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Louis Marchan*

Département de chimie, biochimie et physique, Université du Québec, Canada

Introduction

Quantum mechanics is one of the most fundamental theories
in physics, governing the behavior of particles at the
smallest scales—atoms and subatomic particles. Despite its
remarkable success in explaining various phenomena, the
theory's interpretation remains one of the most debated topics
in modern science. Quantum mechanics introduces concepts
that challenge our classical understanding of reality, such as
wave-particle duality, superposition, and entanglement. To
make sense of these counterintuitive notions, scientists have
proposed various interpretations of quantum mechanics, each
offering a different perspective on the nature of the quantum
world. In this article, we explore some of the most prominent
interpretations [1].

The Copenhagen interpretation, developed by Niels Bohr and
Werner Heisenberg in the 1920s, is one of the oldest and most
widely taught interpretations of quantum mechanics. It asserts
that quantum systems do not have definite properties until
they are measured. Before measurement, a quantum particle
exists in a superposition of all possible states, described by a
wavefunction. When measured, the wavefunction "collapses"
to a single state, and only then does the particle assume a
definite position, momentum, or other property [2].

In this view, the act of measurement plays a crucial role in
determining reality. However, the Copenhagen interpretation
raises philosophical questions about the nature of measurement
and whether reality exists independently of observers. Despite
its ambiguities, the Copenhagen interpretation is favored for
its practical utility and alignment with experimental results

[3].

The Many-Worlds Interpretation (MWI), proposed by Hugh
Everett III in 1957, provides a radical departure from the
Copenhagen interpretation. Instead of wavefunction collapse,
MWI suggests that every possible outcome of a quantum
measurement occurs, but in separate, parallel universes. In
this view, reality "branches" into multiple universes whenever
a quantum event takes place, with each branch representing a
different outcome [4].

For example, if a quantum particle is in a superposition of being
in two locations, when measured, the universe splits into two:
in one universe, the particle is observed in one location, and
in the other, it appears in the second location. All possibilities
coexist in a vast multiverse, but observers in each universe are
only aware of the outcome in their own branch [5].

While MWI eliminates the need for wavefunction collapse,
it introduces the concept of an ever-expanding multiverse,
which some physicists find philosophically troubling or
untestable. Nonetheless, it offers an appealing solution to the
problem of measurement without invoking any special role for
observers [6].

The Pilot-Wave Theory, also known as the De Broglie-
Bohm interpretation, is a deterministic approach to quantum
mechanics. Originally proposed by Louis de Broglie in
1927 and later refined by David Bohm in the 1950s, this
interpretation suggests that particles are guided by a "pilot
wave" that determines their motion. According to this view,
particles have definite positions and velocities at all times,
even when they are not being observed. The pilot wave,
described by the Schrodinger equation, directs the particle's
trajectory through space [7].

Objective collapse theories, such as the Ghirardi-Rimini-
Weber (GRW) model, propose that wavefunction collapse
occurs spontaneously, without the need for an observer or
measurement. According to these theories, quantum systems
remain in superposition for only a limited time, after which the
wavefunction collapses on its own. This collapse is random
and occurs independently of any external observation [8].

Objective collapse theories aim to address the measurement
problem in quantum mechanics by providing a physical
mechanism for wavefunction collapse. They suggest that
collapse is a natural process that occurs on a specific timescale,
depending on the size or complexity of the system. While
these theories offer a straightforward explanation for why
we observe definite outcomes, they face challenges in being
experimentally verified [9].

Quantum Bayesianism, or QBism, is an interpretation of
quantum mechanics that emphasizes the role of the observer's
subjective knowledge in understanding quantum systems.
According to QBism, the wavefunction does not represent the
physical state of a quantum system but rather the observer's
beliefs or information about the system. In this view, quantum
probabilities are a reflection of the observer's uncertainty rather
than objective properties of the system.QBism draws from
Bayesian probability theory, where probabilities represent
degrees of belief based on prior knowledge. When an observer
makes a measurement, they update their knowledge based on
the outcome, but the wavefunction itself is not seen as a real,
physical entity. While QBism sidesteps some of the paradoxes
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associated with wavefunction collapse, it also shifts the
focus away from objective reality and towards the subjective
experiences of observers [10].

Conclusion

Quantum mechanics remains one of the most successful yet
enigmatic theories in science. Each interpretation of quantum
mechanics offers a different perspective on how we should
understand the strange and counterintuitive phenomena it
describes. The Copenhagen interpretation emphasizes the role
of measurement, the Many-Worlds Interpretation envisions
a multiverse, the Pilot-Wave Theory revives determinism,
objective collapse theories propose a physical collapse
mechanism, and QBism focuses on subjective knowledge.
None of these interpretations has been conclusively proven,
leaving the true nature of reality open to further exploration
and debate.The diversity of interpretations reflects the deep
philosophical challenges posed by quantum mechanics, and it
is likely that the debate over these interpretations will continue
as physicists work toward a more complete understanding of
the quantum world.
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