mmasuo.z-mu~ummzm

When 1 jolned the Faculty of the University of Califomls, I found
m»mmm“mtmm-rm-m;gmtmam
and a great sense of irony and sorvow and I studied Sanskrit with him, not
very muchy, and from time to time he would say to me, "If your science were any
good, it would be much easier to got an education now than it used to be”.
iell, there's something wrxong with that plcture as all of us whe either have
tried to get an education or to help others know, because his image was that
of a world of knowledge which was essentially closed and the more you learned,
the less there was to learny the more was left to leamm, the more you learned,
mmmmmmﬁmu:mmummdm The world
of science and the world of knowledge is not like thats Everything that we
leam seems to open it wider and wider and the very act of knowing seems to
get us into strange tervitory. /And it's very much more our feeling like that
which Newton had when he said, Ml@mr, when people insisted that he had
made the greatest and most violent discoveries of ail time, no, he was a small
child digging up a few pebbles beside the ocean of truth, Newton understood
that what he had started was indeed a world of endless action. This was not
pezhaps true of the high siddle ages insofar as their view of the world of

nature. But their precccupation was so overwhelmingly with the supernatural

world that the closure of the world of nature was for a while tolerable., This
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has its happy aspects and 1 hope some of the illustrations to which we will
come tonight will seex a8 happy to you as they do fto ma. And this notion ;:af

an essentially open and unfolding &rwth of knowledge and with it, of capacity,
characterizes the enlightenment ancd is the most substantial objective element

. in the idea of humen progresa. If one thinks of the arts, if on:b thinks of
such deep and essentially persistent guestions es the guelity of life and

of virtue, it is hard to see what progress can mean, in that most of us look
2,600 years baock for the highest exawples of virtue, and many of us look 2,000
years back for the highest examples of arts but with knowledge, it’s different.
It grows, and although the men who do it don’t get any better, the product gets
bigger and the product gets lovelier and it’s clear that men do to-day what
couldn’t be done before, that their powers, in some sense, have grown. This
leaves us with the problem which I am golng to leave guite uatouched tonight,
and to which I will returm, Thursday, of the relation between the yrepid forward
motion of one part of the humen effort and of human life gnd the response of
those who by profession as philosophers, as writers, as stotesmen, live in a
situation which is deeply affected by the progress of knowledge, the growth of
knowledge, but which does in a certain sense inherently not partake of it. The
development in European culture asbout whiah we’tre talking is not, I think, really
understood by historians, but everyone seems to sgree thai it came about by the
confluence of two things each of which, is, in human history, almost a miracle.
The first, and I believe it is a necessary 1f not at all a sufficient condition

for the growth of knowledge, for this explosive and wonderful growth, is the
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ides, first clearly exesplified, first clearly articulated in Greece, that

one could prove something, that one conld make a connection between propositions
which had a kind of necessity which -swuldn"t be scnkeyed with because this has
given teo knowledge an element of ecocherence s 'that if something goes wrong, &
big chunk of knowledge is involﬁd and there are ways to ﬂad.mg? how it has
gone wrong, and why and in what sense. If everything is .roiafmi to everything
else only by arguments of plausibility and analogy end you suddenly find that
you have a contradiction, all the links in the chain ere flexible and it ie

very hard to get your l;uads en it. But if the links in the chain have the
rigidity, the idealised rigidity of Luclid, or some mock-up of it which is more
likely, you have a possibility of finding out what is wrong. ind the second
which was preszent certainly il.n the Greek world, and to an extent which is only
just being understood, hardly understood, by pcrsoiu as Archimedes, is the other
trait of trying things out, trying things cut either as an experiment or more
naturally in en sttempt to make something, in an attempt to solve a practical
problem, and you know how Archimedes exemplifies both aspects of this. The
confluence of these in the rediscovery of antiquity grew in ﬁuropm soll and
has been nourished by two disparate motives for the growth of science, disparate
in the sense that 1 heve never been able to reduce one to the other, I have never
been able to say that we would be where we are if we had had one and not the
other. I have my preferences, but I can hardly expect that they will be gensrally
shered. 1 can make this point by going guite far back by quoting & very femous

