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Part I. THE PUZZLEtc  \l 1 "Part I. THE PUZZLE"
PRIVATE 
Introductiontc  \l 1 "Introduction"

It is a widely accepted view that the EPR paper and incom​pleteness argument were directed against the orthodox interpreta​tion of QM represented by Bohr's philosophy.
 One obvious cause for the wide acceptance of this view was the fact that Bohr himself probably saw the paper in this light and that his re​sponse paper was the first detailed refutation of the EPR paper and was published in the same journal and in the same year. This created a kind of optical cohesion which stuck. This construction was enhanced after Bohr published (1949) a detailed account of his encounters with Einstein over foundation questions of QM, extending back to the 1927 Solvay conference, and leading on from there in a sort of a continuous dispute up to 1935.


But some facts of the matter are incompatible with this picture. These are of two kinds. First there is a logical puzzle. Taken as a refutation of Bohr's interpretation, EPR's argument is hopelessly and elementarily circular. It is too much to assume that neither Einstein, nor any of the people he worked with and corresponded with, perceived such a circularity. In fact, we'll see that Einstein was well aware of such circularity. This brings us to the historical evidence. This concerns two facts: (a) though he knew of this circularity Einstein never attempted to fortify his argument accordingly, (b) Einstein never said, implied or in anyway hinted that the argument was aimed at Bohr. Moreover, there is the strange phenomenon of Einstein's almost total neglect of Bohr's interpretation throughout his life. And finally the positive evidence points in another direction alto​gether. Einstein's letters show that he argued in fact against a figure he called "Schrodinger". This was a streamlined Schrodinger, and I'll argue that, taking into account Einstein's view of Bohr, the only other possible view available against which he could be arguing, was actually the realist view which Schrodinger represented.


In what follows I argue for each of these points and offer a solution for the logical and historical incongruities by relocat​ing Einstein's target from Bohr to "Schrodinger" which was not the real but a streamlined Schrodinger. Consequently, the target of Einstein's incompleteness argument was the wave representation of the state‑function and its concomitant superposition princi​ple.
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5.0. The EPR vs. the Einstein argumenttc  \l 1 "5.0. The EPR vs. the Einstein argument"

The EPR paper was published in the 15 May 1935 issue of Physical Review.  Three weeks later, in reply to Schrodinger's congratulatory letter, Einstein stated his dissatisfaction with the published version of the argument, and gave a formulation of his own, original argument (buried, he wrote, in the EPR paper under its "Gelehrsamkeit"). The first of several formulations to come in the next years, it set the rule of his future references to the argument. 


As was discovered by Howard (1985),
 the main difference between the two incompleteness arguments is that Einstein's argument is formulated independently of the existence of quantum mechanically incompatible (canonically conjugate) magnitudes and so independently of Heisenberg's indeterminacy theorems. Conse​quently his version is, if valid, effective against any theory whatsoever which attributes several informatively different states (i.e., such that don't logically entail another of them) to the same physical entity. This is the only feature of the theory that Einstein's argument attacks, and its point is that it is this feature only that renders QM incomplete. Thus, since now the different states do not have to be QM incompatible eigenstates for the argument to apply, it is sufficient that they are informatively different, i.e., that none of them logically entails any of the others, for each of them to be incomplete. Einstein's argument was simply that non‑uniqueness and complete​ness are contradictory claims, i.e., it is necessarily true (i.e., it is a purely logical or conceptual matter) that if each of the descriptions is informatively different then none of them is complete.


It has generally escaped the notice of scholars that Ein​stein had discovered this structure of incompleteness as early as his 1914 paper, which is an early version of the general theory of relativity. At that stage, Einstein arrived at the conclusion that, based on his repeated attempts and failures, a generally covariant theory of gravitation was not available. He then surmised that it was also impossible for such a theory to exist, and went at once to offer a proof of its impossibility. The proof is known as the hole argument.


Briefly, it shows that it is possible, by a mere (general and non‑linear) coordinate‑system transformation of one valid path, to allot to a particle distinct paths within a given volume within which the gravitational field does not exist (hence the "hole"). It then follows that were the theory generally covariant, each of these arbitrary yet distinct paths would have to be a valid solution of the field equations. Hence a generally covariant theory would ensue in an indeterminism, i.e., given the same initial conditions, different paths are predicted as equally true. Hence a generally covariant theory of gravitation is impossible.


Now, it is obvious that both arguments, i.e., the hole and the incompleteness, have an identical logical structure. Both argue from a proven (in the hole case) or given (in the superpo​sition case) overdescription (or non‑uniqueness) to the failure of the theory. Consequently, the hole argument can be seen as an early case of the incompleteness argument.


This interpretation of the hole argument will come handy at a late stage of the story, when the relation between incomplete​ness and causality will be taken up. We can see now that as a conse​quence of the fact that overdescription entails that the theory is underdetermined, a realistic interpretation of the formalism involved leads to the result that the theory is indeterministic, i.e., that according to it causality fails within the realm it describes.


Thus, one easy way to remedy such a causality‑failure is to deny the realistic reading of the theory. Einsteidid exactly this when, within a year he discovered his final, generally covariant GTR, and had now to rid it of its implied indeterminism. He explained at once that coordinate‑ systems are fictitious entities and "do not signify anything real". Hence the different paths within the hole denote by different "names" merely one and the same path in reality.
 


But even though Einstein's incompleteness argument entails the indeterminism of the theory, this will be not a "central" issue (as Einstein will say in 1950, see §26 below) in his incompleteness attack on QM.
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5.1. Einstein vs EPR: two contradictory incompleteness arguments tc  \l 1 "5.1. Einstein vs EPR\: two contradictory incompleteness arguments "

Specifically, the incompleteness argument which Einstein developed in his June 7, 1935 letter (henceforth the "1st let​ter") to Schrodinger differs, as Howard pointed out, from the one found in the EPR paper in this feature: Whereas the main claim in the EPR argument, is that reality is under‑described by QM, (i.e., that there are elements of reality which are not repre​sented in the QM description), Einstein argues in that letter that reality is over‑described by QM, i.e., that whereas reality contains just one single element, QM assigns to it several informatively different descriptions. It is this feature of informative non‑uniqueness, or over‑description, which he now saw as incompleteness:


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 רB, which con​tra​dicts the hypothesis of a one‑to‑one or complete descrip​tion of the real states.(quoted in Howard p.180)

It is customary to interpret the two different descriptions of the one, single state of B, which are both "equally justified" simultaneously, as the x‑eigenfunction and the p‑eigenfunction. It will be one of my main suggestions that though this may be true, it is quite unimportant, and that finally it will be misleading as well. The important point is that Einstein's claim here is that B exists in exactly one state, and so neither of the descriptions can be a complete description, (if both are, or are claimed to be, true, a condition which must be understood to be trivially included, and so will not be mentioned in my next formulations).


The EPR argument, on the other hand, had argued that from the "separation hypothesis" it follows that B must possess simulta​neously both a x and a p sharp values, and since QM rejects this possibility, i.e., since it can supply only a state‑function of B as possessing either a sharp x or a sharp p but not both, it is "incomplete."


Hence the two arguments are opposed in their claims as to how QM fails to satisfy the demand of completeness, i.e., one‑one correspondence between reality and theory. Einstein's argument assumes that B has only one state, but the EPR argument proves that B has two states. Whereas Einstein's argument concludes that QM is incomplete since it supplies two different and "equally justified" descriptions of one and the same state, the EPR argument concludes that QM is incomplete since QM rejects the simultaneous application of the two descriptions which describe B's simultaneous two different but incompatible states.
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I shall first argue for the following set of three intercon​nect​ed historical theses: 1) Einstein's central idea was that the superposition concept about observable properties (such, e.g.,  as x) is untenable. 2) His argument was that what entails incom​pleteness is the realistic view of superposition. 3) Consequent​ly, EPR's real target was Schrodinger's, not Bohr's interpreta​tion of QM.


The concept of superposition which Einstein attacked is specif​ic to QM in that the components of a QM superposition are typi​cally all the possible but observationally mutually exclusive states of the object. They are "possible" in the sense that they are determined in QM by our possible knowledge, i.e., by our uncertain​ty. If it is possible for the object to be in state ר1 or in state ר2 or .....רi, (i.e., if ר1, ר2 ...רi are each a solution of Schrodinger's equation for the object) and only if it is unknown in which state it actually is, then its state vector ר is the superposition ׃iaiרi of all these possible states weight​ed appropri​ately. They are orthogonal, i.e., observationally mutual​ly exclusive, so that we never observe any but one of these possible states.


Now, Einstein's argument as I propose to interpret it, is this: If the state ר is identical to the superposition ׃aiרi, then neither ר nor any of the aiרi can be a complete descrip​tion. I will attempt to construct this interpretation and show that its logic dictated that Bohr's view could not be a party in the dispute.


Only Born's statistical interpretation of ׃aiרi could ade​quate​ly confront Einstein's incompleteness dilemma, namely, by agreeing that the object's state is indeed exactly one of the רi, and then taking the ׃aiרi to be no more than a probability distri​bution function so that ?ai?2 is the probability of the object being in רi. Hence Born must accept the incompleteness charge in the sense that the superposition ׃aiרi reflects our incomplete knowledge, i.e., our uncertainty. Einstein had no quarrel with Born.


Einstein's argument now confronts Schrodinger's interpreta​tion, according to which the ר‑function and its superposition expression is a description of the real state of the object. Einstein points out that at the moment we observe the object, one of the components is the whole of the ר state, but (to prevent the causal paradoxes of "reduction") without either of the rest of the components being changed. I'll argue that the implied logic of the argument is this: The observed component akרk does not really become but always was equal to ר. This means simply that the object was always in the state רk=ר, and so its de​scription as the conjunction "a1ר1 and a2ר2 and a3ר3 and .... רi" is informatively different from its description as akרk. Incom​patibility of two conjugate observables did not enter into the argument at all for it deals with one observable only. Notice that the argument would fail if instead of reading the superposi​tion as conjunction, it was taken as a disjunction function. But this is impossible given the vector character of the state‑function, i.e., the superposition is just a vector summa​tion of the vector components aiרi of the state vector ר, that is, given the mathematical concept of development of a function in terms of a given basis. 
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That Einstein's argument aimed to attack the notion of super​position as a real description may first be supported by his macroscopic examples such as, e.g., the ball‑in‑the‑box. Written two weeks after the 1st letter, this example in the 2nd letter to Schrodinger (19 June 1935), goes as follows: 


Suppose a ball is always observed to be in one of two distant boxes. Then the linearity of QM entails that "the ball is in box 1 with probability ½ and in box 2 with probability ½" is a true description of the ball's state. By the realistic inter​pretation of this state‑function, the ball is in both yet in neither of the boxes before observation is made. Now, if its definite state, i.e., the state of being just in one of them, is not created by its observation, the ball has always exactly one state because this is how it is always obeserved to be, whereas QM must ascribe to it two different states. Einstein's argument says that if both the superposition state and the observed state are simultaneously true, neither of them can be a complete description. 


So, Einstein's (though not EPR's) incompleteness is implied by QM's concept of a real superposition of all possibilities plus the assumption that the ball is exactly in one of the poss​ties prior to and independently of observation. Now, this assump​tion is, in its turn, entailed by the fact that we observe the ball always in exactly one actuality, e.g., one box, and by what Einstein called the "separation principle"
:


the second box, along with everything having to do with its con​tents, is independent of what happens with regard to the first box (separated partial systems). (19 June to Schrodinger, in Howard 1985:178)


The gunpowder argument was propounded in Einstein's letter to Schrodinger of August 8, 1935. Its point was that be the gunpow​der in as stable a state as it may, to begin with, the Schrodinger time‑dependent equation dictates the eventual devel​opment of its ר‑function into a smeared state, or superposition of exploded and non‑exploded states. But, again, since the gunpowder has, by that time, either exploded or not, QM ascribes to it two different states, and so the superposition state cannot be its complete description. This example could have been the origin of Schrodinger's cat in his (1935c), a paper which by mid‑August 1935 was being written.
 In his letter of August 19 1935 to Einstein, Schrodinger remarked that "in a lengthier paper, which I just wrote, I bring an example, which closely resembles your exploding gunpowder barrel" (Howard, ibid:189n.35). The difficulty, however, had been known to Schrodinger from his own experience for at least nine years, as we shall see shortly (§7 below).
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Let us pause here in order to point out that the ball‑in‑the‑box and the gunpowder examples imply a fundamental defect in the EPR argument. They imply that the EPR argument got sidetracked into a peripheral issue, i.e., the simultaneous reality of two incompatible observables. Einstein was fully aware of this, since he wrote to Schrodinger that


whether or not רB and רB can be shown to be eigenfunctions of the observables B, B, I don't care (ist mir wurst), (In Howard:181 
).

But this QMcal incompatibility was the crux of the EPR line of argumentation. Moreover, it becomes clear that the only reason why QMcal incompatibility of the observables got in at all, was to prove that they are really (and informatively) different states according to QM. The argument would proceed smoothly as long as the difference between the state‑functions, whatever they are, is conceded to be depicting a real (informative) difference in the state of the particle B:


Now what is essential is exclusively that רB1 and רB2 are in general different from one another. I assert that this difference is incompatible with the hypothesis that the ר description is correlated one‑to‑one with the physical reality (the real state). (in Howard ibid:180)


So after he received Einstein's June 19 letter, Schrodinger knew not only about the fact of the screwup in the EPR argument. He knew also the crucial fact that Einstein's argument was independent of the incompatibility of the two observables of B. This is the most important news Einstein informed Schrodinger, for it meant that the EPR argument was focusing on an irrelevant point, that this led to an unwanted and unintended notion of incompleteness, and that the reconstruction of the real argument may and should dispense with the whole topic of incompatible observables.


Now, this stage‑direction must have been sufficient for Schrodinger to perceive also that the real argument need not be concerned with two observables of B at all (and not only not with incompatible ones). For once you plug‑in two compatible observables of B into the EPR argument, it loses its point if read by EPR's criteria but should lose nothing if read according to Einstein's intent. For any two observables p and s which are QMcal compatible, (say momentum and spin in the same direction) by simultaneously measuring pA and sA, we derive pB and sB which are two different but simultaneous values of B's single state‑vector (disentangled now). So QM comes out in such case with a complete description according to EPR's criteria but according to Einstein's view it is incpmplete.


This means that the argument which Einstein intended need not be concerned with two observables at all. The incompleteness he wanted to show was not that the particle B possesses two properties whereas QM allows it only one of them. Rather, his intention was to show that QM assigns to B two different states whereas it must be in one state only.


All this must have been clear to Schrodinger from Einstein's June 19 letter. Thus, the entanglement state became a central issue and so he went on to develop its theoretic structure in his (1935a) and (1936), and also to declare his "general confession" in his (1935),
 in which he says, in effect, that if entangle​ment is a real state then indeed QM cannot be complete. His cat example, again, hinges just on the reality of the entanglement and only one of the observed states of the cat. No QMcal incom​patibility is involved.


