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An exploration of mathematical style through 99 different proofs of the same theorem This book offers a multifaceted
perspective on mathematics by demonstrating 99 different proofs of the same theorem. Each chapter solves an
otherwise unremarkable equation in distinct historical, formal, and imaginative styles that range from Medieval,
Topological, and Doggerel to Chromatic, Electrostatic, and Psychedelic. With a rare blend of humor and scholarly
aplomb, Philip Ording weaves these variations into an accessible and wide-ranging narrative on the nature and practice
of mathematics. Inspired by the experiments of the Paris-based writing group known as the Oulipo—whose members
included Raymond Queneau, Italo Calvino, and Marcel Duchamp—Ording explores new ways to examine the aesthetic
possibilities of mathematical activity. 99 Variations on a Proof is a mathematical take on Queneau’s Exercises in Style, a
collection of 99 retellings of the same story, and it draws unexpected connections to everything from mysticism and
technology to architecture and sign language. Through diagrams, found material, and other imagery, Ording illustrates
the flexibility and creative potential of mathematics despite its reputation for precision and rigor. Readers will gain not
only a bird’s-eye view of the discipline and its major branches but also new insights into its historical, philosophical, and
cultural nuances. Readers, no matter their level of expertise, will discover in these proofs and accompanying commentary
surprising new aspects of the mathematical landscape.
Automata, Languages, and Machines
One of the challenges many mathematics students face occurs after they complete their study of basic calculus and
linear algebra, and they start taking courses where they are expected to write proofs. Historically, students have been
learning to think mathematically and to write proofs by studying Euclidean geometry. In the author's opinion, geometry is
still the best way to make the transition from elementary to advanced mathematics. The book begins with a thorough
review of high school geometry, then goes on to discuss special points associated with triangles, circles and certain
associated lines, Ceva's theorem, vector techniques of proof, and compass-and-straightedge constructions. There is also
some emphasis on proving numerical formulas like the laws of sines, cosines, and tangents, Stewart's theorem,
Ptolemy's theorem, and the area formula of Heron. An important difference of this book from the majority of modern
college geometry texts is that it avoids axiomatics. The students using this book have had very little experience with
formal mathematics. Instead, the focus of the course and the book is on interesting theorems and on the techniques that
can be used to prove them. This makes the book suitable to second- or third-year mathematics majors and also to
secondary mathematics education majors, allowing the students to learn how to write proofs of mathematical results and,
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at the end, showing them what mathematics is really all about.
The text begins with a review of group actions and Sylow theory. It includes semidirect products, the Schur-Zassenhaus
theorem, the theory of commutators, coprime actions on groups, transfer theory, Frobenius groups, primitive and multiply
transitive permutation groups, the simplicity of the PSL groups, the generalized Fitting subgroup and also Thompson's Jsubgroup and his normal $p$-complement theorem. Topics that seldom (or never) appear in books are also covered.
These include subnormality theory, a group-theoretic proof of Burnside's theorem about groups with order divisible by
just two primes, the Wielandt automorphism tower theorem, Yoshida's transfer theorem, the ``principal ideal theorem'' of
transfer theory and many smaller results that are not very well known. Proofs often contain original ideas, and they are
given in complete detail. In many cases they are simpler than can be found elsewhere. The book is largely based on the
author's lectures, and consequently, the style is friendly and somewhat informal. Finally, the book includes a large
collection of problems at disparate levels of difficulty. These should enable students to practice group theory and not just
read about it. Martin Isaacs is professor of mathematics at the University of Wisconsin, Madison. Over the years, he has
received many teaching awards and is well known for his inspiring teaching and lecturing. He received the University of
Wisconsin Distinguished Teaching Award in 1985, the Benjamin Smith Reynolds Teaching Award in 1989, and the
Wisconsin Section MAA Teaching Award in 1993, to name only a few. He was also honored by being the selected MAA
Polya Lecturer in 2003-2005.