two paragraphs from Hobbes. They are extremely sharp and I ask you to remember
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that they were written just a few ysars before the publication of the
wam Hobbes is going over the thtng; that make for power
Mhuw.?mkimmmMIqummmqum
fore, n;iaﬁkaﬂnlmad in any mang nor ave at ally but in a fewy and in thenm,
but of 2 few thingse For Sclence 1s of that nature, as none cait understand
ithbngmm;oinagndmmmnnndlh' Axts of public
us;u fortification, making of engines, and other instruments of war because
they confer to defonce, and victory, aze powsr and though the true mother of
them be science, nomely the mathematicsy yet because they are brought inte
@iimwmmafthwfwn,mvhm.thnntd-lfupuﬁuu
with the vulgar from the mothexr s his issues This 1s very much the sltuation
in which we are, for it is the atomic boub that brought science prominently
into the public miad which hes very little to do with science, more than
Hobbes thought, but it is a very modemn examples For these two traits cen
milrbnmpurifﬂhdmdlwuidem I think we shouldn't make it too
sisples One kind of motivation and you have to look not at the object of
study but at the purpese of study. l’mm‘fuythatthoatudve!accmm
kind of problem inevitably means that you know why it is being studied.
Sometimes you cans One kind of motivation is natural, human, not by any means
universale It comprises everything from a desirze really to understand, revel,
cognoscere causes, to get at the root of thingsy on the osas hand, %0 a desire
uuimuw.tomthiutmt.uhaimtﬂumﬂumm
ave new, to be adventurcus, %o explore. It can be stimulated by a new dis-

covery because almost sluays a new discovery sotiles something, but it
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Mﬁ-num&“m“uﬂmwwwmﬂmmum
answereds It can be stimulated by new gadgetry whish offers 2 now posaibe
.lllwummmaum,amwm,uamm. Such was the role
dmutalcummmlomunwutdmﬂunim it can be
stimilated by a new opportunity. h\pnmwdwtﬂqnmmm
midaﬂnm%lh-_phnmahw g & better look at the hsavens, It
mhs@at-d,mdww of tan llhvm'\mulﬂ paradoxy by susething
mtu‘awammuu'umnmmmmtmnmm-
diction, which indicates that theve 1s gold in the problem, that it isa't in
ordety that there is sosething sore to be discovered. And of course, no cases
are known which have remained paredoxes very long, though at any moment, as
today, the field of science is full of them and they are just the cracks
where wo are trylng te got our chisels in and see what's undemncath. This is
the Mm;a of fact and motivation and 1t wouldn't be credible and it wouldn‘t
be honest for me not to say that it seems to me & very high and precious
buzan quality, Out discovery can be stimulatad also by much more pedestrian
things; and in the history of sclence this has played a large parte This is
th-dntnthtmhhm!nﬂ-iinmitmmhuﬂdawﬂt
oz a basis for productse A great deal of the money that 1s spent in our today’s
world is !usw_,mmmm, for research and developuont,
that 1s applied and intended to answer practical questions. We'd llke a
material that combines the strength of steel, the lightness of paper, the
transparency of glass, and you can go to the laboratory and say, "here’s a

certain anount of money, do what you gan about 13", It actually tumg out
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that impractical motivation, motivation concerned sololy with knowledge, very
often pays off in practical wuys, tndumm/d%isﬁy not. be thet cverything
that is discovered is useful, but it is so that most things that ave discovered
are contiguous 0 and continuous with things that are usefuls Ii's hard te
!mmwamnmhbﬂ,ormdutm,uil?md
scionce, which have so far to our knowledge not dizectly produced any dollars
or any paunds. Yery often it may be that a techalquey & mathematical or experie
mental technique, developed for a useful purpose turns out to be enormously
helpful in advancing uscless science. Radio sstronoay is reslly a waz-born
technique and % great deel of the work one does with radicactive tracezs and
with othor tracerss to vtudy fundasental blological processes is a byeproduct
of the stomic industzy of the wars Today these two disparate and quite unrelated
notives for the growth of science, for discovery, coexist and the intoraction
between the two is very greate That is zelatively news I think that it came
to be accepted, »eally, with the development of electricity, whichy as you know,
grew out of the most pure and abstzact and lovely speculations and experiments,
initialiy, peshaps of Faredsy and very repldly became, within a century; a
source of wvery iomportant practical applications. BSut the 19th ceatury still
saw decisive inventions, steam englney cotton gin which didn't have anything to
uuuamm-a.m-tu{,mmemammmmmumhm
a good motive for it. And the great sotive power in the scientific reveolution
of the sarly Remalssance and above all the late Renaissancey of the 13th centuxy

and the 17th century, was not technological, it was almost wholly speculative,

philosophical, runinative. It was only later that the things changeds 1
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swth&lutthmmphﬂmimnﬂuﬂd&M‘thm
somietihdng to do with aew knowledge, wiich ien'S Jfed by the growih of scieuce,
is the zippeds There Ray be another one, but that's the last ane I know of!

