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1. A New Interest in Bohr and the Copenhagen Interpretation.

2. A New Look at the History.

2. Thesis: What is usually taken to be the Copenhagen Interpretation was not Bohr’s view.

3. Hypothesis: What is usually taken to be the Copenhagen  Interpretation is an invention of the 1950s, credit for which goes at least to Heisenberg, Bohm, Popper, Feyer-  abend, and Hanson.
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Thesis: What is usually taken to be the Copenhagen Interpretation was not Bohr’s view.
The Mythical Bohr
(1) The Myth of the Copenhagen Interpretation.

(2) The Myth of Bohr’s Instrumentalism or Anti-realism.

(3) The Myth of Bohr’s Being a Subjective Idealist.

(4) The Myth of Bohr’s Having Believed in Creation on Measurement.

(5) The Myth of Bohr’s Having Believed in Wave-packet Collapse.

Space, Time, and Causality: The Neo-Kantian Background
Niels Bohr. “Discussion with Einstein on Epistemological Problems in Atomic Physics.” In Albert Einstein: Philosopher-Scientist. Paul Arthur Schilpp, ed. The Library of Living Philosophers, vol. 7. Evanston, Illinois: The Library of Living Philosophers, 1949. 

Both in relativity and in quantum theory we are concerned with new aspects of scientific analysis and synthesis and, in this connection, it is interesting to note that, even in the great epoch of critical philosophy in the former century, there was only question to what extent a priori arguments could be given for the adequacy of space-time co-ordination and causal connection of experience, but never question of rational generalizations or inherent limitations of such categories of human thinking.

An Outline of Bohr’s Complementarity Interpretation
(1) Entanglement.

(2) Complementarity.

(3) Objectivity and Unambiguous Communication.

(4) Classical Concepts.  

(5) Bohr’s Conception of a Quantum “Phenomenon.”

(6) Complementarity and Causality.

See:

Don Howard. “What Makes a Classical Concept Classical? Toward a Reconstruction of Niels Bohr’s Philosophy of Physics.” In Niels Bohr and Contemporary Philosophy. Jan Faye and Henry Folse, eds. Boston Studies in the Philosophy of Science, vol. 153. Boston: Kluwer, 1994, 201–229.

Don Howard. “Complementarity and Ontology: Niels Bohr and the Problem of Scientific Realism in Quantum Physics.” Ph.D. Dissertation. Boston University, 1979. See especially the appendix, “A Theorem Concerning Context-dependent Mixtures,”  382–386.

(1) Entanglement:
In general, the joint state of two previously interacting systems cannot be represented as a product of separate states for the individual systems.

12  1  2
Bohr to Hans Geiger, 21 April 1925:


I was quite prepared to learn that our proposed point of view about the independence of the quantum process in separated atoms would turn out to be wrong. . . . Not only were Einstein’s objections very disquieting; but recently I have also felt that an explanation of collision phenomena, especially Ramsauer’s results on the penetration of slow electrons through atoms, presents difficulties to our ordinary space-time description of nature similar in kind to the those presented by the simultaneous understanding of interference phenomena and a coupling of changes of state of separated atoms by radiation. In general, I believe that these difficulties exclude the retention of the ordinary space-time description of phenomena to such an extent that, in spite of the existence of coupling, conclusions about a possible corpuscular nature of radiation lack a sufficient basis. (Bohr 1984, p. 79)

Albert Einstein, “Bestimmt Schrödinger’s Wellenmechanik die Bewegung eines Systems vollständig oder nur im Sinne der Statistik?”, unpublished manuscript, 1927, Einstein Archive 2-100.

See:

Don Howard.“‘Nicht sein kann was nicht sein darf,’ or the Prehistory of EPR, 1909-1935: Einstein’s Early Worries about the Quantum Mechanics of Composite Systems.” In Sixty-Two Years of Uncertainty: Historical, Philosophical, and Physical Inquiries into the Foundations of Quantum Mechanics. Proceedings of the 1989 Conference, “Ettore Majorana” Centre for Scientific Culture, International School of History of Science, Erice, Italy, 5–14 August. Arthur Miller, ed. New York: Plenum, 1990, 61–111.

