
The Journey: From Classical Mechanics to
Quantum Field Theory Tutorial
Have you ever wondered how our understanding of the physical world has
evolved over time? From the elegant simplicity of classical mechanics to the
mind-boggling complexities of quantum field theory, the journey has been nothing
short of extraordinary.

: The Foundation of Classical Mechanics

Classical mechanics, developed by Isaac Newton in the 17th century, formed the
bedrock of our understanding of motion and the laws governing it. Newton's three
laws revolutionized the world and allowed us to predict the behavior of objects in
motion.

But as time went on, scientists began to unravel the limitations of classical
mechanics. Researchers were perplexed by the behavior of light and the tiny
particles that make up matter. Something beyond classical mechanics was
needed to explain these phenomena.
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2. The Birth of Quantum Mechanics

In the early 20th century, quantum mechanics emerged as a groundbreaking
theory that challenged the foundations of classical mechanics. Quantum
mechanics introduced the concept of wave-particle duality and uncertainty,
showcasing that particles and waves could exhibit both wave-like and particle-like
properties.

The pioneering work of scientists like Max Planck, Albert Einstein, Niels Bohr, and
Erwin Schrödinger laid the groundwork for understanding the behavior of atoms
and subatomic particles. Quantum mechanics brought us closer to unlocking the
mysteries of the universe at its most fundamental level. However, it was just the
beginning.

3. The Quantum Field Theory Revolution

As physicists delved deeper into the intricacies of quantum mechanics, they
discovered that the interactions between particles required a new framework -
quantum field theory (QFT).

Quantum field theory allowed scientists to unify quantum mechanics with special
relativity, paving the way for a better understanding of the fundamental forces
governing the universe. Unlike classical mechanics, which treats particles as
point-like objects, QFT describes particles as localized excitations of a field.

The three fundamental forces, electromagnetism, the weak nuclear force, and the
strong nuclear force, were successfully integrated into a single mathematical
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framework known as the Standard Model. This achievement was a massive step
toward unifying all known forces in the universe.

4. The Standard Model and Beyond

The Standard Model of particle physics describes the behavior and interactions of
all known elementary particles. It has been incredibly successful in predicting the
outcomes of experiments, most notably the discovery of the Higgs boson at the
Large Hadron Collider.

However, the Standard Model has its limitations. It does not include gravity, and
several phenomena like dark matter and dark energy remain unexplained.
Physicists are actively pursuing theories beyond the Standard Model, such as
supersymmetry and string theory, in the quest for a more comprehensive
understanding of the universe.

5. s: A Never-Ending Journey

From the simple elegance of classical mechanics to the mind-bending intricacies
of quantum field theory, our understanding of the physical world has evolved
significantly. Each new discovery opens doors to further exploration and raises
more questions.

As we delve deeper into the mysteries of the universe, we continue to push the
boundaries of our knowledge. The journey from classical mechanics to quantum
field theory is an ongoing endeavor, and future breakthroughs await us, revealing
the hidden secrets of the cosmos.
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This book collects an extended version of the lectures delivered by the authors at
the Fall Workshop on Geometry and Physics in the years 2014, 2015, 2016.It
aims at introducing advanced graduate and PhD students, as well as young
researchers, to current research in mathematics and physics. In particular, it fills
the gap between the more physical-oriented and the more mathematical-oriented
literature on quantum theory. It introduces various approaches to methods of
quantization, along with their impact on modern mathematical methods.
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