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Exercise problems in each chapter.
This 2006 textbook discusses the fundamentals and applications of statistical
thermodynamics for beginning graduate students in the physical and engineering
sciences. Building on the prototypical Maxwell–Boltzmann method and maintaining a
step-by-step development of the subject, this book assumes the reader has no previous
exposure to statistics, quantum mechanics or spectroscopy. The book begins with the
essentials of statistical thermodynamics, pauses to recover needed knowledge from
quantum mechanics and spectroscopy, and then moves on to applications involving
ideal gases, the solid state and radiation. A full introduction to kinetic theory is provided,
including its applications to transport phenomena and chemical kinetics. A highlight of
the textbook is its discussion of modern applications, such as laser-based diagnostics.
The book concludes with a thorough presentation of the ensemble method, featuring its
use for real gases. Numerous examples and prompted homework problems enrich the
text.
A groundbreaking text and reference book on twenty-first-century classical physics and
its applications This first-year graduate-level text and reference book covers the
fundamental concepts and twenty-first-century applications of six major areas of
classical physics that every masters- or PhD-level physicist should be exposed to, but
often isn't: statistical physics, optics (waves of all sorts), elastodynamics, fluid
mechanics, plasma physics, and special and general relativity and cosmology. Growing
out of a full-year course that the eminent researchers Kip Thorne and Roger Blandford
taught at Caltech for almost three decades, this book is designed to broaden the
training of physicists. Its six main topical sections are also designed so they can be
used in separate courses, and the book provides an invaluable reference for
researchers. Presents all the major fields of classical physics except three
prerequisites: classical mechanics, electromagnetism, and elementary thermodynamics
Elucidates the interconnections between diverse fields and explains their shared
concepts and tools Focuses on fundamental concepts and modern, real-world
applications Takes applications from fundamental, experimental, and applied physics;
astrophysics and cosmology; geophysics, oceanography, and meteorology; biophysics
and chemical physics; engineering and optical science and technology; and information
science and technology Emphasizes the quantum roots of classical physics and how to
use quantum techniques to elucidate classical concepts or simplify classical
calculations Features hundreds of color figures, some five hundred exercises, extensive
cross-references, and a detailed index An online illustration package is available
From the reviews: "This book excels by its variety of modern examples in solid state
physics, magnetism, elementary particle physics [...] I can recommend it strongly as a
valuable source, especially to those who are teaching basic statistical physics at our
universities." Physicalia
A completely revised edition that combines a comprehensive coverage of statistical and
thermal physics with enhanced computational tools, accessibility, and active learning
activities to meet the needs of today's students and educators This revised and
expanded edition of Statistical and Thermal Physics introduces students to the
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essential ideas and techniques used in many areas of contemporary physics. Ready-torun programs help make the many abstract concepts concrete. The text requires only a
background in introductory mechanics and some basic ideas of quantum theory,
discussing material typically found in undergraduate texts as well as topics such as
fluids, critical phenomena, and computational techniques, which serve as a natural
bridge to graduate study. Completely revised to be more accessible to students
Encourages active reading with guided problems tied to the text Updated open source
programs available in Java, Python, and JavaScript Integrates Monte Carlo and
molecular dynamics simulations and other numerical techniques Self-contained
introductions to thermodynamics and probability, including Bayes' theorem A fuller
discussion of magnetism and the Ising model than other undergraduate texts Treats
ideal classical and quantum gases within a uniform framework Features a new chapter
on transport coefficients and linear response theory Draws on findings from
contemporary research Solutions manual (available only to instructors)
This is a textbook for the standard undergraduate-level course in thermal physics. The
book explores applications to engineering, chemistry, biology, geology, atmospheric
science, astrophysics, cosmology, and everyday life.
The Manchester Physics Series General Editors: D. J. Sandiford; F. Mandl; A. C.
Phillips Department of Physics and Astronomy, University of Manchester Properties of
Matter B. H. Flowers and E. Mendoza Optics Second Edition F. G. Smith and J. H.
