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The title of this talk obviously

‘leaves me a great deesl of room for scope since

it is so very indeterminate as toc what the
subject is that I am going to talk about.

And I think partly in ordexr to place the themes
upon which I do want to talk in some detail,
and partly in order to outline the range of

the subject that one calls the Philosophy of Science,
I thought it would be apprepriate to say some=
thing about how I conceive the structure of
science - what is it. And elearly to talk
about. the structure of science would first
of &ll require one to indicate roughly what one
means by science itselil. Now, I think

we know enocugh about the cuntroversies that
have been going on for a very great number of
years a8 to whether scmething is or is

not a science. These controversies, on the
whole, heve been exercilses in name calling;
they have been profitless. (ertainly, you may

take the position that it is only mathematical




physics which is a science and every other
.sort of investigation is just stamp-collecting.
But I had rather not engage in such recrimina-
tions, so I would like to think of science in a
much more catholic fashion, and I would like
toiiimit it as being identifiable as an in-
stituwionalimed human activity which conforms
to certain institutional traditions and

which is to be distinguished from other in-
stitutions in three respects; namely in
respect to its aim. And here I think the aim
is, in most general terms, the acquisition ~ -
of explanations or understanding through a
systematic and comprehensive determination

of fact, but the emphasis would be upon the
attempt to achieve understanding or explana-
tion. This is the general aim. Secondly,

not only an aim but certain products and the
products are primarily intellectual, which
consist of more or less systematic explana-

tions,the degree of systematization will
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vary in different disciplines that are counted
‘among the ecilences; primarily intellectual,
but secondarily consisting of effective con-
trol over variocus kinds of events, And
thirdly, in addition to aim and product,
there are certain procedures, procedures of
inquiry, in which I think one can distinguish,
certainly, certain special techniques, each
having & fairly limited range of application
to specialized inquiries intaﬁgggéialized
subject matters., But not only special
techniques but something which igiiggg,v
eady to identify, namely - certain logical
methods whese scope coincides more or

less with the entiére domain of science, and
these legical methods igclude, certainly,
principles forvsssessing evidence for the
various conclusions that are obtained by
inquiring. And allegedly, and certainly
xore debatably, principles or rules for the
actual cconduct of research and for the

making of scientific discoveries. It is



in terms of aim, product and process that
1 would want to identify something that I was
afraid to call a science. And clearly, this

account allows for a great deal of variation.

Now, what would an account of ‘the
structurgﬂigcience’be, if science is conceived
in this way, Well, it seems to me that an
account of ‘the strueturgifscienea’will include
the following components.

First, bearing in mind that science,
as I conceive it, is an institutionalized
activity, dirécted toward cert#iﬁ aims._ &£
é;ﬁQ;:; it's an institution. ¥§§£¥§“§“§i§i“*“a“‘“
cussion of the influence of other social insti-
tutions and society at large upon the develop~
maaé of science, both in respect to the sub-
gtantive content of science and also in
respect to the canoﬁs of standards of scientific
procedure. Yoo=kvew, I might say right off
that this is anaspect of the structure of
science’ about which I will have nothing to

say.



Secondly, an anslysis of the ways
in whichbgégégggignéié intellectual achieve-
mente of science are organized, that is,
an gnalyeis of the kinds of explanations
that one is able to obtain, and an account
of their intermal patterns. And also, a
discussion of the manner in which explana-~
tions become altered through new experi-
mental discoveries or the introduction of
new ideas. 8o, the second aspect that I would
want te include in the account that is
sufficiently adequate of %helstructurai:icienbétg
would bej@an&iﬁaration of the organization of
the intellectual products. And the intailectaél
products would include, certainly, a good deal
of factual detail, but in terms of the primary
aim, it would certainly include an account of
the kind of explanation or the sort of under-
standing one obtains, or seeks to obtain, in
various areas of inquiry:

Thirdly, an account of the ways of

the explanatory premises are related to



matters of observation or experiment and of
‘ﬁhe requirements which such premises are
generally expectaed to meet if they are to
function properly in inquiry. And this, of
course, would include, among other things,
the consideration of the various ways in
which seientific ideas may be defined in
terms of each other but more specifically,
of the routinesg or routes which connect
ideas which may on the face of it be abstract
and rather remcte from the matrerials of
ebservatimafgxperiment to the subject matter
that is being investigated.

And fourth, and finally, an account
of 'the structure of science’ would have to
include a reasonably complete codification of,
anéffationalizatian or gﬂ%ustiﬁic&tiou feg
the logical principles that are employed
in evaluating or in warranting the conclusions
that are adopted at various stages of
scientific inquirgyg. ’

Now, ag I mentioned, I sball have

nothing to say about the impact of society



upon science and the way in which scien-
‘+ific activity might be influenced by
social considerations. And I will have
very little to say, although I will have
something to say in passing, about the
relatiagé of explanations to matters of
observation. And what I will want to
concentrate the time I have available upon
are certain specific issues that arise
in connection with a discussion of the
procedure of science or the géggtge of
sei&nce,ané secondly, specific questions
that I would like to discuss dealing with
the way in which certain kinds of explena-
iong in science might be related to others.

But I will indicate more specifically what
I want to talk about in this connection
when I come to it.

Let me come, then, first of all
to the issue that I wish to discuss in
cennectisn with the principles of scientifie

method. And I thought it would not be



entirely inappropriate since, a week ago,
Professor Hansen made, I'm sure, a very
vigorous plea( perhaps more than that, an
argumeng)for there being such a thing

as tgé logic of discovery. I thought Ak
would not be inappropriate if I commented
on the gquestion whether there is such a
thing as a logic of discovery. And I
tﬁeagﬁt the best way of deing this would
be to really comment upon the arguments
that Profeszor Hansen uses. I didn't hear
his lecture last week but I assume that
the things he said in print about these

matters would be at least in substantial

agreement with what he said here,

et me first of all say some-
thing to place the problem. What is the
problem about there being a logic of
digcovery? Now, some of us are very well
familigr with the fact that historically,
a great number of thinkers, some of them

scientists; others, commentators on science
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or philosophers, have sought to find certain
rules,such that if a men were properly in-
structed in those rules; then he would be able
to advance science by making substantial
additions to the content of science. Some of
the very well known nzmes in this long trad-
ition are certainly Francis Bacon,?éhe 17th century,
John Stuart Mill of the 19th, and early 19th
century, Hershall; who was a distinguished
astronomer, who also believed it might be
possible to formulate such rules.

_in.the image that Francis Bacon used;
just as a person who.is?highly gifted painter
or draftsmen would be able to draw freehand a
circle which lesser men would be unable to re-
produce, but if they are given a pair of com-
passes; then you don't have to be a ;;%23
in order to draw freehand something that
approximates to the geometrical canon ;; stan-
dard for a circle , So Bacon argued, just as
in the past it had been great men who made

important scientific discoveries, if you could
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find certain rules for msking discoveries, and
if these could be taught, then much lesser
men could make important advances in various
branches of science.

Now, as far as this particuler
quest is concerned, the record, I think, is
without qualification uniformly a failure. No
one has been able to devise any rules for making
discoveries or for msking inventions. Many of
us have thought that this was a dead issue; that
no one who was familiar with the history of
thought would try his hand again at resuscitating what seems. .
like a lest cause. However, there has been a
revival of interest in this subject and Hansen
has been a vigorous exponent of the claim that
there is such a thing as tﬁ% logic of discovery;
not a set of rules for making inventions but a
logic in the sense if you examine what are ad-
mittedly tentative gropings of the great figures
inthe history of scienee; one can find that there
is a method in their procedures. And while
familiarity with their methods may not enable
the rest of us to meke scilentific discoveries,

nevertheless, it isn't just a hit or miss



procedure; that the business of making important
discoveries is not, &s Bertramd Russell once said;
just a matter of guesswork, but that there are
certain more or less invariant canons or rules
by meens of which one could formulate why it is
that man comes to think of one hypothesis of why
he prefers to take seriously one hypothesis rather
than another.

