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Explore the fundamental role of symmetries in physics through this graduate-level course, delving into
Lie algebras and their essential representation theory. Designed specifically for physicists, it provides a
comprehensive understanding of mathematical tools crucial for advanced topics in quantum mechan-
ics, particle physics, and general relativity, bridging abstract concepts with practical applications.
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Symmetries, Lie Algebras and Representations

This book gives an introduction to Lie algebras and their representations. Lie algebras have many
applications in mathematics and physics, and any physicist or applied mathematician must nowadays
be well acquainted with them.

Symmetry, Representations, and Invariants

Symmetry is a key ingredient in many mathematical, physical, and biological theories. Using repre-
sentation theory and invariant theory to analyze the symmetries that arise from group actions, and
with strong emphasis on the geometry and basic theory of Lie groups and Lie algebras, Symmetry,
Representations, and Invariants is a significant reworking of an earlier highly-acclaimed work by the
authors. The result is a comprehensive introduction to Lie theory, representation theory, invariant theory,
and algebraic groups, in a new presentation that is more accessible to students and includes a broader
range of applications. The philosophy of the earlier book is retained, i.e., presenting the principal
theorems of representation theory for the classical matrix groups as motivation for the general theory
of reductive groups. The wealth of examples and discussion prepares the reader for the complete
arguments now given in the general case. Key Features of Symmetry, Representations, and Invariants:
(1) Early chapters suitable for honors undergraduate or beginning graduate courses, requiring only
linear algebra, basic abstract algebra, and advanced calculus; (2) Applications to geometry (curvature
tensors), topology (Jones polynomial via symmetry), and combinatorics (symmetric group and Young
tableaux); (3) Self-contained chapters, appendices, comprehensive bibliography; (4) More than 350
exercises (most with detailed hints for solutions) further explore main concepts; (5) Serves as an
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excellent main text for a one-year course in Lie group theory; (6) Benefits physicists as well as
mathematicians as a reference work.

Groups and Symmetries

Groups and Symmetries: From Finite Groups to Lie Groups presents an introduction to the theory of
group representations and its applications in quantum mechanics. Accessible to advanced undergrad-
uates in mathematics and physics as well as beginning graduate students, the text deals with the theory
of representations of finite groups, compact groups, linear Lie groups and their Lie algebras, concisely
and in one volume. Prerequisites include calculus and linear algebra. This new edition contains an
additional chapter that deals with Clifford algebras, spin groups, and the theory of spinors, as well as
new sections entitled "Topics in history” comprising notes on the history of the material treated within
each chapter. (Taken together, they constitute an account of the development of the theory of groups
from its inception in the 18th century to the mid-20th.) References for additional resources and further
study are provided in each chapter. All chapters end with exercises of varying degree of difficulty, some
of which introduce new definitions and results. The text concludes with a collection of problems with
complete solutions making it ideal for both course work and independent study. Key Topics include:
Brisk review of the basic definitions of group theory, with examples Representation theory of finite
groups: character theory Representations of compact groups using the Haar measure Lie algebras and
linear Lie groups Detailed study of SO(3) and SU(2), and their representations Spherical harmonics
Representations of SU(3), roots and weights, with quark theory as a consequence of the mathematical
properties of this symmetry group Spin groups and spinors.

Lie Algebras In Particle Physics

Howard Georgi is the co-inventor (with Sheldon Glashow) of the SU(5) theory. This extensively revised
and updated edition of his classic text makes the theory of Lie groups accessible to graduate students,
while offering a perspective on the way in which knowledge of such groups can provide an insight into
the development of unified theories of strong, weak, and electromagnetic interactions.

Lie Groups And Lie Algebras For Physicists

The book is intended for graduate students of theoretical physics (with a background in quantum
mechanics) as well as researchers interested in applications of Lie group theory and Lie algebras
in physics. The emphasis is on the inter-relations of representation theories of Lie groups and the
corresponding Lie algebras.

