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Everett & Wheeler: The Untold Story

By Peter Byrne


In the beginning, John Archibald Wheeler was Hugh Everett III’s champion. In July 1957, Reviews of Modern Physics published Everett’s doctoral dissertation, “‘Relative State’ Formulation of Quantum Mechanics.” Accompanying it into print was an assessment of Everett’s work by Wheeler, who was his thesis advisor at Princeton University. The physics professor enthused: “It is difficult to make clear how decisively the ‘relative state’ formulation drops classical concepts. One’s initial unhappiness at this step can be matched but few times in history: when Newton described gravity by anything so preposterous as action at a distance; when Maxwell described anything as natural as action at a distance in terms as unnatural as field theory; when Einstein denied a privileged character to any coordinate system, and the whole foundations of physical measurement at first sight seemed to collapse. … No escape seems possible from this relative state formulation. … [It] does demand a totally new view of the foundational character of physics.”


If Wheeler’s assessment rang true to the physics world at large, Everett’s career in theoretical physics was assured. But this was not to be--Everett never published another word of quantum mechanics. Partly, this was because he was unhappy with the final version of his thesis, which, Everett thought, failed to fully explain his theory. And, partly, it had to do with the distaste for academic discourse he felt after his theory was shot down by Bohr and his circle in Copenhagen. And, partly, it was because Everett enjoyed applying his genius to military operations research, which provided him with access to state secrets and state of the art computers--not to mention a competitive salary.


The paper printed in Reviews of Modern Physics was drastically abridged from the doctoral thesis that Everett had originally submitted to Wheeler. Upset by the colorful language in which the dissertation was couched, the professor had insisted  that Everett cut and rewrite the bulk of his work. In Wheeler’s view, the logical consequence of what he called Everett’s “impeccable formalism” was troubling enough without creating metaphors of human observers and cannonballs splitting into countless versions of themselves inside a tangle of branching universes. Nor was Wheeler happy that Everett had dismissed Niels Bohr’s interpretation of quantum mechanics as “mathematical artifice.” 


Wheeler’s support for Everett’s theory was born of an agenda: quantizing gravity. And for this project, Everett’s formulation of a universal wave function was useful, provided that its baggage--a non-denumerable infinity of branching worlds--could be, somehow, lightened. He told Everett to tone down his language; and he threatened to reject the dissertation should he fail to do so. Under Wheeler’s close supervision, Everett reluctantly complied, and three-quarters of the original thesis was excised or condensed. Mission accomplished, Wheeler publicly compared his student’s work to the achievements of Newton, Maxwell, and Einstein. Not everybody agreed with him, to say the least. And, eventually, Wheeler ceased advocating for, and then attacked the “Many Worlds” interpretation of quantum mechanics.


A paper trail detailing the stages of a protracted struggle between Everett and Wheeler and members of Bohr’s inner circle over the content of the dissertation has emerged from files at the Niels Bohr Archive in Copenhagen, the American Philosophical Society in Philadelphia, and at the American Institute of Physics in College Park, Maryland. Some of these records were unearthed by Professor Olival Freire Jr. of the Universidade Federal da Bahia, Brazil and Anja Jacobsen of the Niels Bohr Archive. Additional letters and related materials surfaced in May 2007 when Everett’s son, Mark Everett, and I began opening cardboard boxes of Everett’s personal papers that had been stored for many years in his dusty Los Angeles basement. 


Because Everett’s thesis evolved through multiple versions it had several different titles, a situation which has (understandably) confused Everett scholars. To clarify: In Mark Everett’s basement are the original sheaves of yellow legal paper upon which Everett wrote, in pencil, his (untitled) thesis, which he began working on in late 1954, during his third semester of graduate school. Wheeler was aware of the essence of the Everett’s theory in January 1955, when he wrote a laudatory report on Everett for the National Science Foundation. Sections of the thesis were typed during the summer of 1955 by Nancy Gore, (who later became Mrs. Hugh  Everett III). These sections were shown to Wheeler for comment in the fall. In January 1956, Everett submitted a 137-page dissertation to Wheeler: “Quantum Mechanics by the Method of the Universal Wave Function.” (1) In bound copies distributed in April to select physicists, including Bohr and Petersen, it was retitled, “Wave Mechanics Without Probability.” 


In a April 24, 1956 letter to Bohr, Wheeler wrote, “I would be appreciative of comments by you and Aage Petersen about the work of Everett. … The title itself, “Wave Mechanics Without Probability”, like so many of the ideas in it, need further analysis and rephrasing, as I know Everett would be the first to say. But I am more concerned with you[r] reaction to the more fundamental question, whether there is any escape from a formalism like Everett’s when one wants to deal with a situation where several observers are at work, and wants to include the observers themselves on the system that is to receive mathematical analysis.” 

After the edit by Wheeler and Everett, the dissertation was retitled, “On the Foundations of Quantum Mechanics,” and that is the title of the doctoral thesis that was officially accepted by Princeton on April 15, 1957. For publication in Reviews of Modern Physics, it was renamed, at Wheeler’s insistence, “‘Relative State’ Formulation of Quantum Mechanics.” Then, in 1973, the unedited thesis was published for the first time, by Princeton University Press, in The Many Worlds Interpretation of Quantum Mechanics, edited by Bryce DeWitt and Neill Graham. The manuscript of “Wave Mechanics Without Probability” that Everett sent to DeWitt for typesetting was, once again, retitled, “The Theory of the Universal Wave Function.” (DeWitt coined the term “many worlds.”)

Genesis of the theory


After graduating with a degree in chemical engineering from Catholic University, Everett spent his first year as a physics grad student at Princeton (1953-54) concentrating on game theory--he was a regular at the now-legendary teas and game theory conferences at Fine Hall attended by such icons of the field as John Nash, Lloyd Shapley, John von Neumann, Oskar Morgenstern, Harold Kuhn, and Albert Tucker. He wrote an influential paper, “Recursive Games,” which was printed in Annals of Mathematics Studies (Princeton University Press, 1957) and reprinted by Kuhn in “Classics in Game Theory,” (Princeton University Press, 1997). He also studied quantum mechanics with Robert Dicke and Eugene Wigner and gravitated toward Wheeler’s circle of graduate students, which included his friend, Charles Misner. 