Thomson Statistical Physics Second Edition E. Mandl Electromagnetism Second
Edition I. S. Grant and W. R. Phillips Statistics R. J. Barlow Solid State Physics Second
Edition J. R. Hook and H. E. Hall Quantum Mechanics F. Mandl Particle Physics
Second Edition B. R. Martin and G. Shaw The Physics of Stars Second Edition A. C.
Phillips Computing for Scientists R. J. Barlow and A. R. Barnett Statistical Physics,
Second Edition develops a unified treatment of statistical mechanics and
thermodynamics, which emphasises the statistical nature of the laws of
thermodynamics and the atomic nature of matter. Prominence is given to the Gibbs
distribution, leading to a simple treatment of quantum statistics and of chemical
reactions. Undergraduate students of physics and related sciences will find this a
stimulating account of the basic physics and its applications. Only an elementary
knowledge of kinetic theory and atomic physics, as well as the rudiments of quantum
theory, are presupposed for an understanding of this book. Statistical Physics, Second
Edition features: A fully integrated treatment of thermodynamics and statistical
mechanics. A flow diagram allowing topics to be studied in different orders or omitted
altogether. Optional "starred" and highlighted sections containing more advanced and
specialised material for the more ambitious reader. Sets of problems at the end of each
chapter to help student understanding. Hints for solving the problems are given in an
Appendix.
In a certain sense this book has been twenty-five years in the writing, since I first
struggled with the foundations of the subject as a graduate student. It has taken that
long to develop a deep appreciation of what Gibbs was attempting to convey to us near
the end of his life and to understand fully the same ideas as resurrected by E.T. Jaynes
much later. Many classes of students were destined to help me sharpen these thoughts
before I finally felt confident that, for me at least, the foundations of the subject had
been clarified sufficiently. More than anything, this work strives to address the following
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questions: What is statistical mechanics? Why is this approach so extraordinarily
effective in describing bulk matter in terms of its constituents? The response given here
is in the form of a very definite point of view-the principle of maximum entropy (PME).
There have been earlier attempts to approach the subject in this way, to be sure,
reflected in the books by Tribus [Thermostat ics and Thermodynamics, Van Nostrand,
1961], Baierlein [Atoms and Information Theory, Freeman, 1971], and Hobson
[Concepts in Statistical Mechanics, Gordon and Breach, 1971].

Basic concepts and notions explained in a simple way A large number of solved
examples provided Self-contained mathematical tools provided to understand
concepts of statistical physics
Statistical Mechanics: Fundamentals and Model Solutions, Second Edition Fully
updated throughout and with new chapters on the Mayer expansion for classical
gases and on cluster expansion for lattice models, this new edition of Statistical
Mechanics: Fundamentals and Model Solutions provides a comprehensive
introduction to equilibrium statistical mechanics for advanced undergraduate and
graduate students of mathematics and physics. The author presents a fresh
approach to the subject, setting out the basic assumptions clearly and
emphasizing the importance of the thermodynamic limit and the role of convexity.
With problems and solutions, the book clearly explains the role of models for
physical systems, and discusses and solves various models. An understanding of
these models is of increasing importance as they have proved to have
applications in many areas of mathematics and physics. Features Updated
throughout with new content from the field An established and well-loved
textbook Contains new problems and solutions for further learning opportunity
Author Professor Teunis C. Dorlas is at the Dublin Institute for Advanced Studies,
Ireland.
This introductory textbook for standard undergraduate courses in
thermodynamics has been completely rewritten to explore a greater number of
topics, more clearly and concisely. Starting with an overview of important
quantum behaviours, the book teaches students how to calculate probabilities in
order to provide a firm foundation for later chapters. It introduces the ideas of
classical thermodynamics and explores them both in general and as they are
applied to specific processes and interactions. The remainder of the book deals
with statistical mechanics. Each topic ends with a boxed summary of ideas and
results, and every chapter contains numerous homework problems, covering a
broad range of difficulties. Answers are given to odd-numbered problems, and
solutions to even-numbered problems are available to instructors at
www.cambridge.org/9781107694927.
