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EINSTEIN ON LOCALITY AND SEPARABILITY 

. . . all things which are different must be distinguished in some way, 
and in the case of real things position alone is not a sufficient means 
of distinction. This overthrows the whole of purely corpuscularian 
philosophy. 

Leibniz, 'On the Principle of Indiscernibles' (1696) 

Introduction 

EINSTEIN is famous for his enduring doubts about the quantum theory's claim 
to be a complete theory of nature. The 1935 Einstein, Podolsky and Rosen (EPR) 
paper, 'Can Quantum-Mechanical Description of Physical Reality Be Considered 
Complete?', is a landmark in the history of twentieth-century physics.1 The 
puzzle first posed there about a Gedankenexperiment involving previously 
interacting systems, the puzzle ever since referred to as the 'EPR paradox', has 
been the focus of intense and sustained philosophical debate about the relation 
between theory and reality.2 The Gedankenexperiment itself has recently been 
turned into an actual experiment, the results of which appear to refute the 
possibility of local hidden-variable theories, which is an ironic turn of events, 
since local hidden-variable theories have been regarded by many as an attractive 
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way to repair the defect in quantum mechanics which so troubled Einstein.3 

However, Einstein's doubts about quantum mechanics were never enough 
to shake the faith of the defenders of quantum mechanical orthodoxy. Indeed, 
too many physicists and philosophers have been inclined to dismiss Einstein's 
misgivings as being a result of the naive but forgivable failures of understanding 
of an old man still clinging to an outmoded, deterministic metaphysics. I do 
not share Einstein's doubts about quantum mechanics, but I think it a mistake 
so easily to dismiss his arguments. In fact, I believe that his views on 
incompleteness have never been understood properly, precisely because we have 
not taken them seriously enough to study them with the care they deserve. And 
I believe that the loss to our understanding of physics is considerable. In what 
follows, I will argue that Einstein's real reasons for believing quantum mechanics 
incomplete were quite different from those attributed to him on the basis of 
casual readings of the EPR paper. And I will argue that his reflections on the 
quantum mechanical challenge to classical ways of thinking are far more 
insightful than we have taken them to be. Should we be surprised to learn that 
Einstein was a profound, not a superficial critic of the quantum theory? 

More specifically, I will defend four claims: 
(1) Einstein did not write the Einstein, Podolsky and Rosen pa and he 

was unhappy with the way it turned out, arguing that the 'main point' was 
'buried by the erudition'.4 

(2) Shortly after the appearance of the EPR paper, Einstein set forth his own 
incompleteness argument, which over the course of the next fifteen years he 
presented at least three times in print and at least twice in his correspondence. 
The paradoxical behavior of previously interacting systems is still the key, but 
Einstein's argument differs from the EPR argument in both its logical form 
and the assumptions upon which it rests. In brief, what Einstein argues is that 
the incompleteness of quantum mechanics follows from the conjunction of two 

3For a survey of all of the experimental results through 1978, as well as an analysis of Bell's 
theorem, which was the starting point for this line of investigation, see J. F. Clauser and A. Shimony, 
'Bell's Theorem: Experimental Tests and Implications', Reports on Progress in Physics 41 (1978), 
1881 - 1927. Bell first presented his theorem in 'On the Einstein, Podolsky and Rosen Paradox', 
Physics 1 (1964), 195 — 200. The most recent experimental results, which provide the strongest evidence 
to date against local hidden-variable theories, are reported in A. Aspect, P. Grangier and G. Roger, 
'Experimental Realization of Einstein - Podolsky - Rosen- Bohm Gedankenexperiment: A New-
Violation of Bell's Inequalities', Physical Review Letters 49 (1982), 91 -94 , and A. Aspect, J. 
Dalibard and G. Roger, 'Experimental Test of Bell's Inequalities Using Time-Varying Analyzers', 
Physical Review Letters 49 (1982), 1804-7. In what follows, I refer to the various experimental 
tests of local hidden-variable theories, collectively, as the 'Bell experiments'. 