In the fall of 1954, Bohr was in residence at the Institute for Advanced Study in Princeton and, according to Abraham Pais, lectured on why “he thinks that the ‘quantum theory of measurement’ is wrongly put.” (2) Bohr’s philosophy of “complementarity” did not recognize the existence of a measurement problem, per se. (The measurement problem occurs because the Schrödinger wave equation shows superposed quantum states evolving linearly through time, whereas, upon interaction with a macroscopic entity, or scientific measuring device, only one of the possible states emerges or “collapses” from the superposition. The “problem” is to explain why we only experience one state out of all possible states.) 


Many years later, Everett laughingly recounted to Misner, in a tape recorded conversation at a cocktail party in May 1977, that he came up with his Many Worlds idea in 1954 “after a slosh or two of sherry,” when he, Misner, and Aage Petersen (Niels Bohr’s assistant) were thinking up “ridiculous things about the implications of quantum mechanics.” 


Inspirational flashes aside, the theory developed in a controlled fashion. In the taped conversation, Misner reminded Everett that Wheeler, “was preaching this idea that you ought to just look at the equations and if there were the fundamentals of physics, why you followed their conclusions and give them a serious hearing. He was doing that on these solutions of Einstein’s equations like Wormholes and Geons.” Everett replied, “I’ve got to admit that is right, and, and might very well have been totally instrumental in what happened.”


In the early- and mid-1950s, Wheeler and a few of his graduate students were exploring the possibility of uniting quantum mechanics and general relativity using his former student Richard Feynman’s path integral formulation as a guide. Misner applied himself to the task, which was the focus of the “Conference on the Role of Gravitation in Physics,” held in January 1957 at the University of North Carolina. 


To jump ahead of the narrative for a moment: The Chapel Hill meeting was attended by Wheeler, Feynman, Misner, Leon Rosenfeld and other prominent physicists, including conference organizers, Bryce S. DeWitt and Cecile M. DeWitt. Everett did not attend, but according to the official conference report, the measurement problem, and the need for an Everett-type universal wave function in cosmology were subjects of discussion. 
His theory proposed a solution by positing a non-collapsing wave function describing the whole universe. Since it is not possible to observe the universe from outside the universe, a non-collapse theory along the lines of what Everett was proposing was viewed by Wheeler as a necessary step toward quantizing a universe filled with gravitational fields. At the conference, Everett’s theory was not well-received. Feynman commented: “[T]he concept of a ‘universal wave function’ has serious difficulties. This is so since the function must contain amplitudes for all possible worlds depending upon all quantum mechanical possibilities in the past and thus one is forced to believe in the equal reality of an infinity of possible worlds.” (3) 

First drafts


In a section of his draft thesis, Everett outlined the argument of what later became known as the Many Worlds Interpretation, including his claim that a mathematical equivalent to Born’s Rule emerges from his formalism. This nine-page work, called  “Probability in Wave Mechanics,”  is essentially an abstract--light on mathematical notation, heavy on metaphor.


The section begins by delineating the contradiction in the “orthodox” (John von Neumann’s) interpretation of quantum mechanics in which the evolution of the wave equation proceeds linearly, continuously, until it mysteriously collapses, defying special relativity and logic. Opening the door to non-collapse theories, especially decoherence, Everett questions what happens to the observer of a quantum mechanical measurement: “Why doesn’t our observer see a smeared out needle? The answer is quite simple. He behaves just like the apparatus did. When he looks at the needle (interacts) he himself becomes smeared out, but at the same time correlated to the apparatus, and hence to the system. … [T]he observer himself has split into a number of observers, each of which sees a definite result of the measurement. … As an analogy one can imagine an intelligent amoeba with a good memory. As time progresses the amoeba is constantly splitting.” Everett observed of his own theory, “It can lay claim to a certain completeness, since it applies to all systems, of whatever size, and is still capable of explaining the appearance of the macroscopic world. The price, however, is the abandonment of the concept of uniqueness of the observer, with its somewhat disconcerting philosophical implications.”


In “Probability in Wave Mechanics” (much of which was dropped in subsequent drafts) Everett showed how quantum interactions have classical consequence without collapsing the wave function: “In fact, … whenever any two systems interact some degree of correlation is always produced. … Consider a large number of interacting particles. If we suppose them to be initially independent, then throughout the course of time the position amplitude of any single particle spreads further and further, approaching uniformity over the whole universe, while at the same time, due to the interactions, strong correlations will be built up, so that we might say that the particles have coalesced to form a solid object. That is, even though the position amplitude of any single object would be ‘smeared out’ over a vast region, if we consider a ‘cross-section’ of the total wave function for which one particle has a definite position, then we immediately find all the rest of the particles nearby, forming a solid object. It is this phenomenon which accounts for the classical appearance of the macroscopic world, the existence of solid bodies, etc. since we ourselves are strongly correlated to our environment. Even though it is possible for a macroscopic object to ‘smear out’, … we would never be aware of it due to the fact that the interactions between the object and our senses are so strong that we become correlated to almost instantly.” (Emphasis added.)


Everett concluded, “The physical ‘reality’ is assumed to be the wave function of the whole universe itself. By properly interpreting the internal correlations in this wave function it is possible to explain the appearance of the macroscopic world to us, as well as the apparent probabilistic aspects.” On the margins of Everett’s mini-paper, Wheeler wrote, “Have to discuss questions of know-ability of the universal [psi] function -- and latitude with which we can ever determine it. … Question of whether new view has any practical consequence.”


“Probability in Wave Mechanics,” was a summary of the longer work-in-progress. In September 1955, Wheeler wrote to Everett, “I am frankly bashful about showing it to Bohr in its present form, valuable and important as I consider it to be, because of parts subject to mystical misinterpretations by too many unskilled readers.” Wheeler was particularly disturbed by Everett’s use of the verb “split” to describe what happens to an observer correlated to a superposed system.


Wheeler was more positive, however, about two related sections of the thesis draft turned in by Everett. “Quantitative Measure of Correlation” utilized “the concepts of information theory” to measure the amount of correlation between two quantum variables in a probability distribution. This was cutting edge material for the day. And “Objective vs. Subjective Probability” argued that a continually branching observer will subjectively experience quantum determinism (everything happens) as indeterminism (chance rules) because of possessing incomplete information about the quantum environment. Regarding the prevailing notion, “that even in principle quantum mechanics cannot describe the process of measurement itself,” Everett wrote: “This is somewhat repugnant, since it leads to an artificial dichotomy of the universe into ordinary phenomena and measurements.” 


