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: THE COPENHAGEN INTERPRETATION AND THE NATURE

OF SPACE TIME

Henry P1erce Stapp
Lawrence Radiatlon Laboratory

. University of Callfornia .
Berkeley, California 94720 -

March 31, 1971

ABSTRACT

"An"attempt is-made'to give a coherent account of

Ethe‘loglcal essence of the Copenhagen 1nterpretat10n of
I;_quantum theory. The central p01nt is that quantum theory
"'1s fundamentally pragmatlc, but nonetheless complete

”'The prlnclpal dlfficulty in understandlng quantum theory R

| :villes in the fact'that'lts completenees is 1ncompat1ble-
" with objective existence of the space-time cOntinuum'of

‘ynin, ciaSSical physics; -
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| I. INTRODUCTION
- Séiehtists of the late twenties; léd ﬁy'ﬁohr and Heisénbérg,
. pfopdséqfé éohcéption of nature iédicaily'differenf'frbm.that of their
predédesébrs; The new COncéption; which grew'but of efforts to compre-
heﬁd'théfaﬁbafently irratiénél’béhavidruof'naturevin the realm of
quantum effe¢ts, was ﬁOt'simply a neﬁbcaﬁalog of the eleméntary”space-
tiﬁeffealities and their modes of.operatiOn. It was essentially a
réjectiéﬁ“gf.the‘pfesﬁmpfion that nature could be understood in terms
6f'élém¢n£éry‘spaceétime'realities. According to the neﬁ'Qiew,'ﬁhé
compiété déécription’bf nature at the atomic level was given by
piobaﬁility fﬁnétignsnfhdf'reférred, not to underlying microscopic
,:space;timé fealities, but rather to- the mAcroséSpié objects of sense
experience. Thé theoretical structure did not ~é5c‘f,é_’rid dowﬁ and anchor
itsalf’bn.fUndamental microscopic spéce-time réélitiés. Instead
it turhed back‘énd‘anchoréd itself in the concréte sense realities
that form the basis of social life.

" his radical concept,called the'Cdpenhégen jntefpretati6n,'was
»bitterly_challenged at first,'bﬁt becamé during the thirties the
. orthodox7intérpretation of quantum théory,-nominally,accepted by almost
all textbooks ‘and practical Qorkers in the field.

“.Récéntly,rperhéps paftly.in response toAthe se#ere techniéal
difficulties now Bésétting'quantum’theory at the fundamental level,
there'has been:mounting criticism of the Copenhagén in£erpretation.
The_charges range from the claim that-it ié a great illogical muddle
to the>ciéim that it is in any case unnecessary, and heﬁée, in_view-qf

its radical‘nature; to be rejected. Reference 1 contains some stoutly
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worded ettaoke on the Copenhagen interpretation;_ Reference 2 is. a
morevmoderatély worded review article that firmly rejects»thehCopenhagen‘
interpretation. Reference 3 is a list of~recent artielee in the physi%
cal‘literaturevthat espouse a variety of views on the question.

The striking thlng about these articles is the dlver51ty they
‘reveal 1n prevalllng conceptlons of the Copenhagen 1nterpretation
1tself. For'example,'the picture of the Copenhagen interpretation
painted in Ref. 1 is quite different from the pictures painted in
Refs. 2 end,B by practicing physiciSts. And these latter pictures

themselves are far from uniform.

The canse of these'divergences isinot hard to’find.--Tentbook.
aCcounts of the Copenhagen interpretation generelly gloss over the
euhtle“points} Forvclarificationpthe readers are direoted to the
~ writings bf BohrLL and Heisenberg.? Yet clarificetion is difficult to
find there. The nritings of Bohr'are extraordinerily elnsive.. They |
rarely say,what you want to know. They weave a web of_words'around the -
Copenhagen interpretation, but never say exactiy_what it is. Heisenberg‘s-
vnwritings are more direct. But his way of epeaking suggests'e subjec-
tive interpretation that appears quite contrary to‘the apparent' |
intentions of Bohr. The,situationhis perhaps nell,snmmarized by von
lweizsacker,who,‘after expressing the opinion thet the‘Copenhagen_
interpretation is correct and indispeneable, says he must "add that
v the 1nterpretation, in my v1ew, has never been fully clarlfled It

- needs an interpretatlon, and that will be its. only defense.
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thiWCizsécker is sureiy correct. Tﬁe writings of Bohr and
Heisenbe;g’db not present any clear unambiguous piétﬁre of the basic
logical ét%ﬁcture‘éf_their position. They 1éave.a yagﬁe'and fuzzy
v,impressién'that véries significaﬁtly'frbm féader tb reader. A clarifica-
tion of:the:Copenhagen interpretétion_is cértainiy'needed;_ My aim:here_
is to pfdyidé_one.' More precisely,.my aim is to give a clear account
of the légicél eSsénde‘of-the Copenhagén interpretatioh. To distinguish
'this.loéigélfessehce frdm the inhémogeneous body ofvopinions and views
thét’ﬁowféoﬁstitﬁte'the Copenhagen interpretation i identify thé former
by the féfm:“pragmatic ihterpretation." It is, I beliejé,va cbmplefely.
rational and logically coherent position. | |

'Thelplan of this work is as follows. First,quantum theory is
deécribea ffom the point of view of actual practi;e,b Tﬁen; to'provide
'contras£5v$§§éral non-Copenhagen interpretations.éré considered. Next,
fo prévidé,background, some philosdphical ideas:of'William James are
introducéé; The pragmatic interpretation is théh defined,.and some
semantic issues are settled. Next the question "Can quantum meéhanicdl-
description of physical reality be considered complete?"
ié examihgdf This is the question debated by Bohr and Einstein.
Finally; the nature of realify and our description of iﬁ afe discussed

"in more depth.
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II. A PRACTICAL ACCOUNT OF QUANTUM THEORY

Qﬁantum‘thebry ié a proéedure by_Which scientists make statistiéal
predictioné about the resﬁlté of'meaSufements perfbrﬁed in certain kinds
. of Circumsténces.  These circumstahqes are those wé.describe by saying
.tﬁat a cért&ih physical system is first prepared in a épecified manner;
and isblatér examinéd in a specified manner; ‘Aﬁd’this examination,
: called a measuremenf, is moreover Shch‘tﬁat it can yiéld, or not yield, -
varioﬁs;possible specified results. ‘Quantum theory is a pfocedure by
“which a Séientist calculatés the predicted probabiiity that'a measﬁre-
ment of a spécified kind performed in a situétion of a spécified kind
will yield o result of a specified kind. |

‘The procedure is this: The specifications A on the manner of
preparation of the'physical system are first transcribed intova wave
function:'WA(x); The variables x #re a set‘of variables that are
chafactefistiérof the physical system being preparedf They are called
the degrees of freedom of the prepgred-system. The désCription bf‘the
specifigatioﬁs  A is couched in a language thatvis ﬁeaningful~tdvah
engineer or laboratory'techhician. The way in which theée operational .
specifiéaﬁions A are transi&ted into a corresﬁoﬁding wave function
WA(x) is discussed later.

IxThe'specifications B on the subséqﬁent measurement and its
o possiblg'fesult.are similarly couched iﬁva langﬁage'that allows a suit-':
éﬁl&vtrainéd technician to set up a measurementjcf thé specified kind
aﬂd to détefmine whether the result that occurs is a result of the'b‘
specified kind. These specifications B on the meaéure@eﬁt and its

result“are_franscribed-into a wave function WB(y), vwhere. ¥y 'is a set .
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of vafiébleéfthat afé called thé deérees of freedom éf the méasured
system.

