Tias boon introduce@, no effort hims boon nnde to capture tho

In tho nroviowus chapter inoirht wao oxanined in
a atotlo fnachion. It woo'rolated to Inquliry, Lo dnmgog, 0
enpldrionl dota, and to aLfforont tyros of posliive na negntlive

oxplnnatory conooptn.  Dut 1f & pot of Hundadonial g notlong

cpoontind dymrolon of humrn intolligenco. lHov o £irst nove mant
Do medo In thio direetlion nnd, ag enplirienl gcolonge is cone
artenonnly ond nothodlicnlly dyoade, 4t w111l bo uell to begin Ly

ontlining the nlmlZnrities and dissinileritics of snathenetleal

andt gelontifie fvmkrhto,

tnlLleots 4ot amination of the lav of £nlling bodlca
nét only is o nodod of oclontific 1"::2*609511_11:'9 bt adno offexs the
at’-’ﬁmetion of ponsosolng nany notablo alnliapities to tho r~lroady
exaninod procone fimon thoe imnpe of o cort-vhoal to tho definition
of the clirela.

In tho Tilrot plooo, tho lnouiry wvao rootricted
£0 Mho immanont AnBellipibility of o freo fnll. Just as m

muled ot of conolderotion the purposs of copt=thoolsy tho

naterialp fron which they ore mode, the vhoclwrights that

nele thom, nnd the tools thet whoolurichte use, 60 Aleo

fhoa f“u“" M M-r)f.-l-,nmﬁ
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Chaptor II: Heurilstie Structures

b, bl sk ol i Lesndis bos e,
'1, xR So far our illustrotions of Inairhf have been

drovm from the field of mnthematics. Thgre have been examined
tihe deflnition of the circle, the trensigion from arithmetiic
to al- nhra, the distin ctlon be ween diltgrent kinds of inflnite

AR a -,’ 13t g I o B4 i gl 1 I A0 A+ .-_- b et aXmmryrier—, L
It O TIT *"-L.«' UL et Ty ™ 0y MADCPNNOAR S ~ FOVE L
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sets. It is true that ve began from the story of Archimeﬂe“'
dlscovery of principles of uivnjqcement and speclfic mravity.
Bub then we were content merely to inddlestbe the more obvious
features of insirht and made no aitempt yo ocnalyse the precise
nature of the orisin and development of goientific knowledre.
Such an analysds must now be tackl?;i

Cop i ) /

4

A L/ Gelileo's determifation of the lay of Falling

one/

offers ti¥ attraction of posseBsing many notabYe similarities
to the glrendy examined process from the imerg of the capt-wheel
efinition of the clrecle,

In the flrgx Dltce the lpoulry was restricted
Hility of & freg Lall, Just/as ve
rulgd out oi consiieratibn tho purnpoge of/ Cart-wheels, the

a #ey are vace, the peelvrizhts thaf wmake
thom, and the tools thdt - noelwrl‘nns 189 /80 als0 Galileo
“Was uninterested ir the final cause of fqlll_”, he drew no
distineti.n between the different materisls t ot fall, he
made no eifort to debormine what arenciley produce a fall.

Secondly, just ag we starged from a clue, the
equal'Ly of the spokes, so too Gallleo syprosed that some
¢orrelation was to be found between the yetgnrable aspects of
Falling bodles. Indeed, he beran by sbhioyine the error in the
ancient, Ari:totelian correlation that hodiles fell according to
their weipht, Then he turned his attention to two measurable
aspects lmmanent in every fall: the body traverses a determl ate
distance; 1t does 30 in a debterminate interval of time. By
a series of experiments he nrovided himsglfl with the roguisite
data and obialned the desired ﬂeqsurewents. Prom-tha aascupomerbe
oL evinde Then. he discovared that the measurements wonld
gsetisfy o memeral rule: the disbtance trayersed 1s proporilonal
to the time scuared., It is a correlatioy that hes been verified
directly and indlrectly for over four Cepturies,

Thirdly, once we had deflned the circle,we found
ourselves in o realm of the non-imn~infble, of the merely supnosed,
Stransely,, Fre—ewle™tine hoppens when One formulntes the law
of falling bodies, It holds in a vecuum, nnd to realize a
verfect vacuum is imposslivle, hat can be established exderi-
mentally is that the mowe clos ely Y3 qphboximoteito the conditicns
of a vacuum, the more accurate the law Op conStant acceleration
is found Lo be,

bodies not/only is a model OZ?? ientific procedure but alsd

AQUBTR—BLAE ST LB By et o prfennd
’. Fagdon bthe definition 01" whe siyrele ang &l o
'as. Tle ingdrht thnt ddy the revhetried
prage of necessity qnd Imp Qs Thild it ¢
, e curve rmust-he rowngy/Ir ) ii arg
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Bx2 But besides gimilarities, there also are cifferences
and these are perhans more instructive,

In reaching the definition of the c¢ircle, 1t ix
was sufficlent to tuke as our stsrtinc-point the mere imare of
a cart-wheel, There was no needfor fiesld-work, But to reach
the law of falllns bodles Galileo had to experiment. Climbing
the tover of Pisa and construeting Inclined planes were an
essential part of hils job, for he was out to understend, not
how bpofiles are Imngined to fall, but how In fact they fall,

Secondly, the dnta that rive rise to insirht.
into rowndness are continuous, but the data tThnt rive rise to
insight into the law of falling bodles nve diSGOUtinuous. One
can Imscline the whole cnrt-wheel or a whole loop of very flne wire.
But no matter how meny exneriments one naltesg, nll one c¢sn obtain
is a series of separale points plotted on a distance-time graph.
No doubb, it 1s possible to join the »lotted points by a smooth
curve, but the curve i¥ rerresents, not data thet are kmoun,
but a nresumpbtion of wirt understandéing willl frasp,

Thirdly, the dnsirht into the imare of the vheel
craspd necedslty and imwossibll ity: if tre rodil are equal, the
curve must be round; if the radil/are unequal, the curve eannct
be round. But the insight Into the discontinnous series of
points on the rraph conslats in a zZrasp, not of necessity
impossibility, out simply of possibllity. The simplest smooth
curve could represent the law of falline bodlesg. But any of
a vast ronne of more eloborats curves c¢oirld eouslly well nass
through all the lmovin polnts.

Fourthly, once one cetches on to the law of the
circle, Lthe insirht and consequent definitlon exert a baclward
Influence unon Imagination, The reometer Imarines dots but
thinks of polntg; he Im~zines fine threads, bet thinks of lines,
The thinking is exact and precise, and Imoninstion does its best
to Leep pace. In like rrnner tne GPDiﬁicql 1nveut4rqtor 111

T J— T,

ena to endov his inﬂ"eu .1th.the closost nossible apnrOXlMPtlon
to The laws he concelves. Bt vwile his Imacsinatlion will do itbs
1 ERI u

best, while his ercewtlovs rlll be “rofnwnwly influenced bv

the habits of hle Impreination, mone the less tihe da=ta tlhat a

avallaile for t he 1deal obaerver make no effortAﬁsm.conformity.

They go their oon way with thweir unanalysed multipl.city and

their refractoriness to measurements that are more then anrroximate,
Fifthly, as we have seen, hi~her viewpoints in

mathematics are reached inssrauch as Initial imsces yield insights,

anazdafinitiesns: Insights yield definitlons and vostulotes,

definitlons and postulates gulde symbolic orerations, and gymbolie

operations wrovide a more neneral imare dnxxizg in which the insirhts

of The higher viewpoilnt are emergent. Now in empirical methoed

there 18 a similay circle bub 1t follows o glirhtly different

route, The opsratlons that follow upon the GaikiviNlenoftadearty

formulation of laws are not merely symbolic, For the formulation

expresses o pgrasp of possibility, It is a hypothesis, It

provides a hasis for deductions and coleculations no less than

mathematical piremises, But it also rrovides a pyamisa basls

for further observations and exverlmenis. It is such observation

and experimentatlon, directed by a hypothesls, that sooner or

later turns attentlion to data thot initlally were overlooked or

LA
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neclacted; Lt is abttentlon to such further data thnt favrces
the rev401on off initial viewpoints and eflscts the develomment
of empirical science,

The clireuit, then, of mathemoticsl development
mag be named lmmanent: it moves from imnres throupsh insichts
and concoptions to the proinction of symholic lﬂ“ ‘e whence
hicuer iMBJf“uS ~rise. But/01rcnit of scinntific development
includ:s action upon extarnal fthinss: 1% moves from observabion
and experiment to tabulrtions and gravhs, from these to =2
insislhts and fomaulatisns, from formu1qtions to forecarts,
from forec-sts to Oﬁﬂrﬂbions in whech 1t obtains mithmx
fresh evidence sither for the conf'irmation or for the revigion
of existing viauws,

L Danacad Newsolo, Sl

Gug
at once.

But just what is Lt9

In one reapect this brief sketch must be compieted
Quite aLrilv, we have snoken of the initlal clue,
“here does 1t come from? Is it mere

£U888-N0rK?

One oo

be led on cuite n turally to the definition

of' the CATCle, if one berins from a suspicibn thrt a carbt-wheel
1s round becanse its spokes are ecual, Similarly, ore can
proceed In intellinible fashion to the determinotion of the
law of falllngy bodies, provided one nresumes initielly thet
the law vill be a correlation of measurable st -ects of a freo
fall. But this only males the origin of the c¢lue or Lint or
sugeeution of presumption all the more sirnificant,
axLJahzﬁzt4 foo Bl

With another bow, then, to Descartes' insistence
on undorstanting extremely simple thinrmg, let us examine the
aleoebralist's peculiar habit of solvins problems by announcing}

Let x be the re-ulred numbsr.
Thus, supnose that the oroblem is to determine
when first after fthree o'clock‘the minute hand exsctly covers

the hour hand, Then, one “rites cown, Let X he the number of
ninutes affer three o'clock. Secondly one infers that while
the minute hand moves over X minntes, the hour hand moves over
x/la minutes, ™ 1rdly, ore ohgerves that ab three otclock
the hour hand has a 15 minube stnrt., Hence,

X

= x/12 4 15 =

16 4/11

ﬁlnm unlmovn nuwmber is X, until one finds out whet the number is,

The procedure concists in 1) ~ivins the unlmown & name or symbol,
2} infer“inﬂ the properties and relations of the unknown,

3) grasping the possibility of combining thess pro“ertleu and
relavions to form gn e:iuation, and 4) solving the equatilon.

dﬁkh@ﬁyg" Now let ws gererslize.,
In every, inquliry tiere are
But the knownsg are q\'vehended vhether or nod one undersiands;
they are the data of sense, The unlmowng, on the other hand,
are what one” will cresn by insicht and formmlate in conceptions
and sunvositions,

Accordingly, lat

¥nowns and unlmowns,

us hegtow a neme upoy the
unlmown. ‘Rather, lsot us advert to the fact that already it
haa beon named. Tor wiat is to.dmown by understanding these
datva is called their nsture. Whaobkxbka Just as in alpebra

80 too in emplirical incuiry the unlmown to be reached by

o e gt T R T b WW i
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insi~ht is nomed "the nature of,,." Once Galileo discovered
his law, he knev that the nature of a free fall was a constant
acceleration, But before he cdiscovered the law, from the mere
fact that he ingulred, he knew that a free f»ll nossessed a
nature, Thouch he d1id not lmow what that nature was.

The {irst steo In the Penerallaatﬁon i1s, then,
that just as the malhewstician begins by saving, Let the reguired
number be X, so Loo the empirical ingulrer begins by saving,

Lot the unino n e the nature of..,

rendi; C}rﬂﬁgﬂm
%%c (i, A ext, simllars are similarly understood,

Hence becaunse individouallty oe; tains to the
emplrical resgidue, one lmova at once that the "nature of,.."
w11l be wniversed, that when one undsrstands these data, then
one will understand simdlor data in exsctly the same fashion.

Accordingly, ivst ns the mathematlclan follows
up hig naming of the unknown as X by writirrs down pronertiss
of X, 80 too the emplrical in-uirer follows up his declaration
thef he seeks the "nature of ..." by noting that that "neture of.,.”
must be tlie sano for all si~dlar sets of data

But similsritlies are of two | inﬁs.

There are the simllaritiss of things In their
relntions to us, Thus, they wry be simller In color or sha re,
similar in the sounda they ewit similer in tasie or odor,
similar in the tactile Qualities of the hst and cold, wet and
dry, heavy and lirht, roush and smooth, herd and soft.

There nlso ave the similarities of thirps in
thelr relations to one another. Thus, they may be found
tozeti.er or apart, They may increase or decrense concomltantly.
They may have simller sntecedents or cousen-ents, They may bo
sinilar in their proportlons to one =nother, and sich proportions
may form series of relationshing, such as exlst betweon the
a@lemonts in the perlodic toble of chemistry or between the
Ay snccessive forms of life in theory of evolation,

3 Mow sensible gimillaritles, which occur in The
relations of things fto our senses, mey be known before the
"nature of,.." Ias been discovered., Thevy form the basis of
preliminery classifications., They specify the "nature of...,"
so that one states theb one is seekinr the nature of color,
the nature of heat, the nature of chrnre, the nature of life,

On the oti:er hand, similarities that redide
in the rel=tionz of thin~s to one another are the proximate
mnterials of insight into nature, Hencs, the emplrical
inguirer, to emphasize this fact, will say that his objective
is not merely tine "nature of..." bub more nrecisely the
unspecifiied corzelation to be specifled, the undetermined
function to be determined.

The second step in the ~eneralization 1s, GLhen,
that just as the mathematicilan states that he seeks an 2
which has such and such prorerties, so too the empirical
inquirer states that e seeks a "nature of..." where the
nature ancecacdently is specified by a elaasification based
on sensible similarity and conse~uently will be known when
some Indeterminante function is determined. .

Tha reader will observe that Galileo differed
from hls Aristotelian opponents by takinz this second step.
The Aristotelians wexo content to talltm aboubt the nature of
light the nature of heabt, ete. Galileo inaugurated modern
science by inslating that the nature ofx weipght was not enoughs
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from sensible s@milarity, which resices gkm in thelrelatlons of
thin:s to our sonses, one must proceed %o relrtions that hold
directly hetvesn thinca themselves.

D n w
2.4 M h Now the correletions and functlons that relate

things cirectly to one another are deterrined empirically by
measuring, plotting measurements oR praphs, and srasping in
the scattered polnts the ponsibility of a smooth curve, a law,

o formulation. But our :vresent coneern is with the antecedent,
heurxu ic clues, Accordingly, we recall that, besiZes Individuslity,
the continuum slao vertains to the empiricel residue snd, as well,
that just as the wniversal is reanched hy abstracting from the
individual, so ﬂlso tie techniocues of the infinitesimnl ealculus
Geal with the intelllr1bilitv reached by abstracting from the
non-countable infinity of the continuum,.