Now, the argument as I understand 1%,

and certainly the one that Prefessor Hansen

—advances, is that there may be good as well asg

bad reasons for a scientific inguirer adopting
one kind of hypothesis rather than another.

And these rea&cns; so he claims, mey but also
do differ in type - Qﬁéiﬁh,the reasons for his
initially adopting, for the purpose of further
exploration, cne hypothesis or another; that
the reasons which lead him to accept one type
of hypothesis rether than another, that these
reasons are different from the reasons that

one edvances in order to accept & hypothesis as

ate
being the conclusion of & determinksg inquiry.

ind I think the point could be made more clear



in terms of a favorite illustration of

Prof. Hansen. Keppler convinced himself

that on the basis of the cbserved positions

of the planet Msrs, instead of assuming

now thet the planet has & circuler orbit, that
the planet moves on an elliptical orbit with
the sun st one of the foci of the ellipse.
Leaving sside the question éf how he éame to
entertain this hggpthesis before concluding

that the detailed, factual observationo)

svidenca‘éupparted beyond pessibility of ressoms .-~ - -

ble doubt - ~ leaving aside that questicn - -
assuming that Keppler had.estahlishad on tﬁe
basis of detailed inguiry that this was
really a satisfactory hypothesis to account
for the observed position of the planet Hars;
Keppler turn&ﬁgttanﬁian to other planets; in
particular to t he planet Jupiter. What kind
¢f an orbit did Jupiter have?

Professor Hansen argues that if

Keppler concluded that the likely hyp@thesig
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although you couldn't be sure that this would
be, was that Jupiter alse had an elliptics
orbit, it was because Keppler must have argued
something like this: not only is Jupiter like
Mars; a2 planet, but Jupiter, like Mars, is

en exterior planet; that it exhibits certain
’variatians in the apparent velocity as it moves
through different parts of the heavens. In short,
there wsre‘certain pronounced analogies between
Mars and Jupiter and because of these analegies;
he hadaﬁaé-reasan for supposing that the orbit
of Jupiter was also of a poncircular kind; that &
the type of hypothesis ;;;; he should entertain
was one which would lead him to say that the
orbit was nofy circular and more specifically,
that the orbit was an elliptical one.

Thus fsr, of course, Keppler simply
arrived at a suggestion as to what specific
hypothesis to explore. He reasoned by analogy
to tharhypethesis that the crbit of Jupiter
wes elliptical. This kind of reasoning would

not be sufficient, so Professor Hansen argues,
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and I think probably correctly, this kind of
reason is not sufficient to establish the

claim that the orbit of Jupiter is elliptical.
To establish this, one would have to make
detailed observations on the various observed
pozitions of Jupiter to see whether they do

er do not fit in within certain limits of

the requirementf thet these positions should
fall upon an elliptical crbit; And so, in

shart; the srgument is this: in extending

the elliptical hypothesis from Mars to Jupiter,
Keppler was reasoning by analogy. In establish-
ing the Jupiter hynothesis that it was elliptical;
he wag not reasoning by znalogy, ﬁe Was reason-
ing from a set of examined insténces, namely
observations on the position of Ju@izer - find&x
that these fit in?e the hypothesis %nd in
coneluding that/zgzcgbserved pesitions fall upon
the orbit; therefore, &ll furthér positions
which had not yet been observed; Qmuld also fit

op to that orbit. And sc, he mekes what seems

[
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like the prime facie reascnable claimfh, b
<——— The type of reasoning which Keppler
used, and which investigaters use, in making
discoveries is different from the type of
reasoning thet they use in estegblishing the
suggestion that they have arrived aﬁigha
preliminary stage of the inquiry. And I think
he rests his case uponl@xamples of this sort.
Now, let me Jjust mske some very
brief critical comments on this. ISe=mmiy
let me first of all say what my conclusion is
and then advance reesons for it. I don't
think that the ergument that Professor Hansen

advances to show that there is something that

one might identify as & legic of discovery as

distinct from a logic of procf, shail we say,
or logic of validation »in I don' think the
argument is one that carries very much weight
and for the following reasons.
Let's grant that analogies play
constrinetion

important roles in the esmelusisn of hypotheses.

This, it seems to me, to be indubitable.
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and ,
Various kinds of enalogy, if there wWere timey (t
would be rea¥ly very §§nstructive to examine
the varietyv QgAanalcgies thet are employed in
different domeins of scientific inguiry, but
my point would be that though there are analégies’
which lead a man in one direction rethsr than
another; it is the cese that the type of hypo-
thesis to which the anslogy leads 1s controlled
by the more or less tacit assumptions which are
part of the accepted body of belie§§ at the time.
Sa; for example; when Keppler, according to
Professor Hensen, arrived at the éuggesticn
that the orbit cf Mars was non-circular, he opted
for a type of hypothesis which required him %o
say t hat the likely hypothesis would be one which
would say that the orbit of Mars would be a
closed plane curve, smeoth in shape; and that
Keppler would have rejected the sssumption or
the suggestion that &a likely hypothesis to account
for the different velocity - that apperent
velocity which Mars exhibite to different pints
of its orbit isin some way controlled by varia-
tions in the apperent color of the planet; so

that the color hypothesis is excluded; the type
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of.hypethesisfgts required to say that it is
a non-gircular orbit is regarded as being
reasonable. But why is the color hypothesis
excluded? Well, I think the answer is very
simple - - because of the general beliefs that
Keppler had which led him to say that color is
not a relevant circumstance to account for the
behavior of a planet. Xeppler had all sorts of
curious ideas about the influence of various sorts
of forces and emanstions from the sun. Color
was not one of the things that played a relevant
rele in this, and so certain hypotheses are
excluded because of the assumptionsthat a man
has at the time.

perhaps o Vit le

Just to make the point akseiutely

more emphatioc, suppose an investigator today
is confronted with the data that Rhyne at Duke,
or some otherpeople working in para-psychology,
preduegﬁ to indicate that some people can ocorrectly
call the configuration on a card before they
see it and you want to explein this. What hypo-
thests would seem likely? This will depend very
largely upon the kind of a training e man will
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have had and what he will regard as being
énteeedently reasonable on the basis of bis
antecedent scientific experience. I venture

to say, although this is an extrapelation

from the responses of a few statisticians whom

I know, that if a stetistician were to be asked
to offer @ type of hypothesis which would be

e reasoneble one to sdopt, he would say: Well,
this unusuel success in cslling cards, this might
be scoounted for in terms of the general assump-
tion that the shuffling of the cards, although
it is meybe done in accordance with some kind

of a randomizing procedure, that no actual
randomiging mechine is completely random; every
randomiging machine, at least over a finite run,
exhibits some kind of a bies., Individuals who
say that they are making guesses = =~ whether
individuals who have differsnt patterns of guessing
would be able to oall the cards as successfully
as other individuels who have a different pattern
of guessing, in thet the correlation that is to
be made is between petterns of guessing and the
pettern of bias which the particular randomizing
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machine, which shuffles the cards, introduces
into the shuffling.
Now, as you know, Mr. Rhyne did not
think that this wes 2 reasonable hypothesis.
He E;g;"%ﬁe hypothesis of extrasensory preception.
For him, this was the reasonable hypothesis.
But what seems reasonable - - what seems oredible ~ -
what seems irrelevant is, in & certain sense,
controlled or diotated by the set of more or
less explicit assumptions = man has as to what
factors are to count in giving an explanationNg
And so, instead of ocallinz attention
to a logic of discovery, I think that all
Professor Hansen has successfully called attention
to 1s the direeﬁian/égzch, given s certain
intellectual framework, investigators will prefer
to explore one type of hypothesis rather than
another because of the tacit or sometimes explicit
assumptions with which they operete as being
experienced preotitiioners in a domain. And so
I conclude, although to be sure much more needs
to be seid in order to make my argument conclusive,

that the claim that there is a logie of discovery
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is a olaim that is without any substantial
support. What there is, according to me, is
that there are principles for assessing evie
dense for conclusions or for hypotheses that
are advanced and for which evidence has been
produced; that there are no rules for finding
conolusions. There are no general rules for
finding evidence but, given a certain set of
evidentiasl statements, given certain conclusions which
are based upon that evidence, there are, so I would
submit, ocertain general principles which control
the eveluetion or the weighing of the evidence
to see whether the evidence supports, strongly
supports, powerfully supporis, supports :;gggiﬁ
reasonable doubt the allé%ed eocnclusion, The
conclusion, of course, in this cese is not
something which follows necessarily from the
evidential well-

