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IN SIGHT

PREFACE

Hational self-corascliousness is a peak above the
clouds., Intelligent and Teasonable, responsible and free,
scientific and metaplysiesX, it stands above romantic
spontaneity and the psychinlogiczl depths, nhistorical
determinism and social eryineering, the disconcerted
exlstent 1al subject and the undeciphered symbols of the
artist and the modernist,

Yet 1f man can scale the summuit of his Inner
being, also ne can fall to advert to the possibility of
the ascent or, again, he can begin the climb only to lose
his way. If then he knows himself as in fact he is, he
can know no more than that he has heen cast into the
vorld to be afflicted with gaestions he does not snswer
and vith espirations he does not fulfi%_}. For it is the
paradox of wan that what he L5 by nature is so much less
than vhat ne can become; and it is the tragedy of man
that the truth, wnlch portxays him as actually he is,
can descend like an {roen curtein to frustrate whet he

would and might be,

e e 4o A i

oy




Preface

Facts, it is said, ars stubborn’things. But
there 19 & sense in which, I bzlieve, it i= true to say
that thie facts about man cen bz out4flanxed, For a chenje [
in men, a Jd2volopment of notentislities thai are no less
real beczw 2, lige all notentialities they are latant,
not oniy is litself a fact but also can be & permanent
source of nav facts thet cumilatively elter the conplexion
of the old,

3o it is that the prescnt vork 1s & progran

rather thzn an argopent. It besims 2ot by &scuning premises

but By presundng readers. It advances not by deducing con-~ !
clusions from the truths of 2 religioas fadth or fron the O
principles of & philosophy but by issuing t» readers an
iuvitation, ever more precise and rore detalled, to sppre-
hend, to appropriate, to envisezge in &l1 ity conseguences,
the fnner Focus of their own intelligence and ressonshle-~
ness. That focus, Lt will be claimed, is insight. But to
apprehend the focus is to gain lnsight Lnto Insight, to
plerce tha ast:v verbal and co:icaeptuel exiiibitions of
mathenatics, of sclaice, &and of common sense, snd to

penetrate Lo the Inger dynamism of intelll gent inquiry

and critical reflection. To appropriate the focus is both
to know and to know whet it is to know one's own intellli-
gence, one' s ovn reasonableness, one's owm essential and
restriciedly effective freedon. To envlsage tne focus in - ~
the Full range of 1ts {mplications 1is to discover for |

oneself what is meant by being, by objectivity, by meta-
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pEysics, by ethits, bty (od, and by evil,

Frankly, even &t & progTem, even &s a sseteh
tirat offers only o {ndicite the detailed nap that is
nealed, tine present work may be reproached for gxcessive

ambltion, But (£ X may borrow o phirase {rom Ortega ¥ Gasset,

Coonke Nas to stritse o nounit to the level of onet's ti=me. The

trentieth contuxy hes beon deserlbed as tiu: end of the
lensissance. Some four conturies ago there vwas profected

&8 new world: new rutions had arisen in new politicel con-
st.ellations: a newart vas natehed with the prowise of a
nev science; and raew phidosophies vere disseminated through
@ new educatione That new world has been realized, but the
ldeas that fostered its genesis have been discredited by
1ts maturity. Vhet wes so new nas become 9o old, To have
bzen educated lsmo longer & matter of spesking Letin and
yreiting Greek. Liodern art would puzzle Raiigello, as modern
techniology would astound da Vinel. The new netions are not
= Burope, and the Lssues of modern politics ssem trans-
¢r-ibed from the pages of Utovia. Finsteln has revised
romentously the thoazght of (alileo, and tiel senberg has
tontended thet zood laplace, liie Homer, nods. Tha novel
oatlook thet 1s txasfarralng the natural sciences cannot
hat affect prof-uridhy the methods that were transferred
vLth so sedulous & Fidelity from the natural to the

humey sclences, Yoif even Renaissance ridicule of the

Hiddle Ages has bewma able to prevent & rebirth of interest




Preface

in 3ogle, dot aven the Enlightennent's inmsistence on the
autonomy of man has been able to prevent the recurrence
of theologlcal themes under the puise of exilstentialist
phiXosonhy,

i it is that a nev vorld has been begueathed
ns &nd yet we, the heirs of the fenaissance, have been
dented its splirit of bold confidence, of venturous assur-
ice, For we know too much in too snanj flelds, we have
vitnessed too much sulfering in too many wmexpected
gusrters, to purchese confidence by an easy exubsrance
of feelling or to accept words of assurance without answers
to our guestions. Nor vas the basic question missed, when
the late Prof, Ernst Cassirer, towards the end of & long
arad highly productive career, endeavored to comiundczte
vitlrin a brief compass some of the main conclusions of his
vast erudition and ever penetrating thoughts Fust what 1is
nan? Answers, he rewmaried, have been woried out by theo-
logtans and scientists, by polltlcians and sociologistis,
b bilologistz an? peychologists, by ethnolozists and econo-~
mist s, But anot ouly <do the sieny ansvers not agree, not only
1s there latxlng some generally accepted yprinciple that
wvould select orre end reject tine others, but even vithin
specialized flelds there seems ta be no method that can
eonf ront basdc issues without succumbing to individual
temp erament aud persanal evaluations.

In the midst of this widespread disorientation,

nan' 5 sroblem of self-knowledge ceases to be sinply the
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individual concorn inculested by the ancient sape, It
taiges on the dinensions of & social 6risis. It can be

read as thao hlistorieal issue of the twenitieth century,

If in that balance human intelligence ana’ reasonableness,
mizman responsibility and freedom, are to pravall, then
they must be sumuoned from the dim and confused realm of
latent factors and they must burst forth dis the full power
of self-avarencus and self-poscession,

Ii sueh 1s the urgencey of personal appvropriation
of rationgl self-conscloumess, the difficulty of achieve~
ment should not discourage attendts at making a beginning.
Lf the extent and the conplexity of sodern knowledge pre-
clude the possihility in our time both of the uomo univer~
sale of the Henalssance and of the medievel writer of a
Summa, at least the collaboration of many contains a promise
of success, vhere the unaided individual would have to
despair.

8411l & collaborstion has its conditions, It
supnposes a common vision of 2 common goal. It supposes
st least 8 tentative idea that would unify and coordinate
separate efforts in different fields. It suproses a cen-
tral nucleus that somehow could retaldn {ts {deutity yet
undergo 11 the asodificetions and enrichmenats that could
be poured jnto its capacious frame Crom spacialized in-
vestigations.

It 1s with the conditions, nreliminary to an

effective collaboration, that the present sork is concerned.

- ::} . . ;. N




Preface

For in the measure that potentisl collaborators move to-
vards & personal appropriation of t&:edr rational self-
conseiousness, 1o the same measurs they vill begin to
attain the needed conmon vision of the comvion gral. In
thie mezsuars tict tresy fii‘lscover In tZiemsalwves the strue-
ture of devolopliy Intelligance, in the sawne moe sure they
vill shere & tantative idesa thet cism unify and coordinate
separste efforts in different £lelis, In the meesure that
thiey reach the invarliants of intellectual development, in
thie same measure tliey wlll Dosses s & centrual nucleus that
retains its ldentity through all th= possible developments
of human intelligence.

Prof, Cassirer has told us thaty fronm the view-
point of & phenomenclogy of human culfu:re, the explanatory

definition of men Ls animal symIolicum rether than

anipal raetionale. But it the seas-re: that nea eporopriate

tihaweir retional self-conscisnusness , rot only do they re-

esteblish tie andpal retionanle it alse trwy breek through

tire phenomenological wveils For, acwill be argued, they
gan recrhr & uaiversal vievpoint (o= which individual
teaperavsnl can ¢ dscoumted, personal eveluatl ons ¢sn
be criticized, and the many send ddsparate reports on man,
emanating from experts in various [3elds, can be welded
into a single view,

But if I telleve that nan®s self-zvaremess and

self-possession can add a further, over\':}/urching component

to Prof. Cassirer!s portrayal of rwm, {t is not to be over~
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looked that a wossibility is clalmed and noﬁ an athleve-
ment., I could not couvey oy aeenivig vithout veaturing
into meay fialds, lato mathsomaties and physics, iato the
subtlet l2s of conmn sense and depth psycaonlogy, into the
processes 1 alstory, the intricicies of interpretztion,
the dlalectic of the phillosophies, and the nossikility of
transcendent knovledpes I %0uld not vwich anyone to snter-
tain tie fancifyl nonsense thet I caun speak with authority
or even compatonce in so many fields. I do not expect
many experts to racogdize thedr sclence in the forculations
that sult my purpose, ¥Yet, verhaps, I inay hope that there
¥ill be zome that siire ay preoceupations and interests,
that will divine wiat I as endeavoring to s_agy and wlll
proceed Lo say 1t nmore adequately, tanst will grasp nov my
ignorance and oversights cun be ramedied vitnout coapletely
invalidating thy fundacontel structores that gske possible
a comuon vision o & cowton goal, Finally, 1f In uny measure
ralipd,
that hope ls Ldfilded, the relatZve isoletion of my efforts
will have 2aded (2]t preliainexy conditions will begin
to be Tuliilled for the collaboration I would nmerely initiezte,
It is customary to cosnelude & prefece with an
acknovledgeszent of one¥s indebtedness. deturally I am in-
clined to think inm the first place of the te8cners &nd
writers who have left thelr iapress upon e in the course

of the twenty~ssven years since first I was initiated into

epistertological issues. But so lonig 2 gestation contains

too mairy half-lights, ioo many detours, for me to Indlcate
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fe Frederick (opleston, and Andrew Godin, who wére generously

A

In & brief yot intelllglble fashlon my proximate mources.

& 8o 1t 18 that I mast be content to restrict my expression
of gretitwuie to imnedlste Denefavtorst to the ataff of
L'Immaculde Oonception, Montrenl, vhere the underlying
studles om Gratlas Ogramlana ‘Le_r;ma wersa undertakeng to
the astaff of the Jemult Seminary, Toronto, where 1 enjoyed
the freedon to wrilte the presont work; (o the Rev. Joseph

Ras. 'Ru’- Rt.v‘-
Wulftange ,pJOE!Gph Clark, ﬁNorr-is ¢larke, Frederlck Crove,

read tho typescrl:t mnd gawe me the beneflt of roactions
and critlolens from spesladists in diffevent flelds; to
the Rov, Patrick Pluvicett who Labored (to my shame, rathey
valnly) to xeduce the molecioms of my style; and to the
Rev, Erie QbnAnsAhe O Commor vho was ever ready to allow

me to draw wpon his krowlodge of mathomatlcs and of solence,

June 1949 to Septenber L953,

1) St, Thomas' Thought. omn Gratig Opsrans, Tgaologiéal '
Studles [Woodstock, MA,J IT(1941), 289-324; ITI(1942),
69-88, 375-402, 533578, |

2) The Comeept of Yorbwt in the Uritings of 8t, Thomas
Aquinas, IbAd. VII{1046), 340-3923 VILI(1947), 35-79,
404-dddyy X(2949), 3=40, 359-3553 .
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masndoon oold, For tho preaomt book 1o not an arpriont bt a

+ [t

procron. It berino not by csowaing ryomises tmt by proouning
rendors, It actvnncos not by locienl necoonity Wt by the probas
billtlon of vitok provthe It sins not to dolorafne odvjecto by
axact dofinitlonm, corroct mtatenents, oad rirorous Inferonces,
ut to dovelop mablects by the prior communlention of inoichts
Lot alunyo st Do lm?ol:ea I dofiniticnn nre tO e ondowrold
wlth an accennlhble noonlng, stobenonto with an objoctive roforoncs,
inforoncos vith n rool olmidfionnce. Ito goal io an dncicht into
Lasient and, siice that zoal can be reachcd iron any sufflclontly
divornlfiod oot of Insightsy =pocinllist rosdors olunys con and
sototlneg should roploce ny oicnondory iliustrations by tho
aore accournto end nore comproehionoive insichts at thelr om dip-
posel, They olunys con do g6, Cor an 1llustmntion of inairht
1s elm-:mntmry oeonge it ondis correctigions, awmnllificationg,
refinoments; nat all such oniltied comploxityg' 1o the frult of
further Icanplnr.:nnmry innirhts; and sncelnllist ronders alvoys
oon {ind thooe Darthor Insights by acking vhy they find the
sdenentary accouwrt unentiofoctory. loreover, thoy somotinos
should do Doe _IFur vallo the Swrther inslrhits add nothing to the
11lustration of dircet or ilmverse lncight cnd boeono roelevoant to
eur puppone only whon wo como to trent s reflective inoicht
in Cheptor X, stlll Zor sycclellot readors t0 neglect thom 1o not
only to mlos o very fovoreble opportunity to crasp what inelght
is and hov 1t dovreloprs btud almo t0 rick encewragling an oversight
of inpirht and ovon o flicht ©ron understonding,

To_turn-fron orfesT be Aortriirelosl. conglieras:

To tuwn fron lorleal to metaphyoical conplderas




b ¢ T R A by R 1 uban | 3 T o 4 g 3 . stk .

4 gsequence of lovir conterts for the purpose of reaching
- an apper contaxt! and the basic upper context Is to be
pre—logicel, w0t in the sense nade current by X, Ldvy-Bruhl,
but in the sense that developing intelligence and reason-
ableness are prior to intelllgently grasped and reasoﬁably
g{fdrmed utterances, Still {t may not be anmlss to indicate
a single instance iIn vidch thie genetic order of developling
insighits differs from the lozical order of defining thought,
Thns, loglcakly it is fillegiltimate to speak, or example, of
the equality of the spokes of o cart-wheel withmut explain-
ing that the spokes will be sald to be equal & the sane
rmber is macaed In moe suring each of them. In turn, this
statement cnldls for s furiher statement in widch the meaning
of the word, i=ssuring, iz explalned; and trut explanation
cidls for an wceount of uwrits of measurementy, of theix
standardizet i, of the nuuwbers employed in neasuring, and
of th:e dcomo Tphiism of mathematdcal and physical relationse
On tho other hand, genetically 1t seems clear enmough that
'\ Huclidean geonetry existed {for some centuries before there
occurred any eflective adverrterice to 1ts metriesl supposi-
tlons, Mors gemerally, it sewns true that prier to every
corract logleal formalization there is & sufficlently uni-
vocal comwrzication of dusights, that this prior commun ica-

tlon groawts not only non—technicel discourse btut alse the

') pogsibility of discussizg the adequacy or inmadiegquacy of any
fomalization, and that fxom 2 pedagogical viewpoint the
corract procedure is to bhegdn by communicating t‘ne insights,

To tum from logical to uetaphysicel considera-

[ e
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To Fom &m. bjeall o aSplugiol pramadivan
tLong, I had best begin by asxplaining 2 probable paradox,
For I think it liksly that 1 mey succesd In persuaddng
sone positivists of the erxdstence and validity of meta-
phycies yet, at tha same tine, drav from nitherto convinced

w
netavhysiciens outrazed prot=sts that 1 haveﬂevewtmng up-

83de dovm w1l inzide out, To slucidate such a bewlldering
phenomenon, it vill be helpful to recall Arlstotle' s dis-

tinction between the ecsusy essendd  the moon goes through

these phases, because 1t 1s a sphere) and the gansa cognos-
cendl (the moon is a sphere, because 1t goes through these
phases)., Nou the traditicwel presentation of metaphysics

has been in terme of thi: gause esseadi, and only incident-

ally has the Inverse reletionship of the cgusa cognoescendi
recolvad abtertion, But in the present vork tne vhole con-

ception of netaphysics is dominated hy the causa comnoscendi:

and vhile the labor of writiny & supplenmentary volume would
revecl In detall the equivalence of the tvwo presantations,
st11)l so great & labor would be superfluous for anyme
wil,.ling to attend to a xather brief argument,

L2t us supnose that metaphysics is a science

anl thet a selercs ls certa rerum coxidtdo per caussg,. Let

s also suppose thunt thers exisie an ontologically stractured
metapliysics, that is, that there is a department of certain |
knovledge of things in wienh, in all basic instances, the
gramd or cause ls & caysa egsendi. Then sither it is or

1t is not possidle to explain how the ontologically strug~
tured metanhysics is known, If that explanation is possible,
then the ontologically structured metaphysics in 1ts entirety