By January 1956, Everett had abandoned the amoeba metaphor in the evolving dissertation, but he did not eliminate the concept of “splitting,” nor did he shy away from painting pictures of multiple, disconnecting universes stocked with armies of bifurcating observers and superposed cannonballs. Nor was Everett the least bit bashful about criticizing the prevailing interpretations of quantum mechanics. He said that the “popular” (von Neumann) interpretation, including its postulate of wave function collapse, was “untenable.” Speaking directly of the Copenhagen Interpretation, “developed by Bohr,” Everett declared, “While undoubtedly safe from contradiction, due to its extreme conservatism, it is perhaps overcautious. We do not believe that the primary purpose of theoretical physics is to construct ‘safe’ theories at severe cost in the applicability of their concepts, which is a sterile occupation, but to make useful models which serve for a time and are replaced as they are outworn.”


Everett concluded, “Our theory in a certain sense bridges the positions of Einstein and Bohr, since the complete theory is quite objective and deterministic … and yet on the subjective level … it is probabilistic in the strong sense that there is no way for observers to make any predictions better than the limitations imposed by the uncertainty principle.” He added, “The constructs of classical physics are just as much fictions of our own minds as those of any other theory; we simply have more confidence in them.”


Lest there be any misunderstanding about the depth of Everett’s disenchantment with Bohr, here is what he wrote to Bryce DeWitt in May of 1957. “[T]he Copenhagen Interpretation is hopelessly incomplete because of its apriori reliance on classical physics (excluding in principle any deduction of classical physics from quantum theory, or any adequate investigation of the measuring process), as well as a philosophical monstrosity with a ‘reality’ concept for the macroscopic world and denial of the same for the microcosm.” 



Decades later, in an unpublished referee report, DeWitt commented, “I know that John Wheeler admires brevity and probably urged Everett to try and ‘sum up in a nutshell’ the essential points of his new interpretation of quantum mechanics. It is also possible that Wheeler was reluctant to support a more blatant statement because it would mean setting himself into direct opposition to his hero, Niels Bohr. What is sure is that Wheeler long ago abandoned his support for Everett. What is equally sure is that if the Urwerk [the original, unedited 137 page thesis that DeWitt published in 1973] had been published [in 1957], Everett would not have been ignored for so long.” (4)
The Battle with Copenhagen

In 2006, I submitted several questions to the ailing Wheeler, via his biographer, Kenneth Ford. Asked if he had “distanced” himself from Everett’s theory, Wheeler replied, “ ‘Not embracing his theory’ would be better than ‘distancing myself from it.’ How I wish I had kept up the sessions with Everett. The questions that he brought up were important. Maybe I did not have my radar operating.”


But in January 1956, in regard to Everett’s theory, Wheeler’s radar was sharp. Before agreeing to approve the dissertation, he sent a bound copy of Everett’s long thesis (“Wave Mechanics Without Probability”) to Copenhagen for review by Bohr. Misner explains Wheeler’s dilemma: “John Wheeler got along with everybody, but in Hugh’s case Wheeler had a very difficult time applying his usual tactics because he couldn’t just encourage Hugh to follow his ideas and present them as powerfully as possible since they ran contrary to Bohr’s ideas. And Wheeler regarded Bohr as his most important mentor. So he was really torn and I think he kept trying to play both sides of that tension by trying to get Hugh to tone down the thesis so it wouldn’t be quite so needling to people, and then writing a comment on it himself to publish along side of it to try and smooth things over a bit.” (5)

May 1956 found Wheeler in Copenhagen discussing Everett’s work with Bohr and Petersen. On May 26, Wheeler wrote to Everett, “After my arrival the three of us had three long and strong discussions about [the thesis]. … Stating conclusions briefly, your beautiful wave function formalism of course remains unshaken; but all three of us feel that the real issue is the words that are to be attached to the quantities of the formalism. We feel that complete misinterpretation of what physics is about will result unless the words that go with the formalism are drastically revised.” Wheeler urged Everett to struggle it out in Copenhagen directly with Bohr. And he warned Everett that he would not schedule his final exam, “until this whole issue of words is straightened out.”


A few hours later, Wheeler wrote Everett another letter, this time enclosing a copy of the notes he had taken of his meetings with Bohr and Petersen. He told Everett, “Much of what is said in objection to your work is irrelevant. Much is relevant: The difficulty of expressing in everyday words the goings on in a mathematical scheme that is about as far removed as it could be from the everyday description; the contradictions and misunderstandings that will arise; the very very heavy burden and responsibility you have to state everything in such a way that these misunderstandings can’t arise. … The combination of qualities, to accept corrections in a humble spirit, but to insist on the soundness of certain fundamental principles, is one that is rare but indispensable; and you have it. But it won’t do much good unless you go and fight with the greatest fighter. Frankly, I feel about 2 more months of nearly solid day by day argument are needed to get the bugs out of the words, not out of the formalism.” Wheeler offered to pay half of Everett’s steamship fare to Denmark and said Bohr would cover the rest.


Everett scribbled several caustic remarks on his copy of Wheeler’s notes. Next to Petersen’s assertion that “the wave function for [the] electron doesn’t make sense until we get something like a probability distribution of spots,” Everett wrote: “Nonsense!” Then Petersen argued, “Math can never be used in physics until [we] have words. [We] aren’t comparing [our]selves with servomechanisms. What [we] mean by physics is what can be expressed unambiguously in ordinary language.” Everett penciled, “Obviously hasn’t completed reading of thesis! It does just that.”


Also in May, Alexander Stern, an American physicist visiting Bohr’s institute, wrote to Wheeler saying he had just given a seminar on Everett’s paper, and Bohr had opened the discussion. Reflecting the tenor of that discussion, Stern commented that Everett, “lack[s] an adequate understanding of the measuring process. Everett does not seem to appreciate the FUNDAMENTALLY irreversible character and the FINALITY of a macroscopic measurement. … It is an INDEFINABLE interaction.” Stern complained that Everett excluded probability from wave mechanics and did not understand the concept of “observer.” 


