
algebraic and geometric topology

Delving into the Intertwined Worlds of Algebraic
and Geometric Topology

Introduction:

Are you fascinated by the shapes and spaces that exist beyond our everyday perception?
Do you find yourself pondering the fundamental properties of objects, regardless of their
size or apparent complexity? Then you're on the right track to understanding the
captivating field of topology, a branch of mathematics that explores these very concepts.
This comprehensive guide delves into the fascinating interplay between algebraic topology
and geometric topology, two powerful tools used to unravel the intricate structures of
manifolds, spaces, and their transformations. We'll explore their core principles, highlight
key differences, and illustrate their applications with real-world examples. Prepare to
embark on a journey into the abstract yet deeply insightful world of topological spaces!

What is Topology? A Foundational Overview

Before diving into the algebraic and geometric aspects, let's establish a basic
understanding of topology itself. Topology, often referred to as "rubber sheet geometry,"
studies properties of objects that remain unchanged under continuous deformations –
stretching, bending, and twisting, but without tearing or gluing. Imagine a coffee cup
transforming into a donut – topologically, they are equivalent because one can be
continuously deformed into the other. This invariance under deformation is the
cornerstone of topological investigation. We're interested in intrinsic properties, not
extrinsic ones like length, area, or angles, which can change during these transformations.

Algebraic Topology: The Language of Algebra in
Topological Spaces

Algebraic topology uses algebraic tools – primarily groups, rings, and modules – to analyze
and classify topological spaces. Instead of directly studying the geometric shapes, it
translates the topological information into algebraic structures. This allows for a more
manageable and powerful approach to solving complex topological problems. Key
concepts within algebraic topology include:

Homology: This assigns algebraic structures (homology groups) to topological spaces,
reflecting the "holes" and connectedness of the space. A sphere, for instance, has a
different homology group than a torus (donut) because they have different numbers of
"holes."
Cohomology: A dual concept to homology, providing a richer algebraic description of the
space, particularly useful in studying manifolds and bundles.
Homotopy Theory: This examines continuous deformations of mappings between spaces,



providing insights into the equivalence classes of such mappings. It essentially categorizes
different ways to "wrap" one space around another.
Fundamental Group: This group captures the information about loops in a space and how
they can be combined. It's a powerful tool for distinguishing non-homotopic paths within a
space.

Geometric Topology: The Geometric Intuition of
Topological Properties

Geometric topology, in contrast, focuses on the geometric properties of spaces and
manifolds. It employs geometric intuition and techniques to analyze topological questions
directly. Key areas within geometric topology include:

Manifold Theory: This focuses on the study of spaces that locally resemble Euclidean
space, a fundamental building block in topology. Examples include spheres, tori, and
surfaces of higher dimensions.
Knot Theory: This fascinating subfield studies knots – embeddings of circles in three-
dimensional space – and their topological invariants, like crossing numbers and knot
polynomials.
Low-Dimensional Topology: This area concentrates on the topology of surfaces and three-
manifolds, where geometric intuition and techniques play a particularly significant role. It
often deals with intricate problems related to cutting, pasting, and gluing operations on
these spaces.
Geometric Group Theory: The connection between groups and their geometric
representations is central in this subfield, allowing for a powerful interplay between
algebraic and geometric techniques.

The Interplay Between Algebraic and Geometric
Topology

While distinct, algebraic and geometric topology are deeply intertwined. Algebraic tools
often provide a rigorous framework for analyzing the insights gained through geometric
intuition. Conversely, geometric insights often motivate and guide the development of new
algebraic techniques. The relationship is synergistic, with each approach enriching and
extending the other. For instance, geometric intuition about the structure of manifolds can
guide the construction of appropriate homology groups, while the algebraic properties of
these groups can reveal deeper geometric information about the manifolds themselves.

A Textbook Example: "Introduction to Topological
Manifolds"

Outline:

Introduction: Defining topological manifolds, their importance, and the scope of the book.
Chapter 1: Basic Topology: Review of fundamental topological concepts – open sets,
continuous maps, connectedness, compactness, etc.
Chapter 2: Manifold Theory: Detailed exploration of manifolds, including their properties,



classifications, and examples.
Chapter 3: Homology and Cohomology: Introduction to algebraic topology, focusing on the
construction and application of homology and cohomology groups for manifolds.
Chapter 4: Fundamental Group and Covering Spaces: Deeper dive into the fundamental
group and its connection to covering spaces, highlighting their role in manifold analysis.
Chapter 5: Applications and Advanced Topics: Discussion of applications in various fields
and advanced topics in manifold theory.
Conclusion: Summary of key concepts and future directions in manifold research.