Groups and Manifolds

Groups and Manifolds is an introductory, yet a complete self-contained course on mathematics of
symmetry: group theory and differential geometry of symmetric spaces, with a variety of examples for
physicists, touching briefly also on super-symmetric field theories. The core of the course is focused on
the construction of simple Lie algebras, emphasizing the double interpretation of the ADE classification
as applied to finite rotation groups and to simply laced simple Lie algebras. Unique features of this book
are the full-fledged treatment of the exceptional Lie algebras and a rich collection of MATHEMATICA
Notebooks implementing various group theoretical constructions.

Symmetry Breaking

The third edition of the by now classic reference on rigorous analysis of symmetry breaking in both
classical and quantum field theories adds new topics of relevance, in particular the effect of dynamical
Coulomb delocalization, by which boundary conditions give rise to volume effects and to energy/mass
gap in the Goldstone spectrum (plasmon spectrum, Anderson superconductivity, Higgs phenomenon).
The book closes with a discussion of the physical meaning of global and local gauge symmetries
and their breaking, with attention to the effect of gauge group topology in QCD. From the reviews of
the first edition: It is remarkable to see how much material can actually be presented in a rigorous
way (incidentally, many of the results presented are due to Strocchi himself), yet this is largely
ignored, the original heuristic derivations being, as a rule, more popular. - At each step he strongly
emphasizes the physical meaning and motivation of the various notions introduced [...] a book that
fills a conspicuous gap in the literature, and does it rather well. It could also be a good basis for a
graduate course in mathematical physics. J.-P. Antoine, Physicalia 28/2, 2006 Despite many accounts



in popular textbooks and a widespread belief, the phenomenon is rather subtle, requires an infinite
set of degrees of freedom and an advanced mathematical setting of the system under investigation.
[...] The mathematically oriented graduate student will certainly benefit from this thorough, rigorous
and detailed investigation. G. Roepstorff, Zentralblatt MATH, Vol. 1075, 2006 From the reviews of the
second edition: This second edition of Strocchi's Symmetry Breaking presents a complete, generalized
and highly rigorous discussion of the subject, based on a formal analysis of conditions necessary for
the mechanism of spontaneous symmetry breaking to occur in classical systems, as well as in quantum
systems. [...] This book is specifically recommended for mathematical physicists interested in a deeper
and rigorous understanding of the subject, and it should be mandatory for researchers studying the
mechanism of spontaneous symmetry breaking. S. Hajjawi, Mathematical Reviews, 2008

A Mathematical Approach to Special Relativity

A Mathematical Approach to Special Relativity introduces the mathematical formalisms of special and
general relativity. Developed from the author’s experience teaching physics to students across all levels,
the valuable resource introduces key concepts, building in complexity and using increasingly advanced
mathematical tools as it progresses. Without assuming a background in calculus, the text begins with
symmetry, before delving more deeply into Galilean relativity. Throughout, the book provides examples
and useful "Guides to the Literature.” This unique text emphasizes the experimental consequences
and verifications of the underpinning theory in order to provide students with a solid foundation in
this key area. Based on the professor’s 25+ years of experience teaching physics students at every
level Covers key topics in special relativity, including some group theory, as well as an introduction to
general relativity and basic differential geometry Contains numerous worked examples and "Guides to
the Literature” throughout the text

Symmetry and the Standard Model

While theoretical particle physics is an extraordinarily fascinating field, the incredibly fast pace at which
it moves along, combined with the huge amount of background information necessary to perform cutting
edge research, poses a formidable challenge for graduate students. This book represents the first in a
series designed to assist students in the process of transitioning from coursework to research in particle
physics. Rather than reading literally dozens of physics and mathematics texts, trying to assimilate the
countless ideas, translate notations and perspectives, and see how it all fits together to get a holistic
understanding, this series provides a detailed overview of the major mathematical and physical ideas
in theoretical particle physics. Ultimately the ideas will be presented in a unified, consistent, holistic
picture, where each topic is built firmly on what has come before, and all topics are related in a clear
and intuitive way. This introductory text on quantum field theory and particle physics provides both a
self-contained and complete introduction to not only the necessary physical ideas, but also a complete
introduction to the necessary mathematical tools. Assuming minimal knowledge of undergraduate
physics and mathematics, this book lays both the mathematical and physical groundwork with clear,
intuitive explanations and plenty of examples. The book then continues with an exposition of the
Standard Model of Particle Physics, the theory that currently seems to explain the universe apart
from gravity. Furthermore, this book was written as a primer for the more advanced mathematical and
physical ideas to come later in this series.