The full implication of Einstein's statement about the irrele​vance of the QM incompatibility of the two observables to his incompleteness argument is that the argument must be formulable by means of one observable only, but must employ two distinct state‑vectors for describing one and the same state.


Indeed, notice that in the crucial passage quoted above from the 19 June 1935 letter, Einstein mentions only the demand that two state‑functions רB1 and רB2 of B should be "different from one another", but not that they should belong to two different observables. And since these state‑functions need not be both eigenfunctions at all, as Einstein emphasised, it becomes now obvious that only one observable need be involved.


Even more evident becomes now the merely gimmickal nature of the once‑interactional particle‑pair of the EPR argument. To see the incompleteness charge as focused on this special case rather than on the general problem of QM description in its essential nature, is to miss its main intent. Einstein's argument aimed neither at QM's way of treating conjugate parameters nor at "its way of treating spatially separated, previously interacting systems" (Howard:181). For if all ("exclusively") that Einstein regarded as necessary ("essential") for his argument was that two state‑functions of B be different, then the whole device of the EPR thought experiment becomes superfluous: In Einstein's version the argument holds for a single particle and a single observable, as the ball‑in‑the‑box and the gunpowder arguments demonstrate. Significantly enough, their concern with macroscopic bodies intended to imply that exactly the same argument must hold for any particle, such as the electron on its way from the double slit to the photographic plate. The point was that since QM cannot say which slit (box) the electron took, but it accepts that whenever measured it is always found to be exactly in one of the slits (boxes), it must describe its state (solve its differ​ential state‑equation) as a superposition (of position eigenstates, say). But QM also describes the electron as observed always only in one position. The heart of Einstein's incomplete​ness charge is, then, the fact that the electron has, again, two different state‑functions describing its state, i.e., the super​position and one of its components, both state‑functions of the same observable. Actually and in fact it exists, however, in one state exactly.  The fact that these two states are different, irrespectively of whether or not they belong to observables which are incompatible, is all the argument needs.


The gimmick in the EPR entanglement situation is of course the fact that the far particle B is proved to be in both states, one entangled and one disentangled because nothing physical is done to it and so its state must be one single state throughout the argumentation.
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The separation principle must be introduced, Einstein wro, as "a supplementary principle" in order to defeat the "Schrodinger" view:


If one adheres to the separation principle, then one thereby excludes the second, ("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. (to Schrodinger June 19 1935 in Howard, ibid:179)


Nothing could be clearer. Einstein declared here that only two interpretations were available. Born's and "Schrodinger"'s, and that his incompleteness argument was aimed against the "Schrodinger" view, i.e., against the realistic interpretation of QM superposition. Born, since he rejected such an interpretation and replaced it by the statistical one, implicitly admitted the incompleteness of QM, Einstein says (erroneously, as it would turn out). The incompleteness which Einstein argued for depends crucially on the realistic view of superposition.


Now, this was most definitely not Bohr's view. His anti‑realistic view of all mathematical devices dictated his view of superposition too. It was at this point, more than at any other, that the consequences of his ontology had their fullest impact.
 For the notion that the summation or mathematical super​position of eigenstates represents a real state into which and out of which the quantum object snaps by some physical mechanism, would be spurned by Bohr most decidedly as an "ab​straction" or "idealisation".
 Here also the consequence of his ontology of the instrumentalistic, or merely "symbolic", signifi​cance of all mathematical description was most clearly exhibited 
. 


Moreover, Bohr's instrumentalism was well known to Einstein, who regarded it as a kind of mysticism. In his 1st letter he refered to Bohr as the "talmudic philosopher" who, looking with an amused disdain at the antics of the QM interpretation indus​try, could not care less as to who was "right", for he views them all as equivalent (or rather identical) if they agree in their descriptive adequacy of QM's predictions:


The talmudic philosopher does not give a hoot for "reality", which he regards as a hobgoblin of the naive, and he de​clares that the two points of view differ only as to their mode of expression. (In Howard ibid:178).

In another letter (August 9 1939) Einstein described Bohr as "the mystic, for whom the question as to whether anything independent of observation exists... is ruled out as unscientific (Bohr)". (Howard ibid:178 n.17 and Przibram 1967:36). Thus, in Einstein's view Bohr denied the meaningfulness of the very notion and problem of an independent reality, and it was this outright denial which earned him the title of "der Mystiker". (Similarly, Einstein had referred earlier to the "Heisenberg‑Bohr tranquiliz​ing philosophy ‑ or religion?" on the same day (31‑5‑28) he received from Schrodinger a reprint of Bohr's Como lecture, see Przibram 1967:31).


How, then, can it be that the "separation hypothesis" is neces​sary for a refutation of the "Talmudiker"?:


My way of thinking is now this: properly considered one cannot get at the talmudist if one does not make use of a supplemen​tary principle: the "separation principle". (ibid:178)

This must, therefore, be a slip: If the "Talmudiker" "does not give a hoot for 'reality'", why should he and how could he give a hoot for "separa​tion"? The "principle of separation" is a princi​ple of independent reality, declaring that something definite is the case with box 2 and something definite is the case with box 1, and these two definite cases are "separate" or independent from each other. But it is exactly this "separation" and "inde​pendence" that is "ruled out" by the "Talmudiker" and it is exactly this notion of separate reality which he views as a superstition ("hobgoblin") "of the naive".
 His view of super​sti​tion determined his view of reality: its main feature is non‑separability. None of its "components" has separate reality either from each other or from actual observation. It is nonsense to argue that in order to refute him we need the separation principle, for this would not be a refutation at all: rather, it would be simply a denial of the "Talmudiker's" ontology, and would become a straight petitio if taken as an argument against him.

PRIVATE 
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Indeed the bulk of the 1st letter supports the guess that refer​ence to "the Talmudiker" in this last passage was a mere slip of the pen. For after formulating the "separation principle" in the next sentence, Einstein continues in the same breath and same argument but refers now to the "Schrodinger" view, instead!


If one adheres to the separation principle, then one thereby excludes the second ("Schrodinger") point of view and only the Born point of view remains... (in Howard, ibid:179, see p. 292 above).

Born who, according to Einstein's view here,  accepted the separation principle, regarded his probability interpretation of superposition as strictly statistical, and so according to Born the "above state description [i.e., רball=a1רbox1+a2רbox2, Z.B.] is an incomplete description of reality or of real states" (ibid:179).
 So, with Born agreeing and Bohr irrelevant, only the "Schrodinger" view is left as the plausible target of Einstein's incompleteness argument. Given that the separation principle is accepted by the "Schrodinger" view, Einstein's argument refutes ("excludes") the completeness of QM according to this view. We must, therefore, assume that Einstein regarded the separation principle as compati​ble with, if not actually as presupposed, by "Schrodinger's" background ontology. 


Once this is accepted, the "Schrodinger" view must account for the existence of two different descriptions of the ball in its single and independent state. These two descriptions are the superposition רball and one of its two eigen‑states components רbox1 or רbox2. Einstein's contention then was that "Schrodinger", once he recognizes and admits the separation principle as one of his own presuppositions, must either agree that QM description is incom​plete, or reject the reality of one of the descriptions, and the one he would have to reject is obviously the superposition.


If this is the true scenario of the 1st letter to Schrodinger, then the dispute over the incompleteness of QM can not possibly have involved Bohr, nor could it be between the realist and the anti realist. It was necessarily a dispute between two realists, Einstein and one "Schrodinger", both accepting the separation principle as one of their shared axioms. No surprise, then, that during the whole of the summer 1935 correspondence between Einstein and Schrodinger, Bohr's counterarguments (published on July 13 and October 15, 1935) were never discussed by either of them, and only Bohr's first, short letter in Nature 65 is mentioned by Schrodinger (in his letter of 13 July), who complains of its obscurity but without eliciting any response from Einstein. The Talmudiker's view was simply irrelevant to Einstein's argument at this stage, nor was this ever to change.

5.PRIVATE 
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Schrodinger's separation principle was his ר‑function realism. This had been announced by him in his 4th 1926 paper on "quantisation as an eigenvalue problem". Identifying the charge density as e?ר?2 and ?ר?2 as "a kind of weight function" Schrodinger revealed his pan‑wavistic ontology: 


The wave mechanical configuration of the system is a super​posi​tion of several ‑ strictly all ‑ kinematically possible point‑mechanical configurations [...] If you like paradoxes, you can say that the system is, as it were, simultaneously in all kinematically conceivable positions, but not "equally strongly" in all of them. (Schrodinger 1926:163)

One should notice carefully this sanguine acceptance of "paradox" at the core of Schrodinger's theory. It is not a logical paradox, for no contradiction is involved. Rather, it is an ontological strangeness which is the heart of the superposition concept, i.e., the production of localised particle phenomenon as a resultant of componential non‑localised wave reality (e.g., the electron is a wave‑ packet moving with the group velocity) ‑ all in the invisible realm as yet. Notice also, that the resultant phenomenon is the actuality as against the component realities which are "all the conceivable positions", i.e., the potentiali​ties. Through these features Schrodinger positioned himself in the realistic tradition which had long ago embedded into itself ontological paradoxality and in particular the paradox of the real and separate potentiality as one of its characteristic features. This reality is what engenders the paradox and it was to be the point at which Einstein would attack, i.e., how to reconcile the actuality (i.e., separate reality) of two different actualities both pertaining equally and simultaneously to the same entity?


Einstein's role in the creation of the cat paradox offers a rather direct piece of evidence that his incompleteness arguments were directed against a "Schrodinger" who combines a realistic view of the ר‑function as a direct and complete description, with some semi‑classical wave ontology.
 This evidence is contained in Einstein's response to a previous letter (July 13,1935) in which Schrodinger suggested that the difficulties are rooted in the fact that QM describes a non‑classical reality whereas its interpreta​tion is yet still formulated in classical terms. Einstein now responds:


But you see something entirely different [from Einstein's sugges​tion, Z.B.] as the origin of the intrinsic difficul​ties. You see ר as a representation of the real, and you would like to alter or altogether to abolish its connection with the concepts of ordi​nary mechanics. (Einstein to Schrodinger, August 8,1935, in Fine 1986:77).

If reality as described by the QM super​position is not a resul​tant of classical components, and if the classical states ob​served are not what composes the superposition, as Schrodinger's suggestion seems to have been understood by Einstein, then his incompleteness argument becomes irrelevant since the observed state is not a description of the state as it is in reality. Einstein agreed that


Only in this way could the theory really and truly stand on its own feet. This point is certainly coherent [...] (ibid:77)

But he then went on to refute Schrodinger's view of "ר as a representation of the real (des Wirklichen)", and it is for this refutation that he now invents the gun‑powder argument:


but I do not believe that it is capable of avoiding the felt difficulties. I would like to show this by means of a crude macroscopic example. (ibid:77).

The gunpowder argument that now follows is aimed, therefore, against Schrodinger's belief in the completeness of QM on his realistic view of the ר‑function: Even if at some initial time it gives "a reasonably well‑defined macroscopic state", this is "no longer the case at all" after a year, say, and this "according to your equation". For then


the ר‑function describes a sort of blend (Gemisch) of not yet and of already exploded systems. Through no art of interpreta​tion can this ר‑function be turned into an ade​quate descrip​tion of a real state of affairs; for in reality there is no intermediary between exploded and not‑exploded. (ibid:78).


Nor was Einstein's technique of macroscopic examples acci​den​tal. The problematics of the issue had been pointed out by Schrodinger already in 1926 in the words that immediately follow the passage quoted on p. 296 above: 


In the case of macroscopic motions, the weight function contracts in practice to a small region of practically indistinguishable positions, the centre of gravity of which in the configuration space covers macroscopically detectable distances. In the case of microscopic problems of motion the varying distribution over the region is also of interest, in any case, and for certain ques​tions it is of primary inter​est. (Schrodinger 1926:163)

Einstein's point would be that what is true of the microrealm is strictly also true of the macrorealm ‑ the macro object is eventually "distributed  over the region" even though it is simultaneouly described as "contracted" in a small region.


This difficulty had burdened Schrodinger's thought already when he published his three 1926 famous papers. On having read their proof‑sheets, Lorentz wrote him a lengthy review letter, pointing out, among other problems, this very difficulty:


But a wave packet can never stay together and remain con​fined to a small volume in the long run. ... even without that (the medium's) dispersion it will always spread more and more in the transverse direction. Because of this un​avoidable blurring a wave packet does not seem to me to be very suitable for representing things to which we want to ascribe a rather permanent individual existence. (Lorentz to Schrodinger, May 27 1926, in Przibram:47)

Schrodinger answered at once, appending to his letter a "note" "written before I received your letter", witnessing "how much I too was concerned about the "staying together" of these wave packets" (ibid:58‑9).


In this note (later published as his 1926a) he proved for one example that it stays together "contrary to all reasonable conjectures" (ibid.). Since it was a case of semi‑periodic system, a doubt remained about free systems, and here he was ready to use the spreading as an indication that free particles cannot indeed remain stable, i.e., "perhaps even that "free" electrons do not permanently keep their identities at all in the usual sense?" (ibid.). Anyway, he saw that


It is a problem of really establishing the wave groups (or wave packets) which mediate the transition to macroscopic mechanics when one goes to large quantum numbers. (ibid.)

Eventually, the main thesis of the published paper on this "transition to macroscopic mechanics", was refuted by Lorentz in his answer letter. Lorentz appended 12 pages of calculation, examining a high‑quantum number electron in an H‑atom and showing that it does not stay "together" (Przibram's note p.70), and concluded that


this is the reason why it seems to me that in the present form of your theory you will be unable to construct wave packets that can represent electrons revolving in very high Bohr orbits. (Lorentz to Schrodinger, June 19 1926, Przibram:70)

During the 1935 correspondence with Einstein the 1926 "note" never came up, and it seems that Schrodinger was disillusioned with its attempt, judging by his admitting the validity of the cat argument.
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The gunpowder argument refuted the completeness of Schrodinger's ר‑realism by proving its non‑uniqueness. For besides the ר superposition, which is allegedly a true descrip​tion, there is also a true description by means of one of its components, and these are two informatively different descrip​tions. Now, if this is the case about the gunpowder argument, then logical and structural identity with the EPR argument ought to be taken as decisive evidence for the identity of their targets, i.e., "the breakdown of the 'Schrodinger' interpretaion" (Fine 1986:79).


Moreover, Einstein's interpretation of the cat argument in the next years is a further evidence for what he intended by incom​pleteness. In 1939, some four years after Schrodinger introduced it in his 1935:812, (published on November 29), Einstein wrote to him that "the prettiest way to show" that "the wave representa​tion of matter is an incomplete representation" "is by your example with the cat" (August 9, 1939 to Schrodinger in Przibram 1967:35). Notice carefully that Einstein refers here to the "wave representa​tion" rather than to "quantum mechanics". The reason is simply that Schrodinger's cat paradox is indeed about the com​pleteness of Schrodinger's wave representation. Taken now as an incompleteness argument, the cat paradox is re‑constructed by Einstein as a reducargument which from assuming the complete​ness of the superposition description derives its incompleteness:


If one attempts to interpret the ר‑function as a complete de​scription of a state, independent of whether or not it is ob​served, then this means that at the time in question the cat is neither alive nor pulverized. But one or the other situa​tion would be realized by making an observation. (ibid:35)

Notice that in Einstein's interpretation, the cat paradox pro​ceeds to infer from the completeness assumption first the reality of the cat's superposition description, and this constitutes the first of its two "equally justified" descriptions. Then, from the definite​ness of the observed cat its second "equally justified" description is obtained. But since these are two informatively different descriptions of the cat at one and the same time (excluding, that is, collapse) whereas the cat is in exactly one state (i.e., either the superposed or one of the definite states), the superposition, i.e., the "wave representation", is necessarily incomplete.