Detailed Explanation of Each Chapter Outline Point:

(Note: This section would require several thousand words to fully flesh out each chapter.
I'll provide a brief overview of what each chapter would contain):

Introduction: This chapter would lay the groundwork, defining topological manifolds,
explaining the distinction between topological and smooth manifolds, and outlining the
book's structure.
Chapter 1: Basic Topology: This chapter would serve as a refresher on fundamental
topological concepts necessary for understanding manifolds. It would cover topological
spaces, open and closed sets, continuous functions, connectedness, compactness, and
other essential ideas.
Chapter 2: Manifold Theory: This chapter would delve into the core concept of manifolds,
defining them rigorously, exploring different types of manifolds (e.g., differentiable
manifolds, piecewise-linear manifolds), and providing numerous examples, including
spheres, tori, and projective spaces.
Chapter 3: Homology and Cohomology: This chapter would introduce the algebraic tools of
homology and cohomology. It would cover the construction of singular homology groups,
the Mayer-Vietoris sequence, and the applications of these tools in classifying manifolds. It
would also introduce cohomology and its relation to homology through Poincaré duality.
Chapter 4: Fundamental Group and Covering Spaces: This chapter would build upon the
previous chapters, introducing the concept of the fundamental group, explaining its
topological significance, and demonstrating its use in understanding covering spaces and
their connections to manifold theory.
Chapter 5: Applications and Advanced Topics: This chapter would explore the applications
of manifold theory in various fields such as physics, computer graphics, and data analysis.
It could also introduce advanced topics like surgery theory or characteristic classes.
Conclusion: The concluding chapter would summarize the key concepts and results
presented in the book, highlighting the importance of manifold theory and suggesting
directions for future research.

FAQs on Algebraic and Geometric Topology

What is the difference between a manifold and a topological space? A manifold is a1.
topological space that locally resembles Euclidean space. All manifolds are
topological spaces, but not all topological spaces are manifolds.



What are some real-world applications of topology? Topology finds applications in1.
areas like computer graphics (modeling shapes), robotics (path planning), data
analysis (clustering and dimensionality reduction), and physics (string theory,
cosmology).

How is homology calculated for a given space? Homology groups are calculated1.
using chain complexes and boundary operators, a process that involves constructing
algebraic structures based on the simplicial decomposition or singular chains of the
space.

What is the significance of the fundamental group? The fundamental group reveals1.
information about the loops in a space and their homotopy classes, which can be
crucial in understanding the connectivity and structure of the space.

What are some examples of topological invariants? Euler characteristic, genus (for1.
surfaces), Betti numbers (derived from homology), and knot invariants are examples
of topological invariants.

What is the Poincaré conjecture? The Poincaré conjecture, now a theorem, states1.
that every simply connected, closed 3-manifold is homeomorphic to a 3-sphere. Its
proof involved significant advancements in geometric and algebraic topology.

How does knot theory relate to other branches of mathematics? Knot theory connects1.
with algebra (knot polynomials), geometry (knot diagrams), and even physics
(quantum field theory).

Is there a "best" approach to studying topology – algebraic or geometric? The best1.
approach often depends on the specific problem. Many problems require a
combination of both algebraic and geometric techniques.

What are some resources for learning more about algebraic and geometric topology?1.
Textbooks, online courses (Coursera, edX), research papers, and engaging YouTube
channels dedicated to mathematics can offer further educational opportunities.



Related Articles:

Introduction to Manifold Theory: A foundational article explaining the definition and1.
properties of manifolds.

Understanding Homology Groups: A detailed guide to computing and interpreting2.
homology groups.

The Power of the Fundamental Group: An exploration of the fundamental group and3.
its applications.

Knot Theory Basics and Invariants: An introduction to the world of knots and their4.
mathematical properties.

Applications of Topology in Computer Graphics: How topological concepts are used5.
in 3D modeling and animation.

Topology and Data Analysis: An overview of topological data analysis methods.6.

The Poincaré Conjecture: A Historical Overview: A discussion of the conjecture, its7.
significance, and its eventual proof.

Geometric Group Theory: Bridging Algebra and Geometry: Exploring the interaction8.
between groups and their geometric representations.

Advanced Topics in Manifold Theory: An overview of more complex aspects of9.
manifold theory, including surgery theory and characteristic classes.

  algebraic and geometric topology: Algebraic and Geometric Topology, Part 2 R. James
Milgram, American Mathematical Society, 1978 Contains sections on Structure of topological
manifolds, Low dimensional manifolds, Geometry of differential manifolds and algebraic varieties,
$H$-spaces, loop spaces and $CW$ complexes, Problems.
  algebraic and geometric topology: Algebraic and Geometric Topology R. James Milgram,
1978
  algebraic and geometric topology: Basic Concepts of Algebraic Topology F.H. Croom,
2012-12-06 This text is intended as a one semester introduction to algebraic topology at the
undergraduate and beginning graduate levels. Basically, it covers simplicial homology theory, the
fundamental group, covering spaces, the higher homotopy groups and introductory singular
homology theory. The text follows a broad historical outline and uses the proofs of the discoverers of
the important theorems when this is consistent with the elementary level of the course. This method
of presentation is intended to reduce the abstract nature of algebraic topology to a level that is
palatable for the beginning student and to provide motivation and cohesion that are often lacking in
abstact treatments. The text emphasizes the geometric approach to algebraic topology and attempts
to show the importance of topological concepts by applying them to problems of geometry and
analysis. The prerequisites for this course are calculus at the sophomore level, a one semester
introduction to the theory of groups, a one semester introduc tion to point-set topology and some



