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THE PROCESS ~J 
OF 

SCIENTIFIC CREATIVITY AN~ INNOVATION 

20 September 1963 

DRo SANDERS~ Progress in science and technology ultimately depends upon the 

richness of the human mind° Our speaker today~ Dr. N~ Russel! Hanson~ Professor of 

Phiiosophy at Yale University~ will examine the most essentiai 9 but often elusive 

concept of creativity~ ~ Dro Hanson brings to this subject great competenc~ b~th as 

a philosopher and as a physical ~cientisto 

It is my pleasure to introduce Dr~ Hanson as the final lecturer in our section 

on science and technology° Dr. Hanson. 

DRo HANSON= Well9 gentlemen~ I must say that I find this a little formidable° 

It's not the usual thing I encounter in the last weeks of September, but I think ! 

had better begin by laying my cards right on the table. The top card is this one~ 

that if I really knew something about making discoveries or being creative~ I pro- 

bably wouldnVt be here this morning, l~d be in a garret somewhere with a patent at= 

torney at one elbow and an accountant at the other~ and l~d be making of them and 

reaping it in. So, I~m not really going to be talking as if I were an individual ' 

who had established a reputation doing this kind of thing and just telling yo~ what 

it is all about, because I~m certainlynot that sort of persons 

What I am is a "logic Chopper." That means that I occasionally address con° 

cepts and try :to see how they are glued together° l~d like to do that with you 

this morning with these two difficult concepts of discovery and creativlty. !~m 

actual!ygoing to say something ab~ t the sorts of things that count as discovery~ 

and in the history of science the sorts of things which have looked like the crea= 

tire process 9 and then, if I really feel bold at the end of the 45 minutes~ I 



might • make some. suggestions about how creatiri~y could be encoarag~i Although, 

that will put me strictly at your mercy~ you proba'bly know mc:~= ab.o~at this than I 

do. Now~ usually 9 nothing whatever is said about discove'ry and creativity~ and i:¢~r 

Very good reason0 

If you pick up a book on the history of ~c!e~,.ce = or the philosophy of scle~e.~ 

- there might indeed be a chapter about the hunche~, the in~ights~ the i'ntalti~ns 

and flashes that great discoverers have enc~ur,~tered~ bu'.t that's j'ast a ~a.'~ ~f say= 

Ing that the •author doesnVt really want t~ address hlmse!f to this complex sub~ect 

matter at all. Anythfng that takes platsin a flash doesn't ~eem as if it~s goi,.~g 

to be very susceptible to detailed analysis. Yet~..on thef~ti~er hand~ despite that 

• "@ o disarm£n-g simplicity in the c'oncept of d'Iscovery~ there is an add~t~onal, complexity 

which goes along with It~ One feels that if the individuals who are capable of en= 
T 

joying these flashes of insight and these hunehes are the sort of individuals '~ho 

are wrftten about~ then they must have extraordi~:aril.y.in'tricate mental proeees~so 

It must be awfully difficult to see a man entertain ~ ,~ dimensions at tn._. same ti.me~ 

or play 22 games of chess~ and then come u'p with some gr~at insight. One is in= 

clined to saN', '.'How in the world can an ordinary man making decisions at the manage= 

ment level possibly understand a bloke who can do things with a complicated mental 

apparatus of that kind?" 

" And so~ usually, as I say, historians~ logicians and ~.~i!osophers say wery 

little about discovery and creativity. There is one good feature of this s!..e~:~ce~ 

~No.one ~roposes to write a manual or r'eclpe for laboratory researchers on ho~" di~ 

coveries might be made. That is the best thing about sile'nce~ Many '~_r.'.d~v~,u:a~ 

- John .Stewart Mill in the 19th Century is a good example = devoted a .good deal of 

attention to the reasons why one (Dui~.~.t have such a handy manual or recipe bo~ko 

Unfortunately~ there have been some -~ritten, b%~t even more fortunately t'h~ pe~pi~ 
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who wereactually makingthe discoveries realized that they're not really very ger- 

mane to the work they are actually engaged in. 

Despite the fact that there is this silence, however, and despite the fact that 

no one says anything at all about the activity of discovery = the process of crea- 

tivity -there is a good deal more to be said, and l~m going to try to address our 

attention to that this mornlng, There will be some targets floated in front of you 

and you can pop away at them. 

Now, after we grant that very probably a discovery or creatlve act couldn't be 

Undd=taken asa matter of rote, it's very difficult to know what expression a given 

machine making the discovery -it's very difficult to know what that expression 

could mean, What would someone be wanting to say if he said that the IBM 7090 just 

discovered that X. I think one would find some other way of putting the point, and 

I think it would probably be much more helpful. But this in itself doesn't entail 

that there isn't a good deal of semantical interest that attend these concepts. 

I'll sail into one distinction that I think is relevant;'l want to distlngulsh 

the context of dls~overy from the justification of discovery. And I think this is 

opposite to the two works yo~"ve read - the work by Zlnofsky (phonetic), and the 

work by Willlam Nell; The context of discovery is usually the playground of genetic 

psychologists and individuals who are in charge of making decisions for laborator- 

ies. They're individuals who "~ " '- " " " " ..... are~b~evne@:~.e~th',~kingthe~cdmdltmsnsmostfavor- 

able for bringing about original work - creative activity. Of course, the major 

names in this area - Worthelmer is one you will have seen; he wrote a book called 

"Productive Thinking;" another name is that of Jean Pierrget (phonetic), the Swiss 

Genetic Psychologist, who has written enormous amounts of quite interesting mater- 

ial on just what it is that encourages an individual to think originally. 

~¢tually, logicians say almost nothing about thecontext of discovery. Phil- 

3 



osophers avoid it, and I think perhaps that's a good thing too because they prob- 

ablydon't know anything about it. This is to be contrasted with another study of 

discovery, and this is what I call the Hjustification of discovery." Here you'll 

find the philosophers and logicians hard at w~k. Thfs is really where you find 

ex post facto logical analyses of the finished research report. Now, you can see, 

really, how these two%i fere t kinds of interest come about On the one hand, be- 

cause of what I suggested~ the alarming simplicity and intricacy which go together 

vis-a-vis the terms discovery and creativity, this means that a person who really 

want to come to a conclusion in the course of the discussion of these concepts, 

will probably leave the area of the context of dlscovery to the psychologists, the 

pedagogues, the educat~nal~an~ ~ ~enetlc psychologlsts. 

What the logicians often address themselves tb concerns what they might find 

in a manual like "The Physical Review," or the,Journal of the Astronomical Soci- 

ety." He actually looks at the argument; he looks at the conclusions that come out 

on the bottom of the page; he notices the premises~ the evidence, the data at the 

top of the page, and tries to see how, as a matter of rational analysis the two 

hang together. Now, this too is quite a legitimate activity. The question is, 

"What has it got to 4o with discovery," 

What l=m going to suggest this morning is that in addition to these two well~ 

worked areas in the field of the analysis of discovery, there is a third about 

which very little has been said, although the substantlal names in this context 

would be those of Charles Sanders 9urse, who taught at Harvard for someyears and 

worked in the Coast and Geodetic Survey for about 30 years~ and the other name is 

that of Aristotle which we can always get back to sooner or later, since he~s safe 

and obscure. 