18 deducible from a ground or set of grounds in which__

D
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Ingieht: Introduction

regularly the caus: c¢opmoscandl 18 assdgned. So on this

first altern=tive tke oztologically structured motarhysics
necesserlly supreses an epistemologl celly structured mata-

piiysics, But ox the setond elternative, on vitdlch ona cannot

know how the ontologzlesdly structured netaéphysics 1s known,
thera arizes & serles of disconcarting guestiions, For if
one carriot ke:onv lzow 14 A8 tmown, then there can be no nethod
of motanuy stoss kt can e clalmed thist results are obtalned;
but it cannot Lo sug ested that anyonez can know how to go
about obtalning then, Agsin, 1i' orie camiot know how the
ontologically stouctiered metaphysics £y known, there arises
the susplciom thal it 1 s riot Xnown twk merely asserted: for
17 one carmot bHnow hov knowledge ds acquired, how can one
Know that 1t i1s possessels fgain, as will appear, 1t is
posgible to wxplain Just how mathenatics is known, just how
natural sclence ds lnown, just how common sense 1s developed,
just how beliefs axe scquired and svroud, It follows that

the unkrowvable genesis of ontologicsally structured meta-

phrsics can have notkiiy in comaon
matics, notining i commor with the
nothing in compen with thie genesis

nothing in cowqen 1th theoe genesis

wlth the genesis of mathe-
pruesis of natural sciencs,
07 comuon sense, and

of” bellef. Indeed, even

though my stical xuovledie and extra-sensgory perception have:
not been oxpladrisdl, no one cleins thut they cammot ever be
expleined: and so it wvould follow khat the unknowable genesis
of. ontologlcatly structured metaphysivs Ls even more @ v~
serutable tian mysticel experlences wad extra-sensory per-
ception,

Is brief, while there Lz a certain novelty to
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In=ight: Intrednection

My approach to metapkysics, the novaelby lles not In the
principle but in the wchlevement. The notion of the capsa
coroscend! 1s as old ag the notlon of thne gaysy egsendi.

it an ontologlcally structured metaphyslcs cun be xnowm,
thean the activity of kaowing 1t can be ksowne. If tiet activ-
ity can be known, than thao activity sapplies & premis,{ from
which the xnovm can e deduced, Thouyge thie deduction is new,
3t1l1 it can be rejected in principle only by affirning in
principle that metapziysics cwiot be methodical, camroet but
be puspect, cunnob but be classed &s mor< mysterious than

my sticiam cn elrtra-saxsoxy porception, Huch consequenc es
are no more dccoptable o the metaphysilcdang of tha present
then to bthose ol the pasts and so one iIs dxriven to accepting
the first eltemative, namely, that oxe carmot affirm an
ontolozically structured mebephysices witiiout suvzosing

(I 2o not zay "without knowing™) an epistemologicelly strue-
turcd metapbysics in wixich everything may seem, especlally
to the routine mind, to be insids out en-l upside dow be-
cause the argurent rnws not from the csuse gssend)l bat from
the causa copnascendd,

Our aim, than, regards 1) nol the fact of know-
ledgs bui a discrimirution between two facts of knowledge,
) not the details of the iiovn but tlie structure of the
R1OWiLg, 3) not ihe knoving as an object chieracterfzed by
cuatalogues of abstruct provertices but the appropriation of
ong! s ovnt latellectual and rational self-consclousness,

4) not & sudden leap to appropriation tut a slow and puins-
taking developuont, aad §) not a development indicated by

appealing either to tune logic of the &8s yst unknown gosl or




Exoments

of pure gold without melting it down? Vhat accounts for
8 wheel Yelnr ro:ad? Vhat is erithmetle and ho doeg one
g0 on to alg=bra? ln sach <use, ther: 1s an appropriate
Inar e or.set of imaves that, Widar the strase of ineniry,
resultsin ar insight that exvoresses itsedll In soms formu-
Jation callsd the answer, |

100 atieation has to be directed to a qiite
different cemiae & fzre is tiw question, There 1z tha answar,
But the ansyor cansists in shovidng the question to be mis—
oonceived, and it 15 groan-ded £n an insight that grasps vhy
the gquestion, &s conceived, ©annot be znsvered.
4.1/ Mba‘-r bAi is the squaxe root of two? Claurly, 1t
is greater than one, for the squarn pead of ona Ls one
and 1t Ls less tmen tvo, for the square of two is four, It
woul! seem, than, thuat it 1s some Leproper frsction lying
between ona nad Lo,

dow an improper fractlon Ls the guotiwat of
some positive dntsgar divided by some othwer, smaller
positive interer. Moreovar, 1t iz alvays possible to re-
dacae such a fractlioa to its lomwst_terms by ramowing all
commory fuctorss Let us sunrosa then, that:

/2 = /N
where B oa! T ar: sozitive iatagers with ao comon factors.
Multiplying acvoss by ¥ end squaring, one obtalns: -
a . M

It follows that M must be an even number and so twlce,

say, P.

-'-26-»
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Substituting and dividing by two, one obtalns.
Nz : 2P2 |

so that d also must ba an aven sumbar, vhieh contradicts
tha assumption that a1l eommon fastors rers eliminatale It
foliowe that thers 1s no "ranioaad' fractinn, W/, thut is
equal to tho sguars root 01“' two, dorwovar, sines any roeur-
ring dseimsl can be radaced o such & Tracktlsn, thers i
no recarring: dscinal aguel to the squars root of two. biow-

avar, Ong ¢ apply to 2} the ordinary metnod lor tu.ing

!
tha square root, &nd so Tt raemainzg that tho square root of
tvo w11l be e Infinlte, non-rzcarrdng docimel, Finelly,
tha Fforegolny arguront can be generalized end applied to
any surd, Ttus, if

w = i
then ? must be a factor of M, so that M cen by replecad

by 3P, whencey, it will follow thet 3 must be a factor of X,

Now - parandadrls IM
be2 Agadn, to ralse another, similar question,

A
How many points are there if a straight line one inch Jong?

Cloaumy tha number must be very large, for a polnt is
’ \ ’

“position without megnltude. But, at lzast, g would be

inelined to say that there are twice as many points in a
stradpht line two inches long as In & stredight line ons
inch long. &t ill, that would be erroneous, as eppesrs from
the followiny construction, Let the stralgnt line, Pq, be
perpendicular to the straight lines, OP and QE. Let QR be @ |}
twice as long as PQ. And let O0XY be a streight line cutting N
PQ in X and QR In X, o
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Thang from th2 constraction, It 1 c¢leur that for svery
point, ¥, in Qk, there is a correshonding, di=tinet point,
%, in PG, Indeed, thiz remudns trie &f onc produces QR to
Infirdty in the direction of K, Jo nattor wne=2 ¥ 1s takon
on GR produceﬁ, thers 15 always a2 cocorasgnanlng and 4L stinet
point ¥ in Pi. ey, there are as many points In an faeh
of straisnt line as tiwere wxe in tvo lnches, or In a Foot,
or in a mile, or in as many light-years &g yo ploace,
Howevary vie heve not met the questlion. Vo hawvs
sald there are &S NANY AS ,eies 1€ Nave not sakd how My e
hccorddngly, let us diztingraish betreen the comted, the
coantable, and the non-comtsble, £ sat L5 co mted when one
says it contains N members, vhore i As some positive Lntegar,
A set 4s comntable when 1t car: be arveanved In sHme dstarmine.
ste order that contains all its members once each and only
once; for then there con bhe established a one-to-one cor-
rrsponclertce betwesn the menbsrs of ths set an-t the positive
fritarers, Finall?, @ set Is non-co'mtable when 1t i= not
poas ible to establish a one-to-one corresnondence betwaen

its members and the positive dntsy ers,

It iv to be aolad that by "eoantable® Is not
peant the prssitility of finlshing the counting. Thuﬁ;lan
infinlte series, such as

1/24 1/4y L/By L/LO, tevese
- 28 -
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with trw positive Antegers, sgain, an Infinite cardes of
infiaite sories of slement: 1s comtalble, for &ll Ats ele.
nents cws ha rapardad as lylng 'fvithin a sinple detearminate
order, Truw, the raciprocals of the ath powers of the prime
numbars form an inTinite series of infinite serless Thelr
elements can be arru‘nged in & column of rows, thauss

1/2 1/4 1/8 1/16  suvvere

1/3 1/9 1/27  1/31 seeeeee

1/5 1/25  1/1725 1/525 steeeare

1/ /49 3/343 1/2401eevt ora

and any column of rows can be comnted in the following

Mmanner :
1 2 5 10 17
A 3 é 11 at e, co
% 8 7 12 et c, va s
16 15 14 13 8Ly va 4

Thus, @y infindte serdigs of Inlinite serles cam he assigned
the ordexy of & .sicgle Infinite serles, It follows that an
infindLte saordag of infinlte series of infinlte serles can
be arrmgzed in a colunn of rows and so caa be assignad the
order of & single infinite serles. The theorem can ba To-

peated indefinitely, Thus, c<oisider the ratlonal, proper:

fractions:

1/2, L/2, 2/3y XAy 34y Y5, 25, 3/5, &5 X6y e aea

From thls infinite series thexe cen be derived an infinite

serdes of infindte serdes, for one crn takg, Tirsk, the
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square root of the lot, tie=n, the cudbes root, then square
the cube roots, then take the fourth root, then cude tne
fourth roots, ette,.i0w, 85 has bean shown, this infinfite
serios of infindte series can be arranced in a single series,
Once this is done, one can nse these new tyrns zs vowers to
be applied to thay rational proper fractions to dardva a new
fnfinite poaerlas of infinita series, Thiu cean be erranged in
a single servies, applied as povers to the rational proper
fractions, yleld a nev infinite serles of infdalte saries,
gte., ete.y

From th= ferecoing it 1s clear thst any infinite
set 1s countable, provided {t is posglble to asslgn rom=
order to its nmembers, It L: glso cleer that &« non-countable
infintte set mast coataln sach & miltitude of membars in
such a mannor that ordaring them is impnselbla, Such is the
case, Lr.'itﬁ the poixts in & straivit Line, Thus, 4o ths line,
G, it is inpossible to pick any podint, (', tnat fs acarest
to G for hovaver short (@' may bz, 1t contalns &z meny
nolnts as there are In & Line as long as yo: pladres Jor 1s
thers any use trwying to proceed by dividing: the line, For if
this em1? b= Ione da an orderly fashion, knen on=2 wa2ld be
appealing & arr orltorad s=rles of 21l the numbers greater
than zero os Lass than wlty. But the range of mmbwers is

a nm-comtutle Lafinite =ot, for Lt cannot be arrangad in

a stigle ordar, Supnese tiiere vere some single columm con-
teining all the iafindte decimals, Then unnéider the diagonal.;;
It 45 alveys possible to coastmet another bxfinite decimal |
fhat difffers from the first infinite decinal by thoe digit in

the first ol-ee, fron ths second by the diglt in the second
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place, fron the nth by the digit in the nth place,
Therefore, the initial assampuion 4s false, The column
did not contzin all tha infinlte docdmalse There is, then,
no singles series thet contumins all the infinlte decimals
and so the infindte decimals are a non-co.mtable infinitae
seta

¥.011, how many points &re there dn a straight line
an inch long? There is no answer, They form a non-¢ount-
able infinit. set, They do s0, becsuse thay caunot be nlacad
in a siryl: oraer and o ceunot be correlated In 8 ona-to-
one corresencl mee with the posditive integers, How aver,
they curt e placed In & onz-to-one corraes pondence vith other
non-countable infinite s;-et-s. Thtis, there are a° msny nolints
in an lanies in a mile 0; light-year or in as many light-
voars 88 your plerase. Bubt that dages not nmean that the‘f'e‘is
some determinate nurmber of noints In an inch or ia a mile,
Much less Jdoes it mean that some smaller wunmber is eqgual to
a graater narber. There just is oo maberting, no counting.
ind there iz o nurdbering or comnting bocanse thers 1z no

vossibl ity of effecting an order, a systsm, an arrangement,

Bl amd Limet:

.-?-,.?},-- Orie might think that this excluaslon of raurbar
21! of ordee blocked the mathematiciane. In lact, ¥t glvas
nim a ne loase of 1ife. Yhat is the nathwmaticlan's cone
tinuons Mwmetion? In the elementary cise, &t 15 & one-to-
ona corrzoe Tanice botween non—countabla infinite :ets.

Moreover, sincs such & correspondance can g set up betwean

an inch &ad a foot, or an inch and & midle, or an Anch znd a




¥. Gtill, there ars no pointe onltted along x and thare sxre
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light-year, or any intermsilate or =till odder pair, since,
visually, length 15 independent of tho nu-ber of points,
the mothematiclean cin develop the Infinitesimal caleulus,
But he @ees so, not by finding soms order In the noi-comt-
able infinlte 2ot, Tut by develoring & techique <.)£‘ petting

around It, This toechodque 1s named proceeding to the limit,

Thus, conelder the continums fanetdon, vy xz.

It is # function Iff, for every weiue of %, there is a cor-
respoddag value of yo It 15 & continuois fumetion, 1f

the valries of X are a non-ca:ntablde dnfinite coty, wxwddder

iow as x inereazes, ¥y rmust increase sore rapidly,
for it op-els i3 serera of x, lence, visually, as one
mover fron »aint Lo point alonz x, one mast move mora rapld.
ly from pnint to p-ind slong y. Vorsover, th: furthor one

advances &lony X, th2 gredter must be onals strlides along

ap paints omitted along y.

Fhat, th-f,' is the ratin of the licrem=nt of ¥ to
the increment of x ? Clsarly, if x increases by somas slight
amounnt, by, ¥ will lneresse by

(x + )2 - xR = 2xn o+ 0
Hence the ratio of thw corresponding fncrement of v to the
Inerement, hk, of x vill be (2x + h). The smaller the incre-
meit, hy, the nearer 4s the ratio to 2%, In the 1limit, 1t i»
exactly #x, Thvsz, i the limit o7 the ratio of ths Inere-

ment ¥y to the Increment L+ ¢ ds denotsd by the symbol,

-2 -
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dy/dxz, th.n besiles the iultial Mactiong, v = x°, w2

hivae also tne derivative Dunction, dy/ 1t & 2x,

How vhat is this bucines: of proce~iiny to the
1imit? Tharo e said to by a lirit, P, tna na-datarniaad
quantity, (4, &I w2 difference of ¢ frm P cn be nele smll-
er than any waiber one cares to assign. Thes, shove, by mek-
Ing the Increvant, h, =meller ol amaller, ona can nake the
difference of (2% + h) from 2x as mmall as ve plesse, Still,
thiz is only the conceptial formulation of th: nrocedare
of taking a limit, Vhet Ls tle anlardydns Lacdpht? Vhet {is
the Image that thoe iIncisis pregspacae?

