differential geometry

differential geometry is a branch of mathematics that uses techniques of calculus and linear
algebra to study problems in geometry. It focuses on the properties and behavior of curves, surfaces,
and higher-dimensional manifolds through differentiation and integration. This field plays a crucial
role in both pure and applied mathematics, with applications ranging from theoretical physics to
computer graphics. The study of differential geometry involves concepts such as curvature,
geodesics, and the topology of manifolds, providing a deep understanding of the geometric structures
underlying many mathematical and physical theories. This article explores the fundamental concepts,
key structures, and significant applications of differential geometry. The detailed sections will cover
the basics of manifolds, curvature, connections, and the importance of differential geometry in
modern science and technology.

e Fundamental Concepts of Differential Geometry
e Manifolds and Their Properties

e Curvature in Differential Geometry

e Connections and Parallel Transport

» Applications of Differential Geometry

Fundamental Concepts of Differential Geometry

Differential geometry combines differential and integral calculus with linear algebra to analyze
geometric problems. It extends classical geometry by considering smooth shapes and spaces that can
be curved or irregular. The primary objects of study are smooth manifolds, which locally resemble
Euclidean space but can have complex global structures. Key tools include differential forms, vector
fields, and tensor analysis, which enable the rigorous treatment of geometric quantities.

Historical Background

The origins of differential geometry trace back to the work of Carl Friedrich Gauss and Bernhard
Riemann in the 19th century. Gauss introduced the concept of Gaussian curvature, while Riemann
generalized geometry to higher dimensions, laying the foundation for modern differential geometry.
These developments profoundly influenced the advancement of general relativity and other physical
theories.

Basic Terminology

Several fundamental terms are essential to understanding differential geometry:



e Manifold: A topological space that locally resembles Euclidean space.
e Chart: A coordinate system that maps a part of a manifold to Euclidean space.
e Tangent Space: The vector space consisting of tangent vectors at a point on a manifold.

e Metric: A function defining distances and angles on a manifold.

Manifolds and Their Properties

Manifolds are central objects in differential geometry, providing the framework to study curved
spaces. A manifold is a set equipped with a topology and an atlas of charts that describe its local
geometry. Understanding the properties of manifolds is fundamental to grasping the broader
concepts in differential geometry.

Types of Manifolds

Manifolds come in various types based on their structure and additional properties:

e Differentiable Manifolds: Manifolds with smooth transition maps between charts.

¢ Riemannian Manifolds: Differentiable manifolds equipped with a positive-definite metric
tensor.

¢ Pseudo-Riemannian Manifolds: Manifolds with metrics that are not positive-definite,
important in relativity.

e Complex Manifolds: Manifolds with a complex structure allowing holomorphic coordinate
changes.

Tangent and Cotangent Spaces

The tangent space at a point on a manifold is a vector space consisting of all possible directions in
which one can tangentially pass through that point. Its dual, the cotangent space, consists of linear
functionals acting on tangent vectors. These spaces form the basis for defining vector fields and
differential forms.

Curvature in Differential Geometry

Curvature quantifies how a geometric object deviates from being flat. In differential geometry,
curvature is a fundamental concept that characterizes the intrinsic and extrinsic properties of
manifolds and submanifolds. It is crucial for understanding shapes, geodesics, and the behavior of



fields defined on manifolds.

Gaussian Curvature

Gaussian curvature is an intrinsic measure of curvature for surfaces in three-dimensional space. It is
the product of the principal curvatures at a given point and remains invariant under local isometries.
Positive Gaussian curvature indicates a locally spherical shape, zero curvature corresponds to
flatness, and negative curvature implies a saddle-like shape.

Ricci and Scalar Curvature

In higher dimensions, curvature is described using tensors such as the Ricci curvature and scalar
curvature. The Ricci curvature arises from contracting the Riemann curvature tensor and plays a
significant role in Einstein's field equations in general relativity. Scalar curvature is a single value
summarizing the curvature at a point and influences the shape and volume of the manifold.