But this third category consists not In an ex post facto analysis of a fin- 
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ished argument~ and not discussion of the sorts of physical conditions likegreen 

blackboards or soft lighting - which helps a man to think, originally = but rather, 

the actual moves an investigator makes in the course of trying to solve a problem. 

You see, words like hunch, insight and intuition tend to make it appear as if the 

great undertakings of, let"s say, a Newton or a DeRacque (phonetic), are done as a 

kind of species of Water divining~ or naval contemplation, or crystal ball gazing, 

aS if there were just no way of decomposing the actual rational validification of 

what is going on. And this is absurd, because the great men in the history of 

science and the history of technology do some rather interesting thinking and make 

some important decisions in the actual business of solving their problems. And 

this I am submitting along with Aristotle and Charles Sanders Purse s is quite a 

legitimate area of inquiry and one which ought to interest 9 certainlys scholars, 

and, I think, o~ght to interest individuals who have to make decisions at the man= 

agement level. Because, proposals will inevitably - I'm sure it happens to you 

every day - come forwardabout which you must adopt a posture. You must consider 

whether the objective~ the target or the goal of this particular proposal is wel~- 

stated, whether the individual has actually found the intellectual curve from the 

beginning point - evidence, premises, data, through an intricate argument, to those 

conclusions. And that, I~m submitting, is exactly in this category. 

Now, as I say, logicians dongt discuss the context of discovery~ psychologists 

d0nlt discuss the justification of discovery; but I think that everyone should ad= 

dress themselves occaslonally to this third category~ the actual business of sol= 

ving problems. I suppose John ~wey, William James, and individuals of this ilk 

have concerned themselves with this~ and I~II come back to it later. 

Now, what does it mean by growth distinction~ it's a trichotomist distinctlo~ 

between the context, the justificatio~ and the rational properties involved in 
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discovery and creative actlvity. I'd llke to introduceanother distinction no~ for 

better or for worse~ and this consists simply in distinguishing three varieties of 

discovery, lUm sure there must be 33 at least, and every one of you will be able to 

say more about these three categories. But l'd like to distinguish what I call the 

~variety" of discovery, the "back into" variety, and the "puzzle out" vari- 

ety. As you can see, l~m groping for slightly more respectable terminology, but 

this will have to do for the moment. 

First~ the trip-over variety. We~ve all encountered this when we were younger. 

This is a situation, I suppose, in which we see a young man walking along~ he trips 

over a rock, knocks the rock to one side, and under it there~ by golly, is the most 

marvelously-coloredgreen beetle which may never have been noticed by anyone be- 

fore. If he has the wit to do so and he realizes that there is something publish- 

able here, it will probably be in the ~ournals within a week. This type of dis- 

covery is a kind of happenstance; I think that's a technical term. Now 9 of course~ 

there are some great names which have been attached to discoveries of this sort, 

You all know the discovery attributed to Bequerre (phonetic)9 the famous 

French physlcist, who apparently was looking for his lunch one day in the upp&r 

drawer of his desk. At an earlier date he had taken a bit of radioactive matter 

~d laid it on top of a photographic ~ate. In the sandwich part of this con~te!~ 

lation there was a key, and he found on the photographic plate a beautiful fogged 

imprint of ~is key. The interesting thing about this is that he discovered it in 

a way that was not premeditated or calculated, but he did do an awful lot of rather 

remarkable reasoning after he had encountered it. And that"s what I call a trip= 

over discovery. Of course, one doesn't trip over the significance of such a dis= 

covery, but it is the kind of thing which very often gets into history books and 

Cecil B. DeMille films, as the most dramatic kind of discovery. 
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Another example of this is the discovery by Carl Anderson of CalTech in 1932~ 

of the positive electron- the positron. There's no doubt about it, Carl Anderson 

then a research student running out some decimal points for Milliken~ and he was 

not looking for positively-charged electrons. He was taking quite orthodox stan- 

dard photographs of some of the cosmic ray tracks which were coming out in his set= 

up On his apparatus at the Norman ~dgeLLab~rato~y~ and one of the tracks was 

most arresting~ it was clearly electronic in range and yet it seemed to curve the 

wrong way. He didn't plan to find it, and he certainly didn't know what to make of 

it. And he was actually accused of having fiddled around in the dark-room when 

some of hls contemporaries heard what he had found. But I would say that was a 

trlp-over discovery. There are often some very exciting ones of this sort. 

It's perfectly clear, I think, that the discovery of a new comet by an ama- 

teur astronomer in Japan or anywhere, might be the trip-over variety of discover- 

ies. If, by going to a shelf of books in a library and discovering, "By g011y~ I 

didn't know that mother had been an author too," you have a trip-over type. A dis= 

covery of a new species, among biologists, is almost certainly of this variety too, 

And then, in the history of technology I think of what is reputed to have taken 

piace where an individual was trying to get a very hard metal for use in tool~. He 

apparently got a bit of iron alloy, very very hot, and the thing slipped into 

bath of oil. Something happened of course, and there we have an example of oil- 

tempered metal. This is the story, a~how~ I doubt Very much that it actually hap- 

pened this way; it's about as legitimate, I suppose, as Galileo and the Tower of 

Pisa,-and Newton having apples all over his head~ all of these are quite suspect~ 

but they do bring out this trip-over aspect of discovery. 

The next kind I~ll talk about is the back into variety. T~ese are the dis- 

coveries that a man makes, as it were~ despite himself. He~d do anything to avoid 
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it if he possibly could because he finds the conclusion a~ward ~nd he~d like to 

return to the orthodox state of affairs, but unfortunately the data just won't allow 

this to happen. This requ~es a different kind of chap. This isn't the fellow who 

has his eyes wide open and is prepared to take advantage of any opportunity that is 

made available. This is the man who is prepared to think coo~y and rationally, like 

Sherlock Holmes, as the story goes, despite the fact that the conclusions he is 

coming up with are quite uncomfortable. There are o~ten good examples in the his- 

tory of Science, of thls~ 

One beautiful example, I think, is the work of P. A. M. Givatt (phonetic) - 

again on the positive elect~on m although, this time he was concerned not With the 

i i i' 
experimental intricacies of this particular particle; he wasconcerned with working 

out the general electron theory, which has since that time become a general micro- 

physical theory. What he did was, he trled to refine an early equation - some of 

you will know it as the "Pliny Gordon Equation" - and he got marvelous results out 

of his own version of this. In fact, it did everythlng for electron theory. Un- 

fortunately, it would work just as well if one proposed that the particles that one 

was concerned with, were particlesi~y~ng what was then called ',negative energy." 

Th%re are some interesting stories about the period. The great physicist, 

Gamov (phonetic), didn"t know what negative energy meant either, so he began to call 

these particles "donkey electrons" by acknowledging that what you do with a donkey 

is that the harder you push it the more it comes at you. This seemed to him like 

negative energy, but it didn't have a serious physical interpretation, What DeRec- 

hop (phonetic) got out of this was the following= For at least two years he tried 

to cook the equation to get rid of the awkward consequences. In fact, he spoke of 

it invariably as a blemish in the theory. It worked beautifully except for the 

fact that there were these strange solutions - 50% of all the solutions, in fact, - 
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which seemed to describe a particle which was electronic in range and mass, b~t un- 

fortunately had some peculiar characteristic which was later decided to be a posi= 

tive charge. And, again, as I say, DeRaque spent a long time avoiding this concluo 

sion, and then there was nothing he could do. In the fall of 1931 he just said, 

"Weli~ let's Just suppose that there are such bloody things~ weQll now just try to 

explain why they never turn up. So, that was his problem in ~31. And, of co grse, 

on August 2nd of 1932 it ~urned up, andlthis made everything j~st fine. 