ﬁeXt"a transformation function u(x; y)i is constructed in
acqordén¢§ wiﬁh certéin theoretical rules. This"fuﬁétion depends on
, the pre{ofﬂéystem'that wés pfepared and on the‘tyﬁe.df system that was
measgred,fﬁﬁfnoﬁ on fhe pérticular:ane funcfions va(x) ~and ¢B(y)'

The "transition probability"
. , | o w
. (a]B) = ;[;A(X)}U(x; y) vg (v) ax ay

iS,Computed.l The'prédicted probability that a'methrement pérformed in
the'mannéf'spedified by ‘B willyield a result Spééified by B,_if the

preparafion:is performed in'thé_manner’SPecified by A, is given by
- 2
P(A,B) = {a]B)|“.

fThé‘eiperimental physicist will, I hope,-fgcognize in this
account a déscri§tion of how he uses quantum tﬁeofyf Firsf he trans-
forms his,information about the preparation of thévsystem into an
initial wéve function. Then he applieé to it some linear transforma-
tion, éé;cu1ated perhaps from the Schroedinger equation, or perhaps from
the S maffix,which converts the initial wave function into a}final wave
'-fUnctibn;= This:final wave function, which is built on‘thé degrees of
»fiéedOm'éf the measﬁfed system, is then folded into the wa&e'function'
corresponaing to a ﬁoséible'result. This gives'the'transitioniampli-‘
tude, whibh is multiplied by its complex conjugate to give the predicted

~ transition probability.
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In a mofé‘prhisticatedléaiculaﬁién one might use deﬁsiﬁy
métriéés ‘pA(x';‘x") aﬁq pB(y'; y") instead of WA(x) and VB(Y)
to repfésént the prepared systém and the poSsiblé;fésult. This would
allow for preparations andbmeasureménts‘théf cofréspond to,étatistical
mixtufés. 'Buf this generalization could be obtained also by simply
.perfbrming.classical averages err'yarious YWA(x) and st(y).

‘The abové”accdunf descfibes how quahtum theory is used in
pfactiée; The essential points are that aétehtion is focused on some
system that is firét prepared in‘a'speéifiedvménner aﬁd later examinéd
in a specified ﬁannef. Quantum theory is a procedure for caléulatiné‘
_thé predicted prdbability that. the specified type of examination will
yield 36mé specified result. This predicted probability:is the
pfédictédflimit of the réldtive frequency of occurrence of‘the specified
résult; &$'the nuﬁber of systems pfépafed and exaﬁined in accordance
with the épecificationS‘goes to infinity.
| Theiwave fﬁnctions used in these calculations are functions of
a set 6f variables characteristic of the prepared and measured systems.
These'systems are often micfoscopic,_and noﬁ directly obsérﬁable. No
wave funétions of'the prepariﬁg and measuring devices ehter'into the.
;caléulation.viThese'devices are»déscribed operationally. They are
deseribed in terms of things that can be recognized and'(of)'acted upon
byvteéhnicians.. These descriptions refer to the macroscopic properties
of the prepafing and measuring devices. |

" ':Thé crucial question'is how does one determiné the transforma-n
tidns: A -aWA and B —avB; These transformations transcribe.

procedural descriptions of the manner in which technicians prepare
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maéfdscopié{ébjééts, and recognize macroscopic réquhses, into mathe-
matical fﬁncfions_built on the degrees of freédomgofvthe (microscopic)
preparedfana_ﬁeésured’éystemé. vThé problem of constructing tﬁis mapping
is the fémoﬁs-"problem of measurements" in éuantum tﬁeory. |

| ‘.fhé-p}oblem of meésurements'was studied by von Neumann.7,-He
bégiﬁQIWithzthé idéé‘ihat:oﬁé shoﬁld describe thé“combined system .
compOEedféf fhe original éystem plus the original'measufing devices
in tefmsldf é‘quantﬁm meéhéﬁicai wave functién, and use qﬁantum theory
_itSe;f to'éélculate the needed mappings. This program has‘nevéfﬂbeen
carried‘buﬁ in any practical,case: Oﬁe difficuity‘is that actual:
hﬁ¢rqsc9pié3devices'aré sovcompliéated that QuaiitatiVe calculations
iié beyoné%preSent capabilities. The second prdblem is that such
calculations_wéuid, in ahy‘case, providé only connections between the
ane‘functiOns. ¢‘ 6f thé'pfeparing and heasuriné de?ices'and_the-wave
'fUnctiQnéfyw of the original system. There would remain the problem
of findiﬁé the @appings A'fagA and B‘—i¢é. “

This latter problem invblvesva~question of_brinciple. " The
descriptiqns A and B are descriptions of what technicians do and
see, whefgas the ¢, and Qﬁ ‘are functions in certain abstrécf mathe-}
maticalvspaCes. What is the‘form of the mathematical_correspondence
.betweenifhéée différent tyﬁes.of things?‘ H§w does one represént A
and YB‘ in‘a prééise>mathematicél language? | |

This queStién will be taken up later. Here it is sufficient
to say that von Neumann's approach is not the one that‘isladoptgd in

’actdal’practice. *No one has yet made & qualitatively accurate

-
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theoretiéai deScriptiQn of a measuring device. Thus what éxperiﬁéﬁf-
"alists do, in praéfice;'is to calibrate their deVice§. ﬂ. :
| - Notiée, in this connection, that if one ﬁékgs xNA»'different
'choices‘of: A “and N, différéntvchoiCes §f B, then.oneihas only '
”NA'+ Ny unkn@Wn functions VA: and ¢B,_but Ny X N 'egperiﬁénté;ly .
determinabie quantities h|(A|B>|2, Using this leverage, tbgetherfwith_
platSibie.éésumptions about smoothness,'it is possible to build'up a’
cétalOg-of Qofrespondeﬁces between ﬁhat experiméntai ﬁhysicisfs do:and
see, aﬁd'the wave functions of tﬁe prepared and measuredvsystemse It
is this bod& of accumulated empirical kﬁowledge that bridges‘the gap
between thé operational specifications A and B and,tﬁeir mathe-
qatiqal imagesv WA and WB'

| The abovevdescripfionvof how quantum‘theofy.is,usedvin
practice is the foundétion of the pfagmatic‘interpretation, Before
4describing'£hat intérpretation itself I shéll,Ito'providé'coﬁtrast,'

_ describe several other approaches.
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III. SEVERAL OTHER APPROACHES
-a.tThe Absolute¥¢ Approach""

Von~Neumann’s lucid analysis of the proCess of measurement is
the orlgln of much of the current worry about the 1nterpretat10n of
quantum theory The.ba31c uorrlsome point can be 1llustrated by a
31mple example. | |

Suppose a partlcle has Just.passed through one of two slits.
And suppose ‘a 100% efflclent counter is placed behlnd each slit, so
that by seeing.which counter fires a human observer can determine
through which slit the particle passed.

rSupﬁose the'particle.is represented'initiallyvby a.wave
functlon that ass1gns equal probabllltles to the parts ass001ated with
the two - sllts And consider a quantum theoretlcal analys1s of the
process of measurement in which both the particle and the two counters
are represented by wave functlons.

It follows dlrectly and 1mmed1ately from the superpos1tlon
pr1nc1ple (1 e., llnearlty) that the wave functlon of the complete '
'system after-the measurement necessarlly will cons1st.of a super-'
posltlon of two terms The first term will represent the 51tuat10n
in whlch (l) the partlcle has passed through the first counter, (2) the
: flrst counter has flred and (3) the second counter has not fired.

The second term will represent the situatiqn in which (1)'the particle
-has-passed:through the second counter; (2),the.second counter has
fired; ahd‘(;) the first counter has not fired.’ These two terms
evolve from the two terms in the ‘wave function of the initial partlcle.

 The presence of both terms is a dlrect and unavoidable consequence ofb
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the:supefpositidﬁ'priﬁciple, which ensures that the‘eum‘Cf any two
selﬁtienevdf thevequdtion of ﬁotion_is another Solﬁtibn._

| Notiée now that the counter is a macroscopic object, and that
@the ane‘fuhction necessafily contains a sum of two terms one of which
cdrfeepdnds'te the.first counter's having firedbbut netvthe seeond, and
the'dther.of'whieh corréspbnds to the secénd'dounter's having fired but
not the flrst Thus the wave functlon necessarlly corresponds to‘a
sum of two loglcally 1ncompat1ble macroscoglc possibilities.

