hartshorne algebraic geometry

Diving Deep into Hartshorne's Algebraic
Geometry: A Comprehensive Guide

Introduction:

Are you ready to embark on a journey into the fascinating world of algebraic
geometry? If you're an aspiring mathematician, a graduate student tackling
advanced coursework, or simply a curious individual with a passion for
abstract mathematics, then you've likely encountered the name Robin
Hartshorne and his seminal text, "Algebraic Geometry." This comprehensive
guide will navigate the complexities of Hartshorne's book, offering insights
into its structure, content, and the best strategies for mastering this
challenging but rewarding subject. We'll delve into the core concepts,
address common stumbling blocks, and provide you with the tools you need to
successfully tackle this mathematical giant. This post offers a structured
overview, chapter summaries, common challenges, and helpful learning
strategies to conquer Hartshorne's "Algebraic Geometry."

Chapter 1: Navigating the Preliminaries — Schemes and Sheaves

Hartshorne's book famously starts with a deep dive into the foundational
concepts of schemes and sheaves. This chapter isn't for the faint of heart!
It builds the very language of algebraic geometry, introducing abstract
objects like affine schemes, projective schemes, and the crucial concept of
sheaves, which are functions defined locally on a space that stitch together
in a consistent way. Understanding sheaves is vital as they represent the
"glue" that holds together the local pieces of a geometric object. Mastering
this section requires a solid understanding of commutative algebra,
particularly modules and localization. Expect to grapple with concepts like
stalk, presheaf, and sheafification. Don't be discouraged by the initial
difficulty; perseverance will pay off. Numerous examples and exercises are
provided within the text to solidify your understanding.

Chapter 2: Exploring Varieties and Morphisms — The Geometric Heart

Once the groundwork of schemes and sheaves is laid, Hartshorne introduces
varieties—the central objects of classical algebraic geometry. Here, the
abstract theory starts to meet more concrete geometric intuition. We begin to
understand varieties as geometric objects defined by polynomial equations.
Morphisms between varieties are defined, establishing a rich category-
theoretic structure. This chapter provides the essential tools for
understanding the geometric relationships between different varieties.
Crucially, it connects the abstract machinery of schemes to the more familiar
language of classical algebraic geometry.



Chapter 3: Delving into Cohomology — Unveiling Global Structure

Cohomology is arguably the most challenging but also the most rewarding
aspect of Hartshorne's book. It's a powerful tool for understanding the
global properties of a variety, extending beyond what can be directly
observed locally. Sheaf cohomology allows us to capture subtle topological
and geometric information. This chapter builds on the earlier foundational
material, developing the machinery of Cech cohomology and its application to
coherent sheaves. Understanding the properties of cohomology groups,
particularly the vanishing theorems, is key to solving many problems in
algebraic geometry. The interplay between local and global properties becomes
central here.

Chapter 4: Projective Geometry and its Significance

Projective geometry, with its elegant and powerful framework, occupies a
significant portion of Hartshorne's book. Projective varieties, characterized
by their homogeneity and the inclusion of points at infinity, are a
cornerstone of the subject. This chapter focuses on the properties of
projective space, projective varieties, and their morphisms. It also
introduces important concepts like the projective embedding theorem, which
connects projective varieties to their coordinate rings. This chapter builds
upon the earlier chapters, applying the abstract machinery of schemes and
sheaves to the specific context of projective geometry.

Chapter 5: Intersection Theory and Divisors — Unraveling Intersections

The study of intersections between varieties is central to algebraic
geometry. This chapter introduces intersection theory, focusing on divisors
and their role in understanding intersections. Divisors, essentially formal
sums of codimension-one subvarieties, offer a powerful language for
describing these intersections. The Riemann-Roch theorem, a cornerstone
result in this section, provides a profound link between the geometry of a
variety and its associated algebraic structures. Understanding divisors and
their intersection theory is crucial for further study in algebraic geometry.

Chapter 6: Advanced Topics and Applications

Hartshorne's book concludes with a treatment of various advanced topics,
often depending on the specific area of algebraic geometry being studied.
These might include the study of specific classes of varieties (like abelian
varieties or K3 surfaces), advanced applications of cohomology theory, or
further explorations of intersection theory. This section often pushes the
reader into more specialized areas of research.