Another example is the discovery, or the suggestion by Powley (phonetic) in 

the mid-~20s , of the existence of the neutrino. Here was another case where the 

investigator in question wasn't terribly enamored with the hypothesis that he ~o'~?~d 

himself tied to. But~ as some of you know, if you take a radioactive substance and 

you shield it -the sort of thing you find with rad~um~ fol example = against the 

~pha radiation and the gamma radiation, then the beta particles that are coming 

out will form not a star, not particles coming out of equal rating such as you find 

in the alpha star~ but a spectrum; they go all over the place. And it's terribl> 

difficult - it was terribly difficult under the tests then~ to explain how it was 

that these particles can be identical and yet have such different tendencies. 

What Powley did then was to introduce a hypothetical pazt~cle which would 

have Just this pzoperty~ it would • explain away the particular problem. It wo~ald 

have ~ust the!i~nergy yo~ would have needed in order to •give a beta star~ analo- 

a~t terribly convinced of it at the Zime the neu= gous to the alpha star - he w 

trino hypothesis is still not the best-establlshed thing in theoretical elixthemi- 

tal physics (phonetic) - an effect, which was uncovered at the Savannah River Ex- 

perimental Station. But, there is some mischief about this paz~ticle. My only 

point about it was that in the first instance it began llfe as a backed into di~- 

covery where the physicist simply had to accept it, otherwise life would look 
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prettyawkwardo 

Another example, and possibly the best example with the history of American 

science is Micha~isonWs work in the 1880s. He was concerned to discover precisely 

what was:the quantitative aspects of the ether~ that medium, undulations within 

which~ constitute what we call ',ordinary light." He had no doubt whatever that 

therewas such a medium as ether~ he just wanted to find out what its properties 

were, And he did the famous experiments, as you know - the interferometer pointing 

in two dlrectio~s~ a n~ didn't get any indication whatever of an ether drift, and 

was forced there to reach the conclusion, against his better intentions, that there 

..... ~sn~t any such thing:~ ether. He dldn~t reach this conclusion, of course, for 

many years, but again, if asked what he was trying to do at the time he first cut 

that apparatus loose, he certainly wouldn't have sai~.as he ~ sometimescredited 

lated, he certainly wouldn't have said, Hl~m trying to disprove the existence of ~] 

etheiT. '' Anythln E but that~ that this was something that he was forced to conclude 

only after everything else failed. 

Now, flnally, the puzzle out variety, l~m only going through this little an- 

gtomy lesson here to show that there are an enormous number of different kinds of 

activlty which count as discoveries, and the Cecil B. DeMille variety of a man say m 

ing~ "By golly,, l~ve got it," is perhaps overdone a bit. In the puzzle out variety 

I like to think of the Sherlock Holmes individual in this.partlcular context, l~m 

g~i~gtO come back to some of these examples because I think this is the kind of 

questlon that We o~ght to encourage if we're trying to In~@~ase in this country the 

occaslonfor o~iglnal and creative thought.° 

Itll just give one example~ the one that l°m always a~azed with. The story 

runs this way: The great Newton in Cambridge on a sunny day - an already unusual 

~ir~umstapce,~l suppose, for Cambridge England - was walking through the back, 
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the grassy area behind Trinity College, and there he was on a bridge. He stopped 

on the bridge and looked down at the water, llve made up most of the story myself~ 

but it does help to give it a bit of wallop. He looked down off the bridge at the 

surface of the water, and he saw on the surface of the water the reflection of the 

sun and clouds overhead. And at the same time, beneath this reflectlon~ he sees 

the bed Of the river - the pebbles and coke bottles and other things that get to 

the bottom of a river. This~ of course~ was remarkable to him, because~ of course~ 

he wanted to know = this is surely something that everybody on the campus who 

crosses the bridge has noticed~ that the water reflects the sun and he could also 

see~the bottom of the river - Newton had a special problem ~ith this. He thought it 

was Very odd that one and the same medium could at one and the same time transmit 

this remarkable signal from up above, and also reflect it. It was reflected at that 

point where he saw it on the surface and it was transmitted from the factthat the 

bottom w~s illuminated. 

He said, "Isn't this a remarkable kind of phenomenonS" And~ of course, it Iso 

I mean, it,s only a part of quantum field theory today that it looks as if w~re 

~rs~ i~stance a remarkable corn- addressing ourselves to what fg~Newt~n~was in the ~ 

plexity ~ What was apparently quite simple. Now~ I stress this with the best will 

inthe world, because of something you've read. Mr. Bernofsky fphonetic) does say 

in that article - and I think he~s quite right under many circumstances - that the 

ideal discoverer in this science~ has been that individual w~o sees cosmicsimpli= 

. Ln~ee or four paragraphs cities in apparent complexities He says that in about ~ . . . . .  . 

NoW, Newton dldn~t seem to me to be doing anything like this. l~d rather 

chmracterlze it asan individual who address~4 himself to something which is ap- 

parently quite simple and saw in it a pretty profound complexity° i don~t know 

whether this counts as the occasion for a problem, but it certainly couldn~?~ be 
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anything like Newton's optical theory unless the problem had presented itself to 

him in that way. And yet, this is a very commonplace type of observation. 

Another, for example, is the fact that it's dark at night - this is one I love 

- when {t shouldn't be dark at night, according to everything we know, or at least 

it shouldn't have been, according to everything we knew before the Second World 

War. It should be as bright as can be. The reason is simply this. Keppler showed, 

in the early part of the i7th Century~ that the radiation from a point source of 

light should fork off as i over R squared. That is to say~ if I take a given light 

source as Radius I and I move it out to Radius 29 at Radius 2 it will seem only 1/4 

as bright as it did at distance I. At Radius 3, 1/9 as br!ght~ at Radius 4~ 1/16 as 

bright, etc. Well~ when you combine this with w~at NewtJe himself would have had 

to call the '~cosm01oglcal prlnc{ple '~ - and this ~s s:!mpl? a~ astrophysical commit= 

ment to the effect that the distribution of stars~like o~r s~n~ is r~latively homo- 

geneous, such that the number of stars~ llke our s~n, will go up i~ spherical shells 

as R squared. For each new spherical shell there will be roughly~ well~ I mean at 

distancel there will approximately about 12 first-magnitude stars. And, by golly, 

there are - 12 to 15. At Radlus 2 - twice the distance - there will be about 48 or 

50. And there are just that number of second-magnitude stars~ at Radius 3~ about 

I08. 