Riemann Curvature Tensor

The Riemann curvature tensor provides a comprehensive description of curvature on a manifold. It
encodes how much and in what manner the manifold bends by measuring the failure of second
derivatives to commute. This tensor is essential for analyzing the geometric and topological
properties of spaces.

Connections and Parallel Transport

Connections in differential geometry provide a way to compare vectors at different points on a
manifold. They enable the definition of parallel transport, covariant differentiation, and geodesics,
facilitating the study of how geometric objects vary along curves.

Affine Connections

An affine connection defines a rule for differentiating vector fields along curves on a manifold. It
generalizes the concept of directional derivatives in Euclidean space. The Levi-Civita connection is a
special affine connection compatible with the metric and torsion-free, widely used in Riemannian
geometry.

Parallel Transport

Parallel transport moves vectors along curves while preserving their length and direction relative to
the manifold's connection. This concept is key to understanding holonomy and curvature, as
transporting a vector around a loop may result in a different vector due to the manifold's curvature.



Geodesics

Geodesics are curves that locally minimize distance and generalize straight lines to curved spaces.
They are defined as curves whose tangent vectors are parallel transported along themselves.
Geodesics have applications in physics, navigation, and optimization problems.

Applications of Differential Geometry

Differential geometry's concepts and techniques have widespread applications across various
scientific and engineering disciplines. Its ability to describe complex curved spaces makes it
indispensable in many modern fields.

Theoretical Physics

Differential geometry underpins Einstein's theory of general relativity, where spacetime is modeled as
a four-dimensional pseudo-Riemannian manifold. The curvature of spacetime explains gravitational
phenomena, making the mathematical framework crucial for understanding the universe's structure.

Computer Graphics and Visualization

In computer graphics, differential geometry is used to model and manipulate surfaces and shapes.
Techniques involving curvature and geodesics assist in texture mapping, surface smoothing, and
animation, enhancing visual realism and computational efficiency.

Robotics and Control Theory

Robotics benefits from differential geometry in motion planning and control of systems with non-linear
constraints. Manifolds represent configuration spaces, and geodesics guide optimal paths for robotic
movement, improving precision and adaptability.

Engineering and Data Analysis

Applications extend to structural engineering, where stress and strain analysis rely on geometric
concepts. Additionally, manifold learning in data science applies differential geometry to analyze high-
dimensional data, revealing intrinsic structures.

Summary of Key Applications

1. General relativity and gravitational physics

2. Surface modeling in computer graphics



3. Path planning in robotics
4. Data analysis and machine learning

5. Structural and mechanical engineering

Frequently Asked Questions

What is differential geometry and why is it important?

Differential geometry is a branch of mathematics that uses techniques of calculus and linear algebra
to study problems in geometry. It is important because it provides the mathematical framework for
understanding curves, surfaces, and more generally, manifolds, which are fundamental in fields like
physics, engineering, and computer graphics.

How does differential geometry relate to general relativity?

Differential geometry provides the language and tools to describe the curvature of spacetime in
general relativity. Einstein's field equations are formulated using concepts from differential geometry,
particularly the notion of a Lorentzian manifold and the curvature tensors.

What are manifolds in differential geometry?

Manifolds are topological spaces that locally resemble Euclidean space and can be described using
coordinates. In differential geometry, manifolds serve as the primary objects of study, allowing
mathematicians to generalize curves and surfaces to higher dimensions.

What is the role of curvature in differential geometry?

Curvature measures how a geometric object deviates from being flat. In differential geometry,
curvature helps classify surfaces and manifolds, understand their shape and properties, and has
applications in physics, such as describing gravitational fields.

Can differential geometry be applied in machine learning?

Yes, differential geometry is increasingly applied in machine learning, particularly in understanding
data lying on nonlinear manifolds, optimization on curved spaces, and in developing geometric deep
learning methods that respect the underlying structure of data.

What is the difference between Riemannian and affine
differential geometry?

Riemannian differential geometry studies manifolds with a Riemannian metric, allowing measurement
of angles, distances, and curvature. Affine differential geometry, on the other hand, studies properties
invariant under affine transformations, focusing more on connections and affine invariants rather than



metrics.

