cross product calculus

cross product calculus is a fundamental concept in vector mathematics, particularly in three-
dimensional space. It plays a vital role in various fields, including physics, engineering, and
computer graphics, as it helps in determining perpendicular vectors and calculating areas of
parallelograms formed by two vectors. This article will delve into the definition of the cross product,
how to compute it, its geometric interpretation, applications, and common properties. Additionally,
we will provide a comprehensive overview of related concepts that enhance understanding and
practical usage of cross product calculus.
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Introduction to the Cross Product

The cross product, also known as the vector product, is an operation that takes two vectors in three-
dimensional space and produces a third vector that is orthogonal to the plane formed by the first
two. Given two vectors, A and B, represented as A = (A1, A2, A3) and B = (B1, B2, B3), the cross
product is denoted as A x B. This operation is significant in various mathematical and physical
contexts, including torque calculation, rotational dynamics, and determining normal vectors in
computer graphics.

The cross product is defined only in three-dimensional space, which distinguishes it from the dot
product, a scalar product that can be calculated in any dimension. Understanding how to calculate
the cross product and its implications is crucial for students and professionals in mathematics,
physics, and engineering.

Calculating the Cross Product

To compute the cross product of two vectors, we can use the determinant of a matrix. The formula
for the cross product is as follows:



If A =(Al, A2, A3) and B = (B1, B2, B3), then:

AxB=lijk|
|A1 A2 A3
|B1 B2 B3|

Where i, j, and k are the unit vectors along the x, y, and z axes, respectively. The resulting vector
components can be calculated as:

e C1 =A2B3-A3 B2
e C2=A3B1-A1B3

e C3=A1B2-A2B1

Thus, the cross product C = A X B can be expressed as C = (C1, C2, C3). This calculation reveals not
only the components of the resulting vector but also emphasizes the relationship between the two
original vectors.

Geometric Interpretation of the Cross Product

The geometric interpretation of the cross product is closely tied to the area of the parallelogram
formed by the two vectors. The magnitude of the cross product |A X B| is equal to the area of this
parallelogram. Mathematically, this is expressed as:

|A x B| = |A] |B| sin(®)

Where 6 is the angle between the two vectors A and B. This equation highlights several important
aspects:

e The magnitude of the vectors influences the area; larger vectors produce larger areas.

e The sine function indicates that the area is maximized when the vectors are perpendicular (6 =
90°), leading to sin(0) = 1.

e If the vectors are parallel (6 = 0° or 8 = 180°), the area becomes zero, as the parallelogram
collapses into a line.

Furthermore, the direction of the resulting vector from the cross product can be determined using
the right-hand rule. By orienting your right hand so that your fingers point from vector A to vector B,
your thumb will point in the direction of A x B. This provides a practical method for visualizing
vector orientation in three-dimensional space.



Applications of the Cross Product

Cross product calculus is utilized in various applications across different fields:

e Physics: In mechanics, the cross product is used to calculate torque (t = r X F) and angular
momentum (L = r X p), where r is the position vector, F is the force vector, and p is the linear
momentum.

¢ Computer Graphics: In 3D modeling and rendering, the cross product is essential for
determining surface normals, which are crucial for lighting calculations and rendering
surfaces accurately.

e Engineering: Engineers use the cross product to analyze forces acting on structures and to
evaluate moments in mechanical systems.

¢ Robotics: In robotics, the cross product helps in calculating joint torques and understanding
the orientation of robotic arms.

These applications showcase the cross product's versatility and importance in both theoretical and
practical scenarios.

Properties of the Cross Product

The cross product has several notable properties that are crucial for its application:
¢ Non-commutative: The order of the vectors matters. A x B = -(B x A).
¢ Distributive over addition: A x (B+ C)=AXx B+ A x C.
¢ Scalar multiplication: (kA) x B = k(A x B) for any scalar k.

e Orthogonality: The resulting vector C = A X B is orthogonal to both A and B.

These properties are foundational for manipulating and applying the cross product in various
mathematical and engineering contexts.

Common Mistakes and Misconceptions

Understanding the cross product can lead to several common mistakes and misconceptions:

¢ Confusing with the dot product: The cross product results in a vector, while the dot product
results in a scalar. This distinction is crucial for proper application.



e Assuming commutativity: Remember that A X B is not equal to B X A; rather, they are
negatives of each other.

e Ignoring dimensionality: The cross product is only defined in three-dimensional space.
Attempting to apply it in two dimensions can lead to errors.