The original work by M.D. Sturge has been updated and expanded to include
new chapters covering non-equilibrium and biological systems. This second
edition re-organizes the material in a more natural manner into four parts that
continues to assume no previous knowledge of thermodynamics. The four
divisions of the material introduce the subject inductively and rigorously,
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beginning with key concepts of equilibrium thermodynamics such as heat,
temperature and entropy. The second division focuses on the fundamentals of
modern thermodynamics: free energy, chemical potential and the partition
function. The second half of the book is then designed with the flexibility to meet
the needs of both the instructor and the students, with a third section focused on
the different types of gases: ideal, Fermi-Dirac, Bose-Einstein, Black Body
Radiation and the Photon gases. In the fourth and final division of the book,
modern thermostatistical applications are addressed: semiconductors, phase
transitions, transport processes, and finally the new chapters on non-equilibrium
and biological systems. Key Features: Provides the most readable, thorough
introduction to statistical physics and thermodynamics, with magnetic, atomic,
and electrical systems addressed alongside development of fundamental topics
at a non-rigorous mathematical level Includes brand-new chapters on biological
and chemical systems and non-equilibrium thermodynamics, as well as extensive
new examples from soft condensed matter and correction of typos from the prior
edition Incorporates new numerical and simulation exercises throughout the book
Adds more worked examples, problems, and exercises
This book traces the history of the concept of work from its earliest stages and
shows that its further formalization leads to equilibrium principle and to the
principle of virtual works, and so pointing the way ahead for future research and
applications. The idea that something remains constant in a machine operation is
very old and has been expressed by many mathematicians and philosophers
such as, for instance, Aristotle. Thus, a concept of energy developed. Another
important idea in machine operation is Archimedes' lever principle. In modern
times the concept of work is analyzed in the context of applied mechanics mainly
in Lazare Carnot mechanics and the mechanics of the new generation of
polytechnical engineers like Navier, Coriolis and Poncelet. In this context the
word "work" is finally adopted. These engineers are also responsible for the
incorporation of the concept of work into the discipline of economics when they
endeavoured to combine the study of the work of machines and men together.
Four-part treatment covers principles of quantum statistical mechanics, systems
composed of independent molecules or other independent subsystems, and
systems of interacting molecules, concluding with a consideration of quantum
statistics.
This textbook facilitates students’ ability to apply fundamental principles and
concepts in classical thermodynamics to solve challenging problems relevant to
industry and everyday life. It also introduces the reader to the fundamentals of
statistical mechanics, including understanding how the microscopic properties of
atoms and molecules, and their associated intermolecular interactions, can be
accounted for to calculate various average properties of macroscopic systems.
The author emphasizes application of the fundamental principles outlined above
to the calculation of a variety of thermodynamic properties, to the estimation of
conversion efficiencies for work production by heat interactions, and to the
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solution of practical thermodynamic problems related to the behavior of non-ideal
pure fluids and fluid mixtures, including phase equilibria and chemical reaction
equilibria. The book contains detailed solutions to many challenging sample
problems in classical thermodynamics and statistical mechanics that will help the
reader crystallize the material taught. Class-tested and perfected over 30 years
of use by nine-time Best Teaching Award recipient Professor Daniel Blankschtein
of the Department of Chemical Engineering at MIT, the book is ideal for students
of Chemical and Mechanical Engineering, Chemistry, and Materials Science, who
will benefit greatly from in-depth discussions and pedagogical explanations of key
concepts. Distills critical concepts, methods, and applications from leading fulllength textbooks, along with the author’s own deep understanding of the material
taught, into a concise yet rigorous graduate and advanced undergraduate text;
Enriches the standard curriculum with succinct, problem-based learning
strategies derived from the content of 50 lectures given over the years in the
Department of Chemical Engineering at MIT; Reinforces concepts covered with
detailed solutions to illuminating and challenging homework problems.
A comprehensive introduction to this important subject, presenting the
fundamentals of classical and statistical thermodynamics through carefully
developed concepts which are supported by many examples and applications. *
Each chapter includes numerous carefully worked out examples and problems *
Takes a more applied approach rather than theoretical * Necessary mathematics
is left simple * Accessible to those fairly new to the subject
The only text to cover both thermodynamic and statistical mechanics--allowing
students to fully master thermodynamics at the macroscopic level. Presents
essential ideas on critical phenomena developed over the last decade in simple,
qualitative terms. This new edition maintains the simple structure of the first and
puts new emphasis on pedagogical considerations. Thermostatistics is
incorporated into the text without eclipsing macroscopic thermodynamics, and is
integrated into the conceptual framework of physical theory.