(2) Complementarity:
Niels Bohr. “The Quantum Postulate and the Recent Development of Atomic Theory.” Nature (Suppl.) 121 (1928).

Now, the quantum postulate implies that any observation of atomic phenomena will involve an interaction with the agency of observation not to be neglected.  Accordingly, an independent reality in the ordinary physical sense can neither be ascribed to the phenomena nor to the agencies of observation. . . .


This situation has far-reaching consequences.  On one hand, the definition of the state of a physical system, as ordinarily understood, claims the elimination of all external disturbances.  But in that case, according to the quantum postulate, any observation will be impossible, and, above all, the concepts of space and time lose their immediate sense.  On the other hand, if in order to make observation possible we permit certain interactions with suitable agencies of measurement, not belonging to the system, an unambiguous definition of the state of the system is naturally no longer possible, and there can be no question of causality in the ordinary sense of the word.  The very nature of the quantum theory thus forces us to regard the space-time co-ordination and the claim of causality, the union of which characterizes the classical theories, as complementary but exclusive features of the description, symbolizing the idealization of observation and definition respectively.

Niels Bohr. “The Quantum Postulate and the Recent Development of Atomic Theory.” Nature (Suppl.) 121 (1928).

According to the quantum theory a general reciprocal relation exists between the maximum sharpness of definition of the space-time and energy-momentum vectors associated with the individuals.  This circumstance may be regarded as a simple symbolical expression for the complementary nature of the space-time description and the claims of causality.

(3) Objectivity and Unambiguous Communication:
Niels Bohr. “Discussion with Einstein on Epistemological Problems in Atomic Physics.” In Albert Einstein: Philosopher-Scientist. Paul Arthur Schilpp, ed. The Library of Living Philosophers, vol. 7. Evanston, Illinois: The Library of Living Philosophers, 1949. 

It is decisive to recognize that, however far the phenomena transcend the scope of classical physical explanation, the account of all evidence must be expressed in classical terms.  The argument is simply that by the word “experiment” we refer to a situation where we can tell others what we have done and what we have learned and that, therefore, the account of the experimental arrangement and of the results of the observation must be expressed in unambiguous language with suitable application of the terminology of classical physics.

Niels Bohr. “Quantum Physics and Philosophy: Causality and Complementarity.” In Philosophy at Mid-Century: A Survey. R. Klibansky, ed. Florence: La Nuova Italia Editrice, 1958.

The essentially new feature of the analysis of quantum phenomena is, however, the introduction of a fundamental distinction between the measuring apparatus and the objects under investigation.  This is a direct consequence of the necessity of accounting for the functions of the measuring instruments in purely classical terms, excluding in principle any regard to the quantum of action.

(4) Classical Concepts:
Niels Bohr. “Natural Philosophy and Human Cultures.” Nature 143 (1938).

The elucidation of the paradoxes of atomic physics has disclosed the fact that the unavoidable interaction between the objects and the measuring instruments sets an absolute limit to the possibility of speaking of a behavior of atomic objects which is independent of the means of observation.


We are here faced with an epistemological problem quite new in natural philosophy, where all description of experience has so far been based on the assumption, already inherent in ordinary conventions of language, that it is possible to distinguish sharply between the behavior of objects and the means of observation.  This assumption is not only fully justified by all everyday experience but even constitutes the whole basis of classical physics. . . . As soon as we are dealing, however, with phenomena like individual atomic processes which, due to their very nature, are essentially determined by the interaction between the objects in question and the measuring instruments necessary for the definition of the experimental arrangement, we are, therefore, forced to examine more closely the question of what kind of knowledge can be obtained concerning the objects.  In this respect, we must, on the one hand, realize that the aim of every physical experiment—to gain knowledge under reproducible and communicable conditions—leaves us no choice but to use everyday concepts, perhaps refined by the terminology of classical physics, not only in all accounts of the construction and manipulation of the measuring instruments but also in the description of the actual experimental results.  On the other hand, it is equally important to understand that just this circumstance implies that no result of an experiment concerning a phenomenon which, in principle, lies outside the range of classical physics can be interpreted as giving information about independent properties of the objects.