" HIs problem was to explain how it was that given this ~iform distri'bogti~n, one 

c0uldaccount for this exact number of first-magn~tude~ second=magnitude and[bird- 

magnitude stars. He did this in virtue of the commitment to the ~osmological pz'i~= 

ciple. Now 6 when you take these two and p~t them together - let's say ~eppler~s 

Law of I over R squared, describing the radiation fail-off = the ~nten~it~ = a~d 

the other commitment about the number of stars going up as R squared~ then ~t 

stands to reason, I think, that if I move out to distance 2~ ev~ry one of the sour- 
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ces of light would only have been 1/4 as bright as they would have been at distance 

li but, of course, there will be four times as many of them. And at distance 3 

they'll be i/9 as bright, Dut there will be nine times as many of them. Conse- 

quently, at every spherical shell from our center of observation there should be 

some finite addition to the amount of light we get at night. 

Now~ the argument continues - and itVs alternately described as a paradox - 

ODer's (phonetic) Paradox~ of course, he w~sn"t the author, but hews credited with 

this - he actually determined that within a finite distance, namely 700 million 

light years, which is a hell of a distance, of course, but it isn't an infinite 

distance, there should be enough illumination at that distance so that every square 

inch of the celestial globe is cDvered with a little sun, and therefore there should 

be at least a bright glow at night, and probably it should be a blinding and In- 

tense sunlight. This follows just from the simplest commitments one could imagine. 

And, of co~rse, OIDUs addressed himself to a simple Complexity of just this kind. 

And, in Order to explain this we~ve had to get into all sorts of mischief today 

about the red shift and various other astrophysical sophistications which I 

needn't go into at the moment° 

In the beginning - in the beginning of this lecture~ I mean' I mentioned that 

there was a sort of hostility about any tal k which concerned itself with a logic of 

discovery or manual of discovery. And, of course, l~m quite happy about this, since 

any0newho did imagine that he could encounter interesting phenomena as a result of 

applying a set of rules, wo~Id certainly be in error° Nonetheless, there-are things 

that one wants to address the attention to in the process of discovery. And, by 

~My of illustration, l"ve set out a few of these already° 

In Other words~ the logician and the philosopher are concerned fundamentally 

with the techniques of verification of a discovery after~it has actually Deen pub- 
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lished or announced. Now, this, just as I have s~ggested~ is a perfectly legitimate 

undertakingo The third variet~p~the context of discovery and the Justification of 

discovery, would concern itself, however, with the problem of the a~alysis of good 

reason, or what goodness of reasons consist, then~ the good reason for entertaining 

a hypothesis before that hypothesis has even registered to be put to a test. This 

is a legitimate area of inquiry, and this is, I would suggest q~ite humbly~ the area 

which probably touches the sort of activity which most of you are concerned with 

every day. Because~ when proposals do come forwa~d to you~ when suggestions come 

forward for evaluation either at the management level or involvlng questions of 

strategy, or actually involving questions of scie~tific exploration and research, 

it falls to you to evaluate the goodness of the reasons that are put f Dr~ard in 

support of a given research project. 

I submit that this kind of evaluation and analysis can be done in a way which 

is just as objective, just as dispassionate as anything which the logician Under, 

takes as the final justiffctory~_le~¢~/. Now~ it may be difficult to find what sorts 

of things would count as a good reason. It's very easy to give examples. I mea~ 

for example when Keppler was concerned about the orbit of Mars.= remember he~ the 

chap who ultimately came down with the commitment that Mars moves not in a per!~eci: 

circle but an elliptical orbit, there were certain hypotheses which he did not 

consider at all seriously, and concez~inN which we w~did say he had a defl~ite 

reason for not considering seriously. He didn't worry~ for example~ about Mar~ ~ 

color. He didn't worry about the fact that Jupiter's moons wer~ going into an 

eclipse - he didn't know very much about them at the time° ~t he wouldn't have 

worried if he~d known more about it then. As he didn't worry~ for example~ about 

the state of health of his own immediate family. 

These did not seem to be hypotheses relevant to the particular problem at 
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hand. Now, we often say this, and We'll gay this of what we're perhaps actually 

concerned in at a given time, but in each of these cHses presumably reasons could 

be •advanced for pointing out the relevance or the irrelevance, the significance or 

insignIflcance of certain projections~ And here the level at which the establishing 

of goodness of reasons, it seems to me, is a thoroughly objective and logical un- 

dertaklng. Now, there aren't any easy handles about this. We certainly aren't 

going to be getting any rules out of things llke Mills' Method. You've all heard 

f 
about John Stewart Mills ~ Method of Expp~imental Tnquiryo I suppose there are 

some sciences which actually expand and develop in terms of Mills ~ Method s but they 

seem to me to be awfully dull undertakings, to say the least. 

I don't know~ and I wouIdh~t undertake to make any projections along these 

linesthis morning m I don~t know what the fundamental criteria of the evaluation 

ofgoodness of reasons at this stage happens to be, but I think I tan spptit.~ and 

l~m sure you can spot it - when you. read something like Sherlock Holmes - right? 

I th~nk he~s just great° I think he"d have been great in our Defense Department 

and other places, and I don't know why~ but it seems to me that he is so. shrewd. 

I don~t say this just to raise the sales on Co~a~ Doyle"s books. It seems to me 

that here's a chapwho is undertaking a series of rational reflections which are 

not to beidentified with any of the sorts of studies we have encountered under the 

nameof discovery or creativity° He~s not reflecting on what past solvers of 

crimes.have been able to achieve~ in other words~ it"s not a historical enterprise 

- fDr"himo He'.s not appraising the structure of an argument ex post facto that he 

w~/~ng together in a;nicely dovetailed logical manner~ He~s not concerned 

w~ theconditions which made it possible for him to solve this particular pr'oh- 

lem that Mrs,. what's-her-name calls up tea at the critical moment and that Watson 

kept his mouth sh~t at the right tlme~ none of these things. H~e's actually 
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reasoning i n  a very~ I should think, tough-mlnded way~ about ~he steps toward put- 

ring a fairly high priority on one hypothesis a s  contrasted to ot'her~. 

It seems to me that this is a context dependency inquiry. YouUre the indlvid- 

uals who could say what these reasons - the good reasons - would be in favor of a 

given proposal #ithin a given context. But this could be evaluated ~.n thorob~ghly 

straightforward objective terms is something l~m co~vi~ced of, And all this talk 

abou£ hunch~ intultion~ insight and flashes~ although it°s very, very interest~g - 

and i~m sure it gets grant at the right time for the right people - i,~ ~o~.etheless~ 

I think, a way of obscuring some of the very exci'ti~=g affe~tts of discovery and 

creativity o 

l~d like to make another suggest ion , and that is this. % think that a study of 

the history of science - I shouldn°t say a study~ I should ~ay an exposu're = "is not 

unrelated to the point l~ve just made. Clearly~ for individuals like your sel'~es 

who have to evaluate the worthwhileness of proposals that c~me forward - and t'hey 

must Certainly be of interest, and the history of sciente is full of j~t such 

evaluations all the time. In other words~ a man either. ~ !~ the Ma~,~hattan P'ro~ec% 

or at Palomar at the moment~ a man who is responsible fur~ as ~.~ were~ putting ~L- 

flrm~s money on one particular hor~e rather than ar;cther~ wor~ ~ do thi~ st~'f,ctly ac- 

cording to some form book as they do at a racetrack~ he', will p~-es'dmably have a good 

argument in favor of one as contra~ted to another A~d ~ ' ~  ~' i~ o ~r~ the thing t'hat %~m 

sure all of you do address yourselves to~ and l~m just ~t~ggesti~,g t'hat thi~ i~ a 

thoroughly objective sort of thing~ it's not just a matter of hun¢.h or :l~t'gltior~ of 

the investigator. 