Clesrly enough the imere will clifffor 1In Adffaran g
cat '8, Simidarly, the dosight will bo meadied 10 3480 - rent

mannars, But the naculiarity of th: fnuleht 15 that 1t

grasps, not thut something is to somo pofnk, bBut that some-
thing s beside the pcﬁnt. wo mittor hor waell h 1s, there
g« cov-eotntbable infdnlt o set of v:laes Linbieoan 2x and
(2% + h), They ars am-countable bacsa e thxgy dofy crransea
ment, oriary =v. fz2m, They axhiblt a no-systematic zapuct
of conbin s veriables aad coantliymour fmetlsas. Mt ohat
one Lo tryvis 6o do dia mathematics, is oy riach the svwshap-
atice, I that 1o o1l oo wants, o:o cem dAirrezard the novie
systematlie, Ins cen leap over tro non-ooiwtahle Infiadty
becansze it ds vitnout orier if on2ts ain is to gra.p fust
vhat ainits oriders Apadn, tha ratio of tiw dncramyit of 3
to the dncoraont of 1 is any of 8 Zon-a9 ateble infinfts
set of valuese Dut thw limit of wmot rat3oe 1s unique, It
can be -letermined systematically, It pertaiins to aystan,

“- 33 -
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4.4/ ¥hen one cones to think of it, we hava bean
Coinit thi s sort -of' thinr &1l aloryga The principles of dis-=
placarent cnd of specific gravity win:ld not enel o Archi-
mades o deteriiine that thers vas rothing but purs =04 in

*he crows) they would sneble hin to say merely that thiere

ws extrencly 1ittle el e, Aralr, *he dafinition of the cimle.
pald vo attontion to the size, the volght, the strength, the
origin, thex materials, the purpozs of the curt—ihael: om the
cemtrarye Lt 2t off to &8 roalm of the non-Lmaglnpdble s ara
points hewe position wilthout map d+ude and lines neve lenghth
vithout thickness. Finaslly, the transition from ari.t."i‘mi; tle
to alg=btre d4id not cmgist in peylzy closer athetion to the
things ome might comt by ths positive intaperz) it consistw
ed in deserting the good, comam swnee notion of addlng aa’
In daveloning a nevw notion that geve o meanlng to edding
negative wmbers, multiclying fractions, oni doixg other

things tru® hive no prims faedn neanding,

It is tine, then, for us to r=fleact on eertafn
general @ nects of the process {rom dAnape throgh fn- -
shrit to cmucentlonsg, axd so we had bost bepin 8 new

section,

Th ;';fmmfﬁam |
5./ | The supnouition:s and coneaptions raslbing
from Lnv 1p:.4 eonsonly 8re abstract, Thay shotract £ran the
irrelevint, the Ingigaificant, the neglligible, Itha irz-
cidentel Jhey concentrate apon the rilevant, the sipnifiecent, _:':_
the impotant, the essential,

| But hat i= the redlywant, the sipniflcint, the

lmportant, the essentdal? The ansmer depsnds lmmalRateldy
- Sk
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: the significent anl the insisnificant, the lwportant and the

- neglirible, the essantial en:l inclientel, vary =ith onals
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wpon the insight, or set of dasirhts, grounding the suppos-
Ing, considering, thinging, defining, formule*inge Ultimete-
iy, one w11l s:y that the an-wer dopends on which Insicht,
or sot of Insirhts, is -irhte Hub w2 e not y2r rocdy 1o
teekle ultimute question:, Accordingly, w2 havz 1D &ckaows

ledp 2, for the prasaat, that tho rolevant anl the lrralevant, :i

Lsizhts, Yhat at one time, oae thinks imporbunt, later, In
the light of fuller inslght, onn »ill thlng anizmportant,
Inversely, hat one used to tiilux insignificant, now ons
may thin: significnts and whet mekes the difference is the
advent, of furihoer insight,

- | §ti11, even for th: present, tnis relutlve prb-
nouncement 1s not thie whole story. For if we resrict our-
s@elves to the In:ighits pozsible 1n methematles, physies,
chemistry, viology, sensitive psychology, &nl such sclonces,

trien there are elaments or components In sensible deta ¢ nd

in imepes thot alveys ars regarded as irrelevant,-insignifi-
cant, negligible, incldental, Such elemsats or componsats may 1
he named the empiricel rezidue, They are giveon as o matter
of fact. It they are al ays disregarded vhen ous concen-
trutes on whatever one hevnpeas to think sescentiel,

On Tonr aspacts of this empirical resiGue, come-

"

thing must now be said. They are 1) the individial, 7) the

contirnmum, 3) place and tine, wnd 4) the actuxl Lreqguency

of evants,

-
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5,1 In?ivi-i-;al:ity nertains to the enpirical

residue. For whenever ve unde-stand anytiring, ve would
understand an exactly sindlar instance in exactly the

same fashion, A differmt anierstending varld prosuppose

a difference I the data, It wo0nld presuproxe the vrssinil-
ity of saying thet the previoas understindirg woald do, wars
it n»t for this aspect of the objecta Puk, ox hypothesi,
there is no arpect in vinich the second object differs from
tha first, ani o there 1s no possdbility of a different
understanciing, One nmez Learn sometinlryg ney wheon one tams
to the second object; but one antomuticslly la=grns it ahont
the first object as vwall,

Thus, & flrst motomprcar off the assombly lins
mey be understood 1n terms of certalin prineiples of conw
struction wnd of operation. 4 second motcﬂuc&r, similar In
all reospects, c nnot but be undevstood in exsctly the szme
fashion,

Hor is thz lssue chenged eisentlally whea one
understands instances that sére unique, In this cese, thare
1s no possibility of apprehending a seeond object and unler—
standing 4t in the same manner, But there 1s £he posribdlity

of apprehenling the same object & secwid timez the dstd in

the second amprehension will he similar to those of the firsts
because th te zro similar, tha understanding has to be
the same, th2 Feet that the similsr dats are of the same
obJject does not altar the anderiying prizeiple that our
knovledza Is so constituted thut sinflar dats have to ra-
sult dn sinller insighits with the consequence that, wvhat 4s

grasped by insdght, ls indepeadent of the Inddviduality of
- 36 -
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the data,

Thicy I the development of all l1ife on thls
planet wore copprehended in & single awolution, there wonld
be no romainder of Liff2 an thie plenst to bs anderstood in
aither the same or & different feshlan. The ob)ect would
be unicue and wrparall eled in our expérience. Hone the less,
the understundiry vould consdst in gresping princinles and
laws in the conbiruebions gnitsble for mactering thoe enormous
rangaes of d:ata, #inikle knowledge off the unlque instance would
conisist ia obzeTving the data to be understood,

Arain, stut s grasped by insight, may be nem:d an

" v [T T

iﬁleaa or foara ﬂmz,\rgzr;ht in sesible preceontations or Lmaeina-
tive represents tions, But it Ls one thing to say that grasp
of such an idow or Fornm is knowledge of individuslity, and
quite anotiver tol sty Ehat within our experisnce thers is
found only on: Ipstance in which the idea or form ceu de
grasped, If grasp of the idea or form vere knovlodge of in-
dividuality, theen the Individusl vo.ld be known by under-
standing and it would not pertain to the empiricsl .re:-.-.idn.le.
But th: mere fect thet in some crves there 1s but a slogle,
observable instuice, dn vhich Ithe idea or form can be grasp-
ed, 'pro.vides i evidence foy the Intrinsde intell dpibility
of Individuelity,

In brief’, nothing ds explained by sayling that it
ir this instance. Inversely, in co far as we grasp explana—
tiong, wo <uwow not Instances but ~hat may or may not te

fou:d in Dnrdividzsl instances.
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5.2 The contliruem pertains to the empirlcel residue,

ol atiy {““““ Lat ne hogin with 2 Adetindtisz, 4 verishle, x, will b= =zi?
A i A r X

Wa_,ﬂd :mff:#m»h’nﬁ vo by oeantinuone In the rangse, a < x <k, i the veluas of
{l‘; . llc

f*“*ﬂﬁﬁ* s K inooevery gert of te rangs Tarn o= v tablas infindto
4 o ‘ | o |
“b’,ﬁ‘“‘“féf ? sgts, dest, a fuactlon, £(x), 221l bz se=ld to be coritinnoas
A

in a ~anpa A0 1) x is ooantl-aous in the rang e and 2) Tox

—

avery disticet volua of x bhwre Is a corriasponding Jhadduck

wv:lue of tae Dmetinn, Finallv, continuons functions possess

a umber of distluetdve proplerties: hones, thmough tho ver-
Ificatinn of tuese distinctive properties, 1t may b= pos:ibla ;
to verify tie sxirtenica of onstlsuous fonctione éni 80 o
clude to the exlstence of continug,

flow & continaun, in thi- defined and verifdable
sense (which doe: not suppose 8 nonecomntatble infinits st
of ohservations) ineludes whit cannot be cointad becase it
cansiot ba ordered or syitanatized, by this lnclusian of the
non-systoenstic, & continauam ele.rly pertains to the emnir-

Feal e idue,

5.3 Place and tims pertain to the empiricsl raciiae,

Spave s a oontinuuam of inddvidual posirionse Tlue 13 &
";&ﬁf}’ con tinwim of 1alividugl Instants, o oositdon 4s any other,
B No dnstant 1. aay otner, &niof both there are non-cont-
ahle Infidte sets, Hut ths {ndividuel wnd tie contisanm
botil poertain to the amplrical re:idus. 9 &lso, then, mast

place and time in thelr basfc sopocts,.

lence, wnen Aifferant exverimenters, parforming
the sam2 2xnoriment at differsnt places or times, obtain

dif ferent rasults, then no one dreams of explelndng the

e = 3
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dEfCerence in the results by thae differencas in the place
or by the differenco i1 t£he tine, The apyesl alvsys is,

not to the place, at ©o someshiay In the nlacs, wxd 10k €0
thie tima, but to soratning at the time,

Induad, 4f place or tim: made any Jifferenas,
timen aach pluce and waeh time roult have 1%s ovn phy:zies,
chiainl stxy, and blolosye For 1f place »are rvalevant, the
lavs in oue alace anild riot b2 tie laws in enothere If time
Asr

" yas relavait, th: laws ot one tine could not be the livs at
arother, friaer, since mlaces and times arc non-—covntzble
sets, there would be an-m—cointable sets of differait prveles,
different chenlstries, different blologies, Fineilv, none
of tho elemants of these sets could be ascertained. For one
esnnot seh un a viole whysics, or & vhole chanistry, or a
wimle binlogy, with tie observations or pxpariments ma-le
at a point-instant,

However, 4t i3 only in thelr biwle sspects that
place and time pertaln t- bHhe waniricél rasidne, A place
cen be of sineuler importance, provided that lmporience
raste not on & mere YthexreY but on a "something tharoht,
Guen iz tha importence of the place occupled by a central
mass in a gravitatlonal field, Si.1larly, a time can be of
s ingular imvortance, provided its importenice rests not
on & mers "tas Lut on what happaned then, such 1s the in-

f portance o tna ialtial moment In cartain theories{éﬁ}tha

: pxpanding universe,

(".41...._ eg ' ' o
5;ﬁyp Actizal fregnency pertalns to the empirical

-39 =




Flomonts

enoiricel re.lijue sttaing a systomatie slgnificince, For 4n

residue.

The probabllity of tossing "heads™ 1s 1/2, but In
any ;eries of actual'tosres, o= 3042 1ot abtaiﬁ L orefalar
alternetion of Mhaads® and"talls", D :hiaza the probsbllity
and ths actual frequency, thers iec 2 divergencs, Horsover,
this divergence is random, It camnot be radauced o any law

or mitipeted by any ressonable o2xnpactation, It IS non-sys-

tem: tle, It is to bs 4nown in each c:se only by sctual sbser-—

viotion., It too partedins Lo an aerpirical resiinige

@‘:‘f"“me A Epiint Kuidia
5.%, at s now recall an initizsl rostreletion. The

anprrlonl residus ves defined g edrays irredsvant from the
vigumoint of insignts in methsnotlos onl the e harel =zelencer
Vhy =ws thi: rectriction lmposed? Quite cleerly, hzcause in

such & seliman an the theoxy of knowladp= the rnobtinn of the

a ghudy of knovledge oue attends systematicelly, not only to
vhat Is concentrated upon Lo abstraetion, but also %o vhet
is repularly abstracted frone Thunry of knowledge is a hipgh-
el level zcisnce that takes ws 1+s materigls th=2 vhole of
tha kaowledge in other sclencas,

Indead, the theorstical account of the arpirical
rqosicue Ly of coasiderable sigaificance,

It i= bécauge anglght hstracts Tron tho dndividual
that science is of the universal, It is boecause science is
of thq wmiverszl, that the observebion of similarities is
of such grast heurdstic importance,

It 1g hecause Ansipnt abstracts from the continuum

- 40 -
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by procerilng to tha 1imit £het the infinltesimal calenlus

is sueh a unlque and vowerfial inshbrment in tne eonstruetion

of theories,

14 40 bogadse lrasksht abstracts Crom placo and
time thot priwdples an | Zaws are Indarendent of plice and
time and that the cxpressior of orineciples and laws L3 ine
virlant with xespect to traesformatinng of cortalin grdtzps
of coordinzte syetems,

It 42 bocanse fnslght abstrects from the random
divergence of the actinl £requ ency that pz*obab_ﬁgjheory
has $ts place among the inmstruzents of scilentific Know-
ledge |

lenerally, corresponding to sach aspact of the
enpirical re ddue, there »lll be & remargubly poveriul

techaiogue of dAntelidgsnce I zasterdng the sultiplieity of

ser1sible dhtae Unfortunetaly, the discovery of the techniguas

has Lo be poior to the detarninction of the complement-
ary aspect of the empiricel residue. "or wnile 811 azopects
of thie sp-dlwicel residuie are g iven on the leval of ohser-
stlon, still ane can grasp them as pertaining to the eme
pirical recidae only by weders tanling the corresponding

techniques,
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IV SIGHT

HEJRISTIC STRUCTURES

So far our illustrations of insight have beon
, Wi :
drevny fron the field ofimsthematics. There have bees ex-

anfned the definition of the cirele, the transition from

arithretle to w1y 2hrg, the distinction betveon Alffezrent
Kinds of L fi1aite s=ts, It 4s true that we bepran from tha 1
story of iru:imadest discovary of principles of displace-~
mant and soeciftlc pravity, But then we were coatent merasly
t0 Indicste the nore obvious features of Insight and made
no attempt to analy;e the procise nature of the origin and
dewvelopnant of seientific knovladge, Such an analysis must |

now be tacxlad.

a,.}g,/?;/zﬁm/qgwwh%"

1.1/ talilso's determination of the law of fulling
hodies not only 1s & molel of cclentific procedure but also
of fors the sttraction of pnssessing many notables similarities
to the alreidy erxranined process from the Image of the cart-
yhionl to the dafinition of ths circle,

In the f4rst nlace, the laguiry wws restricted
to the ismanent inteliigibility of a free fall. Just as we
roled out of ¢oue i-'.Ieration tha g-mfpose of ca&t—whecls, the
ma texials F'ron viricn they are mede, the whealwrights that

maxe them, and the tools that sheelwrights use, so elso

v 4R -
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Yhat i: happeniny? Consider the algebraic
procedure that wo are gensral izdng end obsarve the iso-
morphism, ¥h-:ro befors we sald, Let x be ths required num-
ber, now we ssv, Lot "fx, v, z t) = 0'be the required
function, Vhere befors we noted that, while the minute
hend moves over x minutes, the ¥our hand noves over x/12
minutes, now wa vork ont a dif?erentiaﬂequation that expresses
mathematically certadn very pensral festures of the data,
sach as contdniity, indestructidbility, incompransibility,
homogenelty, snd =o forth, Vhere bofore we anpealed to
the fact that at thres ot clock the hwour hand had a fifteen
ninute start 01 the minute hand, now we turn our attention
to boundary conditions that restrict the range of functions

satisfying the differentisl ec:iatdon,
Kondiddd nvariance.,
25, Pluce and tine, ao loss than individuallity and

continuity, nertain to tne enpd vical resldua. It fnllows

that tiz funetion to be deternined will hold Indannndently

Cof particzlar places andl tiges for, az has besn cesn, ner-

ticenlar pleces and times are, in thelr basie aspect, con-
tinna of fndividusl differences,

Thus, Hevton®s first lavw of motion is to %he
of fect that a'body'cowtinuas ln Lts state of rest or of
miform motion as lonp as no extermal forcs intervenss,
This law migut be ragardad as & positive corralation.be—
tween zero wcceleration and zero force, But directly 1t
regards constant velocitdes and Lts contention is that such
velocities partain to the emplricel residue. If thers 1s an

scceleration, mechanical analysis has to asslgn a corres-
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poniing forcea Lf there is no acceleration, then mechan-
teal analysis does not have to bother about assigning aay
force, Lilke rest, constant velocity lies outiside tha rangs
of nroblems envisaged by Newtonian mechanles, It 4¢ a resid-
ugl fasture thrt naeds no ositive explanation,

Indexd, there could be no positive sxplanation

of & constant velovity., For 1t is mure ch o ngo of place and ‘
mera changa of tlme. One can accoiant for change in veloelty, a
end one doss S0 by the lavw of force, One might account for
thie conssrvation of acquired velocity, but that vould be,
perhaps, a philosophile guestlon rathser than a mechanicel
one, But one cannot assipgn 4 nositive exslanatdon for every
element fn change of place fory, sines places sxe continuous, O
since a continunm 1s a non-conntable infinite set of differs
eﬁhes, there woald be needad 8 non-countable Infinite sat
of positive explanat lons Tor overy instance of constant
valocity, But a non-co.ntable infinite set of rositive ar-
planations L invossible, Theroafore, a singls exnlanarion
has to serve for fthe whole duratiasn of a constant velocitﬁ,
and that Ls »rovided when one =23xpleins ths ace=laration
that toreinutics In thae constent velovity,

davavar, as ds clear from 1ts premise, the
point we are naidng ds more sgetreral than Newton's first
law of motion., The argument resis on rhe lwpossibility of
a non~-cormiable infindbe set of positive explamations, If
it may unde{fpin devtonian machandes, it nay also under-

pin Maxwell!'s theory of tho electro-mugnetic fE£s1d, Hence,

if we moy use The technical Lormilation of the pogtulate

ﬂ53 -
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of the Special Theory of Relativity, we may conclude that
the mathemeticel expression of th» principles snd lavs of
physies 1a inva—iant in form under transformations {from one
set of coorlinute exes to another set moviag vwith & rala-

tive constent veloelty, (Ses Lindsey and Eorgenen, 101 £,
B 36 £7.) .

