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Abstract

This note is a part of my efforts for getting rid of nonlocality from
quantum mechanics (QM). Quantum nonlocality is two faced Janus,
one face is apparent quantum mechanical nonlocality (assigned with
projection postulate), another face is nonlocality of Bell’s model with
the hidden variables. This paper is directed against the latter. The
main casualty of Bell’s model is that it contradicts to the Heinsenberg’s
uncertainty and Bohr’s complementarity principles. The aim of this
note is to point to the physical seed of the aforementioned principles.
This is the quantum postulate: the existence of indivisible quantum of
action given by the Planck constant. Bell’s model by contradicting to
the basic principles of QM implies rejection of this postulate. Thus, it
contradicts not only to the QM-formalism, but also to the fundamental
feature of the quantum world that was initially discovered by Planck.

keywords: Complementarity and uncertainty principles, indivisible
quantum of action, quantum postulate, Copenhagen interpretation,
quantum nonlocality, hidden variables.

1 Introduction

This is the “light version” of the preprint [1] that was overloaded by
diverse themes on quantum foundations. After reading the present
“light version”, the reader can turn to the original paper [1].
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The aim of this paper is to show that the Bell’s model with hidden
variables [2]-[5] contradicts to the quantum postulate [6]-[9] - the exis-
tence of indivisible quantum of action h.1 Thus, the following natural
question arises:

Would one like to “explain” the long distance correlations by the
cost of confronting again with the ultraviolet (Rayleigh–Jeans) catas-
trophe and rejecting the original Planck work on the black body radia-
tion?.

This paper is a part of the series of my works which can be unified
by the slogan “getting rid of nonlocality from quantum physics” [10]-
[13]. The main message of aforementioned papers is that quantum
theory is local. One of complications in getting rid of nonlocality
from QM is that so-called “quantum nonlocality” is two faced Janus
[14]. People freely refer to his different faces, mix them, and often
cannot distinguish them. Two faces of nonlocality Janus are

• Apparent nonlocality of QM based on the projection postulate
and discussed in the EPR-paper [15];

• Nonlocality of the Bell model with hidden variables based on
misleading interpretation of violation of the Bell inequalities.

In paper [10], violation of the Bell inequalities was treated in the
purely quantum framework, i.e., without coupling to hidden variables
(see also [16]-[26] and references in [16]).

What does quantum theory say about (non)violation of the Bell
inequalities?

As was demonstrated in [10], violation vs. satisfaction of such
inequalities is equivalent to local incompatibility vs. compatibility of
observables.2 These inequalities should be treated as statistical tests
for the complementarity principle.

However, a typical representative of the quantum community says
that the genuine quantum approach to the Bell inequalities [16]-[26],
[10]-[13] is not interesting. The essence of these inequalities is in their
derivation on the basis of the Bell model with hidden variables [2]-
[5] and searching for explanation of precise quantum correlations (cf.
with critical studies [27]-[33]). In this paper, we question this position

1Bohr stressed [6] that the essence of quantum theory “may be expressed in the so-called
quantum postulate, which attributes to any atomic process an essential discontinuity, or
rather individuality, completely foreign to the classical theories and symbolised by Planck’s
quantum of action.”

2In the mathematical formalism, this is expressed in the form of noncommutativity of
Hermitian operators representing quantum observables, this point was presented already
in the pioneer works of Griffiths [16, 20] defending quantum locality.
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by showing that the Bell model contradicts not only to the quantum
formalism, but also to the basic feature of the quantum physical world,
the quantum postulate.

During his life Bohr presented a variety of versions of the com-
plementarity principle. In papers [12, 14, 34], I expressed my vision
on Bohr’s ideas as the block of sub-principles (see section 7). I think
that such a compact formulation of Bohr’s principles is important for
further discussions of the type “Bohr vs. Bell” [12]. Nowadays, the
Bohr complementarity principle is discussed mainly by philosophers,
e.g., in [35, 36, 37]; see, however, e.g., Jaeger at al. [38] for technical
studies.)

We start with the comparative analysis of the views of Einstein,
Podolsky, and Rosen and Bell (sections 2, 3). Typically one consid-
ers Bell as the follower of EPR and claims that the Bell inequality is
straightforwardly related to the EPR-pradox. It seems that this view-
point is misleading. Then we point (section 4) that by considering
Bell’s hidden variables model, one struggles against the complemen-
tarity principle and consequently against the existence of the Planck
quantum of action.