I will read, if I may, out of a book which is ~a~ieo~ . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . ~ _ j .  

It was written by a group of psychologists. It goe~ a~ fcilow~ '~A Germa~'~, a~-~,.+ 

officer says, ~They ask how I recognize an inventi~:~ out ¢f t~:[~ mas~ of app~.i~a~ 
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tions Which seek af ter  privilegeso ItOs very slmplee. While I look through one 

drawing af ter  another I feel my attention riveted Cnexpectedly at times by one of 

them° From the detailed lines, before.me I see immediately the spark of creative 

fire~ A nervous chill runs along my back. That 9 then, is an invantiono TM 

Now~ really, I shouldn't have thought this was going to help any one of you 

- any one of us - in actually saying whether Jones or gmith gets the nod tomorrow 

m0rning~' as though this is the way it's usually described° One of the things l~m 

suggesting this morning is that the history of science is~ of course, in the overta 

dicta (phonetic), the cocktail party remarks9 full of chat like that. But when you 

get really down tO the cases 9 when you read a book which concerns itself with ~ust 

this kind of evaluation = it's not a very interesting book, but it does concern 

itself With th~s area of inquiry~ and that's Keppler~s book on the motion df the 

planet Mars~ they don~t write scientific treatises llke this anymore today~ he 

tel is you everything~ all the mistakes he made, when his tummy was hurting~ when he 

seemed to have a good idea and why he rejected it~ when he seemed to have a bad 

idea, why he rejected that~ he gives you the whole story. As I say~ we don~t have 

that these days~ because there are so many journals that we just barely have space 

for the accepted conclusions° Nonetheless~ at that stage~ and reading a work of 

that kind, is what I should have thought ~uld have been relevant to the kinds of 

decision which you have to make in the interests of all of us° 

I had some other things I wanted to say about false discoveries, which i think 

are rather enjoyable, but l~ll save that for later just in case we have to get in 

that at the moment° I~d ~ust llke to say one other thing- and this, l~m sure~ is 

old news to most of you - in '~niversities~ and I think in industry~ and certainly 

sometimes in sclent~fic establishments, there is an impression that discoveries 

which were made , say, in the last century~ or five centuries ago~ or perhaps even 
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longer ago than that, are somehow quite simple-mlnded~ they don~t have anything 

like the swish and the complexity of the really exciting stuff we're doing today. 

This I find quite bothersome - and I think it is relevant to the evaluation of pro- 

posals. All one has to do is look at the accounts they're giving of the work of 

the ancient astronomer~ Udacto (phonetic). He was a man who was worried about 
h 

the fact that the planets didn't move properly and he tried to fired a nesting of ~ 

concentric spheres all of which were moving on different axles and at different 

velocities - different angular velocities - which would account for the fact that 

Mars at a particular time comes to a stop and then backs Upo It really should be 

a problem for a natural philosopher who is convinced in advance that everything 

moves around us in perfect ci17cles. 

The complexity of Udac~s theme is really ~ormous. In fact~ ¢,~e can find 
h 

everything one needs in Udacto~s work, an early textbook on harmonic analysis° 

And if, in the work of the Second Century astronomer, Kquarius Polcmy (phenet~.e), 

one sees a good deal of what we now call ~9~ercuries~Transformat].o~s '' <phonet~.c) - 

he was concerned with the motions that, given an epicyclical w%eel for example~ 

might describe as it moves around a larger deferential wheel~ either 'in 'the same 

direction or the opposite direction~ with the same speed, thrust oz' lift~ and~ of 

~£ourse, this traced a very intricate path = well~ it's continuous wi.th some of the 

higher reaches of Mercurlere~s transformation today. ~[hy I stress th~.s is because 

on Some Occasions when I try to adulate the history of science~ and work in the 

philosophy of science and logical science, it sometimes looks as if this is the 

old simple stuff and why should we who are concerned with - " comp~.ex problems today 

address ourselves to past simplicities and slmple-mindedness, i think the a~.swer 

is quite the other way. 

Some of these ancient contrlbutlons to the history of ~estern thought are as 
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intricate and challenging as anything we could possibly find today. In point of 

fact~ just to take one hackneyed example, the great Heisenberg~ when asked for the 

psychological genesis of his great contribution in what he quite recently tried to 

bring out in microphysical theory~ which was going to do everything; it was going to 

begin with a prophecy-less wave equation for all of matter~ which would have been 

a real mouthful. The inspiration for this, he says~ came from the work of Enacto- 

manda (phonetic)~ the ancient Greek natural philosopher° And I must say it takes 

a good deal of good will to see the connection° But if he says it, there must be 

something to it. And he saw in the work of the ancient thinker a great deal of 

complexity relevant to the sorts of things which are going on today. 

Now, I've mentioned a fair amount about the concept of discovery as it actually 

affects the individual individuals like yourselves = who must make decisions° 

This certainly consists, in the evaluation of proposals, in considerations of the 

types of inferences - I call them "retroductive inferences"- which proceed not 

from premises at the top of the page to conclusions at the bottom~ but just the 

other way around~ inferences, that is, that begin with anomalies, an uncomfortable 

state of affairs, and one is from that stage trying to find an explaDation of these 

particular anomalies~ or anomalous descriptions. 

Of course, some of the greatest discoveries in the history of Western thought 

have been in exactly this form° The individual encounters something which he finds 

monumentally unsettling and trys to reason his way out of the morass - out of the 

complexity. This is the way I should suggest the Planet Neptune was originally 

discovered. The planet Urinus, which was discovered in the 18th Century by Her- 

schel~ wasn't keeping time properly, and here is the occasion for a problem° If it 

isn't keeping time as predicted by classical Newtonian mechanics~ how in the world 

can one explain this in such a way that classical mechanics are still kept unal- 
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loyed. Knd, of course, what happened here was not that the investigator began With 

some new hypothesis which just sprang from the head of Jove and then began to un= 

pack its Consequences; rather~ he began with the difficulty as it presents itself to 

him, and then tried to reason the way backward to its ultimate explanation. 

Now, the last thing that I want to say this morning, and lqm sure that all of 

you know a lot more about this than I do - l~ve just fallen into a series of traps 

o I occasionally, when the weather is right, speak to the DuPont people about as- 

pects of discovery, and aspects of the philosophy of science, and the history of 

science, and l~ve discovered something recently, which is called, euphemistically, 

"Patent Law." This is a remarkable undertaki~ig, and l should have thought all of 

you would have gotten a great deal from it 9 because here~ in a legal sez~se, the 

questions of priorities and originality are settled ~nce and for all in a fairly 

crisp manner. Some of the c=iteria in that field are really arresting, 

I'II just take one example. I was appalled to learn that in recent times 

there was a controversy between the Monsanto Corporation and the DuPontCorpora= 

tion. I think the ICI and Great Britain were involved too. It consisted of this~ 

An individual in the DuPont Corporation, after a g~eat deal of ~' p~zz~g and perplex- 

ity, had worked out a way of actually getting a process to move in the right direc- 

~i0n. And it looked as if something was going to come out at the end of the l~ne, 

It was nothing as dramatic as nylon, but an object equally saleable. Now~ the ques- 

tion of the priorities came ~p and the patent attorneys all went to work. It turned 

out that an individual in the other corporation = Monsanto - some 22 years before, 

had denied that any such process was possible at allo He described the process i~ 

a fairly articulate way in the course of denying that it was possible. 