The third step, then, In our rene nlization is
the obsexvation that, where t e methematicien says let x be
the required number, e the empirical inonirer can say lot
some infeterminate Tunmeh ion, f{x, v, z,4..) = 0, Be the required
funetion., TFurther, just as the mathematiclan renches X by
making statements abouﬁ it, 80 too fie empirical inaulrexr c=o
move towards tie determination of his indetorminate function
Dy wrltinp covn the diffeventisl ecvptions vhich 1t must satisfy.
This procedure is named by Lirdssy and liarsenan
in their Founua»ionq of Physics tle "Method of Xlemeniary

exmmsndmed Abstraction,t They illos.raie it bvf%xaé}nn the ren» ral features

oy
"

¢

[

L

of a fluid in motion, Thus, if the fInid is conbinudhs, tien

at every point® in the fluid there will he the veloclity components,
L, v, W, and a donsity, re If the fluild 1ls nobt vanishing into

508, then the excens rate of out-flow over iIn-flow with respect

to any Infinitesimal volums will equal the rete of dnereose of
density in thet volume., Hence, srorirne (tine ¢-untion,

Aru)/ox 3+ rv)/oy 4+ dww)/dz = - Jr/St

Further, If the motlon is only in one direction, two of the
terms on the left-hanc sicde vanish, If the fluid is incomuress-
ible so thnt the deneity does not vary in time, the wielbanend
term on the rirht-hend side becomes zero. the fluld 1s also
reonmana it homo~snecus, so0 that the densitv does not vary
in space, then the demsity, r, vanlshes from the ex-ressions

on the léft-hand side . Flnﬂl1y, if the wvelocity components,

U, ¥, W, arestie lirst partinl dorivatives of some functlon

of tha coordinates, X, ¥, 2z, there nriges Laplace's ecuation.

The ferezoing e-untion of continnity can be
combined with other e. ustlons based on similarly feneral conslder-
ations. Thus, by shiftin~ from velocity and density to acceleration
and pressure, tiwee further ¢iffsventlal ecustions can he
obtiined, By adiing swabadbbe suitable assumvtions and restrictions,
tere can be o *“qunt out the differential ecuation of a
vave mobtion (See Lindsay and Mavrenau, ppe. 29 £f), _

what 1s hapnening? Conslicer the algebraic
proceabre that ‘e‘gwe reneralizxking and observe the Llsomorphism,

Where before we said, Let X be the reiulved number, now ve say,
Let £z, y, z, t) = 0. be the recuired function, ‘here before we
noted that, whlle the ‘minute hand moves over X minutes, the hour
hand moves over x/12 minutes, now we work out a differential

_ﬂ,,.duﬂw/f §5-/07
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Whnt 1o haponing?  Conolder the aloelraio procodiro
thnt vo are conepellzing and oborpve tho icomorphlan. hore bhofore
wo onld, iot ¥ Do ke recudred numbor, now w0 say, lot tho function,
£z, ¥, 2, ) 8 0, b tho roculred gorrclnticn. Where hoforo wo
noted thnt, while tho ninate hand noves over § nimton, tho howr
hnand moven ovor X /ﬁa ninmtos, nou ve work ont o di{forontial
equnﬁi&m it oxiresaos mathonetlenlly cordnln vory coneral Lonturos
of tho dobta. Micra eforo wo aprenled 0 the fact thind at throo
o'eclock the hour hond hed o £1f3oon ninute stort, now we furm our
atteontlon to tho bonndary condltions thoat rentrict the rnnpo of

functionp entiofylng the differontial coundlon.

295 Inyarlance,

Thonch o Jeos inndonunte accond of tho notlon of
Invarinneo w122 Do abtonpbsd in exnnining tho notlong of Spnco ond
Tino in Chrpdor ¥V, ot Ieast oone nontlion of AL sghondd o ande in the

prenont ontline of aclonliifie cluno and nntlelipatlionn. Accordingly,

v roenll tiint hn Alfforoncos of particminy pilncon and partlcuniay
tineo rertnin to the ompirlenl pesidue ond, for that reapon, not
only ore nci"mifﬂ.ﬂ diocoveriscg Andepandont of the ploce mﬁ ti0
of th~ir orlgdn bhut aino thoy con cleodn to Do eounlly and anifornly
vo.lid lrpesractive of noroly npntloetonpornl differnncon. Honce,
for oronpio, tho Lormnine for chenlenl componndle not only have the-
fﬁnﬁclff&:ﬁ.t:&l Lty o noaning bub also onnctly the oone synholle
ropeapontation no antter whint tho ploce or tine. lowovor, physicnl
i‘ar:lm Yplop and dlows nro involved in o Aliflenlty. For thoy ropnrd
motlong of oné Eind or ancthep; moii~ng are chrurns in plnce and
tinoy ploece and Llnes lond to roZevonce fregen eonotructod to

inciwio ond desirnnte all polatn and lnoiants rolntivoly to o

particulor orloln and orientnftions It folloug that 1L phyoleal

o
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princlplons and lovs rofer to motlons, thoy nlso refor to the
porticulor oripgin ond orientation of some portienlar roforonco
frre ond, wnlioos & opoclal offort 1o mnde, chenpe in the choloe
of refepronce £rone any roowlt in chango in tho otaté:xcnff of the
rineiplo oy lnwve Jn the othrr hond, whon 6 oroclal offort lo |
nade, the nathonaticnl exrrension of phyoicald rprineiplesn ond lewo
undergoes ne clinnge An fora deopito chonpon in ppntloe-tonporanl |
stofdpoling and thon tho nathenntlonl oxprasclon 4o onld to te
inveriant mdor sone cpociflied group of trannioimationn,

Briefly, -
Brotfigy then, the noaning of lnwarinnce is thnt

1) nll selrntdoto expect thelr corrolntlong mnd lowm t_o o indepons
~dont of nerely oratlo=tenporal Q151 roncos, 2) phyolcints aro

gonfronted ith a spoclinl Alf{icnlty Aunonuoh as $hoy hove to we

rofemﬁco frones, nnd &) rhyoiclote surnomt tholy peouling

Aiffienlty Wy exproooing thelr princinles and lows ln nathomntlonl

emnticng Shind remain lovariont wmdor transformndions of feanes
~of vofzronce,

Hovover, 40 doteraino undor vwaleh {3!*01-11) of tronge
formnsionn dnvari~unco lo $o o nchidaved, sono fwihor principlo
heo G0 o involed andg in fach, iIn &iflorent oeolontifio thaorion
_diffoz**cnt principles are lnvohked. OF thoso the noot gonornl o

the prinelplo of eavlvalonce wialeh npoorte thot phayeieal prinelples

ond lawe npo the sane fop all obsorverg. Iiow ot first oighit this
ptateont poono anbiguous. Doep 44 noan thantd [ﬂajniual oblects
look tlie monme @ fron nll oboorvotl nal sinndpointa? Or does 4t
nean thnt physlenl principloo ond inws oo oloply and conplotely
cutolde tho range of aeelng, hroring, touchilng, feellng, and all
othor direct on Indireot acote of oboorving?

ille sone writeors seom to favor the former viow,

thore ean Do 1ittlo dount ahout Tinptoin's pooiilon. loroover,

_ o L e — T . w“
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. ab relntliong beltuosn tho noarurod relotions of things to ono
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thot ponlilon foilown auite plaupibly fron the rremice thot emplrlenl  -

gclonce pooln not the relntiono of thingo 40 oy sensep but tholr
relationg to one ancthor, Fop, oo hng born penrbod, obrorvoetlons
gd o wny to necourenontny nmensurencnis rolnte things to one anothor
rather thon to cvr sonoceo; and 4t in only tho more romoto rolntions
of nengurozents to one another that lond to enpirienl comalﬁ.tiona,
fanetions, Invg. Iiox-erloarly AT lewo opo ronched by oliminating

tho relstiona of thlingp 40 the sonoos of ohsorvors and Ly arriving

pnothop, Shon thore oxicis on oxtrenoly nolild foundation Lor the
afTirnntion thad melncliploo and lnwg npo $hn opno Loy nll oheopvorp
bocaune they lio slnply and complotely ontalde tho rengo of
obgorvollioned activitioss It 1o, for oxanplo, not thei ApPearnneo
of colors tmt tho rouoval orpionatlon in t~mo of wmveeliongthe of
eht tint 1o exnetly the sano no nattor whnd ey bo the ostato

of obooxvore' oyes, tho ilchting by whlch Shoy see, or *ho opood
with wviideh thoy my happen $o bo In relntlve netlon,

Hence, 12 physlcnl principlas and Jave are indepons

dont of cny novenent of ohpervers, theoy shonid b enunlly indepon-
dont of nny pinlinr novenont of refereonce Lfrnnoc. Dut ohnorverg

may ho aoving with any linoar or angnlor volocltiy provided tho
motlon is contlinuous and provided 12 inveluves w0 oxcwrsions lrbo

tho Inocinary soebicne of o nnifeld constructod by intpoe
dueling conplox nwibors. I8 follous thol physiecal prdneinies and
lawo phonld bo inderendent of almilor mwovenonta of referonee

fronose  Acooxdingiy, Ly thoe ppinelplo of ogslvnlonco tho nathioe
natical omyresclon of physienl prineiplos and lave _?.b to bho expectod
to Do Anvariant ns long as trancfornntion cmmntions are continuous

finetliong of ronl vorisbles,.

N
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To dnplonond $his conecluslon, v:ich Lo ne noro
than o conoral anticipntlon nocd on cornitlonnl throry, Lo
farthor stops ore yomidpel. Flent, tho Drond hwaprdionco that
ve havo dooorih @ hno 30 bo coneeivod yroclioely ln forma of
LONNOrte S0GORALY, op. roppicto cupirlceal hypotioson hive O De
formmintold o vorillod. :Jut oy thooe oleopo thrro nro ronchod thio
Gonoral Thoory of Holativity and Sho Ganeralined Thoory of Ornv-
sation nnl At ooy 0% Lo aadon to no%o thnt o recoto antlolpntion
o foro 0 piarto osZanntlicn for cortolin rx.;,“ othn of thono thnorion.
Top F1ns wno ondieinetod ima o nonsrointodnoos of abntract Zouo to
oboorvers. It <ollovs Shnd §0n conpomuoncas of She anddcimtion
ghodd noh ho vordi10a ) 42 tho lewm looo thndr abobpnet chinracior -

shro-h pnetlonlawisatlon (90, or 2) 2o Af iovooti ation concontrotos

(¢} Soo indony and liarponor, De 960

on tho fromncnelosn of . concrode ovonte reccosillo to oboorwors N
soomo 0 Do the coco in Coantun lloohenlicos

A dono ronornl anticlipation of Anveri~nco io gonwe
tolnod An tho Donic pootilato of Specind Deolntivity, Alrendy In

112nnteandne dnverso Anoiqht o have hnd oconolon to it this
£ )

poptuinto in S :‘-?om. of an ompirantory oylloslon in vhilch the

Mo for prenino oxpressod on antlcipntlon of inverdance ﬂm tho

mimor prorloe onouneed tho dofoct of 400el3igADAlNSY in lnoptlnd

tponnlorantdong.  0n tho pronont nnelynio, then, the &8 oronco

notuorn Sho anticiiotiong roprosontcd ronpoctively by Goémml- ond

by Spocicd DolntAvAty o tind, vbilo both oxpoct Invnpdont rnntiow
oupronsion

ontlond enoneomeime S0 oot Iron the atetroctnoos of prineliplon

o Latt, Conornd Delntlvity Anploncato tmn o:poctntinn by involdng

o Airoct 1 oolrht Anto fho ol nificenco of nonouesonto mt Special
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Relatlivity implendnis it hy Lovokidng an Ltvorne ingicht Into the
Inplmillconeo of conotent veloclty. | |

he amnet nntrwro of this ALforonde noy Lo oinrified
by tvo farthor ronarke. dn the one hant, 1t doosg not rprovent
Spocinl Rolo.i?ivif.zy fron Lelns recariod ag a prrtieonlar cace of
Gonernl JOelatlvily, for Gororal SZolatdvity docg not attrlbuto any
olirniflcanen 4o conglant volocdiy, and Smeclial 2nintivity rrdomarily
rornrén lnvn rooched by poloting neamwenents 4o e ANOA IO,
On the othop hand, the d&iforonee Lo o dA0for-nea not norely In
dorroe 'yt nino in 1ind, for the ontlelpntions of Gonarnl Rolntivity
do not 10id vhion e ponsnlto oF lnvootlioations inolude polodivna
to obaorvors, it tho anticipntlong of IJpecinl Baintlvity do hold
na long en tho ingirnifliconcoe of eonntont volocity 1o oxtondad 4o
the vhvilo of phyolins. 3¢ porlinpn one noy oxplalin tho fnel thet
tho nntleineslons of Opoeind Rolntivity havo Loon nntod onocensfully

with Sreadonm lochanlos (%),

(¢) Qoo Iindooy ond lapromna, ppe 501 ££,

A third ond otdll leno ponnral antilclpation of
invrplaneo e boon attriuted retrospeetivoly to llovtondon
dynanden, and it 1n not A31Cicuit to pews groap In tome of ingicht
the juoileo of this view. Por, £ hos bomn noted, the defect in
Intollieblity Tmown in Lnvorso inoipht ic foimuloted only by
enploying o positive contoxt of confonmitent direet lusighte. In
rartlic’or, 1t has boon ropnstod that the defoct of Lotelliribility
in conptont voloclty wan exrrsoped for nmechnnics Ly Howton in his
Lirot low of moticn bLut for physles gommllj wy E‘ing‘f.e.m in the
bogle rontninte of Spoclal Rolntivity. Acoerdingly, ono can move

baclkuards from Binntoin o Bovbon A8 1) ono holdn Inot Lo tho

Acfectivo intolligibllizy 4n conntont velocity nndt @) one changes.

» -
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the concomltont contoxt of dfrect innirhie in toras of vhich tho
Anvorso inolcht roparding conotond velocity lo oxrroopod.

ow tho rolovoant difforonceos in tho cecnconiinnt cone

4oxt aro throofold. Filramt, Spocicl Nolativity rerards nll phyoical
“prAnciples and lnawn, but levtoninn dynonles 1o concorned primarily

vlith nochrnicn. Socondly, Opoolnl Relatlividy 1o primerily s fleld

thoory, that ls, 2% 10 concernod not with the officlont, inotru=

nontal, mntorlel, or finnl onusop of ovents, it with tho intolll-
pAblitty looonent in datag but Nowtonion dynamico soems yrinerily

o thoory of offlciont enusos, of foreong, thelr nction, ot the
ronotion ovolnd Ly netion. Thirdly, Specinl » Rels’ivity Lo otnted
ag o nothiodolorical doctrine thnt tepnrds tho nathenatleal exprossicon
of phyolcal principloas nnd lows, bdbud Uﬁwtonian dynnnles io otated

oo o doctrine obout the obloctn oudbjlect to lovs.