Book Qutline: Hartshorne's "Algebraic Geometry"

Introduction: A brief overview of the subject and its historical context.
Chapter I: Schemes: Foundation of scheme theory, affine and projective



schemes, morphisms of schemes.

Chapter II: Schemes II: Sheaves, sheaf cohomology, and applications to
algebraic geometry.

Chapter III: Varieties: Classical algebraic varieties, morphisms, and their
properties.

Chapter IV: Curves: Riemann surfaces, genus, and the Riemann-Roch theorem.
Chapter V: Surfaces: Classification and properties of algebraic surfaces.
Chapter VI: Higher-Dimensional Varieties: Introduction to the higher-
dimensional case and more advanced techniques.

Appendix: Collection of background material and technical tools.
Bibliography: A list of useful references for further study.

Detailed Explanation of Each Chapter:

(Note: The following is a significantly expanded version of the above
outline, adding much greater detail. Due to the inherent complexity of
Hartshorne's material, a truly exhaustive explanation within this format
isn't feasible.)

Introduction: Hartshorne sets the stage, introducing the fundamental goals
and conceptual frameworks of algebraic geometry. He sketches the historical
development and highlights the connection between algebraic and geometric
perspectives. The introduction motivates the reader and provides a high-level
roadmap of the topics to be covered.

Chapter I: Schemes: This is where the serious work begins. Hartshorne
rigorously develops the theory of schemes, building upon the groundwork of
commutative algebra. He defines affine schemes as the spectra of commutative
rings and then constructs projective schemes via projective varieties. The
chapter meticulously covers morphisms between schemes, establishing a
category-theoretic foundation for algebraic geometry. Key concepts such as
localization, prime ideals, and the Zariski topology are thoroughly
explained.

Chapter II: Schemes II: This chapter extends the concepts introduced in
Chapter I, focusing on sheaves. It starts with the definition of presheaves
and sheaves, followed by sheaf cohomology. The cohomology theory provides
powerful tools for understanding the global structure of schemes, moving
beyond the local information provided by the affine patches. The chapter
extensively uses Cech cohomology to compute cohomology groups, leading to
important results like the vanishing theorems.

Chapter III: Varieties: This chapter bridges the gap between the abstract
theory of schemes and the more concrete objects of classical algebraic
geometry—varieties. Hartshorne defines varieties as integral separated
schemes of finite type over a field. The chapter then systematically studies
different properties of varieties, including irreducibility, dimension, and
smoothness. The notion of morphisms between varieties is carefully
elaborated.

Chapter IV: Curves: This chapter delves into the study of algebraic curves, a



particularly rich and well-understood class of algebraic varieties. The
chapter explores the intimate connections between algebraic curves and
Riemann surfaces, building up the theory of the genus of a curve and
culminating in the proof of the Riemann-Roch theorem.

Chapter V: Surfaces: This chapter shifts the focus to algebraic surfaces,
introducing classification theorems and exploring the rich geometric
structure of surfaces. Many important examples and classifications of
surfaces are detailed.

Chapter VI: Higher-Dimensional Varieties: This chapter lays the groundwork
for studying algebraic varieties of higher dimension, extending the concepts
and techniques developed in earlier chapters. The complexities and challenges
of dealing with higher-dimensional varieties are discussed.

Appendix: This section collects important background material from
commutative algebra, topology, and category theory, providing helpful context
for understanding the core concepts of the book.

Bibliography: A comprehensive bibliography guides the reader to further
explorations and more specialized texts in algebraic geometry.

Common Challenges in Studying Hartshorne:

Abstractness: The level of abstraction is high, requiring a strong foundation
in abstract algebra and commutative algebra.

Sheaf Theory: Understanding sheaves and sheaf cohomology is crucial but often
challenging for beginners.

Rigor: The book is exceptionally rigorous, demanding a deep understanding of
the definitions and proofs.

Limited Examples: While examples are provided, some readers may find they
need to seek out additional resources for more illustrative applications.
Pace: The book progresses at a rapid pace, requiring dedicated effort and
consistent study.

Strategies for Mastering Hartshorne:

Solid Foundation: Ensure you have a robust grasp of commutative algebra,
category theory, and basic topology.

Gradual Approach: Don't rush. Work through each chapter carefully,
understanding the definitions and proofs thoroughly.

Active Learning: Actively engage with the material by solving exercises and
working through examples.