Nonlinearity and Functional Analysis is a collection of lectures that aim to present a systematic description of
fundamental nonlinear results and their applicability to a variety of concrete problems taken from various fields of
mathematical analysis. For decades, great mathematical interest has focused on problems associated with linear
operators and the extension of the well-known results of linear algebra to an infinite-dimensional context. This interest
has been crowned with deep insights, and the substantial theory that has been developed has had a profound influence
throughout the mathematical sciences. This volume comprises six chapters and begins by presenting some background
material, such as differential-geometric sources, sources in mathematical physics, and sources from the calculus of
variations, before delving into the subject of nonlinear operators. The following chapters then discuss local analysis of a
single mapping and parameter dependent perturbation phenomena before going into analysis in the large. The final
chapters conclude the collection with a discussion of global theories for general nonlinear operators and critical point
theory for gradient mappings. This book will be of interest to practitioners in the fields of mathematics and physics, and to
those with interest in conventional linear functional analysis and ordinary and partial differential equations.
Homotopy Theory: An Introduction to Algebraic Topology
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College Geometry is divided into two parts. Part I is a sequel to basic high school geometry and introduces the reader to
some of the important modern extensions of elementary geometry- extension that have largely entered into the
mainstream of mathematics. Part II treats notions of geometric structure that arose with the non-Euclidean revolution in
the first half of the nineteenth century.
Mathematical Cosmology and Extragalactic Astronomy
Combining a concrete perspective with an exploration-based approach, Exploratory Galois Theory develops Galois
theory at an entirely undergraduate level. The text grounds the presentation in the concept of algebraic numbers with
complex approximations and assumes of its readers only a first course in abstract algebra. For readers with Maple or
Mathematica, the text introduces tools for hands-on experimentation with finite extensions of the rational numbers,
enabling a familiarity never before available to students of the subject. The text is appropriate for traditional lecture
courses, for seminars, or for self-paced independent study by undergraduates and graduate students.
With many updates and additional exercises, the second edition of this book continues to provide readers with a gentle
introduction to rough path analysis and regularity structures, theories that have yielded many new insights into the
analysis of stochastic differential equations, and, most recently, stochastic partial differential equations. Rough path
analysis provides the means for constructing a pathwise solution theory for stochastic differential equations which, in
many respects, behaves like the theory of deterministic differential equations and permits a clean break between
analytical and probabilistic arguments. Together with the theory of regularity structures, it forms a robust toolbox, allowing
the recovery of many classical results without having to rely on specific probabilistic properties such as adaptedness or
the martingale property. Essentially self-contained, this textbook puts the emphasis on ideas and short arguments, rather
than aiming for the strongest possible statements. A typical reader will have been exposed to upper undergraduate
analysis and probability courses, with little more than Itô-integration against Brownian motion required for most of the
text. From the reviews of the first edition: "Can easily be used as a support for a graduate course ... Presents in an
accessible way the unique point of view of two experts who themselves have largely contributed to the theory" - Fabrice
Baudouin in the Mathematical Reviews "It is easy to base a graduate course on rough paths on this ... A researcher who
carefully works her way through all of the exercises will have a very good impression of the current state of the art" Nicolas Perkowski in Zentralblatt MATH
For algebra or geometry courses for teachers; courses in topics of mathematics; capstone courses for teachers or other
students of mathematics; graduate courses for practicing teachers; or students who want a better understanding of
mathematics. Filling a wide gap in the market, this text provides current and prospective high school teachers with an
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advanced treatment of mathematics that will help them understand the connections between the mathematics they will be
teaching and the mathematics learned in college. It presents in-depth coverage of the most important concepts in high
school mathematics: real numbers, functions, congruence, similarity, and more.
as a student." --Book Jacket.
Accessible but rigorous, this outstanding text encompasses all of the topics covered by a typical course in elementary
abstract algebra. Its easy-to-read treatment offers an intuitive approach, featuring informal discussions followed by
thematically arranged exercises. This second edition features additional exercises to improve student familiarity with
applications. 1990 edition.