•"Einstein, letter to Schrodinger, 19 June 1935. The contents of this letter are discussed in some 
detail below; see sections 1 and 2. Arthur Fine first drew attention to the importance of this letter 
in his 'Einstein's Critique of Quantum Theory: The Roots and Significance of EPR', in After Einstein: 
Proceedings of the Einstein Centennial Celebration at Memphis State University, 14- 16 March 
1979, P. Barker and C. G. Shugart (eds.) (Memphis, Tennessee: Memphis State University Press, 
1981), pp. 147 - 5S. However, I disagree in important ways with Fine's analysis of the incompleteness 
argument found in the letter. In particular, Fine denies that one can find in the letter a distinction 
of the kind 1 want to draw between separability and locality. See notes, 23 and 41. 
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assumptions. The first, which I call the 'separability principle', asserts that any 
two spatially separated systems possess their own separate real states. The 
second, the 'locality principle' asserts that all physical effects are propagated 
with finite, subluminal velocities, so that no effects can be communicated 
between systems separated by a space-like interval. 

(3) Far better than the EPR argument, Einstein's incompleteness argument 
points up the issues at stake in the choice between quantum and classical theories 
of nature. In particular, the difference is seen to rest on the quantum theory's 
denial of the separability principle, which Einstein regards as the essential 
foundation of all classical, realistic theories. Einstein's incompleteness argument 
also thus clarifies the link between his doubts about quantum mechanics and 
his commitment to realism by making clear the physical assumptions upon which 
his realism is grounded. 

(4) Einstein's own approach to incompleteness suggests a new way of 
understanding Bell's theorem and the physical implications of the experimental 
tests of local hidden-variable theories. For it can be argued that the Bell 
inequality is itself a consequence of the separability and locality principles, and 
thus it can be claimed that the Bell experiments demonstrate not the existence 
of a peculiar kind of 'quantum non-locality', but instead the existence of 
quantum non-separability. And Einstein's analysis implies that therein lie the 
seeds of a conflict not with special-relativistic locality constraints, but with 
assumptions fundamental to general relativity and any other field theory. 

Given their importance in what follows, the separability and locality principles 
should be clearly distinguished. To repeat: separability says that spatially 
separated systems possess separate real states; locality adds that the state of a 
system can be changed only by local effects, effects propagated with finite, 
subluminal velocities. There is no necessary connection between the two 
principles, though they are frequently stated as if they were one. Some theories 
conform to both principles, general relativity being an example of such a 
separable, local theory. Other theories conform to just one or the other. 
Quantum mechanics is, on my interpretation, a non-separable, local theory. 
Examples of the opposite sort, namely, of separable, non-local theories, are 
to be found among the non-local hidden-variable theories. Most importantly, 
it should be understood that the separability of two systems is not the same 
thing as the absence of an interaction between them, nor is the presence of an 
interaction the mark of their non-separability. The separability principle operates 
on a more basic level as, in effect, a principle of individuation for physical 
systems, a principle whereby we determine whether in a given situation we have 
only one system or two. If two systems are not separable, then there can be 
no interaction between them, because they are not really two systems at all. 
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1. Einstein's Attitude Toward the EPR Argument 

The argument developed in the Einstein, Podolsky and Rosen paper is what 
I call a direct argument for incompleteness. It proceeds by first establishing a 
'condition of completeness' and then seeking to show that in at least one special 
case quantum mechanics fails to satisfy this necessary condition. The 
completeness condition is straightforward: 'every element of the physical reality 
must have a counterpart in the physical theory'.5 But for the completeness 
condition to be applied, at least a sufficient condition for the existence of 
elements of physical reality is required. Thus, the EPR paper presents the famous 
criterion of physical reality: 

If, without in any way disturbing a system, we can predict with certainty (i.e. with 
probability equal to unity) the value of a physical quantity, then there exists an element 
of physical reality corresponding to this physical quantity.6 

The remainder of the EPR argument consists of a detailed examination of a 
special case wherein the value of either of two conjugate parameters of one 
system can be predicted with certainty on the basis of a measurement of the 
corresponding parameter of a second system which had previously interacted 
with the first, the interaction having established correlations between the 
parameters of the two systems. If the two systems are far enough apart, the 
measurement on the second system entails no physical disturbance of the first 
system, and so, the conditions in the reality criterion being satisfied, it is claimed 
that elements of physical reality exist corresponding to each of the two conjugate 
parameters of the first system. But quantum mechanics prohibits the 
simultaneous definiteness of conjugate parameters. Thus, the EPR argument 
concludes, quantum mechanics is incomplete. 

