phase transitions statistical physics

phase transitions statistical physics is a fundamental area of study that explores the changes in
the physical state of matter as external conditions, such as temperature or pressure, vary. This field
investigates the mechanisms and mathematical frameworks that describe how systems evolve from
one phase to another, often involving abrupt or continuous changes in physical properties.
Understanding phase transitions in statistical physics is crucial for explaining phenomena in
condensed matter physics, materials science, and critical phenomena across different systems. The
article delves into the classification of phase transitions, the role of order parameters, critical
exponents, and universality classes. Additionally, it examines models like the Ising model and the
Landau theory that provide insights into the microscopic and macroscopic descriptions of phase
changes. A comprehensive overview of experimental and theoretical approaches is also provided,
highlighting their significance in modern physics research. The subsequent sections outline the main
concepts and detailed aspects of phase transitions in statistical physics.
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Fundamentals of Phase Transitions in Statistical
Physics

Phase transitions in statistical physics refer to the transformation processes where a system changes
from one phase to another, characterized by distinct physical properties. These transitions occur due
to variations in thermodynamic variables such as temperature, pressure, or magnetic field. At the
microscopic level, phase transitions are governed by collective behavior of particles and fluctuations
in the system. Statistical mechanics provides the tools to analyze these phenomena by linking
microscopic interactions with macroscopic observables. Key concepts include the partition function,
free energy, and probability distributions that describe the states of the system. The study of phase
transitions is essential for understanding material properties like magnetism, superconductivity, and
liquid-gas transformations.

Thermodynamic Background

The thermodynamic description of phase transitions involves discontinuities or singularities in



thermodynamic potentials such as free energy, entropy, or specific heat. These singularities mark the
points where the system undergoes a qualitative change in state. The first law of thermodynamics
and equilibrium conditions set the framework for analyzing these changes. Statistical physics bridges
thermodynamics and microscopic dynamics by explaining how large ensembles of particles give rise
to emergent phenomena observed during phase transitions.

Microscopic Interpretation

On the microscopic scale, phase transitions arise from interactions among particles that lead to
cooperative phenomena. For example, in a ferromagnet, spins of electrons align below a critical
temperature, resulting in spontaneous magnetization. Statistical ensembles and probability measures
describe the likelihood of different configurations, and phase transitions correspond to changes in the
dominant configurations. Fluctuations near the transition point become significant, reflecting the
critical behavior that statistical physics aims to quantify.

Classification of Phase Transitions

Phase transitions are broadly classified based on the nature of changes in thermodynamic quantities
and order parameters. The main categories are first-order and second-order (continuous) phase
transitions, with further subdivisions capturing more complex behaviors. This classification helps in
organizing the theoretical approaches and experimental observations related to different physical
systems.

First-Order Phase Transitions

First-order phase transitions are characterized by discontinuous changes in the first derivatives of the
free energy, such as entropy or volume. These transitions typically involve latent heat, hysteresis, and
coexistence of phases. Common examples include the melting of ice, boiling of water, and vapor-
liquid transitions. During a first-order transition, the system absorbs or releases a finite amount of
energy without a temperature change, reflecting the abrupt reorganization of microscopic states.

Second-Order and Continuous Transitions

Second-order or continuous phase transitions exhibit continuous first derivatives of the free energy
but discontinuities in second derivatives like specific heat or susceptibility. These transitions do not
involve latent heat but are marked by diverging correlation lengths and critical fluctuations. Examples
include the paramagnetic to ferromagnetic transition and superfluid transition in helium-4. The study
of continuous transitions is closely linked to critical phenomena and scaling theories.

Other Types of Transitions

Beyond first- and second-order transitions, there exist more intricate classifications such as higher-
order transitions, Kosterlitz-Thouless transitions, and quantum phase transitions. These phenomena
involve subtler changes in system properties and often require advanced theoretical frameworks for



understanding. The diversity of phase transitions underscores the richness of behavior in complex
systems.

