umngorthnmsmetthnmwl
Tomm with th mtier of Sensabien, uses the word
"spplicat im~. This fe signifienat. For 1t brings ‘sut
the Taet that in this wnion the form is ensentislly
sxtrinaie to the wttar, If the very being of the phe-
RowsHen arises from the sxtrinsie applicatiom of one of
1%s compeatng eleneats to the ather, 1t follows that it
a2 de 2ething dut an artifielal scwpesits whose wnity
1e purely sscidental,

Now the ologe affinity betwesn this object of

senaible imtuition emi the objeot of wethemrtioel physics

—

~ 547 -

88 aoalysed in thig stady ahould be imiediately apparent,
Thia affinity i, Tound both in the fact that the two

ob jects are aoeidantal oompoaites, and in the Vory mature
of the elements waion enter into the ooapasition, In so
far as the oamposition 1tself is conesrnad, it 15 clear
that lnbothoamthorou-ulaortvoah-ntum
of which plays the Pert of mmtter and tha other that of
fora. In both cmees the form is -onatlung ~eswentielly
sxtrimsic to the mtier, and ag a result the uniom oo~
aista merely in an application of one to the other
affocted by the lmowing subject. Consequently, the wunion
1s 1n both cases somsthing pursely ®ceidental, something

A similar affinity 1s found in the vwry slemsnts
'hzch 80 to make up the Componite, }ar {n both cases the
naterial olomant ig a sensible detum, somethin- deriving
Tfrom physioal nature, and the formal slement 1a something
drawn from mathemnties, In both easss the mathenmtionl
forn erders and retionalines the physionl datum an~ ¢ives it
soientifio signifiocence.

it 14 e8gy to ses why ror Kant tle applicat 1on

of metnomatics to mwiure ia not oy possicle but eves
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tion and espirical intuition. The former s sensible intuj-
tion comaldsred from the point of view of pure sensibility,
that 1s % say, from the point of view of the oapecity of
the knower to raoeive objects coming from ths sensidle
world, pr-ocd...num from sctual sensetiom and from -m.
partioular objeets that such sensation adght furniah. The
latter 1s sensible intuition cemsidered frowm the poiat of
view of wotwml sensation of physioml obJects. Ik purs .
oensibllity he disoovered certain forms or dsterminations
which were a priori in the sense that they were prioxr to
all astunl tion end h ccpletsly imdspendent of 1t.

These & priori forms of sennibility which coastituted pure
Ixtuitien werse speoce and tine,

y

How 1t is extremely signifioant thet for )Ftnt
epaoct axd t1ie wore the object of mathemetics. Ho)defined
matheuntics &a the sclence which consicorsd these two a
priori forns of neneibility in abLustrcotion from ell o‘uno:‘eto
sousible data. Jpace conatituted the ob jeot aof .cometry which
deals with lines and ﬂau-nn; tine oomutituted the objest of
arithmetis decause 1t deals with musbers which are e auccea-

sion of units.

It i1g ovident fron what hes Juot bewn v 1d tuat

for.Kent semsible intuitfon involves something more thap

© Just senstbility gy the ordiiery sense of the word, 7t

1a in faet not merely ssnsible kn :#ledne, but intellectual

knowledge,

upon nemsation whieh ar

It 1s called sansible becsuse of its dependcnce

ovides ft with tho matter to w.fch

the & »riorg forns are epplied,

llow the two e priori rorms or space and tie -

which when taken hy themsolves
the ohjoet of rnthmntim, whaw

crused by phyata Tenlity oconstit

in abstrection sonptitute
Aplied to metun} seusation

e 3oue hin- that rent

en'ls & phenmenon, This pheviory-non 13 & couposite rmde

up of two elerants-
nnd dortvnd from nrtura
forrmnl sloment which 1
of pure sensibiligy,
%0 the former can the m

froe neturo he wniried,

Tieant, #nd rendern! copsble of a:

of acilonse,

Only by the applicetion of ths 1n¢

8 mtorisY elaint allsh 12 e Eout_a-rlorli

through actun) s7nsetion, anrd a

a Erlo:rl *nd comsists n tho forms

tter

¥ oEterisly of knowledpe oonin;
crdered, Tetionelized, rmde sifi-

itrrine {nto the structure

Oe (mi, dans 1o Phénandne, correwpond } 1a
sonsation, jo 1'mpjelle metidye de ce

Pnodne; mris ce cug .1t
Qu'1l ¥y 5 en.lul est ordonnt

raports, Je le nor

Corcw oe en qQuoi ae:

5'0!‘:10:1_-131', ou oc gyl

T A une cerigs
Mamenop

qQue le Civ.rs
sulvent er-rtaeins
€ la forme du ph'nomdne.
2} les sensations bauvert
SeUl lewr peret de lesn
ne forex ,m seawrkit otre
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extrems there 1s the peaition of thoss who remove the
mtheamtionl world so far from the phyaloznl world that

in mmthemmtionl plysics the formsr remmins a pure in-
e, & pure logioal or linguistic tool, in relation
te-the latter. In thig position the objeot of methemm-
tionl physies i also aluply snd perfoctly cne; thet is
to suy, it h R pure physiosl object to which mathemmtics
remtine seaplotely sxtrinsio.

