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Excellent introductory text focuses on complex numbers, determinants, orthonormal bases, symmetric and hermitian matrices, first order nonlinear equations, linear differential equations, Laplace transforms, Bessel functions, more. Includes 48 black-and-white illustrations. Exercises
with solutions. Index.
Designed for a rigorous first course in ordinary differential equations, Ordinary Differential Equations: Introduction and Qualitative Theory,
Third Edition includes basic material such as the existence and properties of solutions, linear equations, autonomous equations, and stability
as well as more advanced topics in periodic solutions of
For the past several years the Division of Applied Mathematics at Brown University has been teaching an extremely popular sophomore level
differential equations course. The immense success of this course is due primarily to two fac tors. First, and foremost, the material is
presented in a manner which is rigorous enough for our mathematics and ap plied mathematics majors, but yet intuitive and practical enough
for our engineering, biology, economics, physics and geology majors. Secondly, numerous case histories are given of how researchers have
used differential equations to solve real life problems. This book is the outgrowth of this course. It is a rigorous treatment of differential
equations and their appli cations, and can be understood by anyone who has had a two semester course in Calculus. It contains all the
material usually covered in a one or two semester course in differen tial equations. In addition, it possesses the following unique features
which distinguish it from other textbooks on differential equations.
Existence theorems; Linear systems; Autonomous systems; Stability; The lyapunov second method; Periodic solutions; Bifurcation and
branching of periodic solutions.
Differential Equations: An Introduction to Modern Methods and Applications is a textbook designed for a first course in differential equations
commonly taken by undergraduates majoring in engineering or science. It emphasizes a systems approach to the subject and integrates the
use of modern computing technology in the context of contemporary applications from engineering and science. Section exercises throughout
the text are designed to give students hands-on experience in modeling, analysis, and computer experimentation. Optional projects at the
end of each chapter provide additional opportunitites for students to explore the role played by differential equations in scientific and
engineering problems of a more serious nature.
Partial Differential Equations presents a balanced and comprehensive introduction to the concepts and techniques required to solve problems
containing unknown functions of multiple variables. While focusing on the three most classical partial differential equations (PDEs)—the wave,
heat, and Laplace equations—this detailed text also presents a broad practical perspective that merges mathematical concepts with real-world
application in diverse areas including molecular structure, photon and electron interactions, radiation of electromagnetic waves, vibrations of
a solid, and many more. Rigorous pedagogical tools aid in student comprehension; advanced topics are introduced frequently, with minimal
technical jargon, and a wealth of exercises reinforce vital skills and invite additional self-study. Topics are presented in a logical progression,
with major concepts such as wave propagation, heat and diffusion, electrostatics, and quantum mechanics placed in contexts familiar to
students of various fields in science and engineering. By understanding the properties and applications of PDEs, students will be equipped to
better analyze and interpret central processes of the natural world.
Incorporating an innovative modeling approach, this book for a one-semester differential equations course emphasizes conceptual
understanding to help users relate information taught in the classroom to real-world experiences. Certain models reappear throughout the
book as running themes to synthesize different concepts from multiple angles, and a dynamical systems focus emphasizes predicting the
long-term behavior of these recurring models. Users will discover how to identify and harness the mathematics they will use in their careers,
and apply it effectively outside the classroom. Important Notice: Media content referenced within the product description or the product text
may not be available in the ebook version.
This book grew out of lecture notes I used in a course on difference equations that I taught at Trinity University for the past five years. The
classes were largely pop ulated by juniors and seniors majoring in Mathematics, Engineering, Chemistry, Computer Science, and Physics.
This book is intended to be used as a textbook for a course on difference equations at the level of both advanced undergraduate and
beginning graduate. It may also be used as a supplement for engineering courses on discrete systems and control theory. The main
prerequisites for most of the material in this book are calculus and linear algebra. However, some topics in later chapters may require some
rudiments of advanced calculus. Since many of the chapters in the book are independent, the instructor has great flexibility in choosing topics
for the first one-semester course. A diagram showing the interdependence of the chapters in the book appears following the preface. This
book presents the current state of affairs in many areas such as stability, Z-transform, asymptoticity, oscillations and control theory. However,
this book is by no means encyclopedic and does not contain many important topics, such as Numerical Analysis, Combinatorics, Special
functions and orthogonal polyno mials, boundary value problems, partial difference equations, chaos theory, and fractals. The nonselection of
these topics is dictated not only by the limitations imposed by the elementary nature of this book, but also by the research interest (or lack
thereof) of the author.