From theso Qifferonces 1t follows thnt wvhat Clnotolin
statod for physles in torno of the tronolormation proportlos of
the mnshonntical oxpreosion of prineipics nnd lows, Hewton statod
for nechomlen in tormg of the forcos thot nove bodlos. In hoth
easog et Lo stetod 1n o nopatdon of intol“icibllity in conotont
veloclty. ‘Mt the Binnstelnden contoxt naleo the statomont an ACfire
motion of lovarinnco desplio lnertlal trancformntions, whlle the
Nowtonian contoxd mn;on whe ptatonont an affiynotion of continued
wdfora notlon in o etrairht 1line doopito the abnence of extormpl
forcon. TFinnlly, oo tho Sinsteingloan statonont noy be recardod as
a nothodolorienl raleo rovoraing the onpression of phyoleal prine
cinlos ond lnws, oo the Nowtonlian stnteannt nay bo roparded ap a
roneral Doundory conditlon complcmnnting.the inws thot oounte 1)
foreo with chenge of moncntun and 2) action with an onucl and

oppoolto ronction,
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Owr concern hng bann the mothodlenl cononlo of
innlcht. Cclontlobte achiove understandlng, bul they do 80 nly
ab tho ond of on in~wiry. lloroover, tholr 111q1xi.x;y 15 n~thodienl,
and mothod conoioio in orderl:y noonn to ochleve an ende Dubt how
can monng bo ordored to on ond whon the ond 1o hnowledpe ond tho
movlol-e 4o not yoi scanlrodm?  Tho ouovor to this puzile is
thd hourlstlc struciuro. liono the wnimoim. ‘orl out $%te. proportlen.
Uso tho propertios to direct, ordor, mide tho Innulry.

In prooclontific thoucht whint 1o to be 'movn inasmuch
as undorcinnding o nchloved 1o nened the "nnture of . " Becnune
eimilars nro undorstoocd nimilnrlj, tho "nnturo of ..e" 15 oxpoctod
to bo tho sane for all alnilrr data, and oo 44 Ao upoclf{!;iod
6o tho noture of 1light, the mitwo of hent, ond oo forth, by cone
otrueting cloonificatli ns Mnoed on conclblo sinllority.

SelontiZfic thourht involvon o core exciet nntlelpation,
ot 1o fo e mown Anamuech an date opo understood 1o oono correle
ation or function thnt stotos universnlly tho polations of thinge
not to ome ponoces bub $0 ono anoihor. Henee, the oelontifle
enticipntlon Ao of sono wnspeclfiicd corrolatlon to he opeedfled,
pome indetorninate funciion to Lo dotomminedy cnd now the tnalk
of opeclfying or dotoynining 4o carrlicd out by nonouring, by
taImleting noagurenonts, LY ronching an Insight into the tabulated
neacurenents, ond by exmresslng thot ineirht through some rencral
gorralotisn or functlon that, 4 vorified, will doflno a linlt
on whlch convorpo the reictlonn botween all oubsoquent appromrlote
noosuroncnt.o,

Thin beole cntleiration and procodure nny be
anig onrlchiod in $wo fuvthor nomiorss. Firpt, fusctions are solutions

of Aifferonsinl onmilznpy but in nang coscp releovont (ifforential

N - s et e
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equntions enn e dednced from vory ponornl conpiderntions. [Eonoo,
the nelontlaot nny antlcipnte that tho function, which io tho objeot
of his inonlyry, vill bo ono of the solubtlong of the rolovant
dAifforontinl orunticonns. Socondly, the Ounctlono that bocorio knowm
in tho nonrcupe Shnt wndorstonding is nchiloved axo, Woth in oricin
and 20 appBleation, indorendent of the (iifoveonces of porticlor
plncon an® prrtiender tinoo. In ouch o nolonce of phyoles thio
antlelipntion of indor~ndence boconos formulnted no the inveplaneo
of principleo omd love under croupn of transformations, and &lifforent
@@} cromda ere Lnvoled to de! amidne whieh pronp of t—.~annfcmt:.on
i t0 ':Lc:n.vc tho anthonaticnl oxjennlon of lowus wnchnnrod in {oril.
S0 o diroet Innicht into tho sipnlficnnco of nonosurononts ylolds
tho anticipnticne of Conoral Rolativity; an Luvergo insipght into
the inolgnificnneo of conotand woloelly ylelds tho antlelrntZors
of fpecinl Neoln ivitys and o rostiriction of thig invorose ilnoipht
to tho contoxt of Ioutsndon dynoides yloldn tie anticipatlons that
nonotimoes are nmiod lowtonlon rolntivity. ,

Such in dng are the snticipntiono conntlitutive
of cie.micn?. howedntie ptragiere.  The atmetaro 1o noned clonoleal
bocouso 18 1o msf,xﬂiot,od_t.c inolehio of o type noot onplly 1mme
ti0i0d Uy mentioning tho nnos of Callleo, lovikon, Cloprhe=lngmnll,
and Binstcln. IS 4o nened hm.n.ﬂz.htiq boennoe 14 anticipaton dnalrhte
of that typo and, wvhille rroncinGing fram thnlr ap yob walmowm
sontentin, workno ont thelr roneral pmpoﬁtlea to pivo &M notindlocal
enddeanoe to Anvootipntlonpe It io nhmod o otimetuwre Doconso,
thowh oporntive, it 4n not hnowm explilelily wntll ovcrai{jht of
Anolcht rivoo way to lnoicht 1nto inoicht.

in mrtiéulnr ona shiould obacrvo that clansiocal

howrlotle obructiu o Lns no suppositions oxcopt tho ninlanl
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oupooliiong Sint innd hto of o cortain type ocewr and that w—
inoniry olning ot onch inoichts nay bo not hrphoszara bmb nothodlcnl.
Turther, advortence to clossienl hewrdotle struetire hos no
additionnl ouprositicns oexcopt tho ponnihdlity of on lonichd thoat
groops $ho podt of voletlong linldng notho ienl 4nmuiry with ontd=
cipnted lanichts, dotn, sinlinrizles in dote, nonowrotonts, oNIves
fitting, indotorninole fuanetlono, ALffnrontinl eaquntions, the
princivle of inortin, Spociol folntlivity, and Goneorol Rolativity.
If thero bnp boon commmicated some pronp of onch dlvoroo objocts
wvishiln the wlly of o sincle view, thon thers hno boen connunlonted
an inoirhe Anto th penoplo of inslrht,. lo dondt, thnt lo o vory
mmnil thing. An loglicht ic no oore thon an uoté of understanding.
I% moy prove 40 Lo trao op folpe or to hold oono Antormedioto
pooliilcn of proptor or losc probabllity.e Stdll 1t 1o sololy tho
gormndention of that net 0f wndorptanding thnt hing boon our aln
and, 1f tho recdoer hino beoon conenrned vlth a@w oagthing oloe,
he hon done all Atrt 4o necomoary to nlos the 116tle wo hovo hind

- to offer in tho _rooont contoxb,

A Dfurthopr obaepvabtion 4o not withowt ito imrortance.

?foelmoly beoating onr ouproolsiang nnd onr oblechive have hon 6o
rontricted, onr nocount of clreslenl hourintle strncture io

- aoponticily {roo fron any opinion about corpnoclen, waves, causallty,
nochanion, doterainism, tho wnliformity of mature, truth, oL jectlvity,
apponronce, ronlitys It follous imiodintely thad if wo vonturo

to uso the nne, "elaosieal," wo uso 18 without boing involved

in ony of tho oxtroeselontifle viows that historlenlly hnve boon
apsocinted vith nclontifie dlocovorlos ond, to0 o greator or lese
oxtont, have 1nfivoneod thelr E.ntorpremtion%. Tuis polnt in,

of courpo, of cenollorablo inporiance ot o tino whon o nevy etotlos

w

tienl howrldstic structure hing yovn enornonaly in rvooblige and it

e ARRLY,
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hae Dogono o onttor of oone obpenrity whothor tho now appronch
conflicts vith ithe aspmpiicne of ocorlier sclonco or norely with
the oxtia-ocliontifle opinlons of eariler oclontists., Finnlly, &2
wo oy clooo thio aeetlon on o otlll more ponernl noto, 1t 1p not
porhare rash to cloin thnt an onalyols of nclontific rrocoduron

in tomno of inoirht 1o alpo nov and that tho valuo of such anniyosio
conno® o tootod oxoont by working ovt lto inpilentlicns and cone
~frontdn; thom, not with opinions on oolence based on othor annlyses,

bt solely vith otrietly oclontiflic antlcipntions, procedurcp, osnd

roniltne

Jefore ndvaneling to o eonnllepntion of statintical
hourdntlic structure, it i1l e well to ankt Just how far the full
ronlizntion of einprien) antlclpationg wonld heing the solontist

towordls on adenunte wnderptantinge of dote. Acoordingly, vo nok

abond Siue ponpn of oonereto inl-poncos fpom clacocicel lawn and we
do 00- 0l thr noro rondily bocnuse Alocnsolons of thip teorle soen
o owvo onffnred fron an ovorsl bt of lonirihit.
For ot an inoipht la o nocooonry intermedinyy

Swoon poto of noasumoncnts an? She formmdntlon of laws, 0o nleo
3% i noodod In the roverno rrocons Lt op llaa Immowm 2nms to
corerato pliuntions. &Sobrsafrirly lloneo, & concroto §EY selontific
inforonce hnp not tuo b threo condlitiongt 1% suprosos information
on somo conerete situntiony 4t ouppopes Rowloedrn of lawe; and 4t
sup; .omné on irmi{;}m into the piven asliantion. For 1% 1o only Yy
tho inclrit thnt ono ean mow 1) which davs ore o be soloctod
foy il Anferonee, 2) how tho celceted lows aro t0 Lo conblnod

to rorpesont thn opobicl and dynanle confinmwotion 0f tho conorote

iy
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situation, and 3) whot diznonnicns in tho oiluntion are Lo o
neagured L0 oupply muorienl values that particularise the solooted
anl conblnod lowda.

Furthor, ouch mfr.arancod can bo oarrlod out in two
monnerns. Whlle proctleal people wndt for concrote oltuntlons to
arinoe beforo nttonpting ¢o work on® thoir conpermoncoes, thoorotlenl
mindo aro riven to antleipnting 1deal or typleal coanon and te detorw
niining now o Godnoticn could be earrled out in onch cono.

liov in these anticlyntory concrote inforences a
aifforent typo of inoirht comns into play. For in the proctieal
inforonce tiw ﬂltmtion{@ dotornlnes thie rolovant inoleht and the
Insirht detomalnen the neleetlon, conbinntion, and partlceunlarisation
of 2ows. Dud in the antlcimntory inforonce inolrht io creative and
conatructive, It 1a not hompered by any clven gltmtlon. Rather
1t tondls %0 o o {roo t oxplorntlon of tho potontinlltics of imowm
lawn, and 1ts princliral frnit 1o the formulntion of ideal or typleal

procoooos Yt are doninated throngchout by huson intelliconces For

in anch procences the bacic situntlion in nny oituntion thot antlee

fies the roruirenente of the congtructivo lnoirht and, pr'ovided
the procons lo closed off aralnod all extrannons influonce, ovoery
antecodent and consequent situntlon muot asguie the dinensions
Acterninod by the succonnslve stages of the imnginative nodel.
Jlorcover, 1t can hoppen that puch ideal or typieal
procoscos can be vorified in o scquenco of cornprete cltuatlions, and
then three vory notable conseruenceos foilow., In tho first place,
gomo innirht or ogome sot of unified lnoichte ean rrosp not only
tho procoas as o wiole but 2lco eveory cvont 1in the vhole. Socondly,
thls ninrle Lnoicht or single uniflod sot cnn e oxprossoed in g
corrooronding comdinntlon of solocted lows and ony situntion con

bo deducod from any other without any oxplicit connidoration of

. kS
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intorvoning situntions. Thirdly, vhen puch procossos oxlst end
tholr dewn oye oo yob unlkknown, tholr invostipntion onloyp o muber

‘ of sinendnr ndvontogoss  For the Antelliciblo wnity of the whole

procoos tnplies 1) that Qnta on any ol untion aro equivalont to
data om Sho waole procesd, 2) thnt A7 dnio oro fourd to be olenle
ficont in ony oiluntlon, then pimilnr doto vill W oicnifleont in
ovory other okinntion, arxd 3) thnt tho acenrney gglspf rancrts on
any olinntion con boe chocked by inforencos Iron rez;t}rta on othor

plhunt lonp. loroovor, oree 1n7tinl Al1{Cicnltlen ~re ovorcome and

basde inolclitp are renched, tho Lovestirntlon aprroccios o suprome
monant when all dote onddonly £all into a singleo porspoctive,

swaoplng yeb necvrate doductlons bocomo pooolble, and aubsonuont

15

exnct prodlctlons roculazly will prove Lo have oon coryoct,
Hovover, A7 the nnturo of obotlotlcnl inondry Lo to
ba undoraotocd, it 1o of considernble imrortance to mraop thnt a quito
difterent type of procoss not only can bo constructod mbt also
protably con bo vorlfied. Accordingly, lot ns divide ideally
conptruetod proceonon into synicantlic ond nonepystonatic. 1ol us
defino ayotoniic vrocosoes Uy tho alveady ocnwiornted proporties
thnt, otiop things beinrs eamnl, 1) the thiolde of & systemntle procoos
o - and 14p ovory evont posmonn but o olncle inteliiplibllity thad
| corrennondns 40 o singlo Ineicht or oingleo oot of mified insights,
2} ony oltuntion ocan bo deduced from%} any obthor without an explielt
conuidemﬁion of intorvoning oltuntions, and 3) the ompirienl
Anventipntion of ouch proconses 1c sarlted not only by o notadle

J facllity in ghe cocortoldnlug and chocking abhmndent and significont

anta Y alno by o owrpono noment when nll dato £all into o tlnple
pororeetive, owoeplny dOﬂ.llCtlﬂii’.G bocono poonible, and osudsequont

orned rrodictions rognlariy aro fulfilled.