There is something highly signifiomut in the
ﬁ&umdtmtmopm!.m.rorithﬂng.
et the fact that the mmthemstiex] 'orld is at once ex-
tremsly eloss to and sxtremsly distant from the physioal
world. Yhem this s grmuped, it becoams sasy to wnderstand
iy modara suthors suck ss Einstein haye divided geonstry
into two branches of which one is vary &istant frog the
physionl world, and tho other idontified with it. The
firat branch ~¢Onliﬂtl in purely forrel Mnowlodge bassd on
fres oreutions of the mind mné schesstio conocepts devoid
of all comtext, and the sscond inm a natural seionoce kmowmm
mmm”w.u-mnomntm is
sctunlly a danial Bf the true pature of geometry, since the
first tranch sesss to be nothing but dialeetios, and the

socond nothing but a physical science. The distanee betwaen

- Bl -

the phyatioal world and the methesmticel world end the
eloseness or them was nlso a problesm for Plato, as we
¥ in Chapter 7, On the ne hand he drew them into a
unfen that wag oxtremuly {ntimete in the smmae thet he
meds the phyastonl world indofinitely amstable to methaw
matization amd conceived of this mathamntizetion ns o
revelation of a logom that 14 proper to nature. On the
other hand, bs arested an immsamresbly wide gulr
betwsen them by comfering upon the methomwtieal world
an ontologieal existence thet was independent of the
physionl world. There in this to de noted 1mediately
sbout the 4istance troated by Finstein between the two
worlds and that created by Plato: in the firat case
ths gulf ean Me bridged in the senne that the dialeo-
Sies omn be mosenafully amd fraitfully applied to the
physical universe as an instrument, even though 1t must
over remnin essentially extrinsia to the object of
Physics, whereas in the oases of Plato, aa we intireted
in Chapter 1, in ths reesure in which the rBatherntionl
world 1a oomoeived to heve an ontologicel extistence of
its om, not only mst it romuin extrinaic to the
aobjeat or physies, but it cennot sven be used as an

instrunent in relation to the physiecel worla,
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e believe that it is possible to hit the very
beart of the problem of mathemmtienl physies by seylng
that both Plato and the moderms have srred by mekiag the
mthemtionl world at onoe both too elose to the physical
world, emd t0o.distant from it. In the Thomistic solution
of the problea they are brought together without identifi-

eation and separated without the oreation of a mr betwosn

thew. And cmee this hea been understood 1t b » possible
to see how mathemties onn enter intrinsicslly into the
objest of w-in end at the sems tire remnin extrinsie
%0 1% and serve 85 an instrumat. Is also beconas poulblo
%o sse that the objest of mathesmtionl plyniea 1a not nome-

Shing stxply and perfectly oms, but rether something that

is wder wme agpect ene, and under ancther duml. Because
1t 1s eng, Aristotle and St. Thams eould comoeive of

. 1
rothematieal physics a8 a sclence. Put beosusae it ’10 at

the swme time dual, they foumd it negessery to conceive of

i1t 25 a soiemtia media. lat us try to ennlyze these points
. —n TeC A

and see how they fit together.

In the first plase, Aristotls and 5%, Themas

make a definito and clear-cut distinctice betwoen the physi-

cal world and the pethomaticnl world by meens of their

Qootrine of the different de;rees of fowmml sdatreetion.

O
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The physissl warla mst be studied in the 18¢ht of the
Tirst derree of formml sbatraction. It 1s a world of
mobility and ovorythine in 1t must be definsd in teyms of
sonsible mtter, The mthem‘:txaal world is tha rosalt of
the sscond degres or formal abstraction. It {s e worla of
lomobility ana overythin: fn' it must be defined without
senaible mtter. once we heve mads thias inltia_l atstinction
=l turn t0 exmiNe the neture of the tbetrection by which
*he mithemntical warld 1o set off from the phystol world
somothing very significant immadistely strikes us, ror
there is & peculiar quality about matheamaticnl abstrection
that §s not fouma in aeither pil\yulenl or metephysion}
abstrection. In both of thmo= letter cases there in a cor-
Teapondence between the way the objset concerncd oxistna
outaide ths mind ant the way iit exiata inatde the mimd, Tha
objeet of physias @epends upon sensidle mtter both for ita
belng and for its “being known". The object of metaphysi ea
1s infdezendent of serisibls mtlterr bath for 1tg boing and ror
its "being: known”, But the obj:ect of mathemntics fa on the
e hand dspemdent om —uluo? mtter for its being, that g
to say, for any existence 1t ean be said to hnve outmide the

i
mind, and on the other independent of sonnible matter for ite

"bein: known”. In this dichotoy betwesn the war ot

|
oh jocts nre ecneoivad mnu L)y wE

et on)

thoy exist lias tLha sacret
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of the distance detwsen the pathmmtion) world and the
Physleal world and thayy clossness. But befors atterpting

%0 sse Wiy this ia 80, 1t ia signifioant to note that

both Plato aml the wolerns comseive of t& distanos be-
tweon the two worlds in a way tlmt puts wathematios in

