Tensor Calculus And Differential Geometry By Prasun
Kumar Nayak

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
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hundred years, differential geometry has proven indispensable to an understanding of the
physical world, in Einstein's general theory of relativity, in 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.

This book is intended to serve as a textbook for undergraduate and postgraduate students of
mathematics. It will be useful to the researchers working in the field of differential geometry
and its applications to general theory of relativity and other applied areas. It will also be helpful
in preparing for the competitive examinations like IAS, IES, NET, PCS, and other higher
education tests. The text starts with the basic concepts and results, which shall refer
throughout this book and is followed by the study of the tensor algebra and its calculus,
consisting the notion of tensor, its operations, and its different types; Christoffels symbols and
its properties, the concept of covariant differentiation of tensors and its properties, tensor form
of gradient, divergence, laplacian and curl, divergence of a tensor, intrinsic derivatives, and
parallel displacement of vectors, Riemanns symbols and its properties, and application of
tensor in different areas.

This book is intended to serve as a Textbook for Undergraduate and Post - graduate students
of Mathematics. It will be useful to the researchers working in the field of Differential geometry
and its applications to general theory of relativity and other applied areas. It will also be helpful

in preparing for the competitive examinations like IAS, IES, NET, PCS, and UP Higher
Page 2/15



Education exams. The text starts with a chapter on Preliminaries discussing basic concepts
and results which would be taken for general later in the subsequent chapters of this book.
This is followed by the Study of the Tensors Algebra and its operations and types, Christoffel's
symbols and its properties, the concept of covariant differentiation and its properties,
Riemann's symbols and its properties, and application of tensor in different areas in part — |
and the study of the Theory of Curves in Space, Concepts of a Surface and Fundamental
forms, Envelopes and Developables, Curvature of Surface and Lines of Curvature,
Fundamental Equations of Surface Theory, Theory of Geodesics, Differentiable Manifolds and
Riemannian Manifold and Application of Differential Geometry in Part —II. KEY FEATURES:
Provides basic Concepts in an easy to understand style; Presentation of the subject in a
natural way; Includes a large number of solved examples and illuminating illustrations;
Exercise questions at the end of the topic and at the end of each chapter; Proof of the
theorems are given in an easy to understand style; Neat and clean figures are given at
appropriate places; Notes and remarks are given at appropriate places.

Differential Forms and the Geometry of General Relativity provides readers with a coherent
path to understanding relativity. Requiring little more than calculus and some linear algebra, it
helps readers learn just enough differential geometry to grasp the basics of general relativity.
The book contains two intertwined but distinct halves. Designed for advanced undergraduate
or beginning graduate students in mathematics or physics, most of the text requires little more
than familiarity with calculus and linear algebra. The first half presents an introduction to
general relativity that describes some of the surprising implications of relativity without

introducing more formalism than necessary. This nonstandard approach uses differential forms
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rather than tensor calculus and minimizes the use of "index gymnastics" as much as possible.
The second half of the book takes a more detailed look at the mathematics of differential
forms. It covers the theory behind the mathematics used in the first half by emphasizing a
conceptual understanding instead of formal proofs. The book provides a language to describe
curvature, the key geometric idea in general relativity.

The present monograph is motivated by two distinct aims. Firstly, an endeavour has been
made to furnish a reasonably comprehensive account of the theory of Finsler spaces based on
the methods of classical differential geometry. Secondly, it is hoped that this monograph may
serve also as an introduction to a branch of differential geometry which is closely related to
various topics in theoretical physics, notably analytical dynamics and geometrical optics. With
this second object in mind, an attempt has been made to describe the basic aspects of the
theory in some detail - even at the expense of conciseness - while in the more specialised
sections of the later chapters, which might be of interest chiefly to the specialist, a more
succinct style has been adopted. The fact that there exist several fundamentally different
points of view with regard to Finsler geometry has rendered the task of writing a coherent
account a rather difficult one. This remark is relevant not only to the development of the subject
on the basis of the tensor calculus, but is applicable in an even wider sense. The extensive
work of H. BUSEMANN has opened up new avenues of approach to Finsler geometry which
are independent of the methods of classical tensor analysis. In the latter sense, therefore, a full
description of this approach does not fall within the scope of this treatise, although its
fundamental | significance cannot be doubted.