Introduction to the Theory of Infiniteseimals
The Heat Equation
This book is unique in that it looks at geometry from 4 different viewpoints - Euclid-style axioms, linear algebra, projective
geometry, and groups and their invariants Approach makes the subject accessible to readers of all mathematical tastes,
from the visual to the algebraic Abundantly supplemented with figures and exercises
Modular Representations of Finite Groups
Let N be a normal subgroup of a finite group G and let F be a field. An important method for constructing irreducible FGmodules consists of the application (perhaps repeated) of three basic operations: (i) restriction to FN. (ii) extension from
FN. (iii) induction from FN. This is the `Clifford Theory' developed by Clifford in 1937. In the past twenty years, the theory
has enjoyed a period of vigorous development. The foundations have been strengthened and reorganized from new
points of view, especially from the viewpoint of graded rings and crossed products. The purpose of this monograph is to
tie together various threads of the development in order to give a comprehensive picture of the current state of the
subject. It is assumed that the reader has had the equivalent of a standard first-year graduate algebra course, i.e.
familiarity with basic ring-theoretic, number-theoretic and group-theoretic concepts, and an understanding of elementary
properties of modules, tensor products and fields.
This book presents a geometric introduction to the homology of topological spaces and the cohomology of smooth
manifolds. The author introduces a new class of stratified spaces, so-called stratifolds. He derives basic concepts from
differential topology such as Sard's theorem, partitions of unity and transversality. Based on this, homology groups are
constructed in the framework of stratifolds and the homology axioms are proved. This implies that for nice spaces these
homology groups agree with ordinary singular homology. Besides the standard computations of homology groups using
the axioms, straightforward constructions of important homology classes are given. The author also defines stratifold
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cohomology groups following an idea of Quillen. Again, certain important cohomology classes occur very naturally in this
description, for example, the characteristic classes which are constructed in the book and applied later on. One of the
most fundamental results, Poincare duality, is almost a triviality in this approach. Some fundamental invariants, such as
the Euler characteristic and the signature, are derived from (co)homology groups. These invariants play a significant role
in some of the most spectacular results in differential topology. In particular, the author proves a special case of
Hirzebruch's signature theorem and presents as a highlight Milnor's exotic 7-spheres. This book is based on courses the
author taught in Mainz and Heidelberg. Readers should be familiar with the basic notions of point-set topology and
differential topology. The book can be used for a combined introduction to differential and algebraic topology, as well as
for a quick presentation of (co)homology in a course about differential geometry.
The companion title, Linear Algebra, has sold over 8,000 copies The writing style is very accessible The material can be
covered easily in a one-year or one-term course Includes Noah Snyder's proof of the Mason-Stothers polynomial abc
theorem New material included on product structure for matrices including descriptions of the conjugation representation
of the diagonal group
RiemannÆs zeta function
First Published in 2018. Routledge is an imprint of Taylor & Francis, an Informa company.
Connections, Curvature, and Cohomology Volume 3
This textbook, based on lectures given over a period of years at Cambridge, is a detailed and thorough introduction to
Galois theory.
Based in large part on the comprehensive "First Course in Ring Theory" by the same author, this book provides a
comprehensive set of problems and solutions in ring theory that will serve not only as a teaching aid to instructors using
that book, but also for students, who will see how ring theory theorems are applied to solving ring-theoretic problems and
how good proofs are written. The author demonstrates that problem-solving is a lively process: in "Comments" following
many solutions he discusses what happens if a hypothesis is removed, whether the exercise can be further generalized,
what would be a concrete example for the exercise, and so forth. The book is thus much more than a solution manual.
Spectral Theory of Random Matrices
Geometric Analysis combines differential equations with differential geometry. An important aspect of geometric analysis
is to approach geometric problems by studying differential equations. Besides some known linear differential operators
such as the Laplace operator, many differential equations arising from differential geometry are nonlinear. A particularly
important example is the Monge-Amperè equation. Applications to geometric problems have also motivated new
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methods and techniques in differential equations. The field of geometric analysis is broad and has had many striking
applications.This handbook of geometric analysis—the first of the two to be published in the ALM series—presents
introductions and survey papers treating important topics in geometric analysis, with their applications to related fields. It
can be used as a reference by graduate students and by researchers in related areas.
