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Foreword

Statistical mechanics provides general methods to study properties of sys-
tems composed of a large number of particles. It establishes general for-
mulas connecting physical parameters to various physical quantities. When
parameters of a system such as interaction between particles and temper-
ature are known, one can deduce its macroscopic properties. In general,
microscopic mechanisms leading to interactions are provided by guantum
mechanics. The combination of statistical mechanics and quantum me-
chanics has provided an understanding of properties of matter leading to
spectacular technological innovations and discoveries which have radically
changed our daily life since the sixties.

This book is based on the author’s lectures for students of the third year
of the Bachelor’s degree in Physics. The second part of the book treats se-
lected advanced subjects taught at the Master’s level. In each chapter,
fundamental notions and techniques are presented and followed by appli-
cations chosen among frequently encountered phenomena. Demonstrations
leading to main results are given in details.

In the first part, after an introduction of basic definitions and mathemat-
ical tools (chapter 1), the book covers the foundation of statistical physics
at equilibrium: starting from the fundamental postulate, the book deals
with systems under various situations going from isolated systems (chapter
2) and systems maintained at a constant temperature (chapter 3) to open
systems (chapter 4). The main properties of free fermions (chapter 5) and
free bosons (chapter 6) are studied to a great extent. The first part ends
with chapter 7 where the method of second quantization is shown. This
method, though conceptually more abstract than the Schrodinger equation,
is technically less cumbersome to handle, and is very useful in the study of
weakly interacting many-particle systems. A large number of applications
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of this method is found in the remaining chapters.

In the second part, advanced techniques and applications in condensed
matter are presented. Selected topics in condensed matter include vibra-
tions of atoms in crystals, conducting electrons in metals and supercon-
ductors, band structures in semiconductors, and magnetic properties of
materials. Statistical physics contributes with quantum mechanics to the
success of these fields in the last fifty years. In chapter 8 the crystalline
symmetry is presented with all necessary notions for studying properties of
electrons and atoms in crystals. In chapter 9 systems of interacting atoms
in crystals are considered. QQuantized atom vibrations are called phonons
which dominate thermodynamic properties of solids. Systems of interacting
conducting electrons are studied in chapter 10 along with general properties
of Fermi liquids. The origin of energy bands of electrons in semiconductors
is shown in chapter 11. Conducting electrons are at the heart of charge and
spin transport phenomena with an enormous number of applications. The
spin carried by an electron plays thus a very important role in condensed
matter physics. Magnetic properties due to spins cannot be separated from
other properties of matter. Note that systems of interacting spins con-
stitute one of the most important subjects in statistical physics. They
are studied in chapter 12 where collective excitations, called spin waves
or magnons, are shown in details. The abundance of magnetic materials,
natural or artificial compounds, provides an inexhaustible source of appli-
cations. Chapter 13 deals with the phase transition in spin systems where
basic notions such as symmetry breaking and universality class are intro-
duced. The mean-field approximation and the Landau-Ginzburg theory for
second-order phase transitions are presented. The concept of the renormal-
ization group is described. In chapter 14, the Ginzburg-Landau theory for
the superconductivity is developed to explain properties of type I and type
IT superconductors. The microscopic Bardeen-Cooper-Schrieffer theory for
conventional superconductors is presented in details in this chapter. The
second part of the book ends with chapter 15 where basic notions on sys-
tems out of equilibrinm and the Boltzmann’s equation are introduced. As
applications of the Boltzmann’s equation, properties of electron transport
in metals and semiconductors are studied to a great extent.

In the third part of the book, solutions of problems are given. These
problems are conceived for self-training and to help the reader discover new
related phenomena which are complementary to the lectures.

H. T. Diep, Professor of Physics, University of Cergy-Pontoise, France.
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Problem 6.
Problem 7.
Problem 8.