Awareness of these potential pitfalls can enhance comprehension and application of cross product
calculus.

Conclusion

Cross product calculus is a powerful mathematical tool essential in various scientific and
engineering disciplines. By understanding its definition, calculation methods, geometric
interpretations, applications, and properties, individuals can effectively utilize this operation in
practical scenarios. It not only aids in solving complex problems but also enhances the
understanding of vector relationships in three-dimensional space. Mastering the cross product is a
significant step for anyone involved in mathematics, physics, engineering, or related fields.

Q: What is the cross product of two vectors?

A: The cross product of two vectors is a vector that is orthogonal to the plane formed by the original
vectors, calculated using a specific determinant formula.

Q: How do you calculate the cross product?

A: The cross product is calculated using the determinant of a matrix composed of the unit vectors
and the components of the two vectors involved, yielding a new vector.

Q: What does the magnitude of the cross product represent?

A: The magnitude of the cross product represents the area of the parallelogram formed by the two
vectors and depends on the sine of the angle between them.

Q: In what applications is the cross product useful?

A: The cross product is useful in physics for calculating torque and angular momentum, in computer
graphics for determining surface normals, and in engineering for analyzing forces and moments.

Q: Can the cross product be defined in two dimensions?

A: No, the cross product is only defined in three-dimensional space. In two dimensions, the



equivalent operation does not produce a vector but can be related to the scalar area.

Q: What are some common misconceptions about the cross
product?

A: Common misconceptions include confusing the cross product with the dot product, assuming
commutativity, and ignoring the dimensionality limitations of the cross product.

Q: How does the right-hand rule apply to the cross product?

A: The right-hand rule is a mnemonic used to determine the direction of the resulting vector from
the cross product by positioning the right hand to curl from the first vector to the second.

Q: Is the cross product commutative?

A: No, the cross product is not commutative. The result of A X B is equal to the negative of B x A.

Q: What happens when vectors are parallel in a cross product
calculation?

A: When vectors are parallel, the cross product equals zero because the area of the parallelogram
they form collapses to zero.

Q: What are the key properties of the cross product?

A: Key properties of the cross product include non-commutativity, distributivity over addition, scalar
multiplication, and orthogonality of the resulting vector to the original vectors.
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cross product calculus: Multiphysics in Porous Materials Zhen (Leo) Liu, 2018-07-12 This
book summarizes, defines, and contextualizes multiphysics with an emphasis on porous materials. It
covers various essential aspects of multiphysics, from history, definition, and scope to mathematical
theories, physical mechanisms, and numerical implementations. The emphasis on porous materials
maximizes readers’ understanding as these substances are abundant in nature and a common
breeding ground of multiphysical phenomena, especially complicated multiphysics. Dr. Liu’s lucid
and easy-to-follow presentation serve as a blueprint on the use of multiphysics as a leading edge
technique for computer modeling. The contents are organized to facilitate the transition from
familiar, monolithic physics such as heat transfer and pore water movement to state-of-the-art
applications involving multiphysics, including poroelasticity, thermohydro-mechanical processes,
electrokinetics, electromagnetics, fluid dynamics, fluid structure interaction, and
electromagnetomechanics. This volume serves as both a general reference and specific treatise for
various scientific and engineering disciplines involving multiphysics simulation and porous
materials.

cross product calculus: Introduction to the Numerical Analysis of Incompressible Viscous
Flows William Layton, 2008-01-01 Introduction to the Numerical Analysis of Incompressible Viscous
Flows treats the numerical analysis of finite element computational fluid dynamics. Assuming
minimal background, the text covers finite element methods; the derivation, behavior, analysis, and
numerical analysis of Navier-Stokes equations; and turbulence and turbulence models used in
simulations. Each chapter on theory is followed by a numerical analysis chapter that expands on the
theory. This book provides the foundation for understanding the interconnection of the physics,
mathematics, and numerics of the incompressible case, which is essential for progressing to the
more complex flows not addressed in this book (e.g., viscoelasticity, plasmas, compressible flows,
coating flows, flows of mixtures of fluids, and bubbly flows). With mathematical rigor and physical
clarity, the book progresses from the mathematical preliminaries of energy and stress to finite
element computational fluid dynamics in a format manageable in one semester. Audience: this
unified treatment of fluid mechanics, analysis, and numerical analysis is intended for graduate
students in mathematics, engineering, physics, and the sciences who are interested in
understanding the foundations of methods commonly used for flow simulations.