8 state whieh omn in some sense bo seid to aorrespond to

the third dsgres of abstrwction. iie sxplofned in Chepter 1T
that Ml metaphysics end logle fal) within the generel onte~
8oy of those uhnqunou ob jeet is free of all metter,
‘.tllp)qyli.l arrives at this state bty means of positive
abstracsion, logie by meens of megntive abstraction. row

in 50 far as Plato attributes an oantologlonl existence to
abstrast mthawtion]l forms he conoceives of them as though
they were ssperated substances, And that s Wiy, as we noted
in Chmpter I, his metaphysien is & kind of -thu-tiuu
metaphysics. On the other bhand, 1in s0 far as the Udnmn
1dentify mrthaemtios with einloctics they mnke of 1t m kind
of logis. To put mthowities into the thira degres of abatrao-
tiom is to separete 1t too far from the physioal world nmd at
She vams time mot far enough. It 1s suly by analyxing the
Proper mature of the sscond decree that wo can understapd tha
true mature of 1its separation. But before Insisting upon this

mopaxation, let us try to ses why rethemntics aver romins in

clos ennt: ot with piysierl reality.
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‘he methemtionl world is intrinaically and
®ssontially linked to the physionl world. As we remarked
in Chapter VI, &f ths rmterisl world were izpossible, the
mthematical world would also be impoanible, fince prime
matter is the prinsiple of huoowgoneity, and sines hoewo~
geneity ie the fundamentnl pontulrte of all v themr tics,
thers 1a no possibility of mathmmtiea without an intrimsie -
referance to primo matter. In othor words, it s wmly in
& world eof zocypoased sssances, in which formnl oppositfoms
ore incaplets hecauss of the comon mtrix of prime matter
that thoe mathemntiocel world can originnte. All methemmtienl
anotions ere drawn from the physical universe, and even after
the separatiom of abstractiom hes takem plroe, they atill
reiain a necsssary comsction with the world of matter. For
unlike the ocase of mstaphysionl abstrmoticn, the neparetion
effected by the mind in sixple apprehension cennot in the
ciss of muthemntics de tronsposed to the sacond operetion

of the mind, The essence of the Judgment is the copuls, and

this expr oxiat » &d 1f mathematic:l entities are
to exist at all they smust exist in the physiosal world. Ia
the miverse of matter there are lines and ciroles and tri-
engles which mey be considered the physiosl counterperts of
mathomation) lines and circles amd triangles, aven thowsh

the realization of the laiter ia the foraer in nol perrect
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siRoe they lose what ia proper to them as abstynct entities
through their remlizstion im the mterial wniverse,

T‘hﬂoftﬂalulnw-hvvhrthe-tb-
mtion) world 1s from the phystcel worla in spite of the near-
m-w-m;hnhv- Just bdeen imsisting. I a sanss the
mmthamtioa) world 1s farther rencved from the physionl world
than is thae world of mtaphysios. Yer while -ib-ﬁn.l
beding has o Mossenry relation with the real physicdl worle,
1% never retains the ontologionl essencs of the tm;g with
¥hich 1t ix cummected. Metaplyxioal abstrectiom does, and
tuhwthﬂ-ﬂn-ﬁhmbmdtohmunﬂ
@irectly In the plysieal world as well as ia the world ef
ssparated substamoss, linthermtionl sntities are not realized

. direstly ta the plysicel vorid, nuhr-iu.bygh.vm

fuet that mtapiysies deals with sensible baings iniso far us
thay are beisgs, fis noticws cem be prediceted of the physioal
universe. Mathemationl entitiss on the other hand oan be
predissted directly of nothing existing in physical Teality,
procimly besmuse they are defined 1a a ey 1n which they
Amnet exist, Mh,nwmmhh-ttu.

While al) sciences deel with the abstrrct, the
mathamatieal selsnces are the only sciences which dosl with

the abatrect Precisely ms ebatract. Their world in an

P

O
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autonamous worid, set apart from reality, and £overned by

its own intrinete lows. In 1t the mind s sniinently fres.

It deals with notions originally drewn from the pﬁyaiml world)

but notions which hawe beea trsnsformed into a oconditiom

that 1s sspeaially congeuinl to fts own eture, Though

dealing with things originully oommected %ith senwe mat tea,

it is not boumd down to the macessity of hvlng' its procosool.

terminate in the extermal -n.... Though 1ts notioms always

retain sows kind of Plysionl ro;remoo', $hey soquire a

plisney and a oapacity for mn!i,pnhtlm that sre utterly

fareiga to the physieal !orll.j

ALl this 1a ot the besis of the doctrine of Jomn
of St. Thosms that the mathesmtion]l world presoinds mot
only from the actual exsreise of existence, but also from
ey intrinasic -Mor to cxi-tone.o, and that ag a oomsequance
mathenntionl being in indifferent to sither resl or logical
being, Just as the esgenoce of relation consisting in the
Sase 8d in imdifferent to either real extistence or purely
logienl extstemes. Amd this wplains why it bes been poeaible
Tor msdern mathematioians to baild elaborate dialactionl
Miperstrudtures upon mthmuu;l foundations — dialeotionl
superstruotures which, while essentially distinct from

oo thaeeaticn) strictures, wre nevertheless besed upon them
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8 Ix soms way pattarmed after them. These dialsctioml
spersirustures heve Lmsasureably increased the plianey
and isstrsssmtality of mathematies.