If r
todw.?iymg-,umtwarawrymmindwmdinadoub&cmﬁthm

’
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result that it is hard even for the disceming student who is not actually

living in the — scene to know which studies are boxrn of the love of nature
and hope of undeystanding natuze and which are bomm of an attempt to satisfy
soue needy real or fancied, deep or superficial, practical human nesds to make
a profit, contribute to weaponzy or wiil enlarge the possibilities of comuuni-
sations, The fructification of science by technology is comparable in its
importance today to the fructification of lavention and technology by science,
It is ay opinien that wien it caues to finding out deop things of nature, the
wamungmtnugma“nsm}amuwuﬁaqmafumg
aduantlmefmathnsbuuiumds!hltmwn&.dmmm;qmgd
new knowlodge, €0 put shaxpy, — aow — questions of nature, to create
siteations which never existed before, as situstions sultable for human study, -
to act on nature and from that to learn. It wasn't much use for the alchemists
~and theiz patzons to want to make golds That never made gold and'by the time
gold was made, nebody wanted to make it. I eDieve that much the sase thing
’ﬂllhmfmthahﬂrﬂltmw.fﬂﬂutmdyum The
mmwmymmrmmalumtmtmhawﬁm.mmu
1%nﬂd&1pus£aa;mtiedwmmymmtufmmuum
which will get us there in time. These questions that we'd like answored will

be responsive to new techniques of psychologists and biologists and they may
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“Mﬂﬁﬂﬁhh‘tmhﬂﬁﬂ%ﬂh‘tm
us what we really want to know. In time we will learn 28 we have in the move
aged snd familiar seiences, that oven the questicns which sowmed wninteresting,
ance answered, are the besis of very grest changes snd of very Lmpertant, I
hope, inprovenents, in the humn conditdom, I will not labour the femtastic
feed-back of technology into sciemtific work but I do want to emphasise that
there is a temsion between these two motives which incressingly are symblotic,
science for wtility and science for understending, and imowledge for power an
the me hand or knowledge as en end in itself, and tids tension sheuldn't be
glossed over, It's there end one, I believe, cannct simplify pest history

or future hopes by ignering eme or the other, Indeed, in trying to help the
parts of the world in which science is not rooted and which are typdeally alse
very poor, we should keep this bivalence in mind sad neither insist that the
yomg nen fyom south-east Asia should intevest himself exclusively in the
ymediste practieal problems of his country nor insist that he ignore these
problems and take fire with the love of knouledge which his professor may happen
to have, I want to tum to a few examples of imowledze where discovery has
action because I fear that If I talk enly in abstract tems, it mey be not
entirely clear. I know that many of you have seen new knowledge discovered and
have dene 1t yourselves but not all of us have had thst, and I am going to give
soe cxarples of new mowledge picked st rendom becsuse I heppen to have heard
of them, but net quite at rondom. They all have in commcn this active gquality
which seams to me so decisive and which is quite falsified by lewtan's bey

because his action wos jJust to plek up pebbles, That's very mch less than
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Hewton did. T hey all have in common that they throw some light an such
strenge words as ‘objectivity' and ! necessity'. They throw scme light on
vhat it is that mekes seionce chjective, as campared, let us say, to law. I
have only good words o say for lawl And they, I think, throw a light an it
mnmma&muunmm&mmw
would have imagined. They all have in common the fact thut something quite
new and mexpected turned up in a place where there seamed to be no special
reasen to look for it. They 2ll have in comuen that they give a much subtler
view of the meaning mnd scope and Limit of the ides of necessity in nature, then,
let us say, LeFlace cr even Namwell would have held, and they all have in comamm
that they illustrate in one way or ancther the fact that perception, knodedge,
informaticn are alimys geined at a cost, that they are gained by an sct of
choice which makes it simitanecusly impossible to pursue cther courses which
might have revealed other things. B.ut in cbher respects, they are very dif-
ferent., The first four are really very primitive experiments. They seem to me
they could have been dene by Paseal, if he had thought of them for certainly
the equipment imvolved is of the most, mest elementary. They all 1ie in fieclds
which are very clese to owr common experience so that I will expect you will
feel as I do that this hes semething to do with you and has samething to do with
life and ondinary experience, They are sll quite recemt and I mesn to esphasize
particularly, they are sll things sbout wideh I den't kmow very smch. I have
read sbout them bub I am talking to you sbout them essentially as, I hope, m