The remarkable thing is that the last=named ~nd~vidual~ the one who was denting 

its possibi!ity, got part of the credit for the priorit~ of th~ di~c~oery on the 
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ground that he had formulated the concept initially in order to deny that it was 

possible. Isn't that remarkable? That's straight out of the 14th Century. It 

really is, When logicians i~ the 14th Century woa!d argue with each other about 

whether Or not something existed~ like a unicorn or a round square~ the opposition 

would invariably say, "Oh yes, I agree that a r.~und square doesn't exist in the 

sense that you're saying~ but you're saying something intelligible about it, and 

yet it doesn't exist° You're denying it and therefore you must be referring to 

something in a moderately intelligent and intelligible way9 and therefore it must 

subsist." That was the technical language at the time. 

I think th is the remarkable thing about contemporary patent law. The other 

thing is and this will be my last or parting shot - the other thing concerns the 

reference I gave a little while ago to why it's dark at night. By exactly these 

criteria, by showing just this~ that Newton had all the premises that were neces- 

sary tO generate the great paradox which would have inspired som4 of the great dis- 

Coveries which we encountered in the 1929~1935 period, in astrophysics in this cen= 

fury, it's possible to show that Newton was the father of modern astrophysics. Beo 

cause, he certainly had the concept there of the fall=off of radiation intensity, of 

the general cosmological principle~ and if he had simply drawn the conclusion that 

therefore it shouldn't be dark at night he would have needed a contemporary refer= 

ence to the red; shift, for example, of Hubble and Humason~ in order to explain it. 

Therefore, what? I'm afraid that in patent law 9 by the same criteria which obtains 

right now, he would be given the priority for this particular discoery~ by the argo= 

merit that any conclusion which is down at the bottom of a page must have been there 

at the top of the page in order to be unpacked deductively from the premises° 

So, this is very interesting~ and all l~m s~ggesting as I withdraw into the 

Wings before the sniping begins~ is that whatever these criteria are~ they certainly 
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don~t have to be bowed down to in terms of hunch and intuition~ and other manner of 

genuflective prose. It seems to me that in every case all of us can a~k ~ust why 

are we opting for this hypothesis rather than that one~ and we can expect that the 

answer should be set forward in terms of criteria which are ~ust as sound and ~ust 

as valid and tough as we would have in the analysis of a mathematical argument~ al- 

lowing that it probably does take a genius to come up with bzight ideas~ whatever 

they may be~ nonetheless~ he doesn't do what is irrational in coming up with that 

idea. 

Thank you very much. 

QUEgTION: Dr. Hanson, I~II put a pull upon the bit of ~'a~ you left hanging 

out. Would you give us your comments on the fal~e discoverT~ 

DR. HANSON: This is great~ f~r the simple reaso~ = I wag enee goi~ t~ '~ite 

a 5ook~ but I was fortunately, for the history of Western thoagh%~ d~uaded from 

doing so, and I ~s going to have as the theme of it ~rong a~swez's fQr the right 

reasons. Of course~ this ~s really compatible with what I wa~ driv~g at t~i~ 

morning, because it's the rightness of the reason~ ~ieh ~em~ ~ me to be a n~g~ee- 

ted area of inquiry. We sometimes pay far too much attent~o~ to the fact that ~at 

is coming out at the bottom of the page is okay. The be~t example I know of = yed 

know Galileo's gr~at work where he discovered the proportionality of th~ instal:= 

taneous velocity of a freely-falling body~ the proportlonal~ty n~t with the trajee~ 

tory or the sapce form, but rather with the d~ration of the ~all~ he gives a~ argu- 

ment in favor of this. ~e~s perfectly Tight. 

But theargument he gives for this is quite erroneous. A~d that the argume~t 

was erroneous was dlseovered in 1910 hy ~ierre Dueigne <phonetlc}~ I think thle ~s 

a remarkable thing. Many physicists were so attentive to the fact that the a~:~wer 
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was right, that they didn't give enough attention to the actual argument w~Ich led 

up to that answer. Because, when one reflects on the fact that a good deal of what 

happened in analytical mechanics is genetically connected with Galileo's discovery, 

and when one reflects also that the argument he gave was a lousy argument~ gin fact, 

it was absolutely inconsistent. From that argument you can get any conclusion what= 
I 

ever~ this ought to give one cause for pause. 

Well, I think from the point of view of what one can actually achieve in a 

training course the business of addressing oneself tD the right reasons for any 

answer whatever~ is fairly important° i am quite happy w~en 9 on the rare occasions 

when I am involved in a discussion on theoretical phys!cs~ to hear a younger person 

come up with an answer which is just all wet~ I mean~ perhaps not only counter-in- 

tuitive, but counter-factual, provided that his argament is a good argument. And I 

should have thought that some of the great contributlons in ~he history of ~estern 

thought - of Western scientific thought - have been great not so much because they 

came up with the right answer, but because they explored new techniques of infer= 

ence which, in the long-run, have been valuable to ~s all. 

There are plenty of examples of th~s where the first c~c!uslon~ the f<~t ap= 

proximation that comes out, usually looks pretty bad 9 but there ~s r~a~o~Ing ~n favor 

of it. 

I~ll ~give you Just one more example of this. We all kno~ that X radiation i~ 

fundamentally of a wave nature, undulating in character. Of course~ this wasn't 

known In 1910. And then, of course~ the accepted technlq~e was tu take a~y transfer 

of energy and to run it through a diffraction rating of some k~d to d~[sperse it and 

to note whether or not yo~ get an interference pattern. The argument %~as that if 

you get an interference pattern - light and dark frlnges = the same sor~ of th!~g 

you get on the surface of water when the waves interfere and you get h~gh spots a~d 
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low spots; if you got that kind of thing, then; of cc~rse~ this was a good argument 

in favor of the phenomenon being undulatory. 

Well, now, Max Von Lau (phonetic,) the great German physicist, said, "Whate 

w~ve got to do is find the diffraction rating of something on the order of IO to 

the minus 4 centimeters - where the spacings occur = so that we can separate X radi= 

ation and subject it to the two salitic? experiments, is really what it comes to~ 

you can't do this with man-made diffraction ratings. Michaelson made one of the 

best man-made diffraction ratings and he got it down to something on the order of 

i0 tOit.he minus 4. That was much too crude, so Van Lau got the idea of using a 

crystal, the inter-atomic distances within which were on the order of I0 to minus 8. 

And this would be enough to disperse the components of X radiation and find out whe- 

ther or not it actually would cause a pattern. 