%J-VL&JN:R_
2.6 An even more general heurlstde antieipation
can bs set forth,

Phe aapirical ingeirer measures end correlates
the results of m.:e_;.-s:-,rr'emmts to reach the [Manetlons tiat re-
late things ilr2evly to on: anothar, Ther  follevs a prin-
ciple of equlvalence {or all obsarvers.

| ' For, since the fanction sougsht relastes thirgs
directly to oa» another, th: relations of things to observers
are-onitted, Because the relations of things to observexs
ere oplttad, the functions ciennol be molifled by variatdons
in the relations betveen the observers and the things, Pe-
cause there cannot b2 any such modification, th: fuacti-ms
mast he the same for wll obrservers,

It is to be noted that the principle of equi-
velence goes far beyond mere independence of particular
placas and paurticular tlmes, Colors s observed wary with
the position, veloeity, acceleration, of the obrerwer: they
vary with *hs Intensity of ths light by which he v!,_ev.?s theny
they vary it the condition of his ayses, such us his need
of spectacles an! hls possible color-blindness, Dut colors
g8 explalned by a series of vave-langths of radlatior are

necesserlly the same for all observers;y all concedve them

in the same fashlong no one 1s handicappaed by color-bliz;dness.

—-— 5!+ -
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No» thi=z princinle of emmlivaloncee reprasents a
proporty of tho Alrect relations of things to one snother,
Biuckh & proparty can ba enployed 25 a oramise to detrmine
what the relatlnme ara, How cen such a prenise be' Tomulated?
A partial formnlation is to take the orlvin and orlentation
of coordinuste aras as romreganting the observer, an-d to say |
ﬁhat fuactions, mprasmtiing priﬂrziples:;?e lawvs, satis- ’
'y the princinle of =ouivalancae 4f ‘thoy remaln Inveriant ‘
in form mier the groap of cortirmons transforpationse For
11 the ohzerver moves about, he roos so In some conti-uous
fasnion,. Duh She Ponetlans rasresaiting le-8 avre Independent
of any =u~h notlm of the obsazrvar. An? this independence 1is
puarantesd to then b thelr inwve rlunce under continuous
transformations,

Such 1s the postulste of the General Theory of
Relativity, wnich hus had some confirmarion, and of the
Generalized Theory of Greavitation, vhich &s yet has not been
put in a form that edmlts an eapirical test,

Certai:: ohservations avre in order,

First, scalars, vectors, and yenerally tensors
are quantilties that mny be defined by tnelr transfomation
properties, Thnd, & set of n quantitles forms & contra-
wver-lant vector if thay transform sceording to ik sams Tole
¢ the differontialds of the coordinstes, A séd of o quane
tities forms & covariznt vector 4f thay transform in an
owposite mannar to the diffevent Jalds o the coordinates,

y:

Contrave innt w9 vovarlant tensors sre sets of n° and

higher orders of quanitities that transform In a more com-

mlicated but analogous fashion, idence, by erpressing

—~
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physical principles and lavs in covariant form, awtonmatic-

- ally there 15 sttelned invardence wnder tha grosp of cmtine

—

Y
uons iransformut isns, '0n the tensor calenlus, tho reader may

-

eonsult for o beilef autlinme the zgeonl chupter oi G,C,

McVittie! 8 Cosiplopical Tramryr

y London 1937, Estihuents
Monog raphis on Payslcal Lubjact S.JJ

beeonily, Invaricace will be obtain=ad only in so
fur ac thars are axpressed the rala-ionz of th inze to one
anotirer, As soon asz eguations arz zode more sperifde by
aposaling to otvervetional Zate of any Kind, thers 1s intro-
Auced 8 Gotardnretion from relations to obserwvers: ant then
_j.rwnrizmce 1. 1o longer to be expected, Perhaps this accounts
for the fact tiat in the Gerzeral Theory of Relitivity, the
aquations remain inveriant only as long &s the coeeffleients,
g¥d, remaln {n places “ee Linisay and Margenaz, p, 3683,

.

l Thirdly, th2 sa;e considevation seems relevent
when on: attempts to undarstand tha appars=nt Lacompati-
biiity of General Kelativity cnad Quantum Mechanles, As will
appsar presestly, Guountusn Madnanics is concerned vith ob-
servaiblys, It sesks formulations of things In tlxair rolations
ﬁo us vhile leneral Kolatdvity rests on tie relations of
endng s co orig anothery and only in its agylications turns
Lo relations to s,

Fourthly, the hwaristie sioniffcance of the
principls of wguiv. lonce, inierpreted as a prf_nci;;le of ¢o-
varlance, 1 not that it restrlets the fleld of prscible
laws bubl retuer thet 1t gives ¢ Jeterminete neazing to the
ennirical lavestilgator!s preference [or the simplest laws,

As A. Elnsteln hes alvanced In his autoblography Fﬁlbert
- %6 -
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Eln stain, Pullosopnzr-Sclentist, 2d. Pl i-ic‘r{]-.@bp, Libravy
of Liwving Philosephers, 1949 ayd 1951, flex York, Tuder ;

e Pit1l shing Company, 5. 6‘9.)',
. arry law c¢owld, perhaps be aXxe

pressed 1l cove mnt form tud sLikdn the eca2 tpiction of
steh & form ous can bagln by working out the simnlest laws
and, Af they felly, sdvance €4 the wove complax,

“if thly, of interest ln ihds ¢onnection is
. ¢ Blastelnls coavictlon thet -deta alonpe are insufficient to
gulde the constructive efforis of intellipsnce, There al so

i3 ne=ded & form} principle that funetions 43 ioes tha

agzetdon of the possibdlity of a parprtnam woblle i tne rno-

SpranXes, Such @ Forweal principls dins todn boiieved he had
found {n hic matalete of invariarce, fi vety in Zpaclal | S
[

Ralabivi ty, wal Uiy in Geneval Relab Ivity,, (See ibtd.,
d e 99-53, 57, 6@-)

2;/ Before we turn teo the consideration of
statistlesl lavs, a svamary ol seam o be in orier,

After noting thie similarities between muthe-
micles and ampiricel in- ights (1.3_) ad the differances be-
tiear then (L.2), e raised the question of th: arizin and
0 ruturs of tha clues, hints, suagzesiions that lead up o
Ains fght.

As a clue for Insight into clues we took the
solutdon of & vilnple algcbrale probler (2,1) and procsed ed

to perwralize,

W, et Ls to be krown, wihen the insight occurs,
13 antledpated oy the mere fect of Luculry and is name& thm

Muatnrr of <o) e Ysuch &S tos e, the "sort of thing

- 56 .
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| But sinilars ac2 slmilarly understood, Hence, the
aturs of e, may be spscilled oy m3ans of a classifica-~
tion Irased o1 sensible simllarity; cnd whaen Inzight ocears,
this prellatriasy classiflcasion w1l yiald plece tn a aya-
temetlc acooimt Ehs & spaaks of things, not in terms of thelr
relatlons to ozr senses, bat In terms ol thelir relations to
ore axother, Taus, the Mature oi‘...." 1+ ropliced by tin
mora pracl e canathel patilon of & un vecifled correlatinon to
by mpael [laly of an indeterminste function to be detarpined
(2.7

i@ Nrnetlons can Dy detormined, not oniy by
trie ewplri 2ol mrocess of reactiing for-uwlae thet all xnown
messuranen ts setlsly, but also by apreallny to wulte general
considerst Jons axd argaing fron then to 1ifferantisl nona-
tionas which wesiriet the groun of possibly relevant functions.
gulte obvinusly, btoth procedures con be combined and common-
ly are contitied to obtaln a scisuors-like action that spnroach
. Frows
s & solat lon koth from above wd,bslow (%, 4)e
Farilaar, when differaices form & nonecount-

able Lnffin 1t sos, as is the case vith place and time, there
emniols e a distiaet exolanation Jor aach elemant of 1iffer.
erte, lenee constart velorlty has to be rerarded as resid-
aal erad, in foct, Lt s so regarded in Newton's first lav
of twtion, Nors - enerally, tho metiematical expression of
primeiples ard lergs has £2 be Invariant under transforaa-
tioms batr apny Anortiel systems dn sccordsnce v1lth the pos-
tulate of spoedil balativity (Zef) . |

lindeel, inesmuch as principles and lews sxpress

-5 - ]
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the relations of thiwws Lo on + anotiasr 821 onit ell refar-
grce to thy rslatlons of ininge Lo obsecve 3, 1t follows
that the mathematical <ioresslon of principles and laws must
be lovoriaat 1a synbolXe lorm 1ader mntimaus transforma=-
tioms (2.6).

Finzlly, on= mwy add theat tas-se considerations
supply only an abztract scrone, I conerete lnginlry thew
are amployed not sinsly bat topether, Az a sclence devaelops,
all tirat alveady 1: guowzm cerves to render moro detorminate
and procise the genered rearistlce antielpationg thiét hevs

b=eru nuatlined,

3.0 The fact 27 Zwpuivy 15 =0 enticipation of O

soneth ing to Lo Kown Dy wrders:anddng, Hitherto, only one ;

tyve of sucie antlcipatdon has boen ooamsllered, namely, the

anticipation of a comaletion, a function, a law, & systam,
The investipator measures, nlots hls results npon a graph,
and exnechs o find a smooth curva or formile that will
be satisfied, not only bdw the measuremunts he ha: mads, but
also by all the rolevant messuremant: thet he or anyone
glse aver 11l nmaike,

dow 1t 1o wll to enceomrace dinvestizstors in
tho & 2xpectation, to tell them that, & they <o not <discover
any lavy 'then,par}'\hps, toy are mer curing the wrong things,
that they are not excl:vdnr some eytran;nus infinence, that ,
i only thay arne dogred -mongh, sona Javy somgone »11]l d1g- I '
cover the relavant corredotion, funcbion, law, |

Stilk, enomarazement mast not be carried to

thie polnt of dacaitlon s A5 we have seen, there is an enplirical

- 538 - T |
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resldue, and the insight relevant to it conslets 1ln grasping, not
the system fo which 1t conforma, tut its ultimntely nonesystematic
chiaracter. Hence, with respect to an agpreqate of data or messure-
menta, the antlclpatlion implicdt in tho fact of inquiry is not &
slngle assertlon but ‘rather & disjunction. The anticipation is,
not that there mast be some correlatlon to be grasped, tut that
elther there ls such & correlation or else there is not, The
posltive member of the dis junction hop been considered 1 the
foregoling account. of antieipations of the systematic, and now ve
mast endesvor to clarify the meaning of antidcipations of the

non-systematio.’

3.1 The Non-Syntomatic,

To reach & classleal correlntlon, furicﬁion, rule,
law, theory, system, there ils neoeded an inltial insipght into some
rartleular case, By ttut insicht one may master an indefinite multie-
tude of examctly similar cases, St11l such universality .;LB not enough
The signiflcance of tl:xe inttial dnsight is that 1t can lead to
further lnalchts that master sver more dissimilar partionler cases
until m{entuﬂlly one roaches a general case and brings under one's
oontrol a definable ranpe of partlenlar cases. S0 Galileo's under-
ptoanding of tho {ree £all regarded, not bodlos of nome determinate
elze, shnpe, and welght falling at some fixed inclination from the
vertieal, i bodles of any slze, anys shope, any weipht, falling
st any inclinstlon from tho vertical, |

Now & heurlstic a'nticipe.tion of the non-pystematio
implies, not a denlal of the possibility of concrete lnsipht into
rarticular cases, but a denlal of the possibillity of the abstract
generallzation that subsumes a range of partleular cases under a

general cape. In othor words, the non-systenrtic 1s not to be
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identifled with the non-intellig:ibﬁ.a. While the non-systematle
exoludes the generality of classical correlatlions, functilons, mles,
lows, theories, syotems, 1t need not oxclude the intelligibility
to be renched vy lnapection and Inelght into partleoulsx cosese

For example, in a partlcular cese, dlce nay be cast
from s detorminate roceptasle in e &eterminate menner upon & deber-

ninate myface; sufficlent Anformatlon on the cmse conld be attalned |

vith the help of & slow-motion £ilm; imi;;ht coi1ld enalyze the total
rﬁovernant into 8 meouence of mechanlcally homogeneous 8tages) oach
sbage could be subsumed separately under rnovm lows of motlon,
grevity, alr resistance, lmpact, frilctlon, ond elastlcitys andr the
total movenent would be no more than the soruonce of Lhe 8laGeta
Still, d.i"c,-e oan e capt from any sort of recertecls, Ln any nanmex
vhntever, upon any type of vagulex or irregular, fixedl or moving

mirface, There would be no point in atiempting 10 repeat the abowve

laborions procedure for the infinity of partlenler cemes; and 1
szating Aice 1s m non-~systematlo, tiiere exlsts no general cese
of tho clossical type to provide an alternstive to & polntless

repetition of mevely particulsr investicatlons,

3.2 Actual 'Fréquenoy. _
 Whoere clopslcal generality failé,'_ﬂtatlﬂtioal
grnerality may be aoué;ht, |
Let-us say, thsn, that there an oxists en Gl b X0
aotual freguenoy 1f, from.aom@_ deterninsto antogedsnt, O, there
aluays .follows one and only one of tho alterratives, P, Q, Ryies
For in emy p occurrences of the antecedont, O, the altornative, P,

will cecur on o determinable p ocaemslons, Q on g occaslons, Ron X

occaslons, eto. Accordingly, ths actual frecvency of P in
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‘as the pripoer fraction from which actual frequenty does rok

i~

thads )\ sy r, etdHdice, \ErE-a 0o Lrequenty- B4
a givan y oceurrencss of 0 yill Le »/n, the actial fre-
quency of { will he g/n, th: sctugl freg uwney of R ¥ill be
r/n, ete,, so that necessarily

I = P * 6 % P %  iieee
Finally, these actnal frequancies will be non-systematic
1f it is 2ot nossible Lo .d2fine an 9p, O, Or, P¥, O, RI,
such that P! always follows Op, (Y alvays follovs 0q, RY
al vays Tollows Or, ete., so thet the indeterminttensss of
the altemantlves 1s elinsinated.

It 45 to be noted tivh vnen & sat of altenztlve

conseguant 5 has bean defined, then 1t 1s poseible by com-

binations to omstruct further oebts of altemeablves, Thas,

one can consider tho actual freguency of tho combination
"either P or @', or of the combination "P on & fLrst ocasion
and @ on the szcond occasion®, eilc.yy 2ty 4 ‘
— [V W
One muy add at once that the sctval fregimey

of & numbex of alternatives taken trgether ds the sum of
thelr actual frecnencles taken separately, Thus, the actued
I‘réquency of "elther P or Q" will neceszarily be ('p v 9/l
Bimilarly, the actual frequency of th> tot:d sset of al texn—

atives will neeestarily be n/n or unity,
# Binare Mol &L Teilate €8
3.3 Let us novw generically define a probabllity

diverge systematicelly.

The definition oosits an ideal proper fraction,
which it names & srobabllity., It admits that this {desl

proper fraction will not be coincident with actual frequen—

- b1l -
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cles, It denies that the divergence betvwesn the ideal and
the actial will be systema-lc.