It becomes clear also that in this letter too Einstein argues against Schrodinger himself and drives to prove to him the incompleteness thesis, and this, moreover, against all odds. For he ends the letter with these words:


I write this to you, not with any illusions that I will convince you, but with the sole intention of letting you understand my point of view, which has driven me into deep solitude. (ibid:36).
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In order to further support my interpretation, it can be shown that, in spite of his statement about Born in the 1935 2nd letter to Schrodinger (p. 294 above), Einstein's view of incom​plete​ness at this early stage was distinct from the incomplete​ness implied by the probabilistic description. This will change and finally be rejected by Einstein in his ultimate view of the incompleteness, as we shall later see. But at this early stage, his view was that superposition, taken as a probabilistic de​scription of all the "thinkable" states (Einstein 1949:670), is not in itself incom​plete. It becomes an incomplete description only if it is taken as one of several different but "equally justifiable" descrip​tions of the same physical object. In QM, this other available description is that of the object as actual​ly observed, i.e., as being in just one of its eigenstates. To see this I make use of Einstein's analysis in his 1949:683.


This starts with the orthodox assumption that the superposed ר‑function is a complete description. From this Einstein con​cludes that the superposition tells us that the indefiniteness of the object is "real".


He deals here, again, with a macroscopic case, (i.e., "bil​liard balls or stars" 1949:682) but remarks that the implication stands for the micro or quantum realm. The reason is that, as is well known, the Schrodinger time‑dependent equation shows that a given state which is definite in its variable (i.e., is an eigenstate of this observable), loses in time its definiteness completely. The state is by then "smeared" over an extended interval of the observable:


If now, in accordance with the orthodox position, I view the ר‑function as the complete description of a real matter of fact for the individual case, I cannot but consider the essentially unlimited lack of sharpness of the position of the ... body as real. (ibid:683)

Thus, to revert to the old ball‑in‑the‑box example, in Einstein's view the com​pleteness of a superposition, such as רball=a1רbox1+a2רbox2, implies the reality of this description, i.e., the ball is really simultaneously both in box1 and in box2 and so has no sharp position. This is the first important clue: The superposition in itself may be taken as complete, and so it is not necessarily incomplete. That is, neither a "smeared" nor a probabilistic description are, in themselves, incomplete, since the world they describe may be claimed to be smeared and non‑causal in itself.


Such a conclusion should be collated with the meaning of Einstein's final statistical interpretation of QM. In itself, the statistical interpretation implies neither incompleteness nor the existence of hidden variables, for it may be an exact picture of the world in itself. Hence Einstein could, without loss of consistency, reject as "too cheap" Bohm's attempt at completing the theory by means of hidden variables, implying that it was not the absence of any more detailed, causal explanation of the statistical nature of QM that was responsible for its incomplete​ness.
 

PRIVATE 
5.10. The dilemma: Either the spook of reduction or incomplete​nesstc  \l 1 "5.10. The dilemma\: Either the spook of reduction or incomplete​ness"

Only on being supplemented by some further fact does the argu​ment proceed and derive incompleteness. Einstein now shows that, supplemented by the fact that all observed states are definite, the thesis of the completeness of the superposition leads, through its entailed reality thesis, to over‑description. Only the "spook" of the reduction thesis can protect the reality of the superposition against this overdescription and the en​tailed incompleteness. For this purpose, reduction must be assumed to be caused by and happen at the instant of observation:


In order to comprehend this [the definiteness of the ob​served object, Z.B.] I must assume that that sharply de​fined position is determined not merely by the real situa​tion of the observed body, but also by the act of illumina​tion. This is again a paradox (similar to the mark on the paperstrip in the above mentioned example). (Einstein 1949:683)

The paperstrip paradox to which the last sentence refers is another version of Schrodinger's cat, which Einstein had dis​cussed previ​ously (ibid:671). Parenthetically published in his (1935):827, Schrodinger pointed out by it the absurdity of the reduction of superposition: The machine, auto​matically triggered by the outcome of the experiment, had either typed or it hadn't typed the letters on the paper‑strip, but the reality of the superposition entails that the letters are created on it only by being observed. Schrodinger intended thereby to broad​cast his deep doubts and dissatisfaction with his own position. This was his "general confession" (Generalbeichte) consequent upon his reading of the EPR paper, as he explicitly put it (1935:845 n.1). 


This explains Einstein's presentation of the dilemma in his (1949). Two physicists, A and B, "represent a different concep​tion with reference to the real situation as described by the ר‑function" (1949:83). One of them (A) represents Born's and Einstein's view ("the ר‑function is no exhaustive description ... but an incomplete description"). B represents what I think was Einstein's conception of Schrodinger's view, i.e., "the individu​al system (before the measurement) has no definite value of q (respectively p,)". Since, on the one hand, by this B means something different from A, this indefiniteness is not epistemic and is not equivalent to probability in the Born sense. It is, therefore, objective indefiniteness. The definiteness of its measured value "only arises through the act of measurement itself (concurrently with the unique probability which is given to it in view of the ר‑function)". Since, on the other hand, objective indefiniteness was not Bohr's view, and since Einstein presents only two views, A's and B's, he clearly neglects to take account of Bohr at all. The kind of collapse described by B enables him to hold that "the ר‑funtion is an exhaustive description of the real situation of the system" (ibid:85). Thus Schrodinger's view is presented here as the conjunction of the completeness of superposi​tion (entailing, as we saw, real indefiniteness) cum collapse (by observation) to definiteness. Einstein then proceeds to the EPR situation and challenges B to extend his collapse thesis to it. If it is assumed that "one may speak of the real factual situation (reale S) of the partial system S2" (ibid:85) then "for the same real situation (Realzustand) of S2 it is possible there​fore to find, according to one's choice, different types of ר‑function" (ibid), hence none of them is a complete description. However, this conclusion can be evaded by either denying the premise that we can "speak of the real state of S2", or "by assuming that the measurement of S1 (telepathical​ly) changes the real situation of S2" (ibid.).


There is a noticeable distinction between the EPR coupled system S1‑S2 and such single‑body examples as the cat, the gunpow​der, the paperstrip, and the ball‑in‑the‑box. As Schrodinger showed in his (1935a) and (1936), which constitute his technical reaction to the EPR paper, in the pair‑system coupled by its past interac​tion neither S1 nor S2 can be alloted a separate ר‑function before the coupling is broken by observa​tion. This could imply that indeed one cannot speak of the real state of S2 simply because it has none. Non‑uniqueness obtains then only in consequence of the several different eigenfunctions which may be chosen at will for S2, as follows: Once collapse is rejected or at least conceded to be non‑interactive, none of the S2 eigenstates can be said to be created by the observation on S1 and so they all must be taken as previously existing ‑ simulta​neously. As against this, in the case of a single body system, there is no question that it possesses a real state, and then the various "equally justified" states are not its eigenstates but rather their superposition (taken by Schrodinger as the body's "real state") and either one of its component eigenstates ob​tained by observation.


The importance of the EPR situation is, then, that it consti​tutes a systematic (repeatable) procedure of non‑interactional collapse which is planned to embarrass Schrodinger into giving up the notion of collapse altogether. The previous mild conception of B who recruited interactional col​lapse (by observationally interfering with the collapsed system itself) in order to keep the completeness of superposition is now replaced by a harsh conception ("telepathy" in the wake of 1935's "spook"). Einstein, certain now that B would have to give up the general thesis of collapse ("both alternatives appear to me entirely unacceptable") concludes:


If now the physicists, A and B, accept this consideration as valid, then B will have to give up his position that the ר‑function constitutes a complete description of a real factual situation. For in this case it would be impossible that two different types of ר‑functions could be co‑ordinated with the identical factual situation of S2. (ibid:87, emphasis added)

If B is indeed "Schrodinger", then his attempt to save complete​ness by employing the thesis of collapse is, Einstein implies here, hopeless against cases of "telepathic" collapse, i.e., by action‑at‑a‑distance, (such as, e.g., accidentally happening to look into the empty box1, thus telepathically putting the ball in box2, or the systematic case of EPR). The sentence I underlined I take to mean that once collapse is given up, it is no more possible for Schrodinger to save completeness by "co‑ordinating" the superposition description (one "type of ר‑function") to the state of S2 before the observation of S1, and the eigenstate description (another "type of ר‑function") to its state after this observation. The reason now is that S2 is throughout the whole situation in one "identical factual situation". It would then be necessary for Schrodinger, taking as he does the superpo​sition as a realistic description, to attribute both descriptions to S2 simultaneously, resulting in incompleteness.


Notice what the underlined sentence now implies: If the ר(S1‑S2) superposition function is a complete description of S2 then, barring collapse, no further different description of S2 is possible. The fact that collapse is first barred in order to entail this consequence proves that the ר‑function to which he refers here is the superposition ר(S1‑S2) and not one of the reduced states of S2. Hence one of the "two types of ר‑functions" refers to the superposition ר, and only the second refers to the reduced eigenstate of S2. The whole argument would be senseless if both "types of ר‑functions" were taken to be the reduced eigenstates.
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An early indication that what bothered Einstein was mainly the incompleteness implied in the realistic interpretation of the superposition rather than Bohr's complementarity, is contained in Einstein's remarks at the Fifth Solvay Congress (October 1927), during a public discussion following Bohr's presentation of his complementarity interpretation. This was probably a reformulation - the first of many more in the next years - of Bohr's basic manifesto at the Como Lecture, a few weeks before. Einstein remarks expounded two "Viewpoints", and went on to refute the second of them. The first Viewpoint, which he left untouched, is that the state‑function represents statistically an ensemble of systems. The second Viewpoint is that the state‑function repre​sents just one individual system and, moreover, describes its interaction with its surrounding in a complete (non‑statistical) way.


It was this Viewpoint that he went on to refute. But neither was this Viewpoint Bohr's, nor has its refutation any bearing on Bohr's complementariy and, finally, its only target is the superposition and its collapses. The refutation is this: If the state‑function describes the location of a system in space, then after leaving a point‑source (an initial, well‑defined location) its state‑function becomes a superposition of all possible locations along some imaginary surface surrounding the source according to time. But once the surface becomes actual, say a photographic surface, it registers the interaction with the system at one point only and not all over the surface. Hence the compo​nents of the state‑function at all other places are de​stroyed by this interaction, and this implies an instantaneous action‑at‑a‑distance, contrary to STR.


Now this has nothing to do with Bohr's complementarity. The only point at issue is the interpretation of the state‑function, i.e., is it a statistical magnitude or an individual description. But Bohr deals with another problem altogether: How to reconcile the wave behaviour with the particle behaviour of quantum sys​tems. Bohr ignores completely and consistently the question how to interpret the mathematical symbolism of QM. His only problem was how to reconcile the two classes of phenomena (wave effects and particle effects) with a unified picture or conceptual model, i.e., how to unify our conceptions of these effects. Nor does Bohr ever make contact between his solution of his chosen problem (by the complementarity view of physical categories such as place, momentum, causality, space‑time) with the question of Einstein, mamely, what does the state‑function denote?
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Such a scenario for Einstein's incompleteness argument, with Schrodinger as its only target, incompleteness as overdescrip​tion, and superposition as the incomplete description, may go some way towards explaining the sense of a puzzling passage that occurs among Einstein's answers to the papers in the Schilpp volume:


Such an interpretation [i.e., creation by observation, Z.B.] is certainly by no means absurd from a purely logical stand​point; yet there is hardly likely to be anyone who would be inclined to consider it seriously. (Ibid:671) (Italics added)

Hence, Einstein believed that "such an interpretation" was not Schrodinger's, incidentally relegating thereby Bohr's view (as well as its consequent elaboration by von Neumann) to the realm of nobody's view. This pointed gesture had been made first in the EPR paper itself where, in its closing words, it is made clear that there is nobody who would consider it a serious answer to suggest some kind of creation‑at‑a‑distance. Such a suggestion


mthe reality of P and Q depend upon the process of measure​ment carried out on the first system, which does not disturb the second system in any way. No reasonable defini​tion of reality could be expected to permit this. (Einstein, Podolsky, Rosen, 1935:130)

The EPR argument was direct​ed, therefore, only against those who hold "reasonable definition of reality", which immediately excludes Bohr's view from the realm of reason and so implies the disregard of Bohr's interpretation as a party to the dispute. This pointed ignoring‑gesture was repeated in Einstein's answer to the critics in the 1949 Schilpp volume and not only in the passage just quoted from it. To appreciate the silent grim drama enacted here, just remember that it was in this volume that Bohr published his longest essay ever, containing a detailed exposi​tion and analysis of his disputes with Einstein over the years. But Einstein did not see fit to grace this essay with even one word of attention. Though he does refer to Bohr, he completely ignores his essay and its answer to the EPR argument.


Einstein's argument shows, in sum, how the completeness of the superposition leads to its incompleteness, if collapse by inter​action is rejected or, alternatively, how collapse may be dis​pensed with if the thesis of the incompleteness of the super​posi​tion is "relinquished":


The spook disappears only if one relinquishes the orthodox standpoint according to which the ר‑function is accepted as a complete description of the single system. (ibid:638).

The "spook", i.e., the collapse by remote control of the super​position, is the equivalent of a non‑separation presupposi​tion (what we do here influences instantaneously what happens there), and must be held if the completeness and so the reality of superposition is held. Hence the "spook" is tightly linked to the completeness thesis, and a choice must be made between these two theses: (1) completeness of superposition (entailing the spook), (2) the thesis of separation (entailing non‑completeness and the merely statistic interpretaion of the superposition formalism).