What are some common tools used in differential geometry?

Common tools in differential geometry include concepts like tangent vectors, differential forms,
connections, curvature tensors, geodesics, and metrics. These tools help analyze the structure and
properties of manifolds and their subspaces.

Additional Resources

1. Differential Geometry of Curves and Surfaces by Manfredo P. do Carmo

This classic textbook offers a clear introduction to the fundamental concepts of differential geometry,
focusing on curves and surfaces in three-dimensional Euclidean space. It covers topics such as
curvature, torsion, geodesics, and the Gauss-Bonnet theorem. The book balances rigorous proofs with
intuitive explanations, making it suitable for advanced undergraduates and beginning graduate
students.

2. Riemannian Geometry by Peter Petersen

Petersen’s book provides a comprehensive treatment of Riemannian geometry, including metric
tensors, connections, curvature, and comparison theorems. It is well-suited for graduate students and
researchers, with numerous examples and exercises that help deepen understanding. The text also
explores applications in global analysis and topology.

3. Introduction to Smooth Manifolds by John M. Lee

This textbook serves as a detailed introduction to the theory of smooth manifolds, a foundational
topic in differential geometry. Lee covers smooth maps, tangent spaces, vector fields, differential
forms, and integration on manifolds. The book is praised for its clarity and thoroughness, making it a
popular choice in graduate-level courses.

4. Foundations of Differentiable Manifolds and Lie Groups by Frank W. Warner

Warner’s book is a rigorous introduction to differentiable manifolds and Lie groups, essential
structures in differential geometry and theoretical physics. It includes topics such as tensor fields,
differential forms, Lie algebras, and group actions. The text is ideal for advanced graduate students
and researchers.

5. Geometry, Topology and Physics by Mikio Nakahara

This interdisciplinary book connects differential geometry with topology and physics, particularly
gauge theory and general relativity. Nakahara introduces manifolds, fiber bundles, characteristic
classes, and index theorems with applications to modern physics. It is accessible to readers with a
background in advanced mathematics and theoretical physics.

6. Differential Geometry: Curves - Surfaces - Manifolds by Wolfgang Kuhnel

Kihnel's text provides a modern and concise introduction to the geometry of curves, surfaces, and
manifolds. It emphasizes geometric intuition and applications while maintaining mathematical rigor.
The book includes numerous illustrations and exercises, making it suitable for both self-study and
classroom use.

1. Lectures on Differential Geometry by S. S. Chern, W. H. Chen, and K. S. Lam
This collection of lectures by the legendary mathematician S. S. Chern and coauthors presents



fundamental concepts in differential geometry, with a focus on global theory. Topics include
curvature, characteristic classes, and minimal surfaces. The exposition is elegant and insightful,
appealing to graduate students and researchers alike.

8. Differential Geometry and Lie Groups for Physicists by Marian Fecko

Fecko’s book bridges the gap between mathematics and physics by exploring differential geometry
and Lie groups with applications in classical and quantum physics. It covers manifolds, tensor
calculus, symmetry groups, and gauge theories. The text is well-suited for physicists seeking a solid
mathematical foundation.

9. Global Differential Geometry by Detlef Gromoll and Wolfgang Meyer

This advanced text explores global aspects of differential geometry, including topics such as
comparison theorems, convergence, and geometric structures on manifolds. It is aimed at graduate
students and researchers interested in geometric analysis and topology. The book combines deep
theoretical insights with applications to modern geometry.
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differential geometry: Manifolds and Differential Geometry Jeffrey Marc Lee, 2009 Differential
geometry began as the study of curves and surfaces using the methods of calculus. This book offers
a graduate-level introduction to the tools and structures of modern differential geometry. It includes
the topics usually found in a course on differentiable manifolds, such as vector bundles, tensors, and
de Rham cohomology.