familiarity with vector spaces. Outlines of the prerequisite material can be found in the appendices
at the end of the text. It is suggested that the reader not spend time initially working on the
appendices, but rather that he read from the beginning of the text, referring to the appendices as his
memory needs refreshing. The text is designed for use by college juniors of normal intelligence and
does not require mathematical maturity beyond the junior level.
  algebraic and geometric topology: Topology and Geometry Glen E. Bredon, 1993-06-24 This
book offers an introductory course in algebraic topology. Starting with general topology, it discusses
differentiable manifolds, cohomology, products and duality, the fundamental group, homology
theory, and homotopy theory. From the reviews: An interesting and original graduate text in
topology and geometry...a good lecturer can use this text to create a fine course....A beginning
graduate student can use this text to learn a great deal of mathematics.—-MATHEMATICAL
REVIEWS
  algebraic and geometric topology: Algebraic Topology William Fulton, 2013-12-01 To the
Teacher. This book is designed to introduce a student to some of the important ideas of algebraic
topology by emphasizing the re lations of these ideas with other areas of mathematics. Rather than
choosing one point of view of modem topology (homotopy theory, simplicial complexes, singular
theory, axiomatic homology, differ ential topology, etc.), we concentrate our attention on concrete
prob lems in low dimensions, introducing only as much algebraic machin ery as necessary for the
problems we meet. This makes it possible to see a wider variety of important features of the subject
than is usual in a beginning text. The book is designed for students of mathematics or science who
are not aiming to become practicing algebraic topol ogists-without, we hope, discouraging budding
topologists. We also feel that this approach is in better harmony with the historical devel opment of
the subject. What would we like a student to know after a first course in to pology (assuming we
reject the answer: half of what one would like the student to know after a second course in
topology)? Our answers to this have guided the choice of material, which includes: under standing
the relation between homology and integration, first on plane domains, later on Riemann surfaces
and in higher dimensions; wind ing numbers and degrees of mappings, fixed-point theorems; appli
cations such as the Jordan curve theorem, invariance of domain; in dices of vector fields and Euler
characteristics; fundamental groups
  algebraic and geometric topology: A Basic Course in Algebraic Topology William S. Massey,
2019-06-28 This textbook is intended for a course in algebraic topology at the beginning graduate
level. The main topics covered are the classification of compact 2-manifolds, the fundamental group,
covering spaces, singular homology theory, and singular cohomology theory. These topics are
developed systematically, avoiding all unnecessary definitions, terminology, and technical
machinery. The text consists of material from the first five chapters of the author's earlier book,
Algebraic Topology; an Introduction (GTM 56) together with almost all of his book, Singular
Homology Theory (GTM 70). The material from the two earlier books has been substantially revised,
corrected, and brought up to date.
  algebraic and geometric topology: Undergraduate Algebraic Geometry Miles Reid, Miles
A. Reid, 1988-12-15 Algebraic geometry is, essentially, the study of the solution of equations and
occupies a central position in pure mathematics. This short and readable introduction to algebraic
geometry will be ideal for all undergraduate mathematicians coming to the subject for the first time.
With the minimum of prerequisites, Dr Reid introduces the reader to the basic concepts of algebraic
geometry including: plane conics, cubics and the group law, affine and projective varieties, and
non-singularity and dimension. He is at pains to stress the connections the subject has with
commutative algebra as well as its relation to topology, differential geometry, and number theory.
The book arises from an undergraduate course given at the University of Warwick and contains
numerous examples and exercises illustrating the theory.
  algebraic and geometric topology: Topology Through Inquiry Michael Starbird, Francis
Su, 2020-09-10 Topology Through Inquiry is a comprehensive introduction to point-set, algebraic,
and geometric topology, designed to support inquiry-based learning (IBL) courses for upper-division



