
do carmo riemannian geometry

do carmo riemannian geometry is a fundamental topic in the field of
differential geometry, extensively explored in Manfredo do Carmo’s renowned
textbooks. This branch of mathematics offers a profound framework for
understanding curved spaces and manifolds by integrating the principles of
Riemannian metrics. Through do Carmo’s approach, Riemannian geometry is
presented with clarity, emphasizing the interplay between geometric
structures and analytic methods. This article delves into the core concepts
of do Carmo Riemannian geometry, including the definition of Riemannian
manifolds, curvature, geodesics, and applications in modern mathematics and
physics. The discussion also addresses the significance of do Carmo’s
contributions to the rigorous exposition and pedagogy of Riemannian geometry.
Readers will gain insight into the foundational elements and advanced topics
that characterize this essential domain. Following the introduction, the
article outlines key sections covering the structure, curvature tensors,
geodesic behavior, and the relevance of Riemannian geometry in various
scientific contexts.

Foundations of Riemannian Geometry in do Carmo’s Work

Curvature and Its Significance

Geodesics and Distance Minimization

Applications of do Carmo Riemannian Geometry

Advanced Topics and Further Developments

Foundations of Riemannian Geometry in do
Carmo’s Work

The foundations laid by do Carmo in his treatment of Riemannian geometry
establish a rigorous and accessible introduction to the subject. Central to
this framework is the concept of a Riemannian manifold, which is a smooth
manifold equipped with an inner product on the tangent space that varies
smoothly from point to point. This inner product, known as the Riemannian
metric, provides a way to measure lengths and angles, enabling the
generalization of classical geometric notions to curved spaces.

Definition of Riemannian Manifolds

A Riemannian manifold (M, g) consists of a differentiable manifold M and a
Riemannian metric g. The metric g is a positive-definite symmetric bilinear
form on each tangent space T_pM, smoothly depending on the point p in M. This
structure allows for the computation of lengths of tangent vectors, angles
between vectors, and consequently the length of curves on the manifold.



Metric Tensor and Local Coordinates

Do Carmo emphasizes the importance of the metric tensor’s representation in
local coordinates. In a coordinate chart, the metric tensor is expressed as a
matrix of smooth functions g_ij, facilitating calculation of geometric
quantities. The metric components enable computation of lengths, areas,
volumes, and other intrinsic properties on the manifold, forming the basis
for further geometric analysis.

Curvature and Its Significance

Curvature is a central theme in do Carmo Riemannian geometry, reflecting how
a manifold deviates from flat Euclidean space. The curvature tensors
encapsulate this deviation, providing a rich language to describe geometric
and topological properties of manifolds.

Riemann Curvature Tensor

The Riemann curvature tensor is a multi-linear map that encodes the intrinsic
curvature of a manifold. Do Carmo’s exposition carefully develops this
tensor, showing its derivation from the Levi-Civita connection and its role
in characterizing how parallel transport around infinitesimal loops fails to
be trivial. This tensor is fundamental in distinguishing locally flat regions
from curved ones.

Sectional, Ricci, and Scalar Curvatures

Derived from the Riemann curvature tensor, sectional curvature measures
curvature associated with two-dimensional planes in the tangent space. Ricci
curvature and scalar curvature are contractions of the Riemann tensor that
summarize curvature properties in more condensed forms. These concepts play
critical roles in both theoretical and applied aspects of Riemannian
geometry.

Sectional Curvature: Measures curvature on 2D planes.

Ricci Curvature: Averages curvature influencing volume growth and
geodesic behavior.

Scalar Curvature: A single scalar summarizing curvature at a point.

Geodesics and Distance Minimization

Geodesics are curves that generalize the concept of straight lines to curved
spaces, representing locally shortest paths between points. Do Carmo’s
treatment highlights the importance of geodesics in understanding the
geometry and topology of Riemannian manifolds.



Definition and Properties of Geodesics

A geodesic is defined as a curve whose tangent vectors are parallel
transported along themselves. This condition translates into a second-order
differential equation known as the geodesic equation. Solutions to this
equation reveal paths that locally minimize distance and are critical in
studying manifold structure.

