An Introduction To Tensors For Students Of Physics And

DIVProceeds from general to special, including chapters on vector analysis on
manifolds and integration theory. /div

To Volume 1 This work represents our effort to present the basic concepts of
vector and tensor analysis. Volume 1 begins with a brief discussion of algebraic
structures followed by a rather detailed discussion of the algebra of vectors and
tensors. Volume 2 begins with a discussion of Euclidean manifolds, which leads
to a development of the analytical and geometrical aspects of vector and tensor
fields. We have not included a discussion of general differentiable manifolds.
However, we have included a chapter on vector and tensor fields defined on
hypersurfaces in a Euclidean manifold. In preparing this two-volume work, our
intention was to present to engineering and science students a modern
introduction to vectors and tensors. Traditional courses on applied mathematics
have emphasized problem-solving techniques rather than the systematic
development of concepts. As a result, it is possible for such courses to become
terminal mathematics courses rather than courses which equip the student to
develop his or her understanding further.

This textbook is distinguished from other texts on the subject by the depth of the
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presentation and the discussion of the calculus of moving surfaces, which is an
extension of tensor calculus 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 iszgéavoted to the Calculus of Moving
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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.

The second edition of this highly praised textbook provides an introduction to
tensors, group theory, and their applications in classical and quantum physics.
Both intuitive and rigorous, it aims to demystify tensors by giving the slightly more
abstract but conceptually much clearer definition found in the math literature, and
then connects this formulation to the component formalism of physics
calculations. New pedagogical features, such as new illustrations, tables, and
boxed sections, as well as additional “invitation” sections that provide accessible
introductions to new material, offer increased visual engagement, clarity, and
motivation for students. Part | begins with linear algebraic foundations, follows
with the modern component-free definition of tensors, and concludes with
applications to physics through the use of tensor products. Part Il introduces

group theory, including abstract groupsy%nd Lie groups and their associated Lie
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algebras, then intertwines this material with that of Part | by introducing
representation theory. Examples and exercises are provided in each chapter for
good practice in applying the presented material and techniques. Prerequisites
for this text include the standard lower-division mathematics and physics
courses, though extensive references are provided for the motivated student who
has not yet had these. Advanced undergraduate and beginning graduate
students in physics and applied mathematics will find this textbook to be a clear,
concise, and engaging introduction to tensors and groups. Reviews of the First
Edition “[P]hysicist Nadir Jeevanjee has produced a masterly book that will help
other physicists understand those subjects [tensors and groups] as
mathematicians understand them... From the first pages, Jeevanjee shows
amazing skill in finding fresh, compelling words to bring forward the insight that
animates the modern mathematical view...[W]ith compelling force and clarity, he
provides many carefully worked-out examples and well-chosen specific
problems... Jeevanjee’s clear and forceful writing presents familiar cases with a
freshness that will draw in and reassure even a fearful student. [This] is a
masterpiece of exposition and explanation that would win credit for even a
seasoned author.” —Physics Today "Jeevanjee’s [text] is a valuable piece of

work on several counts, including its express pedagogical service rendered to
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fledgling physicists and the fact that it does indeed give pure mathematicians a
way to come to terms with what physicists are saying with the same words we
use, but with an ostensibly different meaning. The book is very easy to read, very
user-friendly, full of examples...and exercises, and will do the job the author
wants it to do with style.” —MAA Reviews

Understanding tensors is essential for any physics student dealing with
phenomena where causes and effects have different directions. A horizontal
electric field producing vertical polarization in dielectrics; an unbalanced car
wheel wobbling in the vertical plane while spinning about a horizontal axis; an
electrostatic field on Earth observed to be a magnetic field by orbiting
astronauts—these are some situations where physicists employ tensors. But the
true beauty of tensors lies in this fact: When coordinates are transformed from
one system to another, tensors change according to the same rules as the
coordinates. Tensors, therefore, allow for the convenience of coordinates while
also transcending them. This makes tensors the gold standard for expressing
physical relationships in physics and geometry. Undergraduate physics majors
are typically introduced to tensors in special-case applications. For example, in a
classical mechanics course, they meet the "inertia tensor," and in electricity and

magnetism, they encounter the "polarization tensor." However, this piecemeal
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approach can set students up for misconceptions when they have to learn about
tensors in more advanced physics and mathematics studies (e.g., while enrolled
in a graduate-level general relativity course or when studying non-Euclidean
geometries in a higher mathematics class). Dwight E. Neuenschwander's Tensor
Calculus for Physics is a bottom-up approach that emphasizes motivations
before providing definitions. Using a clear, step-by-step approach, the book
strives to embed the logic of tensors in contexts that demonstrate why that logic
is worth pursuing. It is an ideal companion for courses such as mathematical
methods of physics, classical mechanics, electricity and magnetism, and
relativity.

