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Question

In clessiocel physios, where we have a.
statistioal type of situation as, for example, the
behavior of a mam, we know that we can escribe this
to underlying structural features that we can'y
scoount for. JIs it not posaible thet this is glso
true in quantum mechanios; that there are strugtural
features underlying the particles that we can't .
account forj that we are stuck with the statistioal
notion whioh, if we were able to exemine the
structural features, we would be able to declare the
behavior as a deterministic one rather tham a statistical

one?

Iet me see if T can repeat that, or ohange
it rather. The question is that of course, even in
classical physios, ve are familiar with situations
which are statistical in the nature of their desoxription
as’ in thermodynamics, statistical mechanios, and so on.
I gather the guestion iz whether in that ocase we know
that these are associated with the rnndanent;i - -
({(with fundamental « « features of motion or sitructure



4hat we can't yeally acceunt for becauss they are
jus¥ too mnumerous to ))e

Yes, that's right. The usual story in
thet oase is that while in prinoiple, within the
framevork of clsssiosl physics, one eould, if one wished
to, if one had encugh batteries of celenlating machines,
moount in detail for the inveking of the number of
particles, the number ef degrees of freoedom, the gom~
plexity of the motion is such that in practice, it is
not useful to do so, slthough classicsl physice says
that in prineiple, one aaald;

The question is, when one says that in
~-miprogscopis physios the laws nrt fﬁnﬁunanttll: atatisticnl.
Le thers something similarj $hat is, could it mot be that we
are simply not aware of some underlying mecharnisa which
eventunlly will be disclosed and whinh'uﬁ the énanat
we are not able to ocontrol but whieh if we aculd, it
would mske the lawe deterministvio?

That, of course, is hardly an answer except
in the following way that the - = I think the ansvey
to all suoh questions ins niwq&s sugoess or failure. You
can never prove a theory in physics; you simply oan
say 1% ﬁue been successful in all of the domains in whioch
it has been tried. And so I would say that the laws of

& Questioner interrupts.
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quantum mechanios, which have been erected on the possibility

of the statistical nature of wmicroscepioc phenomens,is funda~
mentel and not just simply becasuse we. are stupid or
unable to condrol some specific event but which has been
ereoted on this, the lavs of gusntum mechaniocs, has been
overvhelmingly successful im every domain. And that, in
s sense, thet I think one osn show even within its owmn
framework that thers would be inbernal somtrediotions
betveen supposing that there was this underlying deterninion
on the one hBand, which is what you wight hope for, and
on the other hand, that the laws of gquanmbtum mechanics
should 2¢1l]l hold bheoauss you don't want to sacrifice them,
they work, — e < e e T —
8¢, J think the only answer iz that in & sense,
the success of guantum mechaniocs is the indioation that
this cannot be true, leaving, however, itill & loophole
of high energy phenomena. In other words, we 80 not
knovw whether or mot quamium mechanioes falls et suffioiently
high energles and sufficiently small distances. It is,
therefors, oonceivable that the way out, the nean§ of
reviving aiaas;enl physias, ocould be in this scompletely
opague world of high energy physioes.
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I think any physicist vould doudkt this gome
pletely because as we go up %o higher and higher energies,
more and more non~classical phenomens, things that have -
no eounterpart have oome into evidence. To think that
the whole da: oan be saved by something yet still %o be
found, voll. while s logloal possibllity 1an't %o be
expacted, ocategorically, statements asunot be nada nbout
what the nature of fauture theories will be.

ques¥iop
~ As faer as quantum mechenios is formulated
then, it is incomsistent with the existence of a

deterministie foundation?

Quantun physiocs is {tself not deterministie

in an individual senss. It is, however, as I hope I
emphasiged, statisticelly determiniesio. It is entirely
compatible, however, with % he individusl determinisam
¥hat we fimd in the macrescopic realm. There is no
diffionlty there. It iz a perfeotly familiar faot that
& large enough number of smell things becomes perfectly
definite in an individual event,
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({I wes trying to estadlish whether the answer that you
were giving was that if we have to accept quantum mecghsnics,
then we oan't sccept an underlying nature deterministio

in charsoter,))#

If we sasccept guantum meohanics as holding
without modifioation throughout all the future domaina
of the exploratieon of physics, thenr we must rejeet any
implicit, classical determinism., That leaves the loope
hole that quantum mechanios may fail in some remote
‘region of space but we are then so far from the olaszioal
modes of thought and aénaapts thet I find it inconceivable
that that would finally turn the tables topey turvey and
"We Would Bé baok to & classical world, ' Phat, of course, -
is whet I think, and I think I'm right.