Exponential Map and Normal Coordinates

The exponential map at a point p projects tangent vectors to points on the
manifold via geodesics. Do Carmo’s explanation of this map facilitates the
understanding of normal coordinates, which simplify local analysis by
flattening the manifold near p. This tool is essential for exploring
curvature and local geometric behavior.

Applications of do Carmo Riemannian Geometry

Do Carmo Riemannian geometry extends beyond pure mathematics, influencing
various scientific disciplines. Its principles underpin key theories in
physics, engineering, and computer science, demonstrating the versatility of
geometric methods.

General Relativity and Spacetime Geometry

Riemannian geometry, as presented by do Carmo, forms the mathematical
foundation of Einstein’s general relativity. The curvature of spacetime is
modeled using Riemannian metrics, where the metric tensor describes
gravitational fields. Understanding curvature tensors aids in analyzing
gravitational phenomena and cosmological models.

Shape Analysis and Computer Vision

In applied mathematics, Riemannian geometry facilitates shape analysis and
image processing. The concepts of geodesics and curvature enable the
development of algorithms for object recognition, surface matching, and
deformation analysis, leveraging geometric insights from do Carmo’s
framework.

Optimization on Manifolds

Optimization problems constrained to curved spaces utilize Riemannian
geometry for efficient algorithms. The geometric structure guides gradient
descent methods and other optimization strategies on manifolds, proving
critical in machine learning and data science applications.

Advanced Topics and Further Developments

Building on do Carmo’s foundational work, advanced topics in Riemannian



geometry explore deeper structures and generalizations. These areas enrich
the theoretical landscape and expand practical applications.

Comparison Theorems and Topology

Comparison theorems relate curvature bounds to global topological properties
of manifolds. Do Carmo’s approach includes detailed analysis of these
results, which provide insights into manifold classification and rigidity
phenomena.

Riemannian Submanifolds and Embedding Theorems

The study of submanifolds within Riemannian manifolds examines how intrinsic
and extrinsic curvatures interact. Embedding theorems, such as Nash’s
theorem, show conditions under which abstract manifolds can be realized
within Euclidean spaces, a topic extensively discussed in do Carmo’s texts.

Modern Research Directions

Contemporary research extends classical Riemannian geometry to areas such as
metric geometry, synthetic curvature bounds, and applications in quantum
field theory. Do Carmo’s rigorous exposition continues to serve as a
foundation for these advanced explorations.

Understanding the interplay between curvature and topology.1.

Exploring applications in mathematical physics and data analysis.2.

Developing computational methods based on geometric insights.3.

Frequently Asked Questions

What is the main focus of Do Carmo's book on
Riemannian Geometry?

Do Carmo's book on Riemannian Geometry primarily focuses on the foundations
of Riemannian geometry, including concepts such as metrics, geodesics,
curvature, and the topology of Riemannian manifolds.

Who is Manfredo Do Carmo in the context of Riemannian
geometry?

Manfredo Do Carmo was a renowned mathematician known for his influential
textbooks on differential geometry, particularly his works on Riemannian
geometry which are widely used in graduate-level courses.



What prerequisites are recommended before studying Do
Carmo's Riemannian Geometry?

It is recommended to have a solid understanding of linear algebra,
multivariable calculus, and basic differential geometry concepts before
studying Do Carmo's Riemannian Geometry.

Does Do Carmo's Riemannian Geometry book include
exercises and examples?

Yes, Do Carmo's Riemannian Geometry contains numerous exercises and examples
that help readers understand and apply the theoretical concepts presented.

How does Do Carmo introduce the concept of curvature
in his Riemannian Geometry book?

Do Carmo introduces curvature by first defining sectional curvature and then
exploring its properties and implications for the geometry and topology of
manifolds.

Is Do Carmo's Riemannian Geometry suitable for self-
study?

Yes, many students and professionals use Do Carmo's Riemannian Geometry for
self-study due to its clear explanations, structured content, and
comprehensive coverage of fundamental topics.

What are some key topics covered in Do Carmo's
Riemannian Geometry book?

Key topics include Riemannian metrics, geodesics, curvature tensors,
comparison theorems, and the global properties of Riemannian manifolds.