This textbook is for undergraduate students on a basic course in Statistical
Mechanics. The prerequisite is thermodynamics. It begins with a study of three
situations ? the closed system and the systems in thermal contact with a
reservoir ? in order to formulate the important fundamentals: entropy from
Boltzmann formula, partition function and grand partition function. Through the
presentation of quantum statistics, Bose statistics and Fermi?Dirac statistics are
established, including as a special case the classical situation of
Maxell?Boltzmann statistics. A series of examples ensue it: the harmonic
oscillator, the polymer chain, the two level system, bosons (photons, phonons,
and the Bose?Einstein condensation) and fermions (electrons in metals and in
semiconductors). A compact historical note on influential scientists forms the
concluding chapter.The unique presentation starts off with the principles,
elucidating the well-developed theory, and only thereafter the application of
theory. Calculations on the main steps are detailed, leaving behind minimal gap.
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The author emphasizes with theory the link between the macroscopic world
(thermodynamics) and the microscopic world.
Thermal and statistical physics has established the principles and procedures
needed to understand and explain the properties of systems consisting of
macroscopically large numbers of particles. By developing microscopic statistical
physics and macroscopic classical thermodynamic descriptions in tandem,
Statistical and Thermal Physics: An Introduction provides insight into basic
concepts and relationships at an advanced undergraduate level. This second
edition is updated throughout, providing a highly detailed, profoundly thorough,
and comprehensive introduction to the subject and features exercises within the
text as well as end-of-chapter problems. Part I of this book consists of nine
chapters, the first three of which deal with the basics of equilibrium
thermodynamics, including the fundamental relation. The following three chapters
introduce microstates and lead to the Boltzmann definition of the entropy using
the microcanonical ensemble approach. In developing the subject, the ideal gas
and the ideal spin system are introduced as models for discussion. The laws of
thermodynamics are compactly stated. The final three chapters in Part I introduce
the thermodynamic potentials and the Maxwell relations. Applications of
thermodynamics to gases, condensed matter, and phase transitions and critical
phenomena are dealt with in detail. Initial chapters in Part II present the elements
of probability theory and establish the thermodynamic equivalence of the three
statistical ensembles that are used in determining probabilities. The canonical
and the grand canonical distributions are obtained and discussed. Chapters
12-15 are concerned with quantum distributions. By making use of the grand
canonical distribution, the Fermi–Dirac and Bose–Einstein quantum distribution
functions are derived and then used to explain the properties of ideal Fermi and
Bose gases. The Planck distribution is introduced and applied to photons in
radiation and to phonons on solids. The last five chapters cover a variety of
topics: the ideal gas revisited, nonideal systems, the density matrix, reactions,
and irreversible thermodynamics. A flowchart is provided to assist instructors on
planning a course. Key Features: Fully updated throughout, with new content on
exciting topics, including black hole thermodynamics, Heisenberg
antiferromagnetic chains, entropy and information theory, renewable and
nonrenewable energy sources, and the mean field theory of antiferromagnetic
systems Additional problem exercises with solutions provide further learning
opportunities Suitable for advanced undergraduate students in physics or applied
physics. Michael J.R. Hoch spent many years as a visiting scientist at the
National High Magnetic Field Laboratory at Florida State University, USA. Prior to
this, he was a professor of physics and the director of the Condensed Matter
Physics Research Unit at the University of the Witwatersrand, Johannesburg,
where he is currently professor emeritus in the School of Physics.
Statistical physics has its origins in attempts to describe the thermal properties of
matter in terms of its constituent particles, and has played a fundamental role in
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the development of quantum mechanics. Based on lectures taught by Professor
Kardar at MIT, this textbook introduces the central concepts and tools of
statistical physics. It contains a chapter on probability and related issues such as
the central limit theorem and information theory, and covers interacting particles,
with an extensive description of the van der Waals equation and its derivation by
mean field approximation. It also contains an integrated set of problems, with
solutions to selected problems at the end of the book and a complete set of
solutions is available to lecturers on a password protected website at
www.cambridge.org/9780521873420. A companion volume, Statistical Physics of
Fields, discusses non-mean field aspects of scaling and critical phenomena,
through the perspective of renormalization group.