Many commentators have been troubled by gaps in the EPR argument. The 
most significant lacuna is encountered at the place where the simultaneous reality 
of two conjugate parameters of the first system is inferred from the possibility 
of measuring either of the corresponding parameters of the second system. In 
general, the relevant parameters of the second system are themselves conjugate 
and so cannot be measured simultaneously. Additional assumptions are therefore 
required to license the inference from the possibility of measuring either 
parameter of the second system, to the actual simultaneous reality of both 
conjugate parameters of the first. 

One way to repair the defect is just to assume that all physical systems at 
all times possess definite, observer-independent properties which are revealed 
to us by observation, including the kind of indirect observations which lie at 

5Op. cit., note 1, p. 777. 
"Ibid. 
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the heart of the EPR Gedankenexperiment.1 But this common maneuver is 
objectionable on two counts. First, it reduces the EPR argument to a petitio 
principii. The aim of the EPR argument is to prove, via the reality criterion, 
the existence of elements of physical reality not represented in quantum 
mechanics, and thereby to prove quantum mechanics incomplete. However, the 
suggestion under consideration is that we simply assume the existence of these 
(and many other) elements of physical reality. Second, and more importantly, 
this proposal naively and tacitly presupposes that we know what counts as a 
physical system, and that we know what is meant by talk of the 'independence' 
of a system's properties. Thus the proposal obscures what I will argue is the 
most important issue at stake in the debate over the completeness of quantum 
mechanics. For the genius of Einstein's own argument lies precisely in its 
demonstration that the incompleteness of quantum mechanics can be inferred 
only if one posits an explicit principle of individuation for physical systems, 
thereby grounding the independence of systems in a prior assumption of the 
existence of distinct real states of affairs. This principle of individuation turns 
out to be the aforementioned principle of separability. 

What was Einstein's opinion of the EPR argument? The surprising answer 
is found in his correspondence with Erwin Schrodinger from the summer of 
1935. The EPR paper appeared in the 15 May 1935 issue of Physical Review. 
Shortly thereafter, on 7 June, Schrodinger wrote Einstein a long letter which 
begins thus: 

I was very pleased that in the work which just appeared in Phys. Rev. you openly 
seized dogmatic quantum mechanics by the scruff of the neck, something we had 
already discussed so much in Berlin.8 

Einstein replied on 19 June, and the beginning of his letter is interesting: 

I was very pleased with your detailed letter, which speaks about the little essay. 
For reasons of language, this was written by Podolsky after many discussions. But 
still it has not come out as well as I really wanted; on the contrary, the main point 
was, so to speak, buried by the erudition.9 

'Essentially the same prosthesis is recommended in Clauser and Shimony, 'Bell's Theorem', 
p. 1885; their survey opens with a discussion of EPR. 

'Schrodinger to Einstein, 7 June 1935: 'ich hab mich sehr gefreut, dass Du in der eben erschienenen 
Arbeit in Phys. Rev. die dogmatische Quantenmechanik auch offentlich bei dem Schlafittchen 
erwischt hast, iiber das wir in Berlin schon so viel discutiert hatten.' Schrodinger and Einstein had 
been colleagues in Berlin from 1927 through 1932, Schrodinger as Planck's successor in the Chair 
of Theoretical Physics at the University of Berlin, Einstein as the Director of the Kaiser Wilhelm 
Institute. 