Jfow whonover o proup or serleg 1o constmtod an




undfied lnelifhte will hovo no hirhop 1nt.0111,571bio unity and 6o

vrogresnlon oOr groupling vhrtevor, IMinnlly, Joi uo poy that a
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dotorninnte mrinedploms, it is alvmys ponslblo to conoirnet e
difforont group or sexlos by the sinple oxpedlont of violating f.ha
deiterninto prlncidples, Dul tho proup of systomntic procooses ip
conotructind on dolcraimnte principlos., Thorelore, by violoting
the principion ono cnn consiruct other procoscos thol are non=
pyotenntlce,

It 1s to Do moted thnt tho conatruction of none
pystonntle proconnes roots on tho sone knoziodre of laws and thoe
pane croatlve intedlllrenco ap thie construction of aystennilc pros
¢coopon. llonco A1f one lnelites to onlorro tho rroup of oyotonntie
rocosnon by rostulnting full hoovlodro of lnws and on wriinpited
invonivoness, one munt gront thiot the prowp of nonsgyotennitle

proceospos oloo in conotriucted from an omnlly full Fnoviedre of

lovys and an e.ré_mlly unlinited (thourh porbiaps porveroe) invontiveness
Finnily, thourh wve Jdo not lmow nll laws, nono thoe loos wo can
forn the renoral notlon of tho syoteontic procossy ond olnilerly
doordte onr ifnoronce of mnny laws wo also onn form the gonoral
notion of tho non-spystcmntlc process.

| For, in tho {irst pluce, 1L non=-oyotoantic procoss
is undoretood, tho wdorntondling will bo muitiple. Thero will bo
no sdngle insight, or siipde sob of unifiod lnoighta, thot mostors
r.a.t.. onoo tho wiolo [wecoss ond odl itn events, The only corroct
undorntonding will e oitiior n oot of diffcreont inoichis or olse
a got of dllforont wnlfiled cotoe. In th: fornor onos the dllferont
inolrhto will not Do wndflod 1nt012icibly and no they wiil not be
rolotod ¢0 ono anothoer in any orderly sorlon oy prorresoion or

gronping vhotovor. In tho latter cnco the differont gots of

thoy will not bo reintoed to one anothory in any orderly serics ox

- : me AR L. J-W-"'..._
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tmrlou,- rrogronolon, grouping 1o ordorly 17 tho rolations betwoon
tho oleonanto. of the ooring, progrosslon grrouping oitihor 1) con be
erooped by on Lasirht thint can bo exzwehnod in ronoral torme or 2)
can w ooueinded fron eny nirs(jlo inolcht or any aingle not of
un!fiad Lnoichio. |

Secondly, becouse dlffaront poyto of tho procoss aro
underoteod ALIlorontly, Noro ean bBo 1o sinclo comblmntion of
solactad lm-rrsl thrt wldo for the vholo mrocons. On the cdz;t.rmw,
for ovory difforont inaight or Aifloront pod of il fled insiohts
thoro will Do o Alfferont combination and porhinpa ovon o Aifforont
soloctlm of lowd. Apalin, jJust ap the difforent insishte or mified
pate of i-slruto, 0o tho Jdifforomt solectlons end conbinatlons
will not entinly any orderly ncriog or progromsion or grouplng
VN LOVODe | _

Thirdly, such nonepyntcantic procoos nay bo deduolble
in a2l 10 ovonlse Lot uo ouppose 1) the abhgonce of oxbronooun
Aintorforoncd, 2) full inforantion on gomo ono oltuntion, S) COT=
plete malodre of all polovent lows, &) norrect 1ngirhis into the
basiec oleuntion, 5) mzi‘ficion{; akill In tho nanipwdnticn of nntho-
msticnl onnpeoplons, 6) corroct insichio Into doduced situntions,
and 7)) no roatriction on the nmonnt of time nllowed for tho doduction
Then from the civon pliuntion tho osewmence and the dimonolons
of the noxt olrnillcantly dlfforont situntion 6un bo doduced.
Corzoct Laclishito Into the doducoed dats on Lhio aitmtlén oo it
ponniblo to deduco tha ac_cin"x‘onco and tho dinenslong of the third
sipnificnntly diflovent altuntlon, Flnally, oince thip procoduro
can be roontod Andefinitely and oinge thero are no rostrictions
on tho ancunt of timo %0 Le dovoted do the deductiecn, 1t oakes neo

difforenco hov nony sipnificontly dlfferont i oliuations thors are.
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Fourthly, in o mnber of nonnors nonegystonatile
procons oxhiblio colncldontnl agrrorptos. For an approcnde la
goineldontal 17 1) tho meabors of the pepropnte binve somoe unity
based on sredinl fumtoeposition or tenporal succonnlon or both
and 2) thrro 1o no correpponding unity on tho lovel of inslght
and 1ntollicitlo roelntion.

For non~oyotomotlic procoss gs o viwolo Dospescos 4
protio=tonnrnl unflﬁy ok hne no soryeorondiing wnity on tho lovol
of innirht or 1ntolliclidlo rolation, -

Appln, tho oovernl inpiphte by vhich the several

| rarts of non=oystonntle Jrocoss ore wixlorosocd fomm ampthor coinclde
ortnl agerocnpte. For thoy rve o oultipllelsy on tho level of
Ant ol ipihility but they pooscap oomie unlty fron tho spotloetonporal
unity of Lhio proconss |

Sinilorly, tho oucconslon of difforent promices by
vhtch dl{feorent staren of nonegyoionntlie procens iy e dedvced
aro o third colneldonicl meonifold. For thoy too are o multiplleity
on the ievel 0f intellipihliity tut they posooos some unlity frm

e spatlio-tonpornl unity of tho procosc.

Pupthor, the neic situntlon of nomesystoantle
procons oont 0o o colneldeontal monifolds For 1%t heg ity by
grotlnl Jaxtapoolilony but 1¢ connot e one on thio lovel of Inoight
ond Anleliicdhlo rointlione If tho basle sltuntion were lantoliipgibly
one, “hon the deductlon of the moceoss from thnt intellipible
ity vould conptitvto an orderly crouping for tho oot of
Aifforent luoichto and for the ouccoppion ol Aif{f~ront comblinations
of soleoctnd Jdrmn. But both tho set of Alfforont innlshts and the

pucconoion of At{lcrent combilnatlong of solocted lows are colncid-

ental agperepaton that cansol bo unificd by any ordorly sorles or

rorrension or rrouping whictovore Therofore, tho boslic situntlon

R G S e, T -
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> oratial unifiention
con bo noped only by o sot
of diffovont and wmralnted Insicrhts, |

Binliorly, A2 nony difforont and wireloted insights
apo nocdod to undorstand tho hopic sltuntlon, the tredmes for o
dodnetion from thet oltvetion cannot Do a olnsle, uniflcd conblaatlon
of soloctod lown. And since o coincidentol apcrernte of mronlooo
will yicld o coineinental aprromato of conclusions, it followe
thnt ovony dodueidlo pituntlon, rrovided L% 25 o total siiuatlon,
aloo will Mo o col eldmnial aprropate. Frrdtlior, it follows thot,
whan o noneny:ionntic prosens hnppono 40 rclve »loo d0 o syotoantie

proenos {as in rocent thworles on tho oripin of plaonstory oyotons),

then tho Lotol pituntion muot divide into tud ports of which ano
hapoeng 0 falfll the qrs:z_fm/l.,canﬁimozm of syoitcn~ile precess ol
he othrr fulflls the vocudeement of othnr $hlapen belng oquols
Finnily, thoro onerges the rulo for constructing
non=oyutoantic procosnos. For "rondem” ony be dolined oo "oy
whataver provided nroeeiflod oorﬂmicmu ol intellliritlilty a.m not
fuli‘illdd." Dt nomenyntoantic progens yor:lho Srom any nole
pitunslon ﬁ:mvmed 84 lacho intallilsAhle ualty fron o definitive
viowrolat. Thecefore, the tule for conpbructlng noneoystenntic
procoones 1n 40 begin from any romion nagle olivellons
PLfthly, i nonesyotionntlic procospop oxlot, thon
ho A10flonity of Lawagtliontling thelr nnluro Liereneos with the
mxber ond diveralty of tholr soversl dlstlnet ond mn'élatea
Intol2A~0824cns  Dotn on one as.?,mtieﬁ e not onuivalemt to
s on tho vhelo procecso bt ave roiovont only to opo of nany |
parto of the vhole, Apnin, the types of c‘iaﬁa pirodfienst An ome
part wAlZ not bo slgnificant in dlemyate parts, end oo sovoral
aAfforont frnuiries must bo nndortokems  Thirdly, reports on oné
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ordinnrdly cnanol U0 chocked by conporing thom with inforoncen from

roporto on ollicr situntlonp. TForthly, thore is no ouprane noment
when all Anin T2ll Into o oldngle pornpoctive, for there 1o peky

no sly:io poroprctlive to o hnd. TFALLhly, ovon whon the lawns

Iavolvod in thio procoos nro thopoughly undersiood, oven vhon curremt
and nccomvate roports from uounlly oirniilcant contors of infornation
are avellnblo, otlll ovoh olight difforoncos ln mattors of fnot oan
rooilt In orch Inoge dddforencen In tho mﬁmoqmn‘t cournn of ovontso

thnt doduetiong hinve 40 B0 rootricted 0 the owrt rm ond prodie-

tionp hnva to Lo content vith inmdlceting rrohebillitles. Oo, porhnps,
%t in ‘;?.1{-.'?: aateitanery oon abhlish the oxnet Sinos of tho cdldi non
- of pant n.ﬁﬂ future contarios bt netooroloslots need a conndant
supply of frooh nnd accumbo 1afoznation to tell us abont tonorrow’s
wonthor, |
Lot an nov poaune to tako our brordags. e bogon
by noblng that conerolo infoeronces fron cliasricol lawe suppose
not only Imowladeo of lawn and Information on gome Dasle dm
situntlon tut oloo en insight thnd medintes botircon the situntlon
and ponoml moaledee. Ve wont on to dloting-lch botwoon proctical
incirhte thot enpdy Iawe to oivon sifuntione oid oofmtmctiva |
inoirhte (et dovont typlend or ldonl procosscs. e hiove boen
ongnred An exrlodning  thot, Juot ao comntmetlive Inolcht can devins
gyntonntle procopoos with nll tholr beavtlful cnd convenlent
propoviics, oo nlso 4t ern Gowise- norepyoionabic procospes with a
conplo’e sot of rulto oppositn propertlcs. It renning thot a
fou nore poncrnl covollariens Lo addod,
Firgt, gystontle mrocoss 3o aonotonoun, but ot

systonatle proconsp ean Do tho womb of guwest novelty. For the

pooolnlilty of loaring deductively Drom any situntlion of a systeosatloc

procons to any other slinotlon roots on tho Inct that o syotomntie
L o s 1 oA e S IR . T O —W"‘ -

. . e




BT s e e g R e T L L Lo T . R AR e

fncdrbt,  Sonplotie Stimpturoep, 96
[(Mchth 90 of oight]

vrogoss 4n l1ittio moro than o perpetunl ropotlition of osoontinlly
tho soano otory. On the othor hand, the unfolding of & non=
syntenntlc prococs hos $o bo followed thyowrh 1ts pomunnce of
gltuntlonne. 3irnificnnt chanren Eg,ocour andd, o they éccur,'tha
rolevant inoiruto chanpo. Ilonce, oo will aproar in Chaptor IV,
within a lorge non-syoton~tice procoss thore con o milt a pyrenid
of ocheonop rooting on schomos in a oplondld ascont of novolty end
croatlvonoso.

Aocenily, syotomniic procons wonld goon to bo
rovorsiblo, thot ig, 1t would work equally woll 12, go to openky,
the futuro worn fhe rnot and the procons ran nchwords. For a
gyo.onntlc procoos 1o the orproonion of o snlnplo ldons Bach
oncoonsive siiuntlion 4o polrdod to tho noxt in aocord with the
Aletnton of the iden. Ienco, to roverso thio psueeennion of dlotates
po thot the procoss begines from a oot situntlion and moves booinmrds
€0 o firpt Anvolves no new idoa Dut norely n differont and, 1t
geong, onunily workable application of the aano idea. On the other
hond, non=systarrtle process ooy onolly te irroversible. For it
1s not tho wnfolding of sono siarle ldes, and puccosolve spitwntions
are ot relnted in necord wiih tho dletntos of any olnple inslchit
or any olnrle gat of wnilled Inolichtes. ‘Mot 1o in control 48
not intelilgenco bul ony roandem boanle oliuatlon, and tho ranulting
ooincldontal sonuonce of coinecidontal plluntions ensily lnciudes
both tho onorroneo and the dosimiction of oystomatio prococces.
ilonce, L0 oxpoct non=gyntenntle rocecs to bo roveroible la to
oxroct donlroyed systennlile roccopon 0 re-ocuaprse fronm tholr
mingy arnlin, 1% 1o to oxpoct thot reversed systonctlc procosoes
w11l rosolve Into thelr origine at the ripht nonent and ln the

rirht nonney thiough no provision 1o made for Lhint rosolution.




Inpicht, Howrdntlo Structirap,

Thimily, ‘he Qlotinetl 1 botwoen oystemntic and none
pyntonotic proconcen thacus 13.;'11‘:, on the precioe neandng of clopure,
For thoro 16 en embornnl clomwe thnt oweiwion ontnide intorferenc®.
then 4t 1o opplied to o pyotonntle ocooo, the vhole couwrno of
ovonts 1o noohorod by Antellironco wlth rolictlve onsoe DBub vhon
At 15 no-0d to o nonenyatontble proceos, then it novely loaves
intornel foctors oil tho frocr $0 Lntorfore with ono anothors

Fourilily, vhothor worid yvocens 1o ayoleantio op
non=ayctonntie 4o o auastion Lo Do sottled Ly tho cupirical mothod
of otnting both hypothooep, working ont oo Cuily as ono can the
totallty of thelr impilentlons, ond coafronting the inplloations

with shie olbpeyvebls TaotDs

Figthly, 47 world procops poves to Do noneoyotontio,
thien 41 eontalns coincidental anprognten nnd ths vord, “wwm,
hno an objootive oonnlnge. In thnd enge, thore ponid ‘:@ ﬂ-:ma
int.crpretation of abodistionl oclorico o the aclonee of st cxlste,
In othre words, W tint cnogo 1t wonld Lo faino Lo ooy Lhot
ototioticnl selonco nust Do 8 oo olonk o LM0raNCo.  FIOPOUTVOY,
ovon 1f world procopy provos to Lo systonnile, stlll that wiil be
‘true only on o mirlenl prounds ond ¢ pogterdopd; 10 Zolldws thad
4% ennnot be true g ppiord that stoallotloel oclones cammot bo

i s upren St

the geicnoce of whot ortistep R84 cde, Lhoo oot bo no
voldd shoorobtleal arpunente thrt establilch tant obatlotlenl |
scicnoe in overy poasiblo nconing of the torm must be a uore

clorlz for Lpnorencoe
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Clnonicnl nrdl otntistical inventisntiong oxhilbit
norted Aiflforonces that provide a conwveniont starting-point for
tho preonont sootion,. .