 (5) Bohr’s Conception of a Quantum “Phenomenon”:
Niels Bohr. “Discussion with Einstein on Epistemological Problems in Atomic Physics.” In Albert Einstein: Philosopher-Scientist. Paul Arthur Schilpp, ed. The Library of Living Philosophers, vol. 7. Evanston, Illinois: The Library of Living Philosophers, 1949. 

As a more appropriate way of expression I advocated the application of the word phenomenon exclusively to refer to the observations obtained under specified circumstances, including an account of the whole experimental arrangement.

Niels Bohr. “The Causality Problem in Atomic Physics.” In New Theories in Physics. Paris: International Institute of Intellectual Co-operation, 1939.

The essential lesson of the analysis of measurements in quantum theory is thus the emphasis on the necessity, in the account of the phenomena, of taking the whole experimental arrangement into consideration, in complete conformity with the fact that all unambiguous interpretation of the quantum mechanical formalism involves the fixation of the external conditions, defining the initial state of the atomic system concerned and the character of the possible predictions as regards subsequent observable properties of that system.  Any measurement in quantum theory can in fact only refer either to a fixation of the initial state or to the test of such predictions, and it is first the combination of measurements of both kinds which constitutes a well-defined phenomenon.

The conditions, which include the account of the properties and manipulation of all measuring instruments essentially concerned, constitute in fact the only basis for the definition of the concepts by which the phenomenon is described.

(6) Complementarity and Causality:
A non-commutative algebra of observables is a formal reflection of complementarity.

Indeterminacy is a consequence of the failure of commutativity.


Hypothesis: What is usually taken to be the Copenhagen Interpretation is an invention of the 1950s, credit for which goes at least to Heisenberg, Bohm, Popper, Feyerabend, and Hanson.
0. Pascual Jordan—One source of the trouble.

Pacual Jordan. Anschauliche Quantentheorie. Eine Einführung in die moderne Auffassung der Quantenerscheinungen. Berlin: Springer, 1936.


Pascual Jordan. Die Physik des 20. Jahrhunderts. Einführung in den Gedan-keninhalt der modernen Physik. Braunschweig: Freidrich Vieweg & Sohn, 1936.

1. Werner Heisenberg—Fickle philosopher and self-appointed representative of a Copenhagen community from which he is a moral exile.

Werner Heisenberg. “The Development of the Interpretation of the Quantum Theory.” In Wolfgang Pauli, ed. Niels Bohr and the Development of Physics. London: Pergamon, 1955, 12–29.

Werner Heisenberg. “The Representation of Nature in Contemporary Physics.” Daedalus 87 (Summer 1958), 95–108.

Werner Heisenberg. Physics and Philosophy: The Revolution in Modern Science. New York: Harper & Row, 1958. See especially chapter 3, “The Copenhagen Interpretation of Quantum Theory.”


Recommended reading:

Catherine Chevalley. “Introduction.”In Werner Heisenberg. Philosophie: Le Manuscrit de 1942. Paris: Éditions du Seuil, 1998, 17–245.

2. David Bohm—Renegade defender of “orthodoxy” now in political exile.

David Bohm. Quantum Theory. New York: Prentice-Hall, 1951.

David Bohm. Causality and Chance in Modern Physics. London: Routledge & Kegan Paul, 1957.

Heisenberg on the Copenhagen Interpretation:

Werner Heisenberg. “The Development of the Interpretation of the Quantum Theory.” In Wolfgang Pauli, ed. Niels Bohr and the Development of Physics. London: Pergamon, 1955.

. . . and we shall then inquire into the criticisms which have recently been made against the Copenhagen interpretation of the quantum theory.

What was born in Copenhagen in 1927 was not only an unambiguous prescription for the interpretation of experiments, but also a language in which one spoke about Nature on the atomic scale, and in so far a part of philosophy.