undergraduate or beginning graduate students. The book presents an enormous amount of topology,
allowing an instructor to choose which topics to treat. The point-set material contains many
interesting topics well beyond the basic core, including continua and metrizability. Geometric and
algebraic topology topics include the classification of 2-manifolds, the fundamental group, covering
spaces, and homology (simplicial and singular). A unique feature of the introduction to homology is
to convey a clear geometric motivation by starting with mod 2 coefficients. The authors are
acknowledged masters of IBL-style teaching. This book gives students joy-filled, manageable
challenges that incrementally develop their knowledge and skills. The exposition includes insightful
framing of fruitful points of view as well as advice on effective thinking and learning. The text
presumes only a modest level of mathematical maturity to begin, but students who work their way
through this text will grow from mathematics students into mathematicians. Michael Starbird is a
University of Texas Distinguished Teaching Professor of Mathematics. Among his works are two
other co-authored books in the Mathematical Association of America's (MAA) Textbook series.
Francis Su is the Benediktsson-Karwa Professor of Mathematics at Harvey Mudd College and a past
president of the MAA. Both authors are award-winning teachers, including each having received the
MAA's Haimo Award for distinguished teaching. Starbird and Su are, jointly and individually, on
lifelong missions to make learning—of mathematics and beyond—joyful, effective, and available to
everyone. This book invites topology students and teachers to join in the adventure.
  algebraic and geometric topology: Applications of Algebraic Topology S. Lefschetz,
2012-12-06 This monograph is based, in part, upon lectures given in the Princeton School of
Engineering and Applied Science. It presupposes mainly an elementary knowledge of linear algebra
and of topology. In topology the limit is dimension two mainly in the latter chapters and questions of
topological invariance are carefully avoided. From the technical viewpoint graphs is our only
requirement. However, later, questions notably related to Kuratowski's classical theorem have
demanded an easily provided treatment of 2-complexes and surfaces. January 1972 Solomon
Lefschetz 4 INTRODUCTION The study of electrical networks rests upon preliminary theory of
graphs. In the literature this theory has always been dealt with by special ad hoc methods. My
purpose here is to show that actually this theory is nothing else than the first chapter of classical
algebraic topology and may be very advantageously treated as such by the well known methods of
that science. Part I of this volume covers the following ground: The first two chapters present,
mainly in outline, the needed basic elements of linear algebra. In this part duality is dealt with
somewhat more extensively. In Chapter III the merest elements of general topology are discussed.
Graph theory proper is covered in Chapters IV and v, first structurally and then as algebra. Chapter
VI discusses the applications to networks. In Chapters VII and VIII the elements of the theory of
2-dimensional complexes and surfaces are presented.
  algebraic and geometric topology: Stacks and Categories in Geometry, Topology, and
Algebra Tony Pantev, Carlos Simpson, Bertrand Toën, Michel Vaquie, Gabriele Vezzosi, 2015 This
volume contains the proceedings of the CATS4 Conference on Higher Categorical Structures and
their Interactions with Algebraic Geometry, Algebraic Topology and Algebra, held from July 2-7,
2012, at CIRM in Luminy, France. Over the past several years, the CATS conference series has
brought together top level researchers from around the world interested in relative and higher
category theory and its applications to classical mathematical domains. Included in this volume is a
collection of articles covering the applications of categories and stacks to geometry, topology and
algebra. Techniques such as localization, model categories, simplicial objects, sheaves of categories,
mapping stacks, dg structures, hereditary categories, and derived stacks, are applied to give new
insight on cluster algebra, Lagrangians, trace theories, loop spaces, structured surfaces, stability,
ind-coherent complexes and 1-affineness showing up in geometric Langlands, branching out to many
related topics along the way
  algebraic and geometric topology: Geometry and Topology of Manifolds: Surfaces and
Beyond Vicente Muñoz, Ángel González-Prieto, Juan Ángel Rojo, 2020-10-21 This book represents a
novel approach to differential topology. Its main focus is to give a comprehensive introduction to the