In the firet plnce, ;~ﬂ11].e claneicnl invostipntion
hoadls tovnrds the doterainntion of functions on? tholr syotong=-
tizatlion, statioctical inveotirntion clingo to conerote altuntiono.
flenco, vhile clacolenl conclusions ore concortied with vhat wonld
be if gwp othor thince wore oqunl, ototistlenl conciunlons directly
rorard ouch agrrepaton of ovento ne the paruonces of occanlons on
which a coin 1o toasad or dico are cnot, the meovoncon of situatlons
crontod by thn mobllilty of molecenlos in o gra, the sonuencen of
gonoratlione in which bables nare Dorn, tho young narry, and tho ag
old dlo.

Secordly, statiotlical in-nlrxy nttonds not to thoorot-
1ecnl progenses bt 2o palpable reowlts, Ao Golllco oonght the
Iintclls.{;i“;.)ility inmnnon® in o freo fall, so Clorf=Ilnxwell oourhd
tho intellicibility imonnent in the olectronnpnotle fleld. Dut in
& ptntlotlenl invaptipatlon nuch thooretleal annlyses and conotruoe
ticne nre pot anide. The novenent of dlce observon perfectly
the lows of mchnnicu, byt the lowp of nochanles are not prenlees
in tho Jo“~rminstion of tho probability of casting o "soven.”
Doctors conionly succood in dlopnosing the cansepn of denth, ot

pneceaninl Alnrnonos are not otulied In fixing denth raten, Thw

piatintlenl ociontint noons content 0 dofine ovonts and arono,

to comnt tho inntoncos of ench defired clanp within the doflined
aron, and to offor somo ponnral but rathor vesne viow of things as

n vhiola,
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Thirdly, statistlend oclenco io enmpirical, but it
doon ot ondonvor 40 noncuro an? correlnto tho spntinl, tempornl,
ary! othor variables thnt oo {nocinoto clanoleal Anvesti-ntors. Its
attontion 1 Alroctod to fronunnclop that are strolphtlommrd
numoricnl nrinworn to tho stradchtforunrd ouecntiong How ofton? Uuch
frocnonclon nny be idand or agtunl nat, wnllo it do trueo thnt the
ideal froean-ney op proboblllty ralsoo dointable 1nouco, at loaot
he pefrnl fre-uoney 1o a tronoperont roport not of what shonld or
nirht or will hnyren bt of whnd in foot A1d hoppon. Ouch actunl
froquonclon nro abnointe when they nooipn tho actunl nunbrr of evonts |
of o rivon kind within o glvon nron Qdng o glven intorval of tinc.
llovevor, pinco A1fforont orons com:only are not compareble, it 1o
enstonnry 40 procond from abrolnto actunl frocucncios oither to
roteps, ooy, ror thongond of populn.t.ion‘ or, whon clopoon of ovonts
ore altornntiveo poonibllitios, to polntive nctunl froanencles which
aro soto of propor froctlona, ey, g/n P g,/n ’ g/z puces
Thore DN DG+ * cove

Fourt:ly, boiind the foropolng rothor ouporficinld
difforoncon, thore 3o n profound dlfforonce in tho nentallty of
clannienl nnd ointiotlenl lomirern. IHod nstrononers boon content
Lo rogard thé unndoyrding of thoe plonets an o neroly rondom afialr,
the planctory oyrion nover vonld lwwe boon diocovered. Ilnd Jonle
bern contont to dlorornrd onnll gifforencon, tho nochrnienl oqud-
valont of Lwat wonid hnavo momnined wninowm. Dut stotiotldend
inm:imm.mnzm 1t thedr Dholnoos 40 distineuigh dn tholr tables of
fremirneiocn betveon ol -nillesnt and nerely random difforencos.
Honeo, whillo thoy o t0 rrent paing to aprive at oxact mmbers,
they 4o not poon to attonpt tho ohvions noxt stop of oxact explon=~
ation. As lonr ng Aiffopomces in frocuoney oscllloto about some

avernpe, thoey are ontooned of no accounty only vhon tho avorape

1t00lf chengon, 4o Antolleotunl curiosity arouced and further o
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The oxlotonce of this radicnl difforence in mnt.aliﬁy
donends an oxplanntdon, and thoe obwious oxplanatlion is the océm‘-
rencdof somothing 1ike an invorse fnoifht. For an invorse inoipht
hng throe charnctordnticos At suprones o positive object of lnoulrys
1t donles IntolilipiDLlAty to the objoots and tho ¢ont donlal runs
countor to spontanocous antioipations of Antellicence. But tho
dif<croncon nonod eandom aro nattors of dnct: thaoy oceur 1n £roe
aqeneles detornined by conmting tho oevonts in o rivon closs in a
given areoa durdng a plvon lntorval of ?.S.mo.. Furthor, randon
Alfforoneos are donled 1ntelilipdblliity for, thoush ntatiotical
Anmmirers hrrdly vonld une such an oxproosion, at lonst tholr
Geodn neen o suf{iciont witoncon to tholr thoyht. hon difforences
are not randon, mm_-:mr hmuiry i1p in ordory bul wvhen difforoncop

are raxien, not oniy io no lnnudry otlenpted tmt aloo the vory

.attompt w0124 be pronouncod silly. Finelly, thle donlal of

intoliiribllilty 4o in open conflict with tho antlelpatlons of
clnonicol invoptipntions For c¢lepsleoal procopt and oxonaplo tire~

loooly inculcnio the logson that no differnnce is to bo sinply

norloctods ond willo one moy doult that this cloopleal attitude

is more opontannous Lhnn itn oppopolte, nt least ono ean openk of
a Govolunted invorse insight thot dlvides closolenl and otatloticnl
ondlcipationn.

Further, whilo this dovalunted invorse insight

. benrs on thoe fronnuonclos of ovontg, 1t docs not follow neconoarily

that the dofeoct of intolllgdibility rqoldes in olngle é ovont.oe
Indlecd, 1t seons multe poseible to aclmowlodge randon ddfforonces

in froaunencles and at the same time to nolntain that oingle ovents
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aro dbtomimté, that they ove not random, ovon thnt thoy are
dedueliios At lonot, the avonts rmot be deterninnte onough to
bo counted for, 1L thiry are not connbod, thore nroe no frequonelan'
and 00 no yanion diﬁ‘f.r_:rdncea in fronuencion. Arning one oan
achnoulcdro rondon difforonces in donth rotes without ougeoating
that sinple denths vopre random or thnt doctors wvere unnbleo to |
rorfom sﬁceecai‘ul ddornooen. Flnnlly, 3£ oinclo evonls neod not
bo randon, thoy osy bo doduciblo. For if it 1o mos&mﬁ%
offoet to cnune, Crom consenuermt b0 antocodent, it should he
equnlly posoiblo to nove from eauso to offoct, from detormining
astecedont Lo detorminod congeonont.

1t soons, then, thot AL we are to discover a fuily
general account of tho meaning of randon difforonces, wo mwnt loolk
not %0 oinclo ovents but 4o ovento oo nombors of o group. 30 tho
quention boconen, How can thore be & defoect in Intel ipitility
in a group ol evenis 1f onch event olncly 1o aulte deterainnto, if
none are random, and L€ ono Ty one all may be doducod?

Fortuntoly, 4T not aoéidenmﬁ.ly, our previous
dloeuonion of conorole Ind-preneces from clooslenld lowmn offers a
roncy anower $o Lhls cuoctlons For Inouvicdro of laws ean bo applied
1) to ainrie oventn, ?) to syoteontlc procennon, ond 3) L0 NnOme
pynlonntlic mrocennone Horoovor, @ just oo the asserticon of random
Aatforoncos An {ronuonclen need not inply thnt olngle ovonts are
Indetorninnie or randon ox thint thoy nre not deducdble, so alpo
in o nonesystonntic rrocons ench ovent nay be doterninate, nono
need ho rondom and sonotimos at loast, AL tine were not money, all
oould bo dodnced. Appin, not oo tho anocrtion of rondon diflfor=
oncos aprians from o devaimabed Inverse 1nsicht._, oo too does tho

notion of a nonenyotonrile procanses For a nonenystoantle process

ip aﬁ pooltivo an object 0f lunudry no any proconnd it 1s none
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pysimantic innsmuch ao 1t lacks the intollicibviiity thot chornge
torlinoo ayntonnile proconny and ito provertlos rro very ourprleing
Intord whon they oro compnred with whnt comaonly iaplace i
suproned! Lo have moant wvhen ho elalmed thnt any situation in world
history conld bo deduced from AnY 0510T

Tho sinllorliliy of thone two dovalinted Inverse
insichis provides an obwlicns ol and, to follow it up, lot up

conoldor tho fewr ototomontos 1) sbtobictlenl inquiry is concormod

wlth colinclidontal agprecrics of oventsg 2) staticileol Lonulry
invontirateo vhat clonnionl inmniry noploctng 3) statintical
Ineuley floadn en fatellipditdlilty in vhnt cloosleal ineulry neriectos
and 4) thio fatel icintlity Lo donied vhen rondom difforonces are
alflmod. |

| Firot, statiotical ino@lry lo concormod with
codncidental aprrorntog of ovontd. For AL 1o not concermed with
the Intellicibly pgroupod ovento of myntomntic proceéa: there aro

| no ptotietica on the phasos of the noon or on the trancit of Vonug,

and there ops ne random 4AZforoncos in ordinary astronomilcsl tablos,

= Apning 4t Ao not comoernod wilth covonto tolen n.“..nf_:ly. For onch
oincio ovont amounto $0 Junt onn moro or lens in tables of fro-
0 qz_zc:icioc ondy in penoral, a difforonco of one noro or one lesn
ney be rofrorded no mndom. Turthor, it e poneible to dlscorn
randon differoncas in gono croupn 65 ovontn in vhich oach ovent
C 1n doterninn‘e and doducible and no avent is randoms 1% remnins,
thon, thnt the obleet of ptatioticnl Innuiry Lo the colneldentel
d | apore-ato of ovento, s thot is, tho agerognte of ovonta thot

™

hao gone nnlty by opntinl Juxtopoolition or Ly tcnipoml puccossion
or by both Wt 1nclo uniiy on the level of insight and of intel-

11gible rointlone  In other words, statlstlenl lnnulry is concormed
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with noneosynteantlc procoos.

Socondly, statisticol inauiry invostisntos what #
elan~ienl Annuiry noglootce For oven AL ono prants thet classloal
inanlry leado to the lown thnt enplialn ovory covont, 1t renning
thnt cloonienld selmeo roroly bothors to'oz.{plﬂin the olnplo ovents
of nonenystonntlce mrocess nrd, otill lovs, doos it offor any toche
ndnuwe {or tho ordorly study of g groups of mich ovontg. iloroGvor,
thore nro ozcollont Tonpons o thils nopdects “ho Goduction of
ooch ~f the ovents of o non-aystonnile procoos Legins by desending
noro abhwkiont and nore exnet Informntlion than there le to bo hod.
It proconds thronch a goruence of singos doternined by the colne
cidonbon ¢f o pandon oltustion.s It bino to portmlnie unlinited
tino $0 e nble %0 noport the poscidlllty of completing the dodue-
tion. IC would ond up with o rooult thot lnecke ponorallty for,
il o the roonld wvonld holdd for an oxactly olndllinr nonegyotonntle
procong, 1t comnonly wonud not provido o nale anis for an approxi-
nation {6 the courge of amolther nonwgysionndtie rogeon with o
pilehtly alfforont baoslc oltunilon. Flunlly, it wonld bo pmepog=
torons 1o abionpt 2o dodnco the courso of ovonto £oP ovory non=
ayasteantle procoso. 10t onl§ would tho foreroing AiLflonlitlies
have £0 be ourmountod an onortous mumber of times but this
Horculonn 1nbor would goom to e to ne purpnoce [low conid none
ayaton~iic procenoong T clamii}&od? How couid ore lipt in an
ordorly Tnohlion tho totnlity of situntlons of all nonesysionntic
rrocosson? Yot wlthont ouoh o elnoolifcotlen and mich a ligt,

v contid ono identilfy ~iven slituntlons with oltuctions contalned
in the omtronely long deductions of the oxtromely lorgo sob @

of nonepyntonntlc rrocossos?

5
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Thlrdly, ototisticnl inmuiry finde an Aintelligibdlity
in vhot clnonldcod innuiry noplocto. 050 far wo havo benn concornod
to ntroon the defoct of 1at~3ilpibility 1n non-syctenntle procctse
But o mere dofect 1n Antellipdblillty 1o not tho bocie of & oclentiflc
mothod. Thore 1s necded o conplomentary dlrect inslpght thot twng
tho tablog of the defoct. Junt ap solentiflc @ommiimtion exploite
tho fact thnt individuality nerteinn 40 an emplyicnl rosidue, juct

as tho ronl nuibors, the theory of continuons Dmetions, end the

CInfindtoninnl enlenlun onplodt tho dofoot of intolllipibility in the

contdnum, Just co aclentlfic collnborntlon in pooolble bocanoe
prtlio oy plogen ool rerticeler Linos perdaln to the onpdrienl
rooldne, fuot no the rrineinie of inortia ond the TwniZc postuiste
of Speclal Relativity root on an cmplrically reooidwnl aspoet Of
conotont voloclty, oo nlso mtatisticol aclonco Lo tho positive
advence of g intelilponce throush tho eop in intollinibility in
colneidontnl agrrerntes of oveontao,.