How does Do Carmo's approach to Riemannian Geometry
differ from other textbooks?

Do Carmo's approach is noted for its clarity, rigorous proofs, and balance
between abstract theory and concrete examples, making complex concepts
accessible without sacrificing depth.

Are there any companion resources available for Do
Carmo's Riemannian Geometry book?

While there is no official companion resource, many students find lecture
notes, online courses, and solution manuals created by educators helpful
alongside Do Carmo's textbook.

What is the significance of geodesics in Do Carmo's
Riemannian Geometry?

In Do Carmo's Riemannian Geometry, geodesics are fundamental as they
generalize the notion of straight lines to curved spaces and are critical for



understanding the geometry and analysis on manifolds.

Additional Resources
1. Riemannian Geometry by Manfredo P. do Carmo
This classic text by do Carmo offers a clear and concise introduction to
Riemannian geometry, focusing on the fundamentals such as Riemannian metrics,
geodesics, curvature, and the topology of Riemannian manifolds. The book is
well-known for its rigorous yet accessible approach, making it suitable for
graduate students beginning their study in differential geometry. Numerous
examples and exercises help solidify the concepts discussed.

2. Differential Geometry of Curves and Surfaces by Manfredo P. do Carmo
Though primarily about curves and surfaces, this book lays the essential
groundwork for understanding Riemannian geometry by exploring the geometry of
two-dimensional manifolds. It covers the classical theory of curves and
surfaces with an emphasis on intrinsic and extrinsic geometry, providing
intuition and techniques that are foundational for higher-dimensional
Riemannian geometry.

3. Riemannian Geometry and Geometric Analysis by Jürgen Jost
This book bridges the gap between Riemannian geometry and geometric analysis,
discussing advanced topics such as harmonic maps, minimal surfaces, and Ricci
flow. It is suitable for readers who have a basic understanding of Riemannian
geometry and want to explore its applications in analysis and topology. The
text is rigorous and includes many modern developments in the field.

4. Foundations of Differential Geometry, Vol. 1 by Shoshichi Kobayashi and
Katsumi Nomizu
A foundational text in differential geometry, this volume provides an in-
depth treatment of differentiable manifolds, vector bundles, and connections,
which are essential for understanding Riemannian geometry. It is a
comprehensive resource for graduate students and researchers seeking a formal
and detailed approach to the subject.

5. Introduction to Smooth Manifolds by John M. Lee
This book introduces the basics of smooth manifolds, a prerequisite to
studying Riemannian geometry. It covers topics like tangent spaces, vector
fields, differential forms, and integration on manifolds, setting the stage
for more specialized studies in Riemannian geometry. Lee’s clear exposition
makes it accessible to advanced undergraduates and beginning graduate
students.

6. Riemannian Geometry: A Modern Introduction by Isaac Chavel
Chavel’s text offers a modern perspective on Riemannian geometry, emphasizing
comparison theorems, volume comparison, and global analysis. The book is
well-suited for students interested in both the theoretical and applied
aspects of Riemannian geometry, and it includes numerous exercises and
illustrations to aid understanding.

7. Global Differential Geometry by Serge Lang
This book covers a broad range of topics in global differential geometry,
including Riemannian geometry, geodesics, and curvature. Lang’s approach is
algebraic and analytical, providing a deep insight into the global properties
of manifolds. It is a suitable resource for readers with a solid mathematical
background.

8. Comparison Theorems in Riemannian Geometry by Jeff Cheeger and David G.



Ebin
Focusing on comparison theorems, this book explores important results
relating curvature and topology in Riemannian geometry. It is particularly
valuable for researchers interested in geometric analysis and global
Riemannian geometry, offering detailed proofs and applications of fundamental
theorems.