Symmetry in Physics

Papers in this volume are based on the Workshop on Symmetries in Physics held at the Centre

de recherches mathematiques (University of Montreal) in memory of Robert T. Sharp. Contributed
articles are on a variety of topics revolving around the theme of symmetry in physics. The preface
presents a biographical and scientific retrospect of the life and work of Robert Sharp. Other articles
in the volume represent his diverse range of interests, including representation theoretic methods

for Lie algebras, quantization techniques and foundational considerations, modular group invariants
and applications to conformal models, various physical models and equations, geometric calculations
with symmetries, and pedagogical methods for developing spatio-temporal intuition. The book is
suitable for graduate students and researchers interested in group theoretic methods, symmetries, and
mathematical physics.

Symmetry Breaking for Representations of Rank One Orthogonal Groups I



This work provides the first classification theory of matrix-valued symmetry breaking operators from
principal series representations of a reductive group to those of its subgroup.The study of symmetry
breaking operators (intertwining operators for restriction) is an important and very active research area
in modern representation theory, which also interacts with various fields in mathematics and theoretical
physics ranging from number theory to differential geometry and quantum mechanics.The first author
initiated a program of the general study of symmetry breaking operators. The present book pursues
the program by introducing new ideas and techniques, giving a systematic and detailed treatment in
the case of orthogonal groups of real rank one, which will serve as models for further research in other
settings.In connection to automorphic forms, this work includes a proof for a multiplicity conjecture by
Gross and Prasad for tempered principal series representations in the case (SO(n + 1, 1), SO(n, 1)).
The authors propose a further multiplicity conjecture for nontempered representations.Viewed from
differential geometry, this seminal work accomplishes the classification of all conformally covariant
operators transforming differential forms on a Riemanniann manifold X to those on a submanifold in
the model space (X, Y) = (Sn, Sn-1). Functional equations and explicit formulae of these operators
are also established.This book offers a self-contained and inspiring introduction to the analysis of
symmetry breaking operators for infinite-dimensional representations of reductive Lie groups. This
feature will be helpful for active scientists and accessible to graduate students and young researchers
in representation theory, automorphic forms, differential geometry, and theoretical physics.

Quarks and Leptons From Orbifolded Superstring

This book offers a detailed guide on the journey towards the minimal supersymmetric standard model
down the orbifold road. It takes the viewpoint that the chirality of matter fermions is an essential
aspect that orbifold compactification allows to derive from higher-dimensional string theories in a
straightforward manner. Halfway between textbook and tutorial review, the book is intended for the
graduate student and particle phenomenologist wishing to get acquainted with this field.

Groups and Characters

Group representation theory is both elegant and practical, with important applications to quantum
mechanics, spectroscopy, crystallography, and other fields in the physical sciences. This book offers an
easy-to-follow introduction to the theory of groups and of group characters. Designed as a rapid survey
of the subject, it emphasizes examples and applications of the theorems, and avoids many of the longer
and more difficult proofs. The text includes sections that provide the mathematical basis for some of the
applications of group theory. It also offers numerous exercises, some stressing computation of concrete
examples, others stressing development of the theory.