The foregoing mekes it elear that the mathens-
tSesl world is en interrmediary world between the purely
natertal and the puroly immterinl worlds, ind this explaims
why mathematies ean st the same tisw enter intrinsioally
inte the ohject of mathomtienl physics mud at the saze time
romin extrinsie and serve as aa instrment. Amd while
boing = medium betwesn the material and the Dmmmtorial,
mthomatios is at the sane time & mediwm betwesn th; objsative
and the subjestive, a3 is ovidemt from ths last parsgreph,
This imwesuresbly inoresses its effectivemsss as a
scfentifis inetrwest, beomuse it xives freedom $o the mind
to slaborete its om retionsl schesms, and at thou_\:ntin
provides She possibility of these schewmms being applisd
to eosuie yeulity.

aving in this vey solved thoe problem of the
distanss and the clossness betwesn the mathesatiocel world
sud $he physieal world end sxplained in & generul way how
it 1= possible for mmthematics im mathemmtiosl physice to
eater ixtrinsiemlly into the cbjeot and at the seme time
remain extrinsic ns an instrssnt, 1t resmined for 'ris-

tatle, St. Thomms, Cajetan nnd John of St, Shaws to work
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out this posaiWility in fuller *ad more apecific detell,
TUis they A1d in their doetrine of subaltern: tion and

aolentia medie,.

In matiwutiorl phyo.es, phesies tu subalterneted
¥ mav.eenlles in tho © llest scnae of the cord; thet 4s
1) say, thare {8 sphnlinrurtion by Tecaon of the object.
Thia aerns thet vhlees ef the subaltorpmted selenoe contr: cte
the objsat ol the aubslternating gclence hy adding sowmething
to it. The adiiticn, horever, oex be only an accidentrl
Cifferonces, for othornine there weild ba no fortr 1 dietinction
of scloncus. ‘This La &n impertent point teceusc it uoens
that ihe .miter of the subaltorreted #cis:ep rensins extrinsic
o $knil of the subaliornr ting saioree even though the two

enter into eomposition,

As soon ap we exrmine the nuture of the slements
entoring into mathbanstical physies enother reason for thia
exsrinsic character presents ttself. Tor mwthenrtical
antitiea are united with phymscwl clexents 5 the stete of
1dealination that is proper to methemmtieal abatraction,
“his union is, therefore, not ¢ dfreet eoncretion of meithow
matical ontities in aseneidlc ratter. Yt dees not conaist
in sonmothing thit would be rerely the reverse of -itlernticul

sbitrastion ~ - the mere putting: teck or Methemnticel axtitien
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into the sensible metter from which they nro_d.ra'n. This
weong that the compouiiion of the two oen never be r:vthl;u(.
Dore thon the appliention of the former to the latter. In
osher worda, I3 im a corposition that is not discovered,
but erented by the mind; 1t in o logicel compoaition. Tt
is something reanrkelly siiler to the Kentien "p!mnoménon",
and from this point of viow us well ar from the point of
View of the immmorable predetormining 8 priari elerenta
thet the mind eontributen to rorlity in &)} exporimentil
scianes, many concesaions rmst bo mwle to matinnisn by a

realistic philosonky of w:themtieal phyufen.

Fow the union detwean the two worlds is affacted
by the aimd principslly thro.ch a process of messursnent
whick lays hold of the gunntitetive dntaru.lm.nuon- in noture
directly, amd indireotly of the other determinetionsl in so
far as the former cen serve na surrogates of the lattef. Tut
Our processes of messurerent oun never be anything more than
spproxiw-tive, and harein we find a third remson why the
matherm$icnl world remeins sasentielly extrinaic to the
physieal world, If it were merely a qwéstiem of 3he rim
90 reasons, mathermtiocal plysicn could atil) be a solsnce
in the strict sémme of the word. The third reason, however,

prevents it from brin-~ a true selenco and nkes 1t ddrlecties.

- O

In fect, ot this level it ks alrendy becawe do bly
dizlectienl. yor by the ver, frct thet it fg exnerimental
selance, physics 1s without 2 true propter quid aod hes to
hi.ve recourse to nore jrobable reesoning; ind the atten t

to find a propter quid in r: theur ties only resulis in aen

approrch to nature which fa B0 extrinsic that 1t providea

nothing batter than a substitutional nni e Jroxis tive

propter cuid, :

In so far us the rathere tict) slement which
entors into corposition with the phrafeal element olwrygp
renains extrinsie to it, the objeet of v themnticsl
physics ia duml. Myt fran anot;bor point of view it ig
one. Yor i{n ths first place, even thow:h the eciposition
in question is logicrl, 1t s not completely logcieal, The
oleronts fivoived ere bro ¥ht together by tha mind - - but
for mn ob jective TeRBON,. You thowsh the -gthe rtical
entitien anplied to nature retain their elutrect and
iden1izod ste te, the fmct rawins that they do have ahysaicel
counterparts in nature. and the unlon betwoon tho two
elemonts is so Intimte thet orthemntical physicn eaploya
a uni,ue type of ahstroction, an interned i: ry ahatraction
which purticipsten in the nnturt; of both mathor: ticel and

Phy siend a‘[)utrau:tinu at the sew “imo.
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Tut the most Lmportrnt point {n cormection with
tho unity of the objJoct of mnthermmtict) phyaics 1o thrt
sclantis modin does not have na ita objeat sinply and
directly the couposite of the two elewnts counidered ss
an accidental being. In mathommtical physics only ihe
physioal element im considsred directly. The rethenrtioul
elemant is oonsidered obliquely, in so far as it is
connoted by the physscal alement end in sc far as it in-
forms and modifies it and thus mekes it scientifically
frultful by providing a source of new propertiea. In this
wny, even though there 1s no res nedin, there can be &

scientia Media.