9. Metric Structures for Riemannian and Non-Riemannian Spaces by Mikhail
Gromov
Gromov’s influential book expands the study of metric geometry beyond
classical Riemannian geometry to include more general metric spaces. It
presents powerful concepts and techniques that have shaped contemporary
research in geometry and topology. This text is ideal for advanced graduate
students and researchers interested in cutting-edge developments.
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  do carmo riemannian geometry: Riemannian Geometry Manfredo Perdigão do Carmo, 1992
  do carmo riemannian geometry: Riemannian Geometry Manfredo P. do Carmo, 1992
Riemannian Geometry is an expanded edition of a highly acclaimed and successful textbook
(originally published in Portuguese) for first-year graduate students in mathematics and physics. The
author's treatment goes very directly to the basic language of Riemannian geometry and
immediately presents some of its most fundamental theorems. It is elementary, assuming only a
modest background from readers, making it suitable for a wide variety of students and course
structures. Its selection of topics has been deemed superb by teachers who have used the text. A
significant feature of the book is its powerful and revealing structure, beginning simply with the
definition of a differentiable manifold and ending with one of the most important results in
Riemannian geometry, a proof of the Sphere Theorem. The text abounds with basic definitions and
theorems, examples, applications, and numerous exercises to test the student's understanding and
extend knowledge and insight into the subject. Instructors and students alike will find the work to be
a significant contribution to this highly applicable and stimulating subject.
  do carmo riemannian 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's clear, well-written
exposition is enhanced by many examples and exercises, some with hints and answers. 1976 edition.
  do carmo riemannian geometry: Riemannian Geometry , 1949
  do carmo riemannian geometry: Riemannian Geometry Takashi Sakai, 1996-01-01 This
volume is an English translation of Sakai's textbook on Riemannian Geometry which was originally
written in Japanese and published in 1992. The author's intent behind the original book was to
provide to advanced undergraduate and graudate students an introduction to modern Riemannian
geometry that could also serve as a reference. The book begins with an explanation of the
fundamental notion of Riemannian geometry. Special emphasis is placed on understandability and
readability, to guide students who are new to this area. The remaining chapters deal with various
topics in Riemannian geometry, with the main focus on comparison methods and their applications.
  do carmo riemannian geometry: Manfredo P. do Carmo – Selected Papers Manfredo P. do
Carmo, 2012-04-02 This volume of selected academic papers demonstrates the significance of the
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contribution to mathematics made by Manfredo P. do Carmo. Twice a Guggenheim Fellow and the
winner of many prestigious national and international awards, the professor at the institute of Pure
and Applied Mathematics in Rio de Janeiro is well known as the author of influential textbooks such
as Differential Geometry of Curves and Surfaces. The area of differential geometry is the main focus
of this selection, though it also contains do Carmo's own commentaries on his life as a scientist as
well as assessment of the impact of his researches and a complete list of his publications. Aspects
covered in the featured papers include relations between curvature and topology, convexity and
rigidity, minimal surfaces, and conformal immersions, among others. Offering more than just a
retrospective focus, the volume deals with subjects of current interest to researchers, including a
paper co-authored with Frank Warner on the convexity of hypersurfaces in space forms. It also
presents the basic stability results for minimal surfaces in the Euclidean space obtained by the
author and his collaborators. Edited by do Carmo's first student, now a celebrated academic in her
own right, this collection pays tribute to one of the most distinguished mathematicians.
  do carmo riemannian geometry: Differential and Riemannian Manifolds Serge Lang,
2012-12-06 This is the third version of a book on differential manifolds. The first version appeared in
1962, and was written at the very beginning of a period of great expansion of the subject. At the
time, I found no satisfactory book for the foundations of the subject, for multiple reasons. I expanded
the book in 1971, and I expand it still further today. Specifically, I have added three chapters on
Riemannian and pseudo Riemannian geometry, that is, covariant derivatives, curvature, and some
applications up to the Hopf-Rinow and Hadamard-Cartan theorems, as well as some calculus of
variations and applications to volume forms. I have rewritten the sections on sprays, and I have
given more examples of the use of Stokes' theorem. I have also given many more references to the
literature, all of this to broaden the perspective of the book, which I hope can be used among things
for a general course leading into many directions. The present book still meets the old needs, but
fulfills new ones. At the most basic level, the book gives an introduction to the basic concepts which
are used in differential topology, differential geometry, and differential equations. In differential
topology, one studies for instance homotopy classes of maps and the possibility of finding suitable
differentiable maps in them (immersions, embeddings, isomorphisms, etc.).
  do carmo riemannian geometry: Kähler Immersions of Kähler Manifolds into Complex Space
Forms Andrea Loi, Michela Zedda, 2018-09-20 The aim of this book is to describe Calabi's original
work on Kähler immersions of Kähler manifolds into complex space forms, to provide a detailed
account of what is known today on the subject and to point out some open problems. Calabi's
pioneering work, making use of the powerful tool of the diastasis function, allowed him to obtain
necessary and sufficient conditions for a neighbourhood of a point to be locally Kähler immersed into
a finite or infinite-dimensional complex space form. This led to a classification of (finite-dimensional)
complex space forms admitting a Kähler immersion into another, and to decades of further research
on the subject. Each chapter begins with a brief summary of the topics to be discussed and ends
with a list of exercises designed to test the reader's understanding. Apart from the section on Kähler
immersions of homogeneous bounded domains into the infinite complex projective space, which
could be skipped without compromising the understanding of the rest of the book, the prerequisites
to read this book are a basic knowledge of complex and Kähler geometry.
  do carmo riemannian geometry: Variational and Monotonicity Methods in Nonsmooth
Analysis Nicuşor Costea, Alexandru Kristály, Csaba Varga, 2021-09-20 This book provides a modern
and comprehensive presentation of a wide variety of problems arising in nonlinear analysis, game
theory, engineering, mathematical physics and contact mechanics. It includes recent achievements
and puts them into the context of the existing literature. The volume is organized in four parts. Part I
contains fundamental mathematical results concerning convex and locally Lipschits functions.
Together with the Appendices, this foundational part establishes the self-contained character of the
text. As the title suggests, in the following sections, both variational and topological methods are
developed based on critical and fixed point results for nonsmooth functions. The authors employ
these methods to handle the exemplary problems from game theory and engineering that are