Suppose, [or Instancsg, that tne probabllity of
costing a "six" with & single die is 1/ 6, then, on the
first sdx throws, & "six™ may occur twlce, on a sacond,
once, ont & third, not at all, ete,.. The actusl Crequency
hops about in random Casiiion whils tho orababil ity always
ramelms the samo 1/A, There is then a divargence bat:ieen
Bhe actusl cnd tho ideal, But this diverg=nes ls non-sys-
temxet l¢ so tnalt the difference between the actual snd the
ideal cannot be reduced %o sny rule or liw,

Certain clarificutions are In order,
First, the reason for the deZlnition is,
perha ps, obvious enough, Actnal frequenciass are non-sys-

temat do3 they vary Lrom case tn cuse; and their vardstion

1s not subject to any rule or law, But a vrobsbildty is an |

1deal fraction; it is the same [or evary csse of a given
kindy it is the represonfative of the uniwersal, abstract,
necessitating, systematizing tendenclas oF understanding,
Henve,y A0 probabillty :nd actual fraguency coinclded, then
eltle both wvould be systematic or both vould be ron-sys-
tamatdcae I thay r;iiverged mnd the divergoncee ver: systematic,
then the achutl {requency would havs to be ths systemstie
rosul tant of hne systemutlc probabllity smd the systematic
divergerice {rom probability. One meets the requirements
of th= problem only if 1) the actual frequency 18 non-sys-
tenatdey, 2) the probability i: somehow systematie, 3) the
gotuel frequency mey diverge non-systamailcally from the

prote®ility, and 4) the actual frequency cannot diverge
- 62 ~
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systenatically fror the probabll dty,
Secondly, 1t follows that the probabllity of a

get of altermatives is the s of the probabilities of
the alternatives taken singly, Forg &s we have sean, the
actual. {rocuency ©f such & seéb 1s the s:m of the actnal
frequencies of the mombers ol the sot (3.2) end, morsover,
there cannot{ be & syt erat.de 4 ivergan e between actuel fre-
quency and probability, But th ere wmll be such a systamatic
divergence if ths pmbal)ilit.y of the sot were not the sum
of the probabilitdes of the membars of the sete Accord-
ingly, one .must desy the consequant and lts antscedent to
affirm that the probability of & set of slternatives is
tha sum of tha probabilities of the alternatives taken
singly,

Talyily, a protadidity is not the mathematdcal
Imit of & sexles of actiel fragaemclese For a series of
terms tends to & mathematlesl Alinlt lzwsruach as divar-ance
from that limdib can be made &y sw:ll & one pleusase But
a'c'tual fraguencies 4o not converge upom probability. They
hop about at raadon, They apyprosch f.‘ne probability oaly to
rgcede, Instead of converging, tney idverge, Huat they can-
not mak« th:lr divergeice ef foctive, Jor thay cennot get
any sjstem intn it. |

Fourthly, thoyn a probediiity is not a mathe-
matical lindt, there are unobisctionstile assamptions that
mey bo Antrodaced so thrt tho non-systamatic diverpance
of probablllity becomes virtually eguivilent to tha convere
gonce chwracterlstic of ths mutChemstical limit |

-6) -
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F‘if‘thl,‘;, pur procedure will be to rj‘istirlguis’i'z
two radl cellv dift'erant msanings éi‘ tha term, probability.
As defined, probability is an idsal mropar frection fronm
vhich actual freguencles cen Alverge but wot syutmaticelly,
Howevar, one elso spesics of the propsbility of oplnions and
then one does not mean that thers L= some fraction relevant
to the opinion, Vhat is probability In tnls second sonse

and vhat is 1ts relation to probabliity in the firs: s=nse,

are ques tlons that mast for the monent b= postponed,

i 4 .
3ed, i

17 one thine to calenlats: the probabil ity
of throving a "four" with & sinrle, unhbiassed dle, another
to make the sams calculatdon vaen & pair of dice ave nsed,
an? a third, to do so whem tha dice are Mloaded", In all
three o5 ses there 18 the same genarfe elenanti actwsl fro-
quency diverges non-systemati_cally from the prapsr fraction
naned probehility. Bat this genns divides into three dis-
tinet species, an? the hasis of i divislon residss in
ths mamer in vulch nrotbility 1s ‘etarmined,

The first spocles L3 equirrobability, Its
conditloms are that 1) shen an antecilent, 0, occurs, then
there occurs one and only one of a =st of n altenatives,
and 2} there is no systamatic favoring of any of the j
altematives. From the c¢onditions 1t fnllows that the pro-
babllity of the occurrsmnee of any given alternative will
be 1/n. For were the prodbahility soms othier fraction, say,
a/n, vrhere & is less or greater than unity, then thet al-
tern:tive could not diverge swstematically from a/p and

g0 must suffor systomatde discrimfnztion, $£f a is less then

s
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anity, or recelvo sys temtlc favoring, if g &5 groater
tauwn ualty,

The s:xon& s prelas 1s a derfvative of the ! iv'st..
Its condZtions awe fhseh 1) when an wntecedent; 0, osccurs,

then Liwre occurs onz and only ong of a4 set of n 2ltryna.

tives, 2) theore A & syob m=miln favordng of some alternatives, ;
but 3) tnls gy slamastile favoring can he reduced to a caso in
v)‘nich there s no systemt tic favoring,

Thisg wilen 8 pdr of dice are cast, thnw B o
elever possible results ) of viiich some regulerly occur
mare Fraguaatly than ob-he rsa liov-var, tals favoriug c-0 be
elinin:t=d by cnnJ_.ievLﬂg t21e fhirky-six altemativas con-
stititad by comb InZng ek of the six fuces of ona dle with
aach of the si:{_of thxe ot=exr, do one of thirty-six alterna-
tivas 1s lavored In b‘r..ll}" soysteraatde nemner, wnd so the socond

zpecles 1s raducad EDL w farst,

Th-= second spzelas of probability Ls dn-
vestigated at lemyth by ap-Jdying ine pethematical theory
of combinations, Tru h sleo formula ssodens the probability,
P, of 1 successes Jn 1 trdes, wien 3 is i probability of
ode success In orw brey, T:is formule I+ orked out in any
sultable Loy et o o3th £t bhe recder v111 find the
apuroxinations d::-:v:_..-lr:spe_-fl 3y lLaplace, Polsson, and Gaussa

The tixir-d gpaclos doss not admit reduction

to the first or o thae seweonds There 1ls an antecedent
followed by ane cmd onl y one of & none sy"tematic sat of
altemnatives, But one ¢ mmot settle by insnectinn ¥t the
eltemnastdves aras ani t hedr respoctive probibilities nedther

are equol nor ars ridu s to the case of equiprobability,

L =6L. -
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Thus, vwhen dice ars loa'ded, some combinatfonts miznt never
occur; morsover, the occurrcice of any siwen face of &
loadad die i: not esual In probabllity vizh the oceurrrance
of any otuar face, fox there is some systommtic fivoring,

The tanfrd species ney b2 described as involv-
ing a.systcmatic al ement which, howaver, coees not sueeasd
In connletely doninating the rexults, There ls & systema~
tic slenent, oskthoredce the sltematives vould be equiprobable,
But the systematle elonent doas not succead In Jdominating
the results, lor thay are found $0 bs not-systematice,

To weat the probla: set by thz thiri snecleg,
the relevant tecnnique would seen Lo e 1) to loosen the
heuristic anticipations for deuling with Jdakta that can bs
reduced to system and 2} to compensate for Enls loosendng
by introducing probabilitles In place of praclse prediotions.,

| Vihat would such loosenlng bha? First,
anticlipetiong of the systemebic wie 1) that the data - 111
satlsfy some one law or sfunctionm, 2) thal this Tunction
will be a sglution of the Jifferantlul] ejuations thet te-~
present genersl feitures of the problem, Gicondly, these
snvicelpations can he looazned, Instead of expecting one
fuaetion o cover all the data, one may eayoct & sirles of
sigen funﬁtionu, %bJﬁg s and 8 corrvasponldng serles of
eigenvelues, say f& « Again, instcad of =srpecting the

single functioun Lo be a rolutlion of a8 4ifferentlsl eqa-

tion, oune muy oxpect thoe slrenfunctlous and eipgenvalues to
be the solutilons of an operutor equatiomn, say,

| Py = B

o vhere P 1s the operator, that is, & matheamtical antity
66 -
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tiite chaur o8 one Tunction dnto omoThar. .

Vit £5 Lha compensations? tha forerolng yislds a
set of ovusrvedl as, the sipenvaiues, f’; - Thozg that occur

0

sl POB IS o @ orobability, »loa thay »o.1d not oacnary
and t:‘i.e;; viitl ot poscess @orz tarm peobahility, elsa a
syshenatlc wabnt Lo wioulld work, Thera xdsvs than sone
state MunotEaa From which the probzbilitdes can be caleoulataedy
and ote uey :Ijzot taw elrenfunciions fo l=ad o the dutare
ginctdeon of tia state function, Tox 1 tzny succeed in
electiny the observablos with some drobability, they should
be able o cautribute to che deberwlaw = of tiin resg-
pectlve puotmboil itdes.
ds tals guess-work? Certeinly, it is not 8 rigld

deductione On tiie other hand, it 1s not ourely afbit-

ravy, It ds trae frull of sa Insight hused upon clues vliare,
as Is alvays the case, the insight tatc as ore beyond the
clues, Ther: mist be soms loosaning of systematic antlicipa-
tlons, for zhe: Ruta dealt elth are oaly pertially under

the Lafluonce of what one mignkt name & systemalic conponent,
There nust e sowe compancatlion lor tols lops-.-ming, gl sa
there vould bemo conclusions at. all, But the exact course
of ths looswman ani tha compensating s gulded by insights
into methensiZiaml cossibilitles and, iiow ever strangely,

tha resul tizg poostulstes of Quaitewr Nech anics have proved

highly suocss=shal, ,Q

Fr ctn Muf‘/mf’a- :7“"‘;’ ’ ol hn
§F g, T Bt P el
Thengy, A Homagropbis 2 Tt Pt oot o I
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3.5 Sunmary, |
Clessleoal method is rot contert with mestery of yertionlsr
oases but coos boyond them to the abatrast monorality expressed in-
gorrelaiions, Dunetlong, lown, th'ooriou, gyntorpg. lowowver, there
l1s an enpirical resldves parbtlicrlor coscs con connlst in coingl-
dentel monilfolda of dlsbinet 3:ptences of pone-nl cososy and coO oB=
- ponding to such coincldental mn.nifoélds' thore 38 1o roneral cose

of the clesalesl type. Stl1l thls neentlon of gyatomeotde peneralliy

1s not the nopatlon of all renorslity. For 11 ono supposes data
to Do Anvelvod In the non=syrtenntle, one commot suppore thot they
divergeo systematleally Cron ldenl norms. |

Amonyg; ouch 1desl norma. the moat familiecr Yo tho probaﬁllity
of the occurrones of one of slternstlvo ronpinilitios; and the mode
of lte determinntlon also suaprlles 1ta subdivialen, If there isa
no gyntenatic favoring of any of tho altermtives, there Ls equl-
probebility, If thero la syst.emntle fovordag thrt can e reduced
to emiprobanility, Howton's fommula Hacomos % rolovant anticle
patlon. Finally, whon there ias aystometls Tavoring thet camct be
reducé}d t;:: aemAprohabllity, @n BOTA0 dp@cinl axlonatde structwro
han to be dnvolzed,

Thore 1s, then, a statletical heurlstlo structure and 4t oo
plenents claspical structure, In any solactodf £201d of inquiry,
exporimonts are vorformed, mopsursnents are made, and the results
aro tabulated., In so for ag the general Intellipdbility of the
neanurenmts io systenetle, alasclcal nrocedure is roleveant, In
8o far as the genoral Antellasdbility of tho mesmuronents 1s not
gyastenntiec, o probvabllity funetion 1s to be sourht, Finelly, since
antocedontly tho roneral IntolAlcibllity of neoouremonts noy be

olthor gystomatle or non=gystonatic, a gonerel theory of neasuroments
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mant envﬁsa[;e hoth alternstives. Moy I ask wiwthopr this require~
nent, rathor tirm partlculay hypotieses on tho acowracy or the
dlotorting oifect of noasuring, can be vegridod oo tio ultlmete

basds of tihw lnsdght into oyexctors that lg offored W G, Tenyple

iﬁ The Gonoral Falociplos odf Cioniun Thoory [Izethuon&’s MHonogxyephs
on Physicol Subjlects, Londom 195137 .
Moy further supgostlons be made? As lonr oo phiysiclets
wero encrred in Antroduelng ewor move conplox modlfications of
Iohr'm Lnnre of the atom, tTwy were ondscvoring to nourt througa
prticilor cases to the gonorel cese. Whon thoy declied to 1dnkt
'tlml::’ eonetions to observabdes (1.e,, varlablos edmltiting experi-
monloal control}, theoy ovrrordored nob gencrrlity but gyetemstils
gemerality, Ageln, In so fer es Cuantu Theory nry o sald not to
offor ingipht into yerticuley cses, 1L mulfers on tiwt lowsr level
a perhops lrrenedlable lncompletonessi on tho othor hinnd, inter-
prased oe o statiotienl theory, 1t poosoeses fully the complqtenma
of the non-gystounstie peneral ongo.

’ If puch sugpestisus are to o ‘t'.riod_ out, 1t ls not to be
forpotten tiwnt our account ol probablility auppdrmm m oxnilcels
‘a.d.vortermé wo lasdgnt, thed atlwor accounis do noi, snd that the
othor g« accounts not only possess the £i0ld Wt clso ponetrabe
the lnsormwetotlon of selentifdc resulis. Only a critleal and
creotive ofTord, maticulouslj%emmtging rnothodolorlaoal amnumptions
from sciontif{lo hypothoses, o dotoralne ndequately the relovance
of theo nrencnt analynsic to tkw problems 1ln walch éeiantiata are
involved: or in tho simpler wnrds of Einpioin's rather celebroted
rennrk, the cornitlonsl thoor-lest has to attend, not to what

sclontiats sy, Wzt to whet tley do.
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0T UCE OFf Tiiy TERES "CLASSICAL® AND MSIATISTICALY

In ordimary usaye, Mclassical! and Mstatistical®
are riot oppbsed. The opposite to "clesaical" is ®quantun®,
“M'\ and the opposite to Mstatistical®™ s “mec}xanicﬁ. This
usage @W be 1llustrated by the fourfold classification of
1) classical mechenics (Newton), 2) classical statistics
(Boltzmann), 3) guantum mechanics (Schrodinger, Helsenberg),
end 4) quantum statistics (Bose-Einsteln, Ferpf-Dirac),

Tha trouble 1s that tids fourfold clissification

seens incomplete, For relativity mechanics is onposed to
classical mechanics and, while speciad relativity cnters
into combination with guactum mechanles (Dirac), general
relativity seems as opposed to 1t as BElnstein kalmeelf, Fur-
ther, LI these complications ars not to be neploected, 1t
is necessary to go behind tho terminolosy to a systematic
conception of the conceptions entertained by irzterpreters
of playsical theory. As 1s obvious, however, the pui-pose of
this appendix {s not to expound and to justify a gystematie
view but simply to clarify the lingulstlic usage taat we
have found comvenient by contrasting its assumptlons with
the assurprtions that seem to underile nors ¢ommon modes of
é.peech.

Fron our viewnoint, theon, the fundamental dis-

junction regards the interpretation of laws of the Newton.