differential geometry: Differential Geometry Loring W. Tu, 2017-06-01 This text presents a
graduate-level introduction to differential geometry for mathematics and physics students. The
exposition follows the historical development of the concepts of connection and curvature with the
goal of explaining the Chern-Weil theory of characteristic classes on a principal bundle. Along the
way we encounter some of the high points in the history of differential geometry, for example,
Gauss' Theorema Egregium and the Gauss-Bonnet theorem. Exercises throughout the book test the
reader’s understanding of the material and sometimes illustrate extensions of the theory. Initially,
the prerequisites for the reader include a passing familiarity with manifolds. After the first chapter,
it becomes necessary to understand and manipulate differential forms. A knowledge of de Rham
cohomology is required for the last third of the text. Prerequisite material is contained in author's
text An Introduction to Manifolds, and can be learned in one semester. For the benefit of the reader
and to establish common notations, Appendix A recalls the basics of manifold theory. Additionally, in
an attempt to make the exposition more self-contained, sections on algebraic constructions such as
the tensor product and the exterior power are included. Differential geometry, as its name implies, is
the study of geometry using differential calculus. It dates back to Newton and Leibniz in the
seventeenth century, but it was not until the nineteenth century, with the work of Gauss on surfaces
and Riemann on the curvature tensor, that differential geometry flourished and its modern
foundation was laid. Over the past one hundred years, differential geometry has proven
indispensable to an understanding of the physical world, in Einstein's general theory of relativity, in
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the theory of gravitation, in gauge theory, and now in string theory. Differential geometry is also
useful in topology, several complex variables, algebraic geometry, complex manifolds, and dynamical
systems, among other fields. The field has even found applications to group theory as in Gromov's
work and to probability theory as in Diaconis's work. It is not too far-fetched to argue that
differential geometry should be in every mathematician's arsenal.

differential geometry: Differential Geometry in the Large Owen Dearricott, Wilderich
Tuschmann, Yuri Nikolayevsky, Thomas Leistner, Diarmuid Crowley, 2020-10-22 The 2019
'Australian-German Workshop on Differential Geometry in the Large' represented an extraordinary
cross section of topics across differential geometry, geometric analysis and differential topology. The
two-week programme featured talks from prominent keynote speakers from across the globe,
treating geometric evolution equations, structures on manifolds, non-negative curvature and
Alexandrov geometry, and topics in differential topology. A joy to the expert and novice alike, this
proceedings volume touches on topics as diverse as Ricci and mean curvature flow, geometric
invariant theory, Alexandrov spaces, almost formality, prescribed Ricci curvature, and Kahler and
Sasaki geometry.

differential geometry: Differential Geometry ]J. J. Stoker, 2011-09-09 This classic work is
now available in an unabridged paperback edition. Stoker makes this fertile branch of mathematics
accessible to the nonspecialist by the use of three different notations: vector algebra and calculus,
tensor calculus, and the notation devised by Cartan, which employs invariant differential forms as
elements in an algebra due to Grassman, combined with an operation called exterior differentiation.
Assumed are a passing acquaintance with linear algebra and the basic elements of analysis.

differential geometry: Differential Geometry Wolfgang Kuhnel, 2006 Our first knowledge of
differential geometry usually comes from the study of the curves and surfaces in I\'\!R"3 that arise
in calculus. Here we learn about line and surface integrals, divergence and curl, and the various
forms of Stokes' Theorem. If we are fortunate, we may encounter curvature and such things as the
Serret-Frenet formulas. With just the basic tools from multivariable calculus, plus a little knowledge
of linear algebra, it is possible to begin a much richer and rewarding study of differential geometry,
which is what is presented in this book. It starts with an introduction to the classical differential
geometry of curves and surfaces in Euclidean space, then leads to an introduction to the Riemannian
geometry of more general manifolds, including a look at Einstein spaces. An important bridge from
the low-dimensional theory to the general case is provided by a chapter on the intrinsic geometry of
surfaces. The first half of the book, covering the geometry of curves and surfaces, would be suitable
for a one-semester undergraduate course. The local and global theories of curves and surfaces are
presented, including detailed discussions of surfaces of rotation, ruled surfaces, and minimal
surfaces. The second half of the book, which could be used for a more advanced course, begins with
an introduction to differentiable manifolds, Riemannian structures, and the curvature tensor. Two
special topics are treated in detail: spaces of constant curvature and Einstein spaces. The main goal
of the book is to get started in a fairly elementary way, then to guide the reader toward more
sophisticated concepts and more advanced topics. There are many examples and exercises to help
along the way. Numerous figures help the reader visualize key concepts and examples, especially in
lower dimensions. For the second edition, a number of errors were corrected and some text and a
number of figures have been added.