Seek Help: Don't hesitate to seek help from professors, teaching assistants,
or fellow students.

Supplemental Resources: Use additional textbooks and online resources to gain
a broader understanding of the concepts.



FAQs:

1. Is Hartshorne's "Algebraic Geometry" suitable for undergraduates?
Generally no, it's a graduate-level text.

2. What prerequisite knowledge is required? Strong foundations in abstract
algebra and commutative algebra are essential.

3. How long does it take to learn from this book? It varies widely
depending on background and dedication. Expect significant time
investment.

4. Are there easier alternatives to Hartshorne? Yes, several introductory
texts on algebraic geometry exist for beginners.

5. What are the most challenging chapters in Hartshorne? Chapters II
(Sheaves) and III (Cohomology) are frequently cited as the most
difficult.

6. Are there any online resources to help with Hartshorne? Yes, various
online forums and communities dedicated to algebraic geometry can offer

support.

7. What are the best ways to study Hartshorne effectively? Active learning,
working through exercises, and seeking help are key strategies.

8. Is it necessary to master every detail in Hartshorne? Not necessarily.
Focus on core concepts and gradually build your understanding.

9. What are the applications of algebraic geometry studied in Hartshorne?

The book covers many areas, including number theory, cryptography, and
theoretical physics.

Related Articles:
1. Introduction to Commutative Algebra: Covers the essential algebraic
background required for Hartshorne.

2. Sheaf Theory for Beginners: A gentler introduction to the concept of
sheaves.

3. Cohomology Theory in Algebraic Geometry: A detailed exploration of sheaf
cohomology.

4. Riemann Surfaces and Algebraic Curves: A deeper dive into the topic



covered in Chapter IV of Hartshorne.

5. Projective Geometry and its Applications: An introduction to projective
geometry, foundational to Hartshorne.

6. Classical Algebraic Geometry: Explores the classical techniques and
concepts of algebraic geometry.

7. Modern Algebraic Geometry: A discussion of the more modern developments
in algebraic geometry.

8. Intersection Theory and its Applications: A comprehensive treatment of
intersection theory.

9. Solving Problems in Hartshorne's Algebraic Geometry: Provides practical
tips and solutions to exercises from the book.

hartshorne algebraic geometry: Algebraic Geometry Robin Hartshorne, 1977-12-19 This book

provides an introduction to abstract algebraic geometry. It includes more than 400 exercises that
offer specific examples as well as more specialized topics. From the reviews: Enables the reader to
make the drastic transition between the basic, intuitive questions about affine and projective
varieties with which the subject begins, and the elaborate general methodology of schemes and
cohomology employed currently to answer these questions. -MATHEMATICAL REVIEWS

hartshorne algebraic geometry: 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.

hartshorne algebraic geometry: Algebraic Geometry Robin Hartshorne, 2010-12-01 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 ].-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.

hartshorne algebraic geometry: Algebraic Geometry and Arithmetic Curves Qing Liu,
Reinie Erne, 2006-06-29 This book is a general introduction to the theory of schemes, followed by
applications to arithmetic surfaces and to the theory of reduction of algebraic curves. The first part
introduces basic objects such as schemes, morphisms, base change, local properties (normality,



regularity, Zariski's Main Theorem). This is followed by the more global aspect: coherent sheaves
and a finiteness theorem for their cohomology groups. Then follows a chapter on sheaves of
differentials, dualizing sheaves, and Grothendieck's duality theory. The first part ends with the
theorem of Riemann-Roch and its application to the study of smooth projective curves over a field.
Singular curves are treated through a detailed study of the Picard group. The second part starts with
blowing-ups and desingularisation (embedded or not) of fibered surfaces over a Dedekind ring that
leads on to intersection theory on arithmetic surfaces. Castelnuovo's criterion is proved and also the
existence of the minimal regular model. This leads to the study of reduction of algebraic curves. The
case of elliptic curves is studied in detail. The book concludes with the funadmental theorem of
stable reduction of Deligne-Mumford. The book is essentially self-contained, including the necessary
material on commutative algebra. The prerequisites are therefore few, and the book should suit a
graduate student. It contains many examples and nearly 600 exercises.

hartshorne algebraic geometry: 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.