Order Parameters and Symmetry Breaking

The concept of an order parameter is central to describing phase transitions in statistical physics. An
order parameter is a measurable quantity that distinguishes different phases by acquiring a nonzero
value in one phase and vanishing in another. This parameter often reflects underlying symmetry
changes in the system, providing a link between microscopic interactions and macroscopic order.

Definition and Role of Order Parameters

Order parameters quantify the degree of order in a system and serve as indicators of phase
transitions. For instance, magnetization acts as an order parameter in magnetic systems, becoming
nonzero below the Curie temperature. The order parameter changes continuously or discontinuously
depending on the nature of the transition, encoding essential information about phase stability and
transformation mechanisms.

Symmetry Breaking Mechanism

Symmetry breaking occurs when a system transitions from a more symmetric phase to a less
symmetric one, corresponding to the emergence of order. This phenomenon explains why certain
physical properties manifest only below critical points. For example, in ferromagnetism, rotational
symmetry is broken as spins align in a preferred direction. The study of symmetry breaking is
fundamental for understanding the universality and classification of phase transitions.

Landau Theory of Phase Transitions

Landau theory provides a phenomenological approach to phase transitions by expressing the free
energy as a power series expansion in terms of the order parameter. This framework predicts the

behavior of the order parameter near the critical point and offers criteria for the type of transition.
Despite its simplicity, Landau theory captures essential features of symmetry breaking and order

parameter dynamics.

Critical Phenomena and Scaling Theory

Critical phenomena refer to the unique and universal behaviors observed near continuous phase
transitions. These include divergences in physical quantities, power-law scaling, and long-range
correlations. Statistical physics employs scaling theory and renormalization group methods to
describe and predict these phenomena across diverse systems.



Critical Exponents and Universality

Critical exponents characterize how physical quantities such as correlation length, susceptibility, and
specific heat diverge near the critical point. Remarkably, systems with different microscopic details
often share identical critical exponents, a property known as universality. This universality class
concept is a cornerstone of modern statistical physics, highlighting deep connections between
seemingly unrelated systems.

Correlation Functions and Divergence

Near the critical point, correlation functions exhibit power-law decay, indicating the absence of a
characteristic length scale. The correlation length diverges, reflecting large-scale fluctuations and
cooperative behavior. These features lead to scale invariance and self-similarity in the system,
essential for the application of renormalization group techniques.

Renormalization Group Approach

The renormalization group (RG) method systematically analyzes how system properties change under
scale transformations. RG provides a powerful tool to calculate critical exponents and understand the
flow of coupling constants in parameter space. This approach explains the origin of universality and
the stability of fixed points associated with phase transitions.

Models and Theoretical Approaches

Several models and theoretical frameworks have been developed to study phase transitions in
statistical physics. These models capture essential features of real systems and allow for analytical or
numerical investigation of complex phenomena.

The Ising Model

The Ising model is a prototypical lattice model used to study ferromagnetism and phase transitions. It
consists of spins arranged on a lattice that interact with nearest neighbors. Despite its simplicity, the
Ising model exhibits rich behavior, including spontaneous magnetization and critical phenomena.
Exact solutions exist in certain dimensions, making it a valuable tool for theoretical exploration.

Potts and XY Models

Extensions of the Ising model, such as the Potts and XY models, generalize the nature of spin
variables and interactions. The Potts model allows for multiple spin states, while the XY model
considers continuous spin orientations. These models capture a wider range of physical phenomena,
including different types of symmetry breaking and topological phase transitions.



Mean Field and Landau-Ginzburg Theories

Mean field theory approximates the effect of all other particles on a given particle by an average field,
simplifying the analysis of phase transitions. Landau-Ginzburg theory extends Landau's
phenomenological model by incorporating spatial variations of the order parameter, enabling the
study of fluctuations and domain formation. These approaches provide insights into critical behavior
and phase coexistence.

Applications and Experimental Observations

Phase transitions in statistical physics have wide-ranging applications in both fundamental research
and technological development. Experimental studies validate theoretical predictions and reveal new
phenomena in complex materials.

