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' flLre tttLe of thLs talk *bvlouslg

leqvee rae a great deal of r+orn for scope elnge

lt ts s6 vsry Lndeterryinate &s to what the

subJeet is thEt I sm goln6 to talk absut.

And X think partLy Ln ordar ttr plaee tha thenee

uBon ul:teh I ds xant ts talk X.a soae detatS.t

a*c parilJ irr srd*r to *ut].tne the range of

ttie,su."bJect that ene celJ.e the PhLLosophy of $ef"enee'

I th*ught i.t uould b* appreprlate t+ eay ssx€**

thing abput h$tc I oenoelne ths etr'u*ture af

s*Lence * what is it. And *3-ea:'1y to t*lk
about. tis struature Ef selen*e u*uld flr,gt
,af, c}l requix'e on* to tndteato rcughlg w?rat ene

ne*.n* by s*lea*e ltsei: . $ow r I thi.l:k

r*e knr*ini enr:ugla sbout Sire eontt'orrersies that

karre beeR g+I.n6 s& f,or e Yery gre*.t aumber of

y*ers se "ts wtrether soastirlrig J.s ar ie
net a ee Len*e. Ehese contraver'*lee r En the

Hhole, have been exerolses itr neste ealllagl
they ha:re been profLtlese. gerteJ.nlyr ysu siay

take tlre posl"tton that tt te only $athess.tJ.*a1
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phyef.ca rshieh f.e * eef.eace *nd svcry ether

eort of inveetigetion {a Juat gtEep*ssllectl:rg'

But X had rather not engage in such reer{H{na-

tione, so X wsuld like to think of ecienee d.n a

mseh &crs estholie faebien, and I wosld l{ke

*ot***.* it ee beiag {.dentlfiable sc gn {a*

etl.ttdensli*od hmn rctLvLty *rhlch canf,srsa

to certain lnetitutional traditione and

rahtch ie ts be diatinguf.ehed frou other La-

sti.tutisaa lu three reapeete; namell tn

re*peat to l,ts a{q; And here I thfu}k ths *i.!E

is, in moet gener*l, terme, the *oqu*eltiea

of, expleaet{ons sr underetandlag through e

systee*tLe *ad eoapr*heaeive deteruiast{.pa

sf fectr but the euphaeLa tlsuld be upon the

attampt to eehievo snderetsndf.a$ er cxplate*

t{.os, Ih,le le the general" aiu. Secendlyt

not oxly *a aLm but eertel'n prod$eta) end the

producte are priuar{.Ly intellaetu$l, uhf,ch

con*tet of aore or Isss aystematL* explcna'

t{onerthe degree ef, oyetenattcat{.on er{LL
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vaty in Slffrreat dleclpllnea that arts c6*lrted

*iltong the seie*ee$ i prJ.ur*rily fnte}L*etua} '
but aeeoader{Iy cerefl*tlag of effective Gett*

trol- sver varf"sus klnde sf evsate. A:td

thi.rdly, in addi.tion t* ei"m and prsdrct,

there *re eerteia pro+edt*reer preceditrss ef

fnquir?* *n ehich X thfu*k one e&n d{.at{-ngtl{ah,

c*rt*ialy1 cert*{.n epeef-*l tectu*ig*ee, eeeh

havieg a fairly lief.ted resge *f, eppl{eat{o*

to epee{slieed irrquirt*e tr*ao(.tI$***ft**g

aubJect mattere. 3ut rr+t *n1y opeef,al

teclrnLque-a but eowthi.ng whlch f - ?tl$
e*Sy to J.dentlfy, nemly - c*rta*.at l-ag{*al

methode whcee Beope coineidee more 8r

!.eee wlth the eat6re doead.n of rcieuce, *rld

theee log{ca}. rethsds lsrelr:de, certa*a1f n

t,

'prlnciplet for 4esasel.Eg' evf.deuce for the,

ver{.oue coaeLeai+as th&t are *btaf.xred by

{aqui-ring, Arrd ellegedl"y* alrd certel*Ly

E$r€ debstebl"y, priaclpl€e er fulee for thc

sctuel cenduet of receareh and fer the

sreklug of sciantiflc dLeeoveri*s, It ie
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in terus trf sie, predu*t and proee*e that

I eou!.d ssn'c to {dcnt{fy *orethi*g that I te*s

afrcid to eel! a ecl-ence. And cleerly, thie

aecoext all*we fsr a great dasL of verl.etf'on"

Xow, what wouLd &n aesottnt sf khe
.of

etructur0/^*cter*ee' be, lf ee*enee *a cerleeflvod

in this sayr tIeL],, it seem* to ua thet sn
of

eeeouat of 'the etrreturq/^geieuee' wiI.I irleXude

the f,ollow*.ng e@psa€rrts.

Firet, be*ring tn leind th*t *ciar*ce t

*s I conea*.re It, Le cn instl.tutisnatr l.*ed

ectl"rlty, directed toward e*rtai.n a{.me- #
#,ls$, {tre *n inerLrurr.s'.- '#-T ;h?:t*i"'l^ls
cussio$ af, the Lnfl$enee ef, other ree*.al lnatl-
tut{,ons aad aoetety nt large Eporx the dsvel*gr*

qetrt of a*{.ance, both Ln re*paet bo the sub*

stoati,ve eeatent of scl.ence and *Iso ln
respect to the cenons of standarde of selentific
procedure. re=*agq, I might eay night off
thst thie ie anaepe*t of,'xhe strusture of

ssie$cetabout t*hieh I tslll" have nsthins to

€8y.



Seceadlyr &!t eaalyeLs ef the treys
. uh^{ .r hrve. cr^lle Jia a*rlch @- th* {.ntellectual eeh{*vG*

Bst:ts sf scteaee 6rc *rganLaedj thet ie,
*n analy*i* ef thc lcia{is of expl*netioBa

that tr*e fa sble te obteLno and su gce*uat

of ttslr {gter^ae.l petterrrs" A*d *lesr.s '

disetxsclsn of *he laatrner i:r whf.ch exp}a**-

tions beceme altered through ner+ experi-
me?iteL dioeonsrl.ee or the fntrdueti.en sf
netr l.des*. $eo the saeond aepaet tlxrt 3 w+u}d

want te {nelude in the asesuut th,et is
sufficieat].y adequate of ihe rstreetu"*lj!*f*nes'-.

lisuld belen*tdarEtf-oa of, tfoe or6sni*at{.on af
^*e

th* lntelleet$sX praduets, And th€ {rrtellectual
produ*te trould lnel.ude* certainlyn a g,ood dsnl

of, faetual dete{.l, but {.n term* s{ the prt*ary
aflu, {t would certeLnly iaetuds sB aeeEuat o#

the k{.ad of expl*rrat{.on or the Esrt c}f und*r-

etcading one obtaLner or ceet{,e te *btafn, :ln
v*r{ous oreaa af i-nquiry,

fh{rdly, an aeesurtt sf, the ua3re u&

the explen&tsr? preraiaee ers retr"eted trl
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Eeettera sf *bserveti*a sr *xp*rimest e*d of

tite regutreurepte qthich etr*h preariae* ana

ge**rally expectad t* useet i-f, they sre to

furtct{oa pn*perly ia inq*C.ry. And thl,e, of

c#Hrs&n runould lnelude, *.B.sng a*her thf.lget

the eoncf.Cerstica ef 'uhe verf.*ur r*eye irr

whlch e*tcntlfie ideas ffiy b€ def,*,ned *n

t€r"Els slf es*h other ?.rat msr* epacf"f{.aa1Lyt

of the rcr:t{*e* or routee Hhteh *snr,te*t

idea** r&J.att mey on the faee of, it be Ebatrset

e.sld rsthar reanrte frt:e the m*teri.aLa Ef,

orr d

observatianldxperiment to tha subJ*et -e6ttsr

that ia being investigated.

&sd fesrthr &$d flnallyr &rl'sceogat

of 'the strueture ef actenca'r+suld have to

{.n*lude e r@*s*$ab}.y *omplete eod*.f-i.eatin* e,f ,

a:rd ret{.ona1l*aticrr e* *y'3out{,f$.c'stlor: for
t- ,

the logieal principles that are earpXoyed

{.n eval*ating er {.n +;*rrelrtting tt}e eeaell:Efoas

thst er* adcpted at varioue stagee sf

ee{entific incui$f$
lilee, sB I nienticned, I airall have

nothln6 to eay about the fu*paet of eeetety



?-

upsn Ee{.*Rce snd the way ia wtrleh e*f'6n*

t{f{o act{vity *rf.g}rt be iaf}.rae*ced by

sosial eonsl.deratflons" And I wl-I]" harre

very little t* say* a3.thetlgh I wllX h*ve

ec,mettr{rrg tr eay in peeotng, sbout the

relatlonf of *xplarratLoas t* aattare rf(

sbaeflratle,&. And r&at 3 rs{,lL wsrrt t+

coneoatrate the tlre I heve esailebl€ upsa

&re eerta{n epeaifl* laEaee that ertae

*.ri *oenesti*n vlttr a dleeuse{.sn ef the

pr*cedure *f s*{erre6 er tnu Ho or

sei*.n** .end eeeondly, speeLf{.c que*t{ans

th*,t I wot*}d }{he to diseuse deal{.ag w{.th

the loay dn ehl*h carta:ln klnde of, exp]me,*

tioae {n sr:ience unlght be related to othere.

tsst I tuill iadf.e*te sore epecl,f{.es1ly w?rct

I wanf, to talk *bout ln thls caanect$.on

Hhen I eocte to it.
I"et m* ee&e, then* f f.rst of, all

t* Ehe ie*ue thet I $i.eh te df,ecuse in

**xneetl+n tv,*th the prtaei.ples of aefent{.f,{.e

meth.sd. Ar*d I thought {t would ast be
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entirely laappropriate *inee, s *t*ek 6S&+

Prafeesor Ha1ta@n mEde, I'ft sure, & ?*r3/

'rigorous plea( nerhana lnore then that' &rr

at6o**nt) for there belng *ueh a thing
CT

as fi& Loglc sf dfecovery. I theught it

r+suld n*t be l.naBprepr{ate tr' f eon'meRted

srl the queetf.on +rhether ther€ le sech s'

th{ng a$ s l*gf.e of dLecovery. A:rd I

theught the b*e t tsay of doiug thie tsstri.d

be to rsally eqs$eet upsa ttlc argeaceats

th,et Fr++fese*r Harreorr usee. I d{arttt hser

hie leeture laet weeh but I sssume that

th,e thfag* he se{d ln prLat abo*rt Ei'uee*

naftere Trs6I"d be *t Le*st in sub*tariti.*L

agr€eme$a with what he seid hene,

3,4t ate first af aLL eey s*ew*

*tzfn6 to plaee th* preklan&. What i* thc

pr*b}.em ab*ut there bef'ag a l-+gie af,

dte+overy? !{ow, esr*e of tre ere ver:r well

fesrfl].isr rieh tlra f act thet talstsrr"c*Lly 
'

e gr€at rrur*ber of thlekstrs ' ssn€ sf them

ee{.atrtLste; et}rera, *osra*eatatere 6n scLsne€
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or phllssoPhers, havo eeught to flnd certeln

rtrlea, such thaE tf a Ben were properly ln-

etructed in those rulee , then he xould be able

to ad,vance scj.ence by maktng eubstantnal

eddttl"oae to the content of, eclenee. $ome of

the rery waLl lrnotrn nstres ln thte Long trad-

Lti.sa are eertalnly Franele Baconr'!n* 1?ah eentqry,

John $tuar.t SttL of the }9th, and early lgttt 1

century, Ilaratrall, tshs waa a dtstingulshed

asironosar, nho a}so bolleved 18 mtsht be

posslble ts femulate ssch rules - 
.

Sn:ths laega that''t?dnela Bacon ueedf "' :':"'

Just Ba s pereon who islhfglrfy gifted petnter: 
and, eor draftsgaa r*au}d be abl'e to dras fraeh,

aLrele rhlch Lessar rnaa xould ba uneble to tro*

produce, but tf they ere Slven e PeLr 
,:fU.o*-

p&ssea, then yotr don rt have to bs a Jafi*s

l,n ordar to draw freehaud acmethi-ng th*t'
ey'

approximetes to the geometrLeaS. c&nan # st'&a-

dard fer a cLrele , So Baeon argued., Juot ae

ln the past lt hsd been Sr€et, ma1 whe mado

lucportant sclenttflc dl.eeoverles, Lf you could
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f{nd eertain :uLas for p*ktng dlseeverl*en and

lf the*a eeuld be taught, then nnaeh leastr

men +ould makc luaport,ant ad.vanccs J.n various

branches sf ecLence.

Hotr, es far es thls pertlffrlsr
queat ls eancernedn t,he record, I thinkn As

wttheu* quellfleatton ualf,ormlf e falLura. Ho

one haa besr eble Bs devJ.se any ru}-es far maklng

dLseoveriee or for eaklng Lnventions. I{eay of

us have thor.rght that thle uae a dead iestle; thet

Ro orle $ho xas facllltar hrr.th the htstory of

bhought weuld try hls haad EEEIn -et ro*u**ttetlng what seems..

trike a leat cBuBG. Egweverr thQre hae been a

revl,rraL of, lnterest ln thle aubJeet and ltanecn

haa bean a vLgerc,ue expenent cf the el*tu* thst

there ls eueh a thtng ** * Iogle ef dLeEpvsryi

nst a eet e.f, ru],ee fer making i"nveatlone but a

3.o6ic ln the E6nBe tf you exaaLne EhEt are ad-

mittedLy tcntati.ve groplngs ef the grea[ ftguree

lnthr hietory of eclenae, ose e&n ftnd thaf Bhere

i,e a nrethod ln thelr precedures. S.nd whtle

faml].tarlty ntth thelr metlrods m*y not enabl*

the rert of, us to make scientX.flc dlscoverteet

nevertheless , lt J.*n tt Just a hLt or trl.ee
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pmeedur*1 thaR the buelnees of makiag lElpalttant

dlseoveriee 1e notr &$ EertredRussell once sal"dn

Juea a &stt6r of gueeswork, but thet there ara

eert*ln more or Lese lnrrar*.airt c&nons or rules

b3r ama+.ns ef whieh one c*uld fennulate why lt le

that B8n coEas to t,hlnk ef one hypettresls oti why

he prefers to take .rerl*uely on6 hypoth**ts rather

thsn another.