In this notion of eonnctation we touch the
very heart of the Thomistic philosophy of mmthemstical
plysics. For i1t expluins how the objest of the spionce
oan be at the asne t1 e one and duel, how mathe mtics
can be brought into intiamte oontact with phyaics and
yeot retuin its distanoo, its eutonomy rnd freedom, amd
how it ean antor intrinsically into the object which
psoifise mathamtionl physica and at the same tims remain
nn instrument. The very fuet that i1t 45 the physical
elewwnt that 18 cousidered directly ind per se, whereas
the mathmmticsl element ils brought into the corsiderstion
otlicuel; and eornotretively -wles the rule o ‘e 1:tter

n5genu.a1Ly fanctionel, ”\m-eover, while: this prives wide
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8cope to the exerciss of the functionsl ro'e by leeving
mutliemtion the autonory thut is netive to it amd by thus
akin; it poaaible for it to exsloit all of the concentual
richness and wirtuosity that is intrinsic to its nature,
it kesps the methory tienl elsbort tions cougletaly mube
ordinnted to, aunc ali o o +etinlly orir: «tied tomrds,

the physical slerent.

Une getsa an idea of how wide is the acope
grouted to mathemmticn in Thomistio philosophy of mathe-
ratical plhysics when ong reoslles that in the structure
of a nixed soience an accidental ®lexent taken from the lower
scionoe is added to the object of the higher aclence. This
means thet from the point of view we have in ydnd here the
physionl elerwnt is naely an accidentn) sdiitiom $0 the
mathematicel elersnt. liorsover, the lattor plays the role
of fori in relation to tlk Forver. This rean: that in
nathe-t.tienl physics the 1llurinetion and eonce tunl
deturmin tion comes from mutiesstices An & result, even
the thinge that are most proper to the study of nnture
loss their purely Phynical status and are mntheruticired:
nuotfon 1s trijaforued fron s becouing into » atats; the
Llow of t1 e bscorws » dinenalon; the four cnuses RPe

roiuced to tie furpil clusa; eic.
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In taking adventugs of the froeedom that all '
this gives to matherntica, the mrthenutioml plynicist s
Dot obliged to bave a direct and Laediate physical counter
part for every mathmmticul elewent he imeorporates 1nto
hia oconceptual struoture. The notion of eoniotation keops
the mathewaticul elaborations essantislly orientated to-
wards physioal rolltty, but tlds orientation must not be
tmdor:tood-h t00 Barrow & mense. It &8 poasuible to
oaintain the essential oontact that eonnotation implies
oven though mathemntionl alements which have no direct
Phyaicnl sounterpirts are introduoed in order $o entirnce
the theoretical power of mtleornatics 1n 80 far as it is
ewplayed as an instrument. In eleborute pr:yaiet_:r-mtho—
zmtioal theories the ®asontial eonnotation ia mintgimd
by meens of the text or diotionery,

1

The smtherw:ticsl physiociat, therefore, 14 free
to push the plisney cud hxstnn-.;antallty of -mtheswtics to
the limit. ln doing s, he may, if he wishes, go out
bayord the limits of mathematios in . the strict seuse of khe
word and ocenstruct dinlestionl superstructures vuahv will)
8lve grester ACone 0 Lhdy theoreties) explamtn;n of.
physicsl roelity. Even though the appliestion of thesa

dialectioml construotions to phoalenl yer.

iy coss not
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constitute rv-them:tfon) Piysias in the strict Thomistie

3enae of the word, it is govefnod by the same #encral
principlea and follows the nsme gereral pattern as the
latter. Through the use of tliose die:lactical construct fons

& thern.tioeld shyafea, which is already doubly df: lacticnl,

becones triply dialectical.

The objectum forrmle :uod of muthenntienl
phynics is the physicul considered ug connoting: the mnthe-
maticul, und hence from this piotnt of vier it is more
physicel than mthom: t{cnl ("nsixgia maturelis quam mathe—
mtios): ity whole aim is to fet to know the phyaleal
world and not the methewmat{cal world. Itas ob Jeotun formsle
que is the apecial type of abstrection thet 1s proper to
it, which, while it participe tt;s in the nature of both
wathew ticul and physical abstrrotion, is nore mnthemat § ced
then physiocal, asinee mathenatica gives the aropter nuid
ane pleg a the gt of forwa; hevee from thia point of view,
tathoatical ph sics is more mathe®wticr.) thap phy s1cal
{("mgis affinta rathemnticisn), Though foriwliy mathoe—
matical, 1t $5 not apssifically mathematictl. For in 1%
ruthen tica 1. thplied Lo e physienl object gn o:der t.
sonastitute u new subject und new prineiplen proper to u

aeleucs concerned with plystic 1 e lity, é'olﬂn_?q,\qusxl'h_y
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1t 1s BPecifically distinct from both Pure physics and
pure rathenntfon, ifuce it is not & acicnos in tle strict
ssuss of the ward, but dialectiss, Lt hes no bhebitus that
13 proper to 1t. THe hibitus that rectifiss the intellect
in 1% i3 the habitus of logic. Yowever, muthucetiea?

physics 1s not ure atnlsation, jt proecceds par nodwa
scienticg.