Have you ever wondered why the language of modern physics centres on geometry? Or how
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guantum operators and Dirac brackets work? What a convolution really is? What tensors are
all about? Or what field theory and lagrangians are, and why gravity is described as curvature?
This book takes you on a tour of the main ideas forming the language of modern mathematical
physics. Here you will meet novel approaches to concepts such as determinants and
geometry, wave function evolution, statistics, signal processing, and three-dimensional
rotations. You will see how the accelerated frames of special relativity tell us about gravity. On
the journey, you will discover how tensor notation relates to vector calculus, how differential
geometry is built on intuitive concepts, and how variational calculus leads to field theory. You
will meet quantum measurement theory, along with Green functions and the art of complex
integration, and finally general relativity and cosmology. The book takes a fresh approach to
tensor analysis built solely on the metric and vectors, with no need for one-forms. This gives a
much more geometrical and intuitive insight into vector and tensor calculus, together with
general relativity, than do traditional, more abstract methods. Don Koks is a physicist at the
Defence Science and Technology Organisation in Adelaide, Australia. His doctorate in
guantum cosmology was obtained from the Department of Physics and Mathematical Physics
at Adelaide University. Prior work at the University of Auckland specialised in applied
accelerator physics, along with pure and applied mathematics.

Primarily intended for the undergraduate and postgraduate students of mathematics, this
textbook covers both geometry and tensor in a single volume. This book aims to provide a
conceptual exposition of the fundamental results in the theory of tensors. It also illustrates the
applications of tensors to differential geometry, mechanics and relativity. Organized in ten

chapters, it provides the origin and nature of the tensor along with the scope of the tensor
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calculus. Besides this, it also discusses N-dimensional Riemannian space, characteristic
peculiarity of Riemannian space, intrinsic property of surfaces, and properties and
transformation of Christoffel’s symbols. Besides the students of mathematics, this book will be
equally useful for the postgraduate students of physics. KEY FEATURES : Contains 250
worked out examples Includes more than 350 unsolved problems Gives thorough foundation in
Tensors

This is a book that the author wishes had been available to him when he was student. It
reflects his interest in knowing (like expert mathematicians) the most relevant mathematics for
theoretical physics, but in the style of physicists. This means that one is not facing the study of
a collection of definitions, remarks, theorems, corollaries, lemmas, etc. but a narrative — almost
like a story being told — that does not impede sophistication and deep results. It covers
differential geometry far beyond what general relativists perceive they need to know. And it
introduces readers to other areas of mathematics that are of interest to physicists and
mathematicians, but are largely overlooked. Among these is Clifford Algebra and its uses in
conjunction with differential forms and moving frames. It opens new research vistas that
expand the subject matter. In an appendix on the classical theory of curves and surfaces, the
author slashes not only the main proofs of the traditional approach, which uses vector calculus,
but even existing treatments that also use differential forms for the same purpose.
Contents:Introduction:OrientationsTools:Differential FormsVector Spaces and Tensor
ProductsExterior DifferentiationTwo Klein Geometries:Affine Klein GeometryEuclidean Klein
GeometryCartan Connections:Generalized Geometry Made SimpleAffine

ConnectionsEuclidean ConnectionsRiemannian Spaces and Pseudo-SpacesThe
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Future?:Extensions of CartanUnderstand the Past to Imagine the FutureA Book of Farewells
Readership: Physicists and mathematicians working on differential geometry.
Keywords:Differential Geometry;Differential Forms;Moving Frames;Exterior CalculusKey
Features:Reader FriendlyNaturalnessRespect for the history of the subject and related
incisiveness

TEXTBOOK OF TENSOR CALCULUS AND DIFFERENTIAL GEOMETRYPHI Learning Pvt.
Ltd.

Writing this book, | had in my mind areader trying to get some knowledge of a part of the
modern differential geometry. | concentrate myself on the study of sur faces in the Euclidean
3-space, this being the most natural object for investigation. The global differential geometry of
surfaces in E3 is based on two classical results: (i) the ovaloids (i.e., closed surfaces with
positive Gauss curvature) with constant Gauss or mean curvature are the spheres, (u) two
isometrie ovaloids are congruent. The results presented here show vast generalizations of
these facts. Up to now, there is only one book covering this area of research: the Lecture
Notes [3] written in the tensor slang. In my book, | am using the machinary of E. Cartan's
calculus. It should be equivalent to the tensor calculus; nevertheless, using it | get better
results (but, honestly, sometimes it is too complicated). It may be said that almost all results
are new and belong to myself (the exceptions being the introductory three chapters, the few
classical results and results of my post graduate student Mr. M. AFWAT who proved Theorems
V.3.1, V.3.3 and VIII.2.1-6).