This elementary introduction pays special attention to aspects of tensor calculus
and relativity that students tend to find most difficult. Its use of relatively
unsophisticated mathematics in the early chapters allows readers to develop their
confidence within the framework of Cartesian coordinates before undertaking the
theory of tensors in curved spaces and its application to general relativity theory.
Topics include the special principle of relativity and Lorentz transformations;
orthogonal transformations and Cartesian tensors; special relativity mechanics
and electrodynamics; general tensor calculus and Riemannian space; and the

general theory of relativity, including a 295”8 on black holes and gravitational
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waves. The text concludes with a chapter offering a sound background in
applying the principles of general relativity to cosmology. Numerous exercises
advance the theoretical developments of the main text, thus enhancing this
volume’s appeal to students of applied mathematics and physics at both
undergraduate and postgraduate levels. Preface. List of Constants. References.
Bibliography.

There is a large gap between engineering courses in tensor algebra on one
hand, and the treatment of linear transformations within classical linear algebra
on the other. This book addresses primarily engineering students with some
initial knowledge of matrix algebra. Thereby, mathematical formalism is applied
as far as it is absolutely necessary. Numerous exercises provided in the book are
accompanied by solutions enabling autonomous study. The last chapters deal
with modern developments in the theory of isotropic and anisotropic tensor
functions and their applications to continuum mechanics and might therefore be
of high interest for PhD-students and scientists working in this area.

Book 3 in the Princeton Mathematical Series. Originally published in 1950. The
Princeton Legacy Library uses the latest print-on-demand technology to again
make available previously out-of-print books from the distinguished backlist of

Princeton University Press. These editigns preserve the original texts of these
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important books while presenting them in durable paperback and hardcover
editions. The goal of the Princeton Legacy Library is to vastly increase access to
the rich scholarly heritage found in the thousands of books published by
Princeton University Press since its founding in 1905.

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
iIdeas 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.

Introduction to Tensor Analysis and the Calculus of Moving SurfacesSpringer Science
& Business Media

Vectors and tensors are among the most powerful problem-solving tools available, with
applications ranging from mechanics and electromagnetics to general relativity.
Understanding the nature and application of vectors and tensors is critically important to
students of physics and engineering. Adopting the same approach used in his highly
popular A Student's Guide to Maxwell's Equations, Fleisch explains vectors and tensors

in plain language. Written for undergraduate and beginning graduate students, the book
Page 8/19