2. "he xiztenoce or Mithermtioel physics,

Bevin: acen how in ralution to the Problem of
the en..ance of matharetiorn] phyolos Thor:fam steers a riddle
course between the two extreme pooitiona inddcated at the
beginuing of $uia Chapter 1t will be helpful fn order to
round out shiy MITWYy %0 explein how 1t likewise ltfafs [ ]
niddle course in relrtion to a prodlem which in & Eern: red
Y8, Car bo omlled the arobler: of tha existenee of vrit} o
saticel phyaics. 8 have intiiwted thet for some

cuolestics the £rounding of physics upon mutharstics is
&0 error which sheuld never have been conmitted or at beat
8 mere histerfeal uocident. ;¢ the otlier extree 1s the
opinion of those who hold that t.4 grounding of nhyaics
upon mrthewnties 17 an necaisary that no ol ey yelid o 70{'

stidytng rm:lit.y 1 m3 % yme ~hn In rece oo g0,

? tuese ooirn fona,
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Agninst the Tirst opinfon it holdm that the
subalternation of physics to rethsreties 1s not only
logiti:y te, but Deconsary &nd ineviteble. In the saurse
of our Anclyses we have indicated a nurber of reesons why
this in eo. "oriirps it would be wall %o recall the more
fiportent reasons. The very d.finities of soience ftmelf
ooguitio ecarta per ouusan, gives us the central resson,
For expsrinmental moicnce is nefther eoertain hw'llod(.,
nor 13 1t knowladpe of things in their proper causes. Fence
physies hus & double reason for reeching out to a pefentis
propuar quid, 1.e. rnatlaruties, 1n order to obtrin for
itaelf ot least & subatitute certitude and a substitute
propter quid. Doxx neturally aspires to the status of
spistexs; the "fufirmus modus demonstrendi~ that is
sharacteristic or.ahﬂ;f of mtorial nuturs, perticularly
in ita concretion, secks su ort in the nore sure type

of darmnatrention vhat i3 CLouwne in nethen tipa,

toreovsr, physies 1s {nevitrbly lunt te obradon
the nttept to trent nature in terw of the Jroper sensibles
and to subatitute the oa-mon wsouniblea for ilem, Tor
songe eognition i3 €0 go u eutert necess: rily aubjoctive,
fnd at the sanme tirwe oxtrarwly 11 ‘ited, w! us » ConnerLLy re

krovslei ¢ of netope 45 §44 coneretion thet (ee 3wy Lhe
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Proper sensibles in necesssrily anthropouorphie. !'Ienoe
i1t lacks the objeotivity and intersubjectivibility that nll
ycience seaks to attmin. J'oreover, the proper -ennibln
are in mamy respects irrational: they esmot be dofined;
tiay are lnon];ablo of an:lysisj they are defictient in
ccrnnieability; they can nefiher be demonstrated ror be
the primciples of derionstration; they ave 1s0lnted,. Yor
al)l these ressons phyaies 1s leod to treet nsture in torns
of the comom sensiblea.and sinoe thess are all reducible
to quantity, this inevitubly results in the subelternation
of phyaics to mathemtics. Jor only the aat:Mont;m of
QUARtIty in the ight of mathemeticsl sbetraction has

suffisient rationality to oarry phyniecs forvard tow:rds its
goal,

.

Phy:sios becaes anbalternnted t.o mthnmahel
becnuse thiroush this subsltornation the mind is uble: te
Teelize 1ts natural desire to triumph over the hateréz:nnehy
of reality thro:d. hosogeusity. The xatheretization of the
Cosmos provides & hasogeneity which while 1t breaks dowm
the dbarriers feclating the specific properties of m;m
an  thus triwsphs over their jure givenneaa, at the na-e

ti~e vmkea it powsible to maintain conteet with these

spucific propertios throgp, thair ({uamitntlve slu‘y‘?qtns.

. e

R
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in other words {t affords mt the cmre time both a ity

to provide for what i»s lcfut. by the emeri:onoce of phyules
froa genoralities, and a distinctness Lo enable the nind
to follow {ta naturel movement townrds conoretenans. The
methenntization of nature rmkes it poorible for the
intelloot to ronlize $tn frstinetive desire to know
rerlity in terms of what ia most knowable for it (and tixu:
‘sake up for what s lost by drewing amay from generclities)
and #% the same time in terms of what 1s most kuowable
_l_n_i (and thns make vp r?r the deficliencies of pursly
foneric knoulsdps.)! In pure physics there is always an
oppoaition betwnen what is most knowsble for the mimd and ‘
what 18 most knownble M. Rence the insviiable tendcnc{r

to ground physiocs upon the one science in which what i

" nost knowmbls for $he mind is at the arme time most knowable

in se. And this romndin; anvbles the intellect to realize
its natural desire for L'.O“."UCCIO.’I. Inee the widversel:
found in pure naturkl doctrine €ru merely universels in
proedicando, noturel science Af left tc its31f cannot be—
caw & purely dedustive systen. Henos the inevitable
turndng; to matlonntics nhiich io the d@&luc‘.iva wolenes par
axrellence becrune 1ts w:iversels ere si~ilep to uf-ivc»ruﬁl;

in cagsando.
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As nnturel dootrine moves towerds oor;mum
it 18 gwiting farther and farther away from the knowledpe
of nature that 1n most in conformity with the humen -
tellest. In thin con ba found aother reason for its
turning to that sofence which im of all the ssiences the
moat &n conforrity with th- huwoen mind. The leust
rational of the -poculruvp soiences reaches out to the
most retional to siuply for its deficiencies. 1In this way
the mind s ahls te atudy 1ts most metural object {the
Sassnoe of material things) through the ucience that hes
the greatest sormuturnlity for it. Tha matheoatization
of the comos enebles the mind to falfill 1ta natursl
tendenay to deniuate its objact, to ivpoes its 1rws wpon
1t, %0 became prior to 1%, to triwmph over its givennaas,

%0 comstruct it, and to et at 1ts most profourd rapeet;
\
the apder of the whole.

