Revisitation Of Mathematical Notions Of
Quantum Physics

Quantum physics is a fascinating field that continues to challenge our
understanding of the universe. It deals with the behavior of matter and energy at

the smallest scales, where classical physics laws no longer hold true. At the heart
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of quantum physics lies a set of mathematical notions that provide a framework

for describing and predicting the behavior of particles and waves.

to Quantum Physics

In the early 20th century, physicists such as Max Planck and Albert Einstein
revolutionized the field of physics by discovering the quantized nature of energy.
Planck introduced the concept of energy quantization to explain the black body
radiation problem, while Einstein proposed the notion of light being composed of
discrete particles called photons. These groundbreaking discoveries laid the

foundation for quantum physics.
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The mathematical framework used in quantum physics is primarily based on

linear algebra and functional analysis. It involves the use of complex numbers,
matrices, and vector spaces to describe the state of quantum systems and their

evolution over time.

The Wave-Particle Duality

One of the fundamental concepts in quantum physics is the wave-particle duality.

According to this principle, particles such as electrons and photons can exhibit
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both wave-like and particle-like properties, depending on how they are observed

or measured.

This duality is described mathematically using wave functions, which are
mathematical representations of the probability amplitudes associated with
different states of a quantum system. The wave function can be thought of as a
mathematical description of the particle's behavior, allowing us to calculate the

probabilities of different outcomes when measurements are made.

Operators and Observables

In quantum physics, observables are physical quantities that can be measured,
such as position, momentum, and energy. These observables are represented
mathematically by operators, which act on the wave function to give the

corresponding measurement values.

Mathematically, operators are represented by matrices, and their eigenvalues and
eigenvectors correspond to the measurable values and states of the observables.
The measurement process in quantum physics involves projecting the wave
function onto the eigenstates of the operator, yielding a particular observable

value.

The Uncertainty Principle

One of the most intriguing aspects of quantum physics is the uncertainty
principle, formulated by Werner Heisenberg. This principle states that there is a
fundamental limit to the precision with which pairs of complementary observables,

such as position and momentum, can be known simultaneously.

The uncertainty principle arises mathematically from the non-commutativity of

certain pairs of operators. Mathematically, two operators A and B do not commute



if their commutator, [A, B], does not equal zero. The uncertainty principle places a
constraint on how accurately these non-commuting observables can be

measured simultaneously.

Quantum Entanglement and Superposition

Quantum entanglement and superposition are two phenomena that defy classical

physics and have profound implications for quantum physics.

Quantum entanglement refers to the phenomenon where two or more particles
become inseparably linked, even when they are separated by vast distances. The
entangled particles share a correlation that cannot be explained by classical
physics, and changes in one particle instantaneously affect the other, regardless

of the distance between them.

Superposition, on the other hand, refers to the ability of quantum systems to exist
in multiple states simultaneously. Unlike classical systems, which can only be in
one well-defined state at a given time, quantum systems can be in a
superposition of different states. This property is crucial for quantum computing

and quantum information processing.

Mathematical notions are essential for understanding and describing the complex
behaviors observed in quantum physics. The concepts discussed in this article
scratch the surface of a vast and intriguing field of study that has revolutionized

our understanding of the universe.

As researchers continue to explore, revisit, and refine these mathematical notions
of quantum physics, we can expect even more profound insights and applications

in the future.
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Gauge Field theory in Natural Geometric Language addresses the need to clarify
basic mathematical concepts at the crossroad between gravitation and quantum
physics. Selected mathematical and theoretical topics are exposed within a brief,
integrated approach that exploits standard and non-standard notions, as well as
recent advances, in a natural geometric language in which the role of structure
groups can be regarded as secondary even in the treatment of the

gauge fields themselves.

In proposing an original bridge between physics and mathematics, this text will
appeal not only to mathematicians who wish to understand some of the basic
ideas involved in quantum particle physics, but also to physicists who are not

satisfied with the usual mathematical presentations of their field.
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