¢ premisef Conclusions, %o use a worn
phrase, is only made probablp on the bagis of
the evidence and so the issue is whether there
are any rules for welghing the degree of probablliity.
And here, though clearly this is a subjeot which

would require several talks in order % even skate
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over the surface, I cun only say two things which
seem Yo me to be pertinent. First,that though

in recent years there have been very ingenuous
attempts to develop a caleulus for weighing
evidence for conclusions theat do not legloally.
follow in such a way that it would be pe&sibig ?9)
assign a nuaericsel valus to the degree cf»QQQQEQQQ
%e support, thus far, at any rate, there is no
reason to suppose that these attempts are more
than a bit of secientific fiotiony that they

have no relevance at zll to any thing that plays
a role in.-actual scientific practice. I mean -
seientific practice 1in a sense of scientific
inquiry even when scientific inquiry is concerned
with fundamental theoretical questions rather
than with praeticel ones, So, I think at present
one has to say that at best, we cen introduce

& kxind of & scals, & rough 0 iy of & soale

of stronger svidence, less strong evidence without
being able to assizn & numarioalrﬂegrea of probw
ablliity. And, of course, this would certainly
mean that what is known as the methematinsal

ealeoulus of probability, and which hes obviously
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very important uses, is not applicabls to
this particular domein when what one is asking
for is the degree or the weignht of the evidence
which supports a particulsr hypothesis in some
ares of inguiry.

The sscond point I would like %o
meke is this; . Thet many ettempis thet have been
made, agsin in recent years, to codify vrineciples
cf evidence or principles for weighing evidence
have placed a.ggééﬁéigéempbasis vpon the sheer
nusber of bits of suppvorting svidence and there
has been a tendency to belisve thet the mors « =
the larger is your evidentlal basis, the stronger
is the support that the evidence supports the
supposed conclusion. How, I think that this
is not an adequate account. It is partially
gorrect and that it is nct an adequate mccount
I think becomes cleer if we remember that perhaps
one of the elementary points in any scrt of =a
sclentifiec incuiry is to intrvodues ocntrols in
any observation coxr expsriment, I reosll a very
distinguiched physiclan telling me thet until
perhaps something like 20 or 30 yaar%}ipgtients in

hozpitals who suffered from typhoid Tever were
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uniformly plunged into a ccld bath. And 1t

was believed that this was very §£§§$§§§. It

had a good effect. When this was done, 1%
apparently hed not occurred to those who were

in charge of the hospitals to ask the questlon:
Well, look, we are confident that this is so,

but do we really have any controlj that is, have

we tried to do the Ffollowing very simple things.
Have two more or less matched groups of individuals
who are suffering from typhoid -~ some of them we
are going to submit to this cold bath treatment -=-
others, we ara not going to submit to that
treatment. See if there is any differential effect
that is significant and decide upon the basis of
introcducing a controlXsd group.

Now, what is the control in point of
faot indicate? It means that what you ere in~
terested in is not simply the sheer number of
jtems of evidence but that you alsc want to
introduce some kind of variety in the evidencej;
that if you have the same experiment performed



over and over again without essential varia=

’éions in it, thet this, in a certain sense, does

not increase the degree of suppoxrt that the

evidence gives to a gonclusion. gertainly it
increases it much less then {f you hed s fewer

pnumber of experiments but they came from

different areas; that ig, for sxempls, thse.

quantum hypothesis which Planck introduced in

order to account for the distribution of energy

in the spectrum of black bedy redietion = which nell owe
sould continue meking fine experiments sbout the
distribution of energy and find thet Flanckis— -~
formule was in sccordance with it. Bub people

really didn't begin to feel confident in the
hypothesis until, for example, Einstein was able

to show that:ghetaaleetrie effeact could also be
aocounted for in texrms of the Plamck ‘assvmption; &Xso, of
when Einstein showed that the specific heats of
solids oould be explained in terms of the guantum
nypothesis or when later, Boht could account for the

reegen in the speotrum of glenents = =

ggain in terms of the quantumy thet is, what 1s
important is the veriety or, at any rate, it is

an essentisl point in estimating the waigbtaﬁf
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of evidence and the sheer number without variety
seems to me to count very little.

Beyond that, I think there is nc time
to go, particulaxly if I do want to ssy some=
thing about one othar aspect of this thing
that I am galling‘ih@ structurs of seienee} namely,
in connection with the gnalysis of explenations.
Foew, I suppose from the point of view of a systematioc
rresentation of the subjsct, one ought %o « or
et least I ought to, sinse as far as I know,
i am the first one to talk asbout the subject in the
series and there will be others who will be talking
about it, I ought to start at the very beglinning
end indicate first of sll, something about the
types of explanations that one can identify,
rauise some of the issues that have é%iég censidered
by students as to whether thare is enly one type,
or whether there are = plurality of different types;
that 1s, raise formsl questions sbout the logicsel
structure of explanstions. Similerly, one could ask
epart from formel differences, such es for example,

some explanations seem to be of & déductive sort
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where what is being explained follows neces=

sarily from the premise: As, for example,

when Rewton explained Keppler's law that the G
planet moves on an elliptical orbit with the

sun a8 the focus, he explained this by showing
that this was a consequence of his assumptions
about the lavs af motion and universal gravitation.
This was tﬁe @mm explanation. Then, there

is the kind of an explanation that aﬁ;;i;méam*

callsprobabalistia, where the conclusion dossntt
follow necessarily from the premisesbut the
premiseg in some ways, stand in?rslatian of ¢
probability to the gonolusion. For example,

if a historian explains the action of some one
individual in the pas%, for example: if a
historian seeks to explain Roosevelt's attempts

%0  Peck the Supreme Court, why did he

do this? No historian, to my knowledge, i3 sble
to produeeééé explanation ¢ a set of propositions -
from whioh Roosevelt's proposal follows necessarily.
All a historian does is to offer statements such

that if those statements are true, it makes



Rﬁasevelt's sction prabable.

And so there are a variety of
different kinds of explanations which differ
in their formal structure. Then there axe
explanations, and again I want to hasten over
things which I am sure will be covered in
grester detail later on = = explanations which
differ in the kind of explanation which is
offered. What I mesan by this is that sometimes
we wish to explain a &%ag%9~eccurrenea such as,
for example, we wish to explain why it is that
there 48 s rainfall on a particular day at
a paxticular place. And so whatwe explein then is
a s%ag%s ecgaurrence. Sometimes/gzaﬁiah to explain
is a general feature of something and we do this
by subsuming it under something that we might
oall & regularity == an empirics) (o).

Tet me offer what you might think is
an absurd illustration because it is so elemen=-
tary and primitive. If I find that a certain
objeet, which is placed into some electrica&l
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oireuit,conducts electrleity very well, as
conmpared certainly with something else that I
might introduce inte the olrecult, then I

whi¥s why does i%? And suppose I say,

ask mysell
well, of course, you see the rsagson iz that this
substance that I have put into the electricsd
clreult is made of silver and silver is a good
conductor., So, I have expleined the general
characteristic by indicating that it can be
subsumed under e simple law like silver is &
good electricel conductor.