differential geometry: Lectures on Differential Geometry Bennett Chow, Yutze Chow,
2024-09-23 Differential geometry is a subject related to many fields in mathematics and the
sciences. The authors of this book provide a vertically integrated introduction to differential
geometry and geometric analysis. The material is presented in three distinct parts: an introduction
to geometry via submanifolds of Euclidean space, a first course in Riemannian geometry, and a
graduate special topics course in geometric analysis, and it contains more than enough content to
serve as a good textbook for a course in any of these three topics. The reader will learn about the
classical theory of submanifolds, smooth manifolds, Riemannian comparison geometry, bundles,
connections, and curvature, the Chern?Gauss?Bonnet formula, harmonic functions, eigenfunctions,



and eigenvalues on Riemannian manifolds, minimal surfaces, the curve shortening flow, and the
Ricci flow on surfaces. This will provide a pathway to further topics in geometric analysis such as
Ricci flow, used by Hamilton and Perelman to solve the Poincar, and Thurston geometrization
conjectures, mean curvature flow, and minimal submanifolds. The book is primarily aimed at
graduate students in geometric analysis, but it will also be of interest to postdoctoral researchers
and established mathematicians looking for a refresher or deeper exploration of the topic.

differential geometry: Differential Geometry of Manifolds Stephen Lovett, 2010-06-11
From the coauthor of Differential Geometry of Curves and Surfaces, this companion book presents
the extension of differential geometry from curves and surfaces to manifolds in general. It provides a
broad introduction to the field of differentiable and Riemannian manifolds, tying together the
classical and modern formulations. The three appendices

differential geometry: Introduction to Differential Geometry Joel W. Robbin, Dietmar A.
Salamon, 2022-01-12 This textbook is suitable for a one semester lecture course on differential
geometry for students of mathematics or STEM disciplines with a working knowledge of analysis,
linear algebra, complex analysis, and point set topology. The book treats the subject both from an
extrinsic and an intrinsic view point. The first chapters give a historical overview of the field and
contain an introduction to basic concepts such as manifolds and smooth maps, vector fields and
flows, and Lie groups, leading up to the theorem of Frobenius. Subsequent chapters deal with the
Levi-Civita connection, geodesics, the Riemann curvature tensor, a proof of the
Cartan-Ambrose-Hicks theorem, as well as applications to flat spaces, symmetric spaces, and
constant curvature manifolds. Also included are sections about manifolds with nonpositive sectional
curvature, the Ricci tensor, the scalar curvature, and the Weyl tensor. An additional chapter goes
beyond the scope of a one semester lecture course and deals with subjects such as conjugate points
and the Morse index, the injectivity radius, the group of isometries and the Myers-Steenrod theorem,
and Donaldson's differential geometric approach to Lie algebra theory.

differential geometry: Fundamentals of Differential Geometry Serge Lang, 2001-09-21 This
book provides an introduction to the basic concepts in differential topology, differential geometry,
and differential equations, and some of the main basic theorems in all three areas. This new edition
includes new chapters, sections, examples, and exercises. From the reviews: There are many books
on the fundamentals of differential geometry, but this one is quite exceptional; this is not surprising
for those who know Serge Lang's books. --EMS NEWSLETTER

differential geometry: A Course in Differential Geometry Thierry Aubin, 2001 This textbook
for second-year graduate students is an introduction to differential geometry with principal
emphasis on Riemannian geometry. The author is well-known for his significant contributions to the
field of geometry and PDEs - particularly for his work on the Yamabe problem - and for his
expository accounts on the subject. The text contains many problems and solutions, permitting the
reader to apply the theorems and to see concrete developments of the abstract theory.