henest but anyway a not very deep jourmalist, The fifth is from my owm field
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mrwnmnmmmmmwnmm
of the first fowr I will tell you, if not everythirg I know, ot least a finite
frection of whet I Jmaw, the yest will be maybe twice as much but not ten times
as much. hthtnmdth_hhwm-ﬂdd,lﬂnj-t}m;wa
Mm«mzuwxmm:mﬁm;mi w
trodbles are all in making it clear to you, not in meking it clear to mel But
the £10th wample 1s in sene ways the deepest and it 18 me thet is, I beliove,
certainly worth my effert and I hope worth yours to hear about a little bit.
The flrst s, well the order does not have any grest significance, excopt the
Sirst four ove different from the fifth. The first is an exporiment conducted
by Jemn Baneaud, a very great newro-physiclogist in Paris. This is an eperi-
ment wvhich mey have been dme on memy primates but in the version that T saw
it, it was done with dogs and 1ike all primetes, the deg's auditory nerve
cansistsw dowdt of many other things bub at least of two things that ave
quite different in eppearsnce, rather large bundles of nerves, of wiiech it
mmalmmwmmmwuw. Then there are
othoy £idbrils which are of much smaller diameter and X believe that for a
long time it was supposed that they brought mmill sowds to the cortex but
T'm not suref In any case, Bancand found out. He hooked up a micro-clectrode
to the larger fibrils and found, to I think no cne's great swprise, that a
dog who heard a bell would give a charecteristic pattem of clectrical current

which was essentially repeatable, I don't meen from dog to deg, aclthough even
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that is partly true, but from bell to bell and this signal was a good ine—
dication that the dog wes hearing the belll But now, something very remarksble
Wmmw«nuwmwmwﬂmuhm
case the right wad, It isn't the snime that is adverted. I.fﬂbdnahadtln
mmuaumumhmm—umwmmnt
happened. The small change was that there be a pdece of meat within widffing
distance, Then the bell eould ring, the electrode could be in the auditery
nerve but no current passed through it., And the fmction of the amall fibrils
of nerves is apparently to take to the sense orgen, in tlis case, the ear,
coding instructiane a8 to how the ¢er is to behave. It is not to pay any
attention to the scunds so the dog can enjoy his meall This is a very slmple
exporiment. It shows at omee that such deta in the sense in which they have
been talked about by philescphers and eedinary mem as the foundation of owr
Imoledge of reality, are themselves enormously comilex artifacts, determmined
not just by the simple phyeies of the receiving system but by the degree of
inherent and purpeseful intelligame which adapts the, in this case, canine,
mwm,mmaojummuummammm
Judgment of what the situstion is and what it is appropriste to hear end what
it's sppropriate not to hear, It is quite clear that this is an exaple of
a prinitive and thoreughly wnphilosophicel and weaplicated way that the
dog'e ability to hear the bell wus given him when he was not actively inmvolved
the neat. And this is rather the prototype of the situation Sn which we

gather imowledze, even in percoption, quite apart from active, planned experiments,
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quite spart from the role of traditicn in determining how we think of things,
oven in perception, snd oven in an organima not as verbose as we, at the cost
of losing other Inowledge. The second set of experiments was done by a group
of peyohaloslets in Canada of whom, T think the principel stulet, prinsipal
scientist was Hebb, mmmammmxm£mmm
erpmmwnhmhtmmwm'm”mmm
washing?' because they originated during the harsh days of the Xorean War.
Sefare answering this question, the psychalozists decided that they would
1ike to find out what heppens when nothing happens, that is, if you take &
man and dat ask him questions and don't shine a bright iizit in his face
and den't starve him to death ond dan't keep him awake for thirty howrs, what
goes on then? It was good that they asked the questium because what went on
then was not exmetly what I would have guessed. They picked, I believe,
pecple they regerded as normal, medical students, and suchl /And tim results
were not wtterly independent of the medical student, peopls behaved in a
14t different way, but the essential differences were that same pacple had
nothing dene o them for longer than others and the definitien of doing
nothing is not entirely perfect. They took thelr patiemts, or vietims, and
put them in & room which was quite well sound-precfed and in order to prevent
the pounds from filtering in that might have been interesting, they had a
kind of ham ge an all the time which blanked out the sounds. They put
gromd-zlass goggles an so that they couldn't see. They put ouffs of camd-
muwmmmummmmm\ummw

feol and they generally gave them very bland food snd laid them down on a
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bed and said, 'now go think and solve that prcblam that you haven't had time
to selve' and left them there for varying poricds. The langest peried, I
m«.mmmm,ﬂ:mwmm-mmmm
shorter ones did ccear. The food was deliberately bland., Everyoie who was
asked to do this sald, 'wenderful, I've never had a chance to think properly
it at first. Bub as time pussed it cleariy took on ancther and very differemt
character. People who came out after s few hours were just dandy, people who
came out after twelve hours were a little add but they said that they hadn't
been thinking clearly for the last six houral Peopls who stayed in a duay or
two days, six days or anything like that cmse cwb with impairments of a dif-
ferent character from those I would have expested. The impairmmmts were, as
far ao I know, temporery, and everybody gob well, and the length of time of
recovery had seme releticn to how leng they were in difficulties. Thay were
unable to add and subtract, they couldan't use words properly, they couldn't
identify physical objeets properly because the integration nceded to see in
perspective was missing. They lost the higher rational function, I will net
wm,mmaw.m&mm¢ Thils seems to be because
memory requires something thet we dida't lmow about, Une alwsys thinks of
memory as one of these storage bins like ouwr owm offices where we have drewer
efter drewer of items of infarmation and when you wnt e you try to remember
where it is and plek the wreng drawer and then you ge to the righit one and
there it 18 and out it comes. Bub it has o dynamic quality. It seems Lo