Both a comprehensive overview and a treatment at the appropriate level of detail,
this textbook explains thermodynamics and generalizes the subject so it can be
applied to small nano- or biosystems, arbitrarily far from or close to equilibrium. In
addition, nonequilibrium free energy theorems are covered with a rigorous
exposition of each one. Throughout, the authors stress the physical concepts
along with the mathematical derivations. For researchers and students in
physics, chemistry, materials science and molecular biology, this is a useful text
for postgraduate courses in statistical mechanics, thermodynamics and molecular
simulations, while equally serving as a reference for university teachers and
researchers in these fields.
Nobel Laureate Steven Weinberg explains the foundations of modern physics in
historical context for undergraduates and beyond.
Clear treatment of systems and first and second laws of thermodynamics
features informal language, vivid and lively examples, and fresh perspectives.
Excellent supplement for undergraduate science or engineering class.
All macroscopic systems consist ultimately of atoms obeying the laws of quantum
mechanics. That premise forms the basis for this comprehensive text, intended
for a first upper-level course in statistical and thermal physics. Reif emphasizes
that the combination of microscopic concepts with some statistical postulates
leads readily to conclusions on a purely macroscopic level. The authors writing
style and penchant for description energize interest in condensed matter physics
as well as provide a conceptual grounding with information that is crystal clear
and memorable. Reif first introduces basic probability concepts and statistical
methods used throughout all of physics. Statistical ideas are then applied to
systems of particles in equilibrium to enhance an understanding of the basic
notions of statistical mechanics, from which derive the purely macroscopic
general statements of thermodynamics. Next, he turns to the more complicated
equilibrium situations, such as phase transformations and quantum gases, before
discussing nonequilibrium situations in which he treats transport theory and dilute
gases at varying levels of sophistication. In the last chapter, he addresses some
general questions involving irreversible processes and fluctuations. A large
amount of material is presented to facilitate students later access to more
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advanced works, to allow those with higher levels of curiosity to read beyond the
minimum given on a topic, and to enhance understanding by presenting several
ways of looking at a particular question. Formatting within the text either signals
material that instructors can assign at their own discretion or highlights important
results for easy reference to them. Additionally, by solving many of the 230
problems contained in the text, students activate and embed their knowledge of
the subject matter.
This text presents statistical mechanics and thermodynamics as a theoretically
integrated field of study. It stresses deep coverage of fundamentals, providing a
natural foundation for advanced topics. The large problem sets (with solutions for
teachers) include many computational problems to advance student
understanding.
This book provides a comprehensive exposition of the theory of equilibrium
thermodynamics and statistical mechanics at a level suitable for well-prepared
undergraduate students. The fundamental message of the book is that all results
in equilibrium thermodynamics and statistical mechanics follow from a single
unprovable axiom — namely, the principle of equal a priori probabilities —
combined with elementary probability theory, elementary classical mechanics,
and elementary quantum mechanics.
Fundamentals of Statistical and Thermal PhysicsFundamentals of Statistical and
Thermal Physics
This textbook carefully develops the main ideas and techniques of statistical and
thermal physics and is intended for upper-level undergraduate courses. The
authors each have more than thirty years' experience in teaching, curriculum
development, and research in statistical and computational physics. Statistical
and Thermal Physics begins with a qualitative discussion of the relation between
the macroscopic and microscopic worlds and incorporates computer simulations
throughout the book to provide concrete examples of important conceptual ideas.
Unlike many contemporary texts on thermal physics, this book presents
thermodynamic reasoning as an independent way of thinking about macroscopic
systems. Probability concepts and techniques are introduced, including topics
that are useful for understanding how probability and statistics are used.