cross product calculus: Grassmann Algebra Volume 1: Foundations John Browne,
2012-10-25 Grassmann Algebra Volume 1: Foundations Exploring extended vector algebra with
Mathematica Grassmann algebra extends vector algebra by introducing the exterior product to
algebraicize the notion of linear dependence. With it, vectors may be extended to higher-grade
entities: bivectors, trivectors, ... multivectors. The extensive exterior product also has a regressive
dual: the regressive product. The pair behaves a little like the Boolean duals of union and
intersection. By interpreting one of the elements of the vector space as an origin point, points can be
defined, and the exterior product can extend points into higher-grade located entities from which
lines, planes and multiplanes can be defined. Theorems of Projective Geometry are simply formulae
involving these entities and the dual products. By introducing the (orthogonal) complement
operation, the scalar product of vectors may be extended to the interior product of multivectors,
which in this more general case may no longer result in a scalar. The notion of the magnitude of
vectors is extended to the magnitude of multivectors: for example, the magnitude of the exterior
product of two vectors (a bivector) is the area of the parallelogram formed by them. To develop
these foundational concepts, we need only consider entities which are the sums of elements of the
same grade. This is the focus of this volume. But the entities of Grassmann algebra need not be of
the same grade, and the possible product types need not be constricted to just the exterior,
regressive and interior products. For example quaternion algebra is simply the Grassmann algebra
of scalars and bivectors under a new product operation. Clifford, geometric and higher order
hypercomplex algebras, for example the octonions, may be defined similarly. If to these we introduce
Clifford's invention of a scalar which squares to zero, we can define entities (for example dual



quaternions) with which we can perform elaborate transformations. Exploration of these entities,
operations and algebras will be the focus of the volume to follow this. There is something fascinating
about the beauty with which the mathematical structures that Hermann Grassmann discovered
describe the physical world, and something also fascinating about how these beautiful structures
have been largely lost to the mainstreams of mathematics and science. He wrote his seminal
Ausdehnungslehre (Die Ausdehnungslehre. Vollstandig und in strenger Form) in 1862. But it was not
until the latter part of his life that he received any significant recognition for it, most notably by
Gibbs and Clifford. In recent times David Hestenes' Geometric Algebra must be given the credit for
much of the emerging awareness of Grassmann's innovation. In the hope that the book be accessible
to scientists and engineers, students and professionals alike, the text attempts to avoid any
terminology which does not make an essential contribution to an understanding of the basic
concepts. Some familiarity with basic linear algebra may however be useful. The book is written
using Mathematica, a powerful system for doing mathematics on a computer. This enables the
theory to be cross-checked with computational explorations. However, a knowledge of Mathematica
is not essential for an appreciation of Grassmann's beautiful ideas.

cross product calculus: Computational Methods for Time-Series Analyses in Earth
Sciences Silvio José Gumiere, Hossein Bonakdari, 2025-06-27 Computational Methods for
Time-Series Analyses in Earth Sciences bridges the gap between theoretical knowledge and
practical application, offering a deep dive into the utilization of R programming for managing,
analyzing, and forecasting time-series data within the realm of Earth sciences. It systematically
unfolds the layers of data manipulation, graphical representation, and sampling to prepare the
reader for complex analyses and predictive modeling from the basics of signal processing to the
nuances of machine learning. It presents cutting-edge techniques, such as neural networks,
kernel-based methods, and evolutionary algorithms, specifically tailored to tackle challenges, and
provides practical case studies to aid readers with utilizing the techniques covered.Computational
Methods for Time-Series Analyses in Earth Sciences is a valuable resource for scientists,
researchers, and students delving into the intricacies of Earth's environmental patterns and cycles
through the lens of computational analysis and guides readers through various computational
approaches to deciphering spatial and temporal data. - Focuses on the use of R for time-series
analysis and the application of these methods directly to Earth and environmental datasets -
Integrates Machine Learning techniques, enabling readers to explore advanced computational
methods for forecasting and modeling - Includes case studies with real-world applications, providing
readers with examples on how to translate computational skills into tangible outcomes