require sometidng that these stesl filing cases dm't require, It seems to
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require & canstamt tvaffic, it seems to require comstant activity., The

seend 15 o discovery and a non-trivial ame, it seans to me that conpered

with most peychelogical investigations, this really turmed out something

sbout the nsture of memary which am did not know. xtmgutaaadnhw
m.mtmnﬁummuwunm:wm.
slthough perception went to pieces in this eperiment. But how high & level
is required even to keep aveilable the rescwrces wiich our experience, o
edugation and our conscious life have given us. A slightly different kind «f
wuemwmawuxm&mmm
e is really 5o emaming. le made oquences of sounds, not arbitrary sowuds,
but things that are called phonemes, nanely the elements of sound that appear
mmuwwmumm,mmwm,
and Rodeliffe, and cne were Havajo Indians, And the questions that he asied
were the same. He said, *how msny different phonemes, how many different
sounds do you hear.' Now, of cairse, all sounds are different, and the intentiom
of the question it was explained was different in the sense that you would die-
mmmmukwwumdm,m;m-
ferant word or a different mesning, And it twmed cub that the two sets of
answers were quite sonsistent in all this, subject to trivial error, counted
the same mwber of phonanes. ummwmwmmﬁm
st all, because in twe langusges the criteriom of a separate symbolic meaning is
very different. Ue pay great attention to the quality of owe vowels in the
senge that *i' and Yo' will moke different phomemss. The lavajo pays great

attention to the length of the vowel in the sense that '1' ond Yo' is
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relatively trivial, as the length would be for us. Bub it wus pessible to
teash each growp to do it the other way but it was not pessidle te teach
any growp teo keep both metheds of discrimination workdng at the same timel
mw«mmwmnwzummlwx
think, and it 45 also & good example of an @wperiment of which I camot say
whether it was dane for the serdid purpese of muldng millions or for interest
in some phenamena of nature because it was conducted by Land who is a
scientist of great ingemuity and discernmemt but is also head of the Polaroid
Corporatian, snd as you wdoubtedly know better than I, it would be very nice
for the Polareid Carperstiom if they could meke good eslour film which could
be cheaply marketed and could be developed as can thelr black and white film
in a matter of a mimme so that you see the picture just after you've taken
1t. Land did not cne experiment but a whels series and they have been pub~
lished in a good deal of detall in the leamed journals md a reascnshle
sumary of them has besn published in & mere popular jowmal and I don't
believe that I would like to tall you more than just ne coperiment which has
the mib of the thing $n it and which has the shock. The nomsl theory of
culowr vision whish has probably scme truth in it is that the eye hes In it
8 woy of responding, the retina has, and specifically the reds, to probebly
thres Aifferent bends which would correspond to light of different wave-
longth and colowr. The populer cnes are red, blue and yellow but there have
been veristions and argunents sbout this. And that the gye and the cortex
together somshow conspire to assey the amownt of these colows that is in the

light and then to reassemble the colours and malte an orange oF a Zreen or &
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image of the coloured cbject. As I say, there may be o lot of tmuth in
this end there is nothing st sll in what Land did thet dieproves it. If
mummmmmﬂmm«m&wu
blue, you get confimstion of this. ummmam&. He todk &
milticolowred scene, There 16 not a mesningful thing in this scene, the
culours den't correspond to the shapes or locations. They are actuwally, I
believe, just a bunch of chenicals lying avewnd in jors. But there is a wide
variety of colour, blue, green, yellow, arange, vod, puple. And then ho
auuu:mm He took two photegrephs of this milticcloured scene, o
with & sodium 1ine which is in the yellow. lie printed that black snd whibe.
Then he tock another pleture of the smme seene with a yellow lizht, slso pretly
enochramtic md almest the saw shade of yellow, removed 200 Shgstrans, the
general mpreod of the visible spectrum is sbout 4,000 Sngstrams, so this is
a very aasll froetion, five por cent or scmething like that, of the runge of
different wave-langths we respond to, almost identical yellows and I an sure
that I would not lonow which wes which 4f I were shoun cne ond spent five
mnutes and then shem ancther, I wouldn't know whether 1 were seeing the
omm one or another. Ne made a black end wiite imege of that pictwre. Them
he reprojected these two blask and white images, each with the same yellow
1ight by whieh the black and white pisture had been taken and superimposed
them o that you saw the casbined twm yellow images of black and white pistures.