Now, sometimes, of course, we wish
to account for things like, why is siiver & good
electrical conductor? How, in this case, I
think you will find that after a certain point,
the explanations, when they are sstisfactory,
no longer consist of simple empirical laws like
the one thst I just mentioned, but that the
axplanation will be given in terms of what we
generally call a thesory. Por example, the

theory which Is formulnte] in terms of the atomic




29.

gtructure of the elements, which will account
for differences in the electrical conductivity.
And so, my point is thet one can distinguish -

between explenations U/ ¢ o e 7 a8

“uEed o8 explanatory premises smd

empiriaal lews., If, for exemple, I want %o
explain why it is that ice floats; well, you
know the answer could be given in terms of
Archimedes' law. Archimedes' law is sort of
a low levsl generality. It's empirical = =
it could bs tested, so to speak, in a laboratory.
But néw, ycﬁ séy, well == now, but why should
Archimedes' lew hold. Well, eventually it led
to the principles of mechanies, to Newton's laws
of motion, to certaln assumptions about forees
operating in & liquid; and you no lonzer have a
simple empirical law which explains Archimedes!?
law, you have something one oslls a theory. And
8o there are differences in explanstions of the kind
that I have been indliecating.

I want tco turn, for the remsinder of

the time that i1s available to me, to a discussion
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of theories and to certain problems it seems to

me arise in connection with theories. Problenms

that I think are often perplexing, perplexing,

I will venture to say, not only to the layman in

gseience bub most frequently to the sclentist himself.
First, let me say what I do mean by

theory. I have given illustrations but I think

I would like to be a little bit more spegific

as to what I do mean by theory, particularly when

I contrast it with an empirical law. One of

the things that I think is charscteristic of those

systems of premises that we call theories is

that first of all, they can explain & jlarge variety

of different material. If, for example, you think

of what the Wewbtonian mechanics can explain. We' /..

can explain the behavior of & freely falling body;

Fou can explain the behavior of a planet; you can

explain the behavior of the tides; you can explain, ..

some specislized azssumptions = = the rise of ligquids

fn Hnin tubes; thet 1s, these are gualitatively

different phenomena and yet, all of them csan be

subsumed, can be explained in terms of this theory that

i D

we call mechanics. Similarly, with elecﬁro&qﬁh@ifaa
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similarly, with the kinetic theexry of gases.

| There sxre a tremandcusﬁ*&g&large

number of qualitatively distinet phenomena

whioch can bs explained., Empiriecal laws don't

do this. I mean, in aArchimedes! law, for
exgmple, what will it explain? It will soccount
in general for the behevior of solids in 1iqui§s[
but thet is the limit; that is the renge of
explsnaticn, Fewionts theory will sccount for
Archimedes' law tut will alsc account for
Keppler's law, for Galileo'’s law and for a
~greost nusber of other things, 8o first of all; -
one of the things that characteriges a2 theory

is this lsrge range of coverage thet it has,
Secondly, a theory frequently, 1f not slwavs,
tends to correct an empirieal lew. Tor exsmple,
Keppler said that ell planete = more rariticularly
Mars - moved on an elliptiecal orbit and now

we say, well, yesj hils observations certeinly
confirmed that. On the basis of Newton's theory
we say yes, of course, Keppler's law follows from
Newton's assumption:provided that there sre just
two bodies, but if you introduce a third body, then
the behavior of Mars- the orbit of Mars =~ is no
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lﬁngar ﬁé;; of an ellipse. It must depart from
an elliysa and so wa know hhen that on the basis
of theax?Aand sonsiderations, that Kepplexr's
conclusion cannot be quite correct; 1t might

be a first approximetion, so that one important
funotion, a cheraoteristisc of theory is that

they are freguently used in order o cerrect what
are called empiricel lavws,

Y g
S

»7-and considerations,

on the basis
we correct Bohrtslaw, which heldconly for so-
azlied 1desl geses and ghow how by introdueing

1w, Wwe can get Van Der Waals
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&qaatiw&% erd thinza of that k¥ind., fThis 1= 211,
I ttiﬁk, very familie

Phirdly, I think it 1§ one of the
important funotions of %@amtgaﬁxg that they
provide direotives for experimental research.
For exemple, the kinetic theory of gaszss, among
other things, you sse ~~ you say, well,
sccording to the kinetle theory of gases, each
molecula of the gas has 2 mass., VWhat is the
mess of the gas? Accordinz to the kinetie
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theory, a given volume of gas under standard
conditions of temperature and pressure will
have a certain number of molsocules in it. What
iz this numbsxr? Well, the thsory raises guas~

tions of thiz kind and

physicist tries to sed
experiments which will ensble him to make
thaese determinetions,

Se, first of all, thsories are
characterized by the fact that they have this
variety of functlionsg that experimeatal laws
in genserasl do not have. Secondly, it i3 one
of tha Teatures of theories ithat they have
cerbain analybical components, 4od I would like
+o mention three - - many others could be
identified bub Tor my purpvses, these three
will suffige. PFlrss of all, I think it is The

sage thet most terms thal ocour in what we ayve

fdd

prepared Ho call theories are rather remois Ifraom
ezperiencs; that they csnnot, so to spsak, be
3efined in terms of observaebional terms. This is

evigdent even, I think, in the ocase of some of




the i1dees that enter irto Wewtonien mechanios.
Sometires, Newton mechenice iz reserded as not
being theoreticsl in this sgense whioh I am
irdicating because meny peocple claim that the
theorsticel terms, thst the basic terms, reslly
are very oclose to g%géfégég%wb@cauaﬁ we are going
to talk sbout pesition, talk about veloecity, talk
about mass, PRut if you look at the way in which
Rewton prooeeds - - of ccurse; -the Wewtonilan
aaé;éaigéé%;éé varticle uwechsnles < - gupposes
thet tha thinge he iz dealing with heve positicus
but ns ﬁiménéiens, Well, voint manmses - = point
megs iz not 2n exverimental concent: point mass is
a theoretlesl concevrt. Agein, when Newiton supposes
now that polnt masses can have instanteneous velo-
cities, 1astanfy%éiagity iz not an experimental
gencspt, 1t is s theorestical concept. And =o on
dovn the lirs.

In the kinetic theory of geses, we
dont't define whet iz to be s moleecvle in whet
is scmetimes cslled operstionel terms. We do

this in terms of certsinr postulations uporn the chasracter
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of moleoules without defining them in ternms
of some gort of en overt leoberstory procedure.

that

8

8¢ cne of the‘fegtures ef theory 1
the tsrms thet play fundementsl rclesz in the
theory in gzeneral are not defined overtly,
the way, for example, the lats Profegsor Bridgemsan
Insisted that 811 terms should e given cpers=
tional definitiens. This dces noet seem to e
te be the cnse for theoretical terms.

The second peint to observe aboutb
theery is that because the terms ara not defined
operationslly, it is sn essentiel step in using
& theory that one rhould intreduce whet pscple
have celled by verious nsmes, but I anm going
ta call them vules of corrsspondence; thet you
heve to have rules which will essoalete the
theoretioeal term§ with some Zind of 2 well
recognized eymerimentsl sitvation,

Let me illiustrete mealin what T mean.
There ars ne rulss of correspondence for the term

poieguls, for the %erm yeleolty of the moleculej
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thet 1s, we don't know how to associete the

torm veloelty of the mcleeL e with saﬂ@thing

+hat we oan 1dantify in & lsboratory. gt

wa can 4o s 4o define sorbeln theoretical
notions in terms of the basic theorstical
notions, susrh zs, for exsmple, the mean kinetic
snergy ¢f moleculesz snd then introduce some kind
of 8 rrle o eorrespondence 28 well, ‘mean |
kinetic energy cf rsieav@el§ that we ayc golng
$¢ associate with +fmgar ature, 68 toapel abure |

defined by some kind of s lsborstory procedurs.