N**u, et* arguuent as X understand' t?,

and ce}.talaly the oae trlat Frefe*Eor t{eneen

:-.-. +dvane-q*, {*. t|ra'S there eay b'e Seed sr'we}} ag

bad reasen* for a scxentlfj,c l,nqrrlrer adoptlng

er*aki.ndaf}rypotheslsratherthgnangther.
&nd th*se re&sQnsr eo lre elel"msr &eY but e:'eo

da dlff,er in type - HS, the re&ssns for irLs

1nlttaIly adoptlng, far the purpoee of f\:rther

explore*lon, err* hypotbresi's ar &notJeer; thet

tha reeeonr whlch lead l:lw to eeeeBt on* tyFB

ef hypeeh*ets rs.ther than arrothcr, *hat thgee

rEssona are ritfferent frcm t he rea$cns t'het

one adsarxsEs tn order to aceeFt e hypotlre*l$ ae

being tlre eonclusion of, e, de?erml,n* *r,*oiry.

.&nd I ttrlnk the polnt couLc be made EF*Fry eLear
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in teras of a favorlte ll-lustretLon sf
Fraf. ltans9n. Eepp}er convlnced hieeelf
that cn the basls of tbe obeeryed posltlone

of tlm pS,anet F{ars, lnatead of eser"rm{ng

now thst the plaaet hae a ci.rcuLsr orblt, ****
the planet movee on an elli.ptlca} orbit with

the sun at one af the foel of the eLllpse.
Leavlng arlde the que*?l,en ef hos he came to
entertaLn thle hppotheois before conclud*rg

thet bho detalled, f&ctusl obeervatl.o*ri

evl"denee eilppnrEed beyond psselbil.i.ty of .rs&sCIE*-.;;.

bie dsubt * * J.eaving aside tha& tueetlon - *

essuming t'hat Eeppler hed eetab].Lahed on the

besle of d et,el.Xed inqulry that thX,s h,es

r*a}3.y a satLsfa*tery }rypothesi.s to eeesunb

for th* obeerved p*sttfan of the plan*& #[are,

Hrppler t*rrndlitantl-*a ts oth*r plenets, lR
partlcular to t he planet Jupttor. FJheB txtnd

ef en orbit did rluplter have?

Frefessor Hanesn ar6ucs Ahet tf
Keppler consLuded that the ltlcoly hypotheets,
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althcugh yeu eeu}dnrt be sura &het thta rould

be, wan thet JupXter alse had an elliptta€
orbtt, lt was because fieppler xust have argued

aemething 15"ke thle I not onSy te tluplter like
Hara, a B1anet, but Juplterr l{ke Haro, tE

es exserf"or pXanet; Ehst tt exhtbtt,e eevta!.n

vsrta&$.*no l,n t'he apperent veJ,oeity as Lt noves

thraregh dlffereat parts sf +,he heevens. Ia ahort,

there yrsr& cartatn pronounced enalogiee between

!{ars and Jupitar an* becauee of ?heee anal"agf.ee,

ha had@,reaasn fsr supposi.ng *hat the orb{t

ef Jupster w&s slss ef e none{resLsr k*.ndi that tr
L^rhls\

the type ef lrype,thests #, he aheuld eit'ertei,n

$€s sn6 whlsh xeuLd leed hlp to s&f ahst th*.

orbtt tsas ns;l-cl"reuLar ead eora spaetfleallyt

thet the orbl.t HEB an el"ltPt!.ca1 6n*.

?hue f,ar, of eouree, HepPLer sfnp}y

arrLved at e sugge tton as to wtret npeelfJ.c

hypothesle to explora. fie reaaoaed by ura}egy

ta uhe hypotheel.* thet the erbtt ef Japlter

n&s a3.1i.pti.ca1. Thte k*.nd of reasontng woul.d

nct be sufflclentr B6 Frefeeeor S*nagn atrguss,



14.

end I thtnk probably earrectJ.y, tirls kind sf
rsassn Ls nst suf,ftcient t* estebiish the

el"aLx that, ths orhli of Jlrpiter lx e13.lpt5.eaL.

?* est*bltsh tlile, one w*u1d heye Es make

detslleC ai:ssrvatl"ons on the vsrlous +b**rved

po*ttl*ne af ,dupiter to s ee prhether tltey do

or ds nag fi-t tn sithtn cereaJ,n llmlte ef

the requirementy' thet these positlons aho*ld

fa].l u,psa an elllptlcal orbJ.t. And so,i.n

ehCIrt n tlie argu.ae:lt is thle: ln extendlag

the elliptica}. hypotheeia from Here to Juplter,

ffieppler &"&6 r€aeunLng by analogy. In.eetabltah*

tng the Juptter hypothesi"s that it wae ellLptieal,
tre was net reaeo*Lng h,y ane.logy, ha aras f,Ep*ofr-

lng froa & sct of sxamined. inet&fises, naualy

obr:ervetLone on the posltlaa of Juptt€r - ftnd,LX

thst these flt intei the hypotheals and ln
since

ec,lreludlng that./tire obaer,.red posi.tlons fe}l upon

t}:e *rbl?, therefore, ell *:rther pos{t**ns

trl":lch had not yet been obaerved, wou}d al"sa ftt
aft* that orblt, Aad so, he aekee wh*t seatss
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llke the primr* faclt ra*sanabl* clslro+h^F
<- *r* *ype of reasonlng 'sht*i: fieppler

ueed, ffid td'lLth l*v*stigetors us6, 1n maktng

dlscoverlee le dlffcrent frcn the type of

reaeonJ.ng that they use ln escabllahlng t he

suggosGlsn t}:at t,hey have arri'red atifn*
pra3.iulnary stege af Li:e inqulry. ,And X thfnk

he rests hf.e ca$e upon examples of thi.e ssrt.
:tr*, iet n*e iust sake soae rsry

brtgf erltieaL eomrr!6n86 en this. r=*:*;
LEt pe f'lnst ef all eay rrhat m;r ecnci,rielon j.e

and then advanee TBEB*FTB fer lt. I dontt

thtrnk that the arguxrent that ProfessCI,r Heneerr

edvenees ta eh*w th*it there te $omef,hr.ng thaB

one nt6ht tden?i.fy as e legtc sf dt teor,rsry es

dLs8Lnct frosc a io6ic of, preef r s.@** w6 s&y,

or log{c of val.idartlon *'* I d*nrt thi.n}c the

*rgunent is sns that ear:'tes sery suclr weigltt

and fsr the followlng reas*ns.

Lst, s grant tiret ana}.o6fee pl.ay
co.s4"r"{-ro,

fuaport*nt roles in ghe eaae**:si*an of hyFethases.

fhten lt s€em6 t,o se, to be indqbitable.
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\$d

Sarl.ous kLnds of enaloAf r']f there ''rtsr€ timo* r*

I

would. be ree*lv very $nstructirie ?c examine

tl:e vartet:r oi anelogles th*i are euplo]trd in

dl,fferent donelne of selenttfic tnquiry' buB

ey polnt would be that though there a::e snaleftiea,

r*hj"eh }ead a rn&n tn one df.rect$.CIn rettr+r than

anether, lt is t'!re c&s€ that the type of hypo-

th.eeLs ts whtch the enelogy leeds I"s conts'aLl'ed

by tha Here or less tacit' esar:nptl"en* wtt{'*h ere

pert ef the aeeepted, body of beltefg €{t ?he tlme'

S*:, for exa&P1e, nhen Heppler' aee+rding to
'....

PrEfesaor l{ensgn n arlved at the *uggestien

thatthegrbJ.tefHarsHssoofl*clreu]"ar,h&oF&Bd
.foraty'seofhYFothesisshichrequl'redhlsto
say?}r*tthellke}yhypothesl.ewauldbeorrawhieh
wuldssythettheorbltofHargwou}"dbaa
elo*ed plane eurve, traooth !'n shepe' and thet

Xeppleruou}d}ravoreJeetedtheessumptton*r
theeuggeatlontlrate.].ikelyhypotheststoErceount
forthecl{fferentve].ocity.thatepperent,
velcctt.y whlch $dars axttlbi'ts to ritfferent $'nte

oflteorbltlslnso&ewayeantrollecbyvar!['E.
tionslntheapparentco}oroftheplanet;8G
t*gk the colcr hypothesls is excludedi th€ tyFe
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w\x\.
of byfothesls'^uas requlrod tE Eay thet tt ls

a noa-et:reulsr srbtt' le regnrded aa bclng

rcaeonabl"e. But xhy ls tlre oolor hgtpot!rceLa

exaluded? '!*&11, r thlnk the BBaser Lt vor$

el.nple - - beoeuse of the general be1letr th*t

Eeppler had whloh 1ed htp to say ttut oolsr !.e

net e rslayaat otrouseteaoo to aeeelrBt for tbe

bshaylsr sf e planet, Eepp3.er ?red ell ssf,ta sf

carLoEg tdeac abeut the lnfluansa ef t'ertgus gorta

ef forcee aad eaaaatLoas frox tke sun. 6olar

*ag nat sne of the thtags that Flsyed s relevent

rele:I.tr^tbte, and ee oertata hypotheaes '&rB- '" "l

exs]"uded beoerse of the assuxptLonsthat a E&B

hae at the ttxe.

$uet ts Baka tho Pelnt

aotr& emphatte r atrylpses aa lrrestlgator tsila$

J.e oonf,rc[tsd rlth the data thst *htrBs at Sukat

or sffis otharlrople worktns tn para*Xlsyohology,

produae/ ts tndlcatc thet EsIeB people serr oonreotly

aall. ths oenf,L6uratlen etr a esrd befsre they

see lt aud you want to errylate thte. ghet h;rpo-

theets roul"d aGeB ltkelyf fhle rlLl depead Yery

largpty upon the klnd of e tralnlng e BeE r+Ll}
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have h*d and uhat he wtl1 regard ae belag )

anta*ed,eatly reaeonable ,m the basle sf bi.e

an*oco{*nt ac1eattflo e:parlenca. f venture

to say, althougtr thls ts an oxtrepeletlon

frem the roapons$8 qf a f,ee etnttrattetane xhsp

I knew, tbst lf, a stattetlElan rrers ta be aekgd

to off,er a type of trypotheste rh!.oh tcould be

e reaeeaebLe oaa te aflopt, h€ ueuld sayl H*Ilt'

ttrta uunaual 6useess ta ee}ltng cardo' thta utght

b6 *eoouat&it fcr ln tezps of the ge*+r*]" &s8sp+

tXon tb*t tha sbuffl"lng of ttre aardsr aXtheush

nt ns maybe dene Ln eocordanee ei.th esn& ktuil '.'"

ef a randsfrlsl.ag prooedtre, that no actual :

raa€sulstng naohlne to ooapletely randou; Every

randapislng u.**hlue, at J-eaat oYstr a flnlte I.tlxl

exhLbX.te soHB klad of a bJ.ae. Ix$lr{dua}s trbo

aey that thay are m*klng Suesses ' * flbethar

tndtrrX€ual"e whs have dtfferent pattorne of StreeaLn6

noul.d be sble to aall the oards ae ewoaaafully

as otber tndlrrldueLe Yho have a dtf,fereat Fettorp

of guesslug, trr tlrat the oorrel-qtton that le ts

be made ls betre*r patterns af 6ueeelng asd the

pattern of blas whlctr the partl'eular rendeaLnlug
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EtaGhI$s, trhl"eh shufflee tha 6sdso !.ntrodafiss

tnto tha shuffl.lng,

Sow, es ysu kuslsl $lF. &yne dtd not
think thet thte was a reessErabLe hgrpotheats.

it"*to J,^*t s

Se ws the hypothesls of extre.sonsers pr6ccptr-on.

&r ht"u, thLe $as the raasonable hspetheals,

But xhet B6SBB raaeea*ble - - shat 86686 srg4l-b,La r *

rhat s€elea Lrel"eyaat Le, ln a e6rt*1rl E*BE6 |

osatrolled or dLotetsd by the aet of more sr
less egplLolt aeerraptlsne e aea hss as to rhet
faotore er€ ts eotrat La g{vLag Bn erry}.eaetton\

A$dl sor laataad of oalltng etteaticn
to a logf"a ef dtessvery, I thtnk that eI1

kefeaeer Eeaeon has .susaeeefu}ly catled atteatLon
1n

ta I"s tbe dtreotteazfuh*.eh, glven e *or*aLn

t"nteXl"estusl fr*uererk, tnvestiga ore wt].l prafer
t* axplere oaa type af hypothests rather thas

ancrther baseuee of ths teclt or ecmrtlpee expllett
aesunptlene rl.th rhtr sh they operate as betng

exparieneed pregtl&loaere ln a doxsl.n. And fi€

f eenolude, e3.though to be eure sueh Eqr6 neesa

to be eald Ln arder to x.eke ny *rgrrnant conoS.uatve I

thet tha ol"aln that there Xs a lo6lo sf dl.eesv*ry

t
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is a eJ.ala tti*t *a s*tbout any aub*tantl'al

eupSro:rt, lft?*t thara Le, aoeordf'ag to aa, te

tlrst there are prLnolplea for asseaetng evL*

ilan*e far eon+Lusl"ona or far $rpothe*es tlrat

era adna,nqed sd for flhtoh ertdeaoe has been

prod.uoe* I that there ers rrs reles for fla*tng

esacluei.oas. Ehere erc rla Seneral rtrlee fer

fLnding evtdoasa btrt, Stvar a sertaln set of

evldeatlel st*tensnte, 5f.Yan Cortatn emelusr.one t$kleh

ar* baasd upon t[gt ertdeaoe , there a86r eo I *slrld

subattr oer:ta!.E gellBrel prtaolpleo yhloh control

tlee aral,ustLa:r sr tha uElghlug sf thc evi*cn*s

ts sce rhEther the ertdcnec aupparte, etreugXy

aupporte, Borarfully eapporta, eupport. ffit
re*souahta flsrt*bt ths effa.1*a ooac].ustEn. lfhe

sEnolucr.onr of oor:rreo, la thle 6aaa La uat

srpethtng vhtah falLot*s aeceeearlltr frsaa the
€..v, Je.#ol well-
Fg*rc,b e= Frest sef. Seaglael"oat * te ues e Ssre
phraee, te salf mde prob*blBou the baets sf

the ertdence aad so tha Lsase ls $hether there

er6 a6g mrles for net"f,hLag the degrte of probablli-ty.