¥ow, you suggest thiz philesophical dichotomy
among physiociats, one of whom feels that simpler mathematiecal
models are the root, and the other feels that more and
®ore accurate measurements and newsr measursmentis are the
root, if it really is a dichotomy = « =~

(( Dr. Schwinger: Sorry, I'm not sure I rteagnise nyself
in what you said.))

#Interruption by Questioner.
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(Question ocontinues)

I'm sorry, but that is the way I got what you said}

coxrect me if I am wrong. But if this is what you said,
isn't this rather a complementary activity in which the
theoriticians develop models whiocht he experimentalists

then prove or disprove?

Yas, may I agree with you » « the way in
which this sctivity is conducted at the moment, and will
be for many years, is complementary. Ths clash is not
in vhat one does but the philoacphy in what one things

is the ultimate -objective. The class of shall we say™

field theorists believes that the fundamental objeotive

is to find a simple mathematical scheme and labor very
bard to drav the mathematiocal conseguences, and in this
way explsin vast areas of empirical evidence. The diffi-
culty is that the mathematiocal complexity of field
systems, which mechanioslly are systems of infinite
numbers of degrees of freedom - ~ is that we have, a=s

yot, no reel understanding of how to handle this and

there is a techniocal problem ands therefore, tiis point of

view camnot be brought to bear on experimental evidence.
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It is a very simple matter to postulate an underlying
fleld system but to test 1t has been s0 far impossible.

On the other hand, of course, we must meke headway with
correlating experimental data. And so, there is on the
one hand the grest aoctivity of studying what comes out

of the high energy accelerstors, meking simple hypotheses,
and putting all these Tacts together. fThis we must do.
slso. It ls, on the other hand, a philosophiocal eontention
that this 18 all we can ever do. Whether they are ever
to be geaoapliahad can never be tested. You see, I'm
afraid that this philosophical 4issension is simply be~
aaase of the 1ngbility %o bxing gith»r aanneptien to a

TR o et N —1:\?“""“ . ‘““‘"‘"l‘ - -
PSS Ty erE

teat. In other wordas, if the tbsaris#s hnd the nathauatiaal

mEohinery to postulate various simple field aystems

and drav their consequences anmd say, yes, this one aheoks
and no, this doesn't, then it would be no problem. But
ws cannot now, and I suspeoct not for many years to coms,

:ﬁa”se this philosophioal disousasion moes on. also.

Leat week, Professor Hempel drew g rather
distinet difference between a science and a pseudo~
soience by means of the disconfirmebility criteria. Is

quantum mechanics, since it is statistiocel in nature, is

v e o SR
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it challenged in any way by disoonfirmebility prodlems?

Well, as I have suggested, it haz been the
theoretical foundation that mueh of the developments
that have gone on, for example, in-the Field of solid
state physioes, the invention of the transistor, if
you like, i3 an applisation of gquantum mechanios. I can
point to many examples which s physioist is slweys
glad to supply. There is no . exemple im which gquantum
mechanics has sver been known to conflict with experiment
in which, within its own consocicus limitations of being

g gtatistical theory, tO*ﬁré¥iﬂlf‘hﬁ*ﬁ?ﬂ&iﬂﬁ&ﬂh’tﬁﬁw

other possible experiments. It disclaims the ability to
prediet what ocan happen in any imdividusl event, and

1t must be so because these csn never be repeated. You
take conditions in vhich you have repested =~ « you

have reproduced everything possible that you can control,
and yet the phenomena will net duplicats themselves,
Therefore, the physiciast says we are not able = « i¢

iz not the purvose of physicel theory to meke these
detailed prediotions, but it is its purpose taqanke
statistical predictions gnd in this domain, quantum
mecbanics has never failled without exception. It is the
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most successful theory we have. Much more successful,

if you like, than any of the classical theories because

it has brought unity into so many different domains of
physics and it bas united them under one common heading

in the sense all of modern physics is applications of gquantum

physies. i
Had such a thing as you mentioned oceurred,
there would have been zn encrmous orisis and everybody
would be out hunting for a new theory or formulas, something
that has not oceurred., Where there are problems, they

are in an entirely different realm of physios - « of

high energy physics -~ « where it is not simply the guestion

of how you describe microsoopic phenomens; 1t ts-else - .

what are the miorcscopic phenomena. J mean, one is still
finding out what it is you have %o gorvelate and explain
end es you go to higher and higher energies, new
phenomena appear, There is no end to tha-yraeaaa. In
other words, it is ua§ probably possible in any oleare
cut way to test gquantum mechanics without at the same time
testing your belief and your comprehension about what the
nature of this new world isj they sre all tied together
in a very complicated way. But in the domains in

which quentum physics wes set up to explain, er&inary
stomle phenomena, it is completely successful.




stion
I waz ssinglta a8k 18 the interaction betwesn
the measurement ani the system being messured a funda-
mental property of the theory of messurement or & property”

of our technigues of messurement?