&

ry
o]

8¢ yocu have some sort of s range batween 1§

]
-}

[¢

thepreticel term or =z somplex of theoretic:
terms, and something thet we might regosnize
as sn experimental notlon, which 1lg sssoclated
with a Ffairly definite laboratery cr opervational
pracedure. And sc, it 1s required then for a
thaory, rules of acrraspondenae, Frofessor
Northrep, I think, in the first lesoturse, celled

them spistemis secrrelations; other people have
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called them coordinating definitions; other

P

suple call them semanbical rules,

use the btexrwm rulss

o ST
il

I think I

cerrespondsnce in the

wey in vhich Professor Mergss- (/.. ; 8bout

whom I wsnt to say somsthing elzme,

Phe third thing I would like 135

mention in cunpaection with theories is that

by a2nd laree, svery theory thet is used

fruitfuliy will not only have rules of core~

respendence but will els

b

P

o

i3

€y

gall B model,

¢ have something thet

but, of course, Lhet imsge of blllisxd

balls 18 not essentisl (o the ferwwlation of

the ginetic theory %eceuse whet does the

mathsmatical worik in the kinstic theory ars

simply the various equationsg frowm whicsh furthey

Instead of fovwvlsting

the squation® explisitly, sometines it is
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convenient to say, well, look; let's forget
about the finer details; let's think of the
theory in such a way that there are certain = in
some cases =- visualizeable models which satisfy
the postulates of the field., Similarly, we

have this in gquantum mechaniecs, although there
are difficulties in finding a suitable model

but certainly some model, either a wave or a
particle or some fusion of them, and then you
try to get over difficulties by introducing

such things as eemplﬁw~ng9"v:»1 , or what not.

All these are devices by means of which you can
find something that you will recognize as a
model. Now, I think that models are important
not simply because they are psycheloglcal aids,
but because models suggest analogies and in this way,
tend to unify different arsas and also because |
models help us to indicete just how I am going
to use the rormilism of a theory in dealing with
some experimental situation.

How, assuming that this is so, assuming
that theories are of this character, the feature
of theories to which I would like to address
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myself for the remainder of my time is this.

Tt is, I think, a well known phenomenom in the
nistory of science that at various stages in the
development of science, one theory becomes - is
replaced by another, and the things that one
theory is used to explain are then explained

by another theory; that is, what sometimes
happens is that one branch of a science becomes

somehow absorbed into another one.¥®

As for example, when Maxwell absorbed
optics into physimagnetism or when, on the

basis of the work of Maxwell,

and others, what is called thermodynamics became
absorbed into mechanics or statistical mechanies,
that here you explain certain phenomena or

certain laws of phenomena which are explored in

one branch of a discipline in terms of theories

which have been originally introduced and exploited
in connection with a quite different domain of
investigation. And now what T would like to say is
that whenever this happens, many people feel very
uncomfortable - = many people feel very uncomfortable

e,
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because it appears to them, and I say many
péeple ineluding sclentists, that somehow the
meterial which, so to speak, haes besn sort of
reduced to this more fundamental and pervasive
theory; thet somekow it has lost its footing in the
universe or in the nature of things. And that
‘in particular, that whben we somehow give an
explenation for the familiar world around us

in terms of the refine and abstract concept: of
modern physies, that the distinctions we make

in connection with the familisr world are really
- not fundamental distinctions, and that they have
been somehow wiped out of existence by the ex~
planation that is given.

How, just to indicate that I am not
inventing this problem, let me offer a few
guotationsfrom the most recent book, at least
a8 far as I know, of Frofessor Margemau .

2 book which came out, I think, in = maybe «
January, February = or March of this year, a book
called QPEN VISTAS. In this book, asmong other
things, he tries to show that modern physics 1is
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noe longer materialistic. He tries, also,

to show that modern physies, as contrasted

with classical physics, somehow is more favorable
to demooracy.

I should like to consider only one
part of ;;Q Margenau's olaim, namely, that
modern physics has shown that this bugbear
of materialism, which loomed over the imagie
nation of many nineteenth century thinkers,
has somehow been eliminated by modern physies.
And so Professor Margenau says, among other
things, he say=a:

"Modern physics has come

to recognize the reality of

empty space and elong with it,

the possibility of an influence

prevading space, an influence

which is not materisl.”
Then, later on, he says:
"Is everything that exists
material? A simple but perfectly

proper answer would be - matter
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is no longer material in spite
of the literal contradiction in
terms. But since the ultimate
constituents of matter have
resolved themselves pretty much
into mathematical singularities -
%aﬁnﬁing space, materialism is mno
longer the comfortable doctrine
it used to be, and one may dis-
miss it as having lost its major
point."”

Then, several pages after this, he says:”
"An electron cannot he zaid to have
a determinate position at every iﬁst&a&n
of time.” wWidely Sponsovel |

by scientists in the early decades

of the century has now been subli-
mated into the current concept of
complementarity. This term was
introduced by NiclsBohr. Its use
animates his writings for it regards
complementarity -~ the need for

dual types of descriptions of human

experience - as inevitable, as

+ Break 4o Chamﬁc «\&Tq_g
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grounded in the nature of things,
and the limitation of man's under-
standing. The appeal is to the
deeper concernsg of our being, some-
what reminiscent of a medern trend
in theology which suggests that the
knowledge of divinity is possible
only through myth, allegories and

paradoxes.™

Aoe. Bow met S, qnetatig#;€§;§érmit
me;; « in order to indicate how significant cur-

~rent physics is in changing our whole concep=- -

tion of the place of man in nature. Margenau
has the following to say:
"Consider a neutron, which
is on its way to & uranium bomb.
If classical physics were true,
a single set of observations on
a position and velocity of a /¢
neutron at a suitable time would
decide whether an explosion occurs.
It would leave room for action
only to the very limited extent
that if the neutron is found
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headed for the bomb, we can try
to intercept and deflect it be-
fore the impact."

But then he says: Well, of course, it moves so
fast that before we can move, there is not much

we could d@bout it. So, we couldn't in effect
prevent the explosion. But he saysQaceording

to classical mechanics, the very decision

to intercept the neutron must be taken as a physio-
logical determined consequence of allwp%¢Vading
physic&lureSLifil Cur very decision is deter- --

mined by all sorts of © - ., Therefore,

declsion as such is an impossibility on the
basis of classical mechanics. The new physics
leaves greater room for action and avoids this
difficulty. Even if a set of observations re-
vealed the neutron to be headed for the bomb,

we can still hope and act for our survival be-
cause what is now dynamically determined is a
probability of collision, not a necessity. There
is less cause for fatalism but accentuated need

for action. According to the new philosophy of
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nature, man has been transformed from a specta-
tor to an active participant in a drama of
becoming. Room has been made for decision

and choice which had no place in the older
scheme of things."

Now, this is all very nice but the

curious thing is that Professor Margenau him-

self,

eard, also says, and rather disarmingly, having -

gsaid all these things, what these important
consequences are -- and how different we can
really now conceive our position in nature and
the surroundings around us because we have now
shown that classical mechanics somehow is not
adequate; then, he says:
vAlthough statistical reason~
ing is now recognized as the last
resort in quantum mechanies, prac-
tically, very little has been
changed in the visible world arcund
us, for it happems that the pro-
pabilities of quantum mechanicse,

when calculated for the large and
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heavy objecte of our common
experience, congeal to certain-
ties, much as they would for a
die so biased that it must always

fall one way."

So, the peint I would like then to dis-
cuss in the few minutes I have left is this con-
trast which is so apparent in Mergenau and, of
course, it is apparent in a great number of
other writers who insist on the one hand on the
tremendously great changes in cur conceptions
of the world which modern physics has contri-
buted, who then say, well, now, what gquantum physics
has discovered are the fundamental realities; if
these are the fundamental realities, then the
ordinary way of looking upon variows things in
our environment ~ -« this is, at least partly,
an illusion and the distinctions that it is cus-
tomary to make cannot really be taken as being
fundamental or basic.