cross product calculus: Diagrammatic Morphisms and Applications David E. Radford,
David N. Yetter, 2003 The technique of diagrammatic morphisms is an important ingredient in
comprehending and visualizing certain types of categories with structure. It was widely used in this
capacity in many areas of algebra, low-dimensional topology and physics. It was also applied to
problems in classical and quantum information processing and logic. This volume contains articles
based on talks at the Special Session, ~*Diagrammatic Morphisms in Algebra, Category Theory, and
Topology", at the AMS Sectional Meeting in San Francisco. The articles describe recent
achievements in several aspects of diagrammatic morphisms and their applications. Some of them
contain detailed expositions on various diagrammatic techniques. The introductory article by D.
Yetter is a thorough account of the subject in a historical perspective.

cross product calculus: Teaching and Learning Mathematics Online James P. Howard, II, John
F. Beyers, 2020-05-10 Online education has become a major component of higher education
worldwide. In mathematics and statistics courses, there exists a number of challenges that are
unique to the teaching and learning of mathematics and statistics in an online environment. These
challenges are deeply connected to already existing difficulties related to math anxiety, conceptual
understanding of mathematical ideas, communicating mathematically, and the appropriate use of
technology. Teaching and Learning Mathematics Online bridges these issues by presenting
meaningful and practical solutions for teaching mathematics and statistics online. It focuses on the



problems observed by mathematics instructors currently working in the field who strive to hone
their craft and share best practices with our professional community. The book provides a set of
standard practices, improving the quality of online teaching and the learning of mathematics.
Instructors will benefit from learning new techniques and approaches to delivering content.
Features Based on the experiences of working educators in the field Assimilates the latest
technology developments for interactive distance education Focuses on mathematical education for
developing early mathematics courses

cross product calculus: A Short Course in Mathematical Methods with Maple Henrik
Aratyn, Constantin Rasinariu, 2006 This unique book provides a streamlined, self-contained and
modern text for a one-semester mathematical methods course with an emphasis on concepts
important from the application point of view. Part I of this book follows the ?paper and pencil?
presentation of mathematical methods that emphasizes fundamental understanding and geometrical
intuition. In addition to a complete list of standard subjects, it introduces important, contemporary
topics like nonlinear differential equations, chaos and solitons. Part II employs the Maple software to
cover the same topics as in Part I in a computer oriented approach to instruction. Using Maple
liberates students from laborious tasks while helping them to concentrate entirely on concepts and
on better visualizing the mathematical content. The focus of the text is on key ideas and basic
technical and geometric insights presented in a way that closely reflects how physicists and
engineers actually think about mathematics.

cross product calculus: The Classical Theory of Fields Carl S. Helrich, 2012-01-11 The study of
classical electromagnetic fields is an adventure. The theory is complete mathematically and we are
able to present it as an example of classical Newtonian experimental and mathematical philosophy.
There is a set of foundational experiments, on which most of the theory is constructed. And then
there is the bold theoretical proposal of a field-field interaction from James Clerk Maxwell. This
textbook presents the theory of classical fields as a mathematical structure based solidly on
laboratory experiments. Here the student is introduced to the beauty of classical field theory as a
gem of theoretical physics. To keep the discussion fluid, the history is placed in a beginning chapter
and some of the mathematical proofs in the appendices. Chapters on Green’s Functions and
Laplace’s Equation and a discussion of Faraday’s Experiment further deepen the understanding. The
chapter on Einstein’s relativity is an integral necessity to the text. Finally, chapters on
particlemotion and waves in a dispersive medium complete the picture. High quality diagrams and
detailed end-of-chapter questions enhance the learning experience.

cross product calculus: Linear Algebra II Frederick P. Greenleaf, Sophie Marques,
2020-05-06 This book is the second of two volumes on linear algebra for graduate students in
mathematics, the sciences, and economics, who have: a prior undergraduate course in the subject; a
basic understanding of matrix algebra; and some proficiency with mathematical proofs. Both
volumes have been used for several years in a one-year course sequence, Linear Algebra I and II,
offered at New York University's Courant Institute. The first three chapters of this second volume
round out the coverage of traditional linear algebra topics: generalized eigenspaces, further
applications of Jordan form, as well as bilinear, quadratic, and multilinear forms. The final two
chapters are different, being more or less self-contained accounts of special topics that explore more
advanced aspects of modern algebra: tensor fields, manifolds, and vector calculus in Chapter 4 and
matrix Lie groups in Chapter 5. The reader can choose to pursue either chapter. Both deal with vast
topics in contemporary mathematics. They include historical commentary on how modern views
evolved, as well as examples from geometry and the physical sciences in which these topics are
important. The book provides a nice and varied selection of exercises; examples are well-crafted and
provide a clear understanding of the methods involved.