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

hartshorne algebraic geometry: Deformation Theory Robin Hartshorne, 2009-11-12 The basic
problem of deformation theory in algebraic geometry involves watching a small deformation of one
member of a family of objects, such as varieties, or subschemes in a fixed space, or vector bundles
on a fixed scheme. In this new book, Robin Hartshorne studies first what happens over small
infinitesimal deformations, and then gradually builds up to more global situations, using methods
pioneered by Kodaira and Spencer in the complex analytic case, and adapted and expanded in
algebraic geometry by Grothendieck. The author includes numerous exercises, as well as important
examples illustrating various aspects of the theory. This text is based on a graduate course taught by
the author at the University of California, Berkeley.

hartshorne algebraic geometry: Geometry: Euclid and Beyond Robin Hartshorne, 2013-11-11
This book offers a unique opportunity to understand the essence of one of the great thinkers of
western civilization. A guided reading of Euclid's Elements leads to a critical discussion and rigorous
modern treatment of Euclid's geometry and its more recent descendants, with complete proofs.
Topics include the introduction of coordinates, the theory of area, history of the parallel postulate,
the various non-Euclidean geometries, and the regular and semi-regular polyhedra.

hartshorne algebraic geometry: 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.

hartshorne algebraic geometry: Algebraic Geometry, Arcata 1974 Robin Hartshorne,
American Mathematical Society, 1975-12-31

hartshorne algebraic geometry: Algebraic Geometry Ulrich Gortz, Torsten Wedhorn,
2010-08-06 This book introduces the reader to modern algebraic geometry. It presents
Grothendieck's technically demanding language of schemes that is the basis of the most important
developments in the last fifty years within this area. A systematic treatment and motivation of the
theory is emphasized, using concrete examples to illustrate its usefulness. Several examples from
the realm of Hilbert modular surfaces and of determinantal varieties are used methodically to
discuss the covered techniques. Thus the reader experiences that the further development of the



theory yields an ever better understanding of these fascinating objects. The text is complemented by
many exercises that serve to check the comprehension of the text, treat further examples, or give an
outlook on further results. The volume at hand is an introduction to schemes. To get startet, it
requires only basic knowledge in abstract algebra and topology. Essential facts from commutative
algebra are assembled in an appendix. It will be complemented by a second volume on the
cohomology of schemes.

hartshorne algebraic geometry: Basic Algebraic Geometry 2 Igor Rostislavovich Shafarevich,
1994 The second volume of Shafarevich's introductory book on algebraic geometry focuses on
schemes, complex algebraic varieties and complex manifolds. As with Volume 1 the author has
revised the text and added new material, e.g. a section on real algebraic curves. Although the
material is more advanced than in Volume 1 the algebraic apparatus is kept to a minimum making
the book accessible to non-specialists. It can be read independently of Volume 1 and is suitable for
beginning graduate students in mathematics as well as in theoretical physics.

hartshorne algebraic geometry: Introduction to Algebraic Geometry Serge Lang, 2019-03-20
Author Serge Lang defines algebraic geometry as the study of systems of algebraic equations in
several variables and of the structure that one can give to the solutions of such equations. The study
can be carried out in four ways: analytical, topological, algebraico-geometric, and arithmetic. This
volume offers a rapid, concise, and self-contained introductory approach to the algebraic aspects of
the third method, the algebraico-geometric. The treatment assumes only familiarity with elementary
algebra up to the level of Galois theory. Starting with an opening chapter on the general theory of
places, the author advances to examinations of algebraic varieties, the absolute theory of varieties,
and products, projections, and correspondences. Subsequent chapters explore normal varieties,
divisors and linear systems, differential forms, the theory of simple points, and algebraic groups,
concluding with a focus on the Riemann-Roch theorem. All the theorems of a general nature related
to the foundations of the theory of algebraic groups are featured.

hartshorne algebraic geometry: Algebraic Curves and Riemann Surfaces Rick Miranda, 1995
In this book, Miranda takes the approach that algebraic curves are best encountered for the first
time over the complex numbers, where the reader's classical intuition about surfaces, integration,
and other concepts can be brought into play. Therefore, many examples of algebraic curves are
presented in the first chapters. In this way, the book begins as a primer on Riemann surfaces, with
complex charts and meromorphic functions taking centre stage. But the main examples come
fromprojective curves, and slowly but surely the text moves toward the algebraic category. Proofs of
the Riemann-Roch and Serre Dualtiy Theorems are presented in an algebraic manner, via an
adaptation of the adelic proof, expressed completely in terms of solving a Mittag-Leffler problem.
Sheaves andcohomology are introduced as a unifying device in the later chapters, so that their utility
and naturalness are immediately obvious. Requiring a background of one term of complex variable
theory and a year of abstract algebra, this is an excellent graduate textbook for a second-term
course in complex variables or a year-long course in algebraic geometry.