That's vhat you should have seen but what you do see is blus, green, yallow,
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orange, red and the full spectrum of the original pictwre. This shows that
however much you may be alded in seedng by the presence of a wide range of
wave-lengths, a very small clue as te the integral spectral quality that you
get from the relative difference of intensity thet these two almogt indis-
tinguishatile yellow lights give 1s enouh for the aye and the corbex cambined
to give you a perception of colowr, I think that the sense datum looks fwwder
and funnier after that., Now it is tme that in this eperiment the impres~
sim of colowr is not absclutely falthful axd net sbsclutely vivid. You see
green but it isn't just the green you would see if you locked at the thing
with white light. You see red, the red is slightly off colowrs AS soon an
you move these twe spectral lines spert swnys or use white and cne spoctral line
you see it just ss well ao though you had a caplete colour imge. It's only
the extreme proximity of the two yellar lines that limits it. Here again it
seans Yo me that wo wnderstand how very organised and active a part our crgans
of perception play in the simplest of owr eperiences becouse here you are
seedng red, there is a red cbject out there, but there is no red light trevelling
fram the cbject to you te tell you sbout it. It memns that weo cannot mean Yy
Mnymmuuw.mmmmm
thing we see and aur image of 41 or the thing we hear and o imege of £t

It moans that seme quite differemt definition of cbjectivity is going to be
required. It also meens, as I have said before, that every sct of perceptien
is purclused at a cost. I want Lo cane to ny obher picde of discovery, it's

a lot harder to tell about, wilich bears just 0 these questions of the eclemamt
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of choice in owr study of reality, of the element of chbjectivity in whet

wo Pind end the need for a fresh definitien of it, of, net as naive and move
m.umm.mhmﬁgammmm;
mumwammmmmﬁwwwa
mamm@hum'twumm@m-.m
great light en the existence in nature, not of a chance which we're familisr
with and always have ascribed to the fact that things were too caplicated
Muumhwmnummmmrwummm
enough detail, to follow fully the course of events. This is a icind of
_ghanee which could net be chvinted even by owr longovity or om greatest
industry, a kind of chance which 1s inkerent in the world which is not con~
ferred on it by our behavicur and all that is eonferred en the warld by owr
beheviows is that we know semething. We know emough to meke intellizent
predictions but nct certain predictions, not predictions of certitude but
predictims of probsbility. This all is in most striking cantrest to a view
of the nature of knowledge and of the world, a little frivolously but not
without historical warrant sttributed to lLaFlace. And it 18 a view which,
in impartant respects, Einstein shared. I think that it starts by the
assertion that in a relevent snd mesningful way the world is there for us
to lock at and study, thot we can find out all about it - this is an ideeli-
zation. Ve won't over find out oll asbout it. DBut we can find out, we can
approximate this, to any degree of which is worth owr while, and that the
gzivermess of the world is what constitutes its objectivity and owr ways of

studying it may be more ar less clever, more or less appropriate but they
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mmuun&m:mmwmmmmmm
wiileh we find it out. laPlace, you remesiber, gt foyward the view thet aince
Newton's laws were sc fine if cne lmew where everything was and with shat
mmmm.mmmmu.mmw;mm
mathensticion. This has always svemed rather dull to me because the idea of
imowing oll this 15 so inmen sy that you might as well lmow the future
to begin with. ummmm:méﬂm,matm
importances, of the development in this century in physies is net thet it has
shown thet this is net a very precticsl wunderteking, that one lmows, but shon
semething rmch deeper, showm that it is a false idesl of Immam knowlodge and
that the true ideal is a wuch richer ane, and much casier to live with, and
very much more like our situation, in other parts of lnmen life where we're
concemed, with judging, with camitting curselves, with loving, not primarily
with inowing, This vory grest change in physics of ceurse started in action,
and the historic begimnirgs of it were also takem in Canada by Rutherford whem
he turned from regording the redistimns frem redicective substances, as
interesting phanomena to study and cbserve, and tarned them into toels by
hurling these radistions, he didn't fwrl them, he let them hurl themselves,
mm-ﬁammtwamum. These are ordinayy
stoms, not nuelear ataus, the stows of wideh chemiesls are made, and the whale
story I an going to tell wns developed out of the study of atamic mechanics,
1158 sppliesile o mmlet ek shmsts warled, bul 35 saatt dinesvened Vs ol
mwmmwwmmtm&-. The problem thet