Fundamental methods and applications; Fundamental theory and further methods;
Differential Equations with Mathematica 3e is a supplemental text that can enrich and enhance any first course in ordinary differential
equations. Designed to accompany Wiley’s ODE texts written by Brannan/Boyce, Boyce/DiPrima, Borrelli/Coleman and Lomen/Lovelock, this
supplement helps instructors move towards an earlier use of numerical and geometric methods, place a greater emphasis on systems
(including nonlinear ones), and increase discussions of both the benefits and possible pitfalls in numerical solution of ODEs. By providing an
introduction to the software that is integrated with the relevant mathematics, Differential Equations with Mathematica can bring students to a
level of expertise in the mathematical software system that will allow them to use it in other mathematics, engineering, or science courses.
This textbook is for the standard, one-semester, junior-senior course that often goes by the title "Elementary Partial Differential Equations" or
"Boundary Value Problems;' The audience usually consists of stu dents in mathematics, engineering, and the physical sciences. The topics
include derivations of some of the standard equations of mathemati cal physics (including the heat equation, the· wave equation, and the
Laplace's equation) and methods for solving those equations on bounded and unbounded domains. Methods include eigenfunction
expansions or separation of variables, and methods based on Fourier and Laplace transforms. Prerequisites include calculus and a postcalculus differential equations course. There are several excellent texts for this course, so one can legitimately ask why one would wish to
write another. A survey of the content of the existing titles shows that their scope is broad and the analysis detailed; and they often exceed
five hundred pages in length. These books gen erally have enough material for two, three, or even four semesters. Yet, many undergraduate
courses are one-semester courses. The author has often felt that students become a little uncomfortable when an instructor jumps around in
a long volume searching for the right topics, or only par tially covers some topics; but they are secure in completely mastering a short, welldefined introduction. This text was written to proVide a brief, one-semester introduction to partial differential equations.
Introduction to Ordinary Differential Equations is a 12-chapter text that describes useful elementary methods of finding solutions using
ordinary differential equations. This book starts with an introduction to the properties and complex variable of linear differential equations.
Considerable chapters covered topics that are of particular interest in applications, including Laplace transforms, eigenvalue problems,
special functions, Fourier series, and boundary-value problems of mathematical physics. Other chapters are devoted to some topics that are
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not directly concerned with finding solutions, and that should be of interest to the mathematics major, such as the theorems about the
existence and uniqueness of solutions. The final chapters discuss the stability of critical points of plane autonomous systems and the results
about the existence of periodic solutions of nonlinear equations. This book is great use to mathematicians, physicists, and undergraduate
students of engineering and the science who are interested in applications of differential equation.
This text is about the dynamical aspects of ordinary differential equations and the relations between dynamical systems and certain fields
outside pure mathematics. It is an update of one of Academic Press's most successful mathematics texts ever published, which has become
the standard textbook for graduate courses in this area. The authors are tops in the field of advanced mathematics. Steve Smale is a Field's
Medalist, which equates to being a Nobel prize winner in mathematics. Bob Devaney has authored several leading books in this subject area.
Linear algebra prerequisites toned down from first edition Inclusion of analysis of examples of chaotic systems, including Lorenz, Rosssler,
and Shilnikov systems Bifurcation theory included throughout.
Confusing Textbooks? Missed Lectures? Tough Test Questions? Fortunately for you, there's Schaum's Outlines. More than 40 million
students have trusted Schaum's to help them succeed in the classroom and on exams. Schaum's is the key to faster learning and higher
grades in every subject. Each Outline presents all the essential course information in an easy-to-follow, topic-by-topic format. You also get
hundreds of examples, solved problems, and practice exercises to test your skills. This Schaum's Outline gives you Practice problems with
full explanations that reinforce knowledge Coverage of the most up-to-date developments in your course field In-depth review of practices
and applications Fully compatible with your classroom text, Schaum's highlights all the important facts you need to know. Use Schaum's to
shorten your study time-and get your best test scores! Schaum's Outlines-Problem Solved.
Brannan/Boyce’s Differential Equations: An Introduction to Modern Methods and Applications, 3rd Edition is consistent with the way
engineers and scientists use mathematics in their daily work. The text emphasizes a systems approach to the subject and integrates the use
of modern computing technology in the context of contemporary applications from engineering and science. The focus on fundamental skills,
careful application of technology, and practice in modeling complex systems prepares students for the realities of the new millennium,
providing the building blocks to be successful problem-solvers in today’s workplace. Section exercises throughout the text provide hands-on
experience in modeling, analysis, and computer experimentation. Projects at the end of each chapter provide additional opportunities for
students to explore the role played by differential equations in the sciences and engineering.
