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1. Bohr's complementarity

tc  \l 1 "1. Bohr's complementarity"

My paper's thesis is that the EPR argument was conceived and planned as a refutation of Schrodinger's interpretation of QM and had nothing to say to Bohr's or the so called Copenhagen inter​pretation. The argument for this thesis is partly logical and partly historical. It was the logical part that I found first and that urged me to get to the bottom of the story. As everybody else I was instructed by the literature to view the EPR as a part of the ongoing dispute between Einstein and Bohr, starting at the 1927 Como conference, and leading up in a more or less continuous manner to its peak in 1935. However, a simple consideration indicated to me that something was awfully wrong in this picture. To start with, what was Bohr's philosophy?


Bohr's complementarity principle was conceived by him as a principle of the relationality of all concepts to their condi​tions of application, and this meant conditions of actual obser​vation. Consequently it implied that where these conditions are not actual, a concept does not denote anything in reality. Mere potential conditions, like potential winnings at the lottery, do not buy us anything. And since it so happens in our actual world of QM phenomena that conditions for the application of space‑time categories exclude those of dynamic or causal catego​ries, it followed that space‑time proper​ties, i.e., the denotata of space‑time predicates, do not exist as reality simultaneously with causal properties. 


All of this was nothing more, Bohr argued, than a repli​cation of Einstein's 1905 presentation of special relativity,  and I think he was right. The Einstein of the 1905 paper was an actualist working within the modern actualistic tradition of Mach and Kant, going back through Hume and D'Alembert to Berkeley and Leibniz and Spinoza. Its actualism consisted in its denial of the reality of things potential. Reality belongs only to actual things.


Thus, complementarity turns out to be a deeply ontological principle, an actualistic generalisation of the classical non-contra​diction principle. The two contradictories are now some real item and this same item unmeasured. To say that it is real but unmeasured is, according to the complementarity principle, to utter a contradiction. Only, instead of saying that reality does not contain any item that is not actually measured, and conse​quently, that reality does not contain simultaneously an item and its contradictory, it says that reality does not contain simulta​neously an item and its complementary. It is a principle of a new logic, an actualistic logic, a logic which navigates language to say that reality is always well defined, sharp, unique, single valued. The logical syntax of our descriptions should be such as to reflect and bring out this well‑definition of whatever is real. In effect, Bohr's new logic obtained a sharp world at the meagre price of identifying all indefiniteness with some potenti​ality and then relegating all mere potentiality to strict non‑reality. What is ‑ fully is, and all the rest fully is not, to paraphrase the first actualist, Parmenides.


Bohr obtained even more than a sharp reality. He aimed at, and fully obtained, and I think, at the same meagre price, an inter​pretation of QM as a complete theory. And here "complete" is the same one that figures in the EPR paper, namely, a theory that stands in a one‑one correspondence relation to reality. 

PRIVATE 
2. The strangeness of the EPR argument

tc  \l 1 "2. The strangeness of the EPR argument"

Given this reading of Bohr, the notion that EPR's refutation was aimed at Bohr's proof of QM's complete​ness becomes strange indeed. Because for the EPR argument to make sense at all, it must now be interpreted as based on an ontology which contradicts Bohr's. For it must be interpreted as presupposing that what is possible of being observed is real independently of actually being observed. Only on this presupposition, can the EPR argu​ment proceed and conclude that what it proved as truly possible of being observed implies some actual reality and that therefore QM is an incomplete descrip​tion of reality. Without presupposing that the possibly observed is such only because it denotes what is real independently of actually observing it the argument would prove nothing.


The dispute turned out to be about what is truly possible among predictions. That is, what can be said to be genuinely predictable as distinct from being merely logically predictable. Consequently, and contrary to a universally held reading, Bohr had no reason at all to, and in fact did not, reject EPR's criterion of reality. All he rejected was EPR's concept of genuine possibility, and specifically, genuine pooibility of predicting, that occurs within this criterion. This he referred to as an "ambiguity" in the criterion and except for this ambigu​ity he had no quarell with the criterion. The exact dispute, then, would be as follows.