differential geometry: Introduction to Differential Geometry and Riemannian Geometry Erwin
Kreyszig, 1968-12-15 This book provides an introduction to the differential geometry of curves and
surfaces in three-dimensional Euclidean space and to n-dimensional Riemannian geometry. Based on
Kreyszig's earlier book Differential Geometry, it is presented in a simple and understandable manner
with many examples illustrating the ideas, methods, and results. Among the topics covered are
vector and tensor algebra, the theory of surfaces, the formulae of Weingarten and Gauss, geodesics,
mappings of surfaces and their applications, and global problems. A thorough investigation of
Reimannian manifolds is made, including the theory of hypersurfaces. Interesting problems are
provided and complete solutions are given at the end of the book together with a list of the more
important formulae. Elementary calculus is the sole prerequisite for the understanding of this
detailed and complete study in mathematics.

differential geometry: Lectures on Differential Geometry Shlomo Sternberg, 1999 This
book is based on lectures given at Harvard University during the academic year 1960-1961. The
presentation assumes knowledge of the elements of modern algebra (groups, vector spaces, etc.)




and point-set topology and some elementary analysis. Rather than giving all the basic information or
touching upon every topic in the field, this work treats various selected topics in differential
geometry. The author concisely addresses standard material and spreads exercises throughout the
text. His reprint has two additions to the original volume: a paper written jointly with V. Guillemin at
the beginning of a period of intense interest in the equivalence problem and a short description from
the author on results in the field that occurred between the first and the second printings.

differential geometry: Differential Geometry Marcelo Epstein, 2014-07-02 Differential
Geometry offers a concise introduction to some basic notions of modern differential geometry and
their applications to solid mechanics and physics. Concepts such as manifolds, groups, fibre bundles
and groupoids are first introduced within a purely topological framework. They are shown to be
relevant to the description of space-time, configuration spaces of mechanical systems, symmetries in
general, microstructure and local and distant symmetries of the constitutive response of continuous
media. Once these ideas have been grasped at the topological level, the differential structure needed
for the description of physical fields is introduced in terms of differentiable manifolds and principal
frame bundles. These mathematical concepts are then illustrated with examples from continuum
kinematics, Lagrangian and Hamiltonian mechanics, Cauchy fluxes and dislocation theory. This book
will be useful for researchers and graduate students in science and engineering.

differential geometry: Handbook of Differential Geometry Franki J.E. Dillen, Leopold C.A.
Verstraelen, 2005-11-29 In the series of volumes which together will constitute the Handbook of
Differential Geometry we try to give a rather complete survey of the field of differential geometry.
The different chapters will both deal with the basic material of differential geometry and with
research results (old and recent).All chapters are written by experts in the area and contain a large
bibliography. In this second volume a wide range of areas in the very broad field of differential
geometry is discussed, as there are Riemannian geometry, Lorentzian geometry, Finsler geometry,
symplectic geometry, contact geometry, complex geometry, Lagrange geometry and the geometry of
foliations. Although this does not cover the whole of differential geometry, the reader will be
provided with an overview of some its most important areas.. Written by experts and covering recent
research. Extensive bibliography. Dealing with a diverse range of areas. Starting from the basics

differential geometry: Lectures on Differential Geometry Shiing-Shen Chern, Weihuan
Chen, Kai Shue Lam, 1999 This book is a translation of an authoritative introductory text based on a
lecture series delivered by the renowned differential geometer, Professor S S Chern in Beijing
University in 1980. The original Chinese text, authored by Professor Chern and Professor Wei-Huan
Chen, was a unique contribution to the mathematics literature, combining simplicity and economy of
approach with depth of contents. The present translation is aimed at a wide audience, including (but
not limited to) advanced undergraduate and graduate students in mathematics, as well as physicists
interested in the diverse applications of differential geometry to physics. In addition to a thorough
treatment of the fundamentals of manifold theory, exterior algebra, the exterior calculus,
connections on fiber bundles, Riemannian geometry, Lie groups and moving frames, and complex
manifolds (with a succinct introduction to the theory of Chern classes), and an appendix on the
relationship between differential geometry and theoretical physics, this book includes a new chapter
on Finsler geometry and a new appendix on the history and recent developments of differential
geometry, the latter prepared specially for this edition by Professor Chern to bring the text into
perspectives.