A First Course in Rational Continuum Mechanics, Volume 1: General Concepts describes general concepts in rational
continuum mechanics and covers topics ranging from bodies and forces to motions and energies, kinematics, and the
stress tensor. Constitutive relations are also discussed, and some definitions and theorems of algebra, geometry, and
calculus are included. Exercises and their solutions are given as well. Comprised of four chapters, this volume begins
with an introduction to rational mechanics by focusing on the mathematical concepts of bodies, forces, motions, and
energies. Systems that provide possible universes for mechanics are described. The next chapter explores kinematics,
with emphasis on bodies, placements, and motions as well as other relevant concepts like local deformation and
homogeneous transplacement. The book also considers the stress tensor and Cauchy's fundamental theorem before
concluding with a discussion on constitutive relations. This monograph is designed for students taking a course in
mathematics or physics.
Character theory is a powerful tool for understanding finite groups. In particular, the theory has been a key ingredient in the classification of
finite simple groups. Characters are also of interest in their own right, and their properties are closely related to properties of the structure of
the underlying group. The book begins by developing the module theory of complex group algebras. After the module-theoretic foundations
are laid in the first chapter, the focus is primarily on characters. This enhances the accessibility of the material for students, which was a
major consideration in the writing. Also with students in mind, a large number of problems are included, many of them quite challenging. In
addition to the development of the basic theory (using a cleaner notation than previously), a number of more specialized topics are covered
with accessible presentations. These include projective representations, the basics of the Schur index, irreducible character degrees and
group structure, complex linear groups, exceptional characters, and a fairly extensive introduction to blocks and Brauer characters. This is a
corrected reprint of the original 1976 version, later reprinted by Dover. Since 1976 it has become the standard reference for character theory,
appearing in the bibliography of almost every research paper in the subject. It is largely self-contained, requiring of the reader only the most
basic facts of linear algebra, group theory, Galois theory and ring and module theory.
This text emphasizes rigorous mathematical techniques for the analysis of boundary value problems for ODEs arising in applications. The
emphasis is on proving existence of solutions, but there is also a substantial chapter on uniqueness and multiplicity questions and several
chapters which deal with the asymptotic behavior of solutions with respect to either the independent variable or some parameter. These
equations may give special solutions of important PDEs, such as steady state or traveling wave solutions. Often two, or even three,
approaches to the same problem are described. The advantages and disadvantages of different methods are discussed. The book gives
complete classical proofs, while also emphasizing the importance of modern methods, especially when extensions to infinite dimensional
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settings are needed. There are some new results as well as new and improved proofs of known theorems. The final chapter presents three
unsolved problems which have received much attention over the years. Both graduate students and more experienced researchers will be
interested in the power of classical methods for problems which have also been studied with more abstract techniques. The presentation
should be more accessible to mathematically inclined researchers from other areas of science and engineering than most graduate texts in
mathematics.
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.
Group theory is the branch of mathematics that studies symmetry, found in crystals, art, architecture, music and many other contexts, but its
beauty is lost on students when it is taught in a technical style that is difficult to understand. Visual Group Theory assumes only a high school
mathematics background and covers a typical undergraduate course in group theory from a thoroughly visual perspective. The more than 300
illustrations in Visual Group Theory bring groups, subgroups, homomorphisms, products, and quotients into clear view. Every topic and
theorem is accompanied with a visual demonstration of its meaning and import, from the basics of groups and subgroups through advanced
structural concepts such as semidirect products and Sylow theory.
Lucid coverage of the major theories of abstract algebra, with helpful illustrations and exercises included throughout. Unabridged, corrected
republication of the work originally published 1971. Bibliography. Index. Includes 24 tables and figures.
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