This classic work is now available in an unabridged paperback edition. Stoker makes this fertile
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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.

This book presents tensors and differential geometry in a comprehensive and approachable
manner, providing a bridge from the place where physics and engineering mathematics end,
and the place where tensor analysis begins. Among the topics examined are tensor analysis,
elementary differential geometry of moving surfaces, and k-differential forms. The book
includes numerous examples with solutions and concrete calculations, which guide readers
through these complex topics step by step. Mindful of the practical needs of engineers and
physicists, book favors simplicity over a more rigorous, formal approach. The book shows
readers how to work with tensors and differential geometry and how to apply them to modeling
the physical and engineering world. The authors provide chapter-length treatment of topics at
the intersection of advanced mathematics, and physics and engineering: « General Basis and
Bra-Ket Notation ¢ Tensor Analysis ¢ Elementary Differential Geometry ¢ Differential Forms ¢
Applications of Tensors and Differential Geometry « Tensors and Bra-Ket Notation in Quantum
Mechanics The text reviews methods and applications in computational fluid dynamics;
continuum mechanics; electrodynamics in special relativity; cosmology in the Minkowski four-
dimensional space time; and relativistic and non-relativistic quantum mechanics. Tensor
Analysis and Elementary Differential Geometry for Physicists and Engineers benefits research

scientists and practicing engineers in a variety of fields, who use tensor analysis and
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differential geometry in the context of applied physics, and electrical and mechanical
engineering. It will also interest graduate students in applied physics and engineering.

The purpose of this book is to bridge the gap between differential geometry of Euclidean space
of three dimensions and the more advanced work on differential geometry of generalised
space. The subject is treated with the aid of the Tensor Calculus, which is associated with the
names of Ricci and Levi-Civita; and the book provides an introduction both to this calculus and
to Riemannian geometry. The geometry of subspaces has been considerably simplified by use
of the generalized covariant differentiation introduced by Mayer in 1930, and successfully
applied by other mathematicians.

This book is about differential geometry of space curves and surfaces. The formulation and
presentation are largely based on a tensor calculus approach. It can be used as part of a
course on tensor calculus as well as a textbook or a reference for an intermediate-level course
on differential geometry of curves and surfaces. The book is furnished with an index, extensive
sets of exercises and many cross references, which are hyperlinked for the ebook users, to
facilitate linking related concepts and sections. The book also contains a considerable number
of 2D and 3D graphic illustrations to help the readers and users to visualize the ideas and
understand the abstract concepts. We also provided an introductory chapter where the main
concepts and technigues needed to understand the offered materials of differential geometry
are outlined to make the book fairly self-contained and reduce the need for external
references.

This textbook is distinguished from other texts on the subject by the depth of the presentation

and the discussion of the calculus of moving surfaces, which is an extension of tensor calculus
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to deforming manifolds. Designed for advanced undergraduate and graduate students, this text
invites its audience to take a fresh look at previously learned material through the prism of
tensor calculus. Once the framework is mastered, the student is introduced to new material
which includes differential geometry on manifolds, shape optimization, boundary perturbation
and dynamic fluid film equations. The language of tensors, originally championed by Einstein,
is as fundamental as the languages of calculus and linear algebra and is one that every
technical scientist ought to speak. The tensor technique, invented at the turn of the 20th
century, is now considered classical. Yet, as the author shows, it remains remarkably vital and
relevant. The author’s skilled lecturing capabilities are evident by the inclusion of insightful
examples and a plethora of exercises. A great deal of material is devoted to the geometric
fundamentals, the mechanics of change of variables, the proper use of the tensor notation and
the discussion of the interplay between algebra and geometry. The early chapters have many
words and few equations. The definition of a tensor comes only in Chapter 6 — when the reader
is ready for it. While this text maintains a consistent level of rigor, it takes great care to avoid
formalizing the subject. The last part of the textbook is devoted to the Calculus of Moving
Surfaces. It is the first textbook exposition of this important technique and is one of the gems of
this text. A number of exciting applications of the calculus are presented including shape
optimization, boundary perturbation of boundary value problems and dynamic fluid film
equations developed by the author in recent years. Furthermore, the moving surfaces
framework is used to offer new derivations of classical results such as the geodesic equation
and the celebrated Gauss-Bonnet theorem.