Condensed Matter Physics

Phase transitions underpin many phenomena in condensed matter physics, including
superconductivity, magnetism, and crystallization. Understanding these transitions allows for the
design of novel materials with tailored properties, impacting electronics, energy storage, and
guantum computing.

Soft Matter and Biological Systems

Soft matter systems such as polymers, liquid crystals, and colloids exhibit phase transitions that
influence their mechanical and optical properties. Biological systems also display phase behavior, for
example, in protein folding and membrane organization, highlighting the interdisciplinary relevance of
statistical physics.

Experimental Techniques

Various experimental methods are employed to study phase transitions, including calorimetry,
neutron scattering, and magnetic susceptibility measurements. These techniques provide detailed
information about critical temperatures, order parameters, and fluctuation spectra, enabling rigorous
comparisons with theoretical models.

Calorimetry for latent heat and specific heat measurements

Neutron and X-ray scattering to probe structural changes

Magnetic and electrical measurements to detect order parameters

Microscopy techniques for observing domain formation and dynamics



Frequently Asked Questions

What is a phase transition in statistical physics?

A phase transition in statistical physics refers to the transformation of a system from one phase to
another, such as from solid to liquid or liquid to gas, characterized by abrupt changes in physical
properties due to variations in parameters like temperature or pressure.

What distinguishes first-order and second-order phase
transitions?

First-order phase transitions involve a discontinuous change in an order parameter and latent heat,
such as melting or boiling, while second-order (continuous) phase transitions show continuous
changes in the order parameter but discontinuities in its derivatives, without latent heat.

How is the concept of the order parameter used in phase
transitions?

The order parameter is a measurable quantity that indicates the degree of order across a phase
transition, typically zero in one phase and non-zero in another, helping to characterize the nature and
symmetry of the phases involved.

What role do critical exponents play in understanding phase
transitions?

Critical exponents describe how physical quantities such as correlation length, susceptibility, and
specific heat diverge near the critical point of a continuous phase transition, reflecting universal
scaling behavior across different systems.

Can you explain the concept of universality classes in phase
transitions?

Universality classes group phase transitions that share the same critical exponents and scaling
functions despite differences in microscopic details, indicating that their large-scale behavior near
criticality is governed by common underlying principles.

What is the significance of the Ising model in studying phase
transitions?

The Ising model is a fundamental statistical physics model used to study ferromagnetism and phase
transitions, providing insights into critical phenomena and universality by modeling spins on a lattice
with simple interactions.

How does the renormalization group theory contribute to the



understanding of phase transitions?

Renormalization group theory provides a framework to analyze changes in system behavior at
different length scales, explaining the origin of universality and allowing calculation of critical
exponents for continuous phase transitions.

What is meant by a continuous or second-order phase
transition in statistical physics?

A continuous or second-order phase transition is one in which the order parameter changes smoothly
without latent heat, accompanied by diverging correlation length and fluctuations, such as the
transition in a ferromagnet at the Curie point.

How do fluctuations influence phase transitions in statistical
physics?

Fluctuations become increasingly significant near the critical point of a phase transition, driving
critical phenomena and leading to large-scale correlations that affect macroscopic properties, which
are captured by statistical field theories.

Additional Resources

1. Phase Transitions and Renormalization Group

This book offers a comprehensive introduction to the theory of phase transitions and the
renormalization group approach. It covers critical phenomena, scaling laws, and universality classes
with a clear emphasis on statistical physics foundations. The text is suitable for graduate students
and researchers seeking a rigorous yet accessible treatment of the subject.

2. Statistical Mechanics of Phase Transitions

Authored by J.M. Yeomans, this classic text explores the fundamental concepts of phase transitions
within the framework of statistical mechanics. It delves into both continuous and first-order phase
transitions, providing models like the Ising model and mean-field theory. The book balances
theoretical discussions with illustrative examples and problem sets.

3. Introduction to Modern Statistical Mechanics

This book provides a modern approach to statistical mechanics with significant coverage of phase
transitions and critical phenomena. It explains the microscopic origins of macroscopic behavior and
includes discussions on the Ising model, Landau theory, and scaling. Ideal for advanced
undergraduates and beginning graduate students.