And failing to appreciate that Everett was totally eliminating the role of external observation (real or ideal) so crucial to Bohr’s interpretation, Stern concluded, “If Everett’s universal wave equation demands a universal observer, an idealized observer, then this becomes a matter of theology … The subjective aspect of physics, which some scholars and philosophers have claimed to detect but have not understood, has its origin in the fact that physics must make contact with reality which is, after all, the way the world appears to us, and can be understood by us.” 


Like many of Everett’s critics, past and present, Stern was troubled by Everett’s treatment of probability: “I do not follow him when he claims that … one can view the accepted probabilistic interpretation of quantum theory as representing the subjective appearances of observers.” After commenting that probability distributions provide physicists with a “meaningful information PATTERN,” Stern remarked, “Wave mechanics without probability excludes physicists.”


In a conciliatory letter, Wheeler immediately replied to Stern: “I would not have imposed upon my friends the burden of analyzing Everett’s ideas … if I did not feel that the concept of ‘universal wave function’ offers an illuminating and satisfactory way to present the content of quantum theory. I do not in any way question the self consistency and correctness of the present quantum mechanical formalism when I say this. On the contrary, I have vigorously supported and expect to support in the future the current and inescapable approach to the measurement problem. To be sure, Everett may have felt some questions on this point in the past, but I do not. Moreover, I think I may say that this very fine and able and independently thinking young man has gradually come to accept the present approach to the measurement problem as correct and self consistent, despite a few traces that remain in the present thesis draft of a past dubious attitude. So, to avoid any possible misunderstanding, let me say that Everett’s thesis is not meant to question the present approach to the measurement problem, but to accept and generalize it.”


Wheeler went on to mount a spirited defense of Everett’s formalism, with the caveat that the relative state theory applies to a possible “model” of the world, and not to the real world, per se. He copied Everett on the letter, attaching another pedagogical warning, “I have no escape from one sad but important conclusion: that your thesis must receive heavy revision of words and discussion, very little of mathematics, before I can rightfully take the responsibility to recommend it for acceptance. … I feel that your work is most interesting and am sure that it will receive discussion of a scope comparable to that which has attended Bohm’s publications. But in your case I must ask that the bugs be got out and the sources of misunderstanding be clarified before the job is made public, not afterwards. I hope you will realize that I mean this as what is called here your ‘promoter,’ and one actively interested in your reputation and promising future.”


Simultaneously, Wheeler wrote to Allen Shenstone, chairman of the physics department at Princeton, “I think [Everett’s] very original ideas are going to receive wide discussion. … Since the strongest present opposition to some parts of it comes from Bohr, I feel that acceptance in the Danish Academy would be the best public proof of having passed the necessary tests.”


In one of the boxes in Mark’s basement, we found Everett’s handwritten comments on Stern’s letter. He wrote, “Technically, ‘observer’ can be applied to any physical system capable of changing its state to a new state with some fairly permanent characteristics which depend upon the object system (with which it interacts) … Stern’s remarks about [my] misunderstanding of [the] fundamental irreversibility of [the] measurement process indicate rather clearly that he has had insufficient time to read the entire work. Several rereadings on his part seem to be called for. Also, Stern is quite guilty in these remarks of begging the question -- one of the fundamental motivations of the paper is the question of how can it be that [many] measurements are ‘irreversible,’ the answer to which is contained in my theory, but is a serious lacuna in the other theory.”


Everett’s notes were attached to a letter from Petersen to Wheeler, in which Petersen sent Bohr’s copy of Everett’s thesis back to Wheeler. Petersen also sent a note to Everett inviting him to Copenhagen. Everett replied that he’d like to visit and that, by the way, he was enclosing another copy of his thesis since, “Judging from Stern’s letter to Wheeler, which was forwarded to me, there has not been a copy in Copenhagen long enough for anyone to have read it thoroughly, a situation which this copy may rectify. I believe that a number of misunderstandings will evaporate when it has been read more carefully (say 2 or 3 times).”

Javelin proof


Everett was not to get to Copenhagen for three years. In the summer of 1956, he took a job with the top secret Weapons Systems Evaluation Group at the Pentagon and moved in with Gore, who soon became his wife, and then a mother. During the next half year, Everett and Wheeler negotiated the objectionable language out of the thesis to make it, in Wheeler’s phrase, “javelin proof.” In March 1957, preprints of the truncated dissertation, now entitled “On the Foundations of Quantum Mechanics,” and Wheeler’s supporting article, which attempted to frame Everett’s (anti-complementarity) argument as in accord with complementarity, were sent to a score of prominent physicists, including Bohr, Erwin Schrödinger, Robert Oppenheimer, Leon Rosenfeld, and Norbert Wiener. DeWitt later told Wheeler: “It always amused me to read in your Assessment of Everett’s Theory how highly you praised Bohr, when the whole purpose of the theory was to undermine the stand which he had for so long taken!” (6)

A few weeks later, Bohr dropped a note to Wheeler, saying, “I have not found time to write to you and Everett about the papers you kindly sent me. It appears that the argumentation contains some confusion as regards the observational problem and … Aage Petersen will write to Everett about our discussions.”


Days later, Petersen wrote to Everett, “As you can imagine, the papers have given rise to much discussion at the Institute. … We cannot agree with you and Wheeler that the relative state formulation entails a further clarification of the foundations of quantum mechanics. … There can on this view be no special observational problem in quantum mechanics -- in accordance with the fact that the very idea of observation belongs to the frame of classical concepts. … There is no arbitrary distinction between the use of classical concepts and the formalism since the large mass of the apparatus compared with that of the individual atomic objects permits the neglect of quantum effects which is demanded for the account of the experimental arrangement. … Of course, I am aware that from the point of view of your model-philosophy most of these remarks are besides the point. However, to my mind this philosophy is not suitable for approaching the measuring problem. I would not like to make it a universal principle that ordinary language is indispensable for definition or communication of physical experience, but for the elucidation of the measuring problems hitherto met with in physics the correspondence approach has been quite successful.”