{an and Binsteinian type, Such lews vill be s5id to be

interpreted concretely if they are tazen to relube imaginable
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terns, The same laws will De sald to be interpretod ad-
stractly if they are taken to relate %erms that are def ined
impliclitly by %he laws thomselves,

On the flrst alternative of concrete interpre-
tation, the law is completely determlnate in prineiple. It
1s true enougl taat the law is expressed by & mathematical
fomula of ¢ ila gaaerality and that further determinzations
will have to be added before any application to concrete
instances can occur. It alsc is true that the further deter-
minations caniot be deduced from the law as a mathematical
or as a paysical formula, Buat on concrete interpretation
the law 1s not sinply & puysicel formmla: it relates fmegin-
able terms; and because terms are imarinehle inasmuch as
their various dimensions are assignadle, 1t follows that for
concrete Interpretation the law is fully determinate in
princinle,

liowever, those that accept the first alternative
split into two groups. The first grouwp nnt only affirms con-
crate interprstation but alse affirms that concretely in-
terpreted laws of the Newtonian type exist, The sscond group
agrees vwith tho Pirst In admitting coricrete Interprebation
ut differs from it by ai‘f:irmingl that, 4f any such lavs
seem to be veriiied, the verificatlon is mere macroscopie
alppearanca. The agreement and difference of this {irst and
this seacond group seem to me tO correspond to the agrsement
that unltes and the difference that separates ordinary con-

coptions of classical statistlics and quantum mechanics.
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A

Ot the second alternmative of abstract interyrete-
tlon, the foregolng debate ls replaced by & dlstinetlon. Con-
crotely Anterpreted Llawa of the Nevtonilan and Eﬂ.nsﬁeinis.n type
are regolved into abstract ond concrete componente. The a.bstr'ac'bl
component ls the verifled correlntion of impllicitliy defined coxr=
reletives, The conorote conponent is the schematiec or none
schonntle situation,

The sbstract component s determinate but mot fully
determinate, It ig determinate in lts.owm abstract order os an
elemenit in abstract system, But 1t bocomos fully determinate only
when it 1s applied successfully to concrete situatlons., Such
sppllicetion calls for two further typos of 1n‘fomat10nll firset,
one must know which laws in what comblnetlon are relevant to the
glvon situation; secondly, one must know what nunerical values
are to e substituted for the varisbles and genoral oonstents
of the abstract laws.

ﬁow vhile there are well-known dAifficultles in
obtedlning aceurate mamerleel values by neasuroment, a far more
radical dliTiculty arises whon one does riot know exsctly which
gombinatlon of laws ds relovent to a given sltuatlon, for then
1s unable to o about the task of measuring in any orderly and
economical manner, Fortunately, however, there do exlst schematlc
gltuatlona in vhich a happy constellation of clrcumstances and
an appropriete conblnation of laws havs the encouraglng lmplication
that tho samo love will be applied over and ofer again in an
Indefinite sequence. Such, for example, ls ouf planetary system,
which has provided the most etrilking insiances of accurate
deductlon and lonpg~term predlictlon.

Unfortunotely, there alpo are non~schematioc

gltuations, Then the task of applyling abstract laws to concrete

e ok A TR
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sltuatdons 1o at the merey of clireumptance, snd the relevant
cirewmstances form a divexgins and scabtoring series of ever more
nuwaerous and more remot e coxiitlons., For oxanple, e plimetary
systen hen & beginning end may come to an endy sither event cen
ocour only once for anmy pgiven system; and thon it can ot cur In
any of & notable range of (1{ferent monmexrs.

Still the exdstence of non-schemetio sl tumtions, &0
far B £rom blocklng hunan 1nt'elliggonoa, cives it & new lmypetus,
Statlstleal lnvestlrntion bocones the key to an account of the
enercorace and survivel, thio mmbers and distriiution, the differene—
tlation and develomment of ochonatle sltuntlons. OClossical antie-
clpation of ﬁhe syotomatic cond ptatictloal antdcipation of the
non-systenntic cease to be Alsparate altornntives, They bdacome
oomplonentaxy techniquoem Ln puindng Inpdpat inte a unlwvoree In
‘which the thrust of probaibll ity gonorates fron the non-schematio
over more‘ numorous and more developed Instances of the schematle.

Accordinsly, oux contrast between clagnlomal and
statlst loal rests not om curremt lsnues but on thelr tramspositlon.
Oﬁ the tasls of cognitional sumlysis the opposktion between doters
minism and indeterminism le sublated in favox of a more cmpre-
henslve structure. 0(lamelcel daws are rolntorpreted so thnt
Einsteln's differential cquntions are recarded, not as st.etenents
about ovrits at polnt-instants, but s matheaetlcal expresadons |
of tho sbatractness of classical lawe. Statfetlcal laws sre
relnterpreted so t_ha.t Indetomminacy has its root in the alsiract-
ness of ¢loseical lave, itm.:t‘uctual ground in tﬁo oxlpt onve of
non~schenmtile sltuations, and Lte significence in the type of
oxplanation assoclobed not witla the name of Laplace but with the

nemne of larwin.
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obssrvetions to éssemble into tha conditions &t sonme

nth remove ffor come specific evant,

6.5;, Unfortunately, there 1s no system to the
aggregat: of concrete pattems of diverging serlas of
conditions for all kinds of events, Full and exact know-
ledpe of'all clasrical laws assures only & systoematic
unifleation of the laws, fucn g8 systemstic unificetion is
not an inaginative synthosise On the othel hwnd, each of
tha concrets patterns of diverging serles Is an imarina.
tive synithis. It follows that singly and toéether theve
concrete pattern: are non-systwatic, for thwe totality of
gystematic relations 1s included in the totality of ab-
stract laws,

Hovw this general argum-nt can be :et forth
in more concrete fashion Inasrich as the reader can be
offered ths meterials for two lnslygbitas, The flrst insight
will be & grasp of the non-systematic in a faniliar case,
The sezcond will be a grasp of tho same lack of system in

*‘} _ the agyregate of concrete patterns of diverging serias of
conditions,

The feniliar cuse may be defined by *he
guistion, How many vays are there to cast a "fdvel yith
E | & single 3197 One might'attempt to answer this quastion

o _ empirically., One would get a hilgh-speed cunsray, suitable

lighting, & traasparent box, and proce=d to take plectures,
Next, one wo 11 study the pictures of all cases iIn vhich

a "five® was tirown and calculate the linear and angular

- 112 -
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momenta in cach movament of the die, The mors dilfgent
one w&s, tha greater would be the nmaber of known % 5-
tinct manners in vhich & "fivel can b2 thrown, But na
matter Tow great one's Andustry, one could hardly arrive
at the point vhere ons could say one knew all of tha ways
in vhien a2 "five" could be thrown vith this dle from this
box on thls surfuce, Accordingly, one wnald shift to an a
g'rior; aethod, One would work out a formula thet rmuave the
maximam and mindmum initlal morenta for the lest stose of
a throw, and the formila woild contain constants thot re-
celved different numericeld valnas {or diffarent siarfaces
apd dif ferent dlea, From the formule nne could list ali
the pogsible combinstions of spocifications for ths last
gtege of throwing a "flweN, By introducing a convenient
suprogl tinn to pravent the list from containing & none
countzble infisite multftude of cases, onc could preceed
to the second last stage of the process: it would end in
any of the manners in hhich the last couvld beging and e
further formula would srable onz to &ssign & multEtude of
vays in vhileh the s2cond last could begin for each way in
wvhich tx1e last couvld begin, ¥ith this multitude of multi-
tudes oxi onet!s hands, one could turn to the third last
stage, and so forth,

liow we rupnsen to know that thnowing a

Ufive® 1s a non-systemitic process, Yhile sach movement in

) the process 1s determinate, while the relations between
N suceassdve movements are determinate, still these raletions
A canrod-bo_suisumed - undezv-any-rola-or-dawy, The purpsse of
the preceding paragraph was, not to show that throwing a
»
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-"f:i.ve" is non-systenatic, Mt to grasp in that Instance
of the non-systems tic sone of its distinctive characters
or symptoms., Our {irst discovery, then, was t‘natl an ennir-
dcal nmebtnod of obvservatiom &nd analysis eould roveal &
greet number of ways in which the result might occur, tut
it offered no nromise of wroviding & complete list of &ll
the ways, Qur szeond discovery was that an @ priord
nethod yislaxd an ucransg eable variety of differert come
binations of distinet altermebivas, Even though distinet
stages of the proecess vere sumned up in formulae, still
gvary poseible comblnation of numerleal values satlsfying
the formulae offered a dlLiferent altematilve, ax corbina-
tions of thess altermatives d=lined the different vays,

Let us nov tum to the second Llunight, Con-
sider any event, X, and et it be defined an a determinate
namerical voalue of some varlable in some ¢lassical law,

Wext, consider all the laws in shudch this
veiriable occurs, and list all the alternative comhinatinns 1
o nuerical values for the other variables in thore laws
vrien the event, X, 1s accurring.

Thimdly, conslder tne different menners in

yhich eacnh of the altemnatfive combinatinns nmzy be approach- 8%

T
-
]
e}
o
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ed, Thuzs, if are 1 varlables involved and they may
have tha nuwmerdceal walues, &, B, C,e.re Wien the event, X,
13 ocourrdng, then the a, B, & +e.. speclfy one of the
altermative combinations, [<ow there are diffcrent combina-

tione of rates of change Im these vurlables, such that the

rates of change are compatible and, &8 well, they bring
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variables to the veluesy, &, b, g, +« A tourlets list of
such conbinations of retes of change, fdrst, when the rates
are regular, and secondly wtien they sre not, would zarve
to define tny difrerent aporocches o oms of the altarnative
corbinztions,
Fourthly, remeat the foregolry performance for

all kinds of events, Th:, one will have worked out all the
pamers In which one may ayroach at all mossible combina-
tinms of retes of chanpe &l the altematdve combinations
of nuzorical vaeiies Tor the other relevant wirleblae vhan
-pach variet:le In each lav assumes =very p-us=sible nunsrical
valire,

Fifthly, by comparing 4L srent procasses,
orie can drav up a list of incompatidle ovoitia

Sixthly, by coablnlng cop stAbla nrocesgses
in 211 possibls mamers, e ca:‘fifgmt— ddvarsing verins
of positdve conditions for all kinds of ewnts to as many
ranoves & e pledssse

Perhavs £hls 15 onoushe 0o IS working
out a plan of setting up an unmanazeabds va rioty of differ-
ent conbinztlons of distinet alternatiwis, The intellizant
procedure In deslliny with such conbinmazlons of alternatlivas
12 %o teknovledge thziz not-systmatde chracter and tum
to the calealation of provabilities, For am a nrior
motnod of carkia, ot dlverging serlas oF c:nnditions vinolds
ths comcres: patterens that occur, not only in this visihle
nniverse, tut also isi av2ty possible umiwear-se subjact to
the sane laws, On the othier hand, an a3 postoriori method

would be both impracticsble and inconelusiwe,
- 115 -
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6.54/ fizeh 15 the argument 1n th> general case,

lessical laws hold in the concrate only {F
conditidl’ls are fulfillsd, To invote the sate or dlflferant
laws to show that conditions will ba if£11led, merrly sets
uo & diverging series of crnditions, The further one goes
back along the sordes, tho more nemerows become the con-

Cditions and the more thay ars dismarsed not only in space
it also in tine. Bven if one kaaw thie patterns of the
Aiverging serds, and the fulfilment of 211 condltlons at
some nth remove, the amly nassible dedaction wonld be in
virtue of “he invarse, conversing serles, Finelly, such
patterns form a a-sys tematic agrrezate:s thoy are an
gnormous =orim of ALfflerent combingtions of dlstinct al-
ternatives; their 1ntelligibility is resched, not by work-
ing them out i1 detail, but by acknowledging thelr nm-

systematic chr racter wzd turning to nrobabilities,

?ZJ. ?MA-%JE At»dﬂ—mz. ?ﬂcf:'c/fo;v .

6.5’5/ Hovever, besides the [oregoing genersl case,
there 1s also 2 waa g paricicular cit S0 gy In the last

= o ana‘lysis,. tahayir-educs.esto tha general case, But th:2 last

| analysis 1s not reuched at once and, in the mesntips,

there is the possibility of the sceurate deduction and Nre-—
ddetion of fually detarminate sven+s, Accordingly, ve have
to dafine the particular case, shov how 4t ascanes the

logic of the dlverglyny serles of conditions, and finelly

grgue that thils escape is never cornlete.
Tha pprticulsr cese will be named a scheme.,
[ts abstract or tuszorstical component 15 some clas:ieal

law or combinution of laws, such that there arises a
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matual faifimant of condlitions. Its concrete or factual
comporient L5 suach a conjunctdon of thinms or events that,
in virtue of the law or lavs, the coijuncilon leads to

gnnthar, thae other leads to a third, the thizl lasds o

a fourth, umtil eventusally the inltial eoniunction recars,

Buch schermes may be extromely simple or exitrenely comnlax,
¥ ¥

Thay mev drvolve any neibar of intermedluardes or, in the

case of ths straisht-fore=ard costinaity, none a* &ll.
Horeovar, schisnes moy be conmbined, =o that all will fuqction
{f any ona or tvo or n function, Finally, scnenes may

smarge in & eoaditioned serises, such tﬂut th= laber haecnma

nossible whan the zurlier are functioning,

Thz coasolcuous exampls of tha schienof
of recurrencs is of rourse the planztary systane But the
whole of rzatiure s2ems full of oselllatilons, Egthmz, al-

ternations, roeursaaces, frop the elementary procaszes of

physics to tn» techuologiesl, economic, and political

inventions snd roitines of man,Finally, wuen sich patteras . {f

of recurrent activity are submitted to analysis, thay are |

found to f:nvolve tne two elemsnts of a scheme, the theoret-

|
i
i
!
fcal composent of intersrelzted laws and the factual com- | f§
BARBAL of a conjunction that throagh the laws brings i
gaah 1l
forth fts orm Tecurrence. f‘?

Clesrly, such schemes do not Sappress
the principle thet no event is unconditiounad, Hor do they

prevant euch svent from hoving many coviitians, Hone the

less, though the diverging series of conditlions remains,
it has baaez brought to heals For the scheme itself takes

cara of 1t~ dpsitdve conditions, all of which ars included

- 117 -
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wltiln classes of avents, end severy ewent within the
cléssses Keeps rocurring bzcausae thz nsthers do in a2 par-
petual vicious cirnle,

Jhoere de, tana, &n escipe frow b unpra-

Aletability iwplicit in the diverging serice of craditione,
Vere astronomnors meraly i nossession of fMll ana eraet
kuovledys of all neturel laws, they st411 would be stuck

w1tih thedr 3-body problep, thet is, with the tack of find-
ing & generali soluwion to thz problem of determining thas
trajectorizs ol thres holles vaen tholr Initizl nosiviams
and momenta cern piven, In Tact, ostrosomars oparste in

tae light of an iraginative cynthesiuy Prolemy?e aistaken
lmecinative syathesis yiolded fuir results; Copernioun!
sinpler inepinutive syntzniesls conbined vwith a more acourate

knorrledge of lavs snablies men Lo pradlet with rema-kaoble

aceracy the movemsnis, aot meroly of thrss boiles, but of

the sun, the clanets, toelir satellltes, the comets, and
even asterolds.