Theory Of Groups And Symmetries: Finite Groups, Lie Groups, And Lie Algebras

The book presents the main approaches in study of algebraic structures of symmetries in models of
theoretical and mathematical physics, namely groups and Lie algebras and their deformations. It covers
the commonly encountered quantum groups (including Yangians). The second main goal of the book
is to present a differential geometry of coset spaces that is actively used in investigations of models of
guantum field theory, gravity and statistical physics. The third goal is to explain the main ideas about
the theory of conformal symmetries, which is the basis of the AAS/CFT correspondence. The theory
of groups and symmetries is an important part of theoretical physics. In elementary particle physics,
cosmology and related fields, the key role is played by Lie groups and algebras corresponding to
continuous symmetries. For example, relativistic physics is based on the Lorentz and Poincare groups,
and the modern theory of elementary particles — the Standard Model — is based on gauge (local)
symmetry with the gauge group SU(3) x SU(2) x U(1). This book presents constructions and results
of a general nature, along with numerous concrete examples that have direct applications in modern
theoretical and mathematical physics. Contents: Preface Groups and Transformations Lie Groups Lie
Algebras Representations of Groups and Lie Algebras Compact Lie Algebras Root Systems and
Classification of Simple Lie Algebras Homogeneous Spaces and their Geometry Solutions to Selected
Problems Selected Bibliography References Index Readership: Graduate students and researchers
in theoretical physics and mathematical physics. Keywords: Lie Groups;Lie Algebras;Representation
Theory;Conformal Symmetries;Yangians;Coset Spaces;Differential Geometry;Casimir Operators;Root
Systems;AdS Spaces;Lobachevskian GeometryReview:0

Affine Lie Algebras and Quantum Groups



This is an introduction to the theory of affine Lie Algebras, to the theory of quantum groups, and to the
interrelationships between these two fields that are encountered in conformal field theory.

Boundary Conformal Field Theory and the Worldsheet Approach to D-Branes

A comprehensive introduction to the mathematical description of strings, D-branes and the geometry
of strongly curved spacetime.

Higher Spin Gauge Theories

This book is a printed edition of the Special Issue "Higher Spin Gauge Theories" that was published in
Universe

Multidimensional Hypergeometric Functions and Representation Theory of Lie Algebras and Quan-
tum Groups

This book recounts the connections between multidimensional hypergeometric functions and repre-
sentation theory. In 1984, physicists Knizhnik and Zamolodchikov discovered a fundamental differential
equation describing correlation functions in conformal field theory. The equation is defined in terms of
a Lie algebra. Kohno and Drinfeld found that the monodromy of the differential equation is described in
terms of the quantum group associated with the Lie algebra. It turns out that this phenomenon is the tip
of the iceberg. The Knizhnik—Zamolodchikov differential equation is solved in multidimensional hyper-
geometric functions, and the hypergeometric functions yield the connection between the representation
theories of Lie algebras and quantum groups. The topics presented in this book are not adequately
covered in periodicals. Contents:IntroductionConstruction of Complexes Calculating Homology of the
Complement of a ConfigurationConstruction of Homology Complexes for Discriminantal Configura-
tionAlgebraic Interpretation of Chain Complexes of a Discriminantal ConfigurationQuasiisomorphism
of Two-Sided Hochschild Complexes to Suitable One-Sided Hochschild ComplexesBundle Properties
of a Discriminantal ConfigurationR-Matrix for the Two-Sided Hochschild ComplexesMonodromyR-Ma-
trix Operator as the Canonical Element, Quantum DoublesHypergeometric IntegralsKkac—Moody Lie
Algebras Without Serre's Relations and Their DoublesHypergeometric Integrals of a Discriminantal
ConfigurationResonances at InfinityDegenerations of Discriminantal ConfigurationsRemarks on Ho-
mology Groups of a Configuration with Coefficients in Local Systems More General than Complex
One-Dimensional Readership: Mathematicians, theoretical physicists, and graduate students. key-
words:Hypergeometric Function;Hypergeometric Type Function;Hypergeometric Integral;Kac-Moody
Algebra;Quantum Group;Representations of a Kac-Moody Algebra;Representations of a Quantum
Group;Discriminant Configuration;Monodromy “The book is elegantly structured and sticks closely to
the point, and is also fairly down to earth ... as well as serving as an excellent specialist monograph, it
should also be useful as a first exposure to these topics for anyone who likes to learn a subject through
the study of a concrete problem.” Bull. London Math. Soc.