Well; it agein comes back to the gquestions
do you accept the statiztical nature of these microscopioc
events as a fundemental aspect of nature, which you must
Just simply put up with, or don't you? If you do, then
any measurement is s physical precess. It must be
#ub ject Yo the same amlgrescopic laws and, thersfore, the
“Sheory of measurement mustiake imto sdoount the way any -
megsurement as a mioroscopic interaction hes o de. And
8o 1t is net something - = ~ I mean, if you ask the guestion
is this aimply a temporary limitation of éur neasurement.
techniques, you are really asking is there something thet
will eventuslly remove this statisiicel or an stomistio
limitetion? If I imsist that this is the nature = = (this
is the way nmature is, not the naturs of naturs - =), then
ny desoription of phygias, n& theory of physios, sinece
physice 1s an experimental science, it can only deal with
those experiments that cen be carried out by physiecal units,

S0, the theory of measurement must take into acoocunt

-
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the nature of physical objects., And so I would say thet

this is the same guestion.

guastion
In the August lssue of An

Ipnﬁé mounts a rather strong-attaag,an_eamplamsntnrity.

Have you seen the article and would you oare to esomment?

Sorxy, I really haven't, Qan you quote me the

assentisl attack.

l ¥ *‘ ) B

R T T T T e b ey s

Rere are two main peints, that I remember:
(1} That the classioc experiment explained by Duane, as
nodifisd by Born, that a statistioal partiotlete intersation
of electrons with the 1attiaevihrnt1ens; it 1is not a matter
of wave eharsoeteristic rather than pertiocle, it is @
statisticasl aollision process basloally; and the other
(2) Thet there ig no fundamental uncertainty; the problem
is a prodblem of measurementj in prinociple the velocities,
the momenta, or the positions are preoisely exist and the
measurement gives rise to the unoertainty,

I think these were his two maln points. He
doesn't agree with Bohr &t all.
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eontroversy is ocarried apt. For example, the idea of

the quantized field is something that goes completely
beyond whether an alectron acts like a wave in acme
simple clasaical sense, or 1s a partlcle in some sinmple
elassiosl sense, It 12 & new concept and I think we
mnatlthraw away the sld concepls exeept, of aeourss, we

are stuck with %he olassical 1angua§é. It 18 always

with us. But the way ln which the theory aparatés is

not in tarms of these classical comeepts. It is only
when you, so to spesk, confuse the issue by uging irrelsvant
¢lassical ooncspts, superimposed on what in faet you
actually do, which is not the way the language goes in the

.. . Gourse of thia aanxarsntian, that Siffigulties _sppear,

Az . o e

8o, without having raallx seon what Lanﬂ‘ has done in
detail, T think I would diaasrat. But at lesst the
concept of ocomplementarity, I think, must be saoepted
by anyone who believes in quantum physios. I think, i
however, one baz to divorce complementarity somewhat é
from Lits historical origina. I would prefer to give |
corplementayrity an understending in the light of what

I 4143 ttmt the apécifieaﬁieﬁ of a state, B0 to spe=ak,
involves half of the guantitiesz of what it would be
classieally; but you have essentially your choloed as to
which half thet shall be. In other words, you have your

L]
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cheice as Ho whigh roughly analogous to & olassicel
deseription you can use, But once yYou have pioked one,

the other is excludad. The latier I interpret simply

23 the nearest you can ¢omé in olassical lenguage to

this perfaotly olsar-cut mathematiocal quantun mecheniosl
situation. And so I would say that all of these difficulties
are difficulties of language, not of the theory, but it

is a hard subject to ﬂigeusﬁ.

Question
What relationship does the overthrow of parity
havae %o do with what you are talking abous tanigh%?

Well, first of all, I would say that parity

has not been overthrown,

Questioner: I shexd corrected.

¥o, in what you meant, you are correct. Well, perhaps
%o explain a little bit. Amonk other things, what one
tekes, s0 to speak,af & very fundamentel level and
attempts to incorporate into the theory is theides that
while the description of neture, with respect to various
coordinate systems which in turn are idealizations of the

observer and his epperatus, that i{n a sense that there
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ares all olasses of cbservers who are on the same footing.
In partioular, the oconcept of parity lies in the idea

‘khnt vhether the coordinate systenm that the obasxrver
happens to use is left-handed or right-handed cannot have
any partioular bearing on the phenomens, S0 ome has

always believed that %the essentisl qqnivulannn of lerft
and right, that there are ne phenomens in nature or
at least not that there is ne physiecal phenomenon in

s nature, at least in the neighbarhood of our earth which
enables any physical distinotion to be made between left
and right. cme slso bslieved that there was no fundamental
distinotion detween positive and negative chargs. once

e oUS - had learmed, a8 & Yesult.of Sxperiment. thAt. . o .