hartshorne algebraic geometry: Commutative Algebra David Eisenbud, 2013-12-01 This is a
comprehensive review of commutative algebra, from localization and primary decomposition through
dimension theory, homological methods, free resolutions and duality, emphasizing the origins of the
ideas and their connections with other parts of mathematics. The book gives a concise treatment of
Grobner basis theory and the constructive methods in commutative algebra and algebraic geometry
that flow from it. Many exercises included.

hartshorne algebraic geometry: Computational Algebraic Geometry Hal Schenck,
2003-10-06 The interplay between algebra and geometry is a beautiful (and fun!) area of
mathematical investigation. Advances in computing and algorithms make it possible to tackle many
classical problems in a down-to-earth and concrete fashion. This opens wonderful new vistas and
allows us to pose, study and solve problems that were previously out of reach. Suitable for graduate
students, the objective of this 2003 book is to bring advanced algebra to life with lots of examples.
The first chapters provide an introduction to commutative algebra and connections to geometry. The




rest of the book focuses on three active areas of contemporary algebra: Homological Algebra (the
snake lemma, long exact sequence inhomology, functors and derived functors (Tor and Ext), and
double complexes); Algebraic Combinatorics and Algebraic Topology (simplicial complexes and
simplicial homology, Stanley-Reisner rings, upper bound theorem and polytopes); and Algebraic
Geometry (points and curves in projective space, Riemann-Roch, Cech cohomology, regularity).

hartshorne algebraic geometry: Elementary Algebraic Geometry Klaus Hulek, 2003 This book
is a true introduction to the basic concepts and techniques of algebraic geometry. The language is
purposefully kept on an elementary level, avoiding sheaf theory and cohomology theory. The
introduction of new algebraic concepts is always motivated by a discussion of the corresponding
geometric ideas. The main point of the book is to illustrate the interplay between abstract theory and
specific examples. The book contains numerous problems that illustrate the general theory. The text
is suitable for advanced undergraduates and beginning graduate students. It contains sufficient
material for a one-semester course. The reader should be familiar with the basic concepts of modern
algebra. A course in one complex variable would be helpful, but is not necessary.

hartshorne algebraic geometry: 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.

hartshorne algebraic geometry: Introduction to the Theory of Schemes Yuri I. Manin,
2018-05-15 This English edition of Yuri I. Manin's well-received lecture notes provides a concise but
extremely lucid exposition of the basics of algebraic geometry and sheaf theory. The lectures were
originally held in Moscow in the late 1960s, and the corresponding preprints were widely circulated
among Russian mathematicians. This book will be of interest to students majoring in algebraic
geometry and theoretical physics (high energy physics, solid body, astrophysics) as well as to
researchers and scholars in these areas. This is an excellent introduction to the basics of
Grothendieck's theory of schemes; the very best first reading about the subject that I am aware of. I
would heartily recommend every grad student who wants to study algebraic geometry to read it
prior to reading more advanced textbooks.- Alexander Beilinson

hartshorne algebraic geometry: 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.

hartshorne algebraic geometry: Algebraic Geometry 2 Kenji Ueno, 1999 Algebraic geometry
is built upon two fundamental notions: schemes and sheaves. The theory of schemes was explained
in Algebraic Geometry 1: From Algebraic Varieties to Schemes. In this volume, the author turns to
the theory of sheaves and their cohomology. A sheaf is a way of keeping track of local information
defined on a topological space, such as the local holomorphic functions on a complex manifold or the
local sections of a vector bundle. To study schemes, it is useful to study the sheaves defined on them,
especially the coherent and quasicoherent sheaves.

hartshorne algebraic geometry: Algebraic Geometry Solomon Lefschetz, 2012-09-05 An
introduction to algebraic geometry and a bridge between its analytical-topological and algebraical



aspects, this text for advanced undergraduate students is particularly relevant to those more
familiar with analysis than algebra. 1953 edition.