provides a thorough grounding in vectors and vector calculus before transitioning
through contra and covariant components to tensors and their applications. Matrices
and their algebra are reviewed on the book's supporting website, which also features
interactive solutions to every problem in the text where students can work through a
series of hints or choose to see the entire solution at once. Audio podcasts give
students the opportunity to hear important concepts in the book explained by the
author.
Proposes a generalization of Conventional Matrix Product (CMP), called the Semi-
Tensor Product (STP). This book offers a comprehensive introduction to the theory of
STP and its various applications, including logical function, fuzzy control, Boolean
networks, analysis and control of nonlinear systems, amongst others.
Fundamental introduction of absolute differential calculus and for those interested in
applications of tensor calculus to mathematical physics and engineering. Topics include
spaces and tensors; basic operations in Riemannian space, curvature of space, more.
This book is an introduction to tensor calculus and continuum mechanics. i.e. applied
mathematics developing basic equations in engineering, physics and science.
This is the first ever truly introductory text to the theory of tensor products of Banach
spaces. Coverage includes a full treatment of the Grothendieck theory of tensor norms,
approximation property and the Radon-Nikodym Property, Bochner and Pettis integrals.
Each chapter contains worked examples and a set of exercises, and two appendices
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offer material on summability in Banach spaces and properties of spaces of measures.
Introductory text, geared toward advanced undergraduate and graduate students,
applies mathematics of Cartesian and general tensors to physical field theories and
demonstrates them in terms of the theory of fluid mechanics. 1962 edition.
Tensor calculus is a generalization of vector calculus, and comes near of being a
universal language in physics. Physical laws must be independent of any particular
coordinate system used in describing them. This requirement leads to tensor calculus.
The only prerequisites for reading this book are a familiarity with calculus (including
vector calculus) and linear algebra, and some knowledge of differential equations.
This book presents the science of tensors in a didactic way. The various types and
ranks of tensors and the physical basis is presented. Cartesian Tensors are needed for
the description of directional phenomena in many branches of physics and for the
characterization the anisotropy of material properties. The first sections of the book
provide an introduction to the vector and tensor algebra and analysis, with applications
to physics, at undergraduate level. Second rank tensors, in particular their symmetries,
are discussed in detail. Differentiation and integration of fields, including generalizations
of the Stokes law and the Gauss theorem, are treated. The physics relevant for the
applications in mechanics, quantum mechanics, electrodynamics and hydrodynamics is
presented. The second part of the book is devoted to tensors of any rank, at graduate
level. Special topics are irreducible, i.e. symmetric traceless tensors, isotropic tensors,
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multipole potential tensors, spin tensors, integration and spin-trace formulas, coupling
of irreducible tensors, rotation of tensors. Constitutive laws for optical, elastic and
viscous properties of anisotropic media are dealt with. The anisotropic media include
crystals, liquid crystals and isotropic fluids, rendered anisotropic by external orienting
fields. The dynamics of tensors deals with phenomena of current research. In the last
section, the 3D Maxwell equations are reformulated in their 4D version, in accord with
special relativity.
Foundations and Applications of Mechanics: Volume Il, Fluid Mechanics shows how
suitable approximations such as ideal fluid flow model, boundary layer methods, and
the acoustic approximation, can help solve problems of practical importance. The
author proceeds from the general to the particular, making it clear at each stage what
assumptions have been made to obtain a particular approximation. In his discussion of
compressible fluids, Jog steers away from using gas tables and emphasizes obtaining
solutions by numerical techniques - an approach more amenable to computer solutions.
He discusses the control volume and the differential equation forms of governing
equations in detail and uses examples to demonstrate the advantages and
shortcomings of each approach.
Tensors are ubiquitous in the sciences. The geometry of tensors is both a powerful tool
for extracting information from data sets, and a beautiful subject in its own right. This
book has three intended uses: a classroom textbook, a reference work for researchers
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in the sciences, and an account of classical and modern results in (aspects of) the
theory that will be of interest to researchers in geometry. For classroom use, there is a
modern introduction to multilinear algebra and to the geometry and representation
theory needed to study tensors, including a large number of exercises. For researchers
in the sciences, there is information on tensors in table format for easy reference and a