investigated in Part II, respectively Part III. Part IV is devoted to applications in contact mechanics.
The book will be of interest to PhD students and researchers in applied mathematics as well as
specialists working in nonsmooth analysis and engineering.
  do carmo riemannian geometry: System- and Data-Driven Methods and Algorithms Peter
Benner, et al., 2021-11-08 An increasing complexity of models used to predict real-world systems
leads to the need for algorithms to replace complex models with far simpler ones, while preserving
the accuracy of the predictions. This two-volume handbook covers methods as well as applications.
This first volume focuses on real-time control theory, data assimilation, real-time visualization,
high-dimensional state spaces and interaction of different reduction techniques.
  do carmo riemannian geometry: Introduction to Differentiable Manifolds Serge Lang,
2006-03-30 Author is well-known and established book author (all Serge Lang books are now
published by Springer); Presents a brief introduction to the subject; All manifolds are assumed finite
dimensional in order not to frighten some readers; Complete proofs are given; Use of manifolds cuts
across disciplines and includes physics, engineering and economics
  do carmo riemannian geometry: Image Structure Luc Florack, 2013-04-17 Despite the fact
that images constitute the main objects in computer vision and image analysis, there is remarkably
little concern about their actual definition. In this book a complete account of image structure is
proposed in terms of rigorously defined machine concepts, using basic tools from algebra, analysis,
and differential geometry. Machine technicalities such as discretisation and quantisation details are
de-emphasised, and robustness with respect to noise is manifest. From the foreword by Jan
Koenderink: `It is my hope that the book will find a wide audience, including physicists - who still
are largely unaware of the general importance and power of scale space theory, mathematicians -
who will find in it a principled and formally tight exposition of a topic awaiting further development,
and computer scientists - who will find here a unified and conceptually well founded framework for
many apparently unrelated and largely historically motivated methods they already know and love.
The book is suited for self-study and graduate courses, the carefully formulated exercises are
designed to get to grips with the subject matter and prepare the reader for original research.'
  do carmo riemannian geometry: Nonlinear Analysis on Manifolds: Sobolev Spaces and
Inequalities Emmanuel Hebey, 2000-10-27 This volume offers an expanded version of lectures given
at the Courant Institute on the theory of Sobolev spaces on Riemannian manifolds. ``Several
surprising phenomena appear when studying Sobolev spaces on manifolds,'' according to the author.
``Questions that are elementary for Euclidean space become challenging and give rise to
sophisticated mathematics, where the geometry of the manifold plays a central role.'' The volume is
organized into nine chapters. Chapter 1 offers a brief introduction to differential and Riemannian
geometry. Chapter 2 deals with the general theory of Sobolev spaces for compact manifolds. Chapter
3 presents the general theory of Sobolev spaces for complete, noncompact manifolds. Best constants
problems for compact manifolds are discussed in Chapters 4 and 5. Chapter 6 presents special types
of Sobolev inequalities under constraints. Best constants problems for complete noncompact
manifolds are discussed in Chapter 7. Chapter 8 deals with Euclidean-type Sobolev inequalities. And
Chapter 9 discusses the influence of symmetries on Sobolev embeddings. An appendix offers brief
notes on the case of manifolds with boundaries. This topic is a field undergoing great development at
this time. However, several important questions remain open. So a substantial part of the book is
devoted to the concept of best constants, which appeared to be crucial for solving limiting cases of
some classes of PDEs. The volume is highly self-contained. No familiarity is assumed with
differentiable manifolds and Riemannian geometry, making the book accessible to a broad audience
of readers, including graduate students and researchers.
  do carmo riemannian geometry: Geometric Methods and Applications Jean Gallier,
2012-12-06 As an introduction to fundamental geometric concepts and tools needed for solving
problems of a geometric nature using a computer, this book attempts to fill the gap between
standard geometry books, which are primarily theoretical, and applied books on computer graphics,
computer vision, or robotics, which sometimes do not cover the underlying geometric concepts in