Those of us who have lived long enough

may recall the great vogue that some of the late
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gir Arthur Bd_ o 7 1s popular writings

heve had, and the very brillian image with
which he starts his book on The Nature of
the Physicsl World and of the setting down of
two tables. One is the common, ordinaxry
table and then there is the soientific table.
__The common, ordinary table is solid and sub«~
‘stantial and so on. The geientifie table,
well, it is chiefly nothing. I mean, ‘it is
made of & lot of particles but then chiefly
separated by en empty space and so onj and
so he contrast:them. And then he asks,
which is the real table?

Now, the point I want to make is that
this contrast is really the result of a mistaken
gnalysis; and that if it is a mistaken
analysis, the contrast should never be made
and more specifically, the supposition now that
numen freedom is possible, granted that guantum
mechenics is true but 1t is not possible if
you suppose that clagsical mechanics 1s truej
thet this agein is simply a consequence of meking

& contrest where none sheula'be made, And why
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should none be made? Well, for the reason

for which I have essentially done nothing more
than lay the groundwork; namely, the theoretical
concepts which operate in a theory, which are
present in & theory, thesé , by themselves - -«
if you just have the postulate:of the theory
which asserts various kinds of connections
between the terms that ozcur in 2 theory,
nothing can be dome with that theory until

you introduce what I call rules of correspondence.
Rules of correspondence between what? Well,
certainly between expressions that one calls
theoretical and which are unfamilisr and which
are not applicable to experimental situations
per se; that is, there are no experimental
situations to which you can say: well, now this
is en atom, or aow I am mezsuring overtly the
velocity of an atom. What you have to do is

to establish rules which comneet expressions
1ike molecule --, velocity of moleculeg - ~

field strength - - or what not, with certain
terms that refaer to gross mecroscepic situations,

and that the theory itseif makes no sense until




-t o whather the terms between whiech-T make -

&9’

such rules of cergespondence, that is -~ makes
no sense as a ééiiﬁie scientifie thecry in
terms of which vou can explain phenomena. Ex-
plain phenomena?QCQE%iea;y‘ﬁhoae on which you
make observations but that nothing can be done
with the theory apart from the rules of corres-
pondence. (learly, 1f such rules of correspon-
dence are essential to coperate the theory,

I A A

{ 4 b [ 1 i
one never can, without self-SL“‘*W~*v Lo

then turn arsuné and say: if I accept the

theory, then I really must be skeptical as

f

s

the correlations represent something that is
a genuine part of nature. In particular,

those characteristics - - those bodiles -~ -
which we recognize in ordinary, common szense
experience; that is, the contrast can't be

made because in order to chow the relevance

of the theory to anything that goes on in the
laboratory or the field, rules of correspondence
nmust be Iintroduced which take for zranted the
very thing which presumably now, after you

have gotten the theory you exhibit a certain
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amount of skepticel doubt. Or, put it in a

' somewhat different way, those who raise a
problem in the way in which I think Professor
Margensu raises it, and which a great number
of other people raise it, are, in effeet,
failing to cbserve that the langunage of

theory 1s the language of theory. It is not
the languasge of the laboratory. If you want
to ldentify the language of the laboratory as
something which desls with maoroscopic objects,

macroscopic processes, things which, in an

-obvious sense osn be sald to be observed; withough

to be sure, the division between what osn be
observed and what is not is murky, qulte

clearly we may make gross distinctions; and

the mexre fact that you cannot draw a sherp
distinction between what is observed and

what 1s not observed no more wipes out the
distinction between what 1s observed and observable

end what 18 not, then is the faot that there is
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no sharp line whioch separates what we would

" eall the front of my head from the back of

—whera = = gulte know

my head. I don't know
where to draw the line but it doesn't follow that
there is no difference between the front
and the back, and similarly in this domain.

¥ow, what I am suggesting then
is that the error oconsists in == I am reslly
saying the same thing but putting it in
slightly other words = = , in order to try to
convey my point: the language of theory 1s not

the languwege of the laborstory end the mistake == - =

or the languvage of ordinary life = =~ and the
mistake sonsiste in supposing that you can
use the lsnguage of thecory in applying it to the
thingsfor which the language of the laboratory
is the appropriaste langusage.

¥ow, you have toc have both
langusges. Theories cennot function if
you éidn't have theoretical terms; that is,




Jou wouldn't heve whal we call theories if
they did not emplioy terms which were

remcte from experience, whilch dealt with
objeots that are in an obvious sense un=-
observable, and whose status night be une-
cexrtain. The whole pelnt about offering an
anelysis of the struecture of expianations

is to olarify aifficulties of thie kind and
noet to be caught in +he trap of on the

one hand, recognize “ha% ¥ou have to make
distinetions; on the other hand, using

those very distin-ticns in order to undersut
the distinetions themsalves. Or, if I may
meke one final applicaticon of Professor
Maxrgenau's comments upon this problem of
freedom, Profsssor Mergensu elaims +thet

well, in @ universe in which the laws of
classiocel mechanics would be true, there

would be no descisicn, but that in the universe
where the guantum mechanicel laws sre operative,

there is decisien. I think the only coxrect
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thing to 28y to that is that 1t is nonsensej
- and why 1s i+ noneense? Well, for the followe-
ing ressons: no netter whether guantum
mechenios 1s trwve or classical mechenics is

true, Lord knows what the fineal snswer of
physies is going tc be about the ultimste
constitution of the humsn body. T don't

suppose any of us has eny reasscneble doubt

that in 200 years, the type of explanatory
theory is golng to te very different from one
which 1s fashionsble todey. Perhaps there is
going -to-be a return to classical mechenies.
Whe knows? Certainly the return is not going

to be in quite the wey in which 1t was

ebandoned but something like that. Some kind

of 2 detsrministic theory might become the
fashion onge 2gain, as Einstein believed it would,

as Planck does and as _° still con=

tinues to believe snd so on. But what my

point would bs = = that we distinguish
-

betwesn acts =~ buman acts that we gsll free =
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from acts that we call, say, that they

‘are not free. I take 1t everybody would

say that a person who is bound hand and

foot has no freedom in an obvicus sense.

A person who is under various kindg of econonic
or physical pressure, he hasn't égg%gfreedeﬁ.
A person who is 111; again, say he has some
dimension of freedom denied him. But in an
ordinary sense, say we do recegnize

ghoices that we regard as being our own

from choices that are not our own. We

- didn't reeally choose thisj; we were hypnotizedj
we assented only under duress; that 1s, no
matter what the fundamental explanation is for
the mechanism which carries on this activity
that we call choloce, we distinguish between
acts that are the outcome of deliberate cholce
and aocts which are not. I eén mnove my

fingers at will; I cannot wiggle my ears.
This is == what the ultimate explanation




for this is, I don't know and perhaps

| nobody knows the whole story. But the
real point, however, is thaet things are as
they are. fThere are differences between
aocts that we call free, sots that are not.
If 1t should turn out that the fundamental
physical theory « = the deterministic
theory = ~ that differenceg will s$111 be
present and the only thing that we will
have to do is to adeépt the language of
free and unfree toc whatever might be the
fundanmental, physical asssumption.

And so, I conclude that one of
the consequences - -~ or one of the results
of engeging in an esnalyesis of the struaeture
of science, particularly when the analysis
iz directed to oonsidering the way in which
soientific explanations are organized and
the way in which scientific explanstions are
reted to others; and the way in which the
history of science = = one finds the elimina~
tion or the reduction of one type of explana~

tion to another, is that thzoggbout all of
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this, there is something that remains
. permanent; that -8 certain logical relation:
holds. And when one talks about the

structure of science, obviously one must

be talking about something which is
structural; which isn't something which is
true now and it doesn't appear there. It

has a kind of an inverisnce over time in

the history of science and that in particular,
in connection with this particular problenm

to which I addressed myself so very largely
this evening; that by recognizing tﬁat &
theory and a theoretical explanation

involves certain indispensable components,
certain to be sure perhaps loglcally elementary
but pervasive, and I think from the point of
view of our general culture, very seriocus con=-

fusions can perhaps be eliminated.
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DISCUSSION

Cuestion by Prof. Maxwell Primmack of

Tincoln University.