So now we have the curious situation in which Wheeler and Everett had stripped away much (but not all) of the explanatory language while cutting nearly three-quarters of the original paper. For example, an entire chapter on information theory, probability and the measurement problem was eliminated. (Stern had thought this chapter to be the “best in the book.”) Much of the colorful language that Everett used to bring his theory alive in “ordinary” terms was excised, as was his criticism of Bohr. It must be noted, however, that the editing did clarify arguments on the significance of applying a universal wave function to gravitation. In fact, the revised dissertation was now reframed in its first sentence as “the task of quantizing general relativity,” which had not been Everett’s primary goal. He had been primarily concerned, in the long thesis, with deriving an interpretation of quantum mechanics directly from its formalism, without inserting wave function collapse or postulating Born’s Rule. In fact, Everett had consciously upended Bohr’s complementary approach to physics by choosing to describe the world as fundamentally quantum mechanical, not classical, and by treating the Schrödinger equation as universally valid. The branching universes were a consequence, not a predicate of Everett’s interpretation. But, after Everett had allowed Wheeler to basically dictate what was to remain intact of his original thesis partially in order to minimize the impact of its language, Bohr, through Petersen, complained that the formalism was not explained in terms of ordinary language, classical language. 


Everett replied to Petersen angrily, “Lest the discussion of my paper die completely, let me add some fuel to the fire with …. criticisms of the ‘Copenhagen interpretation.’ … I do not think you can dismiss my viewpoint as simply a misunderstanding of Bohr’s position. … I believe that basing quantum mechanics upon classical physics was a necessary provisional step, but that the time has come …. to treat [quantum mechanics] in its own right as a fundamental theory without any dependence on classical physics, and to derive classical physics from it. … Let me mention a few more irritating features of the Copenhagen Interpretation. You talk of the massiveness of macro systems allowing one to neglect further quantum effects (in discussions of breaking the measuring chain), but never give any justification for this flatly asserted dogma. [And] there is nowhere to be found any consistent explanation for this ‘irreversibility’ of the measuring process. It is again certainly not implied by wave mechanics, nor classical mechanics either. Another independent postulate?”


In April 1957, H.J. Groenwald of Natuurkundig Laboratorium der Rijks-Universiteit te Groningen wrote a long critique of the edited thesis (“relative states” preprint) in which he “profoundly disagree[d]” with the premise and conclusion of Everett’s theory. Groenwald began by saying that in the summer of 1956 he had “borrowed” a copy of “Wave Mechanics Without Probability,” and that the preprint of “ ‘Relative State’ Formulation of Quantum Mechanics” was “much improved.” (Believing that the preprint was abstracted from an improved longer version, he asked to read the latter!) 


Groenwald wrote, “I fully sympathize with the idea of describing the measuring process on purely physical systems without including living observers. So the ‘measuring chain’ has to be cut off. But it is extremely fundamental that the [cut] off is made after the measuring result has been recorded [in a] permanent way, so that it no longer can be essentially changed if it is observed on its turn. … This recording has to be more or less irreversible and can only take place in a macrophysical (recording) system.” Everett penciled in the margin, “Nonsense. Whole idea not to cut off till after final observ[ation] Q[uantum M[echanics] says it effected just like microsystem. Whence this magic irrevers[ibility]?


Groenwald continued: “Because all observable quantities may ultimately be expressed in statistical relations between measuring results and the latter are represented by essentially macrophysical recordings, the former ones may ultimately be expressed in macrophysical language.” In the margin Everett scribbled, “Epistemologically garbage. Lack of understanding of the nature of physical theory. Why base concept of reality on classical macrophysical realms?”


When Groenwald complained that Everett’s theory could not avoid introducing the “cat” and EPR paradoxes, Everett exclaimed, “Didn’t even read my paper … the paradoxes [are] more easily explained than usual.” In a subsequent letter, Groenwald insinuated that Wheeler and Everett had “abandoned the idea of interaction at a distance.” And, perhaps, they had--since Everett believed he had accounted for what he described, in the edited version, as the “fictitious” EPR paradox.


Not all of the reactions to Everett’s and Wheeler’s preprints were negative. Henry Margenau, a professor of physics and natural philosophy at Yale University wrote, “The problem with which you deal has irritated many minds. I, for one, find your disposal quite acceptable.” Norbert Wiener (of Massachusetts Institute of Technology) weighed in: “[T]he inclusion of the observer as an intrinsic part of the observed system is absolutely sound.” But Wiener remarked that Everett was wrong to introduce a Lebesque measure in Hilbert space. He concluded, “[Y]our paper should be published, but more as comments on the present intellectual situation than as a definitive result.”


Everett replied to Wiener, “I would like to correct any impression that my theory requires a Lebesque measure on Hilbert space. The only measure which I introduced was a measure on the orthogonal states which are superposed to form another state ... and not a measure of Hilbert space itself, the difficulties of which I am fully aware.” In fact, Everett believed that a probabilistic calculus emerged from his theory-- subjectively. He opined that, subjectively, for each of the splitting observers, an apparent collapse of the wave function makes phenomenological sense as a probabilistic event, even though, objectively, the wave function does not collapse and all superposed branchings are equally probable in a quantum universe.

Philosophical debate


In May 1957, after more than a year of battling unsuccessfully with Wheeler, Bohr and others over the fate of his interpretation, Everett sent a copy of the abridged thesis to Professor Philipp Frank, a philosopher of science at Harvard who had recently edited a collection of essays, “The Validation of Scientific Theories.” Everett wrote to Frank, “I have received several of your works on the philosophy of science. I have found them extremely stimulating and valuable. I find that you have expressed a viewpoint which is very nearly identical with the one I have developed independently over the last few years, concerning the nature of physical reality.” A former member of the “operationalist” Vienna Circle, Frank wrote often of the interplay between sociology and science.