Introduction to Lie Algebras and Representation Theory

This volume contains the proceedings of the AMS Special Session on Topological Phases of Matter
and Quantum Computation, held from September 24-25, 2016, at Bowdoin College, Brunswick,
Maine. Topological quantum computing has exploded in popularity in recent years. Sitting at the

triple point between mathematics, physics, and computer science, it has the potential to revolutionize
sub-disciplines in these fields. The academic importance of this field has been recognized in physics
through the 2016 Nobel Prize. In mathematics, some of the 1990 Fields Medals were awarded for
developments in topics that nowadays are fundamental tools for the study of topological quantum
computation. Moreover, the practical importance of this discipline has been underscored by recent
industry investments. The relative youth of this field combined with a high degree of interest in it makes
now an excellent time to get involved. Furthermore, the cross-disciplinary nature of topological quantum
computing provides an unprecedented number of opportunities for cross-pollination of mathematics,
physics, and computer science. This can be seen in the variety of works contained in this volume.
With articles coming from mathematics, physics, and computer science, this volume aims to provide a
taste of different sub-disciplines for novices and a wealth of new perspectives for veteran researchers.
Regardless of your point of entry into topological quantum computing or your experience level, this
volume has something for you.

Topological Phases of Matter and Quantum Computation



* Develops new tools to efficiently describe different branches of physics within one mathematical
framework * Gives a clear geometric expression of the symmetry of physical laws * Useful for
researchers and graduate students interested in the many physical applications of bounded symmetric
domains * Will also benefit a wider audience of mathematicians, physicists, and graduate students
working in relativity, geometry, and Lie theory

Physical Applications of Homogeneous Balls

This text is devoted to mathematical structures arising in conformal field theory and the g-deformations.
The authors give a self-contained exposition of the theory of Knizhnik-Zamolodchikov equations and
related topics. No previous knowledge of physics is required. The text is suitable for a one-semester
graduate course and is intended for graduate students and research mathematicians interested in
mathematical physics.

Lectures on Representation Theory and Knizhnik-Zamolodchikov Equations

This book is a sequel to the book by the same authors entitled Theory of Groups and Symmetries:
Finite Groups, Lie Groups, and Lie Algebras. The presentation begins with the Dirac notation, which
is illustrated by boson and fermion oscillator algebras and also Grassmann algebra. Then detailed
account of finite-dimensional representations of groups SL(2, C) and SU(2) and their Lie algebras is
presented. The general theory of finite-dimensional irreducible representations of simple Lie algebras
based on the construction of highest weight representations is given. The classification of all finite-di-
mensional irreducible representations of the Lie algebras of the classical series s (n, C), so(n, C) and
sp(2r, C) is exposed. Finite-dimensional irreducible representations of linear groups SL(N, C) and their
compact forms SU(N) are constructed on the basis of the Schur-Weyl duality. A special role here is
played by the theory of representations of the symmetric group algebra C[Sr] (Schur-Frobenius theory,
Okounkov-Vershik approach), based on combinatorics of Young diagrams and Young tableaux. Similar
construction is given for pseudo-orthogonal groups O(p, q) and SO(p, q), including Lorentz groups O(1,
N-1) and SO(1, N-1), and their Lie algebras, as well as symplectic groups Sp(p, q). The representation
theory of Brauer algebra (centralizer algebra of SO(p, q) and Sp(p, q) groups in tensor representations)
is discussed. Finally, the covering groups Spin(p, q) for pseudo-orthogonal groups SO‘(p, q) are studied.
For this purpose, Clifford algebras in spaces Rp, g are introduced and representations of these algebras
are discussed.

Theory of Groups and Symmetries: Representations of Groups and Lie Algebras, Applications

Symmetries, coupled with the mathematical concept of group theory, are an essential conceptual
backbone in the formulation of quantum field theories capable of describing the world of elementary
particles. This primer is an introduction to and survey of the underlying concepts and structures needed
in order to understand and handle these powerful tools. Specifically, in Part | of the book the symmetries
and related group theoretical structures of the Minkowskian space-time manifold are analyzed, while
Part Il examines the internal symmetries and their related unitary groups, where the interactions
between fundamental particles are encoded as we know them from the present standard model of
particle physics. This book, based on several courses given by the authors, addresses advanced
graduate students and non-specialist researchers wishing to enter active research in the field, and
having a working knowledge of classical field theory and relativistic quantum mechanics. Numerous
end-of-chapter problems and their solutions will facilitate the use of this book as self-study guide or as
course book for topical lectures.