Rutherford posed was the discovery of wiabd was in an stom, a central macleus,



in the case of hydrogen, of cowrse, a proten, snd in the case of lydvogen,
just one olectron going semshow attached to it, This he found and then the
MmmmwthmMﬂmthmmh
mwmmm-ﬂmmﬂ,mm.m_xm,émmm
the mm, like a solar system, although the electrical forces between them
were very similar and prectically identical, except in msgnitude to the
cravitaticnal forces of Newton, liow, I ean't tell the story in full histeric
detall, it's o very tengled story in the history of idess and slready starts
with thimgs of horrifying sophistication which tum out not tc have been
sssentisl, logically, but were essential, historieally. But I will Wy to
indicste why what wes found and how it besrs analogieslly en some of the
great lmmsn questions, like the question, 'is this a situstiom wheve we should
understend what has happened in terms of mature and the necessity of its
haprening as we try for imtance in the case of a man's illness, or is this
a case in which we should tyy to assess whether we are dealing with good or
Ml,umbhﬂumal“tam‘s'ﬁg?' Almost the first thing
that happened and the first that I find simple encugh to talk about is the
diseovery of disereet nature of light when it is absorbed or emitted, finite
smounts of energy in proportion te the frequency appesr or dissppear, Einstein
discovered this and discovered many of the obther things which come next, but
in the ond he dida*t like the result end he wouldn't buy i3l Them in studying
the nature of these individual stems of Rutherford, Belw, confranted by the
total failure of the mnslogy with the planctary system, had a radical idea

which was to prove right and to be enormoualy despened. The idea is this, that
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normally, when not interscting, an stom exists not in tems of the orbit of
electron rotating around the proten, but of scmetihing new and different, scme-
thing that he called the statiomary state. This is not the state in which
anything changes with time, it is mot the state in which you can say the electren
is hore and 1% f1its axound there, num.un&mmm
cutside the description of the classies]l motion of particles. If there is
any kind of disturbance, the atom may move from one statimmary state to
mdmwumamm;mmum
laws, that is, you can say helf of them will have done it in a hundredth of
& microsecond, you can't say which stom will do it at widech time, /nd what's
m,mmn-mmmmum,mmmm
statiemary states themselves are not a form of motim, they are changed with
time but you can't say whet goes firum where to where. They are again quite
mmmewmmwm Ve had in the
stam a situation that was quite wlike the fasiliar world of mechanics. It
wumm-nmwam,umunnuamul
_mmmmmwm.mmammm
being 1ike a partiele, in no wey supplememted the eenturies of experience that
nunm,mumm,mnmaxmm,tm
the sun of two waves can be more than the mum, or less then the sum, depending
on the phase relations between the waves, thot is, the sum of the imtensities,
can be edither zere or twice if not two equal ene. ALl these things are tmue,
were trus, couldn't be mmde untrue by any mew findinge, and so, a double

charagter of light. The tuming paint was the discovery that Boiw's staticnary



-2 -

states were also, thoush they referved to what ane had alwuys suppesed was
matter, electrcns snd protens, and what we do suppose is matter, were alse
-mmuMMdm,mm.w

to the statimary ststes and time-changing weves corvespending to, the flow frem
are not 1like water waves where you just see matter goling wp and dowm. Thay
mnﬁlﬂh“m“ﬁodmsiwotdrmmmnw;
fields that change periodicelly with time, They ave a weve of an essentially
mMﬂ-wmmmmMmmMﬁ,ﬁw
m_mu,mmwmummmmm
menifest. In very strang light you have so sany particles that the fact that
they are p.riieles at all plays no detectsble part. But this is an arder, more
mww,unwmmxmmmm
edther divectly or indivectly, from experiment about a system, about the electren
in the hydrogen atom, about the light wave, about much more camplicsted things,
mwmmaam:mmumsmmu
we loayned about b, its state when we last locked at it, Fram these waves,
plcking the right ones to corvespond to what we leammed snd mawing haw they
change with time, we meke predicticns sbout the future of stomic systems and
with a fantastic degres of accuracy and with an astonishing rerge snd seope
shout just what the stoms in an exploding bomb will do, sbout just whet the
atoms inside o star do, abat why certain substances and mly eertain oub-

stances are superfluld, thet is, have no resistence to flow, and certain
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Idnds of magic things and the periocdic system and o lot of chemistyy wntil it
gets casier to study it in the laboretory. These statistical descripticns
mmhym-mm!orthmmdmmw‘hﬁmﬁﬂ»
mmmammmmmmuu@ﬂmmmﬂ
light, these discrect states in the stom represent a tctal, a wholistic trait
in the sense that it iz quite missing in large scale physies, in the sense
that spart from an sttempt, a successful attempt, to get information about
the object, the stom or light or whatever it im, we have no grounds for meking
predictions st a1, Once we have mede the experiment which mewns making a
physical connection between the object and same way of studying it designed
to get this infoymation, cnce we have dane that, wntil the next time we look
to get seme obher infumation, this whele course takes place as en individual
and indivisible development. And it's nobt, in genersl, capletely reproducible.
If the first plece of information is the same, the second e doesn't have