Now, I shortly remind the stages of my struggle with quantum
nonlocality. In [10], it is was shown that violation of Bell-type in-
equalities can be mathematically formulated in terms of commutators
of local observables. By quantum theory noncommutative observables
are known as incompatible. Thus, violation of Bell’s inequality is a
consequence of the Bohr’s complementarity principle. Therefore, even
formulation of the Bell’s model with hidden variables contradicts to
the basic principles of QM. This was the output of paper [10]. How-
ever, in principle, one still can say: What is the matter? May be
we can violate these basic principles of QM and even abandon the
mathematical formalism of QM. (Of course, in the light of tremen-
dous success of quantum theory such a position is very shaky.) In this
note, we show that by abandoning the complementarity and uncer-
tainty principles, one confronts with the most fundamental feature of
quantum world, the existence of indivisible quantum of action h.

2 EPR

We start from the commonly forgotten historical fact that the EPR
paper was directed against the Copenhagen interpretation of the wave
function [15]. Since this interpretation has many versions (Plotnitsky
even proposed to speak about interpretations in the spirit of Copen-
hagen [35, 36]), it is important to specify the EPR treatment of this
interpretation.
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Copenhagen interpretation (EPR) Wave function (quantum
state) ψ represents the state of an individual quantum system.

It is important to stress that “state” is interpreted epistemically as
representing knowledge about possible outcomes of measurements on
the system in the state ψ. So, ψ is not the ontic state - not the state
of the system as it is, i.e., without relation to external observations.
State’s interpretation in the EPR-paper is very close the modern in-
formation interpretations used in quantum information theory. This
point has not been so much highlighted (see, however, [39, 40]).

By this interpretation the quantum mechanical description based
on the wave function representation of the state of a quantum system
is complete. The complete physical theory is defined as follows [15]:
any element of physical reality have a counterpart in the physical theory.

The EPR-reasoning was based on two basic quantum mechanical princi-
ples:

• reduction of the wave function (the projection postulate) resulting from
measurement’s back-action;

• the Heisenberg uncertainty principle.

The latter was formulated as follows: “It is shown in quantum mechanics
that, if the operators corresponding to two physical quantities, say A and B,
do not commute, AB 6= BA, then the precise knowledge of one of them pre-
cludes such a knowledge of the other. Furthermore, any attempt to determine
the latter experimentally will alter the state of the system in such a way as
to destroy the knowledge of the first.”

EPR showed that the assumption that QM (endowed with the Copen-
hagen interpretation) is a complete theory implies violation of the Heisenberg
uncertainty principle. Since they were sure in validity of this principle, EPR
concluded that the quantum mechanical description of nature is incomplete.

We emphasize that EPR did not question the validity of the Heisenberg
principle (see appendix). If it would be possible to violate this principle, then
assigning to the same system two wave functions which are eigenfunctions
of observables represented by non-commutative operators would not lead to
any problem (see appendix).

Thus, by concluding that “... the wave function does not provide a com-
plete description of the physical reality, we left open the question of whether
or not such a description exists” and believing “...that such a theory is pos-
sible”, they do not dream for a theory violating the Heisenberg’s uncertainty
principle. By reading later works of Einstein we can guess that he wanted
to construct a classical field model underlying QM [41].

We remark that EPR did not question validity of quantum mechanical
description, they were just looking for a more detailed description. But, this
deeper description should respect the basic principles of QM, including the
uncertainty and complementarity principles.
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3 Bell

Although Bell started his paper [2] with referring to the EPR paper as prov-
ing incompleteness of QM, his model with hidden variables has not so much
to do with the EPR-dream for a complete physical theory generalizing QM.
It is surprising that this inconsistency has never been emphasized in nu-
merous papers on Bell’s inequality (see, e.g., Aspect [42, 43]). The main
difference of Bell’s model from the EPR-dream is that his model is in the
striking contradiction with the quantum mechanical description, especially
with the Heisenberg uncertainty principle (see appendix).

Consider Bell’s random variables A(a, λ), B(b, λ) representing observ-
ables of Alice and Bob, respectively. Surprisingly, Bell did not highlighted
that, besides probabilities

pa,b(x, y) = p(A(a, λ) = x,B(b, λ) = y) (1)

for compatible observables, Bell’s model describes probabilities

pa,a′(x1, x2) = p(A(a, λ) = x1, A(a, λ) = x2) (2)

for generally incompatible observables represented by noncommuting opera-
tors. (This problem is especially clear in consideration of CHSH-inequality
[5].) From the very beginning, i.e., without any Bell’s type inequality, this
assumption contradicts to QM-representation of observables and, hence, to
the Heisenberg uncertainty principle (or more generally to the Bohr comple-
mentarity principle).