4. Phase Transitions

Written by S. H. Strogatz, this concise book offers insight into the physics of phase transitions,
focusing on the mathematical and physical intuition behind critical points. It presents a blend of
theory and applications, including discussions on symmetry breaking and order parameters. The text
is accessible to readers with a basic background in statistical physics.

5. Critical Phenomena in Natural Sciences
This interdisciplinary book examines phase transitions and critical phenomena across various



scientific fields, including physics, biology, and chemistry. It emphasizes the universality of critical
behavior and introduces renormalization group techniques. The author provides numerous examples
and simulations to illustrate complex concepts.

6. Scaling and Renormalization in Statistical Physics

This advanced text focuses on the scaling theory and renormalization group methods applied to
phase transitions. It presents mathematical tools and detailed derivations that explain critical
exponents and scaling relations. The book is highly recommended for researchers and graduate
students specializing in theoretical physics.

7. Statistical Physics of Phase Transitions

By J.M. Yeomans, this influential work covers the statistical mechanics underlying phase transitions,
including both classical and quantum cases. It discusses lattice models, mean-field theories, and
critical phenomena with clarity and depth. The book also incorporates computational techniques used
in modern research.

8. Modern Theory of Critical Phenomena

This book provides a thorough treatment of the theory behind critical phenomena and phase
transitions from a modern perspective. It includes renormalization group theory, conformal
invariance, and applications to various systems. The text is mathematically rigorous, catering to
advanced students and researchers.

9. Phase Transitions in Statistical Physics

This comprehensive volume covers the broad spectrum of phase transition phenomena in statistical
physics, from classical models to contemporary approaches. It highlights experimental results,
theoretical models, and numerical methods. The book is suitable for graduate-level courses and as a
reference for physicists working in condensed matter and statistical mechanics.
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phase transitions statistical physics: Statistical Mechanics of Phase Transitions ]J. M.
Yeomans, 1992-05-07 The book provides an introduction to the physics which underlies phase
transitions and to the theoretical techniques currently at our disposal for understanding them. It will
be useful for advanced undergraduates, for post-graduate students undertaking research in related
fields, and for established researchers in experimental physics, chemistry, and metallurgy as an
exposition of current theoretical understanding. - ;Recent developments have led to a good
understanding of universality; why phase transitions in systems as diverse as magnets, fluids, liquid
crystals, and superconductors can be brought under the same theoretical umbrella and well
described by simple models. This book describes the physics underlying universality and then lays
out the theoretical approaches now available for studying phase transitions. Traditional techniques,
mean-field theory, series expansions, and the transfer matrix, are described; the Monte Carlo
method is covered, and two chapters are devoted to the renormalization group, which led to a
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break-through in the field. The book will be useful as a textbook for a course in “Phase Transitions',
as an introduction for graduate students undertaking research in related fields, and as an overview
for scientists in other disciplines who work with phase transitions but who are not aware of the
current tools in the armoury of the theoretical physicist. - ;Introduction; Statistical mechanics and
thermodynamics; Models; Mean-field theories; The transfer matrix; Series expansions; Monte Carlo
simulations; The renormalization group; Implementations of the renormalization group. -

phase transitions statistical physics: Statistical Physics of Non-Thermal Phase
Transitions Sergey G. Abaimov, 2015-05-18 This book addresses the application of methods used in
statistical physics to complex systems—from simple phenomenological analogies to more complex
aspects, such as correlations, fluctuation-dissipation theorem, the concept of free energy,
renormalization group approach and scaling. Statistical physics contains a well-developed formalism
that describes phase transitions. It is useful to apply this formalism for damage phenomena as well.
Fractals, the Ising model, percolation, damage mechanics, fluctuations, free energy formalism,
renormalization group, and scaling, are some of the topics covered in Statistical Physics of Phase
Transitions.