Accordingly, bonldes the Qovniunted nverse insight
tint hos beon oup econcorn hitherto, thore io o bo acknovledped |

in ptrtlotlesl sclonce anotlhior Dasle monont thnt 1o positive md

ereativw. Aristotle wmn quite owero offf wint wo hove naned nons

pynteantic procops, for he contonded that the vhale course of
torventrinl ovants ung Just o norim{u} of acclionts. Bub to thie
dovaluntod inverse Inolirht e fnlled to rdd the Surthor orontive
mozont. Instond of dlscovoring statlistical mothiod, ho attonpted

to account for the monifont eontinuliy of the terrostrinl sericp

of nceldonts by invol:ding the continuous influcnce of the contimouoly
rotating cclootinl aphrrens |

Fo{u'thly, it io this furthor indellislvAlby thet s

donled vhon randem Alfforoncos nro affimed. For T Lhe statlstleal

Invootipntor donla wilth nomesynt-n~tlc nrocesson, ko does not find

PR :.-.-,.;\,_-.'....\.-t-..m-ﬁ-.h'uz;a_m,:“‘
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tho Lntolilrlility of systomntic process oltiar in the Alfferonces
e pronomcos sl mifle nt or la the GAfInrences %2 pronouncos randots
Apedn, 2e ddscovor $ho IntollirlAlity bt otatlotlesld zolonce
£iads L0 nomesyabenntic procoos, vo must ool te the difZeronces
penvueed al wAficant. It foilouws tivt dlilernnces ln freaquencloo
of ovauic nre roandom wien hoy inck nol oniy thoe Intelllelbility

0f ayniainile grocoos bat Alpo tho dnlelllipiDility of nomepyotenntic

R TN

23111 tho roader 111l Mo more intarostod &n hoaring
what ¢ 20 lntol?irihility 4o than An Weing told thnt 14 20 2nclhing
in roandon ddiZorencon. Ito nnne, then, 1o mrobabllilty imat to cranp
the meanlas of tie naso 4 to monch an explanntery defindtlon.

Lot ug bosoln from Yhn ¢ofi-Atlion nnd then try to underpinnd it,

Connideor o 0ot of odnooes of ovonte, Ty O Rpews
and suppono thind in a peousnee of intervals or occacdons cvants
in onch clans oceur repretivoly Pyr Oqp Pyoeee Dps On Fppees

"Pas Qqp Tyypwee blooo. Thon tho conuorce of rolrtive actunl
fronnaonelos of Lhe ovento wlil S tie norleo of petp of propor
froctlons, ps_/ni, qi/ni, r*,_/ni,... whnre 1213, 3, Jyeee
and Lz each cowe tni ® Py oty ey eeas lHow 15 thero oxints
8 olarlo ﬂot%amr Srnctlona, any p/ n, q / 1, :'/ MNyees
puch thnt the dAfforoncon _(

D/~ Dy/ My q/n=ay/n, P/0 =D/ Nyyenne

aro rlunyo mandam, thon tho eonotant proper fractionsg wiil bo
the reproctive yrotabilities of the clnasen of ovonts, tho 288001~
ation of Lhore probadllitics vith $he clasnos of ovonte dofinon a
ptoto, and tic sot of obhorrved relntlve actunl froruencles s

o yorrencentatire gnaple of tho gbate,
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The foropoing 2 parsgraph ontlinos o procodwre in

vhilch the contral moment 16 an inoicht, Dy thot inolcht tho
Inouiraor nbatracts fron the randonnoss 1'& fromioncl~n Lo dinoover

romainritics that oro e oxprossod in conntant propor fractions

nnod probabiliclon. Thoro reonita the soluticn of two outotanding

ant: 20 010(10"1 prohlong.  Docnunn thn probnbilitico rre to hold
unlvoranlly, there 1o solved tho problem of ronching roenoral 1RO
Iodeo of ove-to in non~pyotonntic procospos. Necnuso otaton aro
definod by the aarcelation of clonnos of ovonts with corrosponding
probabllition, thore 1o byerescod tho problem of dAlptinrmiching
and Unting non-syotomntle procosson. Howovor, Loth the proheblle-
Atlcon nnd dhe pitntos thoy dofino nre moroly the frults of inoight.
They aro hypothoilical entitlos whoso o:xintonco hnc to b vorified
nml, in foct, boconos vorifiod in tho monouro t’mt, atbaeaunnt
froononcios of ovonto conform to probable o::pootmt.ionq. In turn,
thio nood of vorificntion provides & sinple forrmilantion for the
notion of o ropreo~n’ ative sonple. For o sob of rolntive actusl
fromunncios 1o o roymn**-n%;atﬁ.ve sooEpdo A5 the probtabliition to
wvilch thoy loed prove to Do corrocts On the othor hond, o oot of
rolrtive actinl froauencios in not & roprocontotive sanplo if the '

rrobabllitios to wiilch tlmy _.ond run coun or .,o t%m footo. It

et e T T e e e s T
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follove ulmul hio ae.a.oc.tion of r'om?oaonmtivo nnmp:i ’1 13\1;110 tnnie
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rmcticnl pr-oblm o“ atzs 1miea.1 3:'1 u_&ry and, 1adecd, n.r.!.t itn

aoiuuiozx nunt dopond not norely on n £ull thooroticnl dovolbmont
of statiotical nethod but olso on tho ponornl hnovlodre of

indlvidnal Anvaoticntors ond on tholr Anslichts into whrtever

“apocdlfic loswos thoy hapron $o bo invootipnting.

Such, then, 1o tho conornl contoxt, Dut our concorn

muot centor on the inairht by which intellliponco lcnpe {rom

froauonaics 6 probebillileos and, Yy the somo otrelo, abatracta
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from the renonnoos in froquenclon. Now on innicht Lo noithor
a dofinilon noy o postulate nor an arrment tut 8 proconcertual
avont. ilence our olm maot o to o:icmm_r-ﬁ,o in rendors thoe ccnoelons
cocurronco of tho intolloctinl ovento thnd nnlko it posniilo to
mow vhnt happona vhion probebllity 1o pranged, Flrot, thon,
wo ohnll conollor an onclor lncirht thnt b ors sone Conoral ropomw
blance to Laol-hts Into probnbility. Socondly, wo shanll conspidor
an inolrht thnel occours whon o porticulnr cnce of probeblllity 1o
undorstocde Thirdly, we ohnll nove townsdo the roneral % hourdetic
structre within which the notlon of protnbility is devoliopod
and tothodn of detornindng ito roolse contont aro perfoctods
In th» Zlvob pleco, tho mothrmntlesd notlon of

inlt booro a conerol rosonblonce to tho noticn of probabliity.
fhecordingly, lot uo conoldoy the oinplo oun,

| g = 12 + 14 + 18 + ... " [to p tems)

= 1 - 1A%

whoro, 80 1 incronoos, § AAffors from unity by on over suallor
fractlon and oo, by copipning p over lorcer valuos, the differonce

botwoon tho oo, £ , and unity con Do nndo as omdl ap ONe PLOREOD.

In tho 24ndt thom, whon the mmber of Sorns in tho sorioes ip

infinlto, tho oun, g , 1o writy. lowovor, ono cunot wirlto omt
an infinito nmboy of tornp; one camnot ovon concolve onch of on
AnZi o mnhop of tormo. lorcover, while 1t io condrodlctory

to ouprone thod on wondine sorioo Lo ondod, otlll ore onn undope
abond 40 principlo on widich onch fraction in thwo cories 1o cone
otructod, one can Loll vhellor or not any froction bolongs to tho
gorlos, ono crn goncolvo no neny of tho froactl:ng as ono ploasos,
end ono oon gracp thot tho mere Srrme thero oro to tho oserles,

thoe noarer thio own io to unity. Finally, thoro is no contrandiction

An thinldng or eponking of gl the tormo in tho gerlop, ard ons

o ) =
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con pao thnt thrro 40 no point in boihoring nbout oxplicit. cone
codlon of tho ronnliklor baeauco it condoling notilng thnt io not
alrondy wdernio.de ‘:»Iow nlvortence o thip abeonwe of Dwthor

Lolliednility in tho ronninder 4o tho abotrnotive agcroot of the
inoirht thnt clnims tho wholo sories 0 bo uxlorsteod sufficlontly
in ivp contondt nnd in ite mroportioeos for it 60 bo mvaned and for
the o 40 Do eauntod with unity.

Tut, 110 o nothen~tlenl linit, o probability lo

a mmhor. [Ako a 2inmit, a rrobebllity ig o mwmber that connot be

inelchte. Lpplin, Just no she 2imit wo consldored unler conpidorntion
1106 boyondl nore tormo thon con bo concolived, so o probnbility
ldeg eone-aled within the randem oselliletions of relatlve actund
fremaonciop. Finnlly, junt ao L:tolll once con rroch o Mol by
gronying thnt tiove 4o nothlng fnrtihwy to bo wadnrptood in the
unconocived infinito romninder of furthor tornms, 00 alno intollls
conce oon rooch robnbiilil-s by abotroacting Lrom tho rondom
onciilntions of rointivo aotunl frenuoncles to dlocovor o sot of
unlvorsally vnldld conntontgs

In the socond pinco, to novo clopor 10 aur qunary,
iot un amlyézo the tomping of & coin & in tho hope of conorating
tho insirht $hat pronouncon tho probabllity of Mhoads" to bo one-
half. 7ho rosult, then, of o toso 1o eltheor of tho alternntivon,
"honde® or "tolls." Inany civon ingtance the pooult nirht hove
becn ALliferent 3£ 1) tho Anitinl 134; position of th~ coldn nd boon
difforont or 2) dilforont linorr nnd anrnlor non~nta hod boon
inported to A% or 3) tho motlion hnd been nrrooted ot o dlfforont
pelnt. iot us mone these tiwoo tho determinonto of the rooult
nd direet our nttontlon to tho oot of poociblo combinetions of

dotoroinnnto.

¢ ) e
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Flroty tho set in vory larce. For ony of o vory
lorpo gronp o Inltial yopitions ean Lo conbined vith eny of o very
Iaree gooup 0f Laltlad Linear and ougnlor nonenta; ondl any of Aiexre-
thooe conbinntions can be combined vith any of a vory lorge group
of points of ar enptod novon-hnte

Socondly, the oot of ponnlblo coabl atlons dlvides
into two orxnctly oounl ports. TFor vhonover "hondo™ rooults, "tallo"
wonld hnve reanltod 1€ tho coln ' beon turnoed over and oxnctly
the ame tono ond eateh hnd beoen eizcontod. Siollnply, vhonover
"talls” reoulto, "tondo® woid hnvo reonizod A tho coln hnd hoon
turned ovor nnd oxnelly thiwo oone tooss and onteh hod boon ameﬁumd.

Thixdly, ovory coquonce of notunl cmbﬂ.nﬁ*zom ip
o rondom noloctlion €ron tho sob of ronoibio combi:mtﬂ.mu. It in
8 goloctlon innomuch oo 1t nood nol Aneclwde oll ponsiblo combinations
It io o ran‘on ocloctlon Snnoaueh as 4% hmw whintover provided
agreciflod conditl no of in%elilpgibllility aro not £ulflllod. Iow
intodlicldlitty o t-o o oxcluded not frem olnplo tosson nt from
the porvrce ol tognes oo o ocoarwneo. 14 4o not 10 Lo oxcluded
$ron oinglo togpsos for tiero Ao no rennon to ouppooo thnt tooning
o coin lavoives o gnoronsion of the Zowus of nechenico or of any
olnilor sclonee. It lo to bo oxelwdod from tiae pounnee an a
poa-nonco Lo we hnve ovory ronpon o nogert ¢ 1ﬂtma(~s.~ce&n 1s
a0t o oayotonntie procoss.  llonco, covory sonuonco of actunl conbine
ationo of deoterninnnto 4s 8 colncldontal agrrornte. It will poonoss
the wnlty of a tenrornl cucconslon. Dut while any ninclo combine
atlon noy be deduclble Zroa prlor cvoats, ~uy soquonco of combine
ations Lo deduelila om only from ocone prior colncidontal agcropnto
for thn goruonce cannot bo orderly in the sonse thnt thore 1o oomo
incicht or gone pet of wniflod innirtito thnt con bo oxmrensed in
conornl torme ond enn doternino tho exact c:ntent of the soquonce,

e
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oy tho rolative actusl fronuoney of "hocdo” is the
fraction obtainod Ly dividing tho mmbor of tinos "honda" ocours
on nny civen succenslon of tosmocop by tho nmunbar of tosses in that
osucconslione Clenply, thiso froctlion con anl ofton will Aiffer fron
ono=hnlf. Tor tho resuit of anch tons 40 notilcd by tho actunld
gonniantion of detorninnnbo, aal that comblnation nny be any
corbinntlon vantovers ovovor, dliforcnces hotueen reintive actunl
frormanclon and ono=helf nuot bo o coincidontel agrrornto. For
if thoy wore nob, they vonld Lorn on orderly norlng; AL the
diiforencon foraed an oxlorly ocorion, i remitpo wol@ hnve to fornm
on ordorily sorice; 17 the rooulto forned on ordorly sorics, $ho
poruonce of comvpiuntionn of dotominantp wonid Lforn an orderly
soricg. 1% lypothepd, thls coneluni-n is Inlpoj therofore, the
suppondiion wvas fonlse. lorrover, reintive actun! f{roguenclon
cnnnod holp ooellintlng about one-lnlf, For thn set of ponslible
connlanitiong dlvidop into tuo oxoctly orunl portss and ovory
seruoneo of netnnl conblontlong 1o o rondon noliction fyrom the not
of poocible conbinntionp. How &n o rosxlem gowoction of o conuonce
tho oorronce 10 obtedppod of a2l order, all ropunlarity, oll lowg
nonco, vhilo 4% ean ond uviil Aselude runs of "hondo® and runp of
ix "tndlo," At connot poanibly stick 4o omo aliornntive to the
orelunion 0f thie other, and so rolntive nctunl freonncy 1o bound
1o onclilato nvoud onow-hnlf,

It hno Do ohown thnt tho rolotive actual fro-
quongles of "honde" 1) con and ofton do dilfor Lrom one-half but
2} oniy at random nnd 3} 4in o snnnor tunt yields nn ocscillation
abouts Oj:':o-nrx:!.;t‘ ap o contors Intollipnnca, then, con geacp &
poradardsy in the fyo~wnelos Uy abpbracting fron thelr random

foat won and Ly oottilng @ Qm_i tho gone contor nhout whleh they

anolllnto. That abotrnctive rroop of intelllgibility 1o the Inpipht
shat in exprosoed by onylng st the probability of "hende® 1o one Aa.{f.
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llovevor, 1t 10 only in romen of chance thot there ean

bo diseorned on nntecodont symmetry in the got of ponoible combine
of dotorninnntoy

ntiong,on osento. In othor lnatnnces prabaltiliftics ive to b
ronchnd o sontoriord ard, to reach them, & otatlotlcol houriatle
ptroctore o 0 o dovelopode To this inouc we tuwen in the noxt
oubtoedion nuot, indeoed, in the hopo of dotomindng vhnt preelnely
protnuAiity nunt Do dn rll capos bt rother ulth tho Intention of
ernoplon Lo wlerdying antlelprtions that Inform stotlstienl

fasniry and ore 40 Lo oxpoctod grndirlly to momt throngh trial

ond eyor, tipoueh thoorotlcal Qincoverdon ard dovoloplsy techniquoo,

to nono romded nothodolorieal pociilon such np nlyondy in onjoyed

An ocirociceol Lwootirntions. In o2her words, bonldes the mpthoedlcal

ronogla of oclestAfice Ansirhtie, tinre 1o tho ponoslo of nelentific
mothind Atsolf and, waon o patlofootory nccomnt of the fornor 1o

still o nottop of obngure dohnton, & pidy of huinn undersianding

con dreyw 00 Zoog profit from o conoldorctlon of tho lattors

4,4 Amnlocy in Homristie Struchuro,

Tha trosont oabnoction i o protracted annlory.
Unc:‘.ep ton ouceonnive hoodings we ohnll roenll 2intdnctive Lont.won
0f clraslenl hempdodle sdructuro, note thelr roopcn op gromd,
and in onch coco procecd {‘.a o anndogoun foatro in o obtatioticnl
howrlatle ntmictiarne .