~till, this escape 1s not complete, The
periodici+y of our planstary syster offers no giuarsntes
spalnst internsal disruption of its members or arainst the
intrusion of some external body like a btull intn our china
shope The planetary system secures 1ts owm perpztuity
only if cartain negative conditions are fulfilled, and over
those neyctive conditions It exercises no control, More-
ovar, Just as the planetery system iz not a proof of its
own survival, so it is not the ground of its ovn emsrgence,
A pchane 1o & matter, not sersly of & combination of laws,

but slso of & happy conjunction of things or events, That
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conjunction has to take place before the scheme can begln
to functiot, and zo the scheme has its origia in & com-
bination uwnfct 1t did rrot generates

dov ona might Like to suppose that, Just &g
there are schemes, so too ther2 1s an over—all sclieme, an
nltinate ima;inative synthesis, on wizlch tirere eould be
based accurate predictiors of tha emergamce and survival
of Tegsar schemes, Such wonld be the affLrmeat fon of
rochanlst determinism, But, as we have seem, comblebs
anid exact knnwledge of all laves woald inclzrde a s:;ste1rnat1c
unification of lavg vilkthout involving an mer Inative syn-
thesis eithor of the ewacrete tfolding of this universa
o of any other subl=2et to the same lawse Horsover, an
ovar-all secneme woizld have ndt orily & theor-atical conm-
non=ndy constituted by laws 1in cowblnation, but .also &
factnal commynent, constituted by an L.dtls l econjanetion
that th~ ovor-ull schisme itself could not bring aboxt,
Finally, tic Issue belore us {e to be settled, not by
what one mizht like to think, but by the evilence; end the
evidence 1s that the concrate, hdstorlcsl unfolding of
this world process Involves a consolcuous ase of the
statiztical tocimiquers of large rumbers and long inter-
vals of time, It seems to follow that th= over-all i{ntelli-
gibility ol our world process is, not in uceord with the |
assamptions of mechanist determisdsa, but__.* ir accord with
some different view that assigns & dua p]:a/ca 10 atatistical
lavs, After zll, machines are constructed and funetion

¥athain political, sconomice and technologlcal schemes,
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and pich sclemes emerge, servive, and are supersedsd

without systesatic divergence from the nsrobabilitdes,

6,56 Ve have heen endzavoring to indleuite n pre-
cise terms Yoth the indoterminacy of tha abstract axd the
consequent stetistical recidues,

In brief, the Indeterminacy of thr wbstract
1s the indeterainacy of the blanket proviso, Mother ihings
heiné equal ¥, Clascical Lavs are sald to hold in the con=-
crete, provided other tiings sre equal, but no ove sypeci-
fies vhat the other thing s are or in vhat thefr eguall ty

consiszts,

T T T A T AT T S AT e R PR e T e R S O ) WY

There 1s good rezson foxr this omission.
For a fully determinate event in ths gerniersl case devends
upn the fulfilment of & diwvergiyy serias of positive and
negativy conditions, The conditions et =such remove im the
serios not only become more numerous but also scatter dn
spaca and time, Finally, the patterns of such divery dng

series fomm an enormous, mon-systomatic wgeregate,

It is5 truas that thare ar= schemaes of

T T TR

recurrencs, Granted any of & long serles of suitable imi-
tial conjuwctiony, the aporation of classieal laws rill
tend to repost the initded conjunction Indefinitoly, 5€ill,
there 1s only a tendency and not an absolute necessity,

for herse too there rules the blanket proviso, other things
or py sy, 00,

being equhal,,.\ Jor is there sny evidence to support tha

affirma vion of some over-amll scheme to regularize the
emergence and the survivel of lesser scheomes,

The general case, then, 1s the uniwersal

120 -
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case, In the last analysis, events depend upon & non-
systenstic ag;regate of patterns of diverging series of
conditions, Because that zggregete ls non-gystoematic, 1t
A5 a residue abutracted from by the totaldty of elas:ical
daws, Because the non~systematic is the premise of statls-
tical inquiry, tnis residue may be nanmed statistical,
Herica, the coanon of statisticsl residues mmy be sald to
affirm the nom-systenatic character of the agzregats of
petternc of Jdiverring series of condltions that govamn

conerat s svanh g,

ﬂ ffa«”’iuw%«,t’/ﬁméj

6.57 L mathematical anslogy may exlst, For com-
bination: of differential squations are ldtely to be
soluble only thirough the introduction of =p=2cial supoosi-
tions and, even thean, only by a method of approximstionse
Hence, 1l on: sadd that clessicsl laws coxrasponded to
differentlial equations, that concrate problems demended
combinatlons of such equations, and that ths totalit;agli@
special suprositions and approximute solutions wes non-
systematle, on= would have in the fTleld of meth-omatles wn

analosy {o the canon of statistical residues,

s gu...,w-.(’ Y mrnelly rg Hikichiong  Auaving)
6.(3, Finally, the canon of statdstlical recidues,

fn conjunction with the other esrnons of empirical msthod,
mekes 1t pos oiidle o complement our accounit of tha notion
of probebility (Chaster Il,fj’) vith a derfvation of the

general characteristics of statistical th=orles,

6.61 *“""“/‘;/,-"‘ First, statistical theories will deal

- 121 -

S




Space snpd Timg o _od
hal ' Thg Elenentary ParailQyx

and Q are any point-3astants wiatevers but in our flrst par-

Let (J-Cl' El) and (1_(2, 1;2) be thwe coordinates of

& pair of point-instants, P and Q, in a roference framse, K,

Let (x* r 13_'1) and (x* , 1_;_'2) be the coordinates

2
of the same,of pofint-instznts dn & relatively woving frame, X',
and let them from this view-podin® be nemed, Pt and Q1.

On the Lorentz~ilastedn transformatisn, writing

e Q- ay@)t

R e e T Sy I e A = e o

orae relates the coordinates by the eguations
L -
= Hx - e (V)
X, = Hx, - ut) , (2)
1 = -
v = H(E ugslfsz) (3)

Now consider two particular cases, So far, P

tEcular case we suspose that P ard Q are the similtaneous
positions of the ends of a stanndard measurdng rod in the
frame, K. Since the longth of the rod is anity, and since the

pesitions axre simuiltaneous, was have

5 - X% G 1 (5)
-y =3 (6)

| By subtracting equation (2) fyom (1) and
squation (4) from () and substitutdng the values from
equations {8) and (6), we have

¥ - ¥ < H , {7)
g~ ty = - Hu/df (8)
- 3 -
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50 that, clearly, a unit length Belween similtaneons yosi-
tions becomss on transfornationn & langth that 4s not unidty
between vositisns that are not silmiltansous,

In our second particular cuise, ve sapyose
thett P and § sra the point-insturats of successive seconds In

8 standard c3ock stationary relative to the frame K, (learly,

b o~ b, = 1 {10)

whence, &5 b-fore, by appealing %o equations (1) to (4) and

by substituting from (9) sad (10), one obtadns,

t 1 - -
_.)_cl - 52 = i}.‘;l Cll)
By - by s (12)

g0 that & di stance that 1. zero hus bsen transforned I=io a
distance that 43 not zaro, &nd a time that is unity has been
trensforned Into a time that Ls mot unity.
otill, though distances and timos are

relative to reference frames, the four-dimensional intervsl
ts invariant, L2t us name the interval, s, where

ds? = dax? - cfat? 13)
and in tha present cases

2 - — 2. clt - 2
5 (51 52) 9_(_1 1:2) €14)

On substitutlzy from spuations {5) and (6), one finds that thae
interval of s vnd in K according to the account in £ s unlty,
ﬁikewise, ors subbituting from equations (7) end (8) , one
finds that the interval of th= rod In K according to the
sccount in K {s unity, Again, on substituting from eguvations

(9) and (10D, one finds that the Lnterval of the clotk in K

- 24 -
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according to the account in XK s g“t_g._ = \/:1“].
Likewise on substituting from sgus tlons QL) and (12), one
finds thet the Intervel of th: clock 1M K according to the
accoant In X! is &lso Yo,

Thus we have arrivet bothh &t the slenentary
paradox and st its soluation. The odemmateary péradox arises
fron the contrust of :maations (§) wand (7) and again from the
contrast of eguations (10) and (12D, Thme firet contrast shows
that the dength of a rod in K i3 uni&y on t:e account In K but
on thie account In Kt is preater than uwxity: and {f K' finds
a unlt rod grester than unity, it seens to Follow thst his om
rod Ls shorter. The sscond contraskt shows tkhat the length of
a standard durstion in X 1 uailtw Ao thy account In K bat is
grester than unity in the account £ Ky and 4f a vnit of
duratdon in K 1s found to be greater than ity in Kty it
seems to forLlow that the unit An K¥ must be shorter.

Hovever, If we begarx rom rocds and clocks in
the systom, K', we could establish thme opmoesite conclusions
with equal validdty; for then 3t would sesp to follov that
the snoxrter units vere in tha systen, £, Sich is the aleﬁent.-
ary paradox.

Vhet the paradox owerlocks Xs the fact that,
in the context of Ipecial Felatiwity, oxie s not dealing with
rods that are merely spatial oxr with clecks that are merely
temporal, Fovr, as has been seery, & st aicdard rod determines an
invariant four-dinmensional Interwal o f megnitude, unity; and
a stindard clock deternines an imve i ant Fozr-dimensional in-

tervel of megnltude, Jc. Kods that de tenfine an invartant four-
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dimensional intervel must have a tem»oral component, and
clocks that determing an invar!ant [our-dimensional interweel
must have & spatial component,

Indecd, as apnears [rom equatfons (5) and (),
in thes reference frame, in which & rod lies betwsen simil-
taneous point-instents, the Iavariant interval has a spatiel
cortponient of magitude, unity, and a temporal comnonent of
magnitude, zero. £s appecrs from oque tions (7) and (3), in
othier relatively moving refercace fremes, the same rod deter-
mines the sume four—dimensional iantsrval, wiileh, hownver, now
s & rpatial ecorporient of magnitude, H, and & tamporal com-
pomaent of m&gni.t'-:de, —_gu/ 32. Concomitant with the vardetion
of the spatial components, thers iz a W.r_.:-.-.rial:ion of the tem-

poral componants, lip rod in K by the account in K lies be-

tween simudtancous polat-instants, The same rod 4n X by the

acecout in K' lics between non-simtltanaous point-instants.
The spatdal and tenporal components, sSey [1, 0], transform
to spatial and temporal components, [E, -l_@_u/{:_zhl. Inversely,
the rod in K!' by the account in Kt will 1lfe between simul-
taneous point-ingtantse But the ssme rod dn X' by the accomnt
in K will 1ie betveen non-simaltansous voint-instants, In
this case, spatisl and temporal componoats, [1, 0 ], trang-
form to spatial and termporal conponants, ]:}_{, fi_u/cf], for the
sign of the relative velocity, y, chanjpes,

Ageln, ae appears from eceetdons (9) and (30),
La the reference freme, fn which the beginning &d the end of
& standard duration occur in relatively the same position,

the invariant interval of magnitude, o, has a spatfal com—
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ponent of marmitiis, zero; and a tenporal componeat: of maeg-
altude, mnlty, A~ apprars from squations (11) and (12), in
othier rekat ively woving rames of roference, the same duration
deternines the same invardent intervel, which, howevew, now
hee a spatial component of magnitonie, -Hu, and a temoral
cormonent o f magnitude, He Again, there is concomitant varis-
tion of spatial and temwmoxrel componients, A standard duaration
in K by the aceount 1n X hies compomaents YO, 1]; ths same
duration In K by the account imK! has comnonents \__-H_r_:, §1 -
Inversely , a standard duration in K*' by the acenmt 2 KT will
have com oenxs iO, 1_1: but this duration in Kv Wy the acco-nt
in K «111 have componeits [ﬂ_y, yl.

The elementary paradox resulte from & comilation
of ovarsights. It disregsrds the inviriant interval f{Lxed by
any rod for all referance franes anl the inveriant Enterval
fixed by any clock for all rafereqce frames, It ddsrerards
fonr accoumie of tvo rols o consider only tvo rods, and it
disregards Tour acecounts of two clocks to consider only tvo
clocks, Finally, it disregards the temporal comnonert that
pertsins to rods and the spatlal commnent that pertainz to
clocus,

Sti1l, 1if the ol ementary paradox is to be set
aside as a gross over-simpliifiication, there remalns in its
entirety the problem ol workine oiat a coherant acconint of the
notion of measurement compatible with the complexity of
Speelal Reletlwity. To this task we must now address oar

attention,
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are dnvarimnt under pernissidle transformations, and so
measaranents valld in one xeFeronce frame are valdd In all
pemdssible ravues.

OFn the siprositions of the tpeelzl Thaory of
Relativity, wome revision A3 necessary., Ve snall consider how
it affacts 1) lengths of stmerd nalts, 2) lengtws of
measurohlo objects, 3) met sixaements, and 4) cizes,

Pirat, 8 lengt® zesuelts from fitting @ size into
a geonetrilcal constructlaie Ou the Npsclal lhissry of Pela-
tivity, &h: molavent soometry $s that of Minkowskd space.

Tne follovin clarecterlstdes of the lengths of stindard wnits
follov [row the propertles 02 thls space or, vhal comes Lo the
same thing, fron the Lorantz—iinctein transfornation,

L. In all fnertlzal frenes of reference a standard
rod deternines ajo*-.w-dimxminna] interval of megnitnde, unity,
Similaxly, In 21l inertial fzunes of refersnce 8 stmndard clock
deteznines & four-dimengiornd Interval of mapal tudey, 1e¢, vhere
1 Is the sgmare root of nirws one, and £ s the valocity of
light dn y;agzo,.

20 A reforence Trame vill be sald to be normel
to & standard rod, vhen the rid Li the frams deterndnes an
Intorval with spatlial comv-mant of marnitude, vnlty, and vith
bemporal coaronent of mu:ndtude, zuro,

Similerly, & refz-once frame vill be sald to
be normaX to & stasizrd Qloelk, whon the clock in the frame
deterndnes s intervel withi & spatisl compoazent of mernituds,
zero, and a tenporal comrvoxenit of _magnitude, un ity,

3¢ Referonce franes that are not normal to

standard rods or standard <logics are in relativs motlon o
- 235 -
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nomal reference {rames,

o R S

Inversely, ia yeference {rcames in relative
motion to noermal [remes, standard rods deterainz the sama
Invarian® Interval but now possess spstial compsnants,}i,
and temporal componeate, -gp/g? ar ggjg?, sccordlng to the
ddlrectiom of the relatlve motion,

Similarly, in refavence frames in relative
rotion to normel fremes, standard clocks Jetermine the same
invariant interval, vhich, hovover, nov possascas & spatial

commantent, -flu or Hu, and & teamporal component, H.

Leeonély, there ere to be detornined the
characteristics of the lengths of other meusurable ohbjccts, ;
Ciearly, thess Jengths will have the same propertiss as the :
Lengths of stanloed units, For Lobth sets of lengthy are sub-

Ject to the same traasiormetion ecuations,

accordingly, for avery measuravle spoilal
object there 1s a group of nompal reference framcs, relatively
gt rest, and in them tie objéct datorndnes an Interval with
spatial comprnsnt, A, anc with temporal component, zero. In
other reference Iremes ln relziive notion, the samz oblock
will determine an interval or the samp magsiiude bub with f
spztial componesnt, AH, and with temporal component, —éﬁu[gz
or AHu/cg, according to the ddrgction of the relaflve motinn,

Similarly, for every measurable temporal

objact, there 13 a group of normel roference framaes, rela-
tively at rest, and in them the object determlnes an Intervsl
vith spatial component, zaro, and vith temporal component, B, i
Ian other inertial frames in relative motion, the same object

e D86, -
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& temporel magnliade will deteredine an lnvariant dntervel,

vill detern¥ne the sune fnvarient interval, namely {cB, but
with & spavlel edaponant, -_i?é;u or BRu, and with & Lemporsl
componant , Bl

In ch: third place, measurements arve to be
considered, &nd they offar tLwo distinel aspucts.