cross product calculus: Bridging Circuits and Fields Alexander I. Petroianu, 2021-11-29
Energy and power are fundamental concepts in electromagnetism and circuit theory, as well as in
optics, signal processing, power engineering, electrical machines, and power electronics. However,
in crossing the disciplinary borders, we encounter understanding difficulties due to (1) the many



possible mathematical representations of the same physical objects, and (2) the many possible
physical interpretations of the same mathematical entities. The monograph proposes a quantum and
a relativistic approach to electromagnetic power theory that is based on recent advances in physics
and mathematics. The book takes a fresh look at old debates related to the significance of the
Poynting theorem and the interpretation of reactive power. Reformulated in the mathematical
language of geometric algebra, the new expression of electromagnetic power reflects the laws of
conservation of energy-momentum in fields and circuits. The monograph offers a mathematically
consistent and a physically coherent interpretation of the power concept and of the mechanism of
power transmission at the subatomic (mesoscopic) level. The monograph proves (paraphrasing
Heaviside) that there is no finality in the development of a vibrant discipline: power theory.

cross product calculus: Advanced Calculus Frederick Shenstone Woods, 1926

cross product calculus: Theory and Decision G. Eberlein, H.A. Berghel, 2012-12-06 This
collection of articles contains contributions from a few of Werner Leinfellner's many friends and
colleagues. Some of them are former students of Werner's. Others were colleagues of his at various
American and European universities. Further, some have come to know Werner through his
research, his long-standing editorship of Theory and Deci sion and his extensive participation in
international conferences and congresses. The following articles are new to this volume. The areas
covered are those in which Werner continues to play an active professional role. We offer them as a
tribute to the many and multi-faceted contributions to the scientific enterprise for which Werner
Leinfellner is so widely known. We believe such a festschrift to be fitting and long overdue. Because
of the breadth of Werner's professional associations, it was difficult to select representatives from
among his many spheres of influence. We apologize to the many scholars who could not be in cluded
because of time and space considerations. Finally, we wish to express appreciation to Dean John
Guilds of the University of Arkansas for providing financial support early on in the evolution of this
project, to Jennifer Bauman for her bravura performance in copy-editing the manuscripts, and to our
publisher at Reidel for bringing this volume to press.

cross product calculus: Cracking the GRE Mathematics Subject Test, 4th Edition The
Princeton Review, 2010-02-23 Named “Best Mathematics Subject GRE Test Guide” by The Daily
News! THE PRINCETON REVIEW GETS RESULTS. Getting a high score on the GRE Mathematics
Subject Test isn’t about memorizing everything there is to know about math-it’s about targeting
your test preparation. We teach you only the information you'll need along with the best strategies
for the test day. Within this book, you’ll find practical information on the what, when, where, and
how of the exam, as well as subject reviews for all potential topics, including precalculus, calculus I
and II, differential equations, linear algebra, number theory, and more. Techniques That Actually
Work. « Preparation strategies and test-taking techniques to help you reach your top score °
Shortcuts and strategies to speed up pacing and increase accuracy * Clear diagrams to acclimate
you to three-dimensional coordinate problems Practice Your Way to Excellence. ¢ 1 full-length
practice test to familiarize you with the quirks and patterns of the GRE Mathematics Subject Test ¢
Over 150 guided practice problems that directly demonstrate key strategies for dealing with tricky
topics from trigonometric functions to double integrals, homomorphisms, and complex logarithms ¢
Over 200 drill questions for independent practice, with thorough explanations to help provide total
content mastery

cross product calculus: Quantum Riemannian Geometry Edwin J. Beggs, Shahn Majid,
2020-01-31 This book provides a comprehensive account of a modern generalisation of differential
geometry in which coordinates need not commute. This requires a reinvention of differential
geometry that refers only to the coordinate algebra, now possibly noncommutative, rather than to
actual points. Such a theory is needed for the geometry of Hopf algebras or quantum groups, which
provide key examples, as well as in physics to model quantum gravity effects in the form of quantum
spacetime. The mathematical formalism can be applied to any algebra and includes graph geometry
and a Lie theory of finite groups. Even the algebra of 2 x 2 matrices turns out to admit a rich moduli
of quantum Riemannian geometries. The approach taken is a "bottom up’ one in which the different