'Einstein to Schrodinger, 19 June 1935: 'Ich habe mich sehr gefreut mit Deinem ausfuhrlichen 
Briefe, der iiber die kleine Abhandlung handelt. Diese ist aus Sprachgriinden von Podolsky 
geschrieben nach vielen Diskussionen. Es ist aber doch nicht so gut herausgekommen, was ich 
eigentlich wollte; sondern die Hauptsache ist sozusagen durch Gelehrsamkeit verschiittet.' 
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Einstein proceeds immediately to sketch his own incompleteness argument, which 
I will examine shortly. But first we should savor the import of the just quoted 
remark. Einstein says that he did not write the EPR paper, and that he was 
unhappy with the way it turned out! It is thus a mistake to read the EPR 
argument as if it accurately represented Einstein's views. It is even more of a 
mistake to read between the lines of the EPR argument for evidence of Einstein's 
deeper philosophical assumptions. There are gaps in the EPR argument, and 
they can be filled by additional assumptions, as we have just seen. But the gaps 
are not Einstein's gaps, and so neither are the assumptions with which we fill 
them. 

In particular, we should not attribute to Einstein the kind of uncritical or 
unreflective realism which was considered two paragraphs back as a remedy 
for the defects in the EPR argument. Einstein did believe that all physical systems 
at all times possess definite, observer-independent properties which are revealed 
to us by observation. But he did not just assume this. Instead, Einstein grounded 
his realism about physical systems and their properties in the deeper assumption 
of separability, which is important, because the latter assumption is susceptible 
to revealing kinds of physical and philosophical scrutiny that cannot touch an 
unanalyzed postulate of physical realism. 

2. Einstein's Own Incompleteness Argument 

What then was Einstein's own argument for the incompleteness of quantum 
mechanics? It was presented first in the just-mentioned letter to Schrodinger 
of 19 June 1935. It was set before the public for the first time in 1936 in Einstein's 
essay, 'Physik und Realitat',10 and it was given a more careful statement when, 
in 1946 or 1947, Einstein drafted the 'Autobiographical Notes' section for the 
volume, Albert Einstein: Philosopher-Scientist." The most detailed and 
thoughtful discussion of the argument is found in a paper Einstein wrote in 
1948 for the journal, Dialectica, a paper entitled 'Quanten-Mechanik und 
Wirklichkeit'.12 There is one final presentation of it in a letter Einstein wrote 
to Max Born on 18 March 1948.13 Essentially the same argument was given on 

'"Journal of the Franklin Institute 221 (1936), 313-47. An English translation of this essay, 
under the title 'Physics and Reality', was published immediately following the German original 
in the same issue of the Journal of the Franklin Institute, pp. 349 - 82. A different English translation 
was later published in Einstein's Ideas and Opinions (New York: Bonanza Books, 1954), 
pp. 290- 323. Unfortunately, both translations are flawed, often in serious ways. 1 have therefore 
retranslated all of the passages quoted here. 

"'Autobiographisches', in Albert Einstein: Philosopher-Scientist, pp. 2 - 9 4 . The volume as 
a whole was published only in 1949; however, Einstein begins his 'Autobiographical Notes' by writing, 
'Here I sit in order to write, at the age of 67, something like my own obituary'; this dates his 
composition of the 'Notes' between 14 March 1946 and 14 March 1947. 

"Dialectica 2 (1948), 320-24. 
, ]M. Born (ed.), Albert Einstein — Hedwig und Max Born: Briefwechsel, 1916- 1955 (Munich: 

Nymphenburger, 1969), pp. 223-24. 
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each occasion, but there is a development in the direction of greater clarity about 

the two basic assumptions which I claim underlie the argument. Each of these 

statements of the argument will be considered below, beginning with that in 

the 19 June 1935 letter to Schrodinger. 

Most of Schrodinger's letter to Einstein of 7 June 1935 is a critical discussion 

of the mathematics involved in the quantum theoretical treatment of interacting 

systems, Schrodinger being concerned that the special case treated in the EPR 

paper is so special that the incompleteness argument fails of complete generality. 