The third edition of this concise, popular textbook on elementary differential equations gives instructors an alternative to the many voluminous
texts on the market. It presents a thorough treatment of the standard topics in an accessible, easy-to-read, format. The overarching
perspective of the text conveys that differential equations are about applications. This book illuminates the mathematical theory in the text
with a wide variety of applications that will appeal to students in physics, engineering, the biosciences, economics and mathematics.
Instructors are likely to find that the first four or five chapters are suitable for a first course in the subject. This edition contains a healthy
increase over earlier editions in the number of worked examples and exercises, particularly those routine in nature. Two appendices include a
review with practice problems, and a MATLAB® supplement that gives basic codes and commands for solving differential equations.
MATLAB® is not required; students are encouraged to utilize available software to plot many of their solutions. Solutions to even-numbered
problems are available on springer.com.
The modern landscape of technology and industry demands an equally modern approach to differential equations in the classroom. Designed
for a first course in differential equations, the third edition of Brannan/Boyce’s Differential Equations: An Introduction to Modern Methods and
Applications is consistent with the way engineers and scientists use mathematics in their daily work. The text emphasizes a systems
approach to the subject and integrates the use of modern computing technology in the context of contemporary applications from engineering
and science. The focus on fundamental skills, careful application of technology, and practice in modeling complex systems prepares students
for the realities of the new millennium, providing the building blocks to be successful problem-solvers in today’s workplace. Section exercises
throughout the text provide hands-on experience in modeling, analysis, and computer experimentation. Projects at the end of each chapter
provide additional opportunities for students to explore the role played by differential equations in the sciences and engineering.
Superb, self-contained graduate-level text covers standard theorems concerning linear systems, existence and uniqueness of solutions, and
dependence on parameters. Focuses on stability theory and its applications to oscillation phenomena, self-excited oscillations, more.
Includes exercises.
A Modern Introduction to Differential Equations, Second Edition, provides an introduction to the basic concepts of differential equations. The
book begins by introducing the basic concepts of differential equations, focusing on the analytical, graphical, and numerical aspects of firstorder equations, including slope fields and phase lines. The discussions then cover methods of solving second-order homogeneous and
nonhomogeneous linear equations with constant coefficients; systems of linear differential equations; the Laplace transform and its
applications to the solution of differential equations and systems of differential equations; and systems of nonlinear equations. Each chapter
concludes with a summary of the important concepts in the chapter. Figures and tables are provided within sections to help students visualize
or summarize concepts. The book also includes examples and exercises drawn from biology, chemistry, and economics, as well as from
traditional pure mathematics, physics, and engineering. This book is designed for undergraduate students majoring in mathematics, the
natural sciences, and engineering. However, students in economics, business, and the social sciences with the necessary background will
also find the text useful. Student friendly readability- assessible to the average student Early introduction of qualitative and numerical
methods Large number of exercises taken from biology, chemistry, economics, physics and engineering Exercises are labeled depending on
difficulty/sophistication End of chapter summaries Group projects
This textbook is designed for a one year course covering the fundamentals of partial differential equations, geared towards advanced
undergraduates and beginning graduate students in mathematics, science, engineering, and elsewhere. The exposition carefully balances
solution techniques, mathematical rigor, and significant applications, all illustrated by numerous examples. Extensive exercise sets appear at
the end of almost every subsection, and include straightforward computational problems to develop and reinforce new techniques and results,
details on theoretical developments and proofs, challenging projects both computational and conceptual, and supplementary material that
motivates the student to delve further into the subject. No previous experience with the subject of partial differential equations or Fourier
theory is assumed, the main prerequisites being undergraduate calculus, both one- and multi-variable, ordinary differential equations, and
basic linear algebra. While the classical topics of separation of variables, Fourier analysis, boundary value problems, Green's functions, and
special functions continue to form the core of an introductory course, the inclusion of nonlinear equations, shock wave dynamics, symmetry
and similarity, the Maximum Principle, financial models, dispersion and solutions, Huygens' Principle, quantum mechanical systems, and
more make this text well attuned to recent developments and trends in this active field of contemporary research. Numerical approximation
schemes are an important component of any introductory course, and the text covers the two most basic approaches: finite differences and
finite elements.
This textbook is for the standard, one-semester, junior-senior course that often goes by the title "Elementary Partial Differential Equations" or
"Boundary Value Problems". The audience consists of students in mathematics, engineering, and the sciences. The topics include derivations
of some of the standard models of mathematical physics and methods for solving those equations on unbounded and bounded domains, and
applications of PDE's to biology. The text differs from other texts in its brevity; yet it provides coverage of the main topics usually studied in
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the standard course, as well as an introduction to using computer algebra packages to solve and understand partial differential equations. For
the 3rd edition the section on numerical methods has been considerably expanded to reflect their central role in PDE's. A treatment of the
finite element method has been included and the code for numerical calculations is now written for MATLAB. Nonetheless the brevity of the
text has been maintained. To further aid the reader in mastering the material and using the book, the clarity of the exercises has been
improved, more routine exercises have been included, and the entire text has been visually reformatted to improve readability.