layers of geometry are built up in succession, starting from differential forms and proceeding up to
the notion of a quantum " Levi-Civita’ bimodule connection, geometric Laplacians and, in some cases,
Dirac operators. The book also covers elements of Connes’ approach to the subject coming from
cyclic cohomology and spectral triples. Other topics include various other cohomology theories,
holomorphic structures and noncommutative D-modules. A unique feature of the book is its
constructive approach and its wealth of examples drawn from a large body of literature in
mathematical physics, now put on a firm algebraic footing. Including exercises with solutions, it can
be used as a textbook for advanced courses as well as a reference for researchers.

cross product calculus: GROUP 24 J.P Gazeau, R Kerner, J.P Antoine, S Metens, J.Y Thibon,
2003-11-30 One of the most enduring elements in theoretical physics has been group theory. GROUP
24: Physical and Mathematical Aspects of Symmetries provides an important selection of informative
articles describing recent advances in the field. The applications of group theory presented in this
book deal not only with the traditional fields of physics, but also include such disciplines as
chemistry and biology. Awarded the Wigner Medal and the Weyl Prize, respectively, H.]J. Lipkin and
E. Frenkel begin the volume with their contributions. Plenary session contributions are represented
by 18 longer articles, followed by nearly 200 shorter articles. The book also presents coherent
states, wavelets, and applications and quantum group theory and integrable systems in two separate
sections. As a record of an international meeting devoted to the physical and mathematical aspects
of group theory, GROUP 24: Physical and Mathematical Aspects of Symmetries constitutes an
essential reference for all researchers interested in various current developments related to the
important concept of symmetry.

cross product calculus: Advanced Engineering Mathematics Erwin Kreyszig, 2020-07-21 A
mathematics resource for engineering, physics, math, and computer science students The enhanced
e-text, Advanced Engineering Mathematics, 10th Edition, is a comprehensive book organized into six
parts with exercises. It opens with ordinary differential equations and ends with the topic of
mathematical statistics. The analysis chapters address: Fourier analysis and partial differential
equations, complex analysis, and numeric analysis. The book is written by a pioneer in the field of
applied mathematics.

cross product calculus: African Mathematics Abdul Karim Bangura, 2012 This is the first
comprehensive text on African Mathematics that can be used to address some of the problematic
issues in this area. These issues include attitudes, curriculum development, educational change,
academic achievement, standardized and other tests, performance factors, student characteristics,
cross-cultural differences and studies, literacy, native speakers, social class and differences, equal
education, teaching methods, knowledge level, educational guidelines and policies, transitional
schools, comparative education, other subjects such as physics and social studies, surveys, talent,
educational research, teacher education and qualifications, academic standards, teacher
effectiveness, lesson plans and modules, teacher characteristics, instructional materials, program
effectiveness, program evaluation, African culture, African history, Black studies, class activities,
educational games, number systems, cognitive ability, foreign influence, and fundamental concepts.
What unifies the chapters in this book can appear rather banal, but many mathematical insights are
so obvious and so fundamental that they are difficult to absorb, appreciate, and express with fresh
clarity. Some of the more basic insights are isolated by accounts of investigators who have earned
their contemporaries' respect. Winner of the 2012 Cecil B. Currey Book Award.

cross product calculus: Introduction to Mathematical Physics Michael T. Vaughn, 2007-06-18
A comprehensive survey of all the mathematical methods that should be available to graduate
students in physics. In addition to the usual topics of analysis, such as infinite series, functions of a
complex variable and some differential equations as well as linear vector spaces, this book includes
a more extensive discussion of group theory than can be found in other current textbooks. The main
feature of this textbook is its extensive treatment of geometrical methods as applied to physics. With
its introduction of differentiable manifolds and a discussion of vectors and forms on such manifolds
as part of a first-year graduate course in mathematical methods, the text allows students to grasp at



an early stage the contemporary literature on dynamical systems, solitons and related topological
solutions to field equations, gauge theories, gravitational theory, and even string theory. Free
solutions manual available for lecturers at www.wiley-vch.de/supplements/.
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