
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        The European Physical Journal H

	
                        Article

Orthodox or dissident? The evolution of Bohm’s ontological reflections in the 1950s


                    	Regular Article
	
                            Published: 20 October 2023
                        


                    	
                            Volume 48, article number 12, (2023)
            
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                
                            
                            The European Physical Journal H
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	Andrea Oldofredi 
            ORCID: orcid.org/0000-0003-4379-80271 


                        
    

                        
                            	
            
                
            185 Accesses

        
	
                
                    
                21 Altmetric

            
	
            
                
            3 Mentions

        
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
David Bohm has often been considered unable to understand the meaning of the quantum revolution as well as its radical metaphysical implications. Similarly, his pilot-wave theory was negatively portrayed as an attempt to restore a classical and deterministic Weltanschauung. Against this background, the aim of this paper is twofold: in the first place, it will be argued that the accusations of dogmatism advanced by several eminent physicists contra Bohm show a biased understanding of his works. Referring to this, two case studies will be discussed: the Bohm–Pauli correspondence, and the difficult relationship between the former and Leon Rosenfeld, a fervent supporter of Bohr’s philosophy of complementarity. These examples indicate that the opposition to the pilot-wave approach was for the most part not based on scientific grounds. In the second place, I will reconstruct and analyze the evolution of Bohm’s philosophical reflections about ontology, scientific realism and pluralism studying private correspondences as well as his main works in the fifties culminated in the book Causality and Chance in Modern Physics. Underlining the originality of Bohm’s thoughts, it will be concluded that his perspective can be characterized as a form of internal realism.
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	There was a disagreement, for example, about whether the wave function undergoes an actual collapse in measurement situations. Whereas according to Bohr there was no such a collapse of the \(\psi \) function, being entanglement and complementarity the real novelties introduced by QM (cf. [44], p. 672), for Born, Dirac, Heisenberg, von Neumann and others the stochastic jumps and the non-commutativity of quantum operators were the primary innovations of quantum theory.


	The debate between Heisenberg and Schrödinger on the notion of Anschaulichkeit in quantum theory is nicely resumed in [42].


	NB: no connection with Putnam’s version of internal realism is meant in the present essay.


	In 1951, Bohm published the textbook Quantum Theory, providing an introduction to the standard interpretation of QM. His interests in the foundational debates and his dissatisfaction with the traditional viewpoint were sparked (among other sources) by several discussions with Einstein, who is also acknowledged in Bohm’s 1952 papers. For details on the political and personal vicissitude of Bohm between 1950 and 1952, see [33,34,35].


	There have been many efforts to derive the Born’s rule in the pilot-wave theory as, for instance, Bohm [6], Durr et al. [24] Chapter 2, Valentini [66]. However, the debate about status of the quantum equilibrium hypothesis in Bohm’s theory is still open, for an overview cf. [14].


	Notably, Bohm was unaware of de Broglie’s work on the pilot-wave theory, Pauli mentioned it to him, cf. [70], p. 346.


	“The Bohm’s thing is almost plagiarism!”, author’s translation from the original German.


	This fact is reported by Bohm also in a letter to Melba Phillips in early 1952 (printed in Talbot [64], p. 147). For details cf. [4], Section 9, p. 187, Bricmont [12], Freire [34], p. 47 and [48]).


	From an exchange between Pauli and Pais, we know that between mid-April and the beginning of May 1952 Bohm wrote to the former a “very crazy and impudent letter” and they were then in rather bad terms, cf. [70], p. 627, Letter 1412. Unfortunately, this letter has been lost.


	This revival of Dirac’s ideas has been recently put forward in many essays, as for instance [16, 17, 20].


	See also the irreverent, almost disrespectful description of the pilot-wave theory given by Pauli in a letter to Fierz recalling anecdotes of 1927 (von Meyenn [70], Letter 1337).


	In December 1951, Bohm wrote to Einstein: “[i]t may interest you to know that Pauli has admitted the logical consistency of my interpretation of the quantum theory in a letter, but he still rejects the philosophy. He states that he does not believe in a theory that permits us even to \(\underline{\text {conceive}}\) of a distinction between the observer’s brain and the rest of the world”. Folder C11, David Bohm Papers, Birkbeck College, University of London.


	This can be understood from Pauli correspondence with Destouches in [70].


