i
The Quarterly Journal ol [ 21
PHILOSOPHICAL INVESTIGATIONS \ {

University of Tabriz —_—

Vol. 15/ Issue: 37/ Winter 2021

Heisenberg's Philosophical Approaches in the Development of
Quantum Mechanics with the Copenhagen Interpretation

Seyyed Hedayat Sajadi
Assistant Professor of Philosophy of Science and Technology, Department of
Physics Education, Farhangian University, Tehran, Iran.
hedayatsajadi@gmail.com

Abstract

Heisenberg is one of the founders of quantum mechanics, and one of the
pioneers and intellectual leaders of the Copenhagen interpretation of
quantum mechanics. He proposed in two seminal papers in 1925 and
1927, the fundamentals of matrix mechanics (1925) as the first formalism
of quantum mechanics, and then the uncertainty relations (1927) as one
of the essential components of the Copenhagen interpretation. The
putpose of this paper is to formulate Heisenberg's philosophical
approaches during the formation of quantum mechanics and its
Copenhagen interpretation. The main question of the paper is whether
philosophical approaches can be formulated in the development of
quantum mechanics through Heisenberg's works? To answer this
question, two seminal papers by Heisenberg (1925 and 1927) are
examined. The research method of the paper is based on the content
analysis of the text (physics) of Heisenberg's papers. The findings of this
study show that three crucial principles - observability, correspondence,
and analogy-can be formulated from Heisenberg's 1925 paper, which has
played a key role in the formation of the fundamentals of matrix
mechanics. Moreover, from his 1927 paper, some issues are addressed
including interpretation, understanding and classical-quantum relation, the
role of experience and measurement, the subject of causality, as well as
reality. Finally, it is concluded that through these works of Heisenberg,
four philosophical approaches can be formulated including empiricism,
Unificationism, indeterminism, and anti-causality, as well as anti-realism,
which themselves include other sub-approaches.
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Historically, the development of Standard Quantum Mechanics (SQM)
has undergone some steps: first, the formation of the concept of quanta
and its application that initiated in 1900 by Plank's hypothesis. Second, the
older quantum theory, which began with introducing Boht's atomic
model. third, the formation of quantum mechanics formalisms, which
began with Heisenberg's Matrix Mechanics in 1925 and Schrodinger's
wave mechanics in 1926, and was accomplished by Dirac-Jordan
Transformation theory in 1927. Forth. Introduction of Copenhagen
interpretation of Quantum Mechanics, that relatively conquered in 5th
Solvay Conference in 1927 and established gradually after 1927. (See, e.g.,
Jammer, 1989; Sajadi, 2012). The years between 1925-1927 is the era of
the development of Quantum Mechanics with Copenhagen Interpretation
(SQM), and Heisenberg (1901-1974) along with Bohr is the pivotal figure
in this era.

Heisenberg is one of the founders of quantum mechanics, and also the
pioneers and intellectual leaders of the Copenhagen interpretation of
quantum mechanics. He proposed in two important papers in 1925 and
1927, the fundamentals of matrix mechanics (1925) as the first formalism
of quantum mechanics, and then the uncertainty relations (1927) as one
of the essential components of the Copenhagen interpretation.

The purpose of this paper is to formulate Heisenberg's philosophical
approaches during the formation of quantum mechanics and its
Copenhagen interpretation. The main question of the paper is whether
philosophical approaches can be formulated in the development of
quantum mechanics through Heisenberg's works? To answer this
question, two crucial and important papers by Heisenberg (1925 and 1927)
were examined. The research method of the paper is based on the content
analysis of the text (physics) of Heisenberg's Papers.

This study is important because it shows the effect of philosophical
approaches on physics, and it has some entailments against anti-
philosophical and anti-metaphysical programs of logical positivism as well.
Moreover, changing attitudes about the relationship between physics and
philosophy is necessary for both physics educators and researchers,
especially in Iran.
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The findings of this study show that three crucial principles -
observability, correspondence, and analogy- can be formulated from
Heisenberg's 1925 paper, which has played a key role in the formation of
the fundamentals of matrix mechanics. Moreover, from Heisenberg's 1927
paper, some issues are addressed including interpretation, understanding
and classical-quantum relation, the role of experience and measurement,
the subject of causality, as well as reality.

Finally, From the textual analysis of Heisenberg's papers on the
formation of matrix mechanics and uncertainty relations, it is concluded
that four philosophical approaches can be formulated including
empiricism, Unificationism, indeterminism and anti-causality, as well as
anti-realism, which themselves include other sub-approaches.

First, the empiricist approach: In the formation of standard quantum
mechanics, the empirical approach of logical positivism, metaphysical
idealism, operationalism, and the pragmatist approach can be formulated.
The mere reliance on the principle of obsetrvability in the 1925 paper
illustrates Heisenberg's positivist approach, but because of the lack of
meaning/meaninglessness thesis in the paper (1925) for rejecting the
unobservables, it cannot be considered logical positivism. Instead, his
emphasis on efficiency/inefficiency based on providing a clear basis for
establishing new theories can be considered as a pragmatic approach. His
influence from the logical positivism approach is inferred in the 1927
paper; where it explicitly has spoken of meaning/meaninglessness and has
expressed his antimetaphysical approach especially deals with the
meaninglessness of the hidden world containing causal relations.
Berkeley's idealistic empiricism can be inferred in Heisenberg's work;
where he points to the influential role of observation in creating reality in
the 1927 paper. Operationalism can also be formulated in the 1927 paper
according to his concern with the role of measurement in defining physical
concepts.

Second. The Unificationist Approach: Following this approach, it can
be inferred that the analogical unificationist approach has dominated
Heisenberg's mind. The argument is based on several aspects: According
to the principle of correspondence and the principle of analogy formulated
in the 1925 paper, both emphasize the relative similarity between the
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concepts and rules of the two domains- Qunatm and Classic. This kind of
unification can also be formulated according to Heisenberg's picture of
the classical-quantum relationship in his 1927 paper and the inclusion of
quantum theory over the classical theory.

Third. The indeterministic and anti-causality approach: Heisenberg's
indeterminism and his anti-causality approach are inferred in his
interpretation of quantum mechanics, especially in his 1927 paper. He
considers the hidden world containing causal relations to be meaningless
and reduces causality to predictability and determinism. That is, it has
abandoned the ontological aspect of causation and is confined with its
epistemological aspect. Therefore, the ontological aspect of Heisenberg's
anti-causal approach is obvious. On the other hand, he rejected the causal
approach relying on two premises: lack of comprehensive knowledge
about the current state of the system and also stating the results about the
future state of the system in the form of statistics and probability. Thus,
both the indeterminism and the anti-causal approach in Heisenberg's work
on the formation of quantum mechanics can be formulated.

Fourth. Antirealism approach: This approach can be formulated
through Heisenberg's work in several ways: to begin with, in his 1927
paper there is no sign of belief in an independent and recognizable reality
that is out of reach of experience. In addition, based on the rejection of
the unobservables in the 1925 paper and the belief in the idea of creating
reality based on the observation in the 1927 paper, he rejected naive
realism and moved towards ontological idealism of the kind of Berkeley's
idealism.
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