In his essay, “The Variety of Reasons for the Acceptance of Scientific Theories,” Frank examined the furor around Nicolaus Copernicus, a 16th century scientist whose heliocentric theory was not fully recognized as true until Isaac Newton substantiated it a century after it was proposed. As an example of scientific rigidity toward the counter-intuitive, Frank cited Francis Bacon--who had rejected the Copernican view because it did not accord to common sense. Frank elaborated, “Looking at the historical record, we notice that the requirement of compatibility with common sense and the rejection of ‘unnatural theories’ have been advocated with a highly emotional undertone, and it is reasonable to raise the question: What was the source of heat in those fights against new and absurd theories? Surveying those battles, we easily find one common feature, the apprehension that a disagreement with common sense may deprive scientific theories of their value as incentives for a desirable human behavior. In other words, by becoming incompatible with common sense, scientific theories lose their fitness to support desirable attitudes in the domain of ethics, politics, and religion.” (7)

Also in May, Everett corresponded with Bryce DeWitt, who was guest editing the issue of Reviews of Modern Physics in which Everett and Wheeler’s “relative state” papers were slated to appear, along with the other Chapel Hill gravitational conference papers. DeWitt had written to Wheeler that Everett’s paper was “valuable” and “beautifully constructed,” but “the real world does not branch.” Everett rejoined in a letter to DeWitt that the same sort of objection was raised by Copernicus’ critics: When he asserted that the earth revolved around the sun, they said that was impossible because they could not feel it move. Everett poked DeWitt: “I can’t resist asking: Do you feel the motion of the earth?” He then remarked, “It is impossible to do full justice to the subject in so brief an article as the one you read.” 


DeWitt recalled years later (in the above referenced referee report), “His reference to the anti-Copernicans left me with nothing to say but ‘Touché!’” DeWitt did not read the unexpurgated thesis until the early 1970s, but he said he put Everett’s paper in Reviews of Modern Physics because, “Although Everett had not been a conference participant and I had never met him, his paper was accompanied by (1) a strong letter from John Wheeler and (2) a paper by Wheeler assessing Everett’s ideas. Since Wheeler had been a very active conference participant [he was a main organizer of the conference] and since Everett’s paper seemed to be relevant to the themes of the conference, I agreed to include it.” (4) 


In 1995, Ken Ford interviewed DeWitt about Everett and Wheeler. Regarding the editing of Everett’s paper, DeWitt remarked, “I asked [Wheeler] why the original article, I mean the [Urwerk], wasn’t ever published. Wheeler said, ‘Because I sat down with Everett and told him what to say.’” Dewitt said, “The funny thing is, you have to read the Reviews of Modern Physics article very carefully, as I did, to see what’s really there. Whereas in the Urwerk it’s quite well spelled out, to me.” (8)

In the end, after the rebellious, anti-Bohr comments in the original work largely vanished, along with much of the explanatory language,  and much of the formal argument, Everett’s dissertation was accepted by Wheeler. In April 1957, Everett became Dr. Everett. One of his classmates (known only as “Chuck”) congratulated him on finally having his thesis posted for reading in the physics department. Chuck commented, “Incidentally, did you know that there was a rumor here that there were no faculty members willing to be second and third readers on it? On checking, this was scotched by Charlie [Misner] who claimed it to be a sort of ploy by Wheeler who wanted you to keep rewriting until it was in shape to convince the world. How do you figure the odds on that?”


 In mid-April 1957, Wheeler wrote a memo to Everett’s student file: “This work is almost completely original with Mr. Everett both as to the formulation of the problem and its solution. It is too early to assess its final contribution to physics, but there is a distinct possibility that Everett’s work may be a significant contribution to our understanding of the foundations of quantum theory.” 


When Everett’s paper appeared in July, it included “split,” inserted by Everett, without Wheeler’s approval, in a footnote during the proof-reading process, here excerpted: “From the viewpoint of the theory all elements of a superposition (all ‘branches’) are ‘actual,’ none any more ‘real’ than the rest. It is unnecessary to suppose that all but one are somehow destroyed, since all the separate elements of a superposition individually obey the wave equation with complete indifference to the presence or absence (‘actuality’ or not) of any other elements. This total lack of effect of one branch on another also implies that no observer will ever be aware of any ‘splitting’ process.”

The theory percolates


After the abbreviated thesis was published as “ ‘Relative state’ Formulation of Quantum Mechanics,” the physics community was largely silent about Everett’s idea, which many thought to be crazy. Disappointed by the lack of response, Everett occupied himself in operations research--calculating nuclear bomb kill ratios at the Pentagon.

For a while, Wheeler kept up a correspondence with his protégé, urging him to visit Copenhagen and “fight” it out with Bohr. He advised him to get a job in academia, where he could continue his theoretical work in quantum mechanics. He invited him to make presentations at several seminars, and occasionally copied him on correspondence with eminent physicists of the day. In 1959, Everett visited Bohr in Copenhagen; they had several discussions, but neither man budged from his position. 


During the ensuing years, the argument of the paper began slowly percolating into the consciousnesses of physicists around the world. Everett received requests for reprints, and gave a few talks on his theory at universities. And in October, 1962 he made a semi-private presentation at Xavier University in Cincinnati, Ohio to P. A. M. Dirac, Eugene Wigner, Nathan Rosen, Yakir Aharonov, Abner Shimony, Wendell Furry, Boris Podolsky, and several others. There is an unpublished transcript of this “Conference on the Foundations of Quantum Mechanics,” archived at the American Institute of Physics.  Many of the conferees were not happy with the “orthodox” (wave reduction) interpretation of quantum mechanics, and were willing to entertain such strange notions as hidden variables and multiple universes. 


Everett, who loathed public speaking, was introduced by Rosen and asked to describe his non-collapse theory. He began, “My position is simply that I think you can make a tenable theory out of allowing the superposition to continue forever, even for a single observer.” Panel members grilled him about the number of branching universes, and how probabilities emerged from his formalism, and the mentality of a splitting consciousness. 


Everett agreed with Podolsky that the worlds were “non-denumerably infinite.” He also agreed with Podolsky’s statement, “Every time a decision is made, the observer proceeds along one particular time while the other possibilities still exist and have physical reality.”


Furry summed up a common feeling amongst panelists, “To me, the hard thing about it is that one must picture the world, oneself, and everybody else as consisting not in just a countable number of copies but somehow or another in an non-denumerable number of alternative Furrys.” The  meeting adjourned without settling the debate.