EPR presupposed that since either PB or XB is predictable, both are equally predictable and therefore their predictabilities are simultaneously real. Bohr denied just this, and argued that though either PB or XB is predictable, not both are simultaneous​ly predictable, since only one such predictability is genuine, for only one is ever actualized at a time. Hence their predictabilities are not simultaneously real.

PRIVATE 
3. Circularity of the EPR argument

tc  \l 1 "3. Circularity of the EPR argument"

Obviously, such a dispute is about the prior reality of poten​tiality, and in particular about the potentiality named predictability. EPR accepted, of course, that XB and PB cannot be actually predicted simultaneously. And yet this does not hinder EPR from concluding that their predictabilities are indeed simultaneously real. Obviously, such a conclusion can be valid only if the reality of the potentiality named predictability is independent of the actualization of it as an actual prediction. 


Now the whole of Bohr's complementarity logic is based on the contrary presupposition, i.e., that genuine predictability is secondary to and derivatory from actual prediction. Hence, in order to refute Bohr's interpretation, his major thesis must be first suspended or rejected. This is, of course, a stupendous petitio principi. If Einstein was aware of Bohr's complementarity logic, as must be assumed on the standard interpretation, this is a fallacy that cannot be attributed to him without some solid grounds.


By the way, the terms of potentiality and actuality are direct​ly translatable into the commonly used terminology of separation and locality. In these terms, the EPR argument presup​poses the separability of non‑interacting entities, as well as the locality of all physical interactions. These being presup​posed, the argument proves that PB, XB, are instances on such separate proper​ties of the particle B. Obviously, as the well known concluding note of the EPR paper makes evident, this dependence of the argument on the locality presupposition was fully known to EPR. On the other hand, it was broadly advertised by Bohr that his complementarity logic expressed in fact a non‑locality ontology. This issued straightaway from the relationality of all concepts (and so of all properties) to the conditions of their applicability. This was, very simply, an ontology of non‑separability, i.e., entities such as bearers or their properties are not separable from the conditions of their observability. And this was the heart of complementarity, not some hidden or peripheral adjunct to it. And as non‑separability entails non‑locality, complementarity meant non‑locality.


Now, to refute Bohr's view, EPR had to refute this non‑separability and non‑locality. But instead they presuppose their contraries, separability and locality. Hence they assume what they had to prove. Unless, that is, this was not what they had to prove at all.
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4. Einstein knew about the circularity

tc  \l 1 "4. Einstein knew about the circularity"

It could be argued against this, that it could be the case that in 1935 Einstein simply did not know about the ontological presuppositions of Bohr's complementarity, and that consequently he did not perceive the circularity involved. Now, against the plausibility of this suggestion, it should be noted that in 1935 and before Bohr's reply paper was published, Einstein made it clear beyond doubt that he regarded Bohr as a Berkeleian for whom the notion of a separate reality was a superstition of naive people. This was in a letter to Schrodinger, where he referred to Bohr as the "talmudic philosopher" who, looking with an amused disdain at the antics of the QM interpretation industry, could not care less as to who was "right", for he views them as equiva​lent or identi​cal if they agree in their descriptive adequacy of QM's predic​tions. That Einstein regarded this as positivism, and that he saw positivism and Berkeley as hardly distinguishable, became clear later on. This is good, even if not clinching, evi​dence that in 1935, before Bohr published his reply paper, Ein​stein interpreted Bohr's complementarity as a piece of Berkeleian ontology.


And if this is accepted, then the plausibility of Einstein missing the circularity involved becomes small indeed. Moreover, there is a late evidence that Einstein regarded the orthodox interpre​tation of QM, by which he meant the Copenhagen interpre​tation, as complete, whole, and unscathed by any version of the EPR argu​ment. This is because, he wrote in 1949, within that interpre​tation


there is no reason why any mutually independent existence (state of reality) should be ascribed to the partial systems A and B viewed separately, not even if the partial systems are spatially separated from each other at the particular time under consider​ation. (Einstein 1949:681‑2)

So in 1949 at least Einstein was well aware of the impending circularity if the incompleteness argument is aimed at the Bohr or Copenhagen view. In fact, he went on to formulate what would in effect have been a fatal attack on the validity of the EPR argument thus conceived: 


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) unacceptable. (ibid.)