Anfi hare, theugh cleerly this ie a sxbieot ruhf.ah

rould rpqulre eeveral talks Ln srdef t0,€Yoo skate
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s1/er tho swf &s&, r carr oaiy eay tro thtage $hf,sh

see& to roe t,;* 'Os pertiaeat, lllrEtrthat tbsnsh

ln resent years tlrere have been vsry lngeaueue

ctt*n;rta t* develop e calcu].up fer eetghtr.ng

errlden$e f,at eenc].uatoag that d+ *et ies*ca].]"y"

f*l"L+s'La nueh e Hetr that tt wsutrd b* poe*tbiy *9,
i: ir ^ a:i ilr;ir ;1.i

aasLgn s nuserlael ve,la* to ttre d*gre* Ef rC#eess

& sapportn tb'tra far, at any r*to, there i.s ao'

rsesa:t t+ eappose that these att*upts era sei*e

than a btt sf soientlfie fictlenl $hai, th*y
h*ne ne relevasoe at all to any thlng that pJ-xye

a role.L:a aetual. scLentlfte praatl-ce. I BesB-. --

eqleatXflo praettce ln a aense of eeLinttf,le
hqrinry €ysa reba soLeattfl* lnqulry l-e senors*€d

xt"tb f,undeneatel. theeretlsaL queattsas rsther
tbaa EL?h prectLeal on6s, Sor I thleE at preucat

ene hec tu eey that, at bestr 16 *s$ fi"atra*uoa

a kln$ af a sef,le, a roagh ^ - ., !, ef a ssal#

of, ctreeg*r:sv*"6enser leae etro*g evtdene+ uftheut
belug eblq'to esalgn a :zuserLoe.l da6ree of prob*

ab*.ltty. Sndr sf oou:rss, thls sould *ertalnly
Ee&rx that , whe.t 1s knogn es the msthep*tteal

eal*uIus of pr*b*b11-ttyj and whieh. bae ebvlsusly
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Yery lap*rtant use$, J.s not applLcable ts

thls partl*ul,ar dornsla when nhet 6na ts asklrrg

for I,e the d*Erce or th+ wetgirt r:rf, the svldeaee

ruhloh eupportu s. parttculsr hypethesl* i.n soB6

&:rs& af tnqulry.

.?he Eeeons poi.nt I w*u3d 1*.ke te

make Xs tbtsS fhet E1&El,? attoraBt* that hsve b6BB

uaden agaLn {a reoent yser6, te ce4*.f,y p:rtn*!,plog

of enl.denoa or prlnct"ples f,*r w*X'gghtxg evL,Sea*e

hese pSaeed 
" 

g;g1;" eusphaeJ.a rap"sa the sb*er

ausber ef bttg of eupportlnry *vt'len*e asld there

hae bean a tendea+y ta belleve thet ttle uore

tlre l*r*pr ts tr$Er errtdeatta]. b*ste, ttre etrorrger

is the selryort that the estdense supports the

auppcee{ eoaelucLqn. Seu, X thtnk ths.t thts

te not aa e{agaata *ogouet, ft ls partX.a]"}S

oarreat and that 1t ls not en adeguata aEesullt

I tktfik baos&ee oJ-eer lf ue rEaeaber th*t psrhs,ps

oBE qf the clapentary polnts ln a4y s*rt of *
eelenttf,ls tnquiry l"s tr Lntrodues *setrofs Ln

EBy ebesr.T'et{en or exp*rtm*nt. I reoall a. ysry

dXattxg-ntehed Bhyet*tan t*IlLng as tliat untLl
perhape seuethlng l1ke ?0 sr fO fe+rJj Batients tE

h*epttals who suffered fron typhoid fever rs6re
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rr:rLforn"l"y SluEScd tsta s Gel'd beth. And 
''tlli".'r!.:'l: : i

r*ea bel$.s"ed that thls trse YGry Cing-*trf. ft
h*il a gsgs aff€et, Hhsa ttrls reg dsns r f,t
ap;larentS.f ha€ aet s*aursed to thoso tsho Hetr6

!.n sharge qf the hosBltels to aek tha questt*trs

Ws}lr Xsskr HE Ere eo:tfldent thgt thte Ls sop

but ds t{ re*llg heve au3 *entroX} th*t trr h*ve

ve trtod t+ So the fsilo:rl,ag very strcple th*lrgF.

Savrs ti*a more sr iese retcbed ffi${rps Ef fu#tv[8ue}s

wh* *,ze sefferlag frem typhatd -- setr[s af then Be

*re ga*46 te sabalt ts thJ.e osld bath treetmoat **

a not EoXBS to eubq,lt to thatothfE, 16 s:fi

treatpeat. 866 lf there !e eny dtff,erentLal eff,eot

th&t ls elgnlf,toeat aad declde upen the bsnls Ef,

Latra&uelag e eoatriElH group.

$ou, utret ts the centrol i.a pofnt of

faet lnd*.eatc? Xt uears tbat rlst ysu *16 tlr*

tqroete{ X,n Le aot ei.spItr the shser Btleber sf

Itese of orrldcnca bat that yeu etrso want tE

tn*rdue6 so&s ktnd ef var*.etf tn the arldeasel

th*t tf yatr have tha ss.xee experlaent Perforued
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ov6tr aBfr ewr e6&La xl'thout estsent''el v&rfs'*

tLone tn lt, th*t thte, lrl e ssr$ein 56n$st flses

not taereeee the ttegree sf euppert tha* tlt6

evldeaoa Sfvas te a Eoaclusl"on' 0GrtsXBlS lt

lnsroaecs lt a*loh leea then lf yeu had & fstrsr

nustber of, experlxents but thoy 64"!B€ f,rerc

rHfferaBt ergss t th*t le r f ar oxrra:p}s n th6 r

qaaatrrp lrypethssls $btoh ?leok *ntredused 'ln

e-dert.oaeoerrntferthedtsffib.t}tf.erlgfsaar&tr
La the tspsstreE" cf b,1*sh hedy =gdlatts1r 

* s${r6h 1S: ;'f:t' ''' '

*ornru oor*trnse msktsgr ftrrc exry*r.t*ents abHEt the

dtgftrtb$ttegef,6B*rEFgadftudthatFtanb,t!s.--.*
f,ormfla *es tn a*esrdas'ee rtth i't- B$t $6&Ple

reslly dL{a,tt b*5ta te fee} essftdeat f* ths

Irypothesls untlL, for exaeplel trHlnatetn was eble

te ohor tu*t.t$f,*t*s}'s*trle ef,f,est ootrld elEe he

aecor*rtE$ f,or Ln te:rne of the gled(!&ffi$eFttpa* @'r rr{"

tthan Eincter.n ehorye{ tht tht *pestfJ'e ho*ts af

sollde oorrl'd be oxplaiued La ttr'as sf th* qurntum

hypgthoef.sorxhenl*tetr,Bg,hreelrldaseexl}ltfgftha
f.., n,, -,. ':.,, , ', Fs{#** lrr tha epaotrug of glggsatg ' *

*gatn ln tems ef the quintrrun* tk*t le' xt&t ts

et as rat*r !.t Ls
f.mpartent ig the vartety art eE aW :itE*t rb i'

aa sssentlsl- pelat ln estl$*t$'rg the $elfiHt tf
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sf, evl&ens6 ar*el thc fibqer nsuh*r xlthau* wrtrottr
G€sEs ts me te,coaat ysrtr ltttla.

BaEaad thet, f thirlk thare n.e n+ tX.sa

to go, pertlculerlp tf I de wani to aay so&e-

tl*tag *h*rt ene *tl:sr eopa** *f thle thlxg
that f ax *eLlla6 the s*lxr*t$re ryf segenaei neae}y,
I.n eeans atlan rElttt t?,e euaLtr${s *f exprsn*tlsas.
scre, t a*^pB**e fr*x tlea p*tut sf vt*x *f a eyatauatxo
preaen&,tlotr sf t'he subge*tr sno ought to * or
a* }"eaet X eught *o, sJ,B** *a f,a,r ae I knex,

- 3 an, the f*rat ese to talk ab+ut the *ie&a6sti''in.*Ee

seri.ee aad there stlL be ethere trha wL].} bs telkfiss
abcut *t, I eueht ts atart at tb* ?sry bogtnntng

aH la$il.sntq f,XrEt ll:f *I1, aa**thlag about tM
tppaa ef, oxplaxa,ti*uq tEat En* oan Ldentf_fyr

rs,Le* sorts of thr tseuas tha* heve ffi *,cnat*er*d
by etrdants *e te eh*sh*r tkre r,o ualy ene tffIe *

er *hethar thtr* era a plrmri"tp *f &Lff,ar.sst tsp*sf
th*t I"er r*x.ee f,srmai quastLors aborat tha regle*}
sgnr-ctErs of oxpleust-ts.lrs. $f.mtlar3y, *Fas sqml€ &sk

apart frex femEal €i"fferens6s, erreh au far exaupl.e,

ss&e expXaxatlore see$ ts be s:f e, dede*ttve eort
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sh$rs nhat te bn{.ug explal"aed fql}olts Ees&srF

sartS.y f:ron thc preni.e*i sB* f*r ex*eple,

rhen Sstrton c:rptral.nod Eeppl.srts Ie$ tkt & i,.

pLentt Esv6t on .n elS.ipt*,ca3. srbtt rlth the

EEn *s the f,eous, ha axpl,alrail thtre by *hotstn6

thet this ras *, soasc{rreaee of hia aeeunptf,qas

*beat the Xasa Ef lnattot aftd uatvere*l #avt t*tl*B'
.,\ 'lr-*''' t i'u*-

BhLs r*s &= e=p}*netlsa. lfhear th+fa'.
D.,. e

ls ths kLnfr of ** eqlJ.aaattoa that . .'ffi-
*ell.6prsbabslfatic* rlhera the osneXueI.ols d66sn*t

f o13.ow ue*assarLlf f,rffi the preataer bu* the
J.

preaieeq {a eem lrefsl ataud X.a relatlsx tf '

prsb*br.ttty te the +gnslsar.sn, For rxaryX.*,

*-f a hletwtaa erplalrs tha aetlaa ef eexe saa

S.ndtrl{[ua} i.a the p**t, for axeel'}er {"f a

hlrtert*s es+ka to cxpLaln B*+aevtltts *tt*alta
to F, . '1_- ?he $Elrrsso Sourt, Bhf *ld hc

do thls? So hlstarl,*nr te utr kaarylqd$p, fs *ble

to produae -iri explaantlon ,rd a eet ef SrepEsLtieas #

froa whtEh Bsosoysltts proXlasal. fel}.o.tra n*eaaa*rl-Ly.

Al.1 * hletorden dEEe X.a ts of,fer stetoasnta etrsb

that l"f these stateneats er6 truer tt makes
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Sssssrfialt rs retl,oa. probs.blle.

llr{ ro thsre ett a varLetY af

dlffetrcut klade of e;FlaaattEss ehteh d[ffer

ts thetr f+raal etruatur€. Shan thare axg.

e:ry1*.nat*oas r ind agei.a X e*at te hastea sir'6r

thLnge rhl.oh tr aa etrre ei.ll be screred ln
graetar dgtai.l Sater EB i * esXllaaatlsue $bfleh

*Lffur ta tho kiud of exBlanatlen rrh$'ah *s

sff,are{. Idhit I uEan by tbte ls tbat s€esti,Es*
--.' ..* I tr ::r /

ce rrr.sh to ox$Iaia a +1*€iL+ eesarnsgct aach aEr

f or exary3.e, r*e rish te srrylata rhy tt lP that
l^i 6.(

thsre ** a raLdal"L en i perttoular dAE:41

a B*:Sloular p}*oe, And ae rhntt* cxpXana than i's
--.,,"-o"",nr Fk*t

* i@Ekt sssHrrEnes r ssaattse s^re rLsb to es$Iel,u

te a gnaaral featsre af aasctlcts6 st*d u* €o thts

hy eabaunlrg *.t sadar roaetbtu6 that trs alSM

oaXl a regrrlar*ty *** grr oaptrtoli l+ 'i "

Xet se offer shat You Etght thtuk ta

an absqff& {}Xaetstlau beeauee Lt i.e so eS.sxea*

t*ry and prtattlve. If f f,lnd thet * oez$*!.rr

+hjeotn rhLsh ls plaoad lato sQHe el-estr:Le&.
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sl.rorait r aaduots e],*effi.et ty ?€ry rsl]. r &6

ooapared se:.talnig u*.th sowethtag slee that X

nlgh* f"ntr*€ue* tnto the *troult! then f
**k ag.relf @& why deos it? And $HIrp6ss f saS,

r**11, rlf ssutrse r f oll see ttls r*eeotr *"s that thts
sukstap+e that I havs prxt *ntp th'a eleotrr.s&

str*tett le sede of ellyer asd si.Xver *.s a Sssd

esudr*,ctor. Ssp X have expl*Lne$ *he gexsral

ohE:rastsrtetle by tndl"aatieg thet ft sen be

eabcused u*dsr a s1e3l3-c ls.x l.lke si,lysr ie a

good aI.eqtrLeal senductstr,

BeH, sexs?L.eeen ef agurs*r *&'Erts,h

to aeeorrat f,or thtuga ltke r *h$ *a ellqer a goad

elaetrLc*i osdtretor? Fsr, *,n th.te Gcss* f
thtnk yaa xl.3.L flnd thst af:tEr * e*st*fn Fslrrto

th* *ryL*rratt*as, xkan thag ssa eattsf*eton.p,

no l-<*nger oon*{et ef etmpla errylrl**l lens }*"ke

ths *n* th*t I f,ast EsatLsaed r bst tlut *he

oxpll*xatlEa v111 be gfroa *.x term* erf nhat xe

geaerally ael.L a theerpn Fcf *x*aplo* the

theery $hteh !+ &rllr! qJ- ln teres of th* atmlo
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etru*ture sf the slsesnts, rhl"oh

f,or dtffcrano€s ln tha eLe*tri.oal

&nd sor rey Fstnt ls that ons sen

bettEee* *xpl-e.aatleas \r'' !' I - l'! !{

te*g" a.e expl"anator? prew{.see m&

emplr*"aa1 [avs. If 1 for *xanple r f yent *e
exp3.aln why lt ls that Loe flaetsl weLl.r SBtl

knon the srr;$er souLd, be 5l"ren ilr toree of

.grahlnedear 1&H. Arshlgedeer ler te sort of,

a 1+rr l*treJ. geueralltgr. ftrg eap*rLeal'* +

lt oouJ.d ba teated, eo to epaako ln a laheratery.