In his (1953), Renninger refuted Bohr's fundamental thesis of complementarity and thus his answer to the EPR argument, recently reargued in Bohr's (1949). Renninger showed that in so far as the experimental set‑up was concerned, there was no problem about measuring simultaneously both the wave and the particle aspects of a photon. The paper, which caused quite a stir, seemed to entail that the photon is a particle with a continuous path in space and time, but also spreads out as a field. This was a new challenge to the completeness of QM, as Renninger later that year pointed out.
 Consequently he sent his paper to Einstein, who replied:


It gave me a great pleasure to read your careful investiga​tions the result of which fully agrees with my own view on this matter: in the concrete individual case one has to ascribe real existence both to the wave field and to the more or less localised quantum, unless he is ready to admit a telepathic coupling between objects in different regions of space. (in Jammer 1974:494)

In accordance with his previous use of the notion of spook and telepathic influence as a reference to the collapse of the wave‑train by non‑interactive observation (a notion which Renninger, by the way, went on to develop in his no less provoca​tive 1960), Einstein's remark confirms my guess: If collapse is rejected, then QM is committed to equivalent but informatively distinct simultaneous descriptions of the self same "factual state", i.e., as a superposition ("wave‑field") and as one of its components (the "localised quantum"), and so is incomplete.
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My next piece of evidence is that if EPR's argument was direct​ed against Bohr then it is a circular argument. Consider EPR's structure:


Assuming locality (or separation as Einstein formulated it), the EPR argument proves the reality of the conjunction XBPB prior to the measurement of the disjunction XAPA. From this it infers that XBPB is an element of reality, and then infers the incomplete​ness of QM from the fact that by its formalism there can be no state‑function of B with XBPB as its possible eigenvalues. The whole argument is, therefore, from premises which include the assumption of locality to the conclusion of the separate existence of XBPB. Now, since the EPR locality in​cludes the assumption of separate existence, the argument is circular if the separateness of XB and of PB is taken to be what is proved.


EPR's locality is their assumption that there is no instan​ta​neous physical action‑at‑a‑distance. The assumption of sepa​rate​ness states exactly the same condition but from the point of view of the effects instead of causes, or properties rather than actions. It says that the properties of an object are separate from those of all other objects in the sense that any change in any other object takes some time to reach and influence it. Separateness means, therefore, the disjunction: Other objects influence either by physical influence or they do not influence at all. But this disjunction is logically included in the EPR locality assumption, i.e., that all influence is physical influ​ence. What it aims at is to block all interactions that are not strictly physical. Given the strictures of special relativity theory, such locality means that all instantaneous interactions are not physical, and all physical interactions are not instanta​neous. And this is exactly what the condition of locality says.
 


Now, if the locality and so the separation of B are taken as premises of EPR's argument and by them B's properties are pre​mised to be independent of measurement on A, then this cannot be also, without circularity, what EPR prove. That is, to avoid circulariy, the separateness of xB and pB is not proved but only assumed, and what is proved is only their predictability, the possibility of deriving their exact values, given their separate​ness.


But if the argument is directed against Bohr, this means that the argument is circular. To refute Bohr, the argument must prove, first, that these properties are indeed separate from anything done at A. For Bohr agreed that xB and pB are possible properties of B, only he denied their actuality apart from actual measurement, be it measurement on A or on B itself. Bohr, that is, denied their separation.


It follows that any interpretation of EPR as directed against Bohr must face the circularity charge. First, if separa​tion is assumed but not proved, and second, if separation is taken to be proved by derivation from locality. For on the first count, the EPR argument would be assuming just what was to be proved against Bohr, and on the second count it would derive separation from itself. In short, if locality and therefore separation are taken as premises, Bohr cannot possibly be the target without circular​ity. But if Bohr is not the target, both locality and separation can be taken as premises, and the linear validity of the argument is then restored. For then it would be read as proving that, given the separation of every property of B, two of these are XB and PB. This entails, by the meaning of separation alone, that their conjunction XBPB is a separate property as well, hence the incompleteness of QM.
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Crucial evidence that Einstein was fully aware of the fact that Bohr's view could not be the target of the EPR argument exactly because of this eventual circularity, is provided by Einstein's reaction in 1949 to Margenau's defence of an alleged "orthodox" interpretation of QM. Remarking that Margenau missed the "essential" aspect of this orthodoxy, Einstein says that Bohr's view "seems to me to come nearest" (of all the "`orthodox' theoreticians whose position I know") "to doing justice to the problem". He then puts Bohr's orthodoxy thus:


If the partial systems A and B form a total system is described by its ר‑function ר(AB), there is no reason why any mutually independent existence (state of reality) should be ascribed to the partial systems A and B viewed separate​ly, not even if the partial systems are spatially separated from each other at the particular time under consideration. (Einstein 1949:681‑2).

It was clear to him, then, that Bohr could not accept the separa​tion principle without giving up his whole view of QM, and moreover, that to demand that he accept it in order to clinch the incom​pleteness proof is senseless. Indeed for Bohr that proof was a non‑starter rather than non‑valid exactly because its ontologi​cal presuppositions contradict his own. In other words, what Einstein's words imply is that if it is directed at Bohr, then the EPR argument is circular, a petitio principi fallacy. Ein​stein goes on to emphasize this fallacy:


The assertion that, in this latter case, the real situation of B could not be (directly) influenced by any measurement taken on A is, therefore, within the framework of quantum theory [my empha​sis, Z.B.] unfounded and (as the paradox shows) unaccept​able. (ibid.)

Einstein implies here, therefore, that such would have been a fatal attack on the EPR argument were this argument aimed at Bohr. The "assertion" which Einstein points out is the main assumption of the EPR argument, and he states here that this assumption (and conse​quently the whole EPR argument) is "unfound​ed and unacceptable" according to Bohr's and the "orthodoxy" version of the "framework of QM". In Einstein's judge​ment, then, it must be accepted that Bohr's view is unscathed by EPR's argument, and that Bohr can justifyably keep his tenet of com​pleteness and with a "pitying smile" (Einstein 1949:667) disre​gard the EPR argument as irrele​vant.


If, according with my suggestion, neither the EPR nor Einstein's arguments are aimed at Bohr but only at the reality of QM superposition as seen by "Schrodinger", they become non‑circular and quite effective. And then this effectivity can be shown to be inde​pendent of what eventually became the major failure of the EPR argument, namely, its distorted structure as an attempt to prove that B possesses both position and momentum contrary to QM's claim. 


For if the EPR argument was actually against "Schrodinger" who presup​posed such a simultaneous existence, such proof would be senseless. That is why it was not their simultaneous objective existence prior to measurement that was the real aim of the EPR proof, but rather their objective existence (irrespective of simultaneity) as definite, sharp values. For "Schrodinger" rejected only this sharpness tenet in his view of the complete​ness (i.e., reality) of superpositions. And it was only this view of reality as objectively indefinite, i.e., only in so far as it demands the collapse into definiteness by observation, that Einstein viewed as incomplete. Einstein came to express it explicitly in the 1950's, as we shall see.


I'll argue now that the EPR attempt to prove the simulta​neous existence of conjugate observables was a simple case of redundan​cy in the proof, an overkill. Since this failure is exactly what fatally flawed the proof as an argument against Bohr, my suggest​ed interpretation saves the logical validity of the EPR argument for the meagre price of relocating its target. The choice before us is, then, either a fatally circular EPR argument or a reloca​tion of its target away from Bohr and the Copenhagen Interpreta​tion. And, moreover, several bonuses go with this shift.
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The purpose of proving the prior existence of XB and the prior existence of PB was not to show the self‑ incompatibility of QM. It was only to show, so we learn from the letters to Schrodinger, the real distinction between XB and PB according to QM. For since QM denies their simultaneous existence, it thereby denies their identity. And only given their real distinc​tion from each other, could the incompleteness proof proceed.


Hence the bulk of the published EPR proof was redundant: All that was really needed was merely to point out, to remind one, this being accepted by all, that QM denies the reality of XBPB. The incompleteness of QM follows then merely from the real distinction, implied by this rejection, between XB and PB as two informatively distinct properties (eigenvalues of the suppos​edly one identical state) of B.


Since this argument presupposes the separation principle, it would be immune to the counterargument from the non‑local nature of QM in any version of it, including Bohr's. The immunity to Bohr would be, however, no more than the result of the argument's irrelevance to Bohr's anti‑realist actualist ontology. Another way of putting it is to point out that only if XB (or PB) is presupposed to be a property of B can the EPR argument proceed, but Bohr rejected this presupposition. His complementarity viewed XB and PB rather as aspects, i.e., relative properties whose existence depends not only on B but also on the reality of the right reference‑frame or viewing point (experimental set‑up) as well as the actual viewing by some observer from that reference‑frame.
  Since separation can possibly hold only for properties but is irrelevant for aspects (these being relations), the irrelevance of both the EPR and Einstein's arguments ‑ and so their immunity ‑ to Bohr is obvious.


That Bohr did not perceive this says something about the sur​prise by which the EPR presupposed ontology caught its audi​ence. It was so unlike that of the Einstein of STR that Bohr conceived it as treason. Schrodinger told Einstein how, when he met Bohr in 1936 shortly after his answer to the EPR was pub​lished (as well as Schrodinger's 1935 papers), Bohr complained to him about Einstein (as well as von Laue and Schrodinger himself) who try to attack QM with EPR‑like arguments, and called such attacks "high treason". (Letter to Einstein March 23 1936, see Howard:183 n.26). This was also Born's late explanation (in 1965) of his own repeated failure to understand Einstein's incomplete​ness arguments:


As an unconditional follower and apostle of the young Ein​stein, I swore by his teachings; I could not imagine that the old Einstein thought differently. (Born 1971:227)

Einstein's self‑vision, however, never stumbled here, even though it was not before 1949 that he pub​lished his first explicit outright rejection of the positivism which Bohr took to be his early (relativis​tic) ontology. Referred to as "the quantum theorist" Einstein presented Bohr as denying the reality of a definite time‑point at which the radio‑atomic nucleus disinte​grates if the right verification‑means is ab​sent. This "quantum theorist" then concludes that


the entire alleged difficulty proceeds from the fact that one postulates something not observable as 'real'. (Einstein 1949:669)

It was at this point and by this derisive remark, I suggest, that Einstein made it clear that his incompleteness argument is and always has been irrelevant to Bohr. The reason Bohr's name is not mentioned is, I suppose, the intensity of Einstein's outright rejection of Bohr's ontology, as he expressed it in this well calculated emotional outburst:


What I dislike in this kind of argumentation is the basic positivistic attitude, which from my point of view is unten​able, and which seems to me to come to the same thing as Berkeley's principle esse est percipi. (Einstein 1949:669)

Thus Einstein was fully aware that his incompleteness argument could not be at all directed against Bohr whose view of QM was based on an ontology "which from my point of view is untena​ble".


Neither can it be doubted that Einstein interpreted Bohr's philosophy, correctly I think, as an ontology which denies the reality of properties and maybe of things separate from their being observed. In December 1953 he wrote to Born that if the statistical interpretation of QM is adopted,


then one need not become involved with Bohr's interpretation that there is no reality independent of the probable sub​ject. (Born 1971:209).

I think, though I shall not prove it here, that thBerkeleyian interpretation of the Copenhagen philosophy was shared by Schrodinger. And so he qualified for being a target of Einstein's argument.
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Twice during 1948 Einstein had occasion to discuss the EPR argument again. I already noted his derisive ignoring of Bohr's contribution to the Schilpp volume in his "Reply to criticisms", written at about that time. The second occasion was in his paper for the Dialectica issue edited by Pauli and dedicated to Bohr's complementarity principle. And here, no less strangely but evidently much more blatantly and significantly, neither Bohr's view of QM nor his complementarity are even mentioned.
 More​over, it becomes evident that Bohr's view is neither of the two ontologies Einstein describes as the "possible points of view" in regard to what is to be counted "a real, individual state of affairs" (Einstein 1948:320). One of them is his own ("the particle really has definite position and momentum" irrespective of measurement). The other is the "interpretation preferred by physicists at present" i.e., "in reality the particle has neither a definite momentum nor a definite position". But this is obvi​ously not Bohr's view, for it implies that "in relaity" the particle has or may have a non‑definite momentum and a non‑definite position, which was refected by Bohr for being just as senseless as the first view.


We have already seen, also, that Einstein was fully aware of this Berkeleian ontology of Bohr. And the same conclusion is enforced by Einstein's further description of the EPR argument about many‑particle systems where


two (essentially) different ר‑functions describe two differ​ent real states of affairs, even if they could lead to identical results when a complete measurement is made. (1948: 322)

This is most decidedly not Bohr's view, as Einstein must have fully known by 1948, since  according to Bohr's ontology, first​ly, ר‑functions don't describe any "real state of affairs" apart from the actual measurement made upon the system, as he made amply clear in his 1935 answer to EPR, and secondly, in case two different ר‑systems (apart from degeneracy, which is obviously not relevant here) lead to the same measured‑values, Bohr would certainly refuse to attribute them to two different but simulta​neously real states.


But the novelty in Einstein's present statement is that it is the exact execution of the plan he had outlined in his 1935 1st letter to Schrodinger. That is, he now structured the argu​ment as a search after the ontology of QM in its standard inter​pretation, aiming only to flush out QM's rejection of the separa​tion principle but avoiding aby charge of internal contradiction. Consequently, Einstein's non‑uniqueness argument would not really touch even "Schrodinger"'s interpretation should the latter choose to reject the separation axiom, such as Einstein described in his 1935 1st letter to him (see p. 301 above). The Dialectica statement was the first public declaration of this old insight:


Seen from the point of view of quantum mechanics alone this does not present any difficulty. For, according to the choice of measurement to be carried out on S, a different real situation is created, and the necessity of having to attach two or more different ר‑functions ר2, ר3..... to one and the same system S2 cannot arise. ibid:322).

He refers to the collapse of the entangled state‑function ר12 into either of the eigenstates ר2 or 2 etc. according as the measurement on S1 reduces it to ר1 or to 1 etc. The non‑uniqueness charge does not apply, Einstein says, in case "Schrodinger" adopts the creation‑by‑measurement view denying thereby that the state of S2 remains identically the same before and throughout the measure​ment of S1. In this case "Schrodinger" must, however, give up the separation principle.


Again, Bohr never accepted nor needed accept the view that there is at all sense in speaking about the entangled system S12 separately from observing it. In his view the superposition denoted no reality at all, and so he had no need to take the collapse as a real, physical transformation between two state‑descriptions of the same reality.
  So for him unique​ness always would hold automati​cally since all states, being always nothing but phenomena, are necessarily "classical", i.e., sharp and well defined, and there can never be "equal justifica​tion" for each of several informative​ly different descriptions of the same phenomenal reality. For example, the notion of an entity which is indefinite, simultaneous​ly a wave and a particle, was for Bohr a typical consequence of the idealisation fallacy, just the kind of contradiction ("ambiguity") from which his principle of complementarity was designed to deliver us.
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Incidentally, it was only in the 1948 Dialectica paper that Einstein publicly formulated for the first (and only) time very clearly the potentiality ontology which he took to be implied by the separation principle. This ontology further supports the plausibility of my interpretation, for the way Einstein formulat​ed it, makes it obvious that his argument could not possibly be aimed at Bohr's interpretation:


It follows that every statement about S2 which we arrive at as a result of a complete measurement of S1 has to be valid for the system S2, even if no measurement whatsoever is carried out on S1. (Ein​stein 1948:323)

The sentence I underlined is the heart of what may be called the ontology of the reality of the potential. It is obviously in flat contradiction with the most fundamental principles of Bohr's inter​pretation, and so could not possibly be used to refute it. But "Schrodinger", who accepts the separate reality of the superposi​tion state (in consequence of his completeness claim) must also consider whether and how he can avoid the separate reality of the potential states of S2. For since "Schrodinger" (but not Bohr) must accept the reality of ר2 irrespective of any measurement of ר1,

This would mean that all statements which can be deduced from the settlement of ר2 or 2 must simultaneously (gleichzeitig) be valid for S2. This is, of course, impossi​ble if ר2, 2, etc., should represent different real states of affairs for S2. (ibid:323 and see also Born 1971:172)

The crucial word "simultaneous​ly" which I under​lined, and which is strangely missing from the 1935 EPR argument, gains now its full meaning: As Bohr made clear in his puzzled reply, the whole EPR argument hangs on it, but the whole point of Bohr's complementarity principle since 1927 was indeed to avoid exactly this simultaneity  as senseless, i.e., as inapplicable since the necessary conditions for its applicability are conceptually of physically impossible to actualize. "Schrodinger", on the other hand, must accept it, and in its wake also the non‑uniqueness argument, once he starts from the reality (and so the complete​ness) of the superposition state.
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The conception of the world as being simultaneously in differ​ent states entails, Einstein pointed out in 1949, that such a world is actually structureless in itself. Hence the incom​plete​ness of QM is a consequence of the chaos‑ontology implied in "Schrodinger"'s view of the reality and completeness of the superposition. In contradistiction from the Berkeleian positivist (Bohr) who denies any sense at all to the concept of a world separate from actual observation (measurement), "Schrodinger"'s ontology is that the world is objectively indefinite, and that its formlessness is described by the simultaneity or superposi​tion of its infinitely many possible forms. It is this formless​ness or indefiniteness is the objective real state of the world.