In the absence of an observer, the mathematical representation of the system would go on changing continuously, in the way we have outlined. If, however, the observer is present, he will suddenly register the fact that the plate is blackened. The transition from the possible to the actual is thereby completed as far as he is concerned; her correspondingly alters the mathematical representation discontinuously, and the new ensemble contains only the blackened photographic plate. This discontinuous change is naturally not contained in the mechanical equations of the system or of the ensemble which characterizes the system; it corresponds exactly to the “reduction of wave-packets” in the quantum theory. . . . We see from this that the characterization of a system by an ensemble not only specifies the properties of this system, but also contains information about the extent of the observer’s knowledge of the system. To this extent, the use of the word “objective” for the characterization of the system by the ensemble is problematical.

Heisenberg on the Copenhagen Interpretation (continued):

If the system is closed, we may in some circumstances have, at least approximately, a “pure case,” and the system is then represented by a vector in Hilbert space. The representation is, in this particular case, completely “objective,” i.e. it no longer contains features connected with the observer’s knowledge; but it is also completely abstract and incomprehensible, since the various mathematical expressions (q), (p), etc., do not refer to real space or to a real property; it thus, so to speak, contains no physics at all. The representation becomes a part of the description of Nature only by being linked to the question of how real or possible experiments will result. From this point we must take into consideration the interaction of the system with the measuring apparatus and use a statistical mixture in the mathematical representation of the larger system composed of the system and the measuring apparatus. It might appear that this could in principle be avoided if it were possible to separate the system and the measuring apparatus, as a compound system, entirely from the external world. However, Bohr has rightly pointed out on many occasions that the connection with the external world is one of the necessary conditions for the measuring apparatus to perform its function, since the behaviour of the measuring apparatus must be capable of being registered as something actual, and therefore of being described in terms of simple concepts, if the apparatus is to be used as a measuring instrument at all, and the connection with the external world is therefore necessary. The compound system of system and measuring apparatus is therefore now described mathematically by a mixture, and thus the description contains, besides its objective features, also the previously discussed statements about the observer’s knowledge. If the observer later registers a certain behaviour of the measuring apparatus as actual, he thereby alters the mathematical representation discontinuously, because a certain one among the various possibilities has proved to be the real one. The discontinuous “reduction of wave-packets,” which cannot be derived from Schrödinger’s equation, is thus, exactly as in Gibbs’ thermodynamics, a consequence of the transition from the possible to the actual.

3. Karl Popper—Long-time critic of quantum “orthodoxy” with one good new idea—the propensity interpretation—and a new Anglophone audience.

Karl Popper. Logik der Forschung. Vienna: Julius Spring, 1934.

Karl Popper. “Zur Kritik der Ungenauigkeitsrelationen.” Die Naturwissenschaften 48 (1934), 807-808.

Karl Popper. “The Propensity Interpretation of the Calculus of Probability, and the Quantum Theory.” In Stefan Körner, ed. Observation and Interpretation: A Symposium of Philosophers and Physicists. Proceedings of the Ninth Symposium of the Colston Research Society held in the University of Bristol, April 1st–April 4th, 1957. London: Butterworth Scientific Publications, 1957, 65–70.

Karl Popper. “The Propensity Interpretation of Probability.” British Journal for the Philosophy of Science 10 (1959), 25–42. 

Karl Popper. “Quantum Mechanics without ‘The Observer.’” In Mario Bunge, ed. Quantum Theory and Reality. New York: Springer-Verlag, 1967, 7–44.

Recommended reading:
Don Howard. “Objectivity and Realism: A Critique of Popper’s Interpretation of Quantum Mechanics.” Manuscript, 1982.

Popper on Copenhagen:
Karl Popper. “Quantum Mechanics without ‘The Observer.’” In Mario Bunge, ed. Quantum Theory and Reality. New York: Springer-Verlag, 1967.

This is an attempt to exorcize the ghost called “consciousness” or “the observer” from quantum mechanics, and to show that quantum mechanics is as “objective” a theory as, say, classical statistical mechanics. . . . The opposite view, usually called the Copenhagen interpretation of quantum mechanics, is almost universally accepted. In brief it says that “objective reality has evaporated”, and that quantum mechanics does not represent particles, but rather our knowledge, our observations, or our consciousness of particles.