positive and negative charges, so %o spesk, when we
oreated them instead of taking what happens agcidentally
ir the present = - when we oreated positive and nagative
charges that always they are together. What ome has to
learn as a Fesult of the sxperiments we mentiomed is

that the oonception of space reflection lef$s to right
transition or parity is more sophistioated than one
thought., What 1a.§av txue without exception is that when
you interchange, shall we say left and right scoxrdinate
systems, you must also interchange what we oall Eositiva
and negative charge., This is stil] a parity, oni: in a
more soplilsticated semse, but if you like, parity hes
been retained but the equivalencs of positive and negative
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ocharges has beem destroyed. But the most important

point is that before,ons believed there were two distinct
syametry principles. left and right are fundeamentally
indistinguishable; popitive and negutive clarges are
fundamentally indistinguishable. You have to arbitrarily
say that that is an electron and then go on from there to
label everything correspondingly. But what ome knows

now is that neither of these is true for all aspeots of
physics but only when taken together. In other words,

vhen you go fr.m u left to a right-hanied ceordinate

system, 1f you 4o not at the same time interchange eleotromns
and positrons, then there will be a disoriminate diffexenae
but, nevertheless, thare is an operation whioh ohanges left
and right and ochanges nothing else. PBut you must also
interchange positive and negative oharge. So I would say
that parity, meaning by that not the conception of parity
that one had before this famous experiment but in some

sense the 1ndiat1ngﬁishah111ty of one from another, this

is st1l]l with us but it has been sharpened, refined = «

and other physioal phenomsns have come into play in a

very interesting way because this means that there ga now

a conmection between zpace and time, as in these aguivulsnae
of left and right coordinate systems. And something that
we have always believed was ocutside of space and time,
namely, aieatriaal charge - ~ a8 & new physical concept,
here we ses in the face of thess uxpegiusnia,thurn'a that
charge again (Note the tape is inaudidle at this point.) . ., . .
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Because before this, one would hsve hoped that what an
eleotrioal oharge was, and all the othex chaxrges we are
just beginning %o resognise, ome would hope that these
ocould somehow be explained in terms of the overall
charsoteristios of Bpace and time, but az & theoretical
question, it is essentially hopeless.

(Note: The Japanese graduate student who asked about

Hamildonian equations 4id not spesk londly or olearly

enough for & definite tranmseription frem the taps. Will
- transoride only if essemtdal.)

Well, 1f I ecan try someshow $o rephrase
the question, I think that what you are asking is
essentially the quastion of what do you do nmﬁ Jou
have a confliot between & philoesophiosl prior comception
About what invariance laws should be and the brutal
statemsnts of nature of what im faot they are. Philesephy
suffers and we must put up with this. I think you must » «
I mean, the attenmpt of theoretiocal physics iz quly, after
all, to seek simple explanstions and simple explanations
are usually based upon prior cenc e ption about what is simple.
When such prior ideas run into ocomfliot with the facts of ﬂ
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nature, we must alter what ve eomsider %o be simple explana~
tions. The history of what I have just told you adout is
the faot that Passing from the simple laws of ¢lassical
physics to & new world in which everything seemed para-
doxicsl, incomprehensible, am we finally srunsmuted 1t

into a beautiful new theory of quanium mechanios and so

novw ve also have resched the stage perhaps of transuigration,
80 %o speak, in whioh we are learming something newj
perhaps not about quantum mechanios bus about our belief in
the natwre of what are the fundamental entities. If we
start out with the aonception that there should be a
symustyy between leaft amd right scordinate systens, and
historioally ome weat far beyond what was necéssary to
state that a» a siwple reguirement, sn experiment brings

us up short by tellimg us that we have over«idealiged,
over-simplified what we thought was that saymmetry principle.
When you say, what will ve do? The answer is acaept 1%,
Change our thecries to f£i%, dut still alvays hoping that
thexe will de sone unifying symesiry principle. We have
a1l been brought up to believe That a real understanding

of unity and simpliocity is a oonservation law of symuetyy
prinoiple, but we are alowly learning through the facts

of physios precisely what forms these symmetry principles
Rust assume and they -rs\qjx.atrly mh‘ deeper and much more
sephiaticntod' than the elementary primitive attempts had
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been. And so it ﬂilqa' " our wnderstanding will sdapt
itself to the facts of nature and asome day semebedy
'11_1_. aund en t,hilu platform and again g}.w you & history
of physics snd advance 1t by perhaps 15 years and he
wiiliﬁ#iéﬁtﬁ iﬁaﬁvgjﬁeiufifﬁl thaﬁrf has finalljhamergad
from gl; this, ‘hut‘lt wlll net be the theories we are