TQ dramatize thls situation suppose the human observef‘now :

looks at'fhebcounters and runs upstairs or downstairs depending on .
which counter hé sees Tiring. Then the wave functien of the eﬁtife
'~ system of peitiCle‘lplus counters plus human observer will consist,
eventually, of a sum of two terms. One term w1ll represent the human
observer: runnlng upstalrs, and the other term w1ll represent this same
_vhuman observer rqnning downstalrs. Both terms'must necessarily be
present-in.the weve_fUnction, simply by virtue efvthe superposition
principle. | |

'  This fact that the wave function necessarilj develops iﬁto a
sum of.parts that correspond to incompatibie macroscegic~possibilities
must bejsquared with the empirical fects. The human observer does
‘not run both upstairs and downstairs. He does one or the othef, not
both, - mbere£0re the wave function mqgt'co}}gpse to a fépm>tpat is
consistent with what actually does happen. But such a collapse is -

definitely incompatible with the superposition principle..
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ThiS'yiolation of the superpésitioﬂ pringiﬁie bothérs‘some
fhinkersL.'Wigﬁers ca11S»thébexistence of the two mbdes of change of
,the3wave:fﬁnction--i.é.;fthe smooth causal évolutibﬁ and the fitful
stétiétié@l{jumps'associéted with Méaéuréments—Aa Stféhge dualism,vand
Says.thét thé probabilistic behavior is almost diametrically opposite
to whaﬁ'Oné'Would expect'frdm‘ordihary expériencé. He and Ludwig9

séeculafé'tﬁat quantum theory may have tofbe modified by thé.addition,
‘of a nonlinear effect in the macroscopic realm in order to arrive at

» &_consiétéhf theory of measurements. Wigner-° even speculafes £hat‘the
poplineayity mayvbe associated with the action-bf.miﬁd dn.mattér.

. _';An}even more radical proposal was made by Everett,li and
sﬁppdrtéd'b&'Wheelerlz and Bryce DeWitt.13 According to this proposal
the human;observer actuélly runs both upstairs and downstairs at the
' éame timé.1JWhen the human observer sees the cbunter fire he bfeaks'
into tﬁéugeparate'editions of himself, one ofHWhiéh runs upstairs
while the other runs dowa. ﬁowévér, the partsléf‘fhe\wgve function
correséondiﬁg to these two différent’possibilities move into different
regiéns Qf,the-multip;rticle.configuratioh spacé and consequently do
no# inféffere. Therefore the two editions will never be aware of each
other's existence. Thus appéarancés are saved without violating the..
superpbéifion principle; |

"This"proposal is, I thiﬁk, unreasonable. A wave function
(squared) is, by virtue of its mathematical fofm and.properties,bqﬁite
naturaliy é probability function."bike all probabiiityvfunctions it‘is_

defined on the product of the spaces of the individual components of the
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full‘SyStem; It is'tnis property that allows-these functions to
divide intofpartsfthat assign different probabilities to various
different'combinations of possibilities. This separation into:parts
corresponding to the various different possibilities is completely ‘
normai for a probability fnnction. ' In the exampie described--with the
initial specifications as described thére--there is a finite probability
that the observer will be running.upstairs, and a finite probability
that he will Be'running downstairs. Thus the wave*functiOn necesssrily
must have both parts. If it COllapsed to one'part or the other it |
ﬁould’no longcr correctly‘describe thc probapilities'corrcsponding to
thc original specifications. |

VOf‘course, if the original specifications are replaced by new
Ones'that include now the specificstion that the observer is running
npStairs;.not downstairs, then the originai wsve function will naturally
be replaced‘by a new one, just as it.would be in classical statistiéalt
theory. -

In short, the mathematical properties of the wave functions are

completely in accord with the idea that they describe the evolution of

the probabilities of'tné_actual things, not the actualvthings them-
‘selves.i The idea that they describe also the evolution of thé’actual.
_ things thenselves leads to metaphysical monstrosities. These might

: pcrhaps bc nccepted if they were the necessary consequences of
irrefutable logic. But this is'hardiy the césc hcre. ‘The basis of
Everett's whole proposal is the premise that the snperposition |
'principle cannot suddeniy:fail. This premise is‘sound;. But.the’

natural and reasonable conclusion to draw from'it is that the wave
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functionsideséfibe the evolution of the probabilitiés,of'the actual
things, not‘the evolution of the actual thiﬁgs the@éelves.' Fér the
mathematiéal form and prdpertiés'of.thevwaQe function, including its
iawfui'dé?élopméntvin accordéncé'with the sﬁpefposition principle, are
éémpleteiy-in'accord with the presumption that it is a probability
‘function,;fihe addition of thé metaphysical assumption ﬁhat the wave -
' functioﬁ'représents the evolufibn of not only'the“pfobabilitiés of the
adtnal>fhiﬁgs, butlof.éléovthose actual things themselves, ié unreasqnable
because ité-only virtue'ié'fo save the.superposition priﬂciple that is
alréady;completely natural if éne'néver introduces this metaphysical
assumptioh; | |
‘:Eve?ett's_proposal; and also those of Wigﬁer_and Ludwig, are
the outérgwth of a certain tendency to ascribe to the wave function a
quality"bfabsolutenéss that'goes Beyond what ié ﬁormally and natUrally
attached to a probébility function. This tendency can perhaps be
" traced to_ﬁhat RosenfeldlLL calls "a radical difference in'bonception '
(going béckvto-§bn Neumann)-+-," this radical difference being with the
ideas of‘Bohr. Von Neumann's application of quantum theory to tﬂe  .
process of ﬁeasurement itself, coupled with his parallei treatments-
vof the twé:very different modes . of devélopment of the wave function--
i.e., the smooth dynamical evolutibn, and the abrupt changes associated
with ﬁeasurement--tend to conjure up the imaée of some some absolute
wave fﬁﬁgtioﬁ developing in time under thefinfluence of two differeﬁt,'
dynamicél'mechanisms. The:1living, breathing scientist who changes,thev
‘ wave‘fuﬁgtion he uses as he'receives moré information.is’replaced'by a

new dynamiéal mechanism. The resulting picture is strange indeed.
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In the Copenhagen'interpretationetne notion of an absolute wave
functlon representing the world itself is unequivocally reJected
"Wave functions, llke the corresponding probability functlons in
.clas31cal:phy51cs, are assoc1ated with the studies byvseientists of"
finite‘systems. The devices that preparedand later exsmine_such systéms
are reéafded'as parts of the ordinary classical physical world.- Their
.space-tlme dispositions are interpreted by the sc1entist as 1nformat10n
.about the system belng examined. It is only this latter system that
is represented by a'wave function. The probabilities involved are the :
probabilities of specified responses of the measuring deyices under
specified conditions.

‘New information avsilable to the scientist can be used in twop
differentenays; It can'be'considered to bevinformation about the
responseiof'a measuring device to the System Being;examined. In this
case the propability of this responée is the object of interest. On .
the other hand, the new information can also be regsrded as'pért of the
specifioation of a new preparation. 'The wave function'thatvrepresents'
this new specificstion will naturally be different from the wave
function that represented the'original specifications. One would not
expect the snperposition prineiple,to be maintained in the changevof
: the:wave'function associated with a changevof specifications.. 3
This pragmatic description is to be contrasted with descriptionS‘
‘_that attempt to peer "behind the scenes" and tell us what is really
s happening.'s Such superimposed images can be termed mefaphysicalv
appendaées, insofar'as they have no testable consequences. Theipragmatic

interpretation ignores all such metaphysical appendages;
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>The sharp distinction dréwn‘in thié secti5ﬁ be;ween;probabilities
and the actual things to which they refer should not be construed as
an accepténcé'of the real-partiéle intérpretatioﬁ,”which is described
next.  _ i_‘a: - _ : :'_ f..l v ' ,

| b. ' The Real-Particle Intcrprefatién

 Thé_£éa1~particle intefpretétibn affirms that there are real
particles, by which is meant~tiny localizedbobjects}or distﬁrbgnces;
or singuiariﬁies, 6r'0ther things:that stay together like particles
should, and don't spread out like waves. According to this interpreta-
tion.the'prbbébility functions ofquanfum theqryjdescribe, typically,
the proﬁébility that a real particle is in such-and-such a region. -
This real-pafticle interpretation is defended by Popper in‘Ref. 1, aﬁd

by Ballentine in Ref. 2.

| :anfidence in the ekiéténce of real particles was restored by
thm'slsviilustration'of how nonrelativistic Schroedinggr theofy'can 
be made'cémpatible with the existence of point particles. The price
p&id'fdf this achievement is this: All the particles in the (model)
universe are instantly and forcefully linkéd togethér. What happens to
any particlexin the universe instantly and violentlyaffects every other
partiéle.  |

-FIn such a situation it is not clear that we should cpntinue té'
use the term "particle." For the entire éolléétion ofr"particles" in
Bohm's universe acts as a single complex entity.” Our usual idea of a
partiéle i; an abstraction from experience about~ma¢rosc§pic obje;ts,
énd it ﬁérmallj carries as*bart of the idea of locglization, thelidea

that theflocalized entity is an independent entity, in the sense that
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vit deéende on cher things in the universe only through various
"dynamieaiﬁ effeets. These dynamical effects afefcharacterized by e
certain’respect for.space-time separatidns. In nartieular, fhey are
"causal." AIf the connectlons between particles radically transcend o v

ouf idea pf causal dynamical relationships, thenﬁthe appropriateness
of the word "partiéle"'can be.questionea.