But the "assertion" he mentions here is the main presuppo​sition of Einstein's incompleteness argument (and consequently the whole EPR argument) and it is "unfounded and unacceptable" according to Bohr's and the "orthodoxy" version of the "framework of QM". In Einstein's 1949 view, then, Bohr's argument was unscathed by EPR's paper, so that Bohr could, in Einstein's view, keep his tenet of completeness and regard the EPR argument as irrele​vant to his interpretation. Einstein, on the other hand, went on to formulate the old EPR argument all over again in the same paper. This may only mean one thing, i.e., he did not intend in 1949 the argument to refute Bohr's interpretation of QM. But there is no evidence that he intended otherwise 14 years earlier. There is no evidence that anything changed in his attitude to Bohr or to the incompleteness argument during these years. Given the situation in 1949, there is no reason to attribute to him any other inten​tion in 1935.


This just about summs up the a‑priori reason for rejecting the conventional view of EPR. And I already moved into the first two of the historical reasons, namely, Einstein's 1935 view of Bohr as a Berkeleian, and his 1949 appreciation of his own argument as logically irrelevant to Bohr, and so as a fallacy of the petitio kind if directed against Bohr. Taken together, what I argued till now was that if the EPR argument is interpreted as an attempted refuta​tion of Bohr's concept of completeness, then it is circular. Moreover, it easily could and should have been, and actually was, so conceived by Einstein.
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5. Bohr never existed

tc  \l 1 "5. Bohr never existed"

Moving on to the properly historical evidence, it should be realised that, apart from one case, when in 1949 he castigated Margenau by pointing out to him that it was Bohr who did a better job of formulating the orthodox view of QM, Einstein never mentioned Bohr's interpretation. He never even hinted that Bohr was the target of the EPR argument. In fact, Einstein made it his routine never to include Bohr's view in his considerations while debating the interpretation of QM. And while referring to others by their names, he used to invent for Bohr special and nasty nick​names, like the mystiker or the talmudic philosopher. On the day he received a reprint of Bohr's Como lecture he called it a "tran​quilizing philosophy ‑ or religion?", and during the summer of 1935, after Bohr's answer to the EPR paper was published, it was not discussed or even mentioned in his correspondence with Schrodinger. It was, I suggest, totally irrelevant to their discussion.


Two especially dramatic cases were enacted during 1948, the time during which Einstein prepared his "Reply to the criticisms" in the 1949 Schilpp volume. The Reply begins with a description of the completeness dispute, and argues that the widely accepted statis​tical interpretation implies incompleteness (p.666), because it is impotent as to the description "of any individual real situa​tion (as it supposedly exists irrespective of any act of observa​tion or substantiation)" (p.667).


Einstein then picks as an example the tunnel effect, e.g., the decay of a radioactive atom, and asks about the time point of its occurrence. The state function of the ejected particle "does not imply any assertion concerning the time instant of the disinte​gration" (p.668). But if the state‑function is interpreted statisti​cally, it describes merely an ensemble of such particles, and then there is no reason not to assume that each of them is ejected at some definite "time‑instant", and so that "a complete description of a single system should, after all, be possible; but for such complete description there is no room in the concep​tual world of statistical QT" (p.668).


Now, the idea of "an instant of time existing independently of any observation" (668) is met by "the positivistically in​clined modern physicist" (ibid.667) with "a pitying smile" at the naivete' and obvious loss of touch with "the major epistemological achievement of physicists within the last quarter century" (ibid).


Now, suppose the time instant is recorded on a strip of paper by an automatic recorder. The marks of the paper would have to be given the same ontological grade as the time instants, so that the positivistically orientated physicist will have to reject as well the separate existence of the location of the ink‑mark, and conclude that "the existence of that location is essentially dependent upon the carrying out of an observation made on the registration‑strip" (p.671).


Einstein made two remarks about such an interpretation. One was a rare emotional burst: "What I dislike in this kind of argumentaion is the basic positivistic attitude, which from my point of view is untenable, and which seems to me to come to the same thing as Berkeley's principle, esse est percipi." (p.669). 


The second remark about this Berkeleian attitude was: "Such an interpretation is certainly by no means absurd from a purely logical standpoint; yet there is hardly likely to be anyone who would be inclined to consider it serious​ly" (p.671).