But near the end of Schrodinger's letter one finds the following remark: 

Until now, the 'story' which I just made up about the whole matter was this. We 
possess no quantum mechanics which takes relativity theory into account, that is, 
which takes into account the finite velocity with which all effects are propagated. 
In the whole scheme of things, we possess only the analogue of the old, absolute 
mechanics. At best, that can apply to infinitely small systems, in which the light 
intervals which come into consideration are to be neglected. If we want to separate 
two systems, then indeed long before their interaction disappears it will cease to be 
approximable through absolute Coulomb laws and the like. And that's the end of 
the 'story'. The process of separation is not at all to be conceived according to the 
orthodox schema.'4 

The orthodox schema mentioned by Schrodinger is simply standard, non-

relativistic quantum mechanics. The problem to which he is pointing is that this 

orthodox schema permits us to represent interactions only by the device of an 

interaction potential, such as a Coulomb potential. And any such representation 

tacitly assumes that aH-effects are propagated instantaneously, whereas relativity 

theory teaches us that all effects are propagated with a finite velocity. Moreover, 

as the EPR Gedankenexperiment makes clear, at least in theory, the correlations 

established by an interaction persist long after the interaction potential becomes 

negligible. The ultimate issue of Schrodinger's worry was his development of 

the now standard quantum mechanical interaction formalism.15 But in the 

'•"Schrodinger to Einstein, 7 June 1935: 'Der Vers, den ich nur auf die ganze Sache bisher machte, 
war dieser. Wir besitzen keine Quantenmechanik, welche der Relativitatstheorie d.h. unter anderem, 
welche der endlichen Ausbreitungsgeschwindigkeit aller Wirkung Rechnung tragt. Wir besitzen in 
dem ganzen Schema nur das Analogon der alten absoluten Mechanik. Das kann bestenfalls fur 
unendlichkleine Systeme gelten, in denen die in Betracht kommenden Lichtzeiten zu vernachlassigen 
sind. Wenn wir zwei Systeme trennen wollen, so wird ihre Wechselwirkung schon lange bevor sie 
verschwindet, aufhoren durch absolute Coulomb -u. dgl. Gesetze approximierbar zu sein. Und da 
endet unser Latein. Der Trennungsvorgang ist gar nicht nach dem orthodoxen Schema zu erfassen.' 
Schrodinger goes on in this letter to register his doubts about Dirac's relativistic quantum mechanics. 
One year later, Einstein echoes Schrodinger's worries about the 'orthodox schema' when he writes: 
'In the Schrodinger equation absolute time, or potential energy, plays a decisive role though these 
concepts have been recognized through the relativity theory to be inadmissabie in principle. If one 
wants to escape this problem, then he must take fields and field laws as basic, instead of interaction 
forces.' See Einstein's 'Physik und Realitat' (note 10, above), pp. 342-43. (My translation — D.H.) 

ISE. Schrodinger, 'Discussion of Probability Relations Between Separated Systems', Proceedings 
of the Cambridge Philosophical Society 31 (1935), 555-62; and 'Probability Relations Between 
Separated Systems', Proceedings of the Cambridge Philosophical Society 32 (1936), 446-52. 
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meantime, his concerns about our failure to understand the process of separation 
elicited from Einstein a very interesting reaction. 

Einstein opens his 19 June letter to Schrodinger with the above-quoted 
disclaimer to the effect that Podolsky wrote the EPR paper and that he, Einstein, 
was unhappy with how it turned out. He then proceeds immediately to set out 
his own thoughts on incompleteness, starting with a simple, non-quantum 
illustration of 'incompleteness'. He asks Schrodinger to consider two boxes and 
a single ball which is always found in one or the other of the boxes. We make 
an 'observation' on a box simply by lifting the lid and looking inside. Einstein 
then asks whether a certain state description — 'The probability that the ball 
is in the first box is W — is a complete description. He says that an adherent 
of the 'Born' interpretation would answer, 'No', on the grounds that a complete 
description would have to take the form of a categorical assertion to the effect 
that the ball is in the first box (or not). However, a follower of the 'Schrodinger' 
interpretation, says Einstein, would answer, 'Yes', arguing that before an 
observation is made the ball is not really in either box, and that this 'being in 
a definite box' only comes about through an observation. According to the 
'Schrodinger' interpretation, the state of the first box before an observation 
is performed is completely described by the probability Vi. There is one 
additional alternative, according to Einstein. He says: 