detail. Gallier offers an introduction to affine geometry, projective geometry, Euclidean geometry,
basics of differential geometry and Lie groups, and a glimpse of computational geometry (convex
sets, Voronoi diagrams and Delaunay triangulations) and explores many of the practical applications
of geometry. Some of these applications include computer vision (camera calibration) efficient
communication, error correcting codes, cryptography, motion interpolation, and robot kinematics.
This comprehensive text covers most of the geometric background needed for conducting research
in computer graphics, geometric modeling, computer vision, and robotics and as such will be of
interest to a wide audience including computer scientists, mathematicians, and engineers.
  do carmo riemannian geometry: Perspectives In Mathematical Science I: Probability And
Statistics N S Narasimha Sastry, Mohan Delampady, B Rajeev, T S S R K Rao, 2009-07-06 This book
presents a collection of invited articles by distinguished probabilists and statisticians on the occasion
of the Platinum Jubilee Celebrations of the Indian Statistical Institute — a notable institute with
significant achievement in research areas of statistics, probability and mathematics — in 2007.With
a wide coverage of topics in probability and statistics, the articles provide a current perspective of
different areas of research, emphasizing the major challenging issues. The book also proves its
reference and utility value for practitioners as the articles in Statistics contain applications of the
methodology that will be of use to practitioners. To professional statisticians and mathematicians,
this is a unique volume for its illuminating perspectives on several important aspects of probability
and statistics.
  do carmo riemannian geometry: Introduction to Smooth Manifolds John Lee, 2012-08-27
This book is an introductory graduate-level textbook on the theory of smooth manifolds. Its goal is to
familiarize students with the tools they will need in order to use manifolds in mathematical or
scientific research--- smooth structures, tangent vectors and covectors, vector bundles, immersed
and embedded submanifolds, tensors, differential forms, de Rham cohomology, vector fields, flows,
foliations, Lie derivatives, Lie groups, Lie algebras, and more. The approach is as concrete as
possible, with pictures and intuitive discussions of how one should think geometrically about the
abstract concepts, while making full use of the powerful tools that modern mathematics has to offer.
This second edition has been extensively revised and clarified, and the topics have been substantially
rearranged. The book now introduces the two most important analytic tools, the rank theorem and
the fundamental theorem on flows, much earlier so that they can be used throughout the book. A
fewnew topics have been added, notably Sard’s theorem and transversality, a proof that infinitesimal
Lie group actions generate global group actions, a more thorough study of first-order partial
differential equations, a brief treatment of degree theory for smooth maps between compact
manifolds, and an introduction to contact structures. Prerequisites include a solid acquaintance with
general topology, the fundamental group, and covering spaces, as well as basic undergraduate linear
algebra and real analysis.
  do carmo riemannian geometry: Geometric Science of Information Frank Nielsen, Frederic
Barbaresco, 2015-10-24 This book constitutes the refereed proceedings of the Second International
Conference on Geometric Science of Information, GSI 2015, held in Palaiseau, France, in October
2015. The 80 full papers presented were carefully reviewed and selected from 110 submissions and
are organized into the following thematic sessions: Dimension reduction on Riemannian manifolds;
optimal transport; optimal transport and applications in imagery/statistics; shape space and
diffeomorphic mappings; random geometry/homology; Hessian information geometry; topological
forms and Information; information geometry optimization; information geometry in image analysis;
divergence geometry; optimization on manifold; Lie groups and geometric
mechanics/thermodynamics; computational information geometry; Lie groups: novel statistical and
computational frontiers; geometry of time series and linear dynamical systems; and Bayesian and
information geometry for inverse problems.
  do carmo riemannian geometry: A Visual Introduction to Differential Forms and Calculus on
Manifolds Jon Pierre Fortney, 2018-11-03 This book explains and helps readers to develop geometric
intuition as it relates to differential forms. It includes over 250 figures to aid understanding and