This is, once you pause to consider it seriously, an as​tound​ing remark. Einstein has just finished to describe in detail the solution which the positivists gave to the problem of com​pleteness, his audience knows exactly who these positivist are, i.e., Heisenberg, Jordan, Born, Pauli, and first and foremost, Bohr. Their main philosophical principle was exactly the Berkeleian esse est percipi, and this about all esse, not just the quantal kind. And if this was not enough, the principle came to be embedded during the 1930's into the heart of technical QM by Dirac and by von Neumann and by London and Bauer. So, what on earth could it possibly mean to say that "there is hardly likely to be anyone who would be inclined to consider it seriously"? My suggestion is to read this, along with the previous expression of disgust, as a decla​ration about the real participants to the dispute, namely: In so far as the rational discussion of the completeness of QM is concerned, the consistent positivist is simply too crazy to be taken as a serious partner, and so he, in effect, does not exist: Full positivism is nobody's normal view, and so it will be excluded from the completeness dispute, in so far as it is a rational dispute.


Notice, now, that this heavy 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 alternative to suggest some kind of creation at a distance. Such a suggestion


makes the 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. (Ein​stein, Podolsky, Rosen, 1935:130)

The EPR argument was directed, therefore, against any "reasonable definition of reality" only, which immediately excludes Bohr's ontology from the realm of reason and so declares the disregard of Bohr's interpretation as a first condition for the rational conduct of the dispute. This pointed ignoring‑gesture was re‑enacted in Einstein's answer to the critics in the 1949 Schilpp volume.


To appreciate the silent grim drama enacted here, just remem​ber that it was in this very volume that Bohr published his longngest essay ever, containing a most detailed exposition and analysis of his disputes with Einstein, which Einstein did not see fit to grace with even one word of serious attention in his answers, except to say that he failed, in spite of much and long effort he put into it, to achieve any "sharp formulation" of Bohr's principle of complementarity. This derisive remark about complementarity Einstein wrote at about the time he wrote his contribution to the Dialectica volume edited by Pauli and dedi​cated to Bohr's complementarity. Here Einstein had another occasion to express his view of Bohr's argument for complete​ness, an argument which he knew in full detail now that he read Bohr's paper in the Schilpp volume. And here, no less strangely but evidently much more blatantly and significantly, neither Bohr's view of QM nor his complementarity are even mentioned. Moreover, 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" irre​spective of measurement). The other is the "interpretation preferred by physicists at present". 


But this other interpretation is not Bohr's, and this for two reasons. First, it says that the state‑function is a complete de​scription because it completely describes an objective state of affairs which is real before and separately from any measurement. Bohr's Berkeleian view is incompatible with this. Second, it cannot be Bohr's view because Einstein makes an explicit effort to prove that this interpretation is incompatible with the principle of locality, namely, what we do here has no direct effect on what happens there. But Einstein knew full well, at least since 1935, that Bohr's complementarity implied an outright rejection of locality. He knew, in other words, that Bohr was immune to his incompleteness argument exactly because this argument dearly depended on the locality principle, whereas Bohr did not need it, did not have to accept it, did not accept it, and could not possibly accept it without giving up his whole interpreta​tion. This simple logical fact excluded complementarity from being a possi​ble target of Einstein's incompleteness argu​ment.


I have argued now two points. First, it would have made Einstein's incompleteness argument circular had it been directed against Bohr, and it is most plausible to assume that Einstein knew this. Second, he in fact never argued against Bohr, and as a rule ignored him in a rather pointed manner. 

PRIVATE 
6. EPR was directed against Schrodinger

tc  \l 1 "6. EPR was directed against Schrodinger"