Professor Nagel, we know in prin-
ciple that there cen be mo direct observetion
o the propsrties of theoretical entities; e.g.
the voeloolty of a moleeule. And if we do not
know this in principle; then how does this
effect your argument concerning the separateness
of the language of theory and the language

of the laboratory.

Xow, of course, 1%t is quite clear that

+

the answer wonld have Lo depend upon how one

U

sort of theoretieslly conneives of the veloclity
of & molecule, Survose, for example, one

were 4o say, well, now, you can teke picturss
of meleosules throush an elsntrom microscope

and woeuld cne call this an observestion or e

seeing of the velocity of a moleoule, (Ff covree,
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_here, I think the question would be what sort

of things are you prepared to count as having
observed, observed in a sense in which one would
say, you observe the height to which a column of
mercury rises in a thermometer and so on. Would
one be prepared to say this is a case of ob~
servation. Would one be prepared to say that
you have observed =~ that you have counted

the number of molecules in & liter of & mono=-
tomic gas under standard conditions of pressure
and temperature. If, on the basis of various
kinds of experiments, you then calculate the
value of Avogadro's number, is this a case of
counting? That is, I think I will be able to
answer the question only after having come to
some agreement as to how these terms are being
employed. But this socunds a bit like a dodge,
and so I had rather not proceed in that way.

Iet me put it more unambiguously, that in some
cases, there might be some doubt as to whether

something that is represented by a theoretical
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term is observable. And one might say, perhsps,

‘it becomes observeble. In other cases, T think

one would say = - in principle one would say = =
this is not observable. As, for example, if it
should turn out that the closer the way in

which certain theoretical notions are defined and
given certein - - let's suppose = experimentally
or observetionally determined limits of human per-
ception, that those things couldnt't be seen.

That is, if = - take perhaps an absurd illustra-
tion. Could one see one wave length? And I
think here I would not be risking very much 1f

I were to say, well, this is, in principle, im=-
possible. Similarly for terms like an electron;
could one see an electron? And I think sgain I
would be able = = I would feel fairly confident

to say this, in prineiple, 1is impossible by an
analysis of how an electron is defined and the
kind of rules of correspondence that are used in
translating the theory = - not in translating = =

in coordinating the theory with matters of




| observation. So I think, to be guite precise,
that what I would have to say is those terms
that occur in theories which, on the basis of
procedures such as that I have indicated, would
be shown to be in principle incapable of being
observed, those terms cannot be used for matters
that are subjects of observatian. That, I
think would be a more careful reformulation of

what I actually said.

Cuestion by Dr. Bauurin.

| Oﬁ this same subject, what about Hoyle!'s
hypothesis of the existence of bodies, beyond

the bounds of the observable universe, travelling
faster than the speed of light? Which hypothesis
is deduced from an cobserved phenomenon, namely

the red shift. Here we have:something which is‘in
principlelunabservable and yet something Which
requires some to talk about unobservable en%ities

whose existence is to be inferred from an account

which is an explanation of an observed phenomenon.
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Well, I am not sure you know against

- what = - maybe this is a wrong assumption and

that your question is not directed against some=-
thing = = mayoe this is in connection with this
notion of a‘theeretieal - =, Tet me 23y ~ =

first of all, let me see if I can first reformulate
the question. What do I make of Hoyle's view

that scme of the galsxies are receding with

speeds that are greater than light and ultimately
vanish, at least in the sense thét they are

no longer capable of being seen through the
telégaape, and the supposition that they continue.-
And perhaps; I don't know what the proper formu~
lation would be. Do they continue tc exist but

no longer are observed, or do they simply disappear
from existence? I am not gquite sure whaﬁ would

be the correct formulation. But then, the

further point is that, well, now - -~ look: this
result is simply the - - I maanfl - Hoyle's
conclusions are something he arrives at because

he is driven to this by data of observation,

nemely, certain - - I mean ~ -~ the red shift in

the spectrum of some of the galaxies. Well, of
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course, one would have to certainly say it
isn't just the red shift itself which leads %o
this conclusion, but the assumption that the
red shift itself is to be understood in terms
of the Doppler principle; and 1f the Doprler
principle can be extended beyond the areas in
which we have made experimental determinations.
Now, I talk here certainly only as an interested
layman; a gquestion is whethsr the only explana=
tion for the red shift is in terms of Doppler's
affect. Cerbtainly, it is a debatable one and

I understand 1t continues to be debated, so
that alternative interprestetions can be placed
on this and while I take it the tendency is to
use that interpretation, there have been people
who refused to go that way. What I am not
entirely sure about, Dr. Baumrin, is what the
implication of this is for my attempt to dis-
tinguish between the language of theory or for
my emphasizing the importance of the language

of theory and the language of sorts of observation.
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I mean, clearly the theoretical terms that

‘are introduced in any theory are often sug-
gested by matters of observation. I mean,

even take the notion of a point-mass, or the
notion of an instantaneous velocity, or the '
notion of s wave packet; these sre, even the
language we use = - indicates that these
theoretical noticns heve been suggested by things
that we have observed but it seems to me that
there is s tremendous difference between the
cacsh value of the theoretical term, if I may

be permitted to use Jam@sia§ language here =~ =
the cash value of thecreticsal terms and the
cash value of the observation terms. That is,
what you can do with the ebserVafisn term is
something very different from whet you can do
with the theoretical term, and though psycholo-
gically I might find the theoretical term
slmost inevitable, this might be nothing more
than & testimony to how I happen to think. I

mesn, other people think differently. To use
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my previous example of Rhyne; Rhynels
theoretical notion ils extra=-sensory per=
ception. The notion of Professor Fellar at
Princeton, who is a statisticlan, 1s that
explenation is in terms of biasses in series.
How, you are not driven to either of

them in one sense, except in terms of some supple=-
mentary assumptions. 0r, take cne other
illustraetion; take the so-celled Freudian
theocry to zccount for slips of tongue.

well, the Freudian theory, you know, you have

the complicated mechaniswm of the gonsclous, the

this is a congenlal way of accounting for
behavioy of humans - = cexialn aspects of the
behavior of human beings. ¢ther writers were

not driven to this sort of hydrostatic mechanism
fhat Froud invented by analogy from water
pressure, you know, but have a more physiclogical
mechanism to account for this. But the
theoreticel berms sre certainly not determined by

observation and I would have supposed now that
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this is fairly well established; that two things

i

are, I suppose, falrly well established, If

I may mention or quote an authority here in
support, I wmean = - I think Finstein was
pexrfectly right in saying that theories sxe
free creations of the human wmind; that they are
not obtained simply by sort of grubbing in the
Facts and somehow abstracting from the factual
details the theoretical noticns; that is, I
would have supposed now thet first of sil, that
this 18 so. And secondly, T would srgue that
the theoreticzel terme cannct, st least as far as

=

I ¥rnow, be defined of observation
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expressions., Thet is, I do neot know how to
define, literslly define, in any usual sense

of definition & fterm lilke melecule in terms of

nteroretation of theory and
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you s28, onz of them has a long tradition behind

it. '"Well, theoretical terms and the sort of




thing that I have cellzd thesories, they reslly

thet we grant curselvezs in order to Tacilitste
gx

Jebe easler, tut thet theoretical noticns can
be eliminated because 211 theoretical notions
can be defined in terms of obssrvation terms.!
Fow, thie is a point of view that has heen

advanced end advocated by = = yep@atwdAy - -
in the histery of theought and by sxtremely

clevay and briiliant pecople and they Hried their

hand &t definiung, as

gase of Trying To Aefine ules of diccovery the
o o §

&y as I know here as in the

oneg has yet given s defimition of any theoretisal

terms in observationsl matters. Always 2 promise

a ple in the sky ~ & hope and a prayer, bub never

the goods deliversd. Now, I don't know of any
theoretical proof that it is impossible to
do this, but I think the presumpiion 1s that it

can't be done. ind there ars not vnressornshle




arzuments of another kind, not simply that
w2ll, nobody has done i%; thsrefore, it
impossible, But otherjkinds of considerstions
which would lead one = « -2 WNow, T am sssuming
that this is one of the badrocks, at least it is
one of the bedrocks upon whinh my own discussion
rests; 1Ff that can be shown to be really just
sand, then I am afra%ﬂ I am lost, but I hope

it cannot be shown,

Question by Hr. gray.