Fundamental introduction of absolute differential calculus and for those interested in
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applications of tensor calculus to mathematical physics and engineering. Topics include
spaces and tensors; basic operations in Riemannian space, curvature of space, more.
Assuming only a knowledge of basic calculus, this text's elementary development of tensor
theory focuses on concepts related to vector analysis. The book also forms an introduction to
metric differential geometry. 1962 edition.

AN INTRODUCTION TO DIFFERENTIAL GEOMETRY WITH USE OF THE TENSOR
CALCULUS By LUTHER PFAHLER EISENHART. Preface: Since 1909, when my Differential
Geometry of Curves and Surfaces was published, the tensor calculus, which had previously
been invented by Ricci, was adopted by Einstein in his General Theory of Relativity, and has
been developed further in the study of Riemannian Geometry and various generalizations of
the latter. In the present book the tensor calculus of cuclidean 3-space is developed and then
generalized so as to apply to a Riemannian space of any number of dimensions. The tensor
calculus as here developed is applied in Chapters Ill and IV to the study of differential
geometry of surfaces in 3-space, the material treated being equivalent to what appears in
general in the first eight chapters of my former book with such additions as follow from the
introduction of the concept of parallelism of Levi-Civita and the content of the tensor calculus.
LUTHER PFAHLER EISENHART. Contents include: CHAPTER | CURVES IN SPACE
SECTION PAGE 1. Curves ami surfaces. The summation convention 1 2. Length of a curve.
Linear element, 8 3. Tangent to a curve. Order of contact. Osculating plane 11 4. Curvature.
Principal normal. Circle of curvature 16 5. TBi normal. Torsion 19 6r The Frenet Formulas. The
form of a curve in the neighborhood of a point 25 7. Intrinsic equations of a curve 31 8.

Involutes and evolutes of a curve 34 9. The tangent surface of a curve. The polar surface.
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Osculating sphere. . 38 10. Parametric equations of a surface. Coordinates and coordinate
curves trT a surface 44 11. 1 Tangent plane to a surface 50 tSffDovelopable surfaces.
Envelope of a one-parameter family of surfaces. . 53 CHAPTER Il TRANSFORMATION OF
COORDINATES. TENSOR CALCULUS 13. Transformation of coordinates. Curvilinear
coordinates 63 14. The fundamental quadratic form of space 70 15. Contravariant vectors.
Scalars 74 16. Length of a contravariant vector. Angle between two vectors 80 17. Covariant
vectors. Contravariant and covariant components of a vector 83 18. Tensors. Symmetric and
skew symmetric tensors 89 19. Addition, subtraction and multiplication of tensors.
Contraction.... 94 20. The Christoffel symbols. The Riemann tensor 98 21. The Frenet formulas
in general coordinates 103 22. Covariant differentiation 107 23. Systems of partial differential
equations of the first order. Mixed systems 114 CHAPTER IlIl INTRINSIC GEOMETRY OF A
SURFACE 24. Linear element of a surface. First fundamental quadratic form of a surface.
Vectors in a surface 123 25. Angle of two intersecting curves in a surface. Element of area 129
26. Families of curves in a surface. Principal directions 138 27. The intrinsic geometry of a
surface. Isometric surfaces 146 28. The Christoffel symbols for a surface. The Riemannian
curvature tensor. The Gaussian curvature of a surface 149 29. Differential parameters 155 30.
Isometric orthogonal nets. Isometric coordinates 161 31...

??7?7?:Differential geometry of curves and surfaces

A compact exposition of the theory of tensors, this text also illustrates the power of the tensor
technique by its applications to differential geometry, elasticity, and relativity. Explores tensor
algebra, the line element, covariant differentiation, geodesics and parallelism, and curvature

tensor. Also covers Euclidean 3-dimensional differential geometry, Cartesian tensors and
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elasticity, and the theory of relativity. 1960 edition.