Hence behind Einstein's non‑uniqueness argument lay his view that neither realism nor even separation are sufficient and that a further necessary condition for any possible science is defi​niteness, i.e., the objectivity of sharpness of all states and the independence of such sharpness from human conceptualisation. In a note Einstein wrote to Born at about the time he prepared his Dialectica paper, he explained that the incompleteness of QM ensued from its ontology of non‑separation, but added a new important remark:


If one renounces the assumption that what is present in different parts of space has an independent, real existence, then I do not at all see what physics is supposed to de​scribe. (Born 1971:164)


Hence an indefinite world in which all parts are superposed or merged, i.e., the world as depicted by a realistically inter​pret​ed (i.e., complete) superposition, is actually non‑describable by physics. The reason is, again, non‑uniqueness: Such non‑definite world can be divided up any way one would wish, for it does not contain definite parts. What Einstein attacks here is, then, the ontological conventionalism implied by the completeness of superposition: Non‑uniqueness is implied by it not as an epistemic stance (we cannot know which description is the true one) but rather as an ontological conventionalistic thesis which says that in an indefinite world there simply is no unique true description:


For what is thought to be a "system" is, after all, just a convention, and I do not see how one is supposed to divide up the world objectively so that one can make statements about the parts. (ibid.)


This is a surprising expansion of the EPR argument. It says that not only does ontological conventionalism entail non‑separation (which is obvious) but rather that non‑separation (and so the completeness of superposition) entails ontological indefiniteness and its correlate conventionalism, i.e., the ontological foundation for non‑uniqueness. Hence, if QM were correct in its claim of non‑uniqueness, as the EPR argument showed, then it would condemn not only itself but all possible physics to necessary noninformativity, since the non‑uniqueness of its variety of descriptions of reality would then mean that there is no fact of the matter involved in such alleged variety: No fact of the matter (no "objectivity") is involved in any "division of the world" into its "systems", so that whether the distant particle has its own "independent, real existence" or not cannot count as a factual matter in a world built up of superpo​sitions.


In the next years Einstein's focus shifted from the demand for separation to the demand for definiteness. The 1935 vision that uniqueness is incompatible with realistic superposition (exclud​ing collapse) finally fruited into the thesis implied here that realistic superposition by itself (i.e., even apart from the reality of one of its elements) was incompatible with definite​ness and so with objective science. It was around 1950 that Einstein began to progress beyond the uniqueness argument to such simpler and purer insight into the concept of completeness. Its immediate motivation was a short remark about STR and incomplete​ness in Born's (by now neglected) 1950 paper, and this leads the story into its title and the Born episode.

PRIVATE 
5.19. Whores, bigots and Jewish physics: EPR vs STRtc  \l 1 "5.19. Whores, bigots and Jewish physics\: EPR vs STR"

Born's reaction to Einstein's incompleteness argument is a curious case. To some (e.g., Pauli and Einstein himself,) it seemed that he never got the gist of Einstein's argument right. After receiving from Einstein his Dialectica paper, Born replied in a puzzled letter, failing to understand what was wrong with predict​ing the state of B from measurement on the spatially separated A, given that they have interacted and given their initial ר‑functions (Born 1971:174). The failure persisted even after Einstein's comment on Born's (1950), though this comment was in Born's eyes "probably the clearest presentation of Einstein's philosophy of reality" (Born 1971:189). And some seventeen years later this same failure stayed, as his comments on the letter show: He persists in formulating Einstein's separa​tion "axiom" as independence of A from B "in the sense that an observation of the state of affairs at B cannot teach us anything about the state of affairs at A" (ibid:176, my emphasis), hope​lessly oblivious to the fact that EPR proved the contrary, and that the separation axiom was introduced in order to eliminate the creation of (rather than the learning about) B's state by measurement of A's state. Failing, as many others, to see that it was exactly because learning is possible according to QM, that the problem of creation‑at‑a‑distance arises and separation is violated, Born, still bewildered, mused: "It is curious that Einstein did not admit this objection to his axiom as valid" (ibid.). 


The issue began with Born's remark about the incompatibility of STR's concept of reality with Einstein's incompleteness argument. Born's 1950‑paper contains a reaction to Einstein's statement in the Schilpp volume that a theory is incomplete if it fails to ascribe one single time‑point for the disintegration of a radioactive atom (Einstein 1949:72). Born now argued that "yet he himself has taught us in the case of relativity that this argument is wrong" (Born 1950:23). Thus Born went on to draw an analogy between Einstein's argument of incompleteness against QM and the antagonists to relativity who claimed it was incomplete because it lacked the concept of absolute rest. Moreover, Born adds, STR gave up the concept exactly because Einstein realised the impossibility of its experimental definition, implied in fact the axiom of "an infinite number of equivalent inertial systems" (ibid.). Even though Born's argument was based on the fallacious analogy between the impossibility of experimentally identifying an absolute reference system and the impossibility of making an absolutely exact measurement in QM ("statements of infinite precision" Born 1971:189, which is either begging the question or false,) and so missed the real analogy, nevertheless he was pretty close to the mark. The real analogy was the one pointed out once and again by Bohr, namely, with STR's denial of the reality of physical magnitudes separate from their measurement set‑up, the analogy upon which Bohr established his complementarity thesis. So Born was after all right: Einstein of the STR was not Einstein of the EPR, and it was indeed "curious that he does not acknowledge the analogy with quantum mechanics" as Born again commented in 1952 (Born 1971:193).


In fact, it was already in 1926 that Einstein made it be known that he now rejected his actualistic past as expressed in his 1905 STR, and that he now rejected it as "nonsense". In a discus​sion that took place in 1926, in response to Heisenberg's protest that his no‑unobservables (e.g. the path of the electron inside the atom) ontology for the new Quantum theory was just an appli​cation of Einstein's own procedure in his 1905 STR, Einstein answered:


Perhaps I did use such philosophy earlier, and also wrote it, but it is nonsense all the same. (Heisenberg 1983:114)

And then again, in 1932, when P. Frank described STR as a para​digm of positivistic physics, Einstein protested, disdainfully saying that a "good joke should not be repeated too often" (Frank 1947:216).


Moreover, it was already by 1944 that Born too must have become aware of the sea‑change in the Einstein who wrote to him that "we have become Antipodean in our scientific expectations" (7 September 1944 to Born, in Born 1971:149). This was Einstein's comment not only on Born's dice‑throwing God but also on his attack on Eddington's and Milne's a‑priori theories of relativity (Born 1943). Einstein perceived in it an implied attack on his own "Jewish physics" and saw Born's strict phenomenalism as bigotry and philistinism:


I have to confess that your deliberations remind me of the beauti​ful proverb: "Junge Huren ‑ alte Betschwestern" (young whor‑ old bigots) particularly when I think of one Max Born. (Born 1971:149)

Einstein's self image in 1944 was, therefore, as still a "whore" (not so young now), i.e., the outsider who challenges, by bla​tantly ignoring, the scientific community's "morals". To stay revolution​ary for a long time one has to change his beliefs when his once youngish revolutionary ideas become the new ortho​doxy.
 Bohr, Heisenberg, Pauli, and Born became by the 1930's the old bigots who, stuck in the old revolutionary model of STR, still keep fashioning by it their interpretation of QM. It is only plausible that in order to stay revolutionary Einstein had to switch from his old STR's conventionalism to the newly assumed realism.


Born became finally convinced of this transformation in Ein​stein only in 1948. After citing Einstein's words about the strictly instrumental role of concepts in science, which Einstein wrote in his (1916) obituary on Mach, and which Born interpreted as conventionalism (Born 1971:   ), he goes on in his contribu​tion to the Schilpp volume:


This is the core of the young Einstein, thirty years ago. ... The Einstein of today is changed. I translate here a passage of a letter from him which I received about four years ago (7 November 1944) [actually 7 September, Z.B.]: "In our scientif​ic expectation we have become Antipodean. You believe in God playing dice, and I in perfect lawfulness ["volle Gesezlichkeit" Z.B.] in a world which exists objec​tively, and which I, in a wildly speculative way, am trying to capture". (Born 1949a:176 
 and Born 1969:154)


Einstein of the EPR was a clear‑eyed potentialist, explicit about the separate reality of objects and of their definite properties as separate from our ability to make any statements about them, and this in two conceptual stages. The first he repeated in the notes he wrote about the Ms. of Born's (1949):


that which really exists in B should not depend on what kind of measurement is carried out in part of space A; it should also be independent of whether or not any measurement at all is carried out in space A. (Born 1971:164)

The same words are repeated, as we saw (p. 321 above), in Einstein's Dialectica paper (Einstein 1948:323). The second stage was the ontological heart of the EPR argument, to the effect that this independence from the kind and even the fact of measurement is extended to the extreme of independence even from the logical possibility of carrying out any such measurement at all. For the EPR argument concluded that particle B possesses sharp values of both incompatible variables simultaneously, fully admitting thereby that they are real even though they cannot possibly be measured simultaneously as sharp values. 


His view of separation thus covered the independence of B from (a) the state of A, from (b) the actual measurement made on A, and finally from (c) the logical possibility of such a mea​sure​ment. It was an extreme rejection not only of the Bohr‑Copenhagen view of physical reality, but also and even more emphatically of the philosophical basis of STR as conceived by Bohr and his followers. Einstein was outspoken about this rejec​tion in his talks with Pauli at the beginning of 1954, as Pauli reported to Born:


Now from my conversations with Einstein I have seen that he takes exception to the assumption, essential to quantum mechanics, that the state of a system is defined only by specification of an experimental arrangement. Einstein wants to know nothing of this... Einstein has the philosophical prejudice that (for macroscopic bodies) a state (termed "real") can be defined "objectively" under any circumstanc​es, that is, without specifi​cation of the experimental arrangement used to examine the system (of the macro‑bodies) or to which the system is being "subject​ed". It seems to me that the discussion with Einstein can be reduced to this hypothesis of his, which I have called the idea (or the "ideal") of the "detached observer". (Letter to Born March 3 1954, in Born 1971:218). 

A more extreme rejection of the relativity of states to some reference‑system called "the experimental arrangement" can hardly be imagined. But that this "prejudice" of Einstein extended even to include the independence of what is physically real from the logical possiblity of its measurability, this was actually not even suspected by the penetrative Pauli. Einstein's "hypothesis" is not the "ideal of the detached observer" but rather the postulate of reality as independent from all kinds of observa​tion, possible, ideal, or impossible. The extremity of this view of reality in its rejection of STR led to Pauli's failure to capture the exact and full novelty of Einstein's "prejudice", i.e., his demand for definiteness (or sharpness) as an absolute reality and so as a central element of the objectively real.
 Nevertheless, it turned out that Born's initial 1950 analogy between QM and STR (as well as GTR) was after all valid. 
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As Born put it later, "the quantum theory came into being when Heisenberg applied this principle [("that concepts which refer to things that cannot be observed have no place in physics" Z.B.)] to the electronic structure of atoms" (Born 1971:227, but see also Born 1955:81). And it was, after all, this principle which grounded Einstein's elimination of absolute simultaneity and of the difference between gravitation and acceleration in his relativity theories. Born's argument to this effect led him to argue that not even classical mechanics can be interpreted as a sharp‑valued theory (what Born called "deterministic", and see Pauli's admoni​tion of this identification by Born in Born 1971: 218, 221, 223). As he argued in his reply to Einstein's (1953) both in (1955) and (1955a), the strict application of Einstein's principle, "which it is obligatory to use in every case, even that of a single particle in the simplest conceivable conditions" (1955:81) shows that classical point‑mass (or center‑of‑mass) mechanics is no less diffuse (probabilistic) than QM.


In one important sense, this extension of Einstein's rela​tivi​ty principle to the notion of "sharp value", already implied by Bohr's complementarity‑ontology, eliminated the importance of the concept of quantum of action. For Born showed thereby that a refutation of sharp‑valued determinism is independent of the existence of a lowest limit to exactness of measurement. Born's conclusion could have been easily derived by Hobbes (as Born's reference to Felix Klein's view, 1955:81, shows), Berkeley, or Hume. Strictly speaking, even Bohr's interpretation of QM was independent of QM itself.
 Essentially this view, which I call actualism, depended only on an ontology in which the actual is prior to and defines the possible, and so the actually observed is logically prior to the observable. Actualistic ontology denies consequently the existence of what is eternally potential and cannot actualize as phenomenal, e.g. the eternally or necessarily unobserved.
 


It was on this priority of the actual that Born constructed his elucidation of the concept of objectivity. He called it the "principle of objectivity", and according to it things are objective if they remain invariant under change of the sensing subject. An obvious conclusion was that differences of magnitude which are not sensible (observable) are not objective. It was on this section of Born's manuscript of his (1949) that Einstein remarked "But Born! Be ashamed!".
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If Born's insight into the analogy between STR and QM was valid, one should wonder what made Einstein reject its conse​quence, namely, "that incompleteness is sometimes necessary, as, for example, in the case of the theory of relativity" (Born 1971:185). Born's idea was that the infinity of possible differ​ent inertial reference systems for the description of the same phenomenon, entails the same indefiniteas the one which QM is obliged to make about the time instant of the disintegration of the radioac​tive atom. To this analogy in Born 1950:23 Einstein reacted snappily:


There is nothing analogous in relativity to what I call incom​pleteness of description in quantum theory. Briefly it is because the ר‑function is incapable of describing certain qualities of an individual system, whose "reality" we none of us doubt (such as a macroscopic parameter). (15 September 1950 to Born, Born 1971:188)


As the example he is about to give will show, Einstein reached now a wholly novel sense of incompleteness. It supersedes (and so implies) uniqueness and it points in the direction of macro‑objects as the crucial testing case for completeness. It says simply that description by means of ר‑function is incomplete because it necessarily fails the test of reality presented by macro objects and their qualities. His example is a further argument along the 1935 ball‑in‑the‑box and the gunpowder exam​ples, with a subtle difference. Let the initial state of a macroscopic body with one rotary degree of freedom be fully given by its angle and angular momentum at time t0, "defined as pre​cisely as the quantum theory allows":


The Schrodinger equation then gives the ר‑function for any subsequent time interval. If this is sufficiently large, all angles become in practice equally probable. But if an obser​vation is made (i.e., by flashing a torch), a definite angle is found (with sufficient accuracy). (ibid:188).