to be the same, This is what we mean by ssying chance. There is chance built
inte such a system. Now you might say, Wiy den't I lock and find at, The
point is, if you look you lose the informstion you already had because you
cannot look with infinite gentlemess., The fact thet light is corpuscular,
the fact that the waves of metter are discreet, memns that all transactions,
whether talking place between atomic systems, uncbserved, or teking place
between atanic systems and a machine for observing them, ave finite end course-
grained and wholistie, that cannct be made infinitely gentle. I can chocse

what kird of information, what kind of obsorvation. I ean't txy semething else
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without losing the velidity of what I foumd out first. I ean get a new
mumummwmmxm&wmmmn
all of these dealings between atemic chjects, the equipment, tleve is this
all or nothing charscter te which I refer, m-nm,m
m«mmhmmmmm
in wiich we get any lnewledge at all sbout the system. There is, of course,
the possibility of not getting any kncidedge but then there is also the
mu-mwmmm-dmmxmmmx
deseribing what is going to take place. ind it is, of course, this wiich brings
in the inherent chance, if you are limited in what you can study, because it
comtinues the study to round it out, you lose what you had before. Then you
would not espect to be sble to make the kind of predictien which we em do am
large scale things rather well because we can find out sll sbout them sdthout
mu.wwmmm,mw‘m-tm
by virtue of our very sttespt to scquire information. This is not & chance
or probability that has any direct cemnection with what we meet in ordinary
life, or what one meets in clsssieal, statistical mechenies. If you do try
%o say'wall, I'll measure semetiing, I'll find out where the electren is pretty
Mumxt‘umam-mmmwmmxmm
where it will be later and I'1l aversge over the different velocities) then
you get a wrong answer. If you know where it is, you mske a logical erver
in supposing that it hes any welocity, sny specifie veloelty., You must allew
for the fast that this is essentizlly an inccherent and indeterminate thing,

This is the Uncertainty Principle which says that there are linits on the
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mmm.mmmmmmmnummm
large cbjects which are decisive in atomlc mechanics. It iz the root of what
MW*M.MMwagmm
mmdmmm;umuummmn
tﬂmwhmmmxammmmaum
MhaWﬂMMuum-ﬁnmmm-
experiment designed to suit a givem purpose, but which ean't be campetibly
dme at the same time in the seme situation, This gemeral philesophdesl
notdon, aotually, Behr had in him in his reflections en culture and on morelity,
Iq,xm,wmmwmummmmaw.
But the peint, you see, is this. Uil the act to sequire scme connection
betueen what we're studying and us, through other matter, meters or gauges,
wtil wo perform an experiment, there ism't anything there at all. Tou can't
mmtmn*nu,mawmb,mmw,um“ohm‘-
mmum.uznmwwumno&,,mumpnu
this objective eonfigurstion, them you can suppose that it is ae thing or
another, You can say, I will make sme sensible average over the possible
gonfiguration and then IV1l lmow the probable results. And tids has nothing
to do with the world of nature. It is necessary to say that culy by the act
wm@mmmtmmcmmmmm
m,mmmmmm.mmmummm
plysicists about. This of cowrse does not mesn that because there is an elemant

wmmnmm,wmmubmmmu
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and inherent sense of freedom mnd responsibility which we have when we have
to make up our minds and speak and act. Thio is almest a meaningless way of
n&muuxmumuwnu.m.u. Yet cne
m;m&lwmmunhmmnnmu%mu
phyeies, and this is slmple plymies, although not femiliar, lmadedge is
that a rounded description even of the simplest of physics would be sacrificed
AT one kept enly one way of going abawt it, only ome cut of the multiplicity,
then it does seem again most reascnable to think that very similar things
will be generanl features of the human experience in which the very first
elenents of perception and incognition invelve cholce and involve laws. Then
it would be & very natural thing te say that however the line is drawm betwoen
Juiging thinge in terms of wnderstauding Lhem, its necessary consequences,
a8 following from the laws of nsture and judging things as expressicng, of
geod or of evil, of human pwrpese or other purpose, this whale world is involved
with julgment of the spprepristences of the temminclegy snd the idess in 2
concrete situstion, It is the restoration, of a semme, of health in owr
public, comm life. I don't mean of govermentel 1ife but our comuen life,
as to how such lines are to be drmm, It i5 aie of the grest needs of our times,
one of owr great noeds. This restoration will, of course, not come by the study
of seimco. It will be done better if it 15 opened to the full flood of overy
kind of valid knowledge that has come wp in the seismoes. It will not be drewn
by tiis imonledge but it will be guided by it and 1lluminated by it. I have

to adnit that I had & great deal more to say but I »ill work it in on Thareday.
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