summary of the state of the art in elementary language. This is the first book containing
many classical results regarding tensors. Particular applications treated in the book
include the complexity of matrix multiplication, P versus NP, signal processing,
phylogenetics, and algebraic statistics. For geometers, there is material on secant
varieties, G-varieties, spaces with finitely many orbits and how these objects arise in
applications, discussions of numerous open questions in geometry arising in
applications, and expositions of advanced topics such as the proof of the Alexander-
Hirschowitz theorem and of the Weyman-Kempf method for computing syzygies.
This is a short introduction to the topic of Tensor Analysis. A tensor is an entity which is
represented in any coordinate system by an array of numbers called its components.
The components change from coordinate system to coordinate in a systematic way
described by rules. The arrays of numbers are not the tensor; they are only the
representation of the tensor in a particular coordinate system. The special properties of
tensors are important for solving problems in Physics and Geometry.
This book provides a systematic development of tensor methods in statistics, beginning
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with the study of multivariate moments and cumulants. The effect on moment arrays
and on cumulant arrays of making linear or affine transformations of the variables is
studied. Because of their importance in statistical theory, invariant functions of the
cumulants are studied in some detail. This is followed by an examination of the effect of
making a polynomial transformation of the original variables. The fundamental
operation of summing over complementary set partitions is introduced at this stage.
This operation shapes the notation and pervades much of the remainder of the book.
The necessary lattice-theory is discussed and suitable tables of complementary set
partitions are provided. Subsequent chapters deal with asymptotic approximations
based on Edgeworth expansion and saddlepoint expansion. The saddlepoint expansion
is introduced via the Legendre transformation of the cumulant generating function, also
known as the conjugate function of the cumulant generating function. A recurring them
is that, with suitably chosen notation, multivariate calculations are often simpler and
more transparent than the corresponding univariate calculations. The final two chapters
deal with likelihood ratio statistics, maximum likelihood estimation and the effect on
inferences of conditioning on ancillary or approximately ancillary statistics. The Bartlett
adjustment factor is derived in the general case and simplified for certain types of
generalized linear models. Finally, Barndorff-Nielsen's formula for the conditional
distribution of the maximum liklelihood estimator is derived and discussed. More than
200 Exercises are provided to illustrate the uses of tensor methodology.
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In this text which gradually develops the tools for formulating and manipulating the field
equations of Continuum Mechanics, the mathematics of tensor analysis is introduced in
four, well-separated stages, and the physical interpretation and application of vectors
and tensors are stressed throughout. This new edition contains more exercises. In
addition, the author has appended a section on Differential Geometry.
Tensors, Relativity, and Cosmology, Second Edition, combines relativity, astrophysics,
and cosmology in a single volume, providing a simplified introduction to each subject
that is followed by detailed mathematical derivations. The book includes a section on
general relativity that gives the case for a curved space-time, presents the
mathematical background (tensor calculus, Riemannian geometry), discusses the
Einstein equation and its solutions (including black holes and Penrose processes), and
considers the energy-momentum tensor for various solutions. In addition, a section on
relativistic astrophysics discusses stellar contraction and collapse, neutron stars and
their equations of state, black holes, and accretion onto collapsed objects, with a final
section on cosmology discussing cosmological models, observational tests, and
scenarios for the early universe. This fully revised and updated second edition includes
new material on relativistic effects, such as the behavior of clocks and measuring rods
in motion, relativistic addition of velocities, and the twin paradox, as well as new
material on gravitational waves, amongst other topics. Clearly combines relativity,
astrophysics, and cosmology in a single volume Extensive introductions to each section
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are followed by relevant examples and numerous exercises Presents topics of interest
to those researching and studying tensor calculus, the theory of relativity, gravitation,
cosmology, quantum cosmology, Robertson-Walker Metrics, curvature tensors,
kinematics, black holes, and more Fully revised and updated with 80 pages of new
material on relativistic effects, such as relativity of simultaneity and relativity of the
concept of distance, amongst other topics Provides an easy-to-understand approach to
this advanced field of mathematics and modern physics by providing highly detailed
derivations of all equations and results