phase transitions statistical physics: Equilibrium Statistical Physics Marc Baus, Carlos F.
Tejero, 2021-06-04 This is a textbook which gradually introduces the student to the statistical
mechanical study of the different phases of matter and to the phase transitions between them.
Throughout, only simple models of both ordinary and soft matter are used but these are studied in
full detail. The subject is developed in a pedagogical manner, starting from the basics, going from
the simple ideal systems to the interacting systems, and ending with the more modern topics. The
textbook provides the student with a complete overview, intentionally at an introductory level, of the
theory of phase transitions. All equations and deductions are included.

phase transitions statistical physics: From Phase Transitions To Chaos: Topics In
Modern Statistical Physics G Gyorgyi, [ Kondor, L Sasvari, Tamas Tel, 1992-04-29 This volume
comprises about forty research papers and essays covering a wide range of subjects in the forefront
of contemporary statistical physics. The contributors are renown scientists and leading authorities in
several different fields. This book is dedicated to Péter Szépfalusy on the occasion of his sixtieth
birthday. Emphasis is placed on his two main areas of research, namely phase transitions and
chaotic dynamical systems, as they share common aspects like the applicability of the probabilistic
approach or scaling behaviour and universality. Several papers deal with equilibrium phase
transitions, critical dynamics, and pattern formation. Also represented are disordered systems,
random field systems, growth processes, and neural network. Statistical properties of interacting
electron gases, such as the Kondo lattice, the Wigner crystal, and the Hubbard model, are treated.
In the field of chaos, Hamiltonian transport and resonances, strange attractors, multifractal
characteristics of chaos, and the effect of weak perturbations are discussed. A separate section is
devoted to selected mathematical aspects of dynamical systems like the foundation of statistical
mechanics, including the problem of ergodicity, and rigorous results on quantum chaos.

phase transitions statistical physics: Lectures On Phase Transitions And The
Renormalization Group Nigel Goldenfeld, 2018-03-08 Covering the elementary aspects of the physics
of phases transitions and the renormalization group, this popular book is widely used both for core
graduate statistical mechanics courses as well as for more specialized courses. Emphasizing
understanding and clarity rather than technical manipulation, these lectures de-mystify the subject
and show precisely how things work. Goldenfeld keeps in mind a reader who wants to understand
why things are done, what the results are, and what in principle can go wrong. The book reaches
both experimentalists and theorists, students and even active researchers, and assumes only a prior
knowledge of statistical mechanics at the introductory graduate level.Advanced,
never-before-printed topics on the applications of renormalization group far from equilibrium and to
partial differential equations add to the uniqueness of this book.

phase transitions statistical physics: Statistical Mechanics of Phases and Phase
Transitions Steven A. Kivelson, Jack Mingde Jiang, Jeffrey Chang, 2024-04-09 An engaging



undergraduate introduction to the statistical mechanics of phase transitions Statistical mechanics
deploys a powerful set of mathematical approaches for studying the thermodynamic properties of
complex physical systems. This textbook introduces students to the statistical mechanics of systems
undergoing changes of state, focusing on the basic principles for classifying distinct thermodynamic
phases and the critical phenomena associated with transitions between them. Uniquely designed to
promote active learning, Statistical Mechanics of Phases and Phase Transitions presents some of the
most beautiful and profound concepts in physics, enabling students to obtain an essential
understanding of a computationally challenging subject without getting lost in the details. Provides a
self-contained, conceptually deep introduction to the statistical mechanics of phases and phase
transitions from a modern perspective Carefully leads students from spontaneously broken
symmetries to the universality of phase transitions and the renormalization group Encourages
student-centric active learning suitable for both the classroom and self-study Features a wealth of
guided worksheets with full solutions throughout the book that help students learn by doing Includes
informative appendixes that cover key mathematical concepts and methods Ideal for undergraduate
physics majors and beginning graduate students Solutions manual for all end-of-chapter problems
(available only to instructors)

phase transitions statistical physics: Equilibrium Statistical Physics M. Baus, Carlos F.
Tejero, 2007-11-19 This is a textbook which gradually introduces the student to the statistical
mechanical study of the different phases of matter and to the phase transitions between them.
Throughout, only simple models of both ordinary and soft matter are used but these are studied in
full detail. The subject is developed in a pedagogical manner, starting from the basics, going from
the simple ideal systems to the interacting systems, and ending with the more modern topics. The
textbook provides the student with a complete overview, intentionally at an introductory level, of the
theory of phase transitions. All equations and deductions are included.

