Exploring the Fascinating World of the Dirac
Equation in Condensed Matter

Springer Series in Solid-State Sciences 187

Shun-Qing Shen

Topological

Insulators

Dirac Equation in Condensed Matter

Second Edition

@ Springer

The Dirac equation, originally formulated by Paul Dirac in 1928, revolutionized
our understanding of quantum mechanics and the behavior of particles. It
provided a mathematical description of relativistic electrons in free space and

predicted the existence of antimatter. Over the years, this equation has found
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numerous applications in various fields of physics, including condensed matter

physics.
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What is Condensed Matter Physics?

Condensed matter physics is a branch of physics that explores the physical
properties of solids and liquids. Understanding the behavior of particles in
condensed matter is crucial for developing technologies ranging from
superconductivity and semiconductors to magnets and lasers. The Dirac equation
plays a crucial role in describing the behavior of electrons in condensed matter

systems.

The Dirac Equation and Solid State Sciences

In 187, the book "Dirac Equation in Condensed Matter" was published by
Springer as a part of their Solid State Sciences series. This publication focuses
on the application of the Dirac equation to investigate electronic properties in
condensed matter systems. The book covers a wide range of topics, including

topological insulators, graphene, and quantum Hall effect.
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Exploring Topological Insulators

One of the fascinating topics covered in the book is topological insulators. These
materials are characterized by their unique electronic properties, where the
interior is an insulator while the surface conducts electricity. The Dirac equation
provides a powerful framework to study the physics of topological insulators and

understand their exotic phenomena.

Understanding Graphene with the Dirac Equation

Graphene, a single layer of carbon atoms arranged in a hexagonal lattice, has

gained immense attention due to its extraordinary properties. The Dirac equation
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accurately describes the behavior of electrons in graphene, leading to the
discovery of novel phenomena such as the half-integer quantum Hall effect and

massless Dirac fermions.
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Unraveling the Quantum Hall Effect

The quantum Hall effect, a phenomenon arising in 2D electron systems under

strong magnetic fields, is another area where the Dirac equation finds application.
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The equation provides a theoretical foundation to comprehend the quantization of

Hall conductivity and the emergence of Landau levels.

The Dirac equation in condensed matter physics is a captivating field that has
opened doors to exploring various exotic phenomena in materials. The
publication of "Dirac Equation in Condensed Matter" by Springer in their Solid
State Sciences series further emphasizes the importance of the Dirac equation in
understanding the behavior of electrons in condensed matter systems. Whether
it's unraveling the mysteries of topological insulators, studying the unique
properties of graphene, or investigating the quantum Hall effect, the Dirac

equation continues to shape our understanding of condensed matter physics.

About the Author

John Doe is a physicist with a passion for condensed matter physics and
quantum mechanics. He has published several articles exploring the applications

of the Dirac equation in various fields of physics.
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This new edition presents a unified description of these insulators from one to
three dimensions based on the modified Dirac equation. It derives a series of
solutions of the bound states near the boundary, and describes the current status
of these solutions. Readers are introduced to topological invariants and their
applications to a variety of systems from one-dimensional polyacetylene, to two-
dimensional quantum spin Hall effect and p-wave superconductors, three-
dimensional topological insulators and superconductors or superfluids, and
topological Weyl semimetals, helping them to better understand this fascinating
field.

To reflect research advances in topological insulators, several parts of the book
have been updated for the second edition, including: Spin-Triplet
Superconductors, Superconductivity in Doped Topological Insulators, Detection of
Majorana Fermions and so on. In particular, the book features a new chapter on
Weyl semimetals, a topic that has attracted considerable attention and has

already become a new hotpot of research in the community.
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