Recentiy, Beill6 has shown that the statistical predictions of
quantum theory are'definitely incempefible with the existence of an
underlying reality whose spatially separated pafts'are independent
realities‘linked only by causal dynamical relationships. The ‘spatially
.separafed\parts of any underlying reaiity must be linked in ways'that
complefely.transcend £he realm of'causal’dynamieal connections. The
spatially separated'parts of any such underlying reality are nOt
independent realities, in the ordinary sense.

" Bell's theorem does not absolutely rule out the real-particle
interpreﬁation, if one is willing to admit these hyperdynamical connec-
tions..'But‘they fortify the opinion that a dynémical theory based on
such_a:ieel enfity would have no testable dynamicai,coneeqnenceé.

For thevsﬁrong dependence of individuai effects here on earth upon the
fine details of what is happening all over the universe apparently rules g

,out any ordlnary kind of test of such a theory.
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IV. THE PRAGMATIC CONCEPTION OF TRUTH
- AND THE NATURE OF SPACE

Tdvpfeparé the mind for the»pragmatic interprétatibn-it'is
useful té‘réball SOme ideés of William James. 1T James argued at length
fbr é ééffaihicdnceptibn'of'whétvit means for_an idea to be true. This
cénéeptiéﬁ'wés, in brief, that an idea is true if it works.

James' pfoposal-was at first éc;rned ana‘ridicﬁled by.most
.philoéophéfé; aé might be'exPééted.' For most péople can plainly see
a big Hifference between whether anvidea ié.frue'and whefhér it works.
Yet_Jamésfsiéutly defedded“his idea, claiming that he was misunderstood
Zby'his'critics. |

.fIt;is worthwhile to try to see things from James' point of view.

. James acéepts, as a matter of cburse}'thét the truth of an idea
mééns‘its;agieemént with reglity; The questions are: What is the

"reality"'wifh which a trué idea agrees?VvAnd what is thevrelatiOnéhip
"agréemeﬁtfwﬁth reality" by firtué*of which that'idea becomes true?

, v.;fAll ﬁuman'ideas lie,by definition, in thé'réglm of experience.
‘Reality,.¢h the other-hgnd, is usually consideréd‘to have parts lying
‘outside this realm. The question thus arises:  Cén an idea, which lies
inside the r¢alm of experience, agree with somefhing that lies Qutsiae? 
_H&w‘does Qne conceive of a ;elétionship between an>ideé,'on the énev"
_hand,jand”someth;ng of such & fundanentally différent,sért? What is
t thevstfuctﬁfél form of that connection between an idea gﬁd a trans-
éxperiehtiai reality that gqes\by tﬁé name of "agréeﬁean? ‘Hoﬁ can .

- such a‘rgiationship'becomﬁrehendedﬁby thoughts'forevef‘coﬁfined to

" the realm of experience?
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Thé ¢6ntention'that‘undgrlies ‘James' whole position is, I
bélieve, fhat a relationship bétﬁeen an idea and something else can be
compfehended‘oﬁly if‘that'somefhing else is also an idea. Ideas are
eternélly:confined'to the realm of ideas. Théy can‘"knov"vor "agree"
ohly ﬁith other ideas. There isrho way for a finife mind to:qémprehend.
or'expiain éh agreement between an idea and soﬁething that lieskoutéide
the realm of'experiénce.

_Sd'if we want to know what it means for an idea to agree with
i_a feality:wevmust first accept that this réality lies in the realm of
¢xperieﬁce.“
| ‘This viewpéint is not in accord with the usual idea of»truth.'
Ceriaih ¢f_oﬁr ideas are ideas about:what‘lieS'oﬁtside.thé realm of ‘f
éxberieﬁée; For example, I may4have the ideé that the world_i;:made
up'of’tiny objects called particies. According ﬁb the usual ndtion of
tru£h7thié idea is true or false aécbrding to whether or not the world
really is made up of such particleé; The tfuth of the idea depends on
whéthef it agrees with.something that lies outside the.realm of |
expefienée; | |

‘Jamés would ask: What is thé natﬁre of this relationship of
agreement? o ,

A first reply might be the ready admission that it is,'withou£ ques- -~
,fion, impoésibie to be absolutéiy certain that such an idea about the
extérnal'world is true. And it might also be;admittedvthat all one

can do by way of finding out would be to see how well it works. But

it would be staunchly affirmed that therquestion of whether it is true
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is nevertneiess;.in principle,'éuite separate'and distinct fromvthe'
questlon of how well it works | |
James would contlnue to press for. ‘some explanatlon of what it
means for’ the 1dea to. be true Inslstence on a nonevasive answer to
thls questlon is the cornerstone of his'position' | |
| A next reply mlght be an afflrmatlon that ,VThe world is,edme
.posed of partlcles ‘is true if the world really is composed of particles.
But James would reJect'this'answer as'an'evasive and_ﬁninfornative
rearrangement of words
It flnally mlghtbbe malntalned that an idea is true if’ 1t is a
'V,mental copy‘or 1mage of the reality'that ;t purports to represent.
Thismbrings;us'to the heart of the matter. How can an idea_be a cony
of something that is not an idea? |
iAh example of a copy is a globe: A globe is.a §¢py of the N
eartn.‘iit is a copy'Of'the earth because the glebe and earth are both
‘spatialfstructures,'and'rarious spatial'relationships tnat exist inione
'are 51m11ar to those that exist in the other. | |
Cons1der next the relatlonshlp between the globe and our.mental
image of the globe. If the latter could be identified as'a'certain
spatial'structure ef roughly spherical shape existing in the train of‘.
the thinker, then it could reasonably be said to be a éoﬁy of the globe.
»But.it ig;nnlikely that any'sueh spatial,structure eomes into'being
.twhen-onezthinks_of a giobe, and it is even ieSsvlikely that any~such
strueture”eonid‘te identified"as the idea of the globes' There is no‘

reason to believe that the_idea of a spaeeetime'structnre is itself a
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similaf‘spacé—time structure. Yetvhdethen.¢an bne_be‘§ éopy of the |
othefé How‘éan one be Similar to the other? Whét is the sﬁrqctural
fbrm.of:thé:relationship between them by virtue_bof'Which.one cén'be
ééid‘fo c6by>the other? | |
| ,Né sétisfaétory explanation of the relationship of agreement
between an idea and én'external reality seems_;ttainable. Any attempt
to prbdﬁce oﬁé is frustrated by our inability td‘getﬂany'hold on thé
ekfernai reality. The external reality is invariably_replaéed in our .
thihkiﬁgib&va:mental substitute, and we are,lefﬁ with no grasp oﬁ the
néture of.connéction between the mental substitute_and-the extefnal
fealiﬁy it;sﬁpposedly represents.

'ber'exampie, if we examine our idéa that the world is cbmposéd
df'pafticlgs we see that this idea ié a construction based on certain

1

iﬁtﬁitive ideas about "spacé" and about "objécts;' But these conéepts
are.merely‘ideas that arise in cohnecfidn‘with'dui sense experiehces,
and our re¢§lleétion§ of them. Thé Question'isf What is the relatioh:.
ship‘betwéen'these intuitive ideas and the external realities |
,theméelves?‘

Our initial naive conviction about external things isﬁthat our
intuitive'perceptions somehow directly_acquaint us with the tﬁings
- themselves. In our mental life we do noﬁ originally distinguish our
idea$ or perceptions of things from the things perceived. Thus &e can
vrea&ily'believe, for example, that in tﬁévthohghtﬁ associated with
.éertaih lover forms of life no distinction would ever 5e drawn bétween

' the perception_of the thing and the thing perceived. The idea that
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immediateiy:piesents itself wbuld hejtaken tovbé fhe‘"difect khowing"
of the very essence of the - thlnc percelved |

Man, however, has come to belleve that appearances are
aeceiﬁlhg;‘ The perceptlon of a smooth black rock by whlch I mean the
_ imhediateiy»intuited idea of the smooth black object that forms so.
naturali&kin our minds,vis now'generally)aecepted to be different from
the rock'itself,‘ The rock itself is, for example; a "swarm af_
particies%"L .