classification of manifolds, with special attention paid to the case of surfaces, for which the book
provides a complete classification from many points of view: topological, smooth, constant curvature,
complex, and conformal. Each chapter briefly revisits basic results usually known to graduate
students from an alternative perspective, focusing on surfaces. We provide full proofs of some
remarkable results that sometimes are missed in basic courses (e.g., the construction of
triangulations on surfaces, the classification of surfaces, the Gauss-Bonnet theorem, the
degree-genus formula for complex plane curves, the existence of constant curvature metrics on
conformal surfaces), and we give hints to questions about higher dimensional manifolds. Many
examples and remarks are scattered through the book. Each chapter ends with an exhaustive
collection of problems and a list of topics for further study. The book is primarily addressed to
graduate students who did take standard introductory courses on algebraic topology, differential
and Riemannian geometry, or algebraic geometry, but have not seen their deep interconnections,
which permeate a modern approach to geometry and topology of manifolds.
  algebraic and geometric topology: Geometric Topology in Dimensions 2 and 3 E.E. Moise,
2013-06-29 Geometric topology may roughly be described as the branch of the topology of manifolds
which deals with questions of the existence of homeomorphisms. Only in fairly recent years has this
sort of topology achieved a sufficiently high development to be given a name, but its beginnings are
easy to identify. The first classic result was the SchOnflies theorem (1910), which asserts that every
1-sphere in the plane is the boundary of a 2-cell. In the next few decades, the most notable
affirmative results were the Schonflies theorem for polyhedral 2-spheres in space, proved by J. W.
Alexander [Ad, and the triangulation theorem for 2-manifolds, proved by T. Rad6 [Rd. But the most
striking results of the 1920s were negative. In 1921 Louis Antoine [A ] published an extraordinary
paper in which he 4 showed that a variety of plausible conjectures in the topology of 3-space were
false. Thus, a (topological) Cantor set in 3-space need not have a simply connected complement;
therefore a Cantor set can be imbedded in 3-space in at least two essentially different ways; a
topological 2-sphere in 3-space need not be the boundary of a 3-cell; given two disjoint 2-spheres in
3-space, there is not necessarily any third 2-sphere which separates them from one another in
3-space; and so on and on. The well-known horned sphere of Alexander [A ] appeared soon
thereafter.
  algebraic and geometric topology: Algebraic and Geometric Surgery Andrew Ranicki,
2002 This book is an introduction to surgery theory: the standard classification method for
high-dimensional manifolds. It is aimed at graduate students, who have already had a basic topology
course, and would now like to understand the topology of high-dimensional manifolds. This text
contains entry-level accounts of the various prerequisites of both algebra and topology, including
basic homotopy and homology, Poincare duality, bundles, co-bordism, embeddings, immersions,
Whitehead torsion, Poincare complexes, spherical fibrations and quadratic forms and formations.
While concentrating on the basic mechanics of surgery, this book includes many worked examples,
useful drawings for illustration of the algebra and references for further reading.
  algebraic and geometric topology: Topological Embeddings , 1973-03-30 Topological
Embeddings
  algebraic and geometric topology: A Concise Course in Algebraic Topology J. P. May,
1999-09 Algebraic topology is a basic part of modern mathematics, and some knowledge of this area
is indispensable for any advanced work relating to geometry, including topology itself, differential
geometry, algebraic geometry, and Lie groups. This book provides a detailed treatment of algebraic
topology both for teachers of the subject and for advanced graduate students in mathematics either
specializing in this area or continuing on to other fields. J. Peter May's approach reflects the
enormous internal developments within algebraic topology over the past several decades, most of
which are largely unknown to mathematicians in other fields. But he also retains the classical
presentations of various topics where appropriate. Most chapters end with problems that further
explore and refine the concepts presented. The final four chapters provide sketches of substantial
areas of algebraic topology that are normally omitted from introductory texts, and the book



concludes with a list of suggested readings for those interested in delving further into the field.
  algebraic and geometric topology: Basic Notions of Algebra Igor R. Shafarevich,
2005-04-13 Wholeheartedly recommended to every student and user of mathematics, this is an
extremely original and highly informative essay on algebra and its place in modern mathematics and
science. From the fields studied in every university maths course, through Lie groups to cohomology
and category theory, the author shows how the origins of each concept can be related to attempts to
model phenomena in physics or in other branches of mathematics. Required reading for
mathematicians, from beginners to experts.
  algebraic and geometric topology: A First Course in Geometric Topology and Differential
Geometry Ethan D. Bloch, 2011-06-27 The uniqueness of this text in combining geometric topology
and differential geometry lies in its unifying thread: the notion of a surface. With numerous
illustrations, exercises and examples, the student comes to understand the relationship of the
modern abstract approach to geometric intuition. The text is kept at a concrete level, avoiding
unnecessary abstractions, yet never sacrificing mathematical rigor. The book includes topics not
usually found in a single book at this level.
  algebraic and geometric topology: Algebraic Topology Allen Hatcher, 2002 An introductory
textbook suitable for use in a course or for self-study, featuring broad coverage of the subject and a
readable exposition, with many examples and exercises.
  algebraic and geometric topology: Differential Forms in Algebraic Topology Raoul Bott,
Loring W. Tu, 2013-04-17 Developed from a first-year graduate course in algebraic topology, this
text is an informal introduction to some of the main ideas of contemporary homotopy and
cohomology theory. The materials are structured around four core areas: de Rham theory, the
Cech-de Rham complex, spectral sequences, and characteristic classes. By using the de Rham theory
of differential forms as a prototype of cohomology, the machineries of algebraic topology are made
easier to assimilate. With its stress on concreteness, motivation, and readability, this book is equally
suitable for self-study and as a one-semester course in topology.
  algebraic and geometric topology: Techniques of Geometric Topology Roger Fenn, 1983-09
  algebraic and geometric topology: Lectures on Algebraic Topology Sergeĭ Vladimirovich
Matveev, 2006 Algebraic topology is the study of the global properties of spaces by means of
algebra. It is an important branch of modern mathematics with a wide degree of applicability to
other fields, including geometric topology, differential geometry, functional analysis, differential
equations, algebraic geometry, number theory, and theoretical physics. This book provides an
introduction to the basic concepts and methods of algebraic topology for the beginner. It presents
elements of both homology theory and homotopy theory, and includes various applications. The
author's intention is to rely on the geometric approach by appealing to the reader's own intuition to
help understanding. The numerous illustrations in the text also serve this purpose. Two features
make the text different from the standard literature: first, special attention is given to providing
explicit algorithms for calculating the homology groups and for manipulating the fundamental
groups. Second, the book contains many exercises, all of which are supplied with hints or solutions.
This makes the book suitable for both classroom use and for independent study.
  algebraic and geometric topology: Geometric Topology: Localization, periodicity, and
galois symmetry Dennis Parnell Sullivan, 1971
  algebraic and geometric topology: Combinatorial Algebraic Topology Dimitry Kozlov,
2008-01-08 This volume is the first comprehensive treatment of combinatorial algebraic topology in
book form. The first part of the book constitutes a swift walk through the main tools of algebraic
topology. Readers - graduate students and working mathematicians alike - will probably find
particularly useful the second part, which contains an in-depth discussion of the major research
techniques of combinatorial algebraic topology. Although applications are sprinkled throughout the
second part, they are principal focus of the third part, which is entirely devoted to developing the
topological structure theory for graph homomorphisms.
  algebraic and geometric topology: Algebraic Models in Geometry Yves Félix, John Oprea,