Bohr’s close colleague, Leon Rosenfeld, on the other hand, actively campaigned against the propagation of Everett’s Many Worlds Interpretation for many years. His anti-Everett letters are archived at the Niels Bohr Institute in Copenhagen. In 1959, Rosenfeld wrote to a colleague, Saul Bergmann, who had inquired about Everett’s work: “This work suffers from the fundamental misunderstanding which affects all attempts at ‘axiomatizing’ any part of physics. The ‘axiomatizers’ do not realize that every physical theory must necessarily make use of concepts which cannot in principle be further analyzed. … The fact, emphasized by Everett, that it is actually possible to set-up a wave function for the experimental apparatus and a Hamiltonian for the interaction between system and apparatus is perfectly trivial, but also terribly treacherous; in fact, it did mislead Everett to the conception that it might be possible to describe apparatus + atomic object as a closed system. … This, however, is an illusion.”


And in November 1971, Rosenfeld wrote to John Bell in the theoretical division at CERN. Bell, who was famous for his theorem of quantum non-locality, was a firm non-Copenhagenist. He was soon to publish several papers taking Everett’s universal wave function seriously by tying it to the wave theories of DeBroglie and Bohm. Rosenfeld, never one to mince words, wrote: “My dear Bell, Many thanks for the preprint of your last paper which I did read because you are one of the very few heretics from whom I always expect to learn something, and, indeed, I found this new paper of yours exceedingly instructive. To begin with, it is no mean achievement to have given Everett’s damned nonsense an air of respectability by presenting it as a refurbishing of the idea of preestablished harmony. … [I]s it not complacent of you to think that you can contemplate the world from the point of view of God?”


In letters to Prof. H.J. Belifante of Purdue University in June 1972, Rosenfeld called Everett’s theory a “heresy” and a “muddle,” commenting, “With regard to Everett neither I nor even Niels Bohr could have any patience with him, when he visited us in Copenhagen more than 12 years ago in order to sell the hopelessly wrong ideas he had been encouraged, most unwisely, by Wheeler to develop. He was undescribably [sic] stupid and could not understand the simplest things in quantum mechanics. … I would suggest that Occam’s Razor could be most profitably used to rid us of Everett or at least his writings.”


Rosenfeld’s calumny was, no doubt, brought on by an evolving appreciation of Everett’s theory by his peers. In 1967, DeWitt wrote an article for Physical Review presenting the Wheeler-DeWitt equation: a universal wave function that a theory of quantum gravity should satisfy. In the paper, he credited Everett’s ground-breaking analysis of the need for a universal wave function. In September 1970, Physics Today published DeWitt’s “Quantum Mechanics and Reality.” In this article, DeWitt broadly attacked the “conventionalist” Copenhagen Interpretation as “external a priori metaphysics,” and promoted, in its stead, the “Everett-Wheeler-Graham metatheorem.” (Neill Graham was DeWitt’s graduate student whose doctoral thesis was on Everett’s derivation of probability, which he found lacking.) A lively debate about the merits and demerits of the once-ignored theory ensued in subsequent issues of Physics Today and Everett followed it from afar.


In 1973, DeWitt and Graham published Everett’s unedited “urwerk,” along with favorable commentaries as The Many Worlds Interpretation of Quantum Mechanics. Quantum cosmologists in need of a universal wave function were paying serious attention to Everett’s theory, and they were eventually joined by quantum computationists and philosophers. In Max Jammer’s widely-read book, The Philosophy of Quantum Mechanics (John Wiley & Sons, 1974), the author called Everett’s theory, “[O]ne of the most ambitious theories ever constructed in the history of science.”

Problems with probability


Amongst Everett’s effects, is a copy of a paper written in 1971 by John Bell, “On the Hypothesis that the Schrödinger Equation is Exact.” (Probably the same paper that provoked Rosenfeld’s ire.) In a section on Everett, Bell wrote, “[T]his multiplication of universes is extravagant, and serves no real purpose in the theory and can simply be dropped without repercussions. So I see no reason to insist on this particular difference between the Everett theory and the pilot-wave theory … [T]he Everett theory provides a resting place for those who do not like the pilot wave trajectories but who would regard the Schrödinger equation as exact. But a heavy price has to be paid. We would live in a present which had no particular past, not indeed any particular (even if predictable) future. If such a theory were taken seriously it would hardly be possible to take anything else seriously. So much for the social implication.” In the margin, Everett scrawled “Ha” and a mostly illegible sentence that ends with “probabilities also no unique past!”


Nor was Everett happy with how his strongest supporter, DeWitt, viewed his claim to have derived probability. In Everett’s copy of Dewitt’s lecture on “The Many Universes Interpretation of Quantum Mechanics” at Varenna, Italy in July 1970, he furiously penciled, “Goddamn it you don’t see it” next to DeWitt’s assertion that Everett’s derivation of probability is “rather too brief to be entirely satisfying.”


 In a September 1973 letter to Jammer (found in Mark’s basement), Everett commented, “I was somewhat surprised, and a little amused, that none of the physicists [in Copenhagen in 1959 and at Xavier University in 1962] had grasped one of what I considered to be the major accomplishment of the theory -- the ‘rigorous’ deduction of the probability interpretation of quantum mechanics from wave mechanics alone. …. That this point was essentially completely overlooked at that time I can now only ascribe to my failure in writing the paper.”


DeWitt’s “Many Universes” essay was reprinted in The Many Worlds Interpretation of Quantum Mechanics. The sentence that Everett had found so offensive three years previously reappeared. DeWitt claimed that the Born Rule could be derived from the formalism of quantum mechanics, thanks to work by Graham and James Hartle, but that, “Everett’s original derivation of this result invokes the formal equivalence of measure theory and probability theory, and is rather too brief to be entirely satisfying.” In Everett’s personal hardcover copy of the book, he scribbled, next to DeWitt’s sentence, “only to you!”  When Graham asserted, “In short we criticize Everett’s interpretation on the grounds of insufficient motivation. Everett gives no connection between his measure and the actual operations involved in determining a relative frequency … Furthermore, it is extremely difficult to see what significance such a measure can have when its implications are completely contradicted by a simple count of the worlds involved, worlds that Everett’s own work assures us must all be on the same footing.” Next to Graham’s paragraph, Everett scrawled a single word: “bullshit.” 