This text explores the essentials of partial differential equations as applied to engineering and the physical sciences. Discusses ordinary
differential equations, integral curves and surfaces of vector fields, the Cauchy-Kovalevsky theory, more. Problems and answers.
Differential EquationsIntroduction and Qualitative TheoryMarcel Dekker Incorporated
This new book updates the exceptionally popular Numerical Analysis of Ordinary Differential Equations. "This book is...an indispensible
reference for any researcher."-American Mathematical Society on the First Edition. Features: * New exercises included in each chapter. *
Author is widely regarded as the world expert on Runge-Kutta methods * Didactic aspects of the book have been enhanced by interspersing
the text with exercises. * Updated Bibliography.

Rich in proofs, examples, and exercises, this widely adopted text emphasizes physics and engineering applications. The
Student Solutions Manual can be downloaded free from Dover's site; the Instructor Solutions Manual is available upon
request. 2004 edition, with minor revisions.
Skillfully organized introductory text examines origin of differential equations, then defines basic terms and outlines the
general solution of a differential equation. Subsequent sections deal with integrating factors; dilution and accretion
problems; linearization of first order systems; Laplace Transforms; Newton's Interpolation Formulas, more.
Introductory Differential Equations, Fourth Edition, offers both narrative explanations and robust sample problems for a
first semester course in introductory ordinary differential equations (including Laplace transforms) and a second course in
Fourier series and boundary value problems. The book provides the foundations to assist students in learning not only
how to read and understand differential equations, but also how to read technical material in more advanced texts as
they progress through their studies. This text is for courses that are typically called (Introductory) Differential Equations,
(Introductory) Partial Differential Equations, Applied Mathematics, and Fourier Series. It follows a traditional approach
and includes ancillaries like Differential Equations with Mathematica and/or Differential Equations with Maple. Because
many students need a lot of pencil-and-paper practice to master the essential concepts, the exercise sets are particularly
comprehensive with a wide array of exercises ranging from straightforward to challenging. There are also new
applications and extended projects made relevant to everyday life through the use of examples in a broad range of
contexts. This book will be of interest to undergraduates in math, biology, chemistry, economics, environmental sciences,
physics, computer science and engineering. Provides the foundations to assist students in learning how to read and
understand the subject, but also helps students in learning how to read technical material in more advanced texts as they
progress through their studies Exercise sets are particularly comprehensive with a wide range of exercises ranging from
straightforward to challenging Includes new applications and extended projects made relevant to "everyday life" through
the use of examples in a broad range of contexts Accessible approach with applied examples and will be good for nonmath students, as well as for undergrad classes
Therearemanyexcellenttextsonelementarydi?erentialequationsdesignedfor the standard sophomore course. However, in
spite of the fact that most courses are one semester in length, the texts have evolved into calculus-like pres- tations that
include a large collection of methods and applications, packaged with student manuals, and Web-based notes, projects,
and supplements. All of this comes in several hundred pages of text with busy formats. Most students do not have the
time or desire to read voluminous texts and explore internet supplements. The format of this di?erential equations book is
di?erent; it is a one-semester, brief treatment of the basic ideas, models, and solution methods.
Itslimitedcoverageplacesitsomewherebetweenanoutlineandadetailedte- book. I have tried to write concisely, to the point,
and in plain language. Many worked examples and exercises are included. A student who works through this primer will
have the tools to go to the next level in applying di?erential eq- tions to problems in engineering, science, and applied
mathematics. It can give some instructors, who want more concise coverage, an alternative to existing texts.
Thoroughly updated and expanded 4th edition of the classic text, including numerous worked examples, diagrams and
exercises. An ideal resource for students and lecturers in engineering, mathematics and the sciences it is published
alongside a separate Problems and Solutions Sourcebook containing over 500 problems and fully-worked solutions.