The argument that he used in the original paper was simply superb. I mean, it's 

a magnificent thing. In my experience l~ve xlever seen a more well-made suggestion 

at that stage of inquiry. And, of course~ there were some aspects of the original 

determinations by Friedrich and Knipping (phonetic), two graduate students at the 

time, which seemed to become factual~ and some investigators at that time, $chtark 

(phonetic) of the "Schtark Effect," who is the individual who comes to mind, attacked 

~he whole inquiry because th~co~c4~on was wrong, or, it wasn't exactly sqa//re 

with what was observed. This happens a great deal where you find proponents of two 

different theories arguing with each other. If one fellow is on the side of the 

angels f6r~the sake of the arg~ment~ but doesn't come out right on the nail with re= 

spect to the prediction, the other man will attack that. He~ll say, ~Your predictions 

are wrong and therefore you whole argument must be ~ong." That's the star~dard 

technique. 

But here is the case where the discovery in question, I think is attributable 
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largely to the structure of the reasoning which led up to this conclusion desp'ite 

the fact ~ that the original observations didn't completely support what he though was 

going to be supported° So~ I th~nk that the structure of the inference is most im- 

po~tanto And really, that's another way of putting what l~ve been trylhg to say 

this morn ing~ that in your daily work~ in evaluat~mg proposals you can't put your- 

self in the position of deciding pro or con wlth respect to something that hasn't 

even come about yet° You're in a position where you've got to say~ "Is it likely, 

or is it other than likely that it will come about by a line of inquiry of this 

sort?" So~ you're already in the Von Lau situatio~ you've got to consider the 

strength of the reasoning, the credentials of the reasoning~ and the sort of, I 

suppose, animation = the kind of man who is doing the reasoning. 

QUESTION= One of our speakers suggested that science really came of age when 

it was separated from philosophy° Would you comment? 

DRo HANSON= What he said is absolutely true. ~ow~s that for a start? I was 

separated from science° I was on a microwave research team at Columbia University 

and everything was going just swell until I encountered something called the "Un~ 

certainty Relations~ '" and I know so little about it even now, that l~ve written two 

books about it~ which just shows how things like that can get stuck in one's head° 

But I would say that the uncertainty relations, among other things~ concern them= 

selves with the philosophical foundations of theoretical physics° And I think it 

depends to some extent on the kind of interest that a man has° 

I would see a great deal of justification in the ancient terminology= I say 

ancient terminology which was current ~t~llinto the 19th Century, in man"y 

countries = where physicists were not called "physicists," but "natural philoso- 

pherso '~ These are simply ~ndividuals who are speculating and thinking analytic= 

ally about the structure of matter° I see no difference in principle between this 
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kind of analytical reflection about ~he st~acture of matter~ and comparable a~aly~ 

tical reflection about the structure of arguments and the structure of context,. 

They seem to me to have a great deal in common. And one of the ways in which one 

a4dresses himself to the physical scientific discoveries of another, is to consider 

h ls arguments and consider the way he uses concepts, So~ what i have to say about 

this is that'~n one sense of the word philosophy = what I call the "naval contem- 

platory varlety N ~ what one is concerned to do is get m%~ch more purple ~nk and 

larger capital letters~ talk about being~ non=bei~g~ other than being~ all this 

stuff~ he~s certainly right. 

Fortunately, I have never been exposed to an~ great extent to this sort of stuff~ 

but it does exist - some of my best friends do it~ = 'b~t i sho'nld say that it never 

had any business in natural science. And when, i~: the histor7 cf physics~ chemistry 

and biology, the practitioners have been questioned ab,~t being programmatic about 

the future - their discipline = they've made clear that they don~t want any more of 

this blasted philosophy -work in psy:chology~ so, this little s)~posium is called 

"Scientific Creativity,'~ by Ta~lor and Baron '~ - they're experimental psychologists~ 

and what they want to do is count things~ you see~ the n~mber of responses given at 

a different time. ~nd it all seems to them very unlike the ~rt of things that 

Kant, Schichter and Dewey were concerned with when they were discussing think!.~g i.n 

generai~ and I think, in a sense~ they3re quite right° It's ~ust a question of 

whether one is prepared to throw out too much of th~ baby with the bathwatero 

There is nothing about the word ~philosophy. ~' After all~ it's a Greek deriva- 

tlve~ it simply means love of wisdom, l~d hate to think that if a scientist were 

actually nailing up his shingle that he would say~ 'QWe have no love of wisdom 

here." But, I ~ink what I~d better do here is retreat g~ac~f~l.ly on this point a:~ 

say that since my discipline - the center of gravit' F is within t Ne philosophy de= 
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partment~ you see~ l~ve got to he careful~ I must nonetheless specialize that l~m 

also concerned with the history of science and the philosophy of science and lo~ic, 

so I want to do two things - which is schizoid - I want to agree with that remark 

and yet qualify it to a point where one could never recognize it if they came 

around to it a second time° 

QUESTION~ Dr° Hanson, would you care to speculate on what fields in either 

the physical or natural sciences the prospects for the next great discoveries might 

be set? 

# 
DR. HANSON: It will be absolutely uncontrolled. Physics is in a lousy mess 

at the moment° So, something has to happen° I mean, it's all well and good to say 

"We're grinding out the right numbers," but again, back to the earlier question, 

the techniques - the arguments - are just terrible° 1111 just give one example for 

those of you who have been exposed in this area. In quantum field theory there are 

certain ways of setting out the wave equation descriptions of particles in a given 

state, which are such that when you begin to expand this equation you end up in a 

mathematical ampalla (phonetic)~ that is to say, you"re concerned with inter-growth 

and these tend to diverge, which ultimately will give you an infinite number of sol- 

utions to any problem that you start with° 

What the physicist does in this context is to select from this infinitude of 

possible solutions, by mathematically quite extraneous considerations, a finite num= 

ber that he wants to explore further° Now~ this is a terrible argument° Mathema~ 

ticians usually get sick when they encounter things like this° In fact, I have 

heard theoretical physics referred to by pure mathematicians as being a species 

of emetics° 

Well, something must happen here° My dear brother=in=law who is a considerable 

theoretical physicist began life ~ actually9 this was in Cambridge~ England - he 
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began life by considering the numbers of ways in which theoretical physlcs today 

was simply broken bac~ '~ from this ~ntellectual point of view. So, something has to 

happen there. And, l~m pretty confident that with the enormous metabolism that one 

encounters in the biological disciplines today, especially at the borderline - all 

this stuff about DNA and the structure of large molecules - tbls is certainly going 

to keep going. It just looks like a wide-open field to me. I wouldn't dare to pre= 

dict; it all looks f-ictus put it this way. It's very unlike what might have been 

said at the close of the 19th Century when many practitioners of science . I think 

it was Reynolds who was the individual responsible for the "Reynolds ~ Number ' some= 

what analogous to the~Mach Number" in aerodynamic theory = Reynolds, in 1#03, simply 

said, "The future of physics is fairly dreary~ all we're going to do is z4an out a 

few more decimal places. All the major principles and laws have bee'n d~covered.,' 

Of course, this is identical to what Kant himself said back in the 18th Cen- 

tury. This is a pretty comfortable feeling for anyone to have. The ha@piest thing 

we can say about science today is that no one is really in that position. I think 

everyone realizes that tomorrow will hold many more ~nexpected things ~han they ever 

encountered in the past. And, excitingly enough~ in techn~logy it~ ekactly the 

same way. I thinkwe live in a remarkably interesting time, and that means that 

you chaps who have to control some of the avenues of inquiry by pull~g the right 

string at the rlght time m~st really have an interesting night's sleep ~ some oc= 

casions. I occasionally am responsible for suggesting to a graduate student that 

a certain llne of inquiry wouldn't be terribly profitable. 