Daniel Tanré, 2008 A text aimed at both geometers needing the tools of rational homotopy theory to
understand and discover new results concerning various geometric subjects, and topologists who
require greater breadth of knowledge about geometric applications of the algebra of homotopy
theory.
  algebraic and geometric topology: Geometric and Algebraic Topological Methods in
Quantum Mechanics G. Giachetta, L. Mangiarotti, Gennadii Aleksandrovich Sardanashvili, 2005 In
the last decade, the development of new ideas in quantum theory, including geometric and
deformation quantization, the non-Abelian Berry''s geometric factor, super- and BRST symmetries,
non-commutativity, has called into play the geometric techniques based on the deep interplay
between algebra, differential geometry and topology. The book aims at being a guide to advanced
differential geometric and topological methods in quantum mechanics. Their main peculiarity lies in
the fact that geometry in quantum theory speaks mainly the algebraic language of rings, modules,
sheaves and categories. Geometry is by no means the primary scope of the book, but it underlies
many ideas in modern quantum physics and provides the most advanced schemes of quantization.
  algebraic and geometric topology: A Geometric Introduction to Topology Charles Terence
Clegg Wall, 1993-01-01 First course in algebraic topology for advanced undergraduates. Homotopy
theory, the duality theorem, relation of topological ideas to other branches of pure mathematics.
Exercises and problems. 1972 edition.
  algebraic and geometric topology: The Geometry and Topology of Coxeter Groups Michael
Davis, 2008 The Geometry and Topology of Coxeter Groups is a comprehensive and authoritative
treatment of Coxeter groups from the viewpoint of geometric group theory. Groups generated by
reflections are ubiquitous in mathematics, and there are classical examples of reflection groups in
spherical, Euclidean, and hyperbolic geometry. Any Coxeter group can be realized as a group
generated by reflection on a certain contractible cell complex, and this complex is the principal
subject of this book. The book explains a theorem of Moussong that demonstrates that a polyhedral
metric on this cell complex is nonpositively curved, meaning that Coxeter groups are CAT(0) groups.
The book describes the reflection group trick, one of the most potent sources of examples of
aspherical manifolds. And the book discusses many important topics in geometric group theory and
topology, including Hopf's theory of ends; contractible manifolds and homology spheres; the
Poincaré Conjecture; and Gromov's theory of CAT(0) spaces and groups. Finally, the book examines
connections between Coxeter groups and some of topology's most famous open problems concerning
aspherical manifolds, such as the Euler Characteristic Conjecture and the Borel and Singer
conjectures.
  algebraic and geometric topology: Algebraic Topology and Related Topics Mahender
Singh, Yongjin Song, Jie Wu, 2019-02-02 This book highlights the latest advances in algebraic
topology, from homotopy theory, braid groups, configuration spaces and toric topology, to
transformation groups and the adjoining area of knot theory. It consists of well-written original
research papers and survey articles by subject experts, most of which were presented at the “7th
East Asian Conference on Algebraic Topology” held at the Indian Institute of Science Education and
Research (IISER), Mohali, Punjab, India, from December 1 to 6, 2017. Algebraic topology is a broad
area of mathematics that has seen enormous developments over the past decade, and as such this
book is a valuable resource for graduate students and researchers working in the field.
  algebraic and geometric topology: Handbook of Geometric Topology R.B. Sher, R.J.
Daverman, 2001-12-20 Geometric Topology is a foundational component of modern mathematics,
involving the study of spacial properties and invariants of familiar objects such as manifolds and
complexes. This volume, which is intended both as an introduction to the subject and as a wide
ranging resouce for those already grounded in it, consists of 21 expository surveys written by
leading experts and covering active areas of current research. They provide the reader with an
up-to-date overview of this flourishing branch of mathematics.
  algebraic and geometric topology: Algebraic Geometry Robin Hartshorne, 2013-06-29 An
introduction to abstract algebraic geometry, with the only prerequisites being results from



commutative algebra, which are stated as needed, and some elementary topology. More than 400
exercises distributed throughout the book offer specific examples as well as more specialised topics
not treated in the main text, while three appendices present brief accounts of some areas of current
research. This book can thus be used as textbook for an introductory course in algebraic geometry
following a basic graduate course in algebra. Robin Hartshorne studied algebraic geometry with
Oscar Zariski and David Mumford at Harvard, and with J.-P. Serre and A. Grothendieck in Paris. He
is the author of Residues and Duality, Foundations of Projective Geometry, Ample Subvarieties of
Algebraic Varieties, and numerous research titles.
  algebraic and geometric topology: Topology, Geometry and Quantum Field Theory
Ulrike Luise Tillmann, 2004-06-28 The symposium held in honour of the 60th birthday of Graeme
Segal brought together leading physicists and mathematicians. Its topics were centred around string
theory, M-theory, and quantum gravity on the one hand, and K-theory, elliptic cohomology, quantum
cohomology and string topology on the other. Geometry and quantum physics developed in parallel
since the recognition of the central role of non-abelian gauge theory in elementary particle physics
in the late seventies and the emerging study of super-symmetry and string theory. With its selection
of survey and research articles these proceedings fulfil the dual role of reporting on developments in
the field and defining directions for future research. For the first time Graeme Segal's manuscript
'The definition of Conformal Field Theory' is published, which has been greatly influential over more
than ten years. An introduction by the author puts it into the present context.
  algebraic and geometric topology: Toric Topology Victor M. Buchstaber, Taras E. Pano,
2015-07-15 This book is about toric topology, a new area of mathematics that emerged at the end of
the 1990s on the border of equivariant topology, algebraic and symplectic geometry, combinatorics,
and commutative algebra. It has quickly grown into a very active area with many links to other areas
of mathematics, and continues to attract experts from different fields. The key players in toric
topology are moment-angle manifolds, a class of manifolds with torus actions defined in
combinatorial terms. Construction of moment-angle manifolds relates to combinatorial geometry and
algebraic geometry of toric varieties via the notion of a quasitoric manifold. Discovery of remarkable
geometric structures on moment-angle manifolds led to important connections with classical and
modern areas of symplectic, Lagrangian, and non-Kaehler complex geometry. A related categorical
construction of moment-angle complexes and polyhedral products provides for a universal
framework for many fundamental constructions of homotopical topology. The study of polyhedral
products is now evolving into a separate subject of homotopy theory. A new perspective on torus
actions has also contributed to the development of classical areas of algebraic topology, such as
complex cobordism. This book includes many open problems and is addressed to experts interested
in new ideas linking all the subjects involved, as well as to graduate students and young researchers
ready to enter this beautiful new area.
  algebraic and geometric topology: Lecture Notes in Algebraic Topology James Frederic
Davis, Paul Kirk, 2001 The amount of algebraic topology a graduate student specializing in topology
must learn can be intimidating. Moreover, by their second year of graduate studies, students must
make the transition from understanding simple proofs line-by-line to understanding the overall
structure of proofs of difficult theorems. To help students make this transition, the material in this
book is presented in an increasingly sophisticated manner. It is intended to bridge the gap between
algebraic andgeometric topology, both by providing the algebraic tools that a geometric topologist
needs and by concentrating on those areas of algebraic topology that are geometrically motivated.
Prerequisites for using this book include basic set-theoretic topology, the definition of
CW-complexes, someknowledge of the fundamental group/covering space theory, and the
construction of singular homology. Most of this material is briefly reviewed at the beginning of the
book. The topics discussed by the authors include typical material for first- and second-year
graduate courses. The core of the exposition consists of chapters on homotopy groups and on
spectral sequences. There is also material that would interest students of geometric topology
(homology with local coefficients and obstructiontheory) and algebraic topology (spectra and



generalized homology), as well as preparation for more advanced topics such as algebraic
$K$-theory and the s-cobordism theorem. A unique feature of the book is the inclusion, at the end of
each chapter, of several projects that require students to presentproofs of substantial theorems and
to write notes accompanying their explanations. Working on these projects allows students to
grapple with the ``big picture'', teaches them how to give mathematical lectures, and prepares them
for participating in research seminars. The book is designed as a textbook for graduate students
studying algebraic and geometric topology and homotopy theory. It will also be useful for students
from other fields such as differential geometry, algebraic geometry, andhomological algebra. The
exposition in the text is clear; special cases are presented over complex general statements.
  algebraic and geometric topology: Introduction to Vassiliev Knot Invariants S. Chmutov,
Sergeĭ Vasilʹevich Duzhin, J. Mostovoy, 2012-05-24 A detailed exposition of the theory with an
emphasis on its combinatorial aspects.
  algebraic and geometric topology: Algebraic Topology Satya Deo, 2003-12-01
  algebraic and geometric topology: Simplicial Objects in Algebraic Topology J. P. May, 1992
Simplicial sets are discrete analogs of topological spaces. They have played a central role in
algebraic topology ever since their introduction in the late 1940s, and they also play an important
role in other areas such as geometric topology and algebraic geometry. On a formal level, the
homotopy theory of simplicial sets is equivalent to the homotopy theory of topological spaces. In
view of this equivalence, one can apply discrete, algebraic techniques to perform basic topological
constructions. These techniques are particularly appropriate in the theory of localization and
completion of topological spaces, which was developed in the early 1970s. Since it was first
published in 1967, Simplicial Objects in Algebraic Topology has been the standard reference for the
theory of simplicial sets and their relationship to the homotopy theory of topological spaces. J. Peter
May gives a lucid account of the basic homotopy theory of simplicial sets, together with the
equivalence of homotopy theories alluded to above. The central theme is the simplicial approach to
the theory of fibrations and bundles, and especially the algebraization of fibration and bundle theory
in terms of twisted Cartesian products. The Serre spectral sequence is described in terms of this
algebraization. Other topics treated in detail include Eilenberg-MacLane complexes, Postnikov
systems, simplicial groups, classifying complexes, simplicial Abelian groups, and acyclic models.
Simplicial Objects in Algebraic Topology presents much of the elementary material of algebraic
topology from the semi-simplicial viewpoint. It should prove very valuable to anyone wishing to learn
semi-simplicial topology. [May] has included detailed proofs, and he has succeeded very well in the
task of organizing a large body of previously scattered material.—Mathematical Review
  algebraic and geometric topology: More Concise Algebraic Topology J. P. May, K. Ponto,
2012-02 With firm foundations dating only from the 1950s, algebraic topology is a relatively young
area of mathematics. There are very few textbooks that treat fundamental topics beyond a first
course, and many topics now essential to the field are not treated in any textbook. J. Peter May’s A
Concise Course in Algebraic Topology addresses the standard first course material, such as
fundamental groups, covering spaces, the basics of homotopy theory, and homology and
cohomology. In this sequel, May and his coauthor, Kathleen Ponto, cover topics that are essential for
algebraic topologists and others interested in algebraic topology, but that are not treated in
standard texts. They focus on the localization and completion of topological spaces, model
categories, and Hopf algebras. The first half of the book sets out the basic theory of localization and
completion of nilpotent spaces, using the most elementary treatment the authors know of. It makes
no use of simplicial techniques or model categories, and it provides full details of other necessary
preliminaries. With these topics as motivation, most of the second half of the book sets out the
theory of model categories, which is the central organizing framework for homotopical algebra in
general. Examples from topology and homological algebra are treated in parallel. A short last part
develops the basic theory of bialgebras and Hopf algebras.
  algebraic and geometric topology: Algebraic and Geometric Topology, Part 1 R. James
Milgram, American Mathematical Society, 1978 Contains sections on Algebraic $K$- and $L$-theory,



Surgery and its applications, Group actions.
  algebraic and geometric topology: The Wild World of 4-Manifolds Alexandru Scorpan,
2005-05-10 What a wonderful book! I strongly recommend this book to anyone, especially graduate
students, interested in getting a sense of 4-manifolds. --MAA Reviews The book gives an excellent
overview of 4-manifolds, with many figures and historical notes. Graduate students, nonexperts, and
experts alike will enjoy browsing through it. -- Robion C. Kirby, University of California, Berkeley
This book offers a panorama of the topology of simply connected smooth manifolds of dimension
four. Dimension four is unlike any other dimension; it is large enough to have room for wild things to
happen, but small enough so that there is no room to undo the wildness. For example, only manifolds
of dimension four can exhibit infinitely many distinct smooth structures. Indeed, their topology
remains the least understood today. To put things in context, the book starts with a survey of higher
dimensions and of topological 4-manifolds. In the second part, the main invariant of a
4-manifold--the intersection form--and its interaction with the topology of the manifold are
investigated. In the third part, as an important source of examples, complex surfaces are reviewed.
In the final fourth part of the book, gauge theory is presented; this differential-geometric method
has brought to light how unwieldy smooth 4-manifolds truly are, and while bringing new insights,
has raised more questions than answers. The structure of the book is modular, organized into a main
track of about two hundred pages, augmented by extensive notes at the end of each chapter, where
many extra details, proofs and developments are presented. To help the reader, the text is peppered
with over 250 illustrations and has an extensive index.
  algebraic and geometric topology: An Invitation to Algebraic Geometry Karen E. Smith,
Lauri Kahanpää, Pekka Kekäläinen, William Traves, 2013-03-09 This is a description of the
underlying principles of algebraic geometry, some of its important developments in the twentieth
century, and some of the problems that occupy its practitioners today. It is intended for the working
or the aspiring mathematician who is unfamiliar with algebraic geometry but wishes to gain an
appreciation of its foundations and its goals with a minimum of prerequisites. Few algebraic
prerequisites are presumed beyond a basic course in linear algebra.
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