Wheeler’s many minds


By the early 1970s, Wheeler was fascinated by the quantum chaos underlying the seeming order of the universe: “law without law.” In a 1973 article, “From Relativity to Mutability,” he credited  Everett’s “many universes formulation” as a contribution to quantum mechanics equal to those of Heisenberg, Dirac, and Feynman. (9)

In April 1977, Wheeler and DeWitt invited Everett to give a seminar at the University of Texas in Austin. David Deutsch was there and he recalls that Everett was up on the latest in quantum theory. He was also addicted to smoking several packs of Kent cigarettes a day and was afflicted by alcoholism and obesity. But he was invigorated by the attention being paid to his theory. He told Charles Misner a few weeks later (on the tape-recording) that Wheeler had recently “confessed, he actually now believes it [Everett’s theory], except on Tuesdays, once a month.” 


Wheeler’s oscillations settled into a ground state. In July 1977, he publicly disavowed the Many Worlds interpretation, writing, “Imaginative Everett’s thesis is, and instructive, we agree. We once subscribed to it. In retrospect, however, it looks like the wrong track. First, this formulation of quantum mechanics denigrates the quantum. It denies from the start that the quantum character of Nature is any clue to the plan of physics. Take this Hamiltonian for the world, that Hamiltonian, or any other Hamiltonian, this formulation says. I am in principle too lordly to care which, or why there should be any Hamiltonian at all. You give me whatever world you please, and in return I give you back many worlds. Don’t look to me for help in understanding this universe.


“Second, its infinitely many unobservable worlds make a heavy load of metaphysical baggage. They would seem to defy Mendeleev’s demand of any proper scientific theory, that it should ‘expose itself to destruction.’” (10)

And in another paper published in 1977, “Include the Observer in the Wave Function?”, Wheeler endorsed the concept of an “idealized observer” that Stern had accused him of promoting two decades earlier. Retracting his endorsement of Everett’s theory of a universal wave function that includes the observer, Wheeler appealed to the authority of both Wigner and Bohr (who were not in agreement on interpretive matters): “The ‘consciousness of the observer’ is outside the wave function. An observation is only an observation then when it is recorded in the consciousness (Wigner 1974). An observation is only then an observation when one observer can tell another the result of the observation ‘in plain language’ (Bohr 1962).” (11)


We do not know if Everett was aware of these attacks by his former mentor, but two years after the Austin trip, Nancy Everett typed an odd letter to Wheeler, after she and her husband had seen him on a television show. The letter was signed by Everett, but it is written in the third person. It reads, in part, “There are two things about Hugh that perhaps need clearing up. One is, tho’ it appears he plays hard-to-get by refusing to correspond, the truth is, he feels the written word is totally inadequate in comparison to a one-to-one conversation. This is why the meeting in Austin two years ago with Bryce DeWitt, the young Britishers, and others was such a great thing for him to participate in. … Far from being totally unconcerned, Hugh may even feel some gratification to be receiving a small measure of recognition for his work done under your counsel. …. Now we read in Physics Today that even more is being done to expedite the flow and exchange of ideas what with the Institute forming in Santa Barbara. (Hugh always though Santa Barbara a lovely spot.)” 


In July 1979, in what may very well have been their last communication, Wheeler wrote to Everett: “Thank you for your letter of too many weeks back. I think you got a great subject going and I am overjoyed at the thought of your getting back and going to bat for it!” On that same day, Wheeler wrote to Douglas Scalapino at the Institute for Theoretical Physics at Santa Barbara: “Hugh Everett who did that fascinating Everett interpretation of quantum mechanics and who ought to be got back into it to go on with it has written to me indicating that he might conceivably get free to spend a period at the Institute. I have written Bryce DeWitt about this and believe that it has real possibilities for quite fruitful interactions.”


Despite Wheeler’s enthusiasm, Everett made no move to re-ignite his theoretical career. Regardless, DeWitt wrote back to Wheeler, “Everett suggests (and I believe) that it is a mistake to transform the wonderful lessons that Bohr has taught us into points of dogma. The history of physics has taught 1. that one should never be dogmatic, 2. that one should never hesitate to push a formalism to its ultimate logical conclusions however absurd. In the case of the formalism of quantum mechanics one cannot say that the interferences are there at one moment but gone the next. All that Everett is really trying to say is that the interferences are in principle always there. As David Deutsch so aptly puts its: ‘Quantum theory is the Everett interpretation.’ The theory may ultimately be proved wrong, but at the present time you cannot have one without the other.”

End game


Everett, 51, died of a heart attack in July 1982, a quarter century after his dissertation was published. And on April 2008, Wheeler, 96, died in Princeton, New Jersey. According to his obituary in The New York Times, his two most prominent students were Richard Feynman and Hugh Everett III. Had he read that, Everett would have, surely, grinned.

In 1980, two years before his death, Everett wrote a letter to physics enthusiast L. David Raub: “I certainly still support all of the conclusions of my thesis. … Dr. Wheeler’s position on these matters has never been completely clear to me (perhaps not to John either). He is, of course, heavily influenced by Bohr’s position … It is equally clear to me that, at least sometimes, he wonders very much about that mysterious process, ‘the collapse of the wave function.’ The last time we discussed such subjects at a meeting in Austin several years ago he was even wondering if somehow human consciousness was a distinguished process and played some sort of critical role in the laws of physics.


“I, of course, do not believe any such special processes are necessary, and that my formulation is satisfactory in all respects. The difficulties in finding wider acceptance, I believe, are purely psychological. It is abhorrent to many individuals that there should not be a single unique state for them (in the world view), even though my interpretation explains all subjective feelings quite adequately and is consistent with all observations.”


Inside a box of Everett’s papers, is a list he made after a professional organization asked him to prioritize his top five scientific capabilities. At the bottom, Everett put “servomechanisms.” Followed by “operations research.” Skill number three was “relativity and gravity.” Two was “decision game theory.” And listed in pride of first place: “quantum mechanics.” 

Postscript: In July 2007, just in time for the Oxford conference on Everett, Nature featured Everett’s Many Worlds theory on the cover, with several explanatory articles celebrating its 50th anniversary. In December 2007, Scientific American ran a profile of Everett by Peter Byrne. Oxford University Press commissioned a full-length biography of Everett by Byrne to appear in 2009, The Devil’s Pitchfork: Multiple Universes, Mutually Assured Destruction, and the Meltdown of a Nuclear Family. And in November 2007, BBC4 premiered its film on Everett and his son, Parallel Worlds, Parallel Lives.
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