Symmetries and Group Theory in Particle Physics

An introductory text book for graduates and advanced undergraduates on group representation theory.
It emphasizes group theory's role as the mathematical framework for describing symmetry properties
of classical and quantum mechanical systems. Familiarity with basic group concepts and techniques
is invaluable in the education of a modern-day physicist. This book emphasizes general features and
methods which demonstrate the power of the group-theoretical approach in exposing the systematics
of physical systems with associated symmetry. Particular attention is given to pedagogy. In developing
the theory, clarity in presenting the main ideas and consequences is given the same priority as
comprehensiveness and strict rigor. To preserve the integrity of the mathematics, enough technical



information is included in the appendices to make the book almost self-contained. A set of problems
and solutions has been published in a separate booklet. Request Inspection Copy

Group Theory in Physics

W-symmetry is an extension of conformal symmetry in two dimensions. Since its introduction in 1985,
W-symmetry has become one of the central notions in the study of two-dimensional conformal field
theory. The mathematical structures that underlie W-symmetry are so-called W-algebras, which are
higher-spin extensions of the Virasoro algebra. This book contains a collection of papers on W-sym-
metry, covering the period from 1985 through 1993. Its main focus is the construction of W-algebras
and their representation theory. A recurrent theme is the intimate connection between W-algebras and
affine Lie algebras. Some of the applications, in particular W-gravity, are also covered.The significance
of this reprint volume is that there are no textbooks entirely devoted to the subject.

W-symmetry

This course-based primer provides an introduction to Lie algebras and some of their applications to
the spectroscopy of molecules, atoms, nuclei and hadrons. In the first part, it concisely presents the
basic concepts of Lie algebras, their representations and their invariants. The second part includes

a description of how Lie algebras are used in practice in the treatment of bosonic and fermionic
systems. Physical applications considered include rotations and vibrations of molecules (vibron model),
collective modes in nuclei (interacting boson model), the atomic shell model, the nuclear shell model,
and the quark model of hadrons. One of the key concepts in the application of Lie algebraic methods
in physics, that of spectrum generating algebras and their associated dynamic symmetries, is also
discussed. The book highlights a number of examples that help to illustrate the abstract algebraic
definitions and includes a summary of many formulas of practical interest, such as the eigenvalues
of Casimir operators, and the dimensions of the representations of all classical Lie algebras. For this
new edition, the text has been carefully revised and expanded; in particular, a new chapter has been
added on the deformation and contraction of Lie algebras. From the reviews of the first edition: "lachello
has written a pedagogical and straightforward presentation of Lie algebras [...]. It is a great text to
accompany a course on Lie algebras and their physical applications." (Marc de Montigny, Mathematical
Reviews, Issue, 2007 i) "This book [...] written by one of the leading experts in the field [...] will certainly
be of great use for students or specialists that want to refresh their knowledge on Lie algebras applied
to physics. [...] An excellent reference for those interested in acquiring practical experience [...] and
leaving the embarrassing theoretical presentations aside." (Rutwig Campoamor-Stursberg, Zentralblatt
MATH, Vol. 1156, 2009)

Lie Algebras and Applications

Quantum groups are a generalization of the classical Lie groups and Lie algebras and provide a
natural extension of the concept of symmetry fundamental to physics. This monograph is a survey of
the major developments in quantum groups, using an original approach based on the fundamental
concept of a tensor operator. Using this concept, properties of both the algebra and co-algebra

are developed from a single uniform point of view, which is especially helpful for understanding the
noncommuting co-ordinates of the quantum plane, which we interpret as elementary tensor operators.
Representations of the g-deformed angular momentum group are discussed, including the case
where ¢ is a root of unity, and general results are obtained for all unitary quantum groups using

the method of algebraic induction. Tensor operators are defined and discussed with examples, and