Eut nox, yd **y, re11 -- xre'sr but eky nkor*ld

ArshlaedEer lar he16. SelL. evcatuaS}tr lt lsd

ts tbe Frlaetplsa s& ao*h*al.*a, ?c S*r*te*ts laxe

sf *bttolr, t* s*rtsta e**uxptls:re a.b*x.t ferssa

opsratX.as tR e ltquld I and ysu ::a loeger hars a

eLapla aryLr*oa1 Lax whlah explalae t"r*?ri sdes t

law" you he?s ts:raetlxlag oas csl,J.s a th**1ry, &Hd

eo *hare ere dLffereaeee ta expS.anatLane ef, the klud

that I h*ye been ladteatlng.

I wart to turn, for the reeal"ader af

the tJ.ne that ts aval].able to m,e, to a dleslrses.en

sr.ll eo$*u]lt

eondu*tlvitf.
dtetlngnieh 'r.,'.r' '': I

Ee,
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of theortec and to oerbar.a probleus lt sseqs to

xe art*e i.n eosneatloa wlth thcorias. Froblares

tirat X thlnk sre aftea perplexl,ng, parploxlng,

I r tl} venture to eay, aot sel;f ts the laynaa la
eelen*e lru-3 xost fraquontlg to 'chs esi"*atist hLussalf.

Ff.rst, Lct ae eay what X de Eeau by

th*trry. X h*ve gtv**, lllustratlo:le btrt 1 tbtfik

I wotald lika te be a Ltttl"e bl"t rc*re rpceifto
ae te whet I de Ees^a by theory, part3"*ul-arlf whee

I esatraet lt t*Lth aa empLrisal 1a$. Sns *f,

the thS"ege tiret I thi.nk ls sharxoterl"st[s d th*ea

eyst*ms of, pr"exiees that se aalL thoqr[Ee- LE

that f'lret of al,3 r they oan axpS"aLn e ierg* varX.ety

sf dlffereat xateriai. lf,, for ex*a}*.er felx tktnk

of xh*t '&, Sartouts:r seohaslse aag exslats. {g',.'ri.,,.,

oan exp}aLn the behevLor of a freely fal].la6 bEtlyl

trou sea o:qp3.at* the hebavlsr ef a pl*rlrst$ ;rsu. €rn

er.j).*La the bebs'tr*"or sf the t1€ee; ysu see rxplaln,vu,'I..r,

B6Eie upeala,iieo* aseumptt*nx, a,c th* r3.*e of }fqetils

1* j'll',l,, t*besl 'Ehet 1sn theee are quelitettv*).y

dlfferent phanorena ead y*t, all of thee aan be

subsumer1s sf,B he explatned, tn t*rxe Ef thle theary thet
lre oall" ueohanloe. $Lat1arLy, wlth electr*xea$ntf.:.i3*-l
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e*.miieri"y, wtth the klneti.e thaery *f ga*eo"

Bhero arc & treraend*reei.,.w*larg&

Er:mbar ef, qu*lttatlvely dl*ttn*t pfi*R*xmi:a

uhi.qh eau b* aspletned, Brepi.r*.oa1 lans €cntt
da tltle. X He&:r, *S1 ArohL;s*desr law, fsr
exaepleo vh*t etl1 3"t e.ryla,ln? Xt n111 ea6*Ent

l* generel fer tlte betpvior of ssltds 1e llqui*e-
but that Le the 1tuel?I thet ls the r*.nge cf
expla::atlclr. Eentonte th<c*rp lrJ"ll- aoseunt for
Srohf,a*desr les kut riI1 alse a*cpuut for
Sepsl"qrrs iex, fer &1l1eers }as and f,Er a

*"- greet pn*ber af sther iahlags* Se f,ty*t' af "c.l};"-

oBts ef th* tlriegs that +hesaeterf,ees * the+rg

ta thte large reasa of ceyerage that i.t hee,

$eseadly, e th*ory f,reque:rtly, tr.f net &lwa"y*,

tends to ssrreet nn cu{Si,rieaL J"aw, &r exarapX*,

K*Srpler *etd that all, pl*nete - Gsri6 p*rtteul"*r!-F

Her.e * aere* sr+ sn e11..tptt"**.1 erblt and &oH

r{G ss.tr. HelJ.* pcsl hts ebse:metlon"s e*rtal,*I"p

oanftrsed thst. Srtr the bae*s ef Selrtents theory

uts se.y y6sr of Gogr6e, FeppS.erre ]"*x fsl"Lffie* frex
Hert*nre &Esumptlen';prevlde* that thsre sra gns*

?xo b*dtes, but Lf, you tatreduqe e tk*lrd bEdyn then

tha behav{or of Hlars * ths orblt sf, F{ere - ls rr.s
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Il*r,.!
l+nger *{$;* qf *n el}:i.pse, Tt mset dspart' fr+s

an etrI"lpaa ancl ss ?rs kam* then that aI3 ths baefe
';,'- ,'j '

of th+€c$;;sx!d +*nsJ.dterattans, thet Hepplsrte

eanaJ-ustqr *ennet be quit* oarrcetl lt sX$ht

be a f,{ret approxLaetS.onr ao tkgt qrls tryol*Eat

funotnon, a shars.ctertetlo e'f theqrf lB'thst
thsy ars frequeat3-y ueed ta srdsr t'3 e+18**t whet

*rs *e31ed enptrtesl 1arg. 
.i|,r,..or,j,,r

Str the basle ef t@r,'ffi' oefts{'daratltm*n
F,J,. :1..., , .

1r$ e+:re*t ffi1*r*, Ehleh he]-dto:rly f+r eo-

e:lLle* l{*a1 ges*.. ead eho* h*'t" by tatrodu*lug

Bilr* c*npl.1*rted aesuuptisns, Pa *eu get Eetl Ber-Wr*g.16

equ,a,tioaf **d *htnes af thet ktn6"' fhf e te 41.1,
'r 'ia : 'a

E th:Isgk, Yery fe.nll-L*:i.

ShlrdllY ' N thtnk Lt tx qlae af the
r ',' ,t 

'-_ 
:; "r

tmpertant f,uaotl"one sg 'B*.,M# th*t tbey

prerl,de dl"reetJ"ree fsr exlrertaenta]" re*ssroh"

For sxsapla, the kX.netl.e theor3 of geserr sx.qng

othor thi.ags, yCIu Ests -- 5l+u assr welI.r

ac*orf,Xng te the ktraetle t*eovf af $es*sl 6e$h

qot$eul.a sf the gae h*s & &ass. H?Bt Ls the

EaEs ef the ges? Aacesdtag ts ttre klnetto



35.

theary, e gtvan vaI-:rme eif gas ua*ier e*aedar{

coadLti-*ne af tem;:arature ani pra*$&re wtLl

havs a cartala nrianti*x' of m*}eeul+e Ln 1t. Sk*t

le this nr:rqbsr? H*e1L, the th+*ry ralecs quee*

ttoxe eif tI+1,4 kX.nd aa* ii:er* the erperilaentel

phgeJ.*tet trl"es te .*ei up e so*€

exparlraeats *f:toh wJ"l"f ena.b3* i:Le t* malr'r

these detersfuratione.

Str, fLvst sf a11", th*orlas ars

ohereeteviged by the fact tfs.t they have th*.s

verlety sf fa*ctiaae.g th*t erperJ.uental Latrs

ln g*a*lrsl do ft** have' $*aondllrx it ie sB€

ef *he feat-sr*s *f thaarie* :liu.* titey i:ave

r;6rtala ailalytl*ai $$etpsnsnts. en':l I woulrl llke
to meati+a thrae * * ts44? others soule be

{den?ifl.ed but fos iay purp*rsssn ttr**e three

113-1 muffl"se. Fj.rst af all"r I th*-ak it *e tho

ee6s thet asst taras thgt oesur {n wh*t Tili} &}'B

prepar*d i;o oall thenrige are ratlt*s rtlr*sts fsoxt

eryerlancel that thay aanaetr so ta epeak, be

daf,l.na':X tn tarars +f obsern'atterual tsrme ' fh*.s fm

e'rident BY€a, I th:"i*r ia the s.a€e af err:us sf,



54.

tke tdees th*t eater {nto $ew*enJ-an leeeher'tcs"

Sa*retteec, feutoa.'ne*banl.ee Le regarded ae not

belag the*zretr.aal tn thls eense vht*P: f *m

1nd1*et1*6 beeauas Eran;r peopl,e elalm that the

tkteerstfleaJ" terras, that tha b*sX.r tewas, really
ar€ very oLose to H##*-becauee Ee sre Fof,Eg

te talk abeut lresltLon, ta3"k ahsut vs}aaf,ty, ta:"k

ab*ut E*sF. But tf you le*h at *he xey *n rrhlsh

FentEa pr*eaaile - + ef, oouree, -'tk Sewtoutan
1..,,,,

Ee&S#*s*-:- -eartlel.e me*hg.lrlnls * * gUtrlpe$g#

thrt th* thLege he 1s daallng EJ.th hav* pesf.ti.ss*

bat t* .5f,Laex.*1s::s. lls}} r pof.'rrt *es.sss * - B*t*t
Hess !.* n+t s,:! 6E ertnerrt4l ***n*ep*1 point ms*s *"e

a t!.le*ret1cal coneert. Atrp,lnr rshea ilewtsa septtstss€

aow that pot*t rm.sl€s *atr hsve Ln*tsxt*B8sa* !r*1o*

sl"tI-es, l-nrtaRt'veJ-+*ity l.s rl'** al; eryor*aeatel

o*n+eptn lt Ls a the+retL.**} *on+ept. "[E*. f,s str

dssn tha iLne,

In the kl"netle thecry of ga*ee r EB

dcnrt deflne rhet is te he & me].e*u;Le tB xhst

ts soaetr"llse aa].}ed *peratf.onal teru"*. !{s So

thls i.n temr of aartatn Festul.attsns up$e'the *haxusttr
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of neleaulce rtthout rteflnlng ?hea tru torss
of eete esrt of B-n evert ],ebor*to:S pri:trs*r*r.g.

Se sne of *ha f+etures ef thea:y ts tha*
the tea:*s ttr*.t }:Lay fnada:n*ntal rol.*s ln th;e

tk*ory tn general s.re aet defJ.ued overtl;ro

th* vay, fer exaapl.er th* lafs F.?,efesec'r.Bri"dgeaaa

lnsistec thet eLL ter.rs shcu],] be aivea epers"-

tL**eJ **flattl.onc. fhls dqes not ,$eee ta me

tr t*s the oBse for theoretteal" tstr&s.

fhs eeoCInd pcint tc $beervq ab'*rrt

th*er;r Lc that t'*+aU.ee the tercs a:.e nat deflned
cper*tloaallyo it tp s.rr eseentla"l etep *.n :*s*"ag

s- theo:7 tha-t ,aae eh+u1cl i:rtrodr;*r* shet peapla

?ra:re *s:ll.sd bg veztous ns.:yt*s, h.ttt X as 6,rtng
t* *a13 tlleyi :uJ.*s +? e+rr*sp*a*enerl that y*rr

}:ev* t* tr*,ye rul-es ahlrh rtl"l **eaet*.t* the
ttraeret$.aal tem$ sslt* se,Bs kirrd raf a tralS

rr**grteed e:pe:taental sitr:etL*n.

E*t El€ iliu*trat_* aE*.tn wha.t f &€arr.

ns :ru3.es *f **rues;:oitdrncr* f+r tha termther,e a::e

n,rl.eetrl=.
ry*.Ei. far *ho tera yei**i,t
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that ls, na 6ont* knov trow trp *ss(++l'at# 'tlts

tera yg3,*03*N, gf,*ths",Et$f;gE3g t';i tlr sEuethi.ng

that He o$"8, tdanttfy i.n *, l.+borat+r3' l'Ittst

$s aaa do ts to defl.ne eort*trr thsoretilaS

ntltlons tn ter:ne af the basf'c thetretical"

a+tL*xs, sE:h as, f+r exerepL+, t?i* Baa?t kl}1ette

ensrgr Ef aeleeal*s ani then l-nf;rc,saee Bs$tr3 ktne

+f s flile sf carrespoaleR+e ag seJ"J"r{He&}t

ktnstl* en*f,sr ef m*le*t'3ee) that iti) sg* scins

*s aseealste xl'th teq:oratrir+t as te'r*3io::ature rq

def,lned by +aaa ktas of * iat'+rEtory prs*edr;r6'

So ycu have $crne sort of a rEBS€ Istveea the

tncrtpttoal. tersa cr a oomplex "-'l= theortti"caJ'

termsr snd soarethl*ng ttset rre nLght r*o*,y,n^tta

a.s &!k CIxperta*n*al notlon, shi"oh l"e ees+*tata6

vdttx s faivl$ *efin"tte 1al:+rat*ry c,r *Berati*ne}

prfi*sg*r*. And ssr *"t ts :tequlred th*a f*r a

the*ryr ffulee ef *erra$pcn,lenrr*n ksfegstr

**rthrepr I thtnkr tE the ftrst l*ct-ar*n called

th*a e*lstemla s**eLe'ti-onsi +th*r pe*6'1tr have
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satrlc& thss oser{l*etlng {cf,tnttl'on8} Ether

p*:a;rlo *a11 then sage*jiieai r-*:ies" f titi-:iit I
uee the ter* rules cfl cerreer'*n*,ea*a in *he

Hey ia r+hi.eh Bcfessar'Xe.etffii:j *lj*u ;ih,+u-t

vhff( I traat t+ eay soaething *,Lea, Ee€s tt"

'fhe thtrd thtag I rr+u1d like t+

eention in aunn*ctian with tiwt;rrss Ls tltet
by and iar6er evorry theery th*t ts uF6*

fruiif,$3-ly ri3.3 ret an}"y hate r.ttles cf es:'*

respandea,=e bet rtl} else have aEsei;hf.ug t?:et

ue ',*li:{ eelf. a x*{e}. &r exanpien "she

. hirre?l,a the+rq-.-sf sasesn i+e.,i"ir l*r ,$ . -

f*e*"]"lax' ta sag thst the kiaetio ti:e*:y sf

6es*s hp.a baa:r *ulJ-; r:x 'ris ixe6e o$ bi"iliard
bal;e, but, elf +*u.r**, 'tlxat i.a*g* *f h$.311a.#

bal"lc tE n+t eseeatia]. 'tE the i'*rxtal"atl*a ef

the klnei;*e thosFy -gese-Ese afr** ufsee th*
aethem,*tl+*]* worx lc th+ irinsti* tbs+ry ar+

simp}y tnc v*rLat;s equstLens frcm $r:i;lc "i'u:*btrer

dsductl"etrB catr be eede. X*etea* +f f*rrlr*lsttl:$
the *quatl$ns expli+it3.y; e*m.ettm.*s it is
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Bonyelltcnt ta SeYr rcL}, leekl letts fsrget

abeut ths flnEr dctslle; lette thlnk ef the

theorry ln eueh e lreJr tb*t there are oertala . X,n

6EBe o&ses - vlaue,llseabJ.e uodale rhf,eh setr.af,y

the poatuJ.ates of tbc fi.sld. Bl!$larlyr Y€

heva thts l.n qtr*ntuu neohralecl altkeush thaes

ara dtfflcr*tLes Ln ftndtas a filttab}.e uodel

but osr"FalnLy sexa aE&e3.r eLthor & *re.Y€ or e

pertlcle or so*e fustoa of tbem, aa then gou

try to Set Bv6r dtffteulttes by tatrrdrr*ta#
Er what not.