Magnetism and the Ising model are considered in greater depth than in most
undergraduate texts, and ideal quantum gases are treated within a uniform
framework. Advanced chapters on fluids and critical phenomena are appropriate
for motivated undergraduates and beginning graduate students. Integrates Monte
Carlo and molecular dynamics simulations as well as other numerical techniques
throughout the text Provides self-contained introductions to thermodynamics and
statistical mechanics Discusses probability concepts and methods in detail
Contains ideas and methods from contemporary research Includes advanced
chapters that provide a natural bridge to graduate study Features more than 400
problems Programs are open source and available in an executable crossplatform format Solutions manual (available only to teachers)
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Statistical Mechanics discusses the fundamental concepts involved in
understanding the physical properties of matter in bulk on the basis of the
dynamical behavior of its microscopic constituents. The book emphasizes the
equilibrium states of physical systems. The text first details the statistical basis of
thermodynamics, and then proceeds to discussing the elements of ensemble
theory. The next two chapters cover the canonical and grand canonical
ensemble. Chapter 5 deals with the formulation of quantum statistics, while
Chapter 6 talks about the theory of simple gases. Chapters 7 and 8 examine the
ideal Bose and Fermi systems. In the next three chapters, the book covers the
statistical mechanics of interacting systems, which includes the method of cluster
expansions, pseudopotentials, and quantized fields. Chapter 12 discusses the
theory of phase transitions, while Chapter 13 discusses fluctuations. The book
will be of great use to researchers and practitioners from wide array of
disciplines, such as physics, chemistry, and engineering.
This text provides a modern introduction to the main principles of thermal
physics, thermodynamics and statistical mechanics. The key concepts are
presented and new ideas are illustrated with worked examples as well as
description of the historical background to their discovery.
This book provide an interwoven development of classical and statistical
thermodynamic principles from a modern perspective.
This book is based on many years of teaching statistical and thermal physics. It
assumes no previous knowledge of thermodynamics, kinetic theory, or
probability---the only prerequisites are an elementary knowledge of classical and
modern physics, and of multivariable calculus. The first half of the book
introduces the subject inductively but rigorously, proceeding from the concrete
and specific to the abstract and general. In clear physical language the book
explains the key concepts, such as temperature, heat, entropy, free energy,
chemical potential, and distributions, both classical and quantum. The second
half of the book applies these concepts to a wide variety of phenomena, including
perfect gases, heat engines, and transport processes. Each chapter contains
fully worked examples and real-world problems drawn from physics, astronomy,
biology, chemistry, electronics, and mechanical engineering.
Sethna distills the core ideas of statistical mechanics to make room for new
advances important to information theory, complexity, and modern biology. He
explores everything from chaos through to life at the end of the universe.
This book is devoted to a discussion of some of the basic physical concepts and
methods useful in the description of situations involving systems which consist of
very many particulars. It attempts, in particular, to introduce the reader to the
disciplines of thermodynamics, statistical mechanics, and kinetic theory from a
unified and modern point of view. The presentation emphasizes the essential
unity of the subject matter and develops physical insight by stressing the
microscopic content of the theory.
Volume 5.
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The 1952 Nobel physics laureate Felix Bloch (1905-83) was one of the titans of
twentieth-century physics. He laid the fundamentals for the theory of solids and
has been called the “father of solid-state physics.” His numerous, valuable
contributions include the theory of magnetism, measurement of the magnetic
moment of the neutron, nuclear magnetic resonance, and the infrared problem in
quantum electrodynamics.Statistical mechanics is a crucial subject which
explores the understanding of the physical behaviour of many-body systems that
create the world around us. Bloch's first-year graduate course at Stanford
University was the highlight for several generations of students. Upon his
retirement, he worked on a book based on the course. Unfortunately, at the time
of his death, the writing was incomplete.This book has been prepared by
Professor John Dirk Walecka from Bloch's unfinished masterpiece. It also
includes three sets of Bloch's handwritten lecture notes (dating from 1949, 1969
and 1976), and details of lecture notes taken in 1976 by Brian Serot, who gave
an invaluable opinion of the course from a student's perspective. All of Bloch's
problem sets, some dating back to 1933, have been included.The book is
accessible to anyone in the physical sciences at the advanced undergraduate
level or the first-year graduate level.
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