Reciprocal lattice of a triangular lattice

Honeycomb lattice

Face-centered cubic lattice - Body-centered cubic lattice
Chain of two types of atom

Periodic potential

Fourier transform of the Coulomb potential

Fourier analysis

Structure factors

Problems of chapter 9: Interacting Atoms in Crystals - Phonons

Problem 1.
Problem 2.
Problem 3.
Problem 4.
Problem 5.

Demonstration of (9.36)

Chain of two types of atoms

Interaction between next nearest neighbors in a chain
Chain of two types of distance

Phonons in a rectangular lattice
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Problem 6. Phonons in a simple cubic lattice

Problem 7. Density of modes in a square lattice

Problem 8. Energy and specific heat at finite temperatures
Problem 9. Phonons in a chain with long-range interaction
Problem 10. Phonons and melting

Problems of chapter 10: Systems of Interacting Electrons - Fermi Liqg-
uids

Problem 1. System of two electrons - Fermi hole

Problem 2. Screened Coulomb potential, Thomas-Fermi approximation
Problem 3. Hartree-Fock approximation

Problem 4. Paramagnetic-ferromagnetic transition in an electron gas
Problem 5. Gas of interacting fermions in second quantization
Problem 6. Fermion gas as a function of density

Problems of chapter 11: Electrons in Crystalline Solids - Energy Bands

Problem 1. Perturbation near the boundary of a Brillouin zone
Problem 2. Electrons in a square lattice

Problem 3. Electrons in a rectangular lattice

Problem 4. Energy band in the Kronig-Penney potential model
Problem 5. Tight-binding approximation in one dimension

Problem 6. Tight-binding approximation in a square lattice

Problem 7. Tight-binding approximation in a face-centered cubic lattice

Problems of chapter 12: Systems of Interacting Spins - Magnons

Problem 1. Ground-state spin configuration of a chain of Ising spins
Problem 2. Chain of Heisenberg spins

Problem 3. Commutation relations

Problem 4. Heisenberg model in two dimensions

Problem 5. Magnon-phonon interaction

Problem 6. Magnons in antiferromagnets

Problem 7. Properties at low temperatures of antiferromagnets
Problem 8. Magnons in helimagnets

Problem 9. Triangular antiferromagnet

Problem 10. Villain’s model

Problems of chapter 13: Systems of Interacting Spins - Phase Transi-
tions

Problem 1. Ising spin model in the mean-field approximation



Problem 2.
Problem 3.
Problem 4.
Problem 5.
Problem 6.
Problem 7.
Problem 8.
Problem 9.

List of Problems

Next-nearest-neighbor interaction in a centered cubic lattice
Next-nearest-neighbor interaction in a square lattice
System of two spins

Improved mean-field approximation: Bethe’s approximation
Chain of Ising spins by micro-canonical method

Chain of Ising spins by canonical method

Mean-field approximation for antiferromagnets
Ferrimagnets by mean-field theory

Problem 10. Chain of Ising spins by exact method

Problems of chapter 14: Superconductivity

Problem 1.
Problem 2.
Problem 3.
Problem 4.
Problem 5.

Demonstration of Ginzburg-Landau Eqgs. (14.13) and (14.14)
Current density J: gauge-invariance

Theory of Gorter-Casimir

Energy of a vortex

Electron gas in a strong magnetic field: Landau’s levels

Problems of chapter 15: Transport in Metals and Semiconductors

Problem 1.
Problem 2.
Problem 3.
Problem 4.
Problem 5.
Problem 6.
Problem 7.
Problem 8.
Problem 9.

Effect of magnetic field: Demonstration of Eq. (15.24)
Electrons in a strong electric field: an approximation
Semiconductors: effect of temperature on conductivity
Semiconductor: effect of magnetic field on the gap
Effect of doping in semiconductors

Swallow impurity states in semiconductors
Recombinations in semiconductors

Dielectric relaxation

Polarized p — n junction: direct current

Problem 10. Transport in a superlattice
Problem 11. Hall effect - Magnetoresistance