An introduction to the theory of Cartesian tensors, this text notes the importance of the
analysis of the structure of tensors in terms of spectral sets of projection operators as
part of the very substance of quantum theory. Covers isotropic tensors and spinor
analysis within the confines of Euclidean space; and tensors in orthogonal curvilinear
coordinates. Examples. 1960 edition.

The Book Is Written Is In Easy-To-Read Style With Corresponding Examples. The Main
Aim Of This Book Is To Precisely Explain The Fundamentals Of Tensors And Their
Applications To Mechanics, Elasticity, Theory Of Relativity, Electromagnetic,
Riemannian Geometry And Many Other Disciplines Of Science And Engineering, In A
Lucid Manner. The Text Has Been Explained Section Wise, Every Concept Has Been
Narrated In The Form Of Definition, Examples And Questions Related To The Concept
Taught. The Overall Package Of The Book Is Highly Useful And Interesting For The
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People Associated With The Field.

Tensor analysis is the type of subject that can make even the best of students shudder.
My own post-graduate instructor in the subject took away much of the fear by speaking
of an implicit rhythm in the peculiar notation traditionally used, and helped us to see
how this rhythm plays its way throughout the various formalisms. Prior to taking that
class, | had spent many years "playing” on my own with tensors. | found the going to be
tremendously difficult but was able, over time, to back out some physical and
geometrical considerations that helped to make the subject a little more transparent.
Today, it is sometimes hard not to think in terms of tensors and their associated
concepts. This article, prompted and greatly enhanced by Marlos Jacob, whom I've met
only by e-mail, is an attempt to record those early notions concerning tensors. It is
intended to serve as a bridge from the point where most undergraduate students "leave
off" in their studies of mathematics to the place where most texts on tensor analysis
begin. A basic knowledge of vectors, matrices, and physics is assumed. A semi-intuitive
approach to those notions underlying tensor analysis is given via scalars, vectors,
dyads, triads, and higher vector products. The reader must be prepared to do some
mathematics and to think. For those students who wish to go beyond this humble start,
| can only recommend my professor's wisdom: find the rhythm in the mathematics and
you will fare pretty well.Kolecki, Joseph C.Glenn Research CenterSTUDENTS;
TENSOR ANALYSIS; PHYSICS; ANALYSIS (MATHEMATICS); ENGINEERING;
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SCALARS; MATRICES (MATHEMATICS); COVARIANCE; VECTORS
(MATHEMATICS); COORDINATES; MAGNETIC PERMEABILITY. ..
Eminently readable, completely elementary treatment begins with linear spaces and
ends with analytic geometry, covering multilinear forms, tensors, linear transformation,
and more. 250 problems, most with hints and answers. 1972 edition.
Comprehensive treatment of the essentials of modern differential geometry and
topology for graduate students in mathematics and the physical sciences.
This convenient single-volume compilation of two texts offers both an introduction and
an in-depth survey. Geared toward engineering and science students rather than
mathematicians, its less rigorous treatment focuses on physics and engineering
applications. A practical reference for professionals, it is suitable for advanced
undergraduate and graduate students. 1976 edition.
Takes students and researchers on a tour through some of the deepest ideas of maths,
computer science and physics.
This volume of lecture notes briefly introduces the basic concepts needed in any
computational physics course: software and hardware, programming skills, linear
algebra, and differential calculus. It then presents more advanced numerical methods to
tackle the quantum many-body problem: it reviews the numerical renormalization group
and then focuses on tensor network methods, from basic concepts to gauge invariant
ones. Finally, in the last part, the author presents some applications of tensor network
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methods to equilibrium and out-of-equilibrium correlated quantum matter. The book can
be used for a graduate computational physics course. After successfully completing
such a course, a student should be able to write a tensor network program and can
begin to explore the physics of many-body quantum systems. The book can also serve
as a reference for researchers working or starting out in the field.
Here is a modern introduction to the theory of tensor algebra and tensor analysis. It
discusses tensor algebra and introduces differential manifold. Coverage also details
tensor analysis, differential forms, connection forms, and curvature tensor. In addition,
the book investigates Riemannian and pseudo-Riemannian manifolds in great detail.
Throughout, examples and problems are furnished from the theory of relativity and
continuum mechanics.
Examines general Cartesian coordinates, the cross product, Einstein's special theory of
relativity, bases in general coordinate systems, maxima and minima of functions of two
variables, line integrals, integral theorems, and more. 1963 edition.
This textbook deals with tensors that are treated as vectors. Coverage details such new
tensor concepts as the rotation of tensors, the transposer tensor, the eigentensors, and
the permutation tensor structure. The book covers an existing gap between the classic
theory of tensors and the possibility of solving tensor problems with a computer. A
complementary computer package, written in Mathematica, is available through the
Internet.
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Concise, readable text ranges from definition of vectors and discussion of algebraic
operations on vectors to the concept of tensor and algebraic operations on tensors.
Worked-out problems and solutions. 1968 edition.

This rigorous and advanced mathematical explanation of classic tensor analysis was
written by one of the founders of tensor calculus. Its concise exposition of the
mathematical basis of the discipline is integrated with well-chosen physical examples of
the theory, including those involving elasticity, classical dynamics, relativity, and Dirac's
matrix calculus. 1954 edition.

"Remarkably comprehensive, concise and clear." — Industrial Laboratories "Considered
as a condensed text in the classical manner, the book can well be recommended.” —
Nature Here is a clear introduction to classic vector and tensor analysis for students of
engineering and mathematical physics. Chapters range from elementary operations
and applications of geometry, to application of vectors to mechanics, partial
differentiation, integration, and tensor analysis. More than 200 problems are included
throughout the book.
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