Now, however, this definite angle is not one of two equally justifiable descriptions any more. It is the only true descrip​tion, and the other, the superposition ר‑function, becomes now "incom​plete" in a sense which is identical with "false". This new sense of incompleteness is obtained by elevating the definiteness of the value (e.g. of the angle) to a crucial sign of reality. For even though observing a definite angle 


does not prove that the angle had a definite value before it was observed ‑ yet we believe this to be the case, because we are committed to the requirements of reality on the macroscop​ic scale. (ibid.).

Definiteness and its continued reality independent of observation and even of any possible observation, is now the demand which every scientific description of reality must satisfy as a condi​tion of its completeness, simply because "we are committed to it". Consequently, incompleteness becomes now just the failure to supply a definite description, and so Einstein concludes:


Thus, the ר‑function expresses the real state of affairs (den realen Tatbestand) only incompletely in this case. This is what I call "incomplete description". (ibid., emphasis added).

But to "express the real state of affairs only incompletely (nur unvollkommen)" is euphemism by now, i.e., given "our commitment to the requirements of reality", since the ר‑function is not anymore just an equally justified description. Rather, it becomes now a false description, for it ascribes an indefinite value to a definite property. As he said before, "the ר‑function is incapa​ble of describing certain qualities", namely, the definiteness of real objects.


This novel approach to incompleteness may possibly have been created as a defense against the STR‑analogy to which Born's argument pointed: Given the previous concept of incompleteness as non‑uniqueness of description, STR seems to be a prime case of incomplete theory. It is built on the non‑uniqueness of simulta​neity, substituting for the classical unique instant a set of infinitely many instants which are each topologically simulta​neous with the same given distant event, from among which only arbitrary choices can be made.
 Among its consequences the non‑uniqueness of description then becomes an ineradicable element, e.g., the state of a given electric charge is both describable as surrounded by a magnetic field and also as devoid of it. 


The solution is implied in Einstein's answer to Born: There is nothing in STR paralleling the ר‑function, and it is only the specific nature of the ר‑function which entails non‑uniqueness. The heart of the matter is the concept of informative difference between equivalent descriptions. In STR all the equivalent descriptions of the same event (e.g., the state surrounding the electronic charge) are informatively identical. The proof of this is the existence of transformation rules between descriptions, such that given one of them, all the infinitely many others are derivable from it without the need of any further piece of information. But there are no transformation rules in QM between the different definite‑values implied in the ר‑function.


E.g., given two complete orthonormal bases _i and (i which are eigenbases of two different operators, an arbitrary state function ״ is expandable in both bases, so that ״=׃ai_i=׃bi(i. But given that the observed value in the _i basis is בK, whose probability of being observed is ?בK?2, nothing at all follows as to which value m in the (i basis will be observed if the rele​vant observation is made. There is no transformation from any given observed value in one reference‑frame to the result of an observation that is to be made on the same physical system and the same situation in another reference‑frame. The two are not equi‑informative as in STR.


To see this take a classic mind‑blower in STR: A rigid rod moves along a flat surface and on its path meets a hole, both rod and hole being of equal length L in their respective rest sys​tems. Suppose the Lorenz factor of the situation is 10. In the hole frame, the rod's length is 1/10 L and it must drop clean through the hole. In the rod frame the hole's length is 1/10 L and the rod cannot possibly drop through it. This is, in effect, the exact STR twin of the cat argument. However, for STR to be a consistent theory, it must give one answer only, since in reality the rod will either drop or not.
 But QM's treatment avoids such tight spots and supplies instead a ר‑function with the two answers superposed (e.g., the double slit as well as the cat), and holds as one of its axioms that there is no means (except actual observation) of extracting one of them. That only one of them could be true began now to recede in Einstein's thought into the background of obvious truths, and the burden of the situation shifted for him to the character of the ר‑function in itself. More and more it now became clear to him that its incompleteness is simply its falseness, i.e., that it "is incapable of describ​ing certain qualities of an individual system whose 'reality' we none of us doubt (such as a macroscopic parameter)" (see p. 331 above).

PRIVATE 
5.22. Einstein's cat againtc  \l 1 "5.22. Einstein's cat again"

Some two months later, Einstein explained to Schrodinger how his cat argument was a refutation of the completeness of QM, and even of the belief that it describes reality:


this interpretation is, however, refuted most elegantly by your system of radioactive atom + Geiger counter + amplifi​er, + charge of gun powder + cat in a box, in which the ר‑function of the system contains the cat both alive and blown to bits. Is the state of the cat to be created only when a physicist investigates the situation at some definite time? Nobody really doubts that the presence or absence of the cat is something independent of the act of observation. But then the description by means of the ר‑function is certainly incom​plete, and there must be a more complete description. (22 December 1950 to Schrodinger, Przibram 1967:39).


Compared with Einstein's previous employment of the cat "exam​ple" as an incompleteness proof in his 1939 letter to Schrodinger (§7 above), the change is marked. First, it is clear that the old "Schrodinger" of 1935 1st letter who, I suggested, still was the target of the 1939 letter, has by now dissolved and is replaced by the gang‑name "most of them" (i.e., of "contempo​rary physicists"). These hold a middle ground between outright denial of separate reality and its "honest" affirmation. Einstein accuses them of intellectual dishonesty, since


Most of them simply donot see what sort of risky game they are playing with reality ‑ reality as something independent of what is experimentally established. They somehow believe that the quantum theory provides a description of reality, and even a complete description. (ibid.)


Schrodinger himself, Einstein emphasised, was one of the two "contemporary physicists" (the other being von Laue) who saw "that one cannot get around the assumption of reality ‑ if only one is honest" (ibid.)


Nevertheless, the honest Bohrians (such as, e.g., Heisenberg, Jordan, Pauli, Dirac, Rosenfeld, Born) are definitely out of the game here, for they openly deny what "nobody really doubts" i.e., that "the presence or absence of the cat is some​thing independent of the act of observation". They are, again, relegated to the realm of "nobody".


The argument is directed now against the dishonest Bohrians, those who believe it is possible "to get around the assumption of reality" by, on the one hand, not denying its separateness outright but, on the other hand, refusing to openly admit such separateness or even see that it is presupposed by the concept of probability. This latter point Schrodinger commented upon in his previous (November 18 1950) letter to Einstein. Schrodinger wrote that "the concept of probability is terribly mishandled these days", and added that


Probability surely has as its substance a statement as to whether something is or is not the case ‑ an uncertain statement, to be sure. But nevertheless it has meaning only if one is indeed convinced that the something in question quite definitely either is or is not the case. A probabilistic assertion presupposes the full reality of its subject. (November 18, 1950 to Einstein. Przibram:37)

This gives the impres​sion of clean two‑valued realism. That Schrodinger hinted at it was something new for Einstein and is, I guess, what elicited Einstein's praise in his December letter. It looks, therefore, that this praise had a further, tactic role, namely to push Schrodinger further into a corner, aiming to force him to openly acknowledge not just separateness but even more important ‑ definiteness. So even though the argument appears to be aimed at the "confused majority" who would like to have it both ways, it is obviously not they who are its true target since it is useless against them as a "refutation" (i.e., they would refuse to be definite about their commitment as to the separate existence of the cat). But it is now an effective refutation of a "Schrodinger" who shares a commitment to the separate reality of the cat but still differs from Einstein about the definiteness of this separate existence. And the only reason for this is "Schrodinger's" tacit assumption of the completeness of the ר‑function as a superposition and the realism this implies.

This is the second point in which the employment of the cat now differs from the previous one in Einstein's 1939 letter as a non‑uniqueness argument. For now it is not the case anymore that there are two equally justified descriptions, i.e., the superpo​sition and the definite state. Rather, there is only one true description, and it is the one which "nobody really doubts", i.e., the definite state of cat as separate. Consequently, the superposi​tion is now simply false, and this falseness is what Einstein calls now "incompleteness".


So, it is only "Schrodinger" and not at all "most of them" who must now admit the refutation of his own completeness thesis.

PRIVATE 
5.23. "A little nursery song about physics": The Born‑Festschrift paper (1953)tc  \l 1 "5.23. \"A little nursery song about physics\"\: The Born‑Festschrift paper (1953)"

In his contribution to the Born Festschrift of 1953, which is one of his latest papers, Einstein returned to the problem of the completeness of QM, attacking it now exclusively through its failure to account for the definiteness of macro‑objects. Throughout the paper he analyses therefore one example, and it is again the old ball moving to and fro between two elastic walls. He argues by this example that the Born interpretation cannot overcome its essential statistic meaning and lead to "a descrip​tion of the real state of the individual system" (Einstein 1953:38). It was, Einstein informed Born, "a little nursery song about physics" (Born 1971:199).


This one actually woke up several babies. It "startled Bohm and de Broglie a little" (Einstein to Born October 12 1953 in Born 1971:199) and it started a bitter dispute with, of all people, Born, who was roused enough as to publish a detailed refutation (Born 1955a) by which time Einstein was already dead.


Einstein argued that QM is incapable of supplying a ר‑function which describes the fact that a macroscopic ball ("1 m^m in diameter") bouncing between two elastic walls is (1) always in one sharp position and velocity, and (2) is thus predicted to be by classic mechanics. What QM predicts is the contrary of (1), i.e., that the ball is always necessarily in a diffused position and velocity, and this because of two distinct features of the ר‑function. First, even if the Schrodinger equation has sharp solutions ר1, ר2 etc, their superposition is in general not sharp. But this superposition is also a solution and so describes the real state of the ball. Second, any sharp solution צi becomes after some given time diffuse by the Schrodinger time‑dependent equation.


Born's reaction, after the Festschrift was presented to him, was embarrassing. He felt that Einstein's argument was a conse​quence of a simple mistake (Einstein "chose an incorrect solution which is inappropriate to the problem" Born 1971:206), and he kept thinking so in 1965 when he commented that "Einstein's reflections resulted from his inadequate knowledge of quantum mechanics." (Born 1971: 210).  Born's solution consisted in eliminating from the start Einstein's assumption of a constant energy value for the ball (for this entails "an indeterminate position" ibid: 206) and then adjusting the solution so as to produce only a narrow wave‑packet which "bounces to and fro in exactly the same way as a particle, while it becomes a little more indeterminate in the process," (ibid: 207).


This did not impress Einstein at all as a relevant answer. In his reply letter he repeated the two components of his argu​ment. Choosing "only those ר‑functions which are narrow with respect to coordinates and momenta" entails that "macro mechanics cannot claim to describe, even approximately, most of the events in macro‑systems" (ibid: 208). In a later letter to Born he repeated this point:


Your concept is completely untenable. To demand that the ״‑function of a macro‑system should be "narrow" in relation to macro‑coordinates and momenta is incompatible with the principles of quantum theory. A demand of this kind is irreconcilable with the superposition principle for ״‑functions. (January 1, 1954 to Born, in Born 1971: 212)

An added note makes the sense of this argument clear:


When the system is a macro‑system and when ר1 and ר2 are "narrow" in relation to the macro‑coordinates, then in by far the greater number of cases this is no longer true for ר [i.e. ר=ר1+ר2, the superposition, Z.B.]. Narrowness in regard to the macro‑coordinates is a requirement which is not only indepen​dent of the principles of quantum mechanics but, moreover, incompatible with them. (ibid: 213)

Thus, the primary target of Einstein's argument in the 1953 paper was set here in an explicit way: it was the principle of superpo​sition, ensuring that there is always one solution of the Schrodinger equation which is necessarily diffuse in the macro‑coordinates, thereby turning QM into an incomplete theory. The second factor for such diffuseness is "that the Schrodinger equation in time leads to a dispersion of the 'narrowness'" (ibid:212). But he regarded this second point as "of only second​ary importance" relatively to the first point. Nor  was Born opposed to this argument (see ibid: 210). Indeed, in the answer projected to be appended to Born's published refutation, Einstein omitted all mention of this secondary argument. All that mattered to him was the superposition and its nediffused predic​tions "for any given time". Having, two weeks later, read Born's typescript of his paper, Einstein remarked that he saw from it that Born "entirely missed the point which matters to me most of all" (ibid: 214). The reaction he appended as a separate text was "the kind of reply I could have made" had he agreed to partici​pate in the "circus publicum" again. It was also designed so as to raise "some hope of your thinking the matter over dispassion​ately, a hope which has already melted away considerably" (ibid: 214). And Pauli reported to Born, after discussing the matter with Einstein in Princeton, that Einstein "was not at all annoyed with you, but only said you were a person who will not listen" (ibid: 221, March 31, 1954).


This was to be Einstein's last pronouncement, public or pri​vate, on the problem of incompleteness in QM. It is concerned with one point only, namely, to show that


the description by ר‑function does not contain anything which corresponds with a (quasi)‑localisation of the sphere at a selected time. (ibid:215)

This feature of the ר‑function which, as we now know, Einstein saw as entailed by its superpositional structure, is incompatible with a new principle he now introduced and which he christened the "localisation theorem":

Every system is at any time (quasi‑)sharp in relation to its macro‑coordinates. (ibid.)

Now, the localisation theorem is "valid independently of quantum theory" and "is unlikely to be rejected by anyone" (ibid. repeat​ing the nasty insinuation of his (1949), see p. 308 above,) and so for QM to be complete the localisation theorem must be derivable from the ר‑function "and indeed from any ר‑function belonging to a system which has macro‑coordinates". But since the sphere example proved this is not the case, QM is incomplete as long as its description instrument is the ר‑function:

Therefore the concept that the ר‑function completely de​scribes the physical behaviour of the individual single system is untena​ble. (ibid.)

PRIVATE 
5.24. "Playing a blindman's buff with the idea of reality": Pauli's gametc  \l 1 "5.24. \"Playing a blindman's buff with the idea of reality\"\: Pauli's game"


It is the "localisation theorem" and Pauli's commentary on it, which may now further support my suggestion that Einstein's incompleteness charge was not possibly directed against Bohr's but only against Schrodinger's interpretation of QM. After confirming, against Born's opinion, the full validity of the formal aspect of Einstein's argument (thus demolishing Born's verdict about Einstein's ignorance of QM which, however, did not prevent Born from repeating it in 1965, confirming thereby Einstein's diagnosis of his intellectual deafness), Pauli went on to isolate the one element in Einstein's argument to which he objected. This was the localisation theorem, i.e., "a macro body must always have a quasi‑sharply‑defined position in the objec​tive description of reality" (ibid: 223) in Pauli's formulation:


I believe it to be untrue that a "macro‑body" always has a quasi‑sharply‑defined position, as I cannot see any funda​mental difference between micro and macro‑bodies, and as one always has to assume a position (Ort) which is indeter​minate to a consider​able extent whenever the wave‑aspect of the physical object concerned manifests itself. (ibid: 223)

But since Pauli, a rigorous adherent of the Copenhagen view, rejected the possibility that reduction is a physical process, his conclusion was a special, non‑physical reduction. He ex​pressed his rejection of the former thus:


I do not consider that the appearance of the definite posi​tion or, what amounts to the same thing, its appearance as a result of the observation, can be deduced by natural laws. (ibid.)