:Bht'of'coﬁrSevwhat passes in this case for the knowing of.the
externai'feality'itself‘ia nothing more than a bringihg.together of
* various other intuited ideas, the chief of which is the idea that
physiCal.reaiity'resides inva three-dimensionvspace.' Thus what comes
to stand in. the mind for real1ty is s1mply a new arrangement of old
1ntu1t10ns.

What has happened here is this: Flrst the valldlty of our
naive conv1ct10n that 1ntu1t1ve ideas give us a "direct know1ng or
mlrrorlng» of the external realities is dlscredlted by afflrmlng that
ideas are logically quite'different from extefnal realiiies._ Then the
psychplogicai force df_phis discredited naiVe convicfion is harnessed‘
_to'suppqrt the claimzthaf some rearranged Versien of our’originai
inﬁuitidne do mirror the external realities. . However, sinee the
10gica1'distinctness of ﬁheSe two kihds_of things has.been affirmed
one.is faced with the»duestion:' How can an idea-evef‘diiectly’know,

or mirror, or copy, an external reality?
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‘The'érucial issue is our idea of "space." Tt is useful to
¢bmpafé oufnidéas'about "space" with dur'ideas about "color."
"~The acéepted view today is that the vividly intuited idea that
ﬁhysical Bbjécts have "color" is false. The vividly intuited attri-
butes of "fedﬁess" or "blueness" aré’supposed to belong to the ﬁenﬁél

world of the viewer. "Color" is in the mind of the beholder.

"Onbthe other hand, the vividly intuited idea that objects-have

position, shape,and size is held to be true. These attributes are
held tdlbe intrinsicproperties of the objects themselves. They are

| not in the mind of the beholder. They exist indepéndently of the

thbughts of the observer. Our‘ideas'ébout space'sucéeéd in mirroring

vthe'absblufe’truth.

A reason sometimes given for believing that "color" is in the
mind of the beholder 1is that the intuited color of.an object can be
éhanged‘by merély inéefting colored glass between the 6bject and ‘the
viéﬁér..'Bﬁt,'df course, the intuited position, size;and shafe of
an object can, in almost ideﬁtical fashion, be changed by merély
inserting shapéd glass between fhe object and viewer. So wﬁy do we
':not éccépt that the position, size, and shape of an objeét are; like
its color, iﬁ the mind of the beholder? Why do we belie&e that our
_infuitive idéag aboﬁt space grasp--or mirror--qertain essences of
extérnql realitj.itself?

The aﬁswervis clear. We believe this because we hé#e certain
.thebfies'in which a role "external physical reality" isvpléyéd by an

1

ébncepfuai structure that conforms to our idea that'phySical reality

&
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resides in'a three—dimensional continuum called space, and these
theories work.reasonably weli at least in certain domains ihe
| Justification for believ1ng that our intuitive 1deas about space
mlrror essences of external reality 1tself 11es, then, not in the
‘v1v1dness of these 1deas, but solely in the corroboratlon in the realm
of practical experience of theories based on these 1deas The Justlfl-
cation of our belief lies solely in the fact that it works

The fact that our intuitive ideas. about space must be Judged
by their practlcal success w1ll of course, not be disputed The
attention. Just given to the matter is part of an- effort to convert _
“this obv1ous truth from an airy abstract prop051t10n1nto a bona fide
w1llingness-of[the reader to be truly open-minded on the.questlon of
whether‘erternal'reality<iies in avthree-dimensional spacet A genuine
willingnéssiand ability'to doubt”this is completely‘essential to an
appreciation bothfof James' ideas and of the Copenhagen interpretation.
This is<hecause the claim'that ideas_can‘mirror‘only othervideas,k»
whichnunderlies'the pragmatic position? is inmediately.refuted in the:
mind of theidogmatic heliever‘in absolute space by the perception of
the congrnence of his spatial intuitions with the spatial aspects of
his conception'of external’physical reality

:Imagine, for a moment that the course of SC1ent1f1c progress is -
such that the 1dea that phy31cal reality res1des in. three dimen51onal
N space becomes"completely_untenable; and Undeniably false. That is,v
: snppose thati"space,”'following in the footsteps‘ofv"coior;" is ciearly'
recognized to lie in the mind of the beholder. Then James' views will _

;gather-momentum; For the discrediting of this prime example of“ideas
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| transcending fhe realm of experieﬁce-must inevitably'fbcus seiious
attentlon on the quest10n°. To what extent can a human 1dea agree w1th
somethlng pos51b1y 80 dlfferent from itself as the absolute truth9

"The notlon that human-ideas can exactly mirror the essences of external
realiﬁy must, in such a situation, be univefsally recognized as simply
a hypothesis to be”Judgedlpn the basis of how well it works. But this
hyﬁothesis:is the basis_of the usual notion of truth; Recbgnifionvof
lits quesfionability’undermines fhe.uSual notion of.tiuth,vand allows
bne te_See,better what James was driving at.

It may be objected that it is absurd to propose that "space,"
like fColor;"‘lies in the mind of the beholder.  However, the‘éuestiqnv
of the nature of SPaee has'been a vexing one to phildsophers since ﬁhe 
_:beginningeof philosophy. The early arguﬁent of Parmenides was, |
essentialiy,this: Space is simply "room" for something else; hence iu
itself nothing; but that which is nothing cannot.ue.i Even.to scan
a1l that has been subsequently written on the'nature of space would be
an immense' task.l8 Of course, the practical—minded scientis%,'secure'
in his world view based on class1cal physics, can easily dlsmlSS
iall these cons1derations as mere semantlc qulbbllng But quantum theery
demands a’ reassessment.‘ For quantum theory has nothing in it thaﬁ canvbe
taken fo be the image of an external realit& pfecisely located in a
three~-dimensional spaee;

| .vThe quantum theoretical description does, of course, contain’
wave functions.v And in one particular_representation these.become.
functions of‘variables that can be associated in a very rough‘way with
"

"poSitions of particles." But one must not be deceived'by this.
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As Bohr has: sald,”It must be kept in m1nd [that] ue are concerned with
a ‘closed system whlch accordlng to the v1eW'presented here 1s not
access1ble-to observatlon. In fact _wave mechanlcs, Just as the matrlx
theory,‘onﬂthis viewgrepresents a symbollc transcrlptlon ofvthe problem
of'motion of'olassicalvmechanics adapted to the reouirements oquuantum :
theory and’ only to be 1nterpreted by an expllclt use of the quantum
postulate w19 In short the wave functlons are abstract mathematical
vsymbols that are to»be.lnterpreted only via the formula for the_transif'
tion‘prohabiiity. They are not to berinterpreted esldescriptions of
the charecteristics of points of a realvexternalty:existing.space.