a systematic treatment of the important (3j) series of operators is developed in detail. This book is

a good reference for graduate students in physics and mathematics. Contents:Origins of Quantum
GroupsRepresentations of Unitary Quantum GroupsTensor Operators in Quantum GroupsThe Dual
Algebra and the Factor GroupQuantum Rotation MatricesQuantum Groups at Roots of UnityAlgebraic
Induction of Quantum Group RepresentationsSpecial TopicsBibliographylndex Readership: Physicists
and mathematicians interested in symmetry techniques in physics. keywords:Quantum Groups;Quan-
tum Algebras;Tensor Operators;Symmetries;Representations;q-Boson Operators;q-Clebsch-Gordan
Coefficients;Vector Coherent States;Algebraic Induction;Weyl-Ordered Polynomials

Quantum Group Symmetry and Q-Tensor Algebras

Symmetries in Quantum Mechanics: From Angular Momentum to Supersymmetry (PBK) provides a
thorough, didactic exposition of the role of symmetry, particularly rotational symmetry, in quantum



mechanics. The bulk of the book covers the description of rotations (geometrically and group-theo-
retically) and their representations, and the quantum theory of angular momentum. Later chapters
introduce more advanced topics such as relativistic theory, supersymmetry, anyons, fractional spin, and
statistics. With clear, in-depth explanations, the book is ideal for use as a course text for postgraduate
and advanced undergraduate students in physics and those specializing in theoretical physics. It is also
useful for researchers looking for an accessible introduction to this important area of quantum theory.

Symmetries in Quantum Mechanics

Contemporary introduction to semisimple Lie algebras; concise and informal, with numerous exercises
and examples

An Introduction to Lie Groups and Lie Algebras

This book, designed for advanced graduate students and post-graduate researchers, introduces Lie
algebras and some of their applications to the spectroscopy of molecules, atoms, nuclei and hadrons.
The book contains many examples that help to elucidate the abstract algebraic definitions. It provides
a summary of many formulas of practical interest, such as the eigenvalues of Casimir operators and
the dimensions of the representations of all classical Lie algebras.

Lie Algebras and Applications

Very roughly speaking, representation theory studies symmetry in linear spaces. It is a beautiful
mathematical subject which has many applications, ranging from number theory and combinatorics
to geometry, probability theory, quantum mechanics, and quantum field theory. The goal of this book
is to give a holistic" introduction to representation theory, presenting it as a unified subject which
studies representations of associative algebras and treating the representation theories of groups,
Lie algebras, and quivers as special cases. Using this approach, the book covers a number of
standard topics in the representation theories of these structures. Theoretical material in the book
is supplemented by many problems and exercises which touch upon a lot of additional topics; the
more difficult exercises are provided with hints. The book is designed as a textbook for advanced
undergraduate and beginning graduate students. It should be accessible to students with a strong
background in linear algebra and a basic knowledge of abstract algebra.

Introduction to Representation Theory

* Develops new tools to efficiently describe different branches of physics within one mathematical
framework * Gives a clear geometric expression of the symmetry of physical laws * Useful for
researchers and graduate students interested in the many physical applications of bounded symmetric
domains * Will also benefit a wider audience of mathematicians, physicists, and graduate students
working in relativity, geometry, and Lie theory

Physical Applications of Homogeneous Balls

This book is a comprehensive introduction to the application of continuous symmetries and their Lie
algebras to ordinary and partial differential equations. It is suitable for students and research workers
whose main interest lies in finding solutions to differential equations. It therefore caters for readers
primarily interested in applied mathematics and physics rather than pure mathematics. The book
provides an application-orientated text that is reasonably self-contained. A large number of worked
examples have been included to help readers working independently of a teacher. The advance of
algebraic computation has made it possible to write programs for the tedious calculations in this
research field, and thus the book also makes a survey of computer algebra packages.