enable readers to visualize the concepts being discussed. The author gradually builds up to the basic
ideas and concepts so that definitions, when made, do not appear out of nowhere, and both the
importance and role that theorems play is evident as or before they are presented. With a clear
writing style and easy-to- understand motivations for each topic, this book is primarily aimed at
second- or third-year undergraduate math and physics students with a basic knowledge of vector
calculus and linear algebra.
  do carmo riemannian geometry: Energy Minimization Methods in Computer Vision and
Pattern Recognition Xue-Cheng Tai, Egil Bae, Tony F. Chan, Marius Lysaker, 2015-01-07 This
volume constitutes the refereed proceedings of the 10th International Conference on Energy
Minimization Methods in Computer Vision and Pattern Recognition, EMMCVPR 2015, held in Hong
Kong, China, in January 2015. The 36 revised full papers were carefully reviewed and selected from
45 submissions. The papers are organized in topical sections on discrete and continuous
optimization; image restoration and inpainting; segmentation; PDE and variational methods; motion,
tracking and multiview reconstruction; statistical methods and learning; and medical image analysis.
  do carmo riemannian geometry: Handbook of Variational Methods for Nonlinear
Geometric Data Philipp Grohs, Martin Holler, Andreas Weinmann, 2020-04-03 This book covers
different, current research directions in the context of variational methods for non-linear geometric
data. Each chapter is authored by leading experts in the respective discipline and provides an
introduction, an overview and a description of the current state of the art. Non-linear geometric data
arises in various applications in science and engineering. Examples of nonlinear data spaces are
diverse and include, for instance, nonlinear spaces of matrices, spaces of curves, shapes as well as
manifolds of probability measures. Applications can be found in biology, medicine, product
engineering, geography and computer vision for instance. Variational methods on the other hand
have evolved to being amongst the most powerful tools for applied mathematics. They involve
techniques from various branches of mathematics such as statistics, modeling, optimization,
numerical mathematics and analysis. The vast majority of research on variational methods, however,
is focused on data in linear spaces. Variational methods for non-linear data is currently an emerging
research topic. As a result, and since such methods involve various branches of mathematics, there
is a plethora of different, recent approaches dealing with different aspects of variational methods for
nonlinear geometric data. Research results are rather scattered and appear in journals of different
mathematical communities. The main purpose of the book is to account for that by providing, for the
first time, a comprehensive collection of different research directions and existing approaches in this
context. It is organized in a way that leading researchers from the different fields provide an
introductory overview of recent research directions in their respective discipline. As such, the book
is a unique reference work for both newcomers in the field of variational methods for non-linear
geometric data, as well as for established experts that aim at to exploit new research directions or
collaborations. Chapter 9 of this book is available open access under a CC BY 4.0 license at
link.springer.com.
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