Of course, Bell may proceed with his special class of subquantum models,
but without identification of the values of his random variables with values of
quantum observables and without identification of “hidden correlations” with
the experimental correlations. (De Broglie emphasized [44] this viewpoint.)
But, Bell wanted experimental verification...

Thus, from the very beginning Bell’s model of hidden variables was de-
signed as contradicting the uncertainty principle. Therefore, it is not sur-
prising that, as was shown in my recent paper [10], violation-satisfaction
of the CHSH-inequality can be formulated in terms of noncommutativity-
commutativity of operators representing local observables of Alice and Bob,
respectively.

4 Crusade against complementarity

The Heisenberg uncertainty principle was the starting point for Bohr’s for-
mulation of the complementarity principle [6]-[8] (see my recent papers [12,
10, 34] for non-philosophers gently presentation of this principle, see also
section 7). Thus, in the light of above consideration, we can say that in fact
Bell’s argument was directed against the Bohr complementarity principle.
This Crusade against complementarity was overshadowed by nonlocality is-
sue. Of course, rejection of the complementarity principle (or the Heisenberg
uncertainty principle) would have similar catastrophic consequences even for
non-compound systems, say a single atom or neutron, as we can see from the
contextuality tests (see, e.g., [45]).
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To discard the Bell model with hidden variables, one need not to derive
inequalities and test them experimentally. Of course, one should believe in
the basic principles of QM. (In the opposite case, she should say explicitly
about this, about her battle against the quantum postulate.) The main
impact of experimental tests [46]-[50] is demonstration that quantum cor-
relations (predicted by QM) are preserved for long distances. The latter
plays the crucial role in quantum engineering. However, correlations preser-
vation can be checked directly without inequalities. Moreover, by operating
with say CHSH-combination of correlations experimenter can miss mutual
compensation of deviations from QM. In Aspect’s pioneer experiment [51],
correlations did not match the quantum prediction, but they mystically com-
pensated each other to violate the Bell inequality (see [52] for discussion).
(In spite of numerous discussions with experimenters, I am still not sure that
data from the basic experiments on say CHSH-inequality is clean from the
mentioned Aspect-type anomaly. Papers typically present only the CHSH-
correlation combination, but not separate correlations for pairs of experi-
mental settings.)

5 Explaining: long distance correla-

tions vs. violation of complementarity

principle

Typically, followers of the Bell argument (that has not so much to do with
the original EPR-argument) say they want to explain the long distance cor-
relations. I think that the essence of the problem is in the word “explain”.

In science, we operate with mathematical models of physical processes.
So, “explain” means “to describe by some mathematical model”. And quan-
tum mathematics, as a mathematical model, describes perfectly the long
distance correlations: entangled states and projection type measurements.
So, it seems that Bell and his followers have something different in mind.

Why was Bell not satisfied with the quantum mechanical description?
From reading Bell, I have the impression that he “simply” wanted to

re-establish realism of classical physics. But, what is the main quantum
barrier for such realism? Everybody knows this very well, this is the Bohr
complementarity principle with starting point at the Heisenberg uncertainty
relation; see Bohr [6], “... an independent reality in the ordinary physical
sense can neither be ascribed to the phenomena nor to the agencies of obser-
vation.” This is clearly stated in the EPR-paper [15]. Bell and his followers
have to say something as following: we want to break the Heisenberg un-
certainty relations. Unfortunately, it was never stated explicitly. Instead,
people operate with such an ambiguous notion as “local realism”.

Suppose somebody, say Alice, questions the Heisenberg uncertainty prin-
ciple. Then, why should she consider compound systems? Does she think
that these principle is violated only for compound systems? It would be
really strange. Thus, before trying to explain the long distance correlations
with the Bell-type hidden variables model, it would be reasonable to try
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explain incompatibility of observables corresponding spin projections to dif-
ferent axes or incompatibility of position and momentum observables.

The main feature of the Bell model with hidden variables, the feature
crying for justification, is violation of the complementarity principle. It is
not so natural to try to“explain” long distance correlations without any
attempt to explain violation of this principle.