phase transitions statistical physics: Phase Transitions in Combinatorial Optimization
Problems Alexander K. Hartmann, Martin Weigt, 2006-05-12 A concise, comprehensive introduction
to the topic of statistical physics of combinatorial optimization, bringing together theoretical
concepts and algorithms from computer science with analytical methods from physics. The result
bridges the gap between statistical physics and combinatorial optimization, investigating problems
taken from theoretical computing, such as the vertex-cover problem, with the concepts and methods
of theoretical physics. The authors cover rapid developments and analytical methods that are both
extremely complex and spread by word-of-mouth, providing all the necessary basics in required
detail. Throughout, the algorithms are shown with examples and calculations, while the proofs are
given in a way suitable for graduate students, post-docs, and researchers. Ideal for newcomers to
this young, multidisciplinary field.

phase transitions statistical physics: Statistical Physics Leo P. Kadanoff, 2000 The material
presented in this invaluable textbook has been tested in two courses. One of these is a
graduate-level survey of statistical physics; the other, a rather personal perspective on critical
behavior. Thus, this book defines a progression starting at the book-learning part of graduate
education and ending in the midst of topics at the research level. To supplement the research-level
side the book includes some research papers. Several of these are classics in the field, including a
suite of six works on self-organized criticality and complexity, a pair on diffusion-limited
aggregation, some papers on correlations near critical points, a few of the basic sources on the
development of the real-space renormalization group, and several papers on magnetic behavior in a
plain geometry. In addition, the author has included a few of his own papers.

phase transitions statistical physics: Phase Transitions and Critical Phenomena ,
2000-09-21 The field of phase transitions and critical phenomena continues to be active in research,
producing a steady stream of interesting and fruitful results. It has moved into a central place in
condensed matter studies.Statistical physics, and more specifically, the theory of transitions
between states of matter, more or less defines what we know about 'everyday' matter and its
transformations.The major aim of this serial is to provide review articles that can serve as standard



references for research workers in the field, and for graduate students and others wishing to obtain
reliable information on important recent developments.

phase transitions statistical physics: Theory of Phase Transitions Ya. G. Sinai, 2014-05-20
Theory of Phase Transitions: Rigorous Results is inspired by lectures on mathematical problems of
statistical physics presented in the Mathematical Institute of the Hungarian Academy of Sciences,
Budapest. The aim of the book is to expound a series of rigorous results about the theory of phase
transitions. The book consists of four chapters, wherein the first chapter discusses the Hamiltonian,
its symmetry group, and the limit Gibbs distributions corresponding to a given Hamiltonian. The
second chapter studies the phase diagrams of lattice models that are considered at low
temperatures. The notions of a ground state of a Hamiltonian and the stability of the set of the
ground states of a Hamiltonian are also introduced. Chapter 3 presents the basic theorems about
lattice models with continuous symmetry, and Chapter 4 focuses on the second-order phase
transitions and on the theory of scaling probability distributions, connected to these phase
transitions. Specialists in statistical physics and other related fields will greatly benefit from this
publication.