,d,lL theee ar*-'devteea by Eeatrs ef xh}.eh ye& s*s-.:--. -'-------

flad scffithlns ttiat ycs rLLL reaognJ.rs as &

psdgl", Horr, I thtnk that aqdels cre lntrltrter,lt

aot almply beoauee theE erE pctrshelo85.aaL ald*t

but becauea ndetra euggaet alu}og*.as ead I's thle E*yr

tend to uaffy dtffersBt erea* ax6 *Ieo boaaase

qodele help ue te Ludloete Je*t hsn i aa SeLn$

te ues the fsraQlLaa o€ a theory ln dtreellu8 $l'th

soge axperLnoutal st taatl.ou.

Eersn assurstag th*t thl.e l"s ao, esraelng

thet theortee are ef, thLa ehar*oterr tho fsatsra

of theortes to whloh f nou-ld ltke ts addreae
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myself for the remainder of my time is this'

ft is, f think, a well known phenouenom in the

history of seience that at various stages in the

developnent of science, olle theory be'oomes '-- is

replaoed by another, and the things that one

theory is used to explain are then expla'1ned

by another theory; that is, what sometlmes

happens ls that one branch of a scienee becomes

somehow absorbed into another one.lr

As for example, i+hen Maxirell absorbed

optics lnto physimagnetlsn oI when, on the
.( -., ;

basis of the work of lviaxwell-, -Il*;- -i
ano others, what is called theruodynamios bocame

absorbed into mechanias or statistical mechanios,

that here you explain certain phenomena or

certaia laws of phenomena which are eqplored in

one branch of a discJ-pline in terms of theorles

whlch have been orlginally lntroduced and exploited

in oonneotion with a quite dtfferent domain of

investigatlon. And now what I would like to say ls

that whenever thts happens, many people feel very

unaonfortable - many people feel very unoomfortable

#.
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baeatrer lt *Flrsars t* thaar *Ed I eey aanfl

pecple inelrrdf,ps s*I'cnt!.*te , that se@hex the

a*tcrr.al nhlohr eE to epeakl ha been eoxt trf

reduoe& tE thts Eore ftrdessntal sud pesveelvs

thnor,y; that sstrn&oH lt hea x"est ltts footlns lp tbe

univar,a* ar La tht aature $f, thta6s. AH& that

tu p*rtical*r, that rbgs 're aeaeh*$ 53re en

explun*t .os fer the f,*rsLlter nerld ereund ue

la te:se of ?he refiaei an& abetraot eonaopt: of

aeelent Fk$e!.csr tlut the dX'etln+tf.ss* re seka

ta ear:reetl.on Elth the fs$lltsr rysrl.& are really

not fuadsaentel d1*t*-aetls&sr sD€ thf;t theg-k*re '

been eos,ehor rXped sut ef exLeteaoa bS the ex*

pl*aatl,ea thst ta 6*vcn.

fiorr Sust to lndteate thet I a,ge n*t

trnvaatla6 thl,E prsbl'*u, Let re aff,er e tr6w

ouotatlorsfrsa tbe soet reegnt beehr et }*aet
ffi

ar far *s I hnsrr of kof6saor $Sg8n351* ,

* bosk xhLoh seEF o€tr I thtek, Xn * &Fba {*

feaa*e?, Sebrtr*ry * olr F{arch af tblr Fs&Tr a b*ok

ea}lad +$Hp Yfi$#+,H. Xtr tbls beohp eECIES etl*er

thf.:lge, h6 tr!.es to ehou that ussdern p$aies *.6



41.

rlo lflrgar E*terlaltetto. Ss trteer elsar ,

to eheu that asde::u phystear 8s sffitreeted

ritb oJ.assLoal ph?alesn eonehor Le a*lro faverable

to {esegr*ey.

I ehould ltka te cetrsLder en3.y one
r._ .

r 1tt-

Part ef l&, Hrr$Eaaurs sLaJ.sr a*reIf r thet
pode:ra pbtrpX.os bas ehoyn that ?hla bu8bcer

of saterlalloa, uhtoh loenecl over ths tacgl*
natton of uany nLaeteeath aontrrry thLnkera,

h*s essehon been altslnstad b'y na€om lrhyaloe.

ABd eo HEfaresr Hsrgeaae aays,

thtngpr h6 Es,ya!

&e6tr6 othar

Hldode:ra phssl.es h** ewe

t+ reeqgnise tha reelt?y of,

6ryty apaee and a}.*ag utth Lt,
the paaetblltt, Ef a.u tuflaeaae
preradtag spacsr &rr LaflLuence

uhleh ls a*t saterl*l.d
fftren, later onr he eays 3

EIe ererytktng tht oxlste
natertal? A s1.ry16 bnt prr{eot}y
propBr aaerrer r.au}d bo * xatter
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Ls *s lenger matsrl"el fu *plta

ef tb* lf.taral contradJ.cttem ln
tetrB*. But alac6 the ultfmate

Een*ti*uente of mttsr b*ve

rt*Elred th*maelvGe pretty mrah

Ittto m*theeatleel e{ngularittea -
fo*$ntfl* sFatra, eatariatrlem *.* as

Xeug*r tb* *d*rtsble dEctri.n*

Lt u*td tE hs ' aM sE# ffiy *l.e*

s&* lt *c hav{ng Xs*t ite xnn$er

p*iat. H

Then, eayeral pagec aftar thle, ha aaye!

nAs Glsetrsa eeffi,et ba en{d ts h*uu

n d*t*ra{.$st* pool.t{.a:* at ev*ry {geteR&

Ef tf"wef StdelY sPenlorcJ

by s*{*xt{etE la the aarly S*end*

af the ssfltrrs? haa n*w bo*a euhl{*

mt*d Lato the csrrear s€tespg $f

Ewpls*sut*ri.ty. fbl.* a€ru $ee

fatrcducad bf }{gl= Bobr. Its use

*a,f,nmtee hf,e rsrf.t{rgo for lt rogerds

**mpl*waterf"ty * th€ need fer
du*L typ66 sf, dteer{pt{.oae af hrmn

*xperLenet - as lnevitabln* sE

* Brc,,,k -to char^Xc klo-t
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Sromdad l.a the naturE ef thfag*,

rod tke L{e{tat{,sn ef, wnts undsr-

standfug. The eppal ie to t1:*

de*pcr cmcerr:e of our be{rr5; B@&-

xttrat raeLnLeeent ef a *ed*ra tr*nd

{,u theolagy whtch utrggeEtE that th*
Icao*Icdge of dirlrrity ta pe*sf.b}*

eHly threrglr leplt$ *tlegar$,*s and

p&radoxee. tl

,t, ,t,,, ,,. :

S,ad eery =one f,lmtr qrrtetf^oa,'te" pa*att

@, n 1 {,a ord*r to lndfurtc b€r. *fgnlf{enrt sstr-

--r*r*t phyalsa Lr tn chaa5lng eur nhals"G6[*Gpi.- :-.-*.

t{oa sf, tk plaee ef sea lB Batr*re. }hlgem*u

trEE tba follertq to seys

rCnnsldar e nastr$si wh*,eh

{a Ea ita nay to e ureglurE b€,aE,

If cl*srl.eel pbyafua tffirt tr.-s*"

a elngle set ef q&*er?atf,eaE sn

e poaf,tL* end veXa*lty ug s- 'li,,r.

tlgutrort at a eu{tabl* tf.* t*an}d

dael,de wbsther na exploaLe ssctrtrt.

Xt xeuld Leeve rs& fer sctLsl

oaly ts the varF lJ-aft*d axtsat

that lf, ttn B&utrerr le fosad
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hasdcd for ttr* boub' tc ean try
to lnteretpt ead dsf,last f.t b**

fsre the Lmgect.'

But thsa hc *aye : Brell,, of co$r&s, f-t tssvce as

fertrtbat baf,era !r€ eerr Eova, *rere i,e set strah

tl* ceuld siibio&t: lt" So, r*s eoelda?t {a *f,feet
prsf€nt' the exptroel"er. &rt he sayc \iaeeard{ag

to els**l.sat mohaa{.ee, the rery dce{*f.m,.

t* latercept th* rseErea EEt6t k taksn *a a phyrlo-

L*g{**l d*teltfnad corsequ€aee af alt-.pi&v**try
phye{e*1-rs}Udi; Our very deef.*{sa f.* dr&ter*- -: : '

aimd by *11 sarts sf r,,.*l.:. ?h*f{8ferc,

d**f,*{,*a *a eueh fa en {apo*olbi.lt-ty eH th#

bss{e ef ela*cLeal mehe,n:Les. Tlt* aer Bhya{cc

leave* gre*ter rssar fer aetlon atsd sv$idx th{.e

df.fffeulg- Evea if, e e*t of absarvatLans re-
va*X.ed the n*utron ts h headcd f,sr tke bon&,

EB &aB etllL hopc end eet for trur atrv*vsl b*-

6&uae tlhet i.a aow dlmaadcslly drterx{n*d tE &

prebab{l-{*y of, eelllsfort, not a Er*ossalay" ?herc

{"s Lees eause f,*r fetelleu but eeceatuatcd EGed

fsr aet{ce. Ac*ordf.ag to the zrew phlleaephy ef,
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sstur. I s*a bas beerr trsnsf awd frea & gpst*t&'*

tor ta *n aattvc p*rtLcLpant ln a dr*sa sf

ttacaffiteg. Rsq has beea made for ds*lel'em

aad cheLst r*rl.eh h*d no plaee la the o1d*r

**bew *f th.{agr " 'r

Bot*n thla ls all vGrY ates brt the

eur*osr thir* t* thst Prefesaar l**rgtuau ht**

*clf,,
crrd{" c}-*o safs, srd xstber d!.carafuglyt h*vtug

eeLd all these thlnga ' whrt tre* ieportant

6SES*qr#tr*€E ar€ -- ald. hol* {lffarsrrt re e*f}

r**Lly t3# es*rerf*r* our poe {tLsn *n s*tura and

the ssffadHdiagE arormd ue heetlse tffi ba:re nw

ahemn €hst elesslesl eaeheaLcs Ese$h# le Alrt

cdsqtett I theu * k* *ays s

E&Lthouglr ctatLat{,*&X. re**eB*

*n6 {a sraiu recogaf.aad *e thc lest

rr*ert fur qmttrm wehau{eef Er&G*

tf,e*lly* verY li.ttle hax b*en

eb*nged trn the vlsible w*rld *.rstrnd

rls r f,or I'h bapPe$e thst th€ Pr**

h*bf"Ifttee +f quaatum msham,$.*a*

rrbea ealaelsted for ths l.arg$ *ed
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h*rtry elJccte sf e*r coeffitrn

txperf.eaae, congeel t* e*rt*ia*
tf"een anrch ae thaY tlould fer e

dtt *o bfn*ed th&t {t urat *l*eYe

felt oaie ra,y.r!

S+, ths ptf.at I trould l{.ke then to d***

Gu*s ta tbe fe* alrrrrte* I hEB-E left {s ttrg.E Bffi-

tract qrbi,eh is ss srppsr*nt La ldar:g*m*u *nd, af

eoerss, {t ix apparsnt iB a graat *u*er af

othar sritere who ineiat on tire s,e hmd str thG

ffisasud$ewly Speet ehsrgae i.a srrr emerpt*ea*

ef, the r+srld t&feh Ed*lm phyaie* h*s ealrur{*

bi:tod, xlr* tt*ea sryr tr*I11 rrsr, sbat qusntq& pbyef,en

hse d{,e*wsrtd srt f,he f,ead€ffint*L real{.tl*e; tf
thsse a$6 tb6 furdesaat*L real.i.tle*, then th#

crdtaary trey cf leqkft*S Ep€B varie*s tkings is
our ew{r*gwst * * th{a ie, at leest Fert}yr
aa f.},le*t*s ax*d tha dietiuetiose thats j.t {* *us-

touax'gr te a*ke eewret ree!tr"y k tak*u ee b*ix6

fnndqrnental sr besie.

fhsee sf, ue trho h*v* Lirrad L*ry ttor*gh

sey reesX.l the g:ruat \rsgEr€ that B$E& ef the late
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Btr Al:thtr gg rl,.;in,l', . ,,. rs F*p&lar Xrt'tlngs

hayo htil, and the very brtlllegj tae6e rlth

rhleh hq etarte hxe boek oa *hP''SqlF e q[

tbe SSggI,g+1, HgEIS an'{ of tEe settlag €oxn of

-t** tables. OnB Ls tbe ssuaslxl ordtnsry

teble snd then tbsr€ le tha e*t'*ntlf,le tahle'

,.,Sha ooxlroa' orrdtlnrry tab]'E t'e se]td *xS suh*

-etentl*I eud so eE' Ehe ssleatLf,!'s tablel

ne}L, lt te chlcfly nothtns' f aaeli''lt ls

aa{E of, a Xet of PartloIes bet then ehfsf,ly

asFaratpd bg *a eepty ap*ea *n& 6s eaf *nd

ss be.E*ntragt<then' An{l then he ackat

lrhI.th ts the re*]. table ?