	It is interesting to highlight an ironic plot-twist: in one of their last exchanges, the “reactionary” Bohm accused Pauli to be excessively conservative, being stuck with old positivistic ideals that prevented him to appreciate the novelty of his proposal:

                    Since you admit the logical consistency of my point of view, and since you cannot give any arguments showing that it is wrong, it seems to me that your desire to hold on to the usual interpretation can have only one justification; namely, the positivist principle of not postulating constructs that do not correspond to things that can not be observed. This is exactly the principle which caused Mach to reject the reality of atoms, for example, since no one in his day knew how to observe them. [...] After all, we must not expect the world at the atomic level to be a precise copy of our large scale experience (as proponents of the usual interpretation are so fond of saying). Rather than accept a perfectly logical and definite concept of polydimensional reality that leads to the right results in all known cases, and opens up new mathematical possibilities, you prefer the much more outlandish idea that there is no way to conceive of reality at all at the atomic level. Instead you are willing to restrict your conceptions to results that can be observed at the long scale level, even though more detached conceptions are available, which show at least, never the production of these results might be understood causally and continuously (von Meyenn [70], p. 442, Letter 1314).

                  



	Oppenheimer was Bohm’s PhD advisor.


	For details on Marxist approaches to quantum theory cf. [32].


	Historical and philosophical investigations show that it is not completely correct to claim that the founding fathers of quantum theory supported purely positivist views. For instance, [43, 45] argue that Bohr’s philosophy of quantum mechanics should not be considered positivist or subjectivist, whereas [52] show that Dirac was not a physicist guided by a positivistic methodology. Finally, although the young Heisenberg was close to empiricism and positivism, later detached himself from such perspectives, as we can see in [41].


	For a discussion of the Marxist influence on Bohm’s positions about realism in the 1950s cf. [64], Chapter 6, [34] and [35].


	Bohm gave the above description of positivism in a letter to Pauli dated mid-December 1951, cf. footnote 14 for full bibliographic details. In this correspondence he mentions Ernst Mach as a physicist misguided by positivism although without directly engaging with his philosophical positions. It should be said in addition that in his critical assessment of positivism Bohm generally did refer neither to classic works on this view, as for instance the writings of Auguste Comte, nor to its modern reformulation due to the logical empiricists as e.g., Carnap, Schlick, Reichenbach, Nagel etc.. Hence, his definition of positivism may result intuitive and/or naïve to contemporary readers.


	Interestingly, Bohm and Pauli discussed the necessity of the linearity of the Schrödinger’s equation; the reader may refer to Letters 1313, 1314 and 1315 included in [70]. The technical details of such a debate are not strictly relevant to our purposes and will not be mentioned in what follows. A public comment about linearity can be found in [3], Section 9, p. 179.


	Another important aspect that should be highlighted is that Bohm’s justifies his arguments to Pauli with inductive reasons; as we will see below this method by induction will appear frequently in Bohm’s philosophy.


	It is interesting to note that Bohm’s view about the infinite structure of reality is influenced by Engels’ Dialectics of Nature, as underlined in [64], Chapter 6.


	Notably, similar points were raised also in the conclusions of the 1952 papers, where Bohm underlined that “our epistemology is determined to a large extent by the existing theory. It is therefore not wise to specify the possible forms of future theories in terms of purely epistemological limitations deduced from existing theories” (Bohm [4], p. 188). Bohm wrote this sentence in relation to the limited applicability of physical theories, explaining that what is observed depends on the theory at hand—following [25]—and therefore it is a dangerous move to extend the laws, concepts and their normative power to domains outside the scope of validity of a certain theoretical framework.


	As Bohm correctly highlights “conclusions drawn only within the limited domain of the previous laws were however never overturned”, Bohm [5], p. 286.


	More details will be given below. For an interesting discussion of foundationalism and infinitism cf. [63].


	Einstein discussed at length with Bohm the merits and problems of the causal interpretation. However, he did not find the pilot-wave theory an adequate solution to the problems of QM. For details cf. [26] and [51].


	From Einstein’s reply dated November 24, 1954 we understand that he did not shared Bohm’s views about “an unending hierarchy” of structures and laws preferring a methodology based on logically simple laws with general validity.


	From now on, we will refer to this book simply as Causality and Chance.


	For more details of the various kinds of causal relations, the reader may refer to [7], Chapter 1, Sections 7 and 8. Recent discussions that clarify Bohm’s notion of causality and its relationship with determinism are contained in [21] and [69].


	Lam and Wütrich [47] make an interesting case arguing that naturalism leads to a “local”—or in our wording “internal”—interpretation of physical theories.


	Referring to this lack of unity, it should be noted that one may frame internal realism in a moderate pluralist account, which contemplates the possibility that the ontological plurality currently present in contemporary physics will be resolved in the future. Indeed, conforming to moderate pluralism, the final goal of every scientific domain is to establish a unique and complete account of the natural phenomena lying within its scope, making it also compatible with other accounts of other scientific domains. Thus, according to this moderate view, different domains of physics may be integrated and synthesized without ontological inconsistencies in future developments of the discipline (cf. [61]). This project would however imply the rejection of infinitism, hence, it would not be completely adherent to Bohm’s view.


	Cf. van Strien [68] for an interesting discussion of Bohm’s influence on Feyerabend.
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