Por, in so far &y measurewments are numbare to
be substituted into eguatlons or to e derived by solwing
eguations, they are fdeaticel vith lengtho, Thie follovs
from the netwrs of the coordiiate system vaieh, in thz pre-
gunt casey Aeals only with mesrured lengths, bdcrorvdiapgly,
all that has bown zald sbout lengtite mey now be repeated
about measurenonts. & spetial megiitude will detezidne an

iwarlent Interval, A, with components, r@, -Aﬁu/czl, and

AeB, vwith comonzits, [T._il_l, -]:ii'iu] v 4n norpel reforence rames,
B hecomes un ity, wnl @ becowes zero, so thet the components

are [;_;, 0] erni |0y ﬁ_‘l respectively, Finolly, In transfor-

owevsr, there 1w & further aspect to messure-
mentss The nunbers substituted into eguatione hsve to he
derdived fror date, mi the nunbers darived {rom equations
hava to be verdiled in data, Thus, there arises the guastlon
whethar btpecial Baolmtivity nodiflles the ermereve opsration
of measuringa

The general ansver would seem to bo that it
doys not. & measuramomt romaing the numoer that stunds to
anity as the nessuarable ooject stands to a standard unite
Howaver, within the frame-work of thut general answer 2t will

be wall to sdverf to particular casses,
- 237 -
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Ordinarily, simultaneity %s determj.ned in *he
samg mavaer i selecting tho voint-instants &t tha oads of
the standard uanit and 1n selcecting thoss at the auds of
tha measarehle o !'act, It will follor thet spatial measure-
ments ordinarily occur with thr standard unit &nd the messur-
able object In tizy same reference frawe end, since A 1 @ ¢
A_g 3 }_i, the resilt of measuring will b2 the nmumbar, A,

Ot11l, this is not inevitable, Furtiar, it may
- be falrly comon to use & clock, statdonary in & reference
frane, to time & process that begins at ove place In the
frame and ends st another. Hencg, besldes the mog suremmts
that resudt vhen the object and the standerd are taiken in
the same frame, namoly, A/1, AH/H, B/L, Bi/H, thero are the
measuremenits thiet result vhen thay are in different franes.
If ona of these frames is normel, the res:lts will bs 4iH/1,
A/, Bi/l, BMs: AF natthor frame is nowmal, one pust ddstin-
wish two ve lums of Hy say H' and H", so that the results
may be All' T, Me/Hr, BHV/EM, BHM/HY, In othor words, the

o

actusl proces: of mweasuring can involve the same ambigunities
as are contulned Ln the alesentary paradox and, Indead, even
more elabb ree aitlgnities,

Accordingly, we cre brouwght to the conclusion
that, while SEpeclal Relutivity demands an operation of measur-
ing that fundsmentally is similar to peasuring under Uevtosian
assurptions, stdll 1t adds nev rules thet eithsr climinate or
correct some resul s which, on Newtonlan assumptions, w114

be val id -
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Chapter Vi Space and Time, (&, Rods and Clocks,
Foot-mote te p, 3B%K 277

The rmestiong ghonld be glorified, "Blze"
hag been doflned =8 an experiential conjuenie thub vm-ie‘u
both from lrner charnyge in the ohlect and from cherype of
potitdon of the otserver.e In the text I do nol nean to deny
ﬁarspactiwl varlation of size., Slmilarly, I do not acen
elther to affirm & or to deny wiast I regard as noaningless,
nanely, thrdt there is or 1z nob an Aunor changpy of the oblect
ag referred to gomo abusolube speces The auestion lg vwiether
an acce stance of spoclal relativity loglcally emtalls any
change An rods or c¢locks, and ny anmwer is that no such chonege
can bo deduced, “lenstha' very because roference frames

vary; axd roference framnes vary beceuse moies oF Getormining

sinultanedty vary.
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ﬂ Space and Time

In the fourth place, thers ars the sizes of =patdal
ani of temporal megol tudes. Do rods eontract or erpand? Do

* ool *
Teti | clo~ks run slovw or fastszur answer vill be negetive, and

i _ jr?w*“uﬂt our r2asons run as follows:

1 ‘ First, 1% 1¢ difficalt to sinpose that rods and

1

i . clocks shonld uadergo such va-iation withont a jproportionats
variation ocenrrin. {0 the ohjects that they measurss ansid Lf

:gr the proportionat: variation oecurﬁ, trien no explanation i3

providad for the rzlativity of leayths to reflerance franes,

Secor: 11y, even 1f rods and clocks vardaed vhilae

other sizes do not vary, the reguire! womlanation sn-li not

be forthcoming, For rads and clocas and osther sizes dstormine

1atervals that are inveriant for &ll inertial refarance frewes,

Moreovear, these intervals exhibit temporal components for rois
and other gpatial magnltudes: and tlzey exhibit spatial com-
ponants for clocks and othier temnoral maynitodes, lov does
g contrecting rod generate a temporal enmnonent? liow doos &
dacelereted clock geonerate & spatisl component?
Thirdly,. th2 svidonce for contractiing rods and
Aﬁﬁ ' decalorated cloeks lims in the elomentary perador. low ve
have ne doubt thet, on fthe punaositions of dpaeial Falativiey,
it would b vassiila to reach such: metsuremants as A/H, AH/3,
B/, BH)l, vhoel ara the lengtheaed anct shortened rods and
the faster and slouer clotks, But tha obviosug exnlanatinn 1%as)

not in any varlation of the sizes of rods orelocis, but in

the relativity of lengths and in the use of & standard anit

in ona reference frame to measure an objzct in axother, sig—

nificantly different, frane,

| - 239 -

P - . . e aee - . N e e - R TP TR TPYRRTY TS DS




t} Space and Time 278 2%
$ Fourthly, there 1Is no aspect of _t-hfe Sorelal
;% Theory of Reletivity that 1 not accounted for by dlstdn-
galshing botwewn sirze and lestin, share length Lg eonstructed
in aceord with the geomstry of Lilrkovwski spuce, Thar follov
7y ‘ lmmediately both the inverient Antervals end the relstivity

of spetlel and t=mporal componianats to refersrice franas,.
Horeover, thig eonstruction of Langth presuonmoses, aot a
variation in slze, but & velotively of simultenaity, It vas
from a relative solatinn to tr prablem of syachraiirzat inn
hat Tpecelal Reletivity wo awol ved and shanever such &

gnlutinn 13 alopted, tpeclal ol atdvity -131 follovw epven

thioughs no varistim in sive 10 odedtited,

Sed raint i voriln Zllustrating. Cupnoce two

nlanas Mlyine 1o the rame direct3a with thre same constent

velacity, so the! Lo distance betvoeen them ls enastant, Let
that distance be reparded as vz stendard unlt, anl soonose
tvo observers, K an? K', that <debernine simultaneity 4iffar-
ently, Now consider the Instant et which thas first plene is
at & moint, P, L2t us say that for X the seomd plans st the
same instant Ls at some point, I Then for K!', since he deter-
mines gimultavelty differently, tEw sgcond plane must bs at
some nearer or further poiat, &, at the instant vhen the first
plane {s at P, Accordingly, tiogn there 1s only one sirze,
though this size lg constunt, thezgh both observers sgree that
thiora 1s ouly one size and thet |t Ls constant, no:ie tha less,

in virtus of different determinztions of simultanedty, there

are two leagths, PR and P8, aud they are unequal with an in-

_t squallity In oome promrtion to the relative welonitles of the
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Space and Time

planss end the diverzeice bstween the tvo daterminations of
simultaneity,

Yhile this {llustretion 4s, I believe, to the
point, still it is only an i1llustretior, One cannot take a
relativity of simaltaneity as poﬂtulate' and from it deduce
thel Speclal Theory of Relativity, On the contrary, 8 rela-
tivity of simaltanelty merely sets a problemt confronted with
that problem, one aiverts to the invariunce of prineiples and
lawss and it is by postulating tlie Invariance of princinles
and lavs under inertisl transformations thet one reeches the

basic premise from sl:ich fpecial Helativity f(ollors,
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hok . Summar

H

“ha alm s bean to vork out & ganaral theory
of measuremant theriy;r clardfy the notioms of measur-
able object, standard uvilt, measuring, @nd measarement
pecieliar to Speclal Relativity,

Hewsuxramont was se=n to ba tho tecinigue by
shileh the sclontist moves from tha daseriat lomy of thiurs as

related to our sens=s to the explanation of things as related

oy one another,

Stondard unlts were coneeived as measuirable
objJects that intrinsically stend on the same Forting as other
neasurable objucts but convaent ionally are given a nlque
status tn sinplify and systematize tha formalation of the
relations of things to one another,

‘e defiaitions of mr:asﬁr‘able objects of
various kindes, the stendardiza tion of thedr respaoctive units,
tha rules of ri2Asuring, &nd tho nature of m=asurament werse
seon to depend o alwbtraet presumptions and lave and, there-
fore, to be subJect to revision along +ith rewisions of the
presumptions and the lavs,

Trils generic notdon of measursment was then
appiled to measuarenents of sputial and temporal mupnitudes,

b basle distinction was drawn hetreen the
experiential conjupete, size, and the pure conju:ate, length}.
Tha former &5 correlative to our experiencea The latter is 1;-
plicdt in a peometricael structure of i;'lefim‘t'.io-ns, postulates,

and Infarencss,
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The transition Mrom Newtonlan to Finsteindian
physics 1s & trensition fron length, as fmplieit in u-1lidmen
geometry, to lenpth, as iupllcels in #Mriowekl spece. It
drops lavariant spsatial and hanporal leagths, It intradyces
Invariant four-dimensinnal intervels with variable snatial
and terporel econ-onants, Vhile 4t grants o special o1 aifi-
caice to rofsvaonrce Traves at west, still dt doss Lmply a
position of priviizge for nnsmel reference franmes, in ¢ hich
spatial megnitudes heve a gero tamporal eompamant and tem-
poral magnltudes heve & zero spatial comoment, Thus, an
interval, A, vhich is a real romber, hes the corponents
[:ﬂg,ffgp/g?] vhich become [ﬁ, d) in & normel reference
framei ani an interval, icB, vhich 1is sm fmuginary nuamber,
hug the components [-_I_ij_i_p, ;_331] y ¥hich bacaone [0, ;}] in a
noraal raferencs frame, It iz %o bz noted thot the disting-
tEion between the spatial ¢ad thn femnoral A as sharp as the
distinetion between real and lmeginery nuwdnze, that the
lengths of stendard mlts are bat perticalar coses of tie
lengthi: of other measnruable obfscts, that the transformation
properties of unit end of other Longths asre the same, that in
a Kinkowski manilold lengths are &l eady acezursd so thet
measurements ara co:nnident with ldenethey, that in the opera-

tion of measurinyg, there arist in Speelal RFelativity am-

blguities thet do naot exdst snl go do noet have to be solved

on Newtonian suppositions,

Howgver, whlle Speclal Relativity involves

a8 revision of the notions of lerigths end of nessurements and

waile it Introduces & new caution in the operation of measuring,| §
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it does not Imply tha erpansion or contraction of rods or

the accolerition or deceleratzion of clocks, In othzr words,
the unit divisions of the axes 1 th= coordinats s7stans

ar: caistijated, not by the slze, ot by the lasamth of stand-
erd distances snd standard durat ionse Guct: lengthy ar= rela-
tive to refercnce franes, bzt this relativity of Ilsapth
arises, not Trow hiv2 of slze, hutb from the Intersdependence
of determinziinas of lenpgth and of stmiltancity, ‘hat corres-
ponds to change of =ize ls, not & mire transform=tlim of refer-
ence frages, but a varlatdor: in the inteorvals, 4 o jcB.

A varietiosn in zome of th=ase Latarvals corres~~ds tp &
variation in some messura®le objects: & provortinnats varda-
tion 1a all of these Intervals suprests that tae standarddza.
tion of units needs to be corracted and revised,

Mght I swurgest that, on this showing,
there vaalsnes the arbitrary division of ths world of phvsics
into rods and clocxks anl, on the other hind, all obiier ob-
Jects? Sach arbitrariness 1s noted end regretted Wy Prof, Fdn-

stein in his Autobiography, (ﬂlha{&_ggggggln, nlosorher-

Sedentist, ed, P.A.Schﬂ&ﬁp, "he Library of Living Philosophers,
Hew York, 194% and 1951, p. 59)

It vrold seam to wauish 1) dnasmuch as
physics 4s set Cirs tosd of assigning dnverlantly arpressed
gbstract relations to aceount not only Tor experionced colors
and sounds but equally for experlenced extensions and durations,
2) inasmuch as these Telations ars rezached by forrmlating and

varifying hypotheses, 3) inazsmach as rotlons of lenrth and
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Opee and Time

measurement and the stasdaridzation of units form internal
parts of tha hypothesis to be: werified, 4) inasmuch a» the
hmnothasls asseisns the sene pronertlos to leigths of shand-
axd wlits as to lengths of other measurable objects, and
53 inasmach as franes of refereuce have their units con-
situted, not by the sizes of rods end clocks, but by thedir
trizoretically defingd lenygths,

| Finally, £t @ould soem thet the forenoing
account of roda and cloceks in [psclial Relativity misht za={ly
be adspted to *uu cocadrenent § of Gensral firlativity., In
General Raletivity bLi:se remsdns the invarelent four-“imen-
sional Interval; there remadn Jts spavial and {ts temioral
components; there remalns the tovariance of thase comnonents
it different reference {ransiea The basic differcices are
that tihie conponents now are marvilinear and that sneciflca~
tlons of coordinstes are not wirtnal meas:remsnts of 1is-
taace or duration.

On the othor hamd, 1t 1s mot to be claimed
thet our account of meeeuring s completely genersl, Rather
that distinetion seems 6 partaln to Quantun Theory viswed
ap & theory of measurenonts, For 1f it 4s irue that all
moa mring 1s abntractive both An the sense that it replaces
set 8 of data by serles of gp-:rexinate numbors and in the
sense that 1t relates the mumbere not to our s-nses but to
ome snother, atlll the relatlory may be systematis or nonw
sys~ematic; and non-gyotemaldc relations, no matter what
t}wdr origin, can be menipuiated theoretioally only ina

eontoxt that envisages statistionl lows,
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hunari intellect is & potentlal omnipotence, & potens omnis facere

gt fieri. But A guinss cnuld exploft that arfimpation in & menner
p— p—
thet vouldd have startled Arlstotlea
Firot, he recopnized an unc=strictad desi-s to kiow, 4f
soon &b s lesin of God's sxdstunce, v wish to undsrsiend His
nature, Yo acchievs such onde retanding is boyond the power of our
aetural cepuelity, yot in sueh achilevedcnt 1les our spontsncously
s gy At s A 4 [ T T .
desired Lostitude, (I)l,)l)*i‘,.’l EJ;3U ; 5)5).
Soeondly, the wiweesbrdetednuss natlve to Latelloct grounds

.

the e ffirmetdon that ths ob) et of dntcllecy hus to be hbaing,

Bocause invslluct Is pob-as onide iexl, Lts ojuoet 1s cns. (,_I',')'79J
7, ¢) « Belug ond everything ars equivolent not%oris.

Thirdly, ov theo semw roaoon, an intellect £41ly In act
anst be intivdbte ead unereoted sot, Aiy coocted Intollect mucst dn
some swriner b pobuitlal, end our lntellectys swsrt from v zaro
of potentility. (T 79,2,ce C6 I 08).

Yourthly, nonn tho lese, beoing s por s@ eud noturelly
Xnovn Lo us (f__{: IJ:}E,-':Bﬁl} y and iL cahtwt be Qnkinowr to uso, (l_)_ga
Ver, ll)ljfiru). Avicerna twd dnteovpretad Ardstokle’s agent in-

™ | welloot o wome veptrite dmueteoriel cubotance, dquines found 4t
dmsanent vitaln wei wiw Light of inteldlionee, vhich s in ue,

perforns the funetlons felstotle altributed Lo g, et intellaect,

and, moruover, hrlzbatle cosperad agont intaileocet to 2 1lipght.

(C_G I 77)’“%) o Lugusting hagl aivinesd that our kovlaedpe of truth
/

18

ariginet:d, not without Lt vibhin usy ot not slmply w thin us,

but in some illurination iz wilch we consulted tho eternal
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Chapier XV : lilements of iletaphysics, - Foot-note to p.704.

The relation of potency, form, and act, as defined, to

Scholastic potentia, forma, actus, may be bracketed under the
three headings of technique, principle, and methed. '

ﬁy definitioh are systematic. In contract, the normatiwve
influence exercised by the Scholasilic disputation set & premium
on definitions that were nominal, that prescinded from systematic
views, that stated what would be meant by the members of any
school.

Secondly, the .rinciples on which ny definitions are
baged would be rejected by the conceptuelisi wing of Scholastic

thinkers. Because conceptualists deny dnsight, they eliminate what

T mean by form., Because they conceive zbstraction as impoverilshing,
they eliminate the distinction I draw between potency and form
and deny its implicetion that matter is a orineiple of individuae-—

tion. Because they consider judgment to be an adhaesio mentis

that doés not augment the content of kmowledge, they eliminate

the distinctio I draw between formm andl set and deny its dmpli-
cation of a real distinetion between essence and contingent existence
Thirdly, the wcholastics that emﬁloy systematic definitions
! and hold princirvles similar to my own Follow gquite a different
E methed, iile the present metaphysics ds epistfemologically con-

] . strueted in terms of the causa cognoscendi, theirs is ontologli~

cally constructed in terms of the causa essendl ; and while my

1 starting-point is restricted to propoeriionate being, theirs con-
| tains an explicit redarence to transcemdent being in a theoren

| on the intrinsic illimitation of act amd the limiting roles of
fora and potency. dccordingly, it is only at the end of Chapter
\ XIX that the isomorphism between Thonlsm and the present meta:- b\
physies can bhegin to appear. yﬂ/ L
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