hartshorne algebraic geometry: Lectures on Curves on an Algebraic Surface David Mumford,
2016-03-02 These lectures, delivered by Professor Mumford at Harvard in 1963-1964, are devoted to
a study of properties of families of algebraic curves, on a non-singular projective algebraic curve
defined over an algebraically closed field of arbitrary characteristic. The methods and techniques of
Grothendieck, which have so changed the character of algebraic geometry in recent years, are used
systematically throughout. Thus the classical material is presented from a new viewpoint.

hartshorne algebraic geometry: Undergraduate Commutative Algebra Miles Reid,
1995-11-30 Commutative algebra is at the crossroads of algebra, number theory and algebraic
geometry. This textbook is affordable and clearly illustrated, and is intended for advanced
undergraduate or beginning graduate students with some previous experience of rings and fields.
Alongside standard algebraic notions such as generators of modules and the ascending chain
condition, the book develops in detail the geometric view of a commutative ring as the ring of
functions on a space. The starting point is the Nullstellensatz, which provides a close link between
the geometry of a variety V and the algebra of its coordinate ring A=k[V]; however, many of the
geometric ideas arising from varieties apply also to fairly general rings. The final chapter relates the
material of the book to more advanced topics in commutative algebra and algebraic geometry. It
includes an account of some famous 'pathological' examples of Akizuki and Nagata, and a brief but
thought-provoking essay on the changing position of abstract algebra in today's world.

hartshorne algebraic geometry: Foundations of Projective Geometry Robin Hartshorne,
2009 The first geometrical properties of a projective nature were discovered in the third century by
Pappus of Alexandria. Filippo Brunelleschi (1404-1472) started investigating the geometry of
perspective in 1425. Johannes Kepler (1571-1630) and Gerard Desargues (1591-1661) independently
developed the pivotal concept of the point at infinity. Desargues developed an alternative way of
constructing perspective drawings by generalizing the use of vanishing points to include the case
when these are infinitely far away. He made Euclidean geometry, where parallel lines are truly
parallel, into a special case of an all-encompassing geometric system. Desargues's study on conic
sections drew the attention of 16-years old Blaise Pascal and helped him formulate Pascal's theorem.
The works of Gaspard Monge at the end of 18th and beginning of 19th century were important for
the subsequent development of projective geometry. The work of Desargues was ignored until
Michel Chasles chanced upon a handwritten copy in 1845. Meanwhile, Jean-Victor Poncelet had
published the foundational treatise on projective geometry in 1822. Poncelet separated the
projective properties of objects in individual class and establishing a relationship between metric
and projective properties. The non-Euclidean geometries discovered shortly thereafter were
eventually demonstrated to have models, such as the Klein model of hyperbolic space, relating to
projective geometry.

hartshorne algebraic geometry: 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

hartshorne algebraic geometry: An Invitation to Algebraic Geometry Karen E. Smith, Lauri
Kahanpaa, 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.

hartshorne algebraic geometry: Algebraic Geometry and Commutative Algebra Siegfried
Bosch, 2022-04-22 Algebraic Geometry is a fascinating branch of Mathematics that combines




methods from both Algebra and Geometry. It transcends the limited scope of pure Algebra by means
of geometric construction principles. Putting forward this idea, Grothendieck revolutionized
Algebraic Geometry in the late 1950s by inventing schemes. Schemes now also play an important
role in Algebraic Number Theory, a field that used to be far away from Geometry. The new point of
view paved the way for spectacular progress, such as the proof of Fermat's Last Theorem by Wiles
and Taylor. This book explains the scheme-theoretic approach to Algebraic Geometry for
non-experts, while more advanced readers can use it to broaden their view on the subject. A
separate part presents the necessary prerequisites from Commutative Algebra, thereby providing an
accessible and self-contained introduction to advanced Algebraic Geometry. Every chapter of the
book is preceded by a motivating introduction with an informal discussion of its contents and
background. Typical examples, and an abundance of exercises illustrate each section. Therefore the
book is an excellent companion for self-studying or for complementing skills that have already been
acquired. It can just as well serve as a convenient source for (reading) course material and, in any
case, as supplementary literature. The present edition is a critical revision of the earlier text.