4. Paul Feyerabend—Emerging epistemological anarchist.

Paul K. Feyerabend. “On the Quantum Theory of Measurement.” In Stefan Körner, ed. Observation and Interpretation: A Symposium of Philosophers and Physicists. Proceedings of the Ninth Symposium of the Colston Research Society held in the University of Bristol, April 1st–April 4th, 1957. London: Butterworth Scientific Publications, 1957, 121–130.

Paul K. Feyerabend. “Complementarity.” Supplementary Proceedings of the Aristotelian Society 32 (1958), 75–104.

Paul K. Feyerabend. “Professor Bohm’s Philosophy of Nature.” British Journal for the Philosophy of Science 10 (1960), 321–28.

Paul K. Feyerabend. “On a Recent Critique of Complementarity.” Philosophy of Science 35 (1968), 309-31; 36 (1969), 82–105.

Recommending reading:
Mara Beller. “Copenhagen Ideology and the Philosophy of Science: Kuhn and Feyerabend.” Paper delivered at the conference, “Dissent and Orthodoxy in Quantum Mechanics.” A conference in honor of James T. Cushing’s Sixtieth Birthday, University of Notre Dame, September 27, 1997.

5. Norwood Russell Hanson—Proto-Kuhn.

Norwood Russell Hanson. Patterns of Discovery. Cambridge: Cambridge University Press, 1958.

Norwood Russell Hanson. “Copenhagen Interpretation of Quantum Theory.” American Journal of Physics 27 (1959), 1–15.

Recommended reading:
Mara Beller. “Hanson’s Incommensurability and the Copenhagen Dogma.” In Quantum Dialogue: The Making of a Revolution. Chicago: University of Chicago Press, 1999, 294-300.

6. The Colston Research Symposium, 1957.
Stefan Körner, ed. Observation and Interpretation: A Symposium of Philosophers and Physicists. Proceedings of the Ninth Symposium of the Colston Research Society held in the University of Bristol, April 1st–April 4th, 1957. London: Butterworth Scientific Publications, 1957.
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R.B. Braithwaite, “On Unknown Probabilities.”

A.J. Ayer, “The Conception of Probability as a Logical Relation.”
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K.R. Popper, “The Propensity Interpretation of the Calculus of Probability, and the Quantum Theory.”

J.-P. Vigier, “The Concept of Probability in the Frame of the Proabilistic and the Causal Interpretation of Quantum Mechanics.”

M. Fierz, “Does a Physical Theory Comprehend an ‘Objective, Real, Single Process’?”

S. Körner, “On Philosophical Arguments in Physics.”

M. Polanyi, “Beauty, Elegance, and Reality in Science.”

P.K. Feyerabend, “ On the Quantum-theory of Measurement.”

G. Süssman, “An Analysis of Measurement.”

W.C. Kneale, “What Can We See?”

W.B. Gallie, “The Limits of Prediction.”

G.Ryle, “Predicting and Inferring.”

F. Bopp, “The Principles of the Statistical Equations of Motion in Quantum Theory.”

H.J. Groenewold, “Objective and Subjective Aspects of Statistics in Quantum Description.”

C.G. Darwin, “Observation and Interpretation.”

Rosenfeld’s Response:

Leon Rosenfeld. “Misunderstandings about the Foundations of Quantum Theory.” In Stephan Körner, ed. Observation and Interpretation: A Symposium of Philosophers and Physicists. New York: Academic; London: Butterworths., 1957.

According to our critics, the epistemological point of view of quantum theory undermines the sound belief in the reality of the external world, in which all physical thinking is rooted, and opens the door the barren doctrine of positivism. . . . This picture would be alarming if it were true. However, it is just another dream, a nightmare perhaps, of our critics. . . . It is based on the most futile casuistics: the critics diligently excerpt from the writings in which the principles of quantum theory are discussed isolated sentences on which they put arbitrary interpretations. No wonder that they should find . . . some difficulty in “understanding Bohr”: which, incidently, does not prevent them from branding him as a positivist. There is no difficulty, at any rate, in understanding the critics’ philosophy and exposing its unscientific character. 
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