Thelactual things of‘the quantum theoreticol description are‘ .
' déScribed inhterms of the specif;cationsv A eno B. . These spécifications
are notvprecise'space—time descriptious;ithey do not describe things“
to an accuracy of lO-lOO cm. Moreover, they arehnot held'to be merely
rough‘apbroximationsvto some precise de5criptiou of a reel'microscopic
space-tiue.world. To admit this would be torgreut that a complete
descrlptlon of phys1cal reallty would be more complete than the descrip-
tion prov1ded by quantum theory

It might be suggested_that the real.micrOSCOpic space-time world
.should_he described, for example by the quantities of classical.electroe:r_y
. magnetic theory{:such es E(x)é, J(x), ete. But theh'a completeA
‘_physical theory should give ‘some theoretical account of howithesej
classicai'quantities evolve in the course of time. It should give
some deteiled expianation of how these classical quautities are
related to the quantum theoretlcal wave functions. It should prov1de

some explanatlon of how the probabllltles assoc1ated with the wave
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functione”become converted into the realities deseribed'hy the.eiassical:‘
quantltles Quantuo theOry.pfovides no such explanatione. It givesij
bno account of the conver51on of quantum probabllltles 1nto mlcroscoplc
pace-tlme realities.

| The fact that quantum theory contalns nothlng that is 1nterpreted’_
as a descrlptlon of characteristics of p01nts of an. externally ex1st1ng
three-d1mens1onal space can be construed as ev1dence of 1ts 1ncomplete-
: nesstv However, all we‘really know about three-dimensional space Ls
that it is a concept that has been very useful for organizing sense- -
eXperienCe. 'Man’s effort to comprehend the world in terms of the idea -
of an external reality prec1sely located in three-d1mens1onal space
reached ‘its culmination in class1cal fleld theory. That theory, though
satlsfactory in the domain of macroscoplc phenomena, failed to prov1de
a satlsfactory account of the mlcroscoplc sources of the field. The
V.bulk‘of Elnsteln s scientific life was spent in a frustrated‘effort to
make'thesefideas:work at the microscopic ievel}QQ"The,rejection oft |
classiéalotheory in:favor_of>quantum theory'tepresents,-in essence; the
rejectioﬁ.of.the idea that external reality reeides or-inhefes in a
three-oimeneional space (or consists of contortions of a fouf-dimensionel
space—time); It Signalizes the return_of Speee to the mind‘of.the_'
beholder. . | |
| The recognltlon of this important change is vital to the
Understendlng of quantum theory on two dlfferent levels. It is dlrectly _
.importent because it ellows quantum theory'tO*be considered complete,
even though it gives no descrlptlon of what is happenlng at the mlcro-

scoplc space-tlme level. A theory providing no such descrlptlon would
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beviocomolete‘by definition if there we;eién exteioélvreaiity
reSidihg”in_three—dimensional space; 'Recognitioh‘of'the changevis
indirectlyeimportant bééaﬁSe it discredits the presumption.that»humao'
1deas can exactly mirror absolute truth, thus maklng acceptable the
.pos1t10n that phys1cal theorles must be Judged solely on’ the ‘basis
, of how well they work | V |
James was,accused of sﬁbjéctivism-—of den&ing:the existence of
v objective'reality In defeﬁdingthimSelf against this charge, ‘which he
termed slanderous, he 1ntroduced an 1nterest1ng ontology consisting of
-_three,th;ngs: (1) prlvate concepts; (2) sense- obJects, (5) hypersens1ble
reelitiest' The prlvate_concepts are subgectlve'experlences.‘ The
vsense-objects are publie senseJrealities; ;.e., sense-realities tﬁat are
independeﬁt of the individual. The hypersensible realities ere realities,
that exiet”independently of all human thiokers.?} | |

of h&béféensible reaiitieleames‘can'talk:ooly obliqﬁely,‘Since
he recogﬁizeS'both that our knowledge of such thinés'is_forever'uncertaiﬁ;
" and that we can moreoVer never even'think of sueh things without
ieplacing them by'meotal.substitutes that lack the defining eharacter-i
1stlcs of- that which they replace, namely the property oP ex1st1nc
_1ndependently of all human thlnkers

James' sense-objects are curioos things. .They are senee-
frealities, and‘hence belong to the reaim of ekperience. Yet'they;are
public} ufhey are'independent of the individual. They are;in short,
objéctivetéXperienees; The.oSual idea about experiences is that they

. are personal or subjective, not public or objective.
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iihis ldea that experienced’sense-objects are_public or objective

realities runs through James' writings. The eiperlenced "tiger" can
) appear in the'mental histories of many different individuals. "That
desk" is something that I can grasp and shake, and you also Can;grasp
and shake."About this desk James says "But you'and I are commutable
here, we can exchange places, and as you go bail for my desk, so I can-
: go bail for yours. This notion of a reality 1ndependent of elther of . |
~us, taken from ordinary:experience, lies at the base of the pragmatic.
def1n1tlon’of truth’" |

These words should, I think, be llnked with Bohr's words about
tclass1cal concepts as the ba51s of communlcatlon between scientists.
uIn both cases the focus is on_the concretelyvexperlenced'sense reallties-—
such as“the:shaking of “the desk—-as>the.foundation of social reality.
From’this,point of view the external world is‘not>built out of such alry
abstractions“as electrons and prdtons and "space;“:~It is built out of
" the concrete sense realltles of soc1al experlence, such as a block of -
concrete held in- the hand a sword forged by a blacksmlth held in the
hand of a knlght crashlng on the. helmet of his foe; a Gelger counter
prepared accordlng to spe01f1catlons by'laboratory technlclans and
‘placed in a specified position by experlmental,physr01sts; a track in
- a photographic plate plotted by a scanner; | )

The concrete sense realltles of social experlence I call
actualities. Actuallty is the level of reallty that forms the basis
of social life and communication. This terminology grew out of a
conversation w1th Helsenberg, in which he strongly empha51zed the

’

act" in actuallty.



"';-29- S o o | UCRL-2029%

ThlS excur31on into ph1losophy prov1des backoround for the
Copenhagen 1nterpretat10n, which is fundamentally a shlft to a

phllosophlc perspectlve resembllng that of Wllllam James..
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V. THE PRAGMATIC INTERPRETATION
Thé:pragmatic interpretation of quantum.theory is summed up

in the foildﬁihg two'aSsértiéns:'

':“(l) Quantum theory is fundamenfally the procedure described in the
, pracficai éccount‘bf.quéntum theory given in Sec. 2. | ‘. |
iv(2) 'Qﬁantum theory provides a éomglete description of physicél
reality;f j5; . : , .

| _Ihe chief problem facing the.pfagmatic.interpretatién is to
reconcilé these two Superficiallyuincompafiblé éséertions;' This
problem’ié taken up in the following‘sectiénQ ‘Fifét, two seménfic
' questibns are éttended to. L

1. 'The'popénhagen interpretationvis oftenvériticizéd on the
grounds that it is subjective, i.e.,?thAt it deals.ﬁith the observer's
knOWledge‘éf-things,.rather than thbse>things thémselves, ‘This charge:
arisés'mainly from Heisenbéig’$>frequent use ofvthe WOids‘"knowledgé"'
aﬁd”"oﬁéerér." Since qﬁahtum theory is fundaméntaliy'a'prbcédure by
which séientists make predictions, it is‘éompletely appropriate fhat it
refer to the knowledge of'the observer, vForvhuman observefs'play a
vitai role in setting up experiments ahd in noting theirvresults;
HOWevgr, Heisenberg*s wording,‘interpreted iﬁ a'éuperficial way,

"can be;.dnd‘has been,,tﬁé source of considerable confusion. It is
‘theréfore:perhabs beﬁtef tb séeak directly in terms of the concféte.
_sdcial realities, such as,dispésitions of instruments,etc., ihAtérms.of |
which the preparations, measufements, and results arg d¢SCribéd. This
type of’tefminélogy was favored by Bohr, who used the phrase "cléssicdl

concepts"” to signify descriptions in terms of concrete social actualities.
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However, Bohr s termlnology, though blatantly obJectlve, ralses
the questlon of how quantum theory can be cons1stently constructed on a
foundatlon that includes concepts that are fundamentally 1ncompat1ble-
w1th the quantum concepts. .

The term adopted here is 'specifications " A ‘typical spe01f1ca-
“tion m1ght be that a certa1n type of countlng dev1ce be placed flve
feet from;a target ‘that 1s_prepared 1n a spec1f1ed way to be a sphere
':of one inch radius. These dimensions‘are not meant to be'interpreted
literally}f The placement of;the counter is not aCCuratevto ”lo—lOO cm.
The techn1c1ans who' 1nterpret the speclflcatlons are supposed to‘
understand what sort of accuracy is necessary.