The talmudic philosopher doesn ' t give a hoot for ' reali ty ' , which he regards as a 
hobgoblin of the naive, and he declares that the two points of view differ only as 
to their mode of_expression.16 

The 'talmudist', we learn from a later letter, is Bohr17 

What is Einstein's own opinion? He explains: 

My way of thinking is now this: properly considered, one cannot get at the talmudist 
if one does not make use of a supplementary principle: the 'separation principle'. 
That is to say: 'the second box, along with everything having to do with its contents, 
is independent of what happens with regard to the first box (separated partial systems).' 
If one adheres to the separation principle, then one thereby excludes the second 

''Einstein to Schrodinger, 19 June 1935: 'Der talmudistische Philosoph aber pfeift auf die 
"Wirklichkeit" als auf einen Popanz der Naivitat und erklart beide Auffassungen als nur der 
Ausdruckweise nach verschieden.' 

"That the 'talmudist' is supposed to be Bohr is made clear in a letter from Einstein to Schrodinger 
of 9 August 1939, where the question of incompleteness is again under discussion. After distinguishing 
the 'Born' and 'Schrodinger' interpretations of the yj-function, Einstein says: 'Es gibt auch noch 
den Mystiker, der ein Fragen nach etwas unabhangiges vom BeobachtenExistierenden, . . . iiberhaupt 
als unwissenschaftlich verbietet (Bohr). Dann fliessen beide Auffassungen in einen weichen Nebel 
zusammen, in dem ich mich aber auch nicht besser fuhle als in einer der vorgenannten Auffassungen, 
die zum Realitatsbegriff Stellung nehmen.' 
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('Schrodinger') point of view, and only the Born point of view remains, according 
to which the above state description is an incomplete description of reality, or of 
the real states." 

The crucial point here is Einstein's claim that one cannot refute the 'talmudist' 
without invoking the 'separation principle', according to which the contents 
of the two boxes are independent of one another. This is the principle upon 
which Einstein's incompleteness argument turns. 

For the sake of clarity, I should note right away that what Einstein here calls 
the 'separation principle' is not exactly the same as what I call the principle 
of separability. The separability principle is implicit in Einstein's similarly named 
'separation principle'; but Einstein has yet to distinguish as clearly as he will 
between separability, which is the claim that spatially separated systems always 
possess separate real states, and locality, which is the claim that the separate 
real states of such separate systems can be changed only by physical effects which 
are propagated with finite, subluminal velocities. However, what is already clear, 
indeed, what the 'ball-in-the-box' example is obviously intended to suggest, is 
that spatially separated systems are characterized by separate real states of 
affairs. This is the heart of the separability principle. 

Let us return to Einstein's argument. After explaining through the 'ball-in-
the-box' example what he means in general by 'incompleteness', Einstein turns 
his attention to the special case of the quantum theory. He first explains what 
'completeness' would mean in this context: 

In the quantum theory, one describes a real state of a system through a normalized 
function, UJ, of the coordinates (of the configuration-space). . . . Now one would 
like to say the following: u; is correlated one-to-one with the real state of the real 
system. . . . If this works, then I speak of a complete description of reality by the 
theory. But if such an interpretation is not feasible, I call the theoretical description 
'incomplete'.19 

Next, Einstein briefly sketches the EPR Gedankenexpehment, stressing as its 
only important feature the fact that by choosing to measure different observables 

'"Einstein to Schrodinger, 19 June 1935: 'Meine Denkweise ist nun so: An sich kann man dem 
Talmudiker nicht beikommen, wenn man kein zusatzliches Prinzip zu Hilfe nimmt: 
"Trennungsprinzip". Namlich: "die zweite Schachtel nebst allem, was ihren Inhalt betrifft, ist 
unabhangig davon, was beziiglich der ersten Schachtel passiert (getrennte Teilsysteme)". Halt man 
an dem Trennungsprinzip fest, so schliesst man dadurch die zweite ("Schrodinger'sche") Auffassung 
aus und es bleibt nur die Born'sche, nach welcher aber die obige Beschreibung des Zustandes eine 
unvollstandige Beschreibung der Wirklichkeit, bezw. der wirklichen Zustande ist.' 