~ £Aimnl resson for the subaltery: tion of physics
to mathawtics mat b added here. .o heave aeen thet by its
very nature exporirwatal acionce is led to exyross itself
through syxbels rather than throuch mames. ‘wthematics

provides the riost perfect syrbolic system for thin ex~
presnion,

S~ e <aba—-

—~—
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Becaune of these ressons end many others that
night be added, 1t 1a mnifestly erroneocus to consider the
grounding of physics on mathemntics an accident or a
mistake. un the other band 1t is equully erroneous to
4)e this grounding s DI cassury inel o other valid
approsch t6 reclity receins poasible. i omism avcids this
opponite extrere by situriing metheastic 1 vhysics accurately
in the whole epistemclogionl achems. 3hei thic 1a done It
becozas evident that not only is matherrtiesl physlecs not
tiie only epproseh ta reclity 1n esneral, slcce seiephysios
1a & walid science and the mcst laportant of sll the parely
hunnn sciencesa, but it is not even the only approuch to
paysionl realily, since it is only the pert of netural
dogtrine thmt fa advauced tom‘xdo soncretion that requires
subalternation to methemttics. Plillosophy of wature rereina
& walid approach to the cowmnoa, end one which in weny
respucls 1s of greater Lmorinnas tlan the euprouck: of
methenaties) physics, sinoe it cesls with iLhe mosi fande—
mental problems of the universo am since it provides

knowledge of the most noble naturel fore - - thi human soul,

Thoriam recognizes the worth e, fao0rtance of
e thenintfonl physies. It believes thet the moat profound

knorled.e one cun hi ve of reality 4s knaﬂlma?i of 1t in its



@
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PIOPST ouuses, and from one point of view a% lesst rmthe-
mtieal phyaics ecesa oloser to this type of knowledge then
philosoply of wature. Thonisn even €oes 30 fap L %o hold
that in mathewasfonl physios the mind possenses a knowledge
O the commos which in weny reapects 1s like the Xnonledge
that nod has of neture, stnoe 1t earries ihe mind fop alon;;
the road vewmpds knowing renlity in its specifio concretion.
A% the same tine Thomism insists upon the many profournd
limitations that are inherent to the type of knowledge thet
mnthemetical physios provides. In the first place, it 1a

not scismce 1n the strict sunse of the word, but merely
dialectica. It s not a manaion of resifence, Wt a
nmuudm—-ammorpmu thet must
travel over m road thnt has no onl. Thomtwm belioves thet
oven though 1t ia better to make progress than to ntand stil},
Per se a -ulon of rusidenoe ia rwore perfect than a volnln
of progress. iy the very tact that 1t ia cip:r!.:-mntnl sclence
mathermtiosd physics ean nover arrive at umiversel and
neqessery .ropositions, rnd must reemin in probubls resasoning.

Ita definitions are opareticne) ami eannot &ive the guod gquid

®st of thimys. It can pet ot the ohjoctive logos anly by

projeeting a subjuctive oo into nature, im auchia way

that the two becoms inextricrbly intermingled. Receusc 1t

1z suLelternated to matlhunetles, the only type of ka}:ewlrd/c

— I MR ARG g
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it avn give of mature is that provided by mossixement,
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The data out of whioch its whols atructure fs built is, in
|
the li.at analysia nothin: but pointer reecings. low metrie

knowledgs 18 at best an extramely mesger kind n-l‘ knewledre.
For it comns to Cripa only uit) ihe quaniitative deter-
aitalions of L&turey 4L 4y ubtiorly blind to all the
Aeterisinant properties Gi things in their apecific 08:0;100.,
to the very inm.er iature oi thinge, to all that 1 of
£restest aignificunos fop yidleaophy, for art, aend for himen
life 1tself, Nut 1t gans 0L even pet &t ths quantitative
deternin Licns of rax:.llty! i tne senss of belny rble to

1l ue et these deterndnations rpre. Iy the very fuot

thad 4t g "quintituiive” knowledge it 1o not "quidditativen
knoalodge. It canuct ahswar the qQuostion "what", but only
tho questfon "how muchg wnd it csnnot auswer this