The third major point of my paper is an argued suggestion that the target of the incompleteness argument was an interpreta​tion held by no•one•exactly, but which Einstein chose to call "Schrodinger's" interpretation, and this in his 1935 letters to Schrodinger. In short, the logical reason for this is that the only sane interpretations around were Born's and Schrodinger's, and Einstein regarded Born as tacitly accepting the incomplete​ness of QM. In point of fact he was wrong there, but this is irrelevant now. What was left was only Schrodinger's interpreta​tion. This was a view of the world as a sea of waves, with matter as mere phenomenal expression of resonance and superposition effects in a vast, cosmical field. As my logic‑argument showed, the target view of Einstein's argument had to be a realist ontology, and Schrodinger was such a realist. Moreover, the target view had to be able to embed into itself with no harm the locality assumption, and this could be done by Schrodinger. And, finally, the target view had to hold a completeness assumption, and so Einstein christened a new figure, very similar to Schrodinger but distinct from him in exactly this that the mock‑Schrodinger holds his wave mechanics description of physical reality to be complete. Now, this suggestion, apart from the fact that it rids us of the irrationality of making Bohr the target, tallies well with discoveries made by Arthur Fine and Don Howard about the original and real meaning of the EPR incompleteness argument. It becomes clear from the 1935 correspondence with Schrodinger that the argument was intended to be a proof of the non‑uniqueness of QM, in the sense that it was to show that QM supplied more than one description of the state of a system.


What the real argument behind the EPR needed was, then, to show that QM ascribed to any given system at least two states which are in fact different from each other. My suggestion is that these are, as a rule, a superposition of the various possi​ble states on the one hand, and one of these possible states on the other hand. The argument then goes through if superposition is taken realistically and if creation by observation is reject​ed, that is, if the reduction of the superposition ‑ what Ein​stein called the spook ‑ is to be avoided. To accept reduction is equivalent to a rejection of the locality principle, and Einstein had good reason to assume that Schrodinger would resist such a rejection given his field ontology. So, Schrodinger satisfied all the demands that the target of the incompleteness, (or non‑uniqueness) argument required: He was a realist, he accepted locality, his wave mechanics, by its superposition device, had to ascribe two state-functions to a system, and he was now cornered into admitting that he had to regard both states as different but real. Moreover, it was only Schrodinger who actually filled such a tall order. Analyzing in detail all of Einstein's formulations, both those he published and those in his correspon​dence, of his incompleteness argument, shows that they all have the same logical struc​ture, and that it fits well my suggestion. It also became evident that during the 1940's his conception of incom​pleteness merged with a concept of diffuseness as exemplified by QM's superposition. The point was that a diffuse world such as denoted by QM's state-function could not be the subject of scientific thought. 

7. Conclusion


Given that the incompeteness argument was in fact a non‑uniqueness argument, and that it hit against the reality of the superposition, a new interpretation of the EPR argument emerges. We have now a way of evading the interpretation accord​ing to which the argument actually refuted QM, showing as it allegedly did that QM entails the existence of states which QM proves do not exist. It is ludicrous to call a proof of inner contradiction an incompleteness argument, like calling killing a successful attempt to wound.


The source of this strange interpretation is, I guess, the need to read into the EPR paper a refutation of Bohr's interpre​tation and so of his complementarity and anti‑realism. For if this was the aim of the argument, then it is only plausible that it aimed to prove the simultaneous reality of the two complemen​tary states of particle B. which are QM'cally incompatible., Obviously, such a proof would refute Bohr, but in the process it would also kill QM, a feat which Einstein never attempted to do. If, however, we ditch Bohr as the target and replace him with the realist Schrodinger the whole structure of the argument changes. Instead of proving the reality of a sharp state of the particle, it is now presupposed as a shared assumption of the two realists Einstein and Schrodinger. Moreover, this sharp reality need not be a state which is banned by QM. It is sufficient for the argument if this is either a position state or a momentum state, say. Given any one of these, the argument then proceeds by deriving two different descriptions of this state, one a superpo​sition and so diffuse and one sharp in the relevant coordinate. Since the anti realist is out of the picture, circularity is avoided, and rationality is restored to the dispute. Finally, it turns out that Einstein's argument was that not even separa​tion is sufficient for realism, and this may well be the heart of the EPR argument: The primary principle that must be assumed as a necessary condition for any complete science of nature is, rather, the definiteness or sharpness of all its descriptions. This turns out to be the primary principle because it entails separation, uniqueness, a local, no‑spooks world (no collapse funny business), and the non‑reality of superposition. That Einstein arrived at this "localisation theorem" late in his life comes only to confirm its role as the principle of all that went before.


About the rest of the story, including the disputes with Born and Pauli, the links to the relativity theory and the new interpretation that emerges out of this story for the EPR argu​ment itself, you'll have to read in the long version.