Sglrn the ?e1nt I $hat ts aake Xg Xfuet

this *sntrast l.e really ths result sf e ulstehsrt

anesyste$ *ad tlgt lf tt le a si'etaken

*aalyufwr ths epntraet shstlSd asYar ba xaads

and aoss sp66tflo*11y, the auppooltlqa nor tF*t

htmn f,raedl*u la poasLble' gFaa?slt tht guantuu

aeohanloa te tnrc but lt LE nst poselbla tf

you srypo*e that claee*'ee} gEehaalos ts trmet

thetthtsagetnl'salaplfassr'acEusBBssfsek1'B8

agorrtr*strher6Boa€sheu]"dbanede'AxdrbSr
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ahesld Es& bo ards? t{ell., for th€ r*eeaa

for xbf,eh X h*Y,* asecntially dor* nsttdit$ Ht,;'G

{sai*ra:lararlp r rt; {}f*tf"g*lthan Lay the grs*tdetork; *ameLy, the the

sslt$Gpts wh{.eh eptrate in e 'the*ry, tphl"eh ara

pr.6reBt {a s ttrcery, t:h e s b' , by therc**tvce * *r-

{f yen Juet hsrs th* p+stu}ate-r:sf th€ thesry

ryhLab sa&grt* varJ*tr* ki.nde qrf, e*xmcctio*ra

b*tt+e** the texea that sec$r tr: * the*rryt

artbL*g qsII b€ doas wl,th tbet thcory i#xtd"l

y*u latreduee tdfust I ca1,l. rulec of *+rr':ecpondancu*

Rul.e* ef, esrx€*Boudea*s betere*xr what? BeL1,

oer**txly Mtmert €HFres**.*na thet one esLl*

theer€tr.eel and *ttf.ch *re unfse{Lfu-r ad xh*.eh

sr* a*t appliceble ta +xperimeatel e{teetf**e

p*r sieg that {s, there are lr$ txp+rflw*nte}

e{tsetlelra ta *rhfsh you ec& sayl !*GLL* uaw th{.a

ls *x atffi, *r umr I aa &ee*uring cvartl"y the

vat*ci.ty ef *a &tse. #hat y*u hev* t* de is

ta *etablt*b rulse whleh es:tn*et *Npr**rtoxa

ltke sslges}e *-, vel,ocity af enl-a*et€ ! *

f{*ld ctrength * * €r whet &et, wLttr eertaf.n

tgt?B that r*f+r t* gr*sa Elaor*seepie S{tuat:[*nan

and that the thasry {tse.i-f reskss n# se&E& ust{-l
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sueh rulga ef eorrespoadence, that L6 ** naak+o

s.s 6GB*s rs s ffi scient{.fi.c the+ry ir:

terer ef tfuI.eh y$u ean exp!.aia pherlre:re. E**

plalu ph*aouens, J #; eely- tlroes on wbleh you

s*k* nbse#atl*as txtt tkt notb{ag **rt be doa*

with tha theorlr €,part from the ,f,ules of esrFGB*

p*uder*ee. Sleerly. if, eueh rulee of eorrespsri*

d*n** Ere Gsseutf.aL to eperate tb* ttseery*

srrs ae?er eaun w{thout eelf- !f*it'I,..',i ,".-

tben trrrt arouud and s&y; if I eccellt th€

theoty, tieu I reeS-ly must be ekeptieel ae

.'--..'..'.1$s t*be,ther, the ter"ras between whteh'',L,.ffik**,." .

the corrtlatiene represent sffithi.ug tt':nt is
a germin* pert nf uature" In part{.*alsr}

these chera,eter{.etice * theee bad{ea * 5

wb*.eh we re*sgrise {.n +rdinary, eoex**B ser}s€

exp*rf.arreei thst is, the centraet ssiltt h*

Bsde b*eauee in *rdev to ehsw the relgtre$cs

ef the the*ry to anything t?:et gcda *n {.* the

l*barstery *r the fiald, rules sf csrrstponde*ce

ffiret hG {ntr*d**ed "nzh.i.ch ts'r;e for granted tka

var1p tk*.ng *rhieh preauinebly trowo efter y*u

hsve g+tt€tr the thesry ,'$13 *xhibif a c*rta{n
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eaou$t ef ;kcptleal 6eult' Srrr put lt lx a

eonelh.t ,iltffsrcut rreXr those uho relea &

problen ln the raSr I.n shloh 3 thlnk Prefesger

&rguran raiaee tt, *nd shtah a EFeat ruuber

of Ether peeF1e ratee Lt, srs, i.n affeott

f,atllng ts ebsenyts that the langpage of

tEeerg te ?he l*aguage af theory. It is u*t
' the X-anguage ef the S.ebaratary. If yotr Be*t

to l{eatlf,y the leagraage cf tbe trabarttory eu

sonethiag Ehtsh deaJ.s wtth Ha*roqssXlt* *bJeet*t

laecrossepi.c Froeaacasr thlngs whLohl f,a ce

.*---€b$*e!*6-.,-Ee*g*".gaa be sal6 te be obse:ffi84r'=**;*keegk-.'-',:": "

ts be sura, the dlvtaioa bsteean sbat caa be

obsctse{l enil shrt ta ast te nurByr qu$"ts

olearly Be EeJr eske gsrocs dlstLuet*-oust ea&

ths uaera faet that you aert+st drau a Bhrrp

dLetlaetlsa betteaen ehrt *s EbeErya€ a*8

nhat la nEt absored as *sffi xlpeu e'ut tha

dl*.atLaett on het',teen rehat is obeemad aad obeemabl.e

snfl rhat le not, then te tbe feet that there i.s
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$o sherP llne rMoh s*parater xhEt $E ee-Eld . I

ea}tr tha front of, sS htad fros the beoh, sf

}lY hArd. f dontt }*e*=*kGilre".,"*,-'* {tlttg knelil

where t* 6rer tbe ltua but 1t dqasart f,oll*tc th*t
tbEra ls se +illfftrcn+s batr*e68 tfie freat

*rd th* b**kr *n* rLn*laxly tE th*.a {emsJ"a. ''
Eosn rhat tr *a seggeettng then

ts tM.t the 6tgsr e*ss:"sts trt -- 3 ax really
sayl"ag tke ssae thlng bat puttlag t* {x

slt#htLy ether x**..rda * * , {lr erdar t* try t'e

€orlycy atr Fo!"ntr t!*e l*aggfif;ie ef theory ts seet

the 1*e6uage*ef_ttle S.cberat*rg and u-be glets[6=*a*" -:. :'

or th* 1.*n6wga ef e,ri[lxay.y llf* * * &ttd tho

urlatsEa *eaEt ets Ln aappeel$g ttut fsu ss,n

ue* ths l*agueg* of tho*ry ls *pplyl.s$ i.t tE the

thtaspfer $bleh th€ langreEa of ths S"aborrntEry

te the Bllproprtsta laagurge .

Ssnr yfil h*se to ltgve both

langua6er, fl*eoxloe *a*not fuastXon if
yor: di.dntt k*ve ttrearattael taztsy that irn
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$$ir ic$riLdprt ira,re sha.t w+ ee-il thasrLes if
they dLs a*t ery3*y terxe whtch €sre
r'*meta frem. *xpex[en*e I rhlsh rje*l* sl.t]r
obJs*te timt are J.p *a clbrrtose ss:rse Hn.h

obserreble, and uhcee statue al"Sht be uB*
eer**,i"s, fhe wh*la p*Lnt about offerl.ng ar
aa*.3yale of the etraetwe sf 6gp&,.iieatI_srre

l.s ts slarif3 dffftcrtrtrae $f thte ktnd snd
aot *e be eaught in tle trap af sn the
on* herr{ r reoo6}ilse that ycx have to ruek*
dietlnctt*ns i en *he at kr h*:d , uelng
thos*--s*:ry dlstln*tleae ia erder to uE&efsne-
the d$.eti.crettpfte th*ragelves. 0y, tf I uaap

se.k* *ae finel applfes?i+a *tr praf*es+r
ffixs"9*naets *opmonts EFclr ?hLs Brobl"ea af,
freedaar Brefoeser Shrgenau *l_a*"m* .thst

ee}Ln ire a suJ.yersa f:r rhleh tha lsws sf
olasei.oel naeahanisa Eot*{ be t:nre, ttrora
rour-d be ao de*f.ei.ee, but thst ln tha uatr"vsrse
r*hera ?he queatua meehsn'saL La$e $.rs sp6re,tlvc,
thera ls dee!.*l"en, X ?hl*k ?h+ en3.y *erreet
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thtn* to ea$ t* *het le tkat t* ts llsasease,

and vhy ta dt nsn*ease? Hellr f*r the fsJ.l.mr-

Lng reasoast no ustter shether qlraatun

nechar:.1-ce te t:s.e ar cla.seleal rqeahenl*o le
trua r Eor* kaexe uhst the fl.n^el *nss*lr of
phyoX"ee X.s getag te be aberrt the ultl*ate
eanstttutt*n rf the hrrsan body. I dairtt
sunlpstss e&y of us hae eny r*esEaabLa €stlb,t

thet ta ?0$ years r the typs ef srpleruitery
theary tr e golag ta be v6rT dtf,ferent fraa eua

rhtetr le fesh*anable ta{ey, Fa:*ape there tg
getreg-tg:Ee a retum te eleeel.*al maekrria6;" - - : -. :.

lftre kn*Ee? ff6rter.rr1y the return *s nst gcr1n&

to be Xa gutte the u*y iu l*hleh j.t wee

abar,l4oued but saxethtsg l-tke thet" gslaa kl.ad

e* s" deter#.xt.qtto theory niglrt heea&e *ha

feshlsft otsss agatn, a6 EJ.netelx bel"i.*sed Lt rau3.6,

*e Plaagk dsee aad a,s ---':-'.--: stl!. €qH{.

tlnaee to beLle*ge *x& so on. But xhat qv

pol.at aarrld be * * tL:a1; e* dtstlngui.sh
\

betxeea *ots * hulpaa aete thet we eall frea !i
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froa astE that fla oall, €eyr th*t th*y 3

srE act frEs. f tstss tt ev*rybsdy re$ld

setr that a Xlerrssa xhE 1r bgtlad }ralrd and

fset h*s ao f.rca€€e la an abvl"eua 88ase.

A parspx nho Le urder Yer*.eas ktsds of aaonomLe
q''f

er phyef,cel preessre, hB hsaart *#'freedou.

*. pereo* she La tlLl a5aLa, satr he hee eeae

dtseaei.aa $f, f,rcedea deal,ad hlp. Set ta aE

orr&luarg s€age r Bar tre do reg*Snire

oh*tr"see thst re rega.rt as beI"B& strr sHB

f,ren EboLe*g tb*t ara pet sur sx&' U&

&!.6art really EEceBe thl'gl rs $6sB hypnetXs€&I-

xe a**eatad snly uder dursasl tHt f,er Eo

xsttsr rh*t tha f,udaasatal, mrpl*aatfqn {"s fer
thq uEehenLEs shX.eh s*rrlae aa thls *otlvtty
that re oall' qhqiosr trt {lla*xugrr$'sh bstfle*s

*sta tht ar* tbe qut*ma of, da}tb*rett ehe{o*

eHS **tr rk!.oh are trot. f san EoYs W

f,iasgrg et r*tlIt f *enaot rlggI.e E$r 6erg.

fffim.- ,.r lrtrat the ulti.aeta *xpl*antLon

,f
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for thle ls; X dtoatt h:ros and porlaapa

nobody kaorc tbo rEhsle etory. But ths

raal" polat, bererar, ts th*t thtags er€ *B
thttr &:16. lfhera ere dtffereu€as batustn

eots th*,t rc o*lL free I aots t!:at ers nst"

ff tt ehould tuae out tbat th* fundaapnt*l
physleul tbe+ry * * ths dete::ai.ntstf.s

the+rg - * tt*.t €lffereaaep **11 ettll- be

preeeat +d the aE-1y th1ilS tlet ee ytLl
har+ to da f.s te adlpt tlre Latt$pa&e sf
free and eafree te rhaterer utght be the

fundnraexteS-, pSeLeal essiarytion.

A:ril For I +oaal&de thpf, e&e ef,

the s*Bgsqtxerress * r or oae *f the reanLte
qrf, ea6agta& llr aa area3-yets cf tlis etnreturo

Ef e+l.etree, partloularly xharn the nual.psfs

Le dXrceted tq oEaeLderiag the $eF *n trhS.ch

sotaattfl.e oxplans,tlans a.re erganlaed f,nd

the uey l,B shr"sl: selerrtlfna exBlaaatfl"ens are

rated to *ther*g aad the eey ln wbtoti the

bLstory sf aer.enoe - * ons ftnda the ali.mi.u*-

tlon or the reduatLoa of one type of exptrana*

tion te *nether, ls that througheut *I.1, of
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thte, there l-E seaathI,ng th*t reu*lns

Farsansntf tfat -i) eertefa l"egleal r*Iatlon';
' hold/. AEd nh6n erre te3^B,e about'the

struEture of eotenae, obrLEusLy ene asst

be te}ktng about sosathfag rhLch ie
atrletrxaS.l rhleh Lasrt sexethlpg rhX.ek ta

,., trs€ ney and lt dsesart ap$ear thrrs. ft
h&e a ktsd ef *a Larer{,aasa 6y€r tlua !a
*h* bX.story qf setence aud that X.n partlcular,
ta esaneettsx lllth thl.s pa*leular probleur

te eh{.sh f, addreseed ayaelf e* ytsry }srgn3y

th$.* rrexlagl th*t by reoegst atag ttut e

th*sa1y *.M * thesrette*l ex;llnustton

tnvel.lres aer*ai.n ln$trp*aaebXe eoaponents,

+antalp to be sur€ perhape Lo6*ca13.y eleueaterry

but pe#a*I,vr r rH X thr$k f,rm* tha poLnt d
yX.a* sf, oqr gsneral erlltur€, vsry serlsuo osn*

fuelone oen perhspa ba eltalneted.
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pxsCItisslolv

*,uastlon by ?rof . Haxrsell Pri&&aek *f
T,lneola Satveretty.

IBofessor Hagelr B* kusu in Prln*
cipl* thet tliez"c cerr be ns direct observatt*n

a:I tl:c p:'+pertles af theoretteal entttiesl e.S.

ths ,;*ir;:liy af a nioleeul*. And if l** de nat

k:ri:w '.:ilJ.e *.n prlneiple, i;hen hel* &oes thls ,:

eff*e15 yorrr arguraent eonr*erning th* separatenass

af ttre language cf theory an€ the laagu*6e

of the 3.*bor.ttory.