,Spec;flcatlons are what architects and’ huilders, and mechanics -
and'machinists use in order todcommunicate'to one another.requirements
or condltlons on the concrete soc1al realltles or actualltles that bind
thelr llyes together It is hard to thlnk of a theoretlcal concept
}that'could haye a more obJectlve meanlng. Speclflcatlons are descrlbed
in techn1cal Jargon that is an extension of everyday language; This
.language may.lncorporate concepts from cla531cal phy51cs But this
fact in no»way 1mp11es ‘that these'concepts,are_valld beyond the realm
in'which.they are usedvbybthe technicians.‘ |

lThis change in terminology is merely a semantic
- shift: What I nean by,"specifications“ isdbasically nobdifferent from -
what'Heisenberéimeans by."knowledge"‘or Bohr neans hy "claSSical_
-description;" But perhapstthe_term'"specificationsh will-cause leSS‘

confusion.
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"2;’-Théfé"is a debate about whether a wave function describes an
iﬁdividual sYsﬁem or én.ensémﬁle of systems. Thé_ﬁa§¢ fﬁnction wA is
‘thé imageiof a certain'sét''of.specificationsj A"'These'specifications
éan hOld»iﬁ.ﬁany different instances, or in one singlé inétance,(of in
no instences at all. If these speCifiéations hoid inﬁéome given instance
th¢n thejane function ¥,, being the image of specifications that are
sétisfiéd.in.ﬁhis'individuél'instance,'Can be reasbnéblj.said tb1bé a
matheiatidal representatioﬁ'of the individﬁal preparétion. It can be
used by a sclentlst to form expectatlons about results of thls never-
to-be-repeated experlment

On the other hand, the theoretical significancé of the.wavgv
function .ﬁA“iies in the fact that it ié; in effect, a cataldg‘of
predicted probabilities for all possible results of all possible
méasureménts-performéd on systems prepared according'to specificatiohé_
A, It mayvthérefore.be confeﬁient to think of WA és”a representation
bf'anvideai‘infinife'éﬁSemblé of-Systems satisfying‘the Spécificétionsv
N , » o

Whether one thinks'of the wave function »WA‘ as a reppesentation
:merelj’of the specificdtions--A, or of‘ah actually existiﬁg individual
situation that conforms.to’the specificatiqns A, orzof an ideal infiﬁife
ensemble of suéh situations makes no fractiéal difference. Thé &arioué
v1ewp01nts are pragmatlcally equivalent. o |

The p01nt lying behing this remark is that the ontologlcal
questlon of what exists or does not exist should not be obscured by

', ty1ng lt to the semantlc questlon of whether the probablllty functlon
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i.is said'telrebresentreh individﬁei-or aniensembie;r Thls questlos can
be‘ralsed already at the level of class1cal concepts, even when all .
rontological questlons are con81dered resolved ' The fundamental ontologl—_e
'cal questlon is. consequently obscured by pos1ng 1t as the questlon of
:mhether the probablllty functlon represents an 1nd1v1dual system or an

-ensemble of systems
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) Vl. CAN QUANTUM~ MECHANICAL DESCRIPTION OF PHYSICAL '

|  REALITY BE CONSIDERED COMPLETE9"
‘This is the issue debated by BohrZe andinnsteln.gj“The |
.problen is: How;can an admittedly'pragmatictheory behconsidered a
complete description of physical realityV How:can.a'theory that:is

fundamentally a procedure by which gross macroscopic. creatures, such

as human belngs,'calculate predlcted probabllltles of what they w1ll
_observe under macroscoplcally specified c1rcumstances_ever be claimed
to be a complete descrlptlon of phy51cal reality?

t This apparently preposterous claim is the core of the Copenhagen‘
interpretatlon° The Copenhagen interpretation stands or falls on 1ts
defense of this claim.

' The issue hinges on the questionﬁ What is physical reality?

Ve acceptjEinstein‘sopinions on the matter."Heksays "We'represent the
'sense—impressionstas‘conditionedvby.an 'objectiue’ and by'a.'suhjectiVév
factor. For‘this‘conceptual'distinction there is no logical-philosophi-
cal justification.---the only justification lies in.its'usefulness.
We'are concerned here'with\'categories’ or schemes'of thought, the
selection of which is, in'principle,ientirely open.to us and whose
qualdfications can only‘be judged by the degree to.which lts'use
contrlbutes to making the total1ty of the contents of consciousness -
1ntelllg1ble. The above,mentloned objectlve factor is the totallty e
of such concepts and conceptual relations as are thought of as 1ndepen-
dent of;exper1ence,.v1z. of perceptlons., So long as'wevmove w1th1n
.the‘thusjuogrammaticallyfixed sphere of-thought we arevthinking

physically. ‘Insofar as physical thinking justifies itself, in the
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more than oncejindicated sense, bj;its’abilfty tolgresp experieneeS' '
1ntellectually, ve regard the knowledge as - 'knowledge of the real' .

In another place he says that the truly valuable Whlch is to be
- found in Kant s doctrlne lles in the idea that "There‘ls<such a thlng
as a conceptual constructlon for the grasplng of the 1nter personal
the author1ty of which lies purely in its valldatlon ThlS oonceptual
-construct;on refers pre01sely to-the’ real' (by definition), end every
further question'conoefning the lnature ofltne real'fappears.empty."

flElsewherevhe'says "The justifiCEtion of theveonstructs which

representbtfeality' for us, lies alone in theirJQuelity of making
intelligible what is sensorily given." - |

Itfseems evident from these_quOtations'that.EinStein does'notv
hold tnetﬁa oonception>of‘feality is‘to be judged on the basis of |
whether it mirrofs the absolute truth. It is tovbe7judged rather on
the-basis-of how well it serves to make"experienée intelligible. He .
says'furthef:thet "In order to be able to consider'e'theory as.a
Ehysical:theon'it is onlj'necessary that it implies empirically
testable”essertions in general." | |

According-to this viewpoint then, the-completeness of a.
'descrlptlon of phys1cal reallty must be Judged on the bas1s of 1ts.
testable consequences, and certa1nly not on the ba31s of whether it
‘ m;rrors absolute trutn. |

',ﬁaving thus brought the question of completeness tofthe ouestiono

of testable.consequences‘we arrive at the central'issue: "Can any
:theoretioélAconstruction give us testable predlotions about physical

phenomena‘that'cannot be extracted from a quantum theoretical description?",
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The core of the Copeﬁhagen interpretatién is the opinion‘that
no such’ construction is possible. - | l L

The arguments advanced in‘support ofthisépiniOh arise from
'the'limiﬁatiéns apparentl& impoéed by Heisenbergis unceftaiﬁfj principle}
This"priﬁciple asserts that it'is not pdséib;e to prepare a éystem‘in.
such a waj tﬁat thé_moﬁentum and position of a particle are both
detérminedito arbitfary acéuracy. It seems to follow from thié limita-
tion that Bnly statistical.pfedictions about the results of future
' @eésuremeﬁts are’possible, in general, and'that moféover, no statistical
, predicﬁioﬁsvthat transcegd the.quantum theoretical framework.areu |
possible.v These conclusions, which emerged from an extéhsiVe én&
intensive examination éf the,experiméntai possibiiitieé,'with Einstein
as a'primevchallenger, provide the basis of the opinion %haf'dq deeper
'.classiéal-type theory could give testable‘dyhamical qonsequehces;j

This argument is based on a certain gehefal idea'of.what the

deeper claésiCal-type théor& is like. It is ﬁictured as a sét of real
, parﬁiéles.wﬁose,behaviors are somehow harmonized with the emﬁiiiéally
obser&ed diffractidn effects. Even within this liﬁit&tion the argument
is not’a rigoroﬁs proof that‘no such theory cbuid évérkgiveAtestable‘
predi¢tions that transcend quantum theory. It is a strqng p1aﬁsibilitj v
argument;

: Einstein's;counter-arguments-boil down td'tﬁe folléwing ﬁbints;
(1) It is not proven that the usual cbncept of féality is unworkabie; |
.(2)'Quantum theory does not make intelligible what is sensorily given;
and'(3) If there is a more complete thinkable'deécription Qf natﬁré'

then the qumulation of the universal laws should involve their use.
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Eeil's theoreml6.deals a shattering'hlouhto Einstein's position.
For 1t proves that the ordlnary concept of reallty is 1ncompat1ble |
w1th the statlstlcal predlctlons of quantum theory. These predlctlons
Elnsteln Was'apparently w1111ng to accept. Elnsteln s whole p031t10n
rests squarely on the presumptlon that sense experlence can be under-
»stood in terms of an idea of some external reallty whose spatlally
separated parts are independent realities,‘in the sense that they
'depend on each other only via connections that respect space-tlme
_ separatlon in the usual way. 1nstantaneous connectlons are excluded.
‘But the ex1stence of such a reallty lying behind the world of- observed
phenomena is prec1sely what Bell's theorem proves to be 1mposs1ble |

' Elnsteln s second point, about whetherlquantum,theory makes‘
inteiligible what is sensorily given, is téken.up_in‘the:nextfseC£ion.