hartshorne algebraic geometry: Residues and Duality Richard Hartshorne, 1966-01-01

hartshorne algebraic geometry: Residues and Duality Robin Hartshorne, 2006-11-14

hartshorne algebraic geometry: 3264 and All That David Eisenbud, Joe Harris, 2016-04-14
3264, the mathematical solution to a question concerning geometric figures.

hartshorne algebraic geometry: Algebraic Topology Edwin H. Spanier, 2012-12-06 This book
surveys the fundamental ideas of algebraic topology. The first part covers the fundamental group, its
definition and application in the study of covering spaces. The second part turns to homology theory
including cohomology, cup products, cohomology operations and topological manifolds. The final
part is devoted to Homotropy theory, including basic facts about homotropy groups and applications
to obstruction theory.

hartshorne algebraic geometry: [ R.-0000, Robin Hartshorne, 1999 000000000CIPOO

hartshorne algebraic geometry: Complex Algebraic Curves Frances Clare Kirwan,
1992-02-20 This development of the theory of complex algebraic curves was one of the peaks of
nineteenth century mathematics. They have many fascinating properties and arise in various areas
of mathematics, from number theory to theoretical physics, and are the subject of much research. By
using only the basic techniques acquired in most undergraduate courses in mathematics, Dr. Kirwan
introduces the theory, observes the algebraic and topological properties of complex algebraic
curves, and shows how they are related to complex analysis.

hartshorne algebraic geometry: Algebraic Spaces and Stacks Martin Olsson, 2016-05-13 This
book is an introduction to the theory of algebraic spaces and stacks intended for graduate students
and researchers familiar with algebraic geometry at the level of a first-year graduate course. The
first several chapters are devoted to background material including chapters on Grothendieck
topologies, descent, and fibered categories. Following this, the theory of algebraic spaces and stacks
is developed. The last three chapters discuss more advanced topics including the Keel-Mori theorem
on the existence of coarse moduli spaces, gerbes and Brauer groups, and various moduli stacks of
curves. Numerous exercises are included in each chapter ranging from routine verifications to more
difficult problems, and a glossary of necessary category theory is included as an appendix.

hartshorne algebraic geometry: Linear Algebra and Geometry Igor R. Shafarevich, Alexey O.
Remizov, 2012-08-23 This book on linear algebra and geometry is based on a course given by
renowned academician I.R. Shafarevich at Moscow State University. The book begins with the
theory of linear algebraic equations and the basic elements of matrix theory and continues with
vector spaces, linear transformations, inner product spaces, and the theory of affine and projective
spaces. The book also includes some subjects that are naturally related to linear algebra but are
usually not covered in such courses: exterior algebras, non-Euclidean geometry, topological
properties of projective spaces, theory of quadrics (in affine and projective spaces), decomposition of
finite abelian groups, and finitely generated periodic modules (similar to Jordan normal forms of
linear operators). Mathematical reasoning, theorems, and concepts are illustrated with numerous



examples from various fields of mathematics, including differential equations and differential
geometry, as well as from mechanics and physics.

hartshorne algebraic geometry: Lectures on Algebraic Geometry [ Gunter Harder, 2008-08-01
This book and the following second volume is an introduction into modern algebraic geometry. In the
first volume the methods of homological algebra, theory of sheaves, and sheaf cohomology are
developed. These methods are indispensable for modern algebraic geometry, but they are also
fundamental for other branches of mathematics and of great interest in their own. In the last chapter
of volume I these concepts are applied to the theory of compact Riemann surfaces. In this chapter
the author makes clear how influential the ideas of Abel, Riemann and Jacobi were and that many of
the modern methods have been anticipated by them.

hartshorne algebraic geometry: LMSST: 24 Lectures on Elliptic Curves John William Scott
Cassels, 1991-11-21 A self-contained introductory text for beginning graduate students that is
contemporary in approach without ignoring historical matters.

hartshorne algebraic geometry: Algebraic Geometry Joe Harris, 2013-11-11 This book
succeeds brilliantly by concentrating on a number of core topics...and by treating them in a hugely
rich and varied way. The author ensures that the reader will learn a large amount of classical
material and perhaps more importantly, will also learn that there is no one approach to the subject.
The essence lies in the range and interplay of possible approaches. The author is to be congratulated
on a work of deep and enthusiastic scholarship. -MATHEMATICAL REVIEWS

hartshorne algebraic geometry: The Four Pillars of Geometry John Stillwell, 2005-08-09 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
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