You have taiked sbout ruies of
gorrespondence snd I wondar if thers are rules for
defining what are proper rules of correspondence.
Would it be fair to0 sayv that 2 rule of aorres=

porndenane would have %o be operationally meaning-

ful in Bridgman's terms?
¥

The question is that I have used the
rhrase rules of correspondence., What sre the

regquirements for a rule of anorrespondence? Are

# Break to change tapes.
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there, so to speak, rules for indicating whatfan
appropriate rule of correspondence and more
specifically, must rules of correspondence be the
kind of rules which Bridgemsn called operational
definitions?

I think the answer is a little bit
complicated, depending upon the state of the
field that you are dealing with. Let me put it
this way. Sometimes what yoﬁi'in order to make
& theory relevant to some domain of inquiry, where

the terms of the theory now presumably have this

character that I have indicated - - what you do is. . .. ..

to establish rules of correspondence between terms
of that theory and terms of ancther theory. 1In
this case, the rules of correspondence would not
be between thecretical terms and experimental
terms, or between things that could be operationally
defined, but would be between theoretical terms and
other theoretical terms where presumably those
theoretical terms eventually are tied down to
something else. So, as a general answer to the
question, I would say that rules of correspondence

are not in general of the sort that Bridgeman
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called operational definitions. I think in some
cases, they are; on the other hand, my one hesi-
tation in this connection is I am not entirely sure
what the scope of an operation is in Bridgeman's
sense, because you remember that although in his

first book, The Logic of Modern Physics, he insisted

upon the fact that all concepts in physics, if you
are not going to get into trouble, must be operatiocnally
defined and the concept is synonymous with the
operation. And then later on, when it was pointed
out to him, but, look here, Professor Bridgeman,
‘how do you operationally define molecule or what
not. He says, well, you have to remember that

there are two types of operations; I mean, the kind
of operation that one calle the overt laboratory
operation and the kind of opermation that you call
pen and paper operations - or mental operations -
and then everything becomes operational and then

the term no longer has a distinctive reference.

But you see, I want to leave this question somewhat

open - - whether rules of correspondence would
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' conform to whet Bridgmen intended by what he

called overt operations, I am notsentirsly sure = =
even in those cases wherse you want to have sonme
sort of & comnection, because it seems to me,

in different areas, the thing 1s sc extremely
different. Iook, let me indicate why I hegitate.
Pake terms which you use in gecmetry like point.
Wow, in some ceses, of courses, Weé Sa&y} Well,

point, what i that? The term voint is something
that hes position but nc dimension., How cen you
use this theory you =all geometry in ordexr %o -
do physics with, or de asypentry with. snd in
some c28e8, you Know, You =ays Waell, I have a

heap of chalk, a small heap of chalk, and although
it isn't quite a geometrical point, it is some=-
thing you could call a point - - well, in this

case ~ = oné could eay that thie is kind of

an opsrational définition. In other casee,

you say: Well, my point is geing tc be a planet.

pné now, how ebout 2 plenet; I mesn, is =
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_plaﬁe% an operationally defined concept?
Prarnily, I dontt guite know bescause in part

it depends upen 2 theory. In cther cases,

I take 1t you will take an entire galeXxy as a
point. 1Is a2 gelaxy an operationsl concept - =«
an opsrationally defined concept? Certainly 1t
is not entively opexetionally defined. I

mean, you have sll gorts of reelly theoretical
assumptione built into the notion of & Balaxy.
It maker me hesitate in saying thet all of these
definiticns, even those which are not of the
kind which correlate cne theoretical concept to
ancther would heave to conform to Bridgman's

operational criteria.

Unknown guessticner.

T2 you subscribe to Bornts view that
laboratory observetionel apparatus consitute
extension of our senses, and objects so observed are

just 28 much directly sensed objects as those

uy

ohgerved with the unsided sznses




T wotld certsinly entirsly subseribed to that = =

vanopnize thet there are certalinly muachl more things
for which we heve sxscellent evidencs To suppose
th@y are real then we wmevld, SUrpost We wWere

$o £all bhack uvpon the kind of meive I'm =
man~from-Mizsouri sort of ettltude. I thought
that perhaps you were goinzg te ask another guestlon
shout Born's visews wiich is agein a theme I would
like wery much Lo tali sbout., Buv let me just
mention what it is and then say why I find 1%
interesting.

In the vrefece tc & collizction of many

of hig essaye, scme of +hem sort of semi-popular,
& % 3 & ¥
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" he has a preface which was to me, when I read
it, a surprising and in a way a dismaying ex=-
perience. He said: When he started out as s
young man, he turned to prhysics because he
theught this was a way of achieving objeotive
knowledgej that he turmed away framimeta-/
rhysies, from art, from poetry. These wers
wonderful things, to be sure, but they di@n'%
give him objJectivity. 4nc now, at the end of
nis life, he reslizes that he was profoundly
wistakenedy that physics does not yield cbjectivity
and at any rate, it is no more ok jective than
are art and literature and metaphysics, and
what not. And it is sorbt of =~ = I say it was
sort of dismeying, an almosst tragic tone in this.
A man spent so many energetic years in advancing
science in the hope that it will finally put a
little salt on the teil of reallty and it all
turns to nothing, according to him.

And I think thet this is s disease now
from which many physicists suffer. There is kind

of & failure of nerve almost about this; that
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somehow the fact that in modern quantun physics,

we have to introduce soue gort of so-called
statistical assumptions or indeterminacy assump-
tions, that this somehow outs the ground from
under the cleim that one has ob jective knowledge.

of course, this is also agsod ated with this

clsim that you cannot in principle really make a sharp

difference between subject and object. This is
another area, it seems to me, of confusions of
which scientists like laymen ar¢ axtremely prone.
As a metter of fact, 1f I may end on this bit of
a sour note. 1 have been sort of impressed by
the claims made by & greatl nurber of very dls-
tinguished sclentisis, seytainly whose seientifie
achievements I have nothing but profound respect
for, that things in politics would be vexy nuch
different if only scientists got into that game.
And you recall, Sir Charles Snow, in his book
science and Government, &rgues for the importance
of heving scientists sctive in government, not
only there to answer guestions when they are asked

a technieal quwe stion, but that they should really be
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in the position to ask the questions, and not
-simply to enswer them when some professional
politiecians raise them; that +they themselves become,
so to spesk, sort of professional politicians.

And this sounds awfully, awfully good excepi for

the sesumption that seems to be so = SO prevalent,

o
(4]

st lesst smong some of my scientific friends that
well, sure, you have to be a greal expert in doing

physics but you don't have %0 ke an sxpert in

doing pelitics; that you don't need & Know=-now
in doing thet. And that a scientdst, 1f he is a
b

good scientist, can bring a good deal of wisdom

to publie affairs. I certainly wouldn't deny

that some scientists might, but I frankly doubt

very much whethsr in matters of political wisdom,
anymore than in matters of philosophical wisdom;

that is, in matters where 1% is a auestion of

having a training and a patience to analyze 1ldeas
which don't deal specifically with technical problems
in a science, that sclentists, without suitable
training, are particularly equipped To legislate

or pontificate., That's the sour note.