S*t+, 'of eourse, tt te qulte clear itlat
thg answer werr:l* trave 'be depenf u.i:or h+'* cri*

sort *f thea:reti-eei.11y ,:crncsl"v*s of the :reIa*ity

*f s meSesu.J-e. $unpose, f er exsnFls, atl+

w*re t$ ,*elro areli, noLi, 3rc,!; *an trJre pl'*tUres

of s.oJ"e':ules thr*uqh an elentrcn uicv'o*CclFe

and setr].d sne ea1l thts s.n ahsersettop sr a

seei,n6 sf the veloclty of a racle?uLe, Cf **L:r's:e,
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here, f thtnk the queetlon vo*l"d h,e uhat eo:rt

ef things ers yqu prepar:ed to csu:rt ae hari.ng

qbaenre4, ob*arved tn e sease tn shloh ene souJ.d

sssr y*u obserye the helght to wl:teh a eolumn of

Heroury rJ.ses tn a tkrersometer and ss *a' Scneld

on* be prepared to eay tlrts ts s asee ef ob*

servatlon. Houl-d one be prepa-red to say thet

y*u have obseffied - that y+u have cslrnted

the nu:nber of aoJ.eeules ln e lltor *f a mQRo#

temi.o gaa under etenderd csndltlsns of pressure

and tenpersttrre. If r €I1 the beete sf vertqus

klnds af expe:rlaente, you then eel-cul.ate the

val,ue of, .S,vsgsdro ts nuuber, te thls * sese of

counting? $hat te, I thtdr I wllL be abla to

a,a63{ar the guestton only efter h*vlng oolne tq

sau&s sgresstsat se te her the*s terme ere beLBS

eap3.oyed, Sut thts sounde a btt ltke a drdge,

and Eo f had rs.ther not proeeed in tbat lra;I '
f,et ute put tt more unawbtguousS.y, that tn eoue

oases* there u16ht be ssee dsubt as to ehether

eemethtng that ie represented by a theoretl"cal"
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tarn ls obeervable. And o:re xlght sasr Ferlreps'

Lt beeomee obeerYabLe. In other G&sest I th'"nk

qne $au1d sey - - irr prtnelp3'e orr€ Hsuld gay * r

thle ie not obeervable. AEr f,ar exaaplel tf lt

ehould turn eut that the cl,oser the t*ay in

whleh eartain theeretl.eaJ. nstton$ are def{ned mrd

gtven eertaln - - letts sl}ppcse - elpertmont*lly

oy obsegYattoaelly detemlaed llmlts of hnrcael} p€r*

ceptlon, that ttrose thta8e eouldntt be sserr'

fhat Ls, 1f - - tahe pertrape an ebsurd Lllsetrs-

tlaa. 0su1d ene see e:re !ra?e 3'eng$h? Aad I

thtnk hera I woul-d not be rlsklng lrsrlr-ffirch i.f

I were to eay, weIl, thls ls, i.a prtn*tple, t&*

Sroeelble. slBLlarly fsr teffis Llka ell elestrsBl

could oae gsa ea eleetren? ABd X thtrk egal'n I

uoul.d be abLe - - I would feel fal'rly eorrftdent

to say thla, l-il Prlnelple, le tapeoeLbla hy *a

analysle of hcr en el-eotrsB 18 def,t"ned an€ tlrs

ktud of nrlee of oeiz'espondence tFrat are ueed tn

trqns]-attng the theory - * not t'n trar:ela*tng * t

ln ooord*.n*tXa6 the theory lrlth mattere of
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obselsatl-qn. Ss I ttxlrk, ta be qult* ;lreeleot

that uhat I wsuld have to aay Le thtse terms

thst o*aur ln thecrrLee wh{.ch, on the baei"e of

proeeduree eush ae that X have tndloatedr xould

be shewn te be J.n prlnstpLe Lneapabl"e *f beiug

obrar,ved, tho*e teras es.rtnst be used for aetters

that are *ubleots of observatfon. tbetr I
thlnlr- souJ-d be * $sre ssrafuS roformuletlon sf

shat f aotually esi.d.

&reetLon bgr Sr. SauterX.n"

0n thXs saae suh$eo?* what about Soylete

hypothes*.s +f the axletanee ef bdle*r bey*md

the -soend* of the sbees?eble uninsrce, travelllng
faeter than the speed of 3.tght? Shiah hypothesis

Ls deduaed from an rbeerrred phen*mmnon, rtsmuly
{

thc red ehl.ft. Eere we he:ru*.:issmothing lrtrteh le ln
1,.

prlnetp}e unobesrrahle ar* yet seeethlne !+hfqh

r'equLroCI $Em6 to talk about unobservable ent:.tr.es

uhoee existenee 1c to be L*ferred fre$ aR escsunt

whtoh ls sa explan*tlos of an obsetrved pheaonenext.



f-sI.

Sell r I am not sure gou knsw agaX.net

wh*t * - ffi&be thls ls & lsreag sssu!$ptterr and

ttrat feur gueetton ls n*p dlreeted *.6alnst so&s*

thlng * - B&Soe this l"s ln oosnecttoa with ttrls
nqtS.en of a theoretteaJ- r. -. ,!et ge Eatr ,F -
f,lret erf aIl r Let me ses lf I can f lrst reformulate

the gaeetl.qn. Hhet do I nake of Hoyle re vlers

that ssge of the gn].axlee are rssed'l"ng rtth
epeeds that sre greater thaa llght and ultLmetaS.y

vants?r, et Le*et ta the sense thet they ere

no Longar oepable of' belng se€n ti:rouglr the

tel"eeoape, and the,-supposltton thet the,y ooat;hrue.; "

A,nS perhaFs, f doatt kaos rhat the prr*p&f, fe:'rgu*

La*f"en wsu].d be. Ie they oenttnue te extst but

no 3-anger sre obserrred r Gr do they slmpJ.y df"sappear

from existence ? f era aot qutte sure tEtrat would

be the esffaet ferru3.attos. But thean the

further poLnt ls that, ue)-lr rrolr - loohl thie
'/i

rssult le sispl-y the * I mea31 '* * Elafle rs

coaclueLsns &re scmething he a:rlyes at beoaus*

he J.e drlven to thls by date of, obserratton,

nameiy, oartaLn - * I raean * - tkre red shlft
the speotrrrs, of soae of, the ga1axLee. He1"1,

1n

of
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oourse r G&e ldsald l:ave to oertala}y say lt

{snrt Jast the red ehlft ltee}f whteh leade to

thts a*no3u-et*n, but ttre aesuraptlon that tlre

red shJ,ft 1.tse1f is to be undereto+d la ta:r''me

*f tlre Scppler prl.nelple t and tf tha llepFLer

prtn*iple ean be ertend.ed bepe*d the areqs La

u$tch we have sade experiment;&l determtnatlons.

s+wo I taik lrere eertaLn]y on}-y as an LHtereeted

Leyxan; a quest*.on Ls uheth*r the $r$.Y explana*

ti+n fs:r the rod ehtft ie Ln terae sf S+pplcrts

effeet. $erhetaly, lt f"s a debatalsJ'e one an*

I undereten* lt *ontlnues'to be debatedr so

that alternattve laterpr*tattsns *a,n be pJ-aoed

an thie aad while I take tt tha tendancy i.e ts

use that laterpretatlon, there have been paeple

trhc refused to go that lr&yr ndhat E am not

enttrel"y Er:ra abo'ut' 3F. Balrmrdn, is vl,et the

f^ap3-icatlen af thts is for *ry attempt to dis*

ttagtrl.eh beti{een t}re languege of *treory sr for

my emplraslxi-n6; the iepertan*e of the }ang:xge

*f theory and the langr-eEg* of sorts of obserYatton.



l;,4

X meaa, ctearly the theoretlsal terrme ttrs"t

are iatrodused la any theery are sftea EE'S*

geotad hy matters of qbservatton. X meaa,

erren take the notlan ef a polnt*aass, er the

notlon cf an i-nstantaneoua veloctty, or the )

netton +f a tds.Ye paeket; thaee &rs, erren the

l-*agua6e Rre use - - iniitcetee that th#se

theoretieai nettea* have been suggest*d by thlege

th*t ue haq€ abeerrerl hut lt seeffis to $s that

there Le e tre:aendor:e dtff'erette€ lretaeen the

*esh veLue *f the theor*tlcal temao lf I :aay

b* peraitted t.r us* $aeeniax L*ngrreS*:here 1.* .'

tkre *aeh value of theerett*a,}, texes nEr€ thrn

cqeh veLue of the obeervatX.** t*ms. Shat tel
xhet gou 6an do uLth th* abs*r**{lon tara is
soaettlln$ very dlfferen* fr*u uhst Ssxa *an ds

lrtth the ttreorettaal tern, ead thougk pefohole*

sleatly I at8ht fJ.nd the the*retical tsnts

al.moet taevltabl-e r tbte xlght be not?t{x}g sors

than a teettm,ony to trcw 3 i:appen to thtnk. f
flBan, ether peaBS-e thlak dtfferently. to use
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u# ;)rsvi.or-rs exempl"e *f F*iyeei Ehynete

tlreo:r*ti*al. noElsn ls extra*gsngery pss*

eaBti.on. ghs notLon of SrcfesEer }SLiar at

3x'iaaetoa, whE ls a ststtett*iari, ie thet

exp}"enat*on is ln ter'rue af btssee l.n eer5.ea.

Fow, you srs not drtvea ta eLther of

then Ln one sens&1 exeept in teves of gGffiB supple*

m.entary aesu.mptl.&rrs. ftr, tal+-e *ne cther

i}Lustrei;Lon; take the sc*caLled }Yeud5"aa

theery to *.aoeunt for slips of ton6te.

Ife1.1, the FEeudlan theeryr slt knettr f,r;rr ha'tre

the e*upJ"i*a*er,1 ;eecharri.*ra *f 'the *sneetpr:sr.. the .. :.

uaeeneelsus. FYeu.1 , f*r B*m€ r&fl*$Itr fgt.t#

ihLs te a *axg*nlai wag of ecs,:unt5ng fer
bet*e:ri*r of hamaies - ce;T;r*n &ir;){}6ts *f th*

heh*vtqr sf huean beinga. tlthrur s:rltere $$16

aeit drives to thls sort af lqydrerstatl* neohe,rr{em

tbrat traud {nveated by anaioggt from weter

pressurer y$rtr know, but- hare e rEor€ physl.*logloal

peahantsm. ts eeeount fer thie. Sut ths

thecretl"*al terms e-re certaLnly net determLaed by

ebsergatlor: and I wtuLa have supp**ed now that
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thts le falrly wel1 *stebl.1e?:e,S 1 that teo thlngs

srs, 3 sugi3)+*+e, fatrly wel,1 e*tab1J"eh*G, ff
I ia*,y mt*rrttan ar qu**e s-e authertty itere tar

eupe*rt, I u:.ean * * I thlnk Elnstein uas

perfectly rlght in eaying that theorles Err3

f,r*e or*att*ns af, the humss isi.ndl tl:at they *re

not obtalned elmply by sorrt of grubblug l-n the

faote asd eereehou abetrt*o'gLng fram the feetuel

&etaLl"e the the*retl.oa1 satl"+ns; that ls, I
u$r*d have euppesea nax thei flvst of a}.}, *hat

thle le so, .{rd aeooadly, f woul.J ar$lie tb€t

thcl theoretia*l tera.e csnnctr st least ae far ae

t }rrcsw, bs defiaes i;r teree ef ebeerrs,tt*n

exliffisfiLon€* ?het ier I ,5,o ::$t know ir<rur to

defLne, lttera1jg define, in **g u*uaI" ssnse

of <Ief,lnlt1on a *erci l1ire aeL+eul.e la texxs *f
erpressia?is whi.:h. deal wlth w,*tere *f sbservatJ"*n.

*ne sf the thlngs *hat I had suppessd

ttrat tLms wouLd aluays be 3.ein6 e**ugh tq tsl"k

about J.s a dtffereirt lnterpretatI"cn *f tlrc*ry end

Sou Bss, oae *f thers haa a }*ag tradi"t5.*n bchind

[t. tHall, theoretl.cei" terms end tlie eort sf
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thtng *hat 3 ?ratre eell** *h:r:e:tes, th*y really
ar* .*1*psntrsblei thep ar+ kied sf ,E iuxury

thict qre graat r:rreel.vec in erder to fa.rll.1tate

eertaJ-n klu.dsi af jebe * * ix*.ke certo.ia ktnris sf

J*bs easter, but that theo::ettoei not{*as eea

b* *].luX.neted be*eru*e all" ?hew*tisal nottans

s*n bs *eftned Ln tarus of *bearyation ?erl.as" ?

Hew, ?hl"e ts a point of vteu that hae been

edvanoed aNd advocatad by * * I:Bp&at*<iiy * -
tn the hLetaqF of thought arr* hy *rtrourely

el"over and trlilJ.a:it peapS.e *nfl th*y txl"ed thetr
hard at 1169'1olng, es fer as 5 k**r+ here as in.ths
qrlsre r.rf trytrrg tD ileflna ru]-as of ,if {i*$:r6rJf, the

fsfiflt-S J.s that +f unlfara fej-lure. ff*r * b*t Ro

#ne h{&sr p'et glven s* definl*uL*:: ,rf any t e*n:tl.sg}

?erffie i..si cbserrrettons,i nratt*rs, Alii*ye a prcr{1se

a pLa ln the sktr - e hl:pe a*d pre. er, but :r*irer

the g*crds deil-ser*d. llou, I *olttt len*w nf erqy

thi:oreti-catr proof tl:at tt i"s !.npecr:ible te
do thls, but f tmnk the p::*sur*pti+n l.e tlmt it
sanrt be dor.r.e. .And the.re ar<+ not u::res.ssns:b]-*
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argumerrts ef enr:ther ktr* , :r*t sLxpl y that
w+11., n*bodtr hae done tt3 th*raf*r&, tt tx
!"np*emtb1e. Br.tt other/ kind.s of e+net,{erstions
utlf*h wsuld lead one € r -d& $ow, I e:* *s$n:E{rrg

tltat tl:ts ts orre *f the bodre*ks, *t lesst tt *.e

sne sf tFre hedreeks ,upall E"rlrtr:h &y s?rri dle*trselsn
rests, *i*'that ean b* sh+ws t+ be r*al-ly just
sand, 'i;hea E *u sfrelg I e.ra J..:r.s,e , 'ilut f hope

l"t *arurot he shqa::.