Quention in any absoliute Y&y, aince o ninina nensura in
adutinncur quunt ¥ is @ conirudiction i teris, It esn
€ive us only kovleige of miios dpiernireq vy ari.itrery
standercs.  lior ia ft poussbls to progresn 1uderinitaly
in tko direction of ¢ nlnim mennyra. And benides all

this, other fmmpwirakle if dictious of ~ctric knotle e

reault Irém Lho reze of hynot.!m.mu in which nl) DEEIUT Ly

ATCCBG860 R 1svolved, rz-on the physien) Interactiens
- 1
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betwesk the maasurirg instrunert and reslity, rrom all the

somie influsnces that enter into ovary momsuremont, ete,

Yor ail thaso ressons the physico~methemnt ical
world can be nothing more than s shadow warld, in spite of
(or rather precisely heomuse of) mll tha Cartosian clarity
with which 1t beconen suffused im the lirht of methemntical
intellfgibility. The true natures of things remsin in the
backgroundi. is a mmtter of fact, matheemtical phyaies
does not ot to know the objective world in its absolute
state directly; it knowa 1t indirectly by eonatructing an
Mtltioﬁ of 1t = -~ an imitation which is better than the
ob joctive !a-m beonuse more Futional, but at tho seme ti-e
warss, becsuse 1%s whale purpose is to lead to the objective
world in its sbmolute eomdition. The physieo-mrtheratioal
world is mot a formal sign, but an ipatrumentel bign of the
ebsolute world condition. Between the two there is a
relatien of fsxworyphizn. The mind st ever try to bridre
the gap betwsen the two worlds by bringing the sefentific
vorld ever eloser to the absoluts world. Put in ooming
oontimally slossr, the two sontimmlly get further rperd,
The reason s that the sefentiric world s at once
sssentially subjective and esoentially objective, and the

zore objeetive it rota, the nore subjective does it hecors,

- 975 -

This subjeotiviom of the scisntifiec world does not favor
idealism, sinos its whole purpose 18 to orientute the
mind toward the absolute world condition. As & mtter of
faot 1t 1o only by mdmitting this mbjoot:ﬁty thet 1t 1s
posalible to esocsps idoelism, for otherwis: one inevitably
alstukes one*a own mental constructioms for ob joctive

reality.

‘hile rejosting the exngsermtions of;-clonﬂ-n
which have tended {0 make physieo-rmthantical nethod the
only welid appromch to roality, Thomism recosnizes the
truths whieh sciontian has exploited for its own ends, and
the sourse from which has coms the oepell that rmathemntical
physies exaroisea over the mind, In mathenntios)l physice
the intellect is allowed to indvlge in unlinited speculation
in the realm that 15 most connatirel:with it « = that of
mithematics, and this speculc tion is Invaeperetle from
construction in whieh the tutellect posits ita own object,
«% the ser:e tine this speculation brings 1t clos:r to the
object tLat 1s noat proper to it - ~ the eanence of
matorial things. ind this tnti ats knowledge of waterial
things revenls thc Munticity and melleability tLat 1z
native to shas and thus gives the mind the pnﬂwsr Lo re~

feshlon natire to ity owp incee knd likeuens. Tecnuse [2. 1223
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1a eagponed of mtteor snd apirit thare rr*-o fundaeriental
tondencies in hi's: to drew everything from matter, and to
draw everything from spirit. The quantitative houogenisstion
of the comiwos a:d the study of it in the 1ight of the
abstyract ntiomllty of sathsrmtics makes 1t possible for

him %o realize both of these tendencies almultaneously.

Or %o put the $hing Sn & slightly different wry: the

coinstion of the first end second degrees of formal
sbstrastion snables & ek to be at oncs an idenlist and &
reslist. The induotion of experimental physics satiafiesn
his desire to.hn- soanic rerlity; the Qeduetion of e the~
matics satisfies his demire fir perfect rationality. The
first without the sseond leeds him into irmpenctrable
obscurity; the mecond without the first euts him off from
reality. The corbinatiom of the two provides a 'qsr ous

af obasgurity and a way baok to re6lity. lMore than that,

it provides man with & kind of wisdom = ~ not the divine
wisdam of metaphysics which is so far shove hin, which

is only loaned to him in & wery inmdequote way and never .
really given %o hin, smd in whieh he wust make kis way with
continual strain and effort, but a humen wisdon — - one to
whieh his mind in perticul: rly etiu.ed, and in which:h-

can move with soparative eame and security. Jt is a

™

wision whose ideal in Yo swe the .trho.‘c of cosmie renlity in
the light of e fow fundwentul matheaatical forculec. i 1randy
tho linsteinien aysten bas brought us fay aloung towsrds this
tuoel. and £F, an it {0 orly nmtursl to hope, Relativity
aui amntum physics ean eventurlly be intepreted into a

w Il1ed sBystaen, smun sill bave oora:a aerr to reclizing lLis
ideal. This is ihe wisdom to which Descartes dedicated
hMmaolf - ~ & wiadom that ia not roetristed to an. elite, but
ons in which all men ocn share ou equel footing, & wiadom so
coniatural $o man thet ss hs tolls us &n his Isgulre, if &
student only folloas the right rules "there s nothing,
gonerally speaking, thet any other men is able Lo know that
he himpolf will not be oapnble aof knowing.” And this wisdom
not only satisfies the nind's desire to dominnte its object
in tha apeculative urder, it elso srtisfies its desire o
doninate it in the practicel oxder, for, as .s well known,
tochnologienl fruitfulnasa hrs fnevitebly followed in the
wake of avary advance {n theoretieal physics. 5mall wonder
thou that this type of Xrowledge I!na been trensformod into

& philosophy of life, that {t has become the light of the

world,

The grost error of sciontim: hus been to believe
tizt the knowled;e oat com:utm‘cll to s iy Oluo ths know-

lodiie wont easenticl yor his.