"Einstein to Schrodinger, 19 June 1935: 'Man beschreibt in der Quantentheorie einen wirklichen 
Zustand eines Systems durch eine normierte Funktion \p der Koordinaten (des Konfigurations-
raumes). . . . Man mochte nun gerne folgendes sagen: tf/ ist dem wirklichen Zustand des wirklichen 
Systems ein-eindeutig zugeordnet. . . . Wenn dies geht rede ich von einer vollstandigen Beschreibung 
der Wirklichkeit durch die Theorie. Wenn aber eine solche Interpretation nicht durchfiihrbar ist, 
nenne ich die theoretische Beschreibung "unvollstandig".' 
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of one system, A, we can attribute different t^-functions, UJB or t^9, to the 
other system, B. (He says that it does not even matter whether ipa and ipB_ are 
eigenfunctions of observables, as long as they are different.) It is then just a 
short step to the conclusion that quantum mechanics is incomplete: 

Now what is essential is exclusively that î a and tpa are in general different from one 
another. I assert that this difference is incompatible with the hypothesis that the \p 
description is correlated one-to-one with the physical reality (the real state). After 
the collision, the real state of (AB) consists precisely of the real state of A and the 
real state of B, which two states have nothing to do with one another. The real state 
of B thus cannot depend upon the kind of measurement I carry out on A. ('Separation 
hypothesis' from above.) But then for the same state of B there are two (in general 
arbitrarily many) equally justified ipB, which contradicts the hypothesis of a one-to-
one or complete description of the real states.20 

This argument is quite straightforward and strikingly different from the original 
EPR argument. 

There is, first, a difference in logical structure. The EPR argument seeks to 
prove quantum mechanics incomplete by proving the existence of elements of 
physical reality having no counterpart in the theory; it is thus an attempt at 
a direct proof of incompleteness. By contrast, Einstein's own argument does 
not require the identification of specific elements of physical reality not mirrored 
in the theory. Einstein's argument seeks, instead, to exhibit a contradiction 
between the completeness assumption and the consequences of the 'separation 
principle', which makes it an indirect proof of incompleteness. The contradiction 
is easily derived. TTTe 'separation principle' implies that system B has its own 
real state which is unaffected by anything we do to the distant system, A. Thus, 
the different ^-functions which we assign to B on the basis of different 
measurements on A must be correlated with one and the same real state of B. 
But if the uj-function were to provide a complete description of the real state 
of B, it would have to be correlated one-to-one with B's real state, and there 
we have our contradiction with the 'separation principle'. 

Behind the difference in logical structure is a significant difference in the 
necessary conditions for completeness assumed in the two arguments. The EPR 
argument stipulates that 'every element of the physical reality must have a 
counterpart in the physical theory'. Einstein demands something sharper and 

"Einstein to Schrodinger, 19 June 1935: 'Wesentlich ist nun ausschliesslich, dass ips and ipB 

iiberhaupt voneinander verschieden sind. Ich behaupte, dass diese Verschiedenheit mit der Hypothese, 
dass die tf-Beschreibung ein-eindeutig der physikalischen Wirklichkeit (dem wirklichen Zustande) 
zugeordnet sei, unvereinbar ist. Nach dem Zusammenstoss besteht der wirkliche Zustand von (AB) 
namlich aus dem wirklichen Zustand von A und dem wirklichen Zustand von B, welche beiden 
Zustande nichts miteinander zu schaffen haben. Der wirkliche Zustand von B kann nun nichi davon 
abhangen, was fur eine Messung ich an A vornehme. ("Trennungshypothese" von oben.) Dann 
aber gibt es zu demselben Zustande von B zwei (iiberhaupt bel. viele) gleichberechtigte tpB, was 
der Hypothese einer ein-eindeutigen bezw. vollstandigen Beschreibung der wirklichen Zustande 
widerspricht.' 