My usual example is this. At least once a year I have a young man come in 

and say, "You know, I think it"s possible to construct a perpetual motion machine 

of the first type, or the second type, The other fellow wants to try it on the 

ac=aa~l~ put out more second type." They tried to build a heat machine that will ~ ~ . 
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~c~k than is fed into ito And 9 of course~ my natural inclination is to have apre- 

judice and a bias~ I say~ '~Well~ l~m sure you're wrong~ it's just a question of 

finding what went wrong with the argument." I must say that occasionally~ after 

teatime I wonder if I said the right thing to this man° Perhaps it would have been 

better to let him gOo Because 9 tomorrow is so full of the unexpected that it would 

be difficult to predict just exactly what well-established laws are ready to go 

down the drain° 

Remember the great shock we got in 1957 when Yang and Lee proposed that the 

principle of the conservation of parity was perhaps not in as solid and sound a 

shape as everyone in theoretical physics at that time thought° And~ of eourse~ 

there is an imbalance which has had other consequences in theoretical physics. And 

I think we're in store for lots of that stuff. So~ I'm dodging your questiono 

QUESTION~ Going to your third method of discovery, and hopefully speaking in 

the plainest dimensions, can you give us some idea of the level of effort and 

prospects for success in attacking the question of the dimensions of the universe~ 

the container if there is one, and if so~ what might be beyond that? 

DR. HANSON: Well~ I~m glad this room is of a finite size. As you know per= 

fect!y well~ the best estimat~ as of this moment are geared into the big optical 

machine at Palomar, and our expectations are that the observable universe will pro= 

bably~ as a matter.of pri~clple~ never exceed for us a constellation greater than 

the diameter of four billion light years. This is, of course~ related to the 

power of the big 200-inch machine. 

Now~ there are some very interesting philosophical questions~ if I may use 

that deadly word, about just this issue. I mean all ~he exercises of the new cos~ 

mology do turn on questions of this sort. The question of what lies beyond is ad- 

drss~ed in two quite different ways, depending on the philosophical complexion of 
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the astrophysicist in qu:estion. As you know, there are some astrophysicists ° 

Gamov is the most notable of them - who are believers in t'he big bang theory. 

Their a~rgument is to the effect that everything that we encounter at the astronomi- 

cal level is the result of the initial violent expansion of .~hat is sometimes 

called the "primeval atoms." It"s a 'qarge K col!ectiun of T~.'atter and energy at 

infinite density which has s~nce unpacked and ~.s st~ll in th<s p't°ocess as is ~nd.,- 

cared by the Ted shift. Consequently~ what they have to say~ they have to make a 

distinction between what is observable In principle~ a~d w:b, at ~.s observed~ wh{ch 

does effect our understandl;~g of the principle of the c~n~ervation ~f anything. 

But~ what they've got to say is this~ that glve.~'~ th~ z'ecessio~ of the remote 

galaxies~ and given the rate of re cesslon~ they have t~ ~a~j' that galaxies which are 

very faint from the point of view of the machine at Pal~maz" at the moment~ w~ll~ 

w~ithin a finite time~ pass beyond the limits of ob~ervat~..~ and consequently they 

will be passing out into the great unknown. And from the po%r~,t of view of some 

astroph~Iclsts - l~m thinking of the new cosmolog~st~ [:~.ke Ft'ed Eoyle~ Herman 

Bondi and Tom Gold - they regard this as a terr!b%e thing to '~ayo fer a~y phl~i- 

clst, be~ause~ what the man is saying is that ther~ was a glh;'~n amo'gnt of e~.~ergy 

"in the beginning, '~ and a lot of th~ ~is ~ced<ng beyond our powers o~ " ca pacltles of 

observation at the-moment. 

%~nat Bondi, }{oyle and Gold are trying to do ~, they're t~"y'!!~,g to take the ~ o -  

~ion Of the conservation of energy and treat it as a~: "~ .... ope~at~ onaz co~.cept. They 

want to consider that the observable universe is such that <t e~.~,~serves energy, 

And, of course, given the big bang theory, it can't do this "because the~re con- 

tlnually gettingextra nebulae which are receding bayond the llm'~.ts of observation° 

Consequently, within the big bang theory~ in the o'bservabie aniverse the energy 

level must be falling. Whereas, with the new cosmoioglcal the~ri,~'~ they have an ad~ 
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d~ti0nal hypothesis which ~eeps it Steady as the hypothesis of the continuous crea- 

tion of matter which, as it Were, keeps the background material within the existing 

umiverse at a constant level. Hoyle and B0ndi are called "the continuous creators," 

for this reason. And this is a purely fanatical and philosophical concezT~. It 

concerns, really, what these individuals mean by the conservation of energyo 

The big bangers get very cross with the new cosmologists because they quite 

glibly entertain creation as (ex night low?). That is, they say the creation of a 

hydrogen atom comes O~t of nothlngwhatever, This is a kind of awkward premise to 

have to nail one"s flag to, but the consequence of it is that it keeps the energy 

level constant within the ur~erseo And they say that the big bangers are not re- 

spectful enough about the conservation of energy because they let it recede beyond 

the limits of observation° So~ they're both accusing each ~ther of mot conserving 

energy, and they're both being highly interested in what the conservation of energy 

wo~Id consist Ofo 

Am I on the right track with respect to your question now? 

QUESTION: I knew my question would bring a laugh° But even if there were 

nothlng there, how far is nothing? 

DR. HANSON: Actually, the present prejudices within general relativity and 

theoretical cosmology and astrophysics, indicate there is no limit. It isn't as if 

there were any type of Mark Twain wall that we're going to z~n into. 

I remember when I first went into a philosophy class at the University of Chi= 

ca go, I encountered a sltuatlonwhlch bothered me at the time° It conce~aed the 

dlf~Icultles about considering the universeto be finite. The argument went someo 

thing like this - I think it originally came from,:~i~ie~t Greece~ somehow. If we 

imagine that the~rniverse is finite, then presumably ~e could entertain the possio 

billty of a very strong javelin thrower getting out ~toward the edge" and throw- 
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ing a javelin that way~ in other words, toward the nothing. And if it keeps going 

and there is something out there, obviously - but if it bumps into something and 

comes back, then obviously there's something out there too. But really, it does 

contain the germ of what one can find in some parts of the suggestion of Einstein 

in 1916. He wanted, certainly, to speak of cosmic space as having the property of 

being unbounded, but finite. It's a little bit tricky to catch onto~ and what one 

needs is geometry in order to consider how it is that one can think of, for example, 

a light signal going out in a given direction - say toward the place of '~place of 

recession" at the moment, and yet it being possible as a matter of physical princi- 

ple, to traverse all the space and yet come back to the point of origin, and still 

be able to describe the universe as being infinite. 

DR. SANDERS~ Thank you very much, Dr. Hanson, for an extremely stimulating 

lecture. 
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