Qucatfl+n by Elr. +}ray.

.Y-olr havc taiketi about rdi*" of
*ovrsspondea*s and r wondar if there are mllas feir
deftni*g what ere propar yul** rf e*?respoadanee.

?f*uld L.t b* fal"r to ray th*t a ru3.s of corre,s*

rt*rsf;eurle reuid have to be operattonsl.l.y BBentaS*

fuL tn Brtei glaan rs tez.rqs ?

8he questi"oa ls t?:at I hs."tro used the
phraee rules of sorr-tsspenrien*e* Ifhat a:.e the
requj.reatexts fsr a zul.e sf *e:='osXr*nlense? Are

* Bresk ta ohange tapee.
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therer fro to epa*k, relee fer {ndicatlng tl*et-'an

apBropr*.ste rrl},a ef eorr*apondence End &616

sp*clfl*allyr H*rst rulee cf eorreependeaae be ttre

k{nd af, rulas wh{eh Srf.dgearea ealled operati.onal

def,{nt t{,ons?

I thir& the ameser f.s s llttle bit
cenpl{.eatedn dep*ndflng upan ttre €tate of tl.t
field th6t ysu srs deall.*g *{!h. Iat m pat it
th{s wsy. $ewtlree what r"o:; S.cr ordar to sake :-

a thecry nelsvent to ssm doarein ef iaquf.ryr rrhere

thc teme of tha thesrg ntrt presumably hase th$.s
' lrl

charactsrtottrst E harre lndI.catal$, - - shet yeu de le-

ts estsblish rulee of, esr'reapoaitence betweetr t6ffi8

+f, that theoeSr and terare ef aaether th*ery. XtI

tbie oaEB, ,the rtri.sr ef ecrrespoadenee rsuLd aet

be b*trreea the*rstf*al tsrw ead exper{me*ta}.

terra * er bet.treen thtnge tt€t: e$sld b* ep*ratLonally

deflnad, but would be bettrcen theoretLcal terme sud

eth€r theorat{*al te*ae slrere preeuaaably thoce

thaoret{,eel terms eveutually are tiad detff} tq 'i

gogrcth{.rtg ala*. Sol ea a gexl€ral srlswer to the

questf"on, I s,rould eay that rulee of ecrr*spondenoe

are net Ln generel of the eort that Brldgeeau
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aall*d operat:Lom*l defj.nitf.on*. I thir* in soffi

s.&EG&, they f,rei sB the sther frendr Etrr ese haei-

tatl,on {u tH.e cswrection is I as trot ant{,nely surs

t+hat th* seope af sn t*paretf.on iE ia Uriag€Banrs

d6B*4, beeau** Fsu r*me*ar thet a1thor*6h ln hie

ff.ret h**k, the. ,If'#e ef 
, Fqdq$l Ptrysiggo tre ins{rted

up6!r thc f s*t ttrat ell eonenpte *r phyof*r, f,f y*r
er€ lrot goirrg te get iata trEub}e, mrrt ba operaticmallf
d*fi.nad *td thc coneept La sy$eaftr$c writh tbe

srystLoa. Aad thea latcr oa, drsn it s*c psitrted

ost te hf.a, btrt, loek herar fuef,eseer Br{dgsmen,

brmr ds yss €p$ret{,ae:11y dafine 'Hsr}eeh}.* sr $h*t

ilst. H* rayeo te*Ilt fH bsve to remgber tkfit
ttrer* ers t$-s types of oSreration*i I ffisB, the kf.Bd

of aper*t{,otr thet ene erll* ths q$6rt labor*tery
oparat{se shd tho hfud of op€!rt{o& tbat you call
pau an* psgur ep*rat3.cae - or wstel ap*ret:i.eeE

end thcra €*rFthfug bceewr opestLelral and thra
tho t*rs ae longer has a di.atieet{vE rufere*ne*

Sut ye* eBG, I ra*t to leaet thle qusstis& eem*whst

sF&B * * tlhstiler rslee cf eo*erpendeaee wauld
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e*Bform ts $hat Brtd#uen lnteaded' by r*hat he

ealled Evert eperatLons, I ae neteentlrelp su're ri *

svs& ia thosa eesee eh+re y*u *eant to have Bsr:as

eerE of a *euneotiau; beeau'se Lt seeas ta &elt

ln,qlf,fsrent areas, tk thJ-r"g ts se extrenaely

dJ.ff*sent. tr-ook1 let ne iadtsate shy I hesl'tsts.

ffake terse xhf"*l: yo.rr l]Ee t!} s*cmstry ltlre potnt.

How, ln sw;e *es&fi, sf *ourser sB s6yt Wel'}n

pcs.nt, wha.t le t}..€t? flte ter"a p+tat l"s seiuethlng

that ha.e p+*ltt*e t'ut ne *t:s:+nst+n' Saw *68" ystl

a,te thle theory you +e1i geamehry {n *der ts':'-''"--

dophystgsEtthr$rd-ocarpentry'*tlt!::'An*tn
B*r6s *asesr SsH knaer $sE ee3s tfell"o I lrEve &

heap of el:s.}k, a snall heap cf chalk, sxd r*ltrrough

Lt J_sr:tt qulte a georaetrieal pof"*t* lt ls ss*le*

ttrJ"rlg y*ru caulC eall- * potnt "' - wBl'L, I"n thls

oess * * sn€ eould Eay thst thte J'e k*.nd o'f

an *Sreratl+na} d&fisltton. In othe:r: *qs*st

y*u sayl Hellr sT pei-nt ts S*tnS ?* bs e FlsBst'

&'nd rr$t r h+tr e'bout a Flan*tl X noar:' l"s a
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pler:et &n *p6rat1*na11y defined concept?

Franklyr I dan*t qui.** know beoe$.se ln part

It 4r:pernls upa:: a. theerp. Is otr:er csses*

I tskt; 1? fl'u- wl-J"L tske an entlre g*lexy as &

pqint. Is a ga1*qi s*. *psre**"*n*.1 e*n*e3)t '* *

eB sp*ratlonally ,tsftne'* e*c}*e$t? S€rtately tt
tre nqt +nt!.rely *3:ox**1en*11p rieftrred* 3

Be&.fl, yeu ha.rrs eJ"L eerts *f ree.}}.y the+rstl"eal

aa*u:npttone bu:.}t lnto the uotl*n of a blaxtr.
It nekeer me hesltate i* aaytag ttre.t a3-I ef ttreee

dsfial"ttene, sven theee s*trlch are nst of the

kf"nd ehlah eorrelate ane theorett*al eoncept to

*nqr*her wer:3,d ha.ve t* esrrfoffii to *rtdgm.enre

eperatf"enel" ertterla*

trxkn*ne questloner.

Se yer: er:,b*srJ.be t* B*rn+e YJ,ctd thet

l-*horatcry r:bsi*xvetisn l apparatus ceaffiteto

erbeas,toa of *&r stlr.sasr argJ *bjocte so chselged

$urt *r *u-ch dtr-:r*,stJ.y sen-*sd *uie*te *-s th*se

sbserved wLth the aaald*d s*nses?
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tr':411r **rte-ta}.y o I 'l**err ixi 6arreral *

I ls*ltJ.d r:e:"LeLnly e*tlxel$ euhs*c:ribsd *o* th&t * *

thret tc suBpfi*e ,1o'* tilert th* so to spsal" s -

th* u,ng.Id*{ se}lae,q boun,f, the lllaits *f s.rhat te

real, s+-$Hs tt s.e &* $:<.tr+ae Ba::o':hia3"i'*m; that

*ohortry }yh$ bas evey h*r1 & sense *f iiberati+nt

*rrerr f:rr:l't re'g,dJ.nq e+lezl*en ':*uld fail ts

re4g}E:*.lue that th*re eJ.e certr^ini.y nueh i!.*3'e thiags

f*:: whLcb l*e ha1'e exeelle11t evld.en*s t* StlpB'ase

they are :rea-J- th*u tre s*xi*, suFil*ce ldre wetrs

to fali h**k i.Uliln the kin'{ of nei'iiq I ra a

mqn-from-Hte.e,3u.El s€tr't tif et'fitttid-€" I thcrght

ti,lst p€yiieps Tilu ?ier3 5+Lxg t+ ask a'n*tleer qusgtS'sx1

*tr,:ut $r:rr:re :rtevg iriri-el: le aga'*"e' c tiiem'e I uglr]"d

13-ke ,rrery rlueit 1;o :;ei ji a'bu;u i' s-i.{t l'eit ne just

sx*atJ.*$ uh*"t Lt is a.si, then *ay 'ohy r flnd Lt'

l-nr:er*stXng.

In the }:lefaee tc a *oliettlsn *f He$Y

of h1.s",e#ffi6$fs e frfr.xne of th+u aort of ***{*pspelar*

whi*h l:i:is th.* ',iitle S* YqAg*Iq ffiegl+,*" *r S€39

yent"e 1tr Phgel** i f*rget r:.eu t::e F'reris*, tt'Bl"s - *
-S-:*l 

-.^ 
*;a*; *=i-a .*'d
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he hee s prefeae rhloh wan t+ ne, when I read

it, a surprtsX.ag end ln a Halr a dieseylns axo
perieaee. Els salda tslren he *tarted out as a
yetlns ru&Br he turned to physi.es b*aauee he

tlreuglrt thts wee e wey sf aehLe:riag *bJeetive
knoeLedgel ttrat he trerned elrey fro*,ruets*
frhfet*s, fr*n art, fron reetry, ,Ibress wsr*
eandsrfu)- thtags, to be EHrs, but tirep dLrlr.*t
givr hlm oirjeativlty. ABG h*tr, at i:he eu* of
brie l-ife, h* reaiises the,t ile uas praf ouadLy

mi-sta,ke*erl g tir*t phystcs *aes 
',+t 

yleld cb jeetlvtty
and at a4y rate, it J"s nci r*otre obje*tf_ve thar:,

ere ayt arr* Ll"terature aad setaphyef.es, and

x!:st not. A** lt iB eorb qi * * X eay lt $ae

eotrt sf dl"eeasi-ng, an aimest tragf-c tone tn th*"e.
s' Bea apeat ss &aay energatr,c year6 J.n edvaa*Lng

soieaoe ln the trope thet tt vtll finall,y p*:t a
h'ttl"e ealt sm the tail ef rearlty arrd {t *}}
tu::ns ta nothLng, aesordLns to hLu.

And tr thl"*k that this ls s dieeaee aow

from t*krleh ma&r physicists suffer. shere ls klud
ef a faXl*re ef ne:ve aksast abou* thi.s i that
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ssslehsle the faet tha-b ln eo{ern guar*tuxr phry**'oe'

lr* have t* intrduss s{r$e s+rt +f so*641}ed

et*tletl*el.*aeerctr:tloasurfl"nflete:rxnin*ey&Egugp*

tlpae, th*t thls easehslr suts the grounc fr*m

uvrder the slaia ttrat sxe hae obleotlve kn*leledgrc'

rlf aourse n tt[is ls alss aseee{' ated u'"tf: thLe

a}ainthety6ueeagatJ-aprI.r'elplere*l}sgeke*eharn:
dlfferen*e betHeen eabJeet and ebieat' BhI'e te

*nsthsr erea, lt sseas te ae * of asr*fus*'sns *f

Hhtet}seientlstslike}a3me:rareextr**te]"yprsH8.

Ae a xatter sf, f a*t, lf I xey en& e& thLs b'l"t <tf

e. stler sste. I heve beea esrt *f Lmpreese{ 'bS

ghe*lalNectaadebr*gree-taurs,ti$}r*f.rfe3,s*i"g*

ti-n6rriehneil ee'en'Etxts, **rtairil;r l*lr*se eclemtJ'fi*

aehievements 3 have aoahia6 i;u* pr<lf*rax* respe*t

f,crr,t}mtthtllgstnp*}i'ticsli**J"rlheYst'}rm.ug}r
flffierent Lf, onSY s*ientlets get Lnto thet &*!BE'

&n€ you reeal}, Si'r Sirarlee $rr$wn 1B ttl-s ho*k

$el*rr{F,, +S* , FPX*{&StSf;' er6$'es f,or the lmpsrsan*e

of hevLn6 esleatlsts active ln

skly there to ens*er qu-eett+ns

a tethnLeal qtre stl"on, bat tftet

geverxmeRtr net

wlrep theY are aehed

tfiey shauJd rea3lY be
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in the posltton to ask the questione, end not

elryrtrp t* ens$er ther* pil:ee sGEBe pr+ftasnlone'l

peltttr-rtane retse tlremy that the5 therrxseLver b***me o

e* to spee-ku **rt of prefessJ-onal pe3-1tt*t&l1s'

s.l?d thJ"s soande aufully, a'rrfulLy g*(}d ex**pt f eir

ttre aesrarnptl*n thBt seem.,s t* be so - ss preva3"eat;

at Seart etEsag soBe t}f xly seLenttfL* fx.leade that

uel1, surs, sotr have to be 8. Sreat erpert ln'dqi.ns

physi"*s but you donrt heve t* be an expert in

d*tng p+i1tL*s; that fc"r clcntt n+ed a kncw*hsrs

tri dein6 that. And that a s*j.eatLe*n tf he is &^

geo.rl sctentlat, *an brLng a 6ooei de€l} $f wtedom

to pub]"is effai.rs. I sertaJ'nly woullin?t d*ny

t?:st so&e s*ienttsts niSht* but I franklg d"otlbt

Ysry ml,:h Hhether tn a*.fiere ef pelttteaL u'*.sd*:er

&t!:r&sr,€ tlran Lc xetters af phiLos*ph*.*41 att.s**ra3

tirat 1$ o la m*.tter.s $here 1t te a qur:stL#:t of

?raring a tralnlng and a petien$e to ane3-yae ldeae

vhish d.sntt dea,;]- *pecLf3-e*3"1p r+tth te*hnLcsi PrebJ"eae

la a scLance, thet ecLentlete* wlth+ut sultable

trelalngr &r€ p*rt5"auJ"arly celulpped to legl"elat*

or pontifi.cate' '?hatts the s*ur acte'