Tleah, then, thore ie the unerceifiod hourlstlo
goncerh. Por thn poald of every dnmdxy 1o an oot of wndore
ptording, ond the bosic dovico of mothodlenl lnmuiry 1o to

nane fhic walmown thnt wi becone hnowvn vicn the
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antleirntod net of undorptandlng ocowrs. Henco, Juot nn thoe
elnoplenl Anemiror po~ks %0 hnow tho "naturo of «e." 00 the
ototioticnl fnoniror viil oook o luow tho "otato OF eses”

Secorxily, there io o oroeificatisn of tho hourlntle
concerd by prosclentiflic denerlption. For nll onriricsl liﬁxury
proouppeson oorie object tint clp-ady io ~ivon Imt ag yot in not
undorotood; ond overy cuch objoct poonossoes 1in pronclentlfie
deocrirtion tint provides an infsinl spocififdiion for the hourdotie
concopt. llenco, Juot oo clasnicnl loomlry comes t0 hmow nntures
by undo-etondlng "dotn of Qifforent tindo," 5o stotistlicel fnouiry
conon Lo tmow otaten by un’orpinnding "ordi-ary and oxcortional,
noronl ond abnormnl rmes of oventa.”

Thirdly, linting tho open houristic coneopt with
the prescientliiicelly degseribed objoct thwre 1o thn houplstie
thoorom. loeonp~ glalinpg ner tmﬂdmtood oliniierly, natoren are
ilniod with (ot clopeiflod Ly oonnlble oloiiarily. Jo wo npoak
of the notuito of coloyr oy the noturo of aonnd., Cimdlarly, bocnuge
a notable ropainrity 1o cooprtlble with rondon differcnces in
rung of ovents, otaten apo lintod with mns thnt desplte cccnslonnld
inpaooa nro ordlnnry op normel or, neocln, vith rung thot are
rronounced oxcortionnl or cnormnl thouch thay coubnln o fou
ordi~nry or nomaol olenenti. S0 we spenk of tho sbato of o porson's
honldh, brolors s oalr of tho staltn of iho mnrbet, and the Prosldent
of tho nited Statos dlscoenrsos on tho stote of the natlion,

Fourtily, to effcot o troncfornetion of rrooclentific
anticipations and doocriptiong, there hno to e formulntod an
fdonl of ociontific oxplonntlione llonco, just ap the elaosical
Anculrer ploces wul~dro of notuo In the dlocovory ond verifiontion
of dotorainnto functicral relntio-g, po tho ntntipstical inguirer

Dincen noriedre of stateo in tho anpeelintion of snts of clospop
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of avonts with coronapondline sote of rrobahdlitios. In other

vordg, Jjust ng tho nyct~rioun mture of gravity thorno out to De

for tho ncinntintlt n roly o conntnnt nceeinrnilon, go tho myoteriona

obtnto of oo=nndeno's hienldth turno out $o bo for the oclentiont
o gchicdnlo of prolabllisiecs attached to 8 nolindnio of olopoes of

oventoe

Figtihly, from thr formulation of the rreclpo

selontific objoctlie thore £ollown tho dloplncem-nt of proscientiflc

by oselonillfic doocrintion. T, to dotormine Dunotionnl roistlond

mongnronent 4o odded Lo oboorvotion and noro toncldle olnlleoydty

civos oy to olnilirritlepn of conjunetion and gopoarntion, of

rroropbion pnd concomitont enrintione In 1l nonnor to dotoridne

goto of ‘roinmbilitice tho odjiectives, ordimnry and cucortlonnd,
noranl and noneranl, are yopiscod by nctunl conbting of ovonto
and tho conpomiont tninmlntion of rnton or of relntive nothnl
fro~tnnclen. lorocverr, Lo juntily thilo muacr-leald soeuracy,
oxect cinonlfloationg are borrowod froo cirosicnl nclcneco and
ovory roocurco 1o onpioyed to Qolinlt, as for ar ponolible,
Intornnlliy honoep-noong volwlee=intopvnlis cf ocvonins.

S4nL0y, Junt an ¢lnpoical lnauliry dordvon o
roncral vicw of ito porolldllticg from the oothomnticnl invootie
gatlion of functiong and of .npntia-tompoml rolntlonn, 00 stotioe
tdcnl 4nmdry C4xo oindlny mAdnnco and orlontation in tho
coleving of probabliltlos.

Saventihily, junt ag clasplical inqulry ovelves

proctionl toclnilanen of enve-Kitiing to ald the translition Ifyom

neasurotonte o functiomnld rolntions, so statintical dnnulry
dovolopo alallnt tochinlomes to ald the tranolilon £rod reintive
actnel £rocusncfon to probabllities,

Elchthly, St no elaosical in-ulry proceods not

. —
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only 2von bholor upnrds frol conpurcntnto throuch cupve=£itting
bt nino from abovo dovmmpds fron dlfforontinl omunticno to
thelr solntlicno, 00 2ioo o conynrable dopnptoient of otrtlinsticnl
donlry hoo Aloeovored that tho poluntlon of operntor onuntionn
Tields olrenfuneticno and eirmiwnluos $01nt corve both $0 noloot
clnoneo of ovonts and 4o dotormine tho rogpective rrobabllition
of tho selcctod cloonon.
Hinthly, Sust oo closnlonl dlocovory in ¢ loap of
notrmetlive i-tolllrence thnt roos boyond aocorinlned neoasurononts
20 poolt o functicnnl reletion on vhilech tho rolations betwwon all
o; proprinte oubponveont nenmrenmts ohold converyo ag on n limid,
00 0lno otatlodlcal diocovery (aoc dlotinet fron statistlcal infore
mantion) fo o Zonp of conotrmictive Intelllironce t‘mu coon bogond
ancort:nined rol~tivo neinl fromicnclon 40 annicn pro.x;L.-n.,,. viop
vhrre AdoTorencon botwoon peoinbilizios and relativo netind
fpanmnnodon 1) ~hould aluoyn bo o colneldlontinl nrerornto and
2) in oneh ¢coso should be oilnlanblo Ty extendinc the invootiration
of tant cono,
llonco, Just an clop~ical lows aro univorpal and
conptant whllo noocurenents ape fartlonlap and oubjoet to tho
voarintionn introduced Ty extrancons 1a{luencon, 00 atollotlcal
atnton o~ wunivorsel ant conptant thonch peolntlve aotxmll Sro~uoncios
are nrtlonlar and oot 0 randon Aliforoncos.
| “oworor, walle both types of Aloeovery oro wiversal
and oo ebotrnet, still thiny invelve dilforont tyren of abotroetlon.
In Loth clasnicol nnd aintleotliend comtmcts thrre 1o mmtmot.ion
from the onpiricoily recidunl aspocbe of Inlividunllty, of tho
condimme, of peptlenlne ploces ard tiues, ond of constont volocity.
But ciopolenl lowa, 0f lonob &n the dotomadnntlon of cnci inw,

alne absiraet {ron colneidontel agrrorntos inopnuch no they donand
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+ienl ptale Dng 4%¢ I veoplfiod. For Imouledro of stntes in dorlved
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the anniifiention, "othor thince bodng enminl,”  On ihe other hond,

ptatloticnld otntos errrasn an Antellirioility foonnont An coinold-

mam ontal arrrorntos nnd, to ronch thio intellliglbility, thoy
photenet {rom the rondomn difforencos in rointivao netnal frenuoriclog.

Tonthly, no lonn than the cinpolend Zow, the shntloe

fyort pnetliosop froruanclioo by o 2non of coastpuetlvo intelil-once.
Thet icon 4p molthep “ho pocornttion of o fnet wor Sho cracp of

o nocnectty Ul odnply en Anaisht Into rosnliDllitys. hie Tnowm
Crocuoncion nro g oetlicficd by 40 oup ondtlon of o otato tunt
universnsly io nnnlfosted Oy o’;'ezxt'.n of dotorminnte clnropes ccowrdng
with detorninnto prooabilitlos. It forther lrwontipnilon con
&lrres oonrronise this rooeit An o vorfoty of mennors. It nay
rovoel an wmontiofncsory clnsoifientirn of ovonts, an wlerontinatlion
of tho ornaplority of thn uonuenco of il mmon. a {niluro 1o ronoh
popronontatlivo sonplos. fhon ralinlive actunk I‘ro- noncdos hinve o

Do aocortained on a nore oxeet or hronder bopis, ~nd tho conotruetive
ionp hno o e roronted AR 4 o DAnRNOR,

AN 4onrh Doth elonnical nod atotinticonl hyrothosos
nood voriltentlon, voriiicotlion .ns act the pane noaning in both
e0000s oecanco thn relnatlons botwucon oensubononts convorgo on the
fonetionnl polasions thnd exrrono cinpolenl inwp, it in nossiblo
Lo prbotitnto tho mmerieal valucg Cotornined by the neaonrononte
for the woplnblioo thrt are Snetlonnlildy roiatod by the lawve. In
coutreot, bocouss pelntlvo netonl froounncios dlifer nt random
ren proabiiitine, At 1n nof poesiblo to doduce tho probabilitlos
fren ony futly detormlunte onthonntical {oimmla by subotituting
for tho verinbion of the formulo thoe fractionn that correspond Lo

ol 2t ivo nettnl fronaennioo.
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The converpo to thle difforonce in tho nonning of
vordficntion nproars in t.no d4fforenco botwoon clognical and
atntlntlenl orodictions. Clanrienl prodieticns con bo ornet within
agodhie 2inita, bocaunno relallcnes botwoon mon-urenonis converso
on tho fmnetional roloti-no that formmloto elnsclenl lowpo. Dut
@ baenigo relert’vo notuni frocuoneles di€7er ot rondon {rom
probeblitiog, otetloticnl prodicticns princrily recard tho
probaibiliticn of ovents and only anccondarily doterniio the
corrrarontdng fronuoneicn that Alffer at randon from tho probobe
$14t%0n. !lonce, ovon hon mwators axe vory croat ond probabllitles
hirl, { as in the ldnotie thoory of pnpos, tho possibllilly of
exon t1078 hng 20 bo acknoulodped; and vhen pradichicng root on
o ointisticenl aximntlc otrueturo, no in ccantun nechrnics, tho
atrctare 140018 oo s 80 dnvolve o rrinciple of indetomilnney or

vncortnintye

4,5 . Sono Furthor Ouoationg,

Porgible farthar nuoationsg ahouhﬂ. Dat 'ae. the
ohirowd re~der w12 heve a'rmined, owr mrrone hns boon not o
work oud dolinitlve Lo-nlotisss Cfor odntintlecl celenco Tt to
croop o come foollon the ptetiotierl hrurintle structiro thet
not orly tocklcs spockfle problens but eico develops 1ts own
nethaode oo 1t cono alang andt thoreby soto up an exipence £or a
pucecenscion of ney and bottor foundntlconp.

In postienliay thore 1121 e notliced o cortnin
loocsonees 10 tha notiono of strto and of nrebabiilty. DBut 1t ip
not Aindeliternto. Tio Latallipent formaletion of ony notlon ie
the frutt of an ianirht, end incichts groop oot ornly neceasitloo

it aloo nerc ponoibiiliicn, There le nn ing 1(~1t that loads

to the docin’tion of tho clrclo, Wit 1t doecs not prove thnt circles
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axlint. Thoro 1n a ciustor of inpirhtn %,hn.t.ig‘g- forrmlnted in
Melifoen roonniry, ut thoy do not prove the oxiatonco of
neliconn oynea.  Sindioply, thore 1o o ratior complex Ahnicht
thint Tendo to o notlon of proiabillty, ond thore 1o o cluoter
of lapl-utes oxproased In o enleniun of mwolnbllitlons.  ud tho
ereellonce of She Innirhto and tho Intoilectunl saiisfaction
toy yleid do not ootelxiioh tholr corpogpondiouco vith £ho opeolflo
ooentond of vorlfin crobaalllties nixl verd€inble relrilons
botwoen proonbllition. At loopt, I do not noo my woy to
m:c:'.walrzg on shio ronecral lovel of this inmiry the pooaihility
that & roange of difforon: ficlds of rointlons hetwoon probabllitloes
any o formwminted and thet statintleal ariopco ooy hnve the teok
of nolncting one of thepo {l0ide of rolntlons nnd the tyre of
provebl. ity thoy doline imrlicitly.

Acoln, I any be aglied for tho operntionnl noaning
of tho hirkiy thocroticnl coincldonini appregnte. The ancwor io

thet the npyrroprinto operntiun ccours on tho zothelolorical Zovel.