phase transitions statistical physics: Elements of Phase Transitions and Critical
Phenomena Hidetoshi Nishimori, Gerardo Ortiz, 2011 Phase transitions and critical phenomena
have consistently been among the principal subjects of active studies in statistical physics. The
simple act of transforming one state of matter or phase into another, for instance by changing the
temperature, has always captivated the curious mind. This book provides an introductory account on
the theory of phase transitions and critical phenomena, a subject now recognized to be
indispensable for students and researchers from many fields of physics and related disciplines. The
first five chapters are very basic and quintessential, and cover standard topics such as mean-field
theories, the renormalization group and scaling, universality, and statistical field theory methods.
The remaining chapters develop more advanced concepts, including conformal field theory, the
Kosterlitz-Thouless transition, the effects of randomness, percolation, exactly solvable models, series
expansions, duality transformations, and numerical techniques. Moreover, a comprehensive series of
appendices expand and clarify several issues not developed in the main text. The important role
played by symmetry and topology in understanding the competition between phases and the
resulting emergent collective behaviour, giving rise to rigidity and soft elementary excitations, is
stressed throughout the book. Serious attempts have been directed toward a self-contained modular
approach so that the reader does not have to refer to other sources for supplementary information.
Accordingly, most of the concepts and calculations are described in detail, sometimes with
additional/auxiliary descriptions given in appendices and exercises. The latter are presented as the
topics develop with solutions found at the end of the book, thus giving the text a self-learning
character.

phase transitions statistical physics: Microcanonical Thermodynamics: Phase
Transitions In "Small" Systems Dieter H E Gross, 2001-03-15 Boltzmann's formula S = In[W(E)]
defines the microcanonical ensemble. The usual textbooks on statistical mechanics start with the
microensemble but rather quickly switch to the canonical ensemble introduced by Gibbs. This has
the main advantage of easier analytical calculations, but there is a price to pay — for example, phase
transitions can only be defined in the thermodynamic limit of infinite system size. The question how
phase transitions show up from systems with, say, 100 particles with an increasing number towards
the bulk can only be answered when one finds a way to define and classify phase transitions in small
systems. This is all possible within Boltzmann's original definition of the microcanonical
ensemble.Starting from Boltzmann's formula, the book formulates the microcanonical
thermodynamics entirely within the frame of mechanics. This way the thermodynamic limit is
avoided and the formalism applies to small as well to other nonextensive systems like gravitational
ones. Phase transitions of first order, continuous transitions, critical lines and multicritical points
can be unambiguously defined by the curvature of the entropy S(E,N). Special attention is given to
the fragmentation of nuclei and atomic clusters as a peculiar phase transition of small systems



controlled, among others, by angular momentum.The dependence of the liquid-gas transition of
small atomic clusters under prescribed pressure is treated. Thus the analogue to the bulk transition
can be studied. The book also describes the microcanonical statistics of the collapse of a
self-gravitating system under large angular momentum.

phase transitions statistical physics: The Physics of Phase Transitions Pierre Papon, Jacques
Leblond, Paul H.E. Meijer, 2013-06-29 We learned in school that matter exists in three forms: solid,
liquid and gas, as well as other more subtle things such as the fact that evaporation produces cold.
The science of the states of matter was born in the 19th century. It has now grown enormously in
two directions: 1) The transitions have multiplied: first between a solid and a solid, par ticularly for
metallurgists. Then for magnetism, illustrated in France by Louis Neel, and ferro electricity. In
addition, the extraordinary phenomenon of su perconductivity in certain metals appeared at the
beginning of the 20th cen tury. And other superfluids were recognized later: helium 4, helium 3, the
matter constituting atomic nuclei and neutron stars . . . There is now a real zoology of transitions,
but we know how to classify them based on Landau's superb idea. 2) Our profound view of the
mechanisms has evolved: in particular, the very universal properties of fluctuations near a critical
point - described by Kadanoff's qualitative analysis and specified by an extraordinary theoretical
tool: the renormalization group. Without exaggerating, we can say that our view of condensed
matter has undergone two revolutions in the 20th century: first, the introduction of quantum physics
in 1930, then the recognition of self-similar structures and the resulting scaling laws around 1970. .