6 The root of complementarity: Devil

is in the Planck constant

By starting the anti-complementarity battle, it is useful to remind the foun-
dational roots of complementarity. The Bohr’s complementarity principle
will be discussed in detail in section 7.

For Bohr, the root of the complementarity is the existence of indivisible
quantum of action given by the Planck constant h. The existence of this
quantum prevents separation of the genuine physical features of a system
from the features of interaction with a measurement apparatus. So, the seed
of the Bohr complementarity principle is the Planck constant h.

It is meaningless to start a Crusade against complementarity without
trying to understand the origin of this fundamental quantum of action in
nature. Neither Einstein nor Bell tried to perform such investigation; in
fact, neither Bohr nor Heisenberg, for them this is just the feature of nature
such as, e.g., the constancy of light’s velocity c. And, for the moment, this
position can be considered as the only possible.

7 Bohr’s complementarity principle

In 1949, Bohr [9] presented the essence of complementarity in the following
widely citing statement:

“This crucial point ... implies the impossibility of any sharp separation
between the behavior of atomic objects and the interaction with the measuring
instruments which serve to define the conditions under which the phenom-
ena appear. In fact, the individuality of the typical quantum effects finds its
proper expression in the circumstance that any attempt of subdividing the phe-
nomena will demand a change in the experimental arrangement introducing
new possibilities of interaction between objects and measuring instruments
which in principle cannot be controlled. Consequently, evidence obtained un-
der different experimental conditions cannot be comprehended within a single
picture, but must be regarded as complementary in the sense that only the to-
tality of the phenomena exhausts the possible information about the objects.”

By analyzing this Bohr’s statement, I propose [12, 10, 34] to present the
Bohr complementarity principle as the following five interconnected princi-
ples:

• Contextuality: Irreducible dependence of measurement’s output on
the experimental context.
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• Context complementarity: Existence of complementary experi-
mental contexts.

• Individuality: Discreteness of quantum measurements -generation of
physical phenomena.

• Completeness: Complementary observations provide complete infor-
mation about system’s state.

In this formulation, the complementarity principle can be treated as an epis-
temological principle (see, especially, paper [34] on coupling to quantum
information theory).

8 Concluding remarks

The ontological seed of the complementarity principle is the quantum pos-
tulate. Therefore rejection of complementarity, as was done by Bell in his
model with hidden variables, is impossible without rejection of the existence
of indivisible quantum of action. By rejection of the latter, we would cast
away all physical achievements of 20th century and confront again the prob-
lem of black body radiation.

Appendix: EPR vs. Bell in relation to

Heisenberg’s uncertainty principle

As was emphasized already in the abstract of EPR-paper [15], EPR did not
question Heisenberg’s uncertainty principle:

“In quantum mechanics in the case of two physical quantities described
by non-commuting operators, the knowledge of one precludes the knowledge
of the other. Then either (1) the description of reality given by the wave
function in quantum mechanics is not complete or (2) these two quantities
cannot have simultaneous reality. Consideration of the problem of making
predictions concerning a system on the basis of measurements made on an-
other system that had previously interacted with it leads to the result that
if (1) is false then (2) is also false. One is thus led to conclude that the
description of reality as given by a wave function is not complete.”

It is clear that EPR cannot even imagine that (2), i.e., Heisenberg’s un-
certainty principle, is false. For them, it was clear that these two quantities
(incompatible observables) cannot have simultaneous reality. In Bell’s model
with hidden variables, quantities A(a, λ) and A(a′, λ) have simultaneous re-
ality. (Here a and a′ are orientations of Alice’s beam splitter.) One may
say that this Bellian reality, a part of local realism, differs from EPR-reality,
“the possibility of predicting it with certainty, without disturbing the system.”
One may say that EPR wrote about experimental predictions, but generally
A(a, λ) and A(a′, λ) are components of some mathematical model, just a pos-
sible human image of a causal subquantum model. This is the good point.
But, Bell did not proceed in this way. He simply identified the values of
random variables of hidden variables with outcomes of quantum observables,
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the real physical observables. The latter couples of Bellian (hidden variables)
reality with the EPR (outcome prediction) reality. So, Bell’s introduction
of hidden variables contradicts even the statement in the abstract of the
EPR-paper ...

Finally, I remind that this viewpoint was presented a long ago by De
Broglie as his reaction to Bell’s inequality [44].
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