Hence, to combine his rejection of physical reduction with his adherence to the completeness of the ר‑function and so the observationally contradicted non‑definiteness of macro objects, Pauli resorted to a logical reduction, which he called "cre​ation":


The appearance of a definite position X0 during a subsequent observation ... and the statement "the particle is there", is then regarded as being a "creation" existing outside the laws of nature, even though it cannot be influenced by the observ​er. (ibid. emphasis added)

This is, of course, pure Bohr: Since the placement of the parti​cle "there" is unambiguous only when the placement is a part of an indivisible whole which includes the measurement instrument and the observer in one "individual", there is no sense in speaking about the influence by the observer. Pauli, therefore, straightforwardly describes a physics which depends for its completeness (actually truth) on embedding into itself "spooky actions at a distance", which was to Einstein "irreconcilable" with the idea of physics (ibid: 158). One wonders how the bril​liant Pauli could be so self‑perceptive and yet so self‑blind as to add, a fortnight later, that he "entirely agreed" with Born "that Einstein has 'got stuck in his metaphysics'". As Pauli tells it, Einstein offered to Pauli the following line of defence as the only one left for him against Einstein's incompleteness arguments, so as to make the Bohrian's "logic unassailable": 


Although the description of physical systems in quantum mechanics is incomplete, there would be no point in complet​ing it, as the complete description would not agree with the laws of nature. (ibid: 226)

Pauli wrote this on 15 April, 1955. Three days later Einstein died, but he had, I think, the last joke.

PRIVATE 
5.25. Einstein's "Schrodinger" in 1953tc  \l 1 "5.25. Einstein's \"Schrodinger\" in 1953"

It is noteworthy, as a last piece of evidence for my inter​pre​tation, that in his 1953 paper, Einstein again ignores the Copenhagen view and, moreover, does this in a pointed way through his reference to Schrodinger.


The failure of QM to ascribe definite sharp properties to materi​al objects, Einstein remarks, "gave rise naturally to a search for a theory which will overcome this difficulty" one being Bohm's and the second an attempt "made by Schrodinger himself". Notice, by the way, that this "himself" obviously makes sense only if the incompleteness‑by‑indefiniteness argument was directed against Schrodinger and not against anyone else. Howev​er, the main point comes now. Einstein describes this attempt as follows:


The ר‑function represents reality itself and is in no need of Born's statistical interpretation. The atomistic struc​tures about which, up till now, the ר‑field was conceived to say something, do not exist at all, and at least not as a localised thing. (Einstein 1953: 39)

Hence, if the issue of completeness is about definiteness, and arises only because the only available description is inherently indefinite, and if this indefinite description is of the observed object, the only consistent solution by Schrodinger must be an outright denial of the definiteness of the observed object itself:


Applied to our macrosystem this implies: the macro body does not exist at all as such; in any case it does not exist as ‑ neither is it approximate to ‑ the position of its center‑of‑mass in a definite time. (ibid.)

Now notice that the macro‑indefiniteness entailed here  was explicitly admitted and accepted by Pauli, as we saw. But Ein​stein does not ascribe it to the Copenhagen or orthodox interpre​tation, but rather to Schrodinger. The reason is, again, that the Bohr‑Pauli indefiniteness is polarly different from that implied by the superposition, and Einstein is fully aware of this. The Copenhagen indefiniteness is a conceptual or linguistic thesis about how the theory is to be interpreted if all that is real is the actually observed. Only Schrodinger's realistic indefinite​ness can be, therefore, refuted by Einstein's realisti​cally based argument. Einstein's "Schrodinger" here prefers, accordingly, to be cornered into the tight spot of the indefi​niteness of macro‑objects rather than revert to spooky collapses. That is exactly why the new concept of completeness is bound to hit him, but is entirely irrelevant to Bohr and Pauli.

PRIVATE 
5.26. Causality, and Einstein's incompleteness argumenttc  \l 1 "5.26. Causality, and Einstein's incompleteness argument"

The suggestion that by the 1940's Einstein's completeness concept meant definiteness and sharpness and incompleteness meant therefore falseness may help to clarify his view of the relation of causality to his incompleteness argument. That he could not bring himself to believe that God played dice is besides the issue. What is at issue is the link between his concept of a complete descrip​tion and causality.


Now we saw how the lesson of his 1914 hole argument was that where informatively distinct descriptions hold for a single situation, i.e., the very situation which Einstein now called incompleteness, this entails indeterminism (or failure of causal​ity). And so it followed that only determinism may entail com​pleteness. Hence in so far as QM is governed by the deterministic Schrodinger equation, it may be complete. But since QM is not governed only by this equation but also by the non‑deterministic collapse of the superposition,


incompleteness ® indeterminism


determinism ® completeness

it followed that it was this non‑deterministic element that could be said to strongly indicate the incompleteness of QM. So Einstein's argument could be read as pointing out that the root of the indeterminism in QM is nothing more serious than its incom​pleteness. Thus, the indeterminism involved in the collapse of the superposition denotes nothing ontological but merely the fact that the superposition itself is an incomplete, i.e., false description. Hence, though completing QM would probably rid it of its indeterminism, nevertheless, the incompleteness argument was not about causality or, as he wrote to Besso, causality was not the central issue:


The question of "causality" is not actually central, rather the question of real existents, and the question of whether there are some sort of strictly valid laws (not statistical) for a theoret​ically represented reality. (To Besso, April 15, 1950)

We know, from the hole affair, that these are not distinct questions: causality, the reality of non‑observed existents, and of "strictly valid laws" which are true of each individual system. So though the last two are bunched together as central, whereas the first is less central, they are closely related. There is no true difference between causality and the existence of valid laws for individual systems, and their distinction is only in "centrality" or emphasis. This is what is implied also in a letter he wrote one month later:


In the center of the problematic situation I see not so much the question of causality but the question of reality (in a physical sense). (To J. Rothstein, May 22, 1950, in Fine 1986:87)

So even though the question of causal​ity is undoubtedly involved in the incompleteness argument, Born had distorted Einstein's view by structuring it around Einstein's alleged a‑priori demand for determinism.  This was indeed Pauli's view, formed after having discussed the case with Einstein during his visit in Princeton:


Einstein does not consider the concept of "determinism" to be as fundamental as it is frequently held to be (as he told me emphat​ically many times), and he denied energetically that he had ever put up a postulate such as ... :"the se​quence of such conditions must also be objective and real, that is, automat​ic, machine‑like, deterministic". [This Pauli quotes from Born's previous letter, Z.B.] In the same way he disputes that he uses as criterion for the admissi​bility of a theory the question: "Is it rigourously deter​ministic?" (To Born, March 31,1954, in Born 1971:221)

So, though, by Pauli's evidence, Einstein denied having ever posited determinism, or, of having ever postulated it as a criterion of admissibility, or of having viewed it as "fundamen​tal" to physical theory, these must be seen as no more than denials of centrality, not of logical connection and relevance. To reset the balance it is enough to keep in mind that what probably animated Einstein's thought was his knowledge that indeterminism in a theory could well be no more than an indica​tion of incompleteness and so of falseness. But since this solution of indeterminism can be held only if the theory is interpreted realistically, the same point may be put accordingly as Pauli now goes to explain. And after having analysed Einstein's argument in the Born Festschrift, Pauli remarks: "please note that the concept of "determinism" does not occur in it at all!" (ibid: 223), and he sums it up as "realisti​cally" based argument:


Einstein's point of departure is "realistic" rather than "deter​ministic", which means that his philosophical preju​dice is a different one. (ibid: 221)

Einstein's 1953 argument for the incompleteness of QM, as argued by Pauli, is based on his "realism" which Pauli characterises by two features: First, the state of any system is, and must be describ​able as, independent of the measuring set up (ibid: 218,224), second, "the place of a macro‑object must always be 'quasi‑sharply‑defined' in the objectively real state" (ibid: 226). Only these two "prejudices" served Einstein's argument, for since in consequence of violating the first, QM is incompatible with the second, it fails to supply a complete description of reality, i.e., it is actually a false description when taken as a realistic description of individual quantum object. Nevertheless, the consequence of the argument has, Einstein insisted, something to do with causality. For it follows that since QM fails as a realistic description of individual quantum objects, it must be interpreted as a statistical description of the average behaviour of a population of such objects. It was only in this way that the argument was intended, Einstein explained to Born as late as 1954:


In particular, I did not intend to raise objections against the quantum theory, but to make a modest contribution to its physical interpretation. (Born 1971:214)

And the "modest contribution", again, was the proof that the statistical interpretation (nowadays called indeed the "Born interpretation") and so the admission of incompleteness is inescapable. And now, quite in line with his previous manner, the person who is mentioned as the implied target is neither Bohr, nor obviously Born, but only the elusive Schrodinger:


It is meant to demonstrate the indispensability of your statisti​cal interpretation of quantum mechanics, which Schrodinger, too has recently tried to avoid. (Born 1971: 199)

This is probably a reference to Schrodinger's two 1952 papers in which he "tried to avoid" the notion of "quantum jumps", i.e., of the collapse of the superposition, by reverting back to a fully deterministic pure‑wave interpretation. Einstein's remark is his response to the insistent Schrodinger that the incompleteness argument is still pursuing him and there can be no escape for him.


In his 1952 paper Schrodinger declared that it was a mere case of historical blindness to yield to the Copenhagen ontology of "double entry", i.e., the wave‑particle duality. At its bottom was the error of assuming the reality of stationary states, of discrete energy levels, and consequently of "transitions" between them, i.e., quantum jumps. These errors led to a kind of mysti​cism concerning the state of a quantum object during transition. In fact, "a great part of the mysticism and superstition of educated men consists of knowledge which has broken loose from its histori​cal moorings", Schrodinger says (in quoting Benjamin Farrington's words 1952:133).


This is, no doubt, a reference to Bohr's interpretation, the old "Mystiker" of Einstein's early letters. Bohr's interpretation is by now not merely a kind of mysticism, but is rather manufac​tured as such on purpose in order to "make it as difficult as possible for the reader to unravel the sense" of the text he reads (ibid:134).


By rejecting the particle‑wave dualism, the reality of discrete energy levels, stationary states and the quantum jumps between them as mere intellectual charlatanism ("Gongorism", Schrodinger suggested, after a Spanish poet who, in the late 16th centurinitiated the paractise, so beloved nowadays by all poets), Schrodinger suggested a pure wave ontology, with perfect continu​ity, and with resonance between various superpositions replacing all notions of collapse (which he regarded now as a "ridiculous consequence" ibid:157).


In fact, this was no less than Schrodinger's implied last re​sponse to Einstein's incompleteness argument in its true sense as overdescription. What Schrodinger suggested here was to abandon one of the two universally accepted descriptions, i.e., that of discrete and sharp values ("quantum jumps"), and hold on to the other description, i.e., the superposition as what is the true and unique reality. Special resonance effects come now to replace all notions of the collapse of the superposition. Appar​ently, such a description would block Einstein's argument because the non‑uniqueness charge doesn't hold now: by Schrodinger's interpre​tation there is only one unique description. Moreover, even Einstein's new conception of incompleteness as non‑sharpness was forceless against Schrodinger's new scheme, since it now implied the sharpness and definiteness of every single wave involved in the superposition (as he described in his 1952a: 175‑6). Consequently, Einstein's only charge was now the statis​tical character of Schrodinger's interpretation. Indeed, not only was Schrodinger obviously forced to accept the standard ("Born's") statistical meaning of ?ר?2. He had, as well, to re‑interpret charge and mass (and their respective conservations) as "statistical effects, based on the 'law of large numbers'" (1952a: 177). Obviously, the statistical interpretation is a sign of incompleteness only if the ontology is taken to be fully deterministic. And, in 1952 it was only Schrodinger that Einstein knew and respected as proposing a serious deterministic inter​pretation of QM (Bohm's theory he dismissed as "too cheap"). Bohr was still irrelevant to the issue, as he always was.

PRIVATE 
NOTEStc  \l 1 "NOTES"
�..  Proof is hardly needed, but see, as mere random examples, Hooker (1972), Shimony (1988), Bell (1981), Bohm (1971), Erlichson (1972), Murdoch 1987:chapters 8 and 9, Fine 1986: ch.3.





�..  The relevant letters to Schrodinger were previously analysed by Fine in 1981 (see Fine 1986 ch.3), but without noticing the distinction which Howard uncovered. Fine incorporat�ed Howard's findings only in 1986, ibid:ch.5.





�..  See details of the hole affair in Torretti (1983): 162-168,  Norton (1987).





�..  See note 21 (to §13).


�..  See Fine's brilliant argument to this effect in his 1986:ch.5.





�..  All underlining in the quotations are in the original texts except where otherwise noted.


�..  Einstein's 19 June 1935 in which he made clear the irrele�vance of the incompatibility topic reached Schrodinger before 13 July 1935. Schrodinger submitted his cat paper (1935) on 12 August and his Cambridge paper (1935a) two days later, on the 14 August 1935. So he had at least a month to reflect upon Einstein's declaration. That he managed to miss the point is a fact that demands a separate analysis and explanation.





�..  See Bechler (forthcoming) ch.1 and 3.





�..  See Murdoch 1988:128, and Bohr on the objectivity of observa�tion in QM in Bohr 1963:3,7,10.





�..  See, for example, his reference to de Broglie's and Schrodinger's method of superposing wave components, as "abstrac�tions" (1934:56�57) and as merely "symbolic transcription" of classical mechanics (p.75) which is, as such, meaningless until interpreted "by an explicit use of the quantum postulate" (ibid.) This feature corresponds to the fact that classical concepts "are utilised [in Schrodinger's equation] in a purely fromal way" (p.76). The "symbolic" or "formal" sense of Schrodinger's tech�nique means simply that it is not a real description of any quantum situation: "The symbolic character of Schrodinger's method appears" both from its employment of imaginary numbers and from its introduction of imaginary (many�dimensional) spaces (p.76�7). Apart from this critique from ontological first princi�ples, Bohr also shared Heisenberg's and Lorentz's theoretical critique of superpo�sitions, e.g., his Como Lecture [1927] (1934):85�6. See also Bohr 1958:71, 1948:314, 1963:60, and the testimony of Petersen in his 1963:12. 





�..  Similarly Schrodinger called the "positivistic" inter�preta�tion of QM "palliative" and contrasted it with efforts, such as his own, at a "real understanding" of atomic phenomena, (1950):204�5. Concerning the religious, sect�like character of the Copenhagen disciples, see Einstein's derisive reference to Bohr's "priesthood" alotted to him by Born, in Born (1971):148. Also see Heilbron (1985) esp.p.223.