This book, which consists of 260 pages, is about differential geometry of space curves and
surfaces. The formulation and presentation are largely based on a tensor calculus approach. It
can be used as part of a course on tensor calculus as well as a textbook or a reference for an
intermediate-level course on differential geometry of curves and surfaces. The book is
furnished with an index, extensive sets of exercises and many cross references, which are
hyperlinked for the ebook users, to facilitate linking related concepts and sections. The book
also contains a considerable number of 2D and 3D graphic illustrations to help the readers and
users to visualize the ideas and understand the abstract concepts. We also provided an
introductory chapter where the main concepts and techniques needed to understand the
offered materials of differential geometry are outlined to make the book fairly self-contained
and reduce the need for external references. This is the balck and white version of the book.
This text employs vector methods to explore the classical theory of curves and surfaces.
Topics include basic theory of tensor algebra, tensor calculus, calculus of differential forms,
and elements of Riemannian geometry. 1959 edition.

This book contains the solutions of the exercises of my book: Introduction to Differential
Geometry of Space Curves and Surfaces. These solutions are sufficiently simplified and
detailed for the benefit of readers of all levels particularly those at introductory level.

The purpose of this book is to give a simple, lucid, rigorous and comprehensive account of
fundamental notions of Differential Geometry and Tensors. The book is self-contained and
divided in two parts. Section A deals with Differential Geometry and Section B is devoted to the

study of Tensors. Section A deals with: " Theory of curves, envelopes and developables. "
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Curves on surfaces and fundamental magnitudes, curvature of surfaces and lines of curvature.
" Fundamental equations of surface theory. " Geodesics. Section B deals with: " Tensor
algebra. " Tensor calculus. " Christoffel symbols and their properties. " Riemann symbols and
Einstein space, and their properties. " Physical components of contravariant and covariant
vectors. " Geodesics and Parallelism of vectors. " Differentiable manifolds, charts, atlases.
This textbook provides a rigorous approach to tensor manifolds in several aspects relevant for
Engineers and Physicists working in industry or academia. With a thorough, comprehensive,
and unified presentation, this book offers insights into several topics of tensor analysis, which
covers all aspects of n-dimensional spaces. The main purpose of this book is to give a self-
contained yet simple, correct and comprehensive mathematical explanation of tensor calculus
for undergraduate and graduate students and for professionals. In addition to many worked
problems, this book features a selection of examples, solved step by step. Although no
emphasis is placed on special and particular problems of Engineering or Physics, the text
covers the fundamentals of these fields of science. The book makes a brief introduction into
the basic concept of the tensorial formalism so as to allow the reader to make a quick and easy
review of the essential topics that enable having the grounds for the subsequent themes,
without needing to resort to other bibliographical sources on tensors. Chapter 1 deals with
Fundamental Concepts about tensors and chapter 2 is devoted to the study of covariant,
absolute and contravariant derivatives. The chapters 3 and 4 are dedicated to the Integral
Theorems and Differential Operators, respectively. Chapter 5 deals with Riemann Spaces, and
finally the chapter 6 presents a concise study of the Parallelism of Vectors. It also shows how

to solve various problems of several particular manifolds.
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The principal aim of analysis of tensors is to investigate those relations which remain valid
when we change from one coordinate system to another. This book on Tensors requires only a
knowledge of elementary calculus, differential equations and classical mechanics as pre-
requisites. It provides the readers with all the information about the tensors along with the
derivation of all the tensorial relations/equations in a simple manner. The book also deals in
detail with topics of importance to the study of special and general relativity and the geometry
of differentiable manifolds with a crystal clear exposition. The concepts dealt within the book
are well supported by a number of solved examples. A carefully selected set of unsolved
problems is also given at the end of each chapter, and the answers and hints for the solution of
these problems are given at the end of the book. The applications of tensors to the fields of
differential geometry, relativity, cosmology and electromagnetism is another attraction of the
present book. This book is intended to serve as text for postgraduate students of mathematics,
physics and engineering. It is ideally suited for both students and teachers who are engaged in
research in General Theory of Relativity and Differential Geometry.

Incisive, self-contained account of tensor analysis and the calculus of exterior differential
forms, interaction between the concept of invariance and the calculus of variations. Emphasis
is on analytical techniques. Includes problems.

Copyright: 5bd7ae3e3287f29083eae20eecf36146

Page 15/15


https://hmshoppingmorgen.hm.com/
http://hmshoppingmorgen.hm.com