differential geometry: Differential Geometry Heinrich W. Guggenheimer, 2012-04-27 This
text contains an elementary introduction to continuous groups and differential invariants; an
extensive treatment of groups of motions in euclidean, affine, and riemannian geometry; more.
Includes exercises and 62 figures.

differential geometry: Differential Geometry of Curves and Surfaces Manfredo P. do
Carmo, 2016-12-14 One of the most widely used texts in its field, this volume introduces the
differential geometry of curves and surfaces in both local and global aspects. The presentation
departs from the traditional approach with its more extensive use of elementary linear algebra and



its emphasis on basic geometrical facts rather than machinery or random details. Many examples
and exercises enhance the clear, well-written exposition, along with hints and answers to some of
the problems. The treatment begins with a chapter on curves, followed by explorations of regular
surfaces, the geometry of the Gauss map, the intrinsic geometry of surfaces, and global differential
geometry. Suitable for advanced undergraduates and graduate students of mathematics, this text's
prerequisites include an undergraduate course in linear algebra and some familiarity with the
calculus of several variables. For this second edition, the author has corrected, revised, and updated
the entire volume.

differential geometry: A Course in Differential Geometry W. Klingenberg, 2013-03-14 This
English edition could serve as a text for a first year graduate course on differential geometry, as did
for a long time the Chicago Notes of Chern mentioned in the Preface to the German Edition. Suitable
references for ordin ary differential equations are Hurewicz, W. Lectures on ordinary differential
equations. MIT Press, Cambridge, Mass., 1958, and for the topology of surfaces: Massey, Algebraic
Topology, Springer-Verlag, New York, 1977. Upon David Hoffman fell the difficult task of
transforming the tightly constructed German text into one which would mesh well with the more
relaxed format of the Graduate Texts in Mathematics series. There are some elaborations and
several new figures have been added. I trust that the merits of the German edition have survived
whereas at the same time the efforts of David helped to elucidate the general conception of the
Course where we tried to put Geometry before Formalism without giving up mathematical rigour. 1
wish to thank David for his work and his enthusiasm during the whole period of our collaboration. At
the same time I would like to commend the editors of Springer-Verlag for their patience and good
advice. Bonn Wilhelm Klingenberg June, 1977 vii From the Preface to the German Edition This book
has its origins in a one-semester course in differential geometry which 1 have given many times at
Gottingen, Mainz, and Bonn.

differential geometry: Differential Geometry: Partial Differential Equations on Manifolds
Robert Everist Greene, Shing-Tung Yau, 1993 The first of three parts comprising Volume 54, the
proceedings of the Summer Research Institute on Differential Geometry, held at the University of
California, Los Angeles, July 1990 (ISBN for the set is 0-8218-1493-1). Part 1 begins with a problem
list by S.T. Yau, successor to his 1980 list ( Sem

differential geometry: An Introduction to Differential Geometry T. ]J. Willmore, 2012-01-01 A
solid introduction to the methods of differential geometry and tensor calculus, this volume is suitable
for advanced undergraduate and graduate students of mathematics, physics, and engineering.
Rather than a comprehensive account, it offers an introduction to the essential ideas and methods of
differential geometry. Part 1 begins by employing vector methods to explore the classical theory of
curves and surfaces. An introduction to the differential geometry of surfaces in the large provides
students with ideas and techniques involved in global research. Part 2 introduces the concept of a
tensor, first in algebra, then in calculus. It covers the basic theory of the absolute calculus and the
fundamentals of Riemannian geometry. Worked examples and exercises appear throughout the text.
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