phase transitions statistical physics: Equilibrium Statistical Physics (2nd Edition)
Michael Plischke, Birger Bergersen, 1994-12-14 This revised and expanded edition of one of the
important textbook in statistical physics, is a graduate level text suitable for students in physics,
chemistry, and materials science.After a short review of basic concepts, the authors begin the
discussion on strongly interacting condensed matter systems with a thorough treatment of mean
field and Landau theories of phase transitions. Many examples are worked out in considerable detail.
Classical liquids are treated next. Along with traditional approaches to the subject such as the virial
expansion and integral equations, newer theories such as perturbation theory and density functional
theories are introduced.The modern theory of phase transitions occupies a central place in this book.
The development is along historical lines, beginning with the Onsager solution of the
two-dimensional Ising model, series expansions, scaling theory, finite-size scaling, and the
universality hypothesis. A separate chapter is devoted to the renormalization group approach to
critical phenomena. The development of the basic tools is completed in a new chapter on computer
simulations in which both Monte Carlo and molecular dynamics techniques are introduced.The
remainder of the book is concerned with a discussion of some of the more important modern
problems in condensed matter theory. A chapter on quantum fluids deals with Bose condensation,
superfluidity, and the BCS and Landau-Ginzburg theories of superconductivity. A new chapter on
polymers and membranes contains a discussion of the Gaussian and Flory models of dilute polymer
mixtures, the connection of polymer theory to critical phenomena, a discussion of dense polymer
mixtures and an introduction to the physical properties of solid and fluid membranes. A chapter on
linear response includes the Kubo formalism, the fluctuation-dissipation theorem, Onsager relations
and the Boltzmann equation. The last chapter is devoted to disordered materials.Each chapter
contains a substantial number of exercises. A manual with a complete set of solutions to these
problems is available under separate cover.

phase transitions statistical physics: Introduction to Phase Transitions and Critical
Phenomena Harry Eugene Stanley, 1971 First published in 1971, this highly popular text is devoted
to the interdisciplinary area of critical phenomena, with an emphasis on liquid-gas and
ferromagnetic transitions. Advanced undergraduate and graduate students in thermodynamics,
statistical mechanics, and solid state physics, aswell as researchers in physics, mathematics,
chemistry, and materials science, will welcome this paperback edition of Stanley's acclaimed text.

phase transitions statistical physics: Methods of Contemporary Mathematical Statistical
Physics Marek Biskup, Anton Bovier, Frank den Hollander, Dima Ioffe, Fabio Martinelli, Karel



Netocny, Christina Toninelli, 2009-07-31 This volume presents a collection of courses introducing
the reader to the recent progress with attention being paid to laying solid grounds and developing
various basic tools. It presents new results on phase transitions for gradient lattice models.

phase transitions statistical physics: Topics In Statistical Mechanics (Second Edition)
Brian Cowan, 2021-07-23 Building on the material learned by students in their first few years of
study, Topics in Statistical Mechanics (Second Edition) presents an advanced level course on
statistical and thermal physics. It begins with a review of the formal structure of statistical
mechanics and thermodynamics considered from a unified viewpoint. There is a brief revision of
non-interacting systems, including quantum gases and a discussion of negative temperatures.
Following this, emphasis is on interacting systems. First, weakly interacting systems are considered,
where the interest is in seeing how small interactions cause small deviations from the
non-interacting case. Second, systems are examined where interactions lead to drastic changes,
namely phase transitions. A number of specific examples is given, and these are unified within the
Landau theory of phase transitions. The final chapter of the book looks at non-equilibrium systems,
in particular the way they evolve towards equilibrium. This is framed within the context of linear
response theory. Here fluctuations play a vital role, as is formalised in the fluctuation-dissipation
theorem.The second edition has been revised particularly to help students use this book for
self-study. In addition, the section on non-ideal gases has been expanded, with a treatment of the
hard-sphere gas, and an accessible discussion of interacting quantum gases. In many cases there are
details of Mathematica calculations, including Mathematica Notebooks, and expression of some
results in terms of Special Functions.

phase transitions statistical physics: Statistical Mechanics Paul D. Beale, 1996-09-12 'This is
an excellent book from which to learn the methods and results of statistical mechanics.' Nature 'A
well written graduate-level text for scientists and engineers... Highly recommended for
graduate-level libraries.' ChoiceThis highly successful text, which first appeared in the year 1972
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