Continuous Symmetries, Lie Algebras, Differential Equations and Computer Algebra

This text systematically presents the basics of quantum mechanics, emphasizing the role of Lie
groups, Lie algebras, and their unitary representations. The mathematical structure of the subject

is brought to the fore, intentionally avoiding significant overlap with material from standard physics
courses in quantum mechanics and quantum field theory. The level of presentation is attractive to
mathematics students looking to learn about both quantum mechanics and representation theory, while
also appealing to physics students who would like to know more about the mathematics underlying
the subject. This text showcases the numerous differences between typical mathematical and physical



treatments of the subject. The latter portions of the book focus on central mathematical objects that
occur in the Standard Model of particle physics, underlining the deep and intimate connections between
mathematics and the physical world. While an elementary physics course of some kind would be helpful
to the reader, no specific background in physics is assumed, making this book accessible to students
with a grounding in multivariable calculus and linear algebra. Many exercises are provided to develop
the reader's understanding of and facility in quantum-theoretical concepts and calculations.

Quantum Theory, Groups and Representations

In this new textbook, acclaimed author John Stillwell presents a lucid introduction to Lie theory suitable
for junior and senior level undergraduates. In order to achieve this, he focuses on the so-called “classical
groups" that capture the symmetries of real, complex, and quaternion spaces. These symmetry groups
may be represented by matrices, which allows them to be studied by elementary methods from calculus
and linear algebra. This naive approach to Lie theory is originally due to von Neumann, and it is now
possible to streamline it by using standard results of undergraduate mathematics. To compensate for
the limitations of the naive approach, end of chapter discussions introduce important results beyond
those proved in the book, as part of an informal sketch of Lie theory and its history. John Stillwell is
Professor of Mathematics at the University of San Francisco. He is the author of several highly regarded
books published by Springer, including The Four Pillars of Geometry (2005), Elements of Number
Theory (2003), Mathematics and Its History (Second Edition, 2002), Numbers and Geometry (1998)
and Elements of Algebra (1994).

Naive Lie Theory

A concise, modern textbook on group theory written especially for physicists Although group theory is
a mathematical subject, it is indispensable to many areas of modern theoretical physics, from atomic
physics to condensed matter physics, particle physics to string theory. In particular, it is essential

for an understanding of the fundamental forces. Yet until now, what has been missing is a modern,
accessible, and self-contained textbook on the subject written especially for physicists. Group Theory
in a Nutshell for Physicists fills this gap, providing a user-friendly and classroom-tested text that
focuses on those aspects of group theory physicists most need to know. From the basic intuitive
notion of a group, A. Zee takes readers all the way up to how theories based on gauge groups could
unify three of the four fundamental forces. He also includes a concise review of the linear algebra
needed for group theory, making the book ideal for self-study. Provides physicists with a modern and
accessible introduction to group theory Covers applications to various areas of physics, including field
theory, particle physics, relativity, and much more Topics include finite group and character tables;
real, pseudoreal, and complex representations; Weyl, Dirac, and Majorana equations; the expanding
universe and group theory; grand unification; and much more The essential textbook for students and
an invaluable resource for researchers Features a brief, self-contained treatment of linear algebra An
online illustration package is available to professors Solutions manual (available only to professors)

Group Theory in a Nutshell for Physicists

Introducing finite-dimensional representations of Lie groups and Lie algebras, this example-oriented
book works from representation theory of finite groups, through Lie groups and Lie algrbras to the finite
dimensional representations of the classical groups.

Representation Theory

- Combines material from many areas of mathematics, including algebra, geometry, and analysis, so

students see connections between these areas - Applies material to physics so students appreciate the
applications of abstract mathematics - Assumes only linear algebra and calculus, making an advanced
subject accessible to undergraduates - Includes 142 exercises, many with hints or complete solutions,
SO text may be used in the classroom or for self study

Groups and Symmetries

The text is devoted to the study of algebras of functions on quantum groups. The book includes the
theory of Poisson-Lie algebras (quasi-classical version of algebras of functions on quantum groups),
a description of representations of algebras of functions and the theory of quantum Weyl groups. It
can serve as a text for an introduction to the theory of quantum groups and is intended for graduate



students and research mathematicians working in algebra, representation theory and mathematical
physics.
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