Fads are as common in mathematics as in any other human activity, and it is always difficult to separate the enduring
from the ephemeral in the achievements of one’s own time. An unfortunate effect of the predominance of fads is that if a
student doesn’t learn about such worthwhile topics as the wave equation, Gauss’s hypergeometric function, the gamma
function, and the basic problems of the calculus of variations—among others—as an undergraduate, then he/she is unlikely
to do so later. The natural place for an informal acquaintance with such ideas is a leisurely introductory course on
differential equations. Specially designed for just such a course, Differential Equations with Applications and Historical
Notes takes great pleasure in the journey into the world of differential equations and their wide range of applications. The
author—a highly respected educator—advocates a careful approach, using explicit explanation to ensure students fully
comprehend the subject matter. With an emphasis on modeling and applications, the long-awaited Third Edition of this
classic textbook presents a substantial new section on Gauss’s bell curve and improves coverage of Fourier analysis,
numerical methods, and linear algebra. Relating the development of mathematics to human activity—i.e., identifying why
and how mathematics is used—the text includes a wealth of unique examples and exercises, as well as the author’s
distinctive historical notes, throughout. Provides an ideal text for a one- or two-semester introductory course on
differential equations Emphasizes modeling and applications Presents a substantial new section on Gauss’s bell curve
Improves coverage of Fourier analysis, numerical methods, and linear algebra Relates the development of mathematics
to human activity—i.e., identifying why and how mathematics is used Includes a wealth of unique examples and exercises,
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as well as the author’s distinctive historical notes, throughout Uses explicit explanation to ensure students fully
comprehend the subject matter Outstanding Academic Title of the Year, Choice magazine, American Library Association.
Solution Techniques for Elementary Partial Differential Equations, Third Edition remains a top choice for a standard,
undergraduate-level course on partial differential equations (PDEs). Making the text even more user-friendly, this third
edition covers important and widely used methods for solving PDEs. New to the Third Edition New sections on the series
expansion of more general functions, other problems of general second-order linear equations, vibrating string with other
types of boundary conditions, and equilibrium temperature in an infinite strip Reorganized sections that make it easier for
students and professors to navigate the contents Rearranged exercises that are now at the end of each
section/subsection instead of at the end of the chapter New and improved exercises and worked examples A brief
Mathematica® program for nearly all of the worked examples, showing students how to verify results by computer This
bestselling, highly praised textbook uses a streamlined, direct approach to develop students’ competence in solving
PDEs. It offers concise, easily understood explanations and worked examples that allow students to see the techniques
in action.
A broad introduction to PDEs with an emphasis on specializedtopics and applications occurring in a variety of fields
Featuring a thoroughly revised presentation of topics,Beginning Partial Differential Equations, Third Editionprovides a
challenging, yet accessible, combination of techniques,applications, and introductory theory on the subjectof
partialdifferential equations. The new edition offers nonstandardcoverageon material including Burger’s equation,
thetelegraph equation, damped wavemotion, and the use ofcharacteristics to solve nonhomogeneous problems. The
Third Edition is organized around four themes:methods of solution for initial-boundary value problems;applications of
partial differential equations; existence andproperties of solutions; and the use of software to experiment withgraphics
and carry out computations. With a primary focus on waveand diffusion processes, Beginning Partial
DifferentialEquations, Third Edition also includes: Proofs of theorems incorporated within the topicalpresentation, such as
the existence of a solution for the Dirichletproblem The incorporation of Maple™ to perform computations andexperiments
Unusual applications, such as Poe’s pendulum Advanced topical coverage of special functions, such as
Bessel,Legendre polynomials, and spherical harmonics Fourier and Laplace transform techniques to solve
importantproblems Beginning of Partial Differential Equations, ThirdEdition is an ideal textbook for upper-undergraduate
andfirst-year graduate-level courses in analysis and appliedmathematics, science, and engineering.
Introduction to Ordinary Differential Equations, Second Edition provides an introduction to differential equations. This
book presents the application and includes problems in chemistry, biology, economics, mechanics, and electric circuits.
Organized into 12 chapters, this edition begins with an overview of the methods for solving single differential equations.
This text then describes the important basic properties of solutions of linear differential equations and explains higherorder linear equations. Other chapters consider the possibility of representing the solutions of certain linear differential
equations in terms of power series. This book discusses as well the important properties of the gamma function and
explains the stability of solutions and the existence of periodic solutions. The final chapter deals with the method for the
construction of a solution of the integral equation and explains how to establish the existence of a solution of the initial
value system. This book is a valuable resource for mathematicians, students, and research workers.
"Featuring a challenging, yet accessible, introduction to partial differential equations, Beginning Partial Differential
Equations provides a solid introduction to partial differential equations, particularly methods of solution based on
characteristics, separation of variables, as well as Fourier series, integrals, and transforms. Thoroughly updated with
novel applications, such as Poe's pendulum and Kepler's problem in astronomy, this third edition is updated to include
the latest version of Maples, which is integrated throughout the text. New topical coverage includes novel applications,
such as Poe's pendulum and Kