algebraic variety

Unraveling the Mysteries of Algebraic Varieties: A
Comprehensive Guide

Introduction:

Have you ever wondered about the intricate interplay between algebra and geometry? It's a
fascinating world where equations translate into shapes, and geometric insights illuminate algebraic
structures. This is the realm of algebraic varieties, a captivating topic at the heart of algebraic
geometry. This comprehensive guide will delve into the core concepts of algebraic varieties,
exploring their definitions, properties, examples, and significance in various fields. We'll move
beyond abstract definitions to illuminate the beauty and power of this fundamental concept, making
it accessible to both beginners and those with some prior mathematical knowledge. Prepare to
uncover the elegance and complexity of algebraic varieties!

1. Defining Algebraic Varieties: A Foundation in Algebra and Geometry

Algebraic varieties represent the solutions to systems of polynomial equations. In simpler terms,
imagine graphing a simple equation like y = x2. This creates a parabola, a simple geometric object.
Now, consider more complex equations involving multiple variables and higher-degree polynomials.
The solution sets of these equations - the points in space that satisfy all the equations
simultaneously - form algebraic varieties. These can be curves, surfaces, or higher-dimensional
objects existing in spaces of various dimensions. The complexity increases dramatically as the
number of variables and the degree of the polynomials grow. Understanding this fundamental
connection between algebraic equations and geometric objects is crucial to grasping the essence of
algebraic varieties.

1. Types of Algebraic Varieties: Exploring the Landscape

Algebraic varieties come in a stunning array of forms, categorized in different ways. One primary
distinction is based on their dimension:

Curves: These are one-dimensional varieties, like the parabola mentioned earlier, or more complex
curves defined by higher-degree polynomial equations. They represent the simplest nontrivial

examples of algebraic varieties.

Surfaces: Two-dimensional varieties, surfaces can be incredibly intricate. Think of a sphere, a torus
(donut shape), or more complex surfaces defined by polynomial equations in three variables.

Higher-dimensional Varieties: The concept extends to higher dimensions, though visualization



becomes increasingly challenging. These varieties exist in spaces with more than three dimensions
and are vital in advanced mathematical applications.

Another classification involves properties like irreducibility (cannot be decomposed into simpler
varieties) and smoothness (lacking singular points - points where the variety is not "well-behaved").
These distinctions are critical in determining the properties and behaviors of the varieties.

1. Tools and Techniques: Navigating the World of Algebraic Varieties

Studying algebraic varieties requires a sophisticated toolkit from algebra and geometry. Key
concepts and techniques include:

Ideal Theory: The algebraic structure underlying varieties is closely tied to ideals in polynomial
rings. Ideals represent collections of polynomials that vanish on the variety, providing crucial
algebraic information about the geometric object.

Sheaf Theory: This powerful tool allows for a more refined study of local properties of varieties,
enabling the analysis of how different parts of the variety interact. It provides a framework for
understanding global properties from local information.

Cohomology: Cohomology theories, particularly sheaf cohomology, provide quantitative measures of
the complexity and structure of varieties, giving insights into their topological and geometric
features.

1. Applications of Algebraic Varieties: Beyond Abstract Mathematics

While seemingly abstract, algebraic varieties have far-reaching applications in various fields:

Cryptography: The inherent complexity of certain algebraic varieties is exploited in designing secure
cryptographic systems. The difficulty of solving polynomial equations over finite fields forms the
basis of many modern encryption techniques.

Coding Theory: Algebraic geometry codes, constructed using algebraic curves and surfaces, offer
powerful error-correcting capabilities in data transmission and storage. These codes are crucial in
modern communication systems.

Physics: Algebraic varieties appear in various areas of theoretical physics, particularly in string
theory and mirror symmetry, where they help model complex physical phenomena.

Computer-aided design (CAD): The representation and manipulation of complex shapes in CAD
systems often leverage the principles of algebraic geometry and the properties of algebraic varieties.



1. Examples of Algebraic Varieties: Concrete Illustrations

Let's consider some concrete examples to solidify our understanding:

The unit circle: Defined by the equation x? + y2 = 1, this is a simple algebraic variety representing a
circle in the plane.

The twisted cubic curve: Defined parametrically as x = t, y = t2, z = t3, this curve exhibits a
fascinating twist in three-dimensional space.

Elliptic curves: These curves, defined by cubic equations, play a fundamental role in number theory

and cryptography due to their rich arithmetic properties. They have been used extensively in the
development of elliptic curve cryptography (ECC).

1. Exploring Further: Advanced Topics in Algebraic Varieties

For those wishing to delve deeper, several advanced topics warrant exploration:
Singularities: A detailed analysis of singular points on varieties and techniques for resolving them.
Moduli spaces: Spaces that parameterize families of algebraic varieties with similar properties.

Intersection theory: Studying the intersection behavior of different varieties within a larger ambient
space.

1. Conclusion: The Enduring Significance of Algebraic Varieties

Algebraic varieties represent a powerful and elegant intersection of algebra and geometry. Their
study reveals profound connections between abstract algebraic structures and concrete geometric
objects. From their applications in cryptography and coding theory to their role in theoretical
physics, algebraic varieties continue to be a vibrant and influential area of mathematical research
with implications across numerous scientific disciplines. This exploration has only scratched the
surface of this rich and multifaceted field, highlighting the beauty and power embedded within these
fascinating mathematical objects.

Book Outline: A Journey Through Algebraic Varieties

Title: Unveiling Algebraic Varieties: A Comprehensive Exploration

Introduction: Defining Algebraic Varieties, Scope of the Book
Chapter 1: Foundations of Algebraic Geometry: Polynomials, Ideals, and Affine Varieties



Chapter 2: Projective Varieties: Homogeneous Coordinates and Projective Space
Chapter 3: Dimension and Irreducibility: Analyzing the Structure of Varieties
Chapter 4: Singularities and Smoothness: Understanding Irregularities in Varieties
Chapter 5: Sheaf Theory and Cohomology: Advanced Tools for Analysis

Chapter 6: Applications in Cryptography and Coding Theory

Chapter 7: Connections to Number Theory and Physics

Conclusion: Future Directions and Open Problems in Algebraic Geometry

(Each chapter would then be expanded upon in a separate section of the book, providing a detailed
explanation of the concepts listed in the outline.)

FAQs:

1. What is the difference between an algebraic variety and an algebraic curve? An algebraic
curve is a one-dimensional algebraic variety. An algebraic variety can have any dimension (0,
1,2,..).

1. Are all algebraic varieties smooth? No, many algebraic varieties possess singular points where
the variety is not "well-behaved."

1. What is the significance of ideal theory in the study of algebraic varieties? Ideal theory
provides the algebraic framework for describing the set of polynomials that vanish on a
variety.

1. How are algebraic varieties used in cryptography? The complexity of solving polynomial
equations over finite fields forms the basis of many cryptographic systems.

1. What are some real-world applications of algebraic varieties? Applications include
cryptography, coding theory, computer-aided design, and theoretical physics.

1. What is sheaf cohomology? Sheaf cohomology is a powerful tool that uses sheaf theory to
provide quantitative information about the structure of varieties.



1. What are elliptic curves, and why are they important? Elliptic curves are specific types of
algebraic curves with significant applications in cryptography and number theory.

1. What are moduli spaces? Moduli spaces parameterize families of algebraic varieties with
similar properties.

1. Is it possible to visualize higher-dimensional algebraic varieties? While direct visualization is
challenging for higher dimensions, various mathematical techniques and projections allow for
indirect understanding and analysis.

Related Articles:

1. Introduction to Algebraic Geometry: A basic overview of the core concepts and their
applications.

1. Polynomial Rings and Ideals: A deep dive into the algebraic foundations of algebraic varieties.

1. Projective Geometry and Projective Varieties: Exploring the properties of projective varieties.

1. Singularities of Algebraic Varieties: Detailed analysis of singular points and resolution
techniques.

1. Sheaf Theory for Algebraic Geometers: An in-depth explanation of sheaf theory and its
applications.

1. Elliptic Curves and Cryptography: Exploring the use of elliptic curves in cryptographic
systems.



1. Algebraic Geometry Codes: Examining the construction and properties of algebraic geometry
codes.

1. Applications of Algebraic Varieties in Physics: A discussion of the role of algebraic varieties in
theoretical physics.

1. Moduli Spaces of Algebraic Curves: Studying the space parameterizing families of algebraic
curves.

algebraic variety: Real Algebraic Varieties Frédéric Mangolte, 2020-09-21 This book gives a
systematic presentation of real algebraic varieties. Real algebraic varieties are ubiquitous.They are
the first objects encountered when learning of coordinates, then equations, but the systematic study
of these objects, however elementary they may be, is formidable. This book is intended for two kinds
of audiences: it accompanies the reader, familiar with algebra and geometry at the masters level, in
learning the basics of this rich theory, as much as it brings to the most advanced reader many
fundamental results often missing from the available literature, the “folklore”. In particular, the
introduction of topological methods of the theory to non-specialists is one of the original features of
the book. The first three chapters introduce the basis and classical methods of real and complex
algebraic geometry. The last three chapters each focus on one more specific aspect of real algebraic
varieties. A panorama of classical knowledge is presented, as well as major developments of the last
twenty years in the topology and geometry of varieties of dimension two and three, without
forgetting curves, the central subject of Hilbert's famous sixteenth problem. Various levels of
exercises are given, and the solutions of many of them are provided at the end of each chapter.

algebraic variety: What Determines an Algebraic Variety? Janos Kollar, Max Lieblich, Martin
Olsson, Will Sawin, 2023-07-25 In this monograph, the authors approach a rarely considered
question in the field of algebraic geometry: to what extent is an algebraic variety X determined by
the underlying Zariski topological space ]X]? Before this work, it was believed that the Zariski
topology could give only coarse information about X. Using three reconstruction theorems, the
authors prove -- astoundingly -- that the variety X is entirely determined by the Zariski topology
when the dimension is at least two. It offers both new techniques, as this question had not been
previously studied in depth, and future paths for application and inquiry--

algebraic variety: A Concise Introduction to Algebraic Varieties Brian Osserman,
2021-12-06

algebraic variety: Algebraic Varieties G. Kempf, 1993-09-09 An introduction to the theory of
algebraic functions on varieties from a sheaf theoretic standpoint.

algebraic variety: 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 variety: Algebraic Varieties M. Baldassarri, 2012-12-06 Algebraic geometry has
always been an eclectic science, with its roots in algebra, function-theory and topology. Apart from
early resear ches, now about a century old, this beautiful branch of mathematics has for many years
been investigated chiefly by the Italian school which, by its pioneer work, based on
algebro-geometric methods, has succeeded in building up an imposing body of knowledge. Quite
apart from its intrinsic interest, this possesses high heuristic value since it represents an essential
step towards the modern achievements. A certain lack of rigour in the classical methods, especially
with regard to the foundations, is largely justified by the creative impulse revealed in the first stages
of our subject; the same phenomenon can be observed, to a greater or less extent, in the historical
development of any other science, mathematical or non-mathematical. In any case, within the
classical domain itself, the foundations were later explored and consolidated, principally by SEVERI,
on lines which have frequently inspired further investigations in the abstract field. About twenty-five
years ago B. L. VAN DER WAERDEN and, later, O. ZARISKI and A. WEIL, together with their
schools, established the methods of modern abstract algebraic geometry which, rejecting the
classical restriction to the complex groundfield, gave up geometrical intuition and undertook
arithmetisation under the growing influence of abstract algebra.

algebraic variety: Ample Subvarieties of Algebraic Varieties Robin Hartshorne, 2006-11-15

algebraic variety: Introduction to Algebraic Geometry Steven Dale Cutkosky, 2018-06-01 This
book presents a readable and accessible introductory course in algebraic geometry, with most of the
fundamental classical results presented with complete proofs. An emphasis is placed on developing
connections between geometric and algebraic aspects of the theory. Differences between the theory
in characteristic and positive characteristic are emphasized. The basic tools of classical and modern
algebraic geometry are introduced, including varieties, schemes, singularities, sheaves, sheaf
cohomology, and intersection theory. Basic classical results on curves and surfaces are proved. More
advanced topics such as ramification theory, Zariski's main theorem, and Bertini's theorems for
general linear systems are presented, with proofs, in the final chapters. With more than 200
exercises, the book is an excellent resource for teaching and learning introductory algebraic
geometry.

algebraic variety: Algebraic Geometry S. litaka, 1982 The aim of this book is to introduce the
reader to the geometric theory of algebraic varieties, in particular to the birational geometry of
algebraic varieties. This volume grew out of the author's book in Japanese published in 3 volumes by
Iwanami, Tokyo, in 1977. While writing this English version, the author has tried to rearrange and
rewrite the original material so that even beginners can read it easily without referring to other
books, such as textbooks on commutative algebra. The reader is only expected to know the definition
of Noetherin rings and the statement of the Hilbert basis theorem. The new chapters 1, 2, and 10
have been expanded. In particular, the exposition of D-dimension theory, although shorter, is more
complete than in the old version. However, to keep the book of manageable size, the latter parts of
Chapters 6, 9, and 11 have been removed. I thank Mr. A. Sevenster for encouraging me to write this
new version, and Professors K. K. Kubota in Kentucky and P. M. H. Wilson in Cam bridge for their
careful and critical reading of the English manuscripts and typescripts. I held seminars based on the
material in this book at The University of Tokyo, where a large number of valuable comments and
suggestions were given by students Iwamiya, Kawamata, Norimatsu, Tobita, Tsushima, Maeda,
Sakamoto, Tsunoda, Chou, Fujiwara, Suzuki, and Matsuda.

algebraic variety: Tangents and Secants of Algebraic Varieties F. L. Zak, 1993 The book is
devoted to geometry of algebraic varieties in projective spaces. Among the objects considered in
some detail are tangent and secant varieties, Gauss maps, dual varieties, hyperplane sections,
projections, and varieties of small codimension. Emphasis is made on the study of interplay between




irregular behavior of (higher) secant varieties and irregular tangencies to the original variety.
Classification of varieties with unusual tangential properties yields interesting examples many of
which arise as orbits of representations of algebraic groups.--ABSTRACT.

algebraic variety: Rational Curves on Algebraic Varieties Janos Kollar, 2013-04-09 The aim of
this book is to provide an introduction to the structure theory of higher dimensional algebraic
varieties by studying the geometry of curves, especially rational curves, on varieties. The main
applications are in the study of Fano varieties and of related varieties with lots of rational curves on
them. This Ergebnisse volume provides the first systematic introduction to this field of study. The
book contains a large number of examples and exercises which serve to illustrate the range of the
methods and also lead to many open questions of current research.

algebraic variety: Algebraic Geometry 1 Kenji Ueno, 1999 By studying algebraic varieties over
a field, this book demonstrates how the notion of schemes is necessary in algebraic geometry. It
gives a definition of schemes and describes some of their elementary properties.

algebraic variety: Algebraic Geometry I David Mumford, 1976 From the reviews: Although
several textbooks on modern algebraic geometry have been published in the meantime, Mumford's
Volume I is, together with its predecessor the red book of varieties and schemes, now as before one
of the most excellent and profound primers of modern algebraic geometry. Both books are just true
classics! Zentralblatt

algebraic variety: Classification of Higher Dimensional Algebraic Varieties Christopher
D. Hacon, Séandor Kovacs, 2011-02-02 Higher Dimensional Algebraic Geometry presents recent
advances in the classification of complex projective varieties. Recent results in the minimal model
program are discussed, and an introduction to the theory of moduli spaces is presented.

algebraic variety: Representations of Fundamental Groups of Algebraic Varieties Kang Zuo,
2006-11-14 Using harmonic maps, non-linear PDE and techniques from algebraic geometry this book
enables the reader to study the relation between fundamental groups and algebraic geometry
invariants of algebraic varieties. The reader should have a basic knowledge of algebraic geometry
and non-linear analysis. This book can form the basis for graduate level seminars in the area of
topology of algebraic varieties. It also contains present new techniques for researchers working in
this area.

algebraic variety: Algebraic Geometry I V.I. Danilov, V.V. Shokurov, 2013-12-01 ... To sum
up, this book helps to learn algebraic geometry in a short time, its concrete style is enjoyable for
students and reveals the beauty of mathematics. --Acta Scientiarum Mathematicarum

algebraic variety: The Geometry of Schemes David Eisenbud, Joe Harris, 2006-04-06
Grothendieck’s beautiful theory of schemes permeates modern algebraic geometry and underlies its
applications to number theory, physics, and applied mathematics. This simple account of that theory
emphasizes and explains the universal geometric concepts behind the definitions. In the book,
concepts are illustrated with fundamental examples, and explicit calculations show how the
constructions of scheme theory are carried out in practice.

algebraic variety: Algebraic Geometry I V.I. Danilov, V.V. Shokurov, 2006-12-15 ... To sum up,
this book helps to learn algebraic geometry in a short time, its concrete style is enjoyable for
students and reveals the beauty of mathematics. --Acta Scientiarum Mathematicarum

algebraic variety: Representations of Fundamental Groups of Algebraic Varieties Kang
Zuo, 1999-12-15 Using harmonic maps, non-linear PDE and techniques from algebraic geometry this
book enables the reader to study the relation between fundamental groups and algebraic geometry
invariants of algebraic varieties. The reader should have a basic knowledge of algebraic geometry
and non-linear analysis. This book can form the basis for graduate level seminars in the area of
topology of algebraic varieties. It also contains present new techniques for researchers working in
this area.

algebraic variety: Algebraic Geometry III A.N. Parshin, [.R. Shafarevich, 2013-04-17 This
two-part EMS volume provides a succinct summary of complex algebraic geometry, coupled with a
lucid introduction to the recent work on the interactions between the classical area of the geometry



of complex algebraic curves and their Jacobian varieties. An excellent companion to the older
classics on the subject.

algebraic variety: Geometry of Higher Dimensional Algebraic Varieties Thomas Peternell,
Joichi Miyaoka, 2012-12-06 This book is based on lecture notes of a seminar of the Deutsche
Mathematiker Vereinigung held by the authors at Oberwolfach from April 2 to 8, 1995. It gives an
introduction to the classification theory and geometry of higher dimensional complex-algebraic
varieties, focusing on the tremendeous developments of the sub ject in the last 20 years. The work is
in two parts, with each one preceeded by an introduction describing its contents in detail. Here, it
will suffice to simply ex plain how the subject matter has been divided. Cum grano salis one might
say that Part 1 (Miyaoka) is more concerned with the algebraic methods and Part 2 (Peternell) with
the more analytic aspects though they have unavoidable overlaps because there is no clearcut
distinction between the two methods. Specifically, Part 1 treats the deformation theory, existence
and geometry of rational curves via characteristic p, while Part 2 is principally concerned with
vanishing theorems and their geometric applications. Part I Geometry of Rational Curves on
Varieties Yoichi Miyaoka RIMS Kyoto University 606-01 Kyoto Japan Introduction: Why Rational
Curves? This note is based on a series of lectures given at the Mathematisches Forschungsin stitut
at Oberwolfach, Germany, as a part of the DMV seminar Mori Theory. The construction of minimal
models was discussed by T.

algebraic variety: Arithmetic of Higher-Dimensional Algebraic Varieties Bjorn Poonen,
Yuri Tschinkel, 2012-12-06 This text offers a collection of survey and research papers by leading
specialists in the field documenting the current understanding of higher dimensional varieties.
Recently, it has become clear that ideas from many branches of mathematics can be successfully
employed in the study of rational and integral points. This book will be very valuable for researchers
from these various fields who have an interest in arithmetic applications, specialists in arithmetic
geometry itself, and graduate students wishing to pursue research in this area.

algebraic variety: Birational Geometry of Algebraic Varieties Janos Kollar, Shigefumi Mori,
2008-02-04 One of the major discoveries of the past two decades in algebraic geometry is the
realization that the theory of minimal models of surfaces can be generalized to higher dimensional
varieties. This generalization, called the minimal model program, or Mori's program, has developed
into a powerful tool with applications to diverse questions in algebraic geometry and beyond. This
book provides the first comprehensive introduction to the circle of ideas developed around the
program, the prerequisites being only a basic knowledge of algebraic geometry. It will be of great
interest to graduate students and researchers working in algebraic geometry and related fields.

algebraic variety: An Invitation to Algebraic Geometry Karen E. Smith, Lauri Kahanpas,
Pekka Kekalainen, 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.

algebraic variety: Algebraic Geometry Daniel Perrin, 2007-12-16 Aimed primarily at graduate
students and beginning researchers, this book provides an introduction to algebraic geometry that is
particularly suitable for those with no previous contact with the subject; it assumes only the
standard background of undergraduate algebra. The book starts with easily-formulated problems
with non-trivial solutions and uses these problems to introduce the fundamental tools of modern
algebraic geometry: dimension; singularities; sheaves; varieties; and cohomology. A range of
exercises is provided for each topic discussed, and a selection of problems and exam papers are
collected in an appendix to provide material for further study.

algebraic variety: Topics in Cohomological Studies of Algebraic Varieties Piotr Pragacz,
2006-03-30 The articles in this volume study various cohomological aspects of algebraic varieties: -
characteristic classes of singular varieties; - geometry of flag varieties; - cohomological




computations for homogeneous spaces; - K-theory of algebraic varieties; - quantum cohomology and
Gromov-Witten theory. The main purpose is to give comprehensive introductions to the above topics
through a series of friendly texts starting from a very elementary level and ending with the
discussion of current research. In the articles, the reader will find classical results and methods as
well as new ones. Numerous examples will help to understand the mysteries of the cohomological
theories presented. The book will be a useful guide to research in the above-mentioned areas. It is
adressed to researchers and graduate students in algebraic geometry, algebraic topology, and
singularity theory, as well as to mathematicians interested in homogeneous varieties and symmetric
functions. Most of the material exposed in the volume has not appeared in books before.
Contributors: Paolo Aluffi Michel Brion Anders Skovsted Buch Haibao Duan Ali Ulas Ozgur Kisisel
Piotr Pragacz Jorg Schiirmann Marek Szyjewski Harry Tamvakis

algebraic variety: Algebraic Geometry II I.R. Shafarevich, 2013-11-22 This two-part volume
contains numerous examples and insights on various topics. The authors have taken pains to present
the material rigorously and coherently. This book will be immensely useful to mathematicians and
graduate students working in algebraic geometry, arithmetic algebraic geometry, complex analysis
and related fields.

algebraic variety: Algebraic Geometry Masayoshi Miyanishi, Students often find, in setting out
to study algebraic geometry, that most of the serious textbooks on the subject require knowledge of
ring theory, field theory, local rings, and transcendental field extensions, and even sheaf theory.
Often the expected background goes well beyond college mathematics. This book, aimed at senior
undergraduates and graduate students, grew out of Miyanishi's attempt to lead students to an
understanding of algebraic surfaces while presenting thenecessary background along the way.
Originally published in Japanese in 1990, it presents a self-contained introduction to the
fundamentals of algebraic geometry. This book begins with background on commutative algebras,
sheaf theory, and related cohomology theory. The next part introduces schemes andalgebraic
varieties, the basic language of algebraic geometry. The last section brings readers to a point at
which they can start to learn about the classification of algebraic surfaces.

algebraic variety: Classical Algebraic Geometry Igor V. Dolgachev, 2012-08-16 Algebraic
geometry has benefited enormously from the powerful general machinery developed in the latter
half of the twentieth century. The cost has been that much of the research of previous generations is
in a language unintelligible to modern workers, in particular, the rich legacy of classical algebraic
geometry, such as plane algebraic curves of low degree, special algebraic surfaces, theta functions,
Cremona transformations, the theory of apolarity and the geometry of lines in projective spaces. The
author's contemporary approach makes this legacy accessible to modern algebraic geometers and to
others who are interested in applying classical results. The vast bibliography of over 600 references
is complemented by an array of exercises that extend or exemplify results given in the book.

algebraic variety: The Red Book of Varieties and Schemes David Mumford, 2004-02-21
Mumford's famous Red Book gives a simple, readable account of the basic objects of algebraic
geometry, preserving as much as possible their geometric flavor and integrating this with the tools
of commutative algebra. It is aimed at graduates or mathematicians in other fields wishing to quickly
learn aboutalgebraic geometry. This new edition includes an appendix that gives an overview of the
theory of curves, their moduli spaces and their Jacobians -- one of the most exciting fields within
algebraic geometry.

algebraic variety: Methods of Algebraic Geometry: Volume 2 W. V. D. Hodge, Daniel
Pedoe, 1994-05-19 All three volumes of Hodge and Pedoe's classic work have now been reissued.
Together, these books give an insight into algebraic geometry that is unique and unsurpassed.

algebraic variety: Basic Algebraic Geometry 1 Igor R. Shafarevich, 2013-08-13 Shafarevich's
Basic Algebraic Geometry has been a classic and universally used introduction to the subject since
its first appearance over 40 years ago. As the translator writes in a prefatory note, " For all
[advanced undergraduate and beginning graduate] students, and for the many specialists in other
branches of math who need a liberal education in algebraic geometry, Shafarevich’s book is a must."




The third edition, in addition to some minor corrections, now offers a new treatment of the
Riemann--Roch theorem for curves, including a proof from first principles. Shafarevich's book is an
attractive and accessible introduction to algebraic geometry, suitable for beginning students and
nonspecialists, and the new edition is set to remain a popular introduction to the field.

algebraic variety: Rational Points on Algebraic Varieties Emmanuel Peyre, Yuri Tschinkel,
2001-10-01 This book is devoted to the study of rational and integral points on higher- dimensional
algebraic varieties. It contains research papers addressing the arithmetic geometry of varieties
which are not of general type, with an em- phasis on how rational points are distributed with respect
to the classical, Zariski and adelic topologies. The book gives a glimpse of the state of the art of this
rapidly expanding domain in arithmetic geometry. The techniques involve explicit geometric con-
structions, ideas from the minimal model program in algebraic geometry as well as analytic number
theory and harmonic analysis on adelic groups. In recent years there has been substantial progress
in our understanding of the arithmetic of algebraic surfaces. Five papers are devoted to cubic
surfaces: Basile and Fisher study the existence of rational points on certain diagonal cubics,
Swinnerton-Dyer considers weak approximation and Broberg proves upper bounds on the number of
rational points on the complement to lines on cubic surfaces. Peyre and Tschinkel compare
numerical data with conjectures concerning asymptotics of rational points of bounded height on
diagonal cubics of rank 2. Kanevsky and Manin investigate the composition of points on cubic
surfaces. Satge constructs rational curves on certain Kummer surfaces. Colliot-Thelene studies the
Hasse principle for pencils of curves of genus 1. In an appendix to this paper Skorobogatov produces
explicit examples of Enriques surfaces with a Zariski dense set of rational points.

algebraic variety: Combinatorial Convexity and Algebraic Geometry Giinter Ewald,
2012-12-06 The book is an introduction to the theory of convex polytopes and polyhedral sets, to
algebraic geometry, and to the connections between these fields, known as the theory of toric
varieties. The first part of the book covers the theory of polytopes and provides large parts of the
mathematical background of linear optimization and of the geometrical aspects in computer science.
The second part introduces toric varieties in an elementary way.

algebraic variety: 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 variety: A Royal Road to Algebraic Geometry Audun Holme, 2011-10-06 This book is
about modern algebraic geometry. The title A Royal Road to Algebraic Geometry is inspired by the
famous anecdote about the king asking Euclid if there really existed no simpler way for learning
geometry, than to read all of his work Elements. Euclid is said to have answered: “There is no royal
road to geometry!” The book starts by explaining this enigmatic answer, the aim of the book being to
argue that indeed, in some sense there is a royal road to algebraic geometry. From a point of
departure in algebraic curves, the exposition moves on to the present shape of the field, culminating
with Alexander Grothendieck’s theory of schemes. Contemporary homological tools are explained.
The reader will follow a directed path leading up to the main elements of modern algebraic
geometry. When the road is completed, the reader is empowered to start navigating in this immense
field, and to open up the door to a wonderful field of research. The greatest scientific experience of a
lifetime!

algebraic variety: Elementary Algebraic Geometry Keith Kendig, 2015-01-19 Designed to
make learning introductory algebraic geometry as easy as possible, this text is intended for



advanced undergraduates and graduate students who have taken a one-year course in algebra and
are familiar with complex analysis. This newly updated second edition enhances the original
treatment's extensive use of concrete examples and exercises with numerous figures that have been
specially redrawn in Adobe Illustrator. An introductory chapter that focuses on examples of curves is
followed by a more rigorous and careful look at plane curves. Subsequent chapters explore
commutative ring theory and algebraic geometry as well as varieties of arbitrary dimension and
some elementary mathematics on curves. Upon finishing the text, students will have a foundation for
advancing in several different directions, including toward a further study of complex algebraic or
analytic varieties or to the scheme-theoretic treatments of algebraic geometry. 2015 edition.

algebraic variety: Homology Theory on Algebraic Varieties Andrew H. Wallace, 2014-07-10
Homology Theory on Algebraic Varieties, Volume 6 deals with the principles of homology theory in
algebraic geometry and includes the main theorems first formulated by Lefschetz, one of which is
interpreted in terms of relative homology and another concerns the Poincaré formula. The actual
details of the proofs of these theorems are introduced by geometrical descriptions, sometimes aided
with diagrams. This book is comprised of eight chapters and begins with a discussion on linear
sections of an algebraic variety, with emphasis on the fibring of a variety defined over the complex
numbers. The next two chapters focus on singular sections and hyperplane sections, focusing on the
choice of a pencil in the latter case. The reader is then introduced to Lefschetz's first and second
theorems, together with their corresponding proofs. The Poincaré formula and its proof are also
presented, with particular reference to clockwise and anti-clockwise isomorphisms. The final chapter
is devoted to invariant cycles and relative cycles. This volume will be of interest to students,
teachers, and practitioners of pure and applied mathematics.

algebraic variety: The Resolution of Singular Algebraic Varieties David Ellwood, Herwig
Hauser, Shigefumi Mori, Josef Schicho, 2014-12-12 Resolution of Singularities has long been
considered as being a difficult to access area of mathematics. The more systematic and simpler
proofs that have appeared in the last few years in zero characteristic now give us a much better
understanding of singularities. They reveal the aesthetics of both the logical structure of the proof
and the various methods used in it. The present volume is intended for readers who are not yet
experts but always wondered about the intricacies of resolution. As such, it provides a gentle and
quite comprehensive introduction to this amazing field. The book may tempt the reader to enter
more deeply into a topic where many mysteries--especially the positive characteristic case--await to
be disclosed. Titles in this series are co-published with the Clay Mathematics Institute (Cambridge,
MA).

algebraic variety: Algebraic Geometry for Scientists and Engineers Shreeram Shankar
Abhyankar, 1990 Based on lectures presented in courses on algebraic geometry taught by the author
at Purdue University, this book covers various topics in the theory of algebraic curves and surfaces,
such as rational and polynomial parametrization, functions and differentials on a curve, branches
and valuations, and resolution of singularities.
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