)
taor o rance ofF gpewadty oboervations oro, o bo subcvmed rwuxler
- Wis
eingpleal hourlotic sieneture op theyr-aro U0 b onbsumod undor

abatlcticol hewrlstle sotimwture. On Lo Joipoy hypothonin At

vill bo poooillo 30 discovor pooo ordoriy secpios, prosrooolion,

op crounlage. On tho lotior hypothoosio no ovch norlos, progrenslon,

opr provyins enlsts.  doth hypothonos can bo fornuiated; tholr

Inplicationg aro 1o Do uarl.od oty and the foots ore S0 Geclde

whiich hypotheois s, A7 not uizinnto tymth, at lecost the boat

avallablo opiolon ot the Clvon ptoge of selontillic developnent,
Finniiy, AC prombilisl~e nuct Do verdfled, it aloo

10 teuo 4t tioro 10 o probability of vorificationg. Dt 4t 4o

of no 1Autio lapovtonico thnt Lhlo o ocond prolebiZity shores the

oo but not the anture of the first. For tho Z4rpt prolebility

° ) "

t-—l
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aport fron ranvlon (3ffcroncen, corrcaoponds Lo thie rolntive actunl
i'_rm;mc:f of ovento. 1% 1o ho roglosity in the fromucnelces and
$ 1p Lo W Looum by o lonp of conptructive intellironce thnt
Croons S rogt aclty Ty alobracting Srom the poacdoamost. In
contrant, tho nocond TroTebAlity 4o nod cono frnetion thet, oport
from pondon ALLTovancon, acanvansikls Lo e polntlve acthandl
anoney 0 vori.ieotiong. A peopondoranico of Snvormllo tento do
not o o eoncinndon ninoot corbning indood, o vouy Sour cOne
tmry ~00hn onalico 0 nako it Lighly oprolntioe.  lore fundaw
aenaily, tho pacond protesility Ao oot 'nowm by o 10ap of cone
strcbivo Antollironco Lhet absteocte Do rendon difforoncon,

for aich lonps snvor yilold anygthing bubt Lypoihoooes. Ag will
appony in Chinphors TN and X, the oocond protnililiy Ao Inowm
tiroy-h neks 05 oo .icdtﬂ.vc vndarntandine ot Julmondy 1t sieans
gant an N lmndion or nopndion doado toimrds Lo wwondiblonods
and 14 o astlnbtoq, not by comdling vordilcoticons and aloireeting
fron roylan CLL0- mcen, it by oritlelizsl ¢ vorlilcotlono and Wy
tobzing ovopytaing ﬁ roiovant into ngeousite

Fopr theose peanocun, thom, e ddatl culeh chraply

botucon Tprobably vecwrelag! and "oroinbiy touol”  For the smoo
PONASID Ve Do. 00 20 1doaiify Ycoplolotyt in tho soowe of wnlt
protnuility vith Yeorsnl ty" 4n tho soase of "cortelnly verlflods”
It folilovo LhnU .uo £ind A% nooninglese o rorvenont by a froction
o rreleciiity of o vorliicodion. Slndloply, we find it falilhe
clous to arpue thnt protnble ovenlta ore not cosinin cvents Docouno
proiablo Jwlciends aroe uol cortnln fudrments. Indend, thet fallaoy
woudd tweth- o vhole-wnlyalsr oo wo  Savo-cracted thnt alile
aronsg asy e -ded: wedblo ond, in ol sonso, torinln yot- Lo sene
avaliin no 0 croup uny- omm o codncldoninl epvermbe (it g0, -tiien

Drfoitd ntdd G140 ¢ho conerality-nnde pineidblo bty obotlobledd

o ) o
1»;1.".
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vould weoek o canlyoles ot only are thore two neenincs o

pronbLlity nnd tuo ~anlnge to cortninty bt 0200 Lhoro nye two
0010
nonnors in rﬂzictlhm ryontn of nonsoyston~tic procons con Bo

invopticntods Clnorlcnl procodures wonld yindd
glrlo
oty verificd copelunlong obhot AOVIIED annirnmd o il [XrOw

et letLiny

i
habiilty, whovo stotizticel yracedwen woid ieid LAY ,l
reebanly vordllod coceluclons abond ovenip no noabern of coinglde
enbal asproroatas By enoirntng Shen fraghtioral roinliliting,
Noloro closing A% ey e woll 4u add a vosd on <ho
w50 of the torns, "elnosionl" and "otntlotlend”  In conuemnorary
dayeles 18 An eantornsy 2o oppote Molasnlend to "mwratie® ana

"otetdntlesd” 46 "ochantenl ” S0 thore nrioon Mo 2o e

Lo
Svladon of elnprlonl oohangen {(Nemton), elrmolend mietirticn
(DoXtenrmn}, ~rmatwy mechemtap oL POCLNCer, Deloonbor;l, ond
arnbi obrtdotlen (Done=Rincteln, Fepnlellnen ). Cieonly, houovor,
mrosont
the_ntn’y of hrurdntie otructwren denrndio 108 2 fowfoid it a
trrofold dlvielons Tither Antellipsnco antleipnton thw {locovary
of Lanoticrl rolotlionn on ulileh rolotlong Totveon ocanrononts
viil eonwerpo, or oloe 1t andlclipntos e dlscovory of probabilitlen
oo vhiieh volntlive retinld frecuencies nay ddworre thoveh only at
renfoay The Iottor cltormntive Los o {~Ariy olene 2147 4o tho
moe, "otodictienll"  The fomner altesmative in not 14a8tea Yo
Heviworndnn nech nlen aad, i She opiiadon of Yy, deop 0ot rogand
qnntm echenless 34 Ao o sde of 1oovlpy comion So Colllon,
Newbon, Clonhe: anmreld, and Slantolng 4% 4o an fmallinp {,o tha
cxealod an L0 i Siyoleloty 4% Jong wnn eonnideznd the LoD
node of oelontilic A-wasticntion; A% o boon the princlipel oonee
of the Bl rointe 0f oetoncd,  In puweh o uorh no fhc oot
no cno, I otvuch, vA22 he nloled A2 go aleosicnl o rceadure 1is

anred "elnooleall?

-y T
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Portrys onowrh procrens hng heon nnde for thuo pabhor
novod orlantatlon of thlo logalry Lo copo Antn botlor focoud. Vo
ey Zron thie doserdptlon of n dlogorery 40 rroerod oo dlntingich
nelpints, Sholfe camadeflon to bd-hopr 7Tlourol ta, ~nl the airaificonco
of reonnphiy Wint nd tlneo the poiat o thiat 4epo Ao no polnt. 1M
tho ;roc-ab Cvltor we Dowo novold mot fomnrd ang ootuned 10 aone
clunldong nbont obfeetn bl oty boelured nod S 20 Lo oule
Jjoctts ~ntlelpntiosp of Annirtite thnd hnwe not ceoursoed 9::«3 t'c:s tho
nethcdical enpioliaticn of onch anticlpetlonn.  In thnt 1 une@ movos
nent o moaddr cnn fuyonoo the dlroction 4n thiloh £ho whole wvopk
vlli ndvenno.  Tor owe ronl lo nob any sol-ntAfilc ofjoot, any tie
veronl ol meconsary Liath, nny pri.mr:«f rroponltiong. Owr ool la
tho goneroto, IndivAdnnl, 6:-:2.0?:11*@ aubloct 4hnt Intelllrontly
genomnton and crlvically ovolunien o progrecoloely rovrlnos overy
pelrnildlic oblect, overy wienutlonn olrbtennnt . ovory ricoronnly
ioglond reptlor ploce thrt offopp rremntumaly o hine for the rostioos
Qroenlon of Inynn wdercionding.  Our m‘-::imf:-n 2o Lo Tonch nolihor
the nowm nor thie towmblo D Sha Imower. (heptmr I opolto of the
fnnl-ato o noolse Chopter I hop Aotroducad e heasdntic chructuros
thel L2002l oooltinge Chestern 21X {;0 ¥V vllZ connolidnto thin
pepldicn.  Choplors VI ond VIT will ¢um o the cetivitios of nove
e lcen Inteldlirent comnmon ponocs. Choptox VIED vl bLeine oclonco
and coraon gonce terothor,  Chnpleps I3 ond X ﬁﬂ.:-"l tocl2e tho

Qb el L W
rrobleng of erditlend Julrnent e, onnicdn to ilmpnifent rooaders vhat
oy hnve Deon oboud hile ve in the Slrot ~1qh% chopiers vore
atieapting ¢ coanunleato to thom tho recoosary :plor Lnirhto,
Chnpters XT 40 JXVII ondonvor 0 gerap vithin o alneds viow tho
totnlity of vicws on Imowindro, ohjoetivity, nnd meality, for all
eocoed fron tho earirlenl, intellectunl, snd rmilocel conceiousaono

of thie conercelte oubjocte
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Apvendix to Chapter II.

Or. the Use of the Torms "Classical” ang "Statistlcal,™

In ordinary usege, "closcical" and "stetietical”
are not opposed. The ouposite to "cloceleal" 1s "euantum,"
and the opposite to "statistlcal" is "mechinalcel." This
wsage mey be illustreited by the fouwrfold ¢lzssificaticn of
1) ¢lassicel mechanics (Wewiton), 2) clossiczl stotlstlcs
(Boltzmarm), 3) guoatum mechenics (Scarodincer, Helsenbers),
and 4)g cuentum stabistles (Bose-Einstein, Fermi-Dirach.

The trouble is that thls fourfold clagsification
seens incomplaote. For relativity nechenices is opwnosed to
classical mechonics and, whille speclal relativity euters
into combineslon with quantun mechonies (Dirac), general
relativity seems as opposed to it as Einsteln hinmself,

Further, 1f these conrlicablous arve not te be neglectzd, 1t

is nececsary to go behind the vermlnology to o systemovlic
conception of the conceptlons entertsined by luterpreters
of paysical theory. As is obvious, hovever, the purpose of
hls anngnui: iz not to expound end to justify a syztematic

vicw bub simply to elarify the liuvsulstic usage that we
- )

heve Tound convenlent by conbrasting its assumptlons with
o ) -

- the assumptlonsg tlwet seem o unferiie more common modes of

s1ee ci,

From our viswpo' nt, then, the fundamental
dlcjunction regerds thie interpretation of laws of the |
Yewtonian and Einstelnian type. Such lews will be sald vo

be intermreted concretely if they ere taken to relate

—~

g i 0

e

3 vl bses 10l e vtramn o
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Imnpinable terms. The same laws will be sald to be iInterpreted

abstrectly 1F they are talken to relste terms that ore deflined

1

inpllicitly by th~ Jows themselves.

On the first alternative of conerste inter-
mretation, the z law ls comblastely determinste in principle.
It i3 trus enoush thot the law 1ls & exprossed by a aathemotical
formula of wide gensrallty and tint further detsrmliations

will hove to be added bsiore any annpllientlon to concrete

instances can occur. It alzo 1s true that the Turther devtermina-

tions camot be deduced from the lav MeeMuf os 2 welhemntlical
or as & physicel formula. 3But on concrete laberyretation

tlie low 1g nol slmvly a physical formula; it relates laaglinable

terms; and becouse terme are lmopinable inssmuch as thelr

various dimensions are assliononle, it follows tnat for

conerete intasrvretation the law ig fully determinnte in orincinple.
Howaver, those that accent the first alternatlve

gplit Into two groupg. B The Tirst group not only =affiras

concrete interzretation but also aiflims thet concretely

inter-reted laws of the Hewlonlan tyve exist. The second

group 2g¢grees with the Tirst in admititing concrete Interpretation

but differs from it by M9vwd ofTlrming that, 1T any such

lovg seem Lo be veriflied, the verlificetion is nrre macroscoulc

appesrance. The anreepnent and difference of thle firgt and

t 1s second zroup seem to ne to corresvond Lo the agreement
H &

thet uniﬁées and the diflerence that separates ordinary

concenhlong of classieal ;avlobtles and cuantum

necnanies,
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Aprendix to Chapter II. ) 3

On the second alternatlive of abstract lnter-
pretation, lows of the Hewvtonien znd Einsteinlan type are
detarminate but not fully determinate. They are delsrnlnate
in thelr own abstract order. They are not fully determinate
in two respects. In the first place, they are applied to
concrete lnstances only by assigning rrecise numericel values
to be substituted for their veriables; anl from abstract laws
alone such treclse numerical values cannot ve deduced. In
the second place, when cne deduces soms praclse numerlcal
values from other known nmericel values, tﬁe deductlon r-ats
not gimply on the truth of the abstract laws but also on the
truth tiat such and such 2 conjunction of abztract laws is alone
relevant Lo such and such a conerste process in such and such
a conerete situation.

Wow 1% is this second indeterminacy of abstract
laws that is sirnificent. For it i1s an indeteralnccy the
resices primarily not in the kaowing subject tut in the object

FAT DR AT x Ao - SR e 1 Kt y Lo

yetem removeg an,iﬁf;jermilacy 1ok I /)defﬁlor 1t posit

’

, /

P

Lyen gehcrete process ln a ?iven corerete sifuation. St i,
- _f
e -

s removal of an indetefainacy in aniying rests, nop on
//
abstract lavs ﬂlone, out on a szt of/gbpcr /Ners of fa&t

- \
11 rests on mqtﬁers of Tact t: “L uir1u be Otﬂ@”hise' and %;,f//
'uers”of foct were o}uefuise, twe ﬁtra03d11a“il hccufqte

A -
fﬂiikgtions of gstronopwis wenld v0uiuh ond in thsdh place

b731e would arise an inso1ub1ﬁ —rohlen in which the selegtion \

"

// e
%nd &ﬁe a3al 09/6 the PeTerﬂqp'omsu:v;u¢uu;/woula epend on

rmentrdne-ef e T T R TV L -2

/
qf rﬁlevawt laws vovld neuend on ar dlver’ing seii;gfb? 0Ds erva%iJﬂ"

it EraE .
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to be known. For siltuations are of two kinds. In some
conerete situstlons the relevant laws are concrately applicable
in a clozed or almost closed circle of mutual conditionlng;
and such ls the case In the pleonetary systen that has provided
the most striling examples of accurate deduction and predictlon.
But there ars other coner-te sltuatlions in which the relevant
lawe are applicable only in a diverging and scatterlng seriles
of sver more numsrous and more remote condltlions; and such
wonld he the case Af one attemnted to dsduce and predlct the
emergence or destructlcon of planetary systens.

llence, from the viewpolint of abstract later-
pretation, one distlrgulsaes between 1) abstract laws applied to
schematic zitustlons and 2) abstract laws applied to non-schematle
situations. In both cases the abstract laws exlst and govern
eﬁery event that occurs; in nelther case are the abstract laus

nere macrosconle apiearance. 2ub in the first caes acoapoie

/preuiculon baease Lnere is no oujﬂctive &

4 . - e

%-c:m:‘:—‘."":t N TBI0 VS h B e U S AT Gy O %

i
deductinn and prediction are poszlble objectlively bocanse
the situati-n is schematie. And in ths second case tisre 1s
1o possibility of romoving the natlive lndeteralnacy of the
abstract laws and proceedggng to acenrate deducticons and
predictlions because the oblective conditlon of a sciueasatic

gituation 1s not fulfilled.
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The argumnents for this abstract interpretatlon
wlll appear in the course of Chapter IXI. It dlffers from
the interpretaotlve assumptlions of classical mechanics and

statistics incsmuch as 1) it restrlets predictable events to

achematlc situstions and 2) it dsnies schematle situations
1o be WMMMAAM® Lue s0lc situstl ns thet exist, It dlflers

from the intervretative assumptlons assoclated witn cuantun
mechonics and statistics inngmuch as 1t rejects as invalid
the inf rence that, bocause there are mon-schsnatic situations
in which predictions are not objectively possible, tuerefore

laws of ths “ewtonlen cud Elngtelnlen tyge are mere macroscople

apvearance. Finally,s A3 In the Ticht of this abstract

interprebation, woe feel justifled ln continuing to refer to
lawvs of the Yewbonlan and Bigteinlan type as clas~lcal
and in opposing to them solely the statlstical laws that hove

to be lnvolied In dealins with non-schematlc sltuations.
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