�..  Bohr was well aware of the "impression of underlying mysti�cism foreign to the spirit of science" which his philosophy evokes "in many minds" (Bohr 1949:236).





�..  This is not the real Born but rather "Born". The real Born rejected the separation principle in its purest form, i.e., the sharpness and definiteness of space and time locations of all physical entities. He viewed this as sheer nonsense in conse�quence of his actualistic ontology which he expressed in his view that what cannot in principle be measured does not exist. See Born 1949:103�105,124; 1955:81, 1971:189,227 and especially 154. Einstein, moreover, was well aware that the real Born was torn between his natural realism and his devotion to Bohr. See the sentence following the "Junge Huren" joke (Born 1971:149), and also the description of the confused Born, holding both the


incompleteness thesis and the Berkeley�Bohr esse�est�percipi thesis, (ibid:188).





�..  In his 1981 essay on "The roots and significance of EPR", Fine traces the origins of the argument to difficulties with problems of correlated systems, action at a distance, and de�scriptive incom�pleteness that bothered Einstein since 1927. However, Fine leaves considerable ambiguity as to who exactly was the target of EPR. Thus, for example, he writes that "Moreover, the criterion of reality is clearly aimed at Bohr's doctrine of disturbance. It did not miss its target" as the "bolt from the blue" testimony of Rosenfeld shows (Fine 1986:34). This might be taken to hint that it was Bohr's interpretation that was the "target". My thesis is that it is exactly the reality criterion that eliminated Bohr as a possible target at all.





�..  Schrodinger had started with a non�classical model of elementary particles, namely, as wavelike entities, but abandoned further elaboration of this very soon (see Wessels 1979). The idea itself of a diffuse non�definite ontology, however, never lost its appeal to him, see his 1933:190�1, 1950:204�7,212, 1961:21,27�8,31,37.





�..  Fine, who was the first to tell the story of the evolu�tion of Schrodinger's cat from Einstein's ball�in�the�box and the gunpow�der, noticed also the fact that the latter was geared especially for refuting Schrodinger's wave�realism, as well as the exactly identical import of the EPR incompleteness argument. However, Fine failed to draw the consequence about the target of EPR. See Fine 1986:77�8 and 1�3.





�..  The incompleteness of any probabilistic, statistic theory has been argued in the literature on the basis of the need for such theory to contain non�statistical statements as well. Thus, it can confirm its statistical predictions or gather the data for its initial conditions, only by formulating and thus positing as meaningful exact, definite, non�statistical state�ments. (Notice that the inexactness involved in the error of measurement of individual cases is irrelevant to the statistical theory as such, for this kind of error�theory concerning measure�ment is part of any non�probabilistic theory too.) Such a view was expressed in Post 1971:279�80, and was a constant element in the statistical interpretations of Popper, Margenau and Ballentine.


	This seems to be true only relative to an ontology which takes the world to be sharp�valued not only on the measurement occasion but also in between measurements. Born, struggling to graft his probabilistic interpretation on Bohr's ontology, had to come out with a von�Neumann�like reduction theory of measurement, in order to hold on to the completeness thesis. Probability in this case signifies the non�existence of anything definite in the world, i.e., anything sufficiently definite to be the subject of a sharp�valued description. I think that Einstein was well aware of this situation, hence his insistence � as I interpret it � on taking the definite description as applicable to the between�observations periods, i.e., simultaneously with the probability description. Without this ontological necessary condition, probabilistic theory need not be incomplete.





�..  Einstein on a future physics without incompleteness in Schilpp, "Answers to criticisms".





�..  The picture may be further illuminated now by taking into account the background of the battle between the particle and the wave representation or, equivalently, the quantum jumps and the continuous field ontologies. This battle was fought between the Copenhagen�Gottingen physicists and Schrodinger during the 1920's though its last battle cries were still sounded early in the 1950's by Schrodinger (1952) and Born's reply (1953). Concerning this bitter dispute see Beller (1989).





�..  See details in Jammer (1974):494. 


�.. 	This circularity has been pointed out (Howard 1985:175) as implied by EPR's separation premise that "all physical systems at all times possess definite, observer independent properties" (ibid:174 bottom line). But then it cannot be said also that the genius of Einstein's argument lies exactly in its proof that "the incompleteness of quantum mechanics can be inferred only if one posits an explicit principle of individuation of physical sys�tems" which "turns out to be the...principle of separability" (ibid:175). For this principle of separability is identical to the premise which, if adopted, turns the EPR argument into a circularity (which Howard rejected on this account as well as on account of its "naivete'" ibid.).


	See, however, Howard's distinction between Einstein's "separa�tion" (which Howard names "separability") and locality. The conjunction of separability and locality he names "separa�tion", and argues that this is the implicit sense of Einstein's terms. (See Howard 1985:179, and the employment of this distinc�tion by Einstein in Einstein 1949:84�6 to which Howard refers.) I am suspicious about the reality of the difference here, as well as about Einstein's alleged awareness of it. In his 1948:320 Ein�stein conflated the two by saying that what "characterises the relative independence of objects" is that "external influence on A has no direct influence on B". If "relative independence" is Howard's "separability" and the point about influence is Howard's "locali�ty", then Einstein says here that locality "characterises" separability. I think that Einstein means by "characterises" simply "being an essential feature of", i.e., separability is logically inseparable from locality. Now consider this: Howard admits that (1) separability entails locality, and also that (2) non separabil�ity entails non�locality. But from (2) it follows that (3) locality entails separability, which added to (1) means that locality and separability are entailed by each other, and so are not distinct but equivalent concepts and principles. If this is accepted, then since according to Howard (ibid:179) the only difference between Einstein's separation and Howard's separabili�ty is that the former does and the latter does not include locality, it now follows that this is no difference at all and all three concepts and principles, separation, separa�bility, locality, are one and the same.


	To see that (1) and (2) are true, look at the definitions of the relevant concepts. Howard defines separability as the princi�ple "that spatially separated systems always possess separate real states" (ibid:179). This must mean that the "real states" are logically independent of each other in exactly the sense that if one system influences another this can be only by means of a physical causal action. Hence separateness  entails the locality of all interaction. Also, if the states are not separate, this means simply that such influences need not be physical, but may be logical, hence non�local.


	This equivalence of the two concepts is actually employed by Howard. Thus he argues that even though "different states in B could have been engendered by the measurements carried out on" A, "such changes in B's real state are ruled out if we assume that B and A possess separate real states" (ibid:182). But if separate�ness does not entail locality, then such changes in B are not ruled out. Hence Howard presupposes here that separateness means also locality.





�..  Implied ever since the Como lecture of 1927, this became explicit in the next years, culminating in the Warsaw lecture of 1938. See my 1989, chap. 4.4 and Murdoch 1987:148.





�..  Hence Bohr's frequently declared demand for a distinc�tion between subject and object as a necessary condition for an "unambiguous" (unique?) description (e.g., Bohr 1958:101) is irrelevant as an answer to Einstein's uniqueness problem: First, Bohr does not accept the superposition as a description of reality, and second, the "cut between subject and object" is not non�arbitrarily or uniquely determinable (Bohr 1958:91�2), hence the Einstein argument applies to the cut itself, i.e., to the non�separation in principle which is presupposed by it. Bohr's "acceptance of atoms" and his "rejection of metaphysics" are mere slips of the pen and not tenets of his ontology, as some scholars would like to see (e.g., Shimony 1983:210 and Murdoch 1987:105�107 about objective�values ontology). His ontology is determined by his thesis of complementarity, i.e., the impossi�bility of the inclusion � and not just of measurement � of two complementary properties in one consistent concept of the object. This thesis has a strictly ontological import, for since no contradictory statement can be true, both properties cannot coexist in the object, but then neither of them can exist when it is not "observed" (i.e., measured). Bohr never conceded to this Berkeleian consequence of his complementarity thesis, but why should he? I am not convinced at all by Murdoch's heroic attempt (ibid.) mainly because his textual evidence is meagre, but also because it is based on a distinction without a difference between objective�values and intrinsic properties.





�..  This ignoring game was reciprocated by Bohr's disciples. Heisenberg does not refer to the EPR argument in any of his published writings. See also Born (1953) (1953a) (1953b) where neither the EPR nor any other of Einstein's specific arguments are even hinted. The same game is carried on by the logical positivists: Neither Reichenbach's (1944) nor Carnap (1966) mention EPR.





�..  Bohr rejected both ends of the realist ontology spec�trum: he rejected collapse or creation by measurement as well as the talk about a world existing with per�se or intrinsic proper�ties. See Murdoch 1987:134�5 and 107. Bohm's textbook, written under the strong influence of Bohr's interpretation, catches the point exactly when it cautions us not to attribute to the system even a set of potentialities since this is the same as any other hidden


variables in spite of being "indefinite", see Bohm 1951: 623-625.  





�..  Bohr gave this view his best formulation in his Warsaw lecture in 1938 where he stated that "elementary epistemological princi�ples" as well as "the structure and interpretation of quantum mechanical symbolism" demand to limit the word "phenome�non" to mean "the effects observed under given experimental conditions". Consequently it is "ambiguous" and "confusing" to speak 


of disturbing a phenomenon by observation, or even of creat�ing physical attributes to objects by measuring processes... (Bohr 1987,I:397)


So Einstein was, I think, correct in his assessment of Bohr's position. But this question is, strictly speaking, besides the point, for what concerns us is what was his view of Bohr and not whether he was correct in this. And his view was that Bohr's philosophy prevented his being a party in a dispute about the relation of QM to some separate, observer�independent reality.





�..  See, however, Fine's chapter on "The young Einstein and the old Einstein" in his 1986:12�25. Fine argues that throughout his life, Einstein did not actually change his scientific strate�gy. I see this question as irrelevant, for any strategy (called "meth�odology" or "research program" or "epistemology") is compat�ible with any ontology. My basis for evaluating Einstein's change, on the contrary, is strictly ontological. The ultimate result of the ruling contemporary strategy�oriented philosophy of science can be seen in Fine's drenching out any distinguishing feature from what he calls "Einstein's realism" in ch.6 of his book, re�naming it in quick sequence "nominal realism", "motiva�tional realism", and finally characterising it by psychoanalytic terms (ibid:111). This is, I suppose, what Einstein would have called the current "epistemology�orgy" in philosophy of science.





�..  This may explain the distorted picture of Einstein as a monolithic spirit girdled by a single unchanging set of philo�sophical principles throughout his life, which is the universally accepted picture. For a recent strengthening of this myth see Pais 1982:460�469. Even if this was also Einstein's picture of himself, I have little doubt that it is mistaken. Born's impres�sion (as well as Bohr's and Pauli's) was correct.





�..  Born perceived the change as from empiricism to "specu�la�tion" (Born 1971:151). This is accepted by some commentators, e.g., Feuer 1974:355�6, who cites in his support Einstein 1949:63, as against Einstein's opposition to Eddington's presen�tation of STR as an a�priori structure in his November 28 1926 letter to Sommerfeld, (Feuer:365 n.75). But in my categorisation Einstein of both occasions is the same � a platonist who rejects the logical necessity of physical constants (1926) as well as the causal independence of portions of physics from each other (1949). Einstein the platonist evolved after his GTR fruited and became an absolutistic theory of a space�time�matter field. Mainly, I suspect, this came in the wake of Kretchmann's refuta�tion in his (1917) of the informativity of the covariance princi�ple, a refutation which Einstein accepted as valid in his (1918).





�..  But it was Pauli who led Born to the full realisation of the new argument which Einstein published in 1953 in the Born Fest�schrift. Pauli, however, did not reject Einstein's conclu�sion, (pace Murdoch 1987:218). Rather, he rejected the main principle of Einstein's ontology, as the passage quoted shows. Exactly as Bohr, and as Born too (since 1949), Pauli could not even begin a rational dispute with Einstein. See section 24 below.





�..  I have argued this in more detail in my (forthcoming): ch. 4.4.


�..  See, for example, the striking similarity between Waismann's argument in his 1958:111�112 and Simplicio's view against Salviati (=Galileo) in Galileo's Dialogue Concerning the Two Chief World Systems (tr. S. Drake; Berkeley, 1967):203. Waismann, as Simplicio the aristotelian, points out that "the ball's surface is not a mathematical surface, any more than that of the wall. Seen from close by, such a surface dissolves into a cloud of molecules, blurred and ever changing". Waismann devel�oped Born's 1955 thesis, but failed to see its total necessity (and not only "not always", ibid:112) e.g., his failure to see that under this ontology there are no irrational numbers, (ibid:110). It is an unbearable weight to admit the full implica�tions of actualism and Waismann, notwith�standing his logical positivism, could not fully bear it.





�..  See Born 1969:168, ("Aber Born! Errote!") and his 1949:124�5 or 1965:138 about "this favorite idea" of his. See also Born 1971:166 on his "observational invariants", which Einstein mistook, he believed, for positivism, whereas in truth Born "really cannot stand those people".





�..  This was pointed out by Feyerabend (1957):124. QM in the von Neumann formulation excludes and is logically incompatible with the well defined state of the measuring instrument following its measurement interaction with the quantum�entity. This is so because definiteness would imply that the quantum�entity + instru�ment is a mixture whereas in fact it is a pure state. Hence for Einstein to say that the QM description is incomplete is equiva�lent to saying that it is a false descrip�tion.





�.. This reading of STR was expounded in detail by Reichenbach in his 1924 (esp. §7) and 1927 (esp. §22), where the concept of topological simultaneity and topological equivalence are present�ed.





�..  I have argued in some detail to show the non informativity of the Lorenz transformations in my forthcoming ch.4.3. The crucial differnce between STR's and QM's transformation theories is that in the latter a coordinate�transformation is also a property transfor�mation: The coordinate system in QM is the orthonormal complete system of basis vectors in Hilbertspace, and each such system is qualitatively different from the others. Thus, any given state can be described by the position basis, or the momentum basis, etc, and the transformations between them is straightforward. But there is no means of transforming a specific value of position into some specific value of momentum. In STR, given the specific value of the magnetic field, say, around a given electric charge, a transforma�tion is trivially available for calculating the exact value of this magnetic in any other reference system.





�..  See the problem in Rindler 1960:37�8. The solution he offered in his (1961) must be false, since it cannot have any�thing essential to do with gravity. The same paradox can be arranged without any literal "hole" and "fall", e.g., by the rod closing a break in an electric circuit on a flat surface. See also Taylor and Wheeler 1963:99�100. A better version is the "barn paradox" ibid:70, and see their respective solutions in "The Answers" chapter p.25 and 9.





�..  Fine named this "Einstein's cat" on account of the gunpowder included here (Fine 1986:84�5). My usage is different. In my view there is only Einstein's cat, one of whose version's is Einstein's gunpowder, and another is the cat in Schrodinger's paper. 





�.. "Wenigstens ist es nicht in dem selben Sinne ein Blinde�Kuh�Spiel mit der Realitats�Idee, gegen die mein instinkt unwiderstehlich rebelliert." (Einstein to Born undated letter circa 1949, Born 1971:180, 1969:184).