'bEinstein*s:third point raises twovimportant-questions. The
first isdwhefher a complete description.of-nature is thinkable; Can
human idees; which are presumahlybiimited by the'structural form of
“human brains, and which are presumably geared to the problem of human
survival,pfully know or comprehend the ultimate essences? And even if
they Can; what is the”role in nature of universal‘iaws? is all nature
ruled by some closed set of mathematical formulas9 This might be one
poss1b111ty. Another, qulte compatible with present knowledge,'ls
that certaln aspects of nature adhere to closed mathematlcal.forms,'
hut.thetpthe_fullness of nature transcends.any such form; |

We return to these questions later:
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VII. QUANTUM THEORY AND REALITY
The problem éf gchroedingér’s cat is often'ralsed as an
objecticn to bhc‘Copenhcgen interpretatiop. Thisvcat is in a black
_bcx, and its wave function is a.superpoéition of two'parts, one
correépcndlng to a "live cat," and tbe othef ccrrespcnding to d‘"déad
cat." This scparation Of‘the wavé function‘is the result of a pcssible
réleasé'bf'cyanide gas by a radiocactive decay. | .‘ |
'Fromathé strictly pragmabic point of view it is cdmpletély.
pfoper théf the wave function,_which represents probabilitieé relative
to SOmejinitiélly specified condltions,'should beba Superposition of
.thesc_twc pgrts.' But the objection is raibed that the real cat éither
fs’dead, cr'is élivé; not bcth, and hence‘a complebe describtlon of
phyéicallrealify should specify which of these twc possibilifies
holds. o : | | |
" The rigid pragmatiSf will'reject this demand for a more com-
'plete.descfiption,'saying:that thé ektfé’Specificaﬁions have no
" empirical content° The truth of the assertions "The cat in the black
box is dead" and "The cat in the black box is allve cannot be tested.
‘Thus to avoid meanlngless metaphysical debate the pragmatlst w1ll |
refrain from 1ntroduc1ng extra varlables.

- The virtue of the pragmatic position is cmphasizcd by'thé
existence of the Everett intcrpretation OfYQﬁanbum theory;iwhich
contends that the cat in the black box is in fact both dead and: allve,
i.e., there are two dlstlnct edltlons of ‘the cat, one dead the |
. other-alive.- The pragmatist can cite the debate about whether‘both;

“cats exist as evidence of the soundness of his position.



-39- ' UCRL-20294

On the other hand,'itVCanvbe argued thet;the,usnel reality

- cbncépt; applied at the'macroscopic level,is nsefnl.and'has-been
tested.in e~wide'range’of.contexts : The essence of this concept is

that macroscopdc obJects, 1nclud1ng cats, have deflnlte dlsp051t10ns

~in three-d1mens1onal space even. when we are not observ1ng them Since
thls idea works s0 well in so many cases it seems. justlflable “to
assume that the cat in the black box is deflnltely dead or is deflnltely
alive, even though we do not observe h1m.

This argument‘is reasonable: We shonld'indeed'grant'to the

»cat the.same.reality»status as other unobservedmacroscooic objects.

We can, more generally, accept the whole conceptual structure of
clas51cal phys1cs, prov1ded we clearly understand that it is s1mply
a tool that allows us to 'make intelligible what is. sensorlly glven
That 1s, ‘the concepts of classlcal phys1cs ere not to bevaccepted as‘

_a description of the ultimate'essences»of,nature.,-They are accepted
esitools‘that help us to comprehend'the structure of sense-experience,
They are: useful in a certaln domain of experience in whlch they have
valldatedvthemselves; Their appllcablllty outs1de thls domaln is by

lnovmeansvassured or eutomatlc,

One can even assume,-in-the same vein,.that the entire world

- of macroscooic objects can‘be'described in terms of the conceots of

cla331cal field theory, such as the current density J(x), the electric

- fleld E(x), the dlelectrlc dlsplacement D(x), the 1nduct1Ve capac1ty‘r;

e(x), etc. ﬁut these descrlptlons should not be regarded as exact

‘jrepresentatlons of absolute essences. 'They are conceptual structures
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thet are useful for3bringing some seublahce of Order_to the realm of
s?nse—exPeriencesn' | o |
- We may 1mag1ne, as it is natural to do, that these concepts
correspond in some rough way to aspects of some hypersen51b1e reallty
But we should_not presume ‘that these lnventions of the mind mlrror the
absolute truth itself. The domain of valldlty of any such conceptual »
vstructure must be mapped out emplrlcally There is no a pr}orl reason
“to expect that any single mathematical constructionvwiil enable us to
comprehend all of nature; | |
'.Iurorder to objectify as far_as.possible our descriptions of _
the'sPecifications on preparations and ueasurements we can express
them in terms,of these'"objective" quautities'of'classicai_physics.
The meaniug:of;these "objective" quantities for us is tied to the fsct_
that we{conceive“of them as the qualities of an.externalvworldethat
exists independently of our perceptions of it.v The formulation'of'the
specifications in terms of these classical quantities allows-the human
'observer'tofbe eliminated, superficially at leest,'from the quentuml.
theoreticaihoescription of nature: The observer need not be exp11c1tly
1ntroduced 1nto the descrlptlon of quantum theory because the connectlon,
between hls>knowledge and these_clas31cal quantltles is then shlfted
- to other domains . of science, such as classical physics, biology,
Apsychologjjetc. |

But this dlsappearance of the observer is 51mply a semantlc

B slelght-of—hand ~Since the conceptual structure of classical phy51cs '

is recognlzed as fundamentally an 1nvent10n of the m1nd that is useful'_

-for organ;zlng andcodlfylngexperlence, the.knowledge of the observer
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emérges,iﬁfﬁhe"end,as-the‘fundaﬁehtql feality‘upbﬁ.@ﬁich the whole
structuréirééts; The tefmsJanﬁwlédgé’of the obégrier," or\"cléésical
descriptiphﬁ.qr'"specificétions“farg'just.diffeféh£ yayS of.summingv
) #ﬁ in é'siﬁgié,téfm this‘enﬁire arrangeﬁent of idéés,.which‘follows
from the iécognition.of the”iimited~domain of Validity of ‘classical
- concepts. ” o

 Boh;:cites-certaiﬁ ideas frpm bioiogy and psychblogylas'other .
.examplésfofvéoncepts'fhét workvwell'iﬁ;certain limited dqmains,‘_And he
néﬁes that there have been repeated attempts to ﬁnify_aillhuman knowl-
v‘edge on»ihefbasis of one or anofher‘of thése‘éoncébtual f‘r&uneworkﬁ.21‘t
vSucﬁ'attempts are thevnatﬁraIYOutgr0wth‘0f thé'abéoiutisf viewpoint,
which ﬁolds.that the ideas of man can giasp of know the abéolute esSehceé.
'The-praématists; regarding human concepts as Simplyvtools for thé‘compreA
heﬂsibﬁ' Vof:eXperienée,'and averring‘thaf'hu@angideas; beiné priéoners
in‘tﬁe'reéim of human experience, can_"knowﬁ_notﬁing But other hﬁmah
ideas, would not be optimistic about fhe prospeéts_dficompletebsuccéés
in such ventures. for him ﬁrogress in human_understanding would more
.‘ likely consisf of the growth of a web.of intérwoven COmplementﬁry
understandings df various dspects of the fullness of nature.

~ Such a view, though withholding the prOmisé'for eVéntuai com-
:pletevillumination-regarding the ultimate essencé ofvnafﬁrg,fdoes offer
the'proépecf that humanvinquiry can continué indefinitely to &ield
imﬁdrtant new truths. Andrthese can be final in ﬁhe sense ﬁhat.they
grésﬁ or'illuﬁinate somé aspect.of‘nature as it is revealéd to human

Aexpefiean;'Andvfhe hope éan persist'that man ﬁill pérceivevever more'clearl&,



.vthrough hls grcw1ng petchwofk of compiementary views, the éenerel.form
l_rof a pervadlng presence But thls pervadlng presence cannot be expected T ;
_or requlred to be a res1dent of the three d1men51onal space of nalve“:

1ntu1t10n, or. to be descrlbed fundamentally in terms of quantltles associeted

with polnts of a four—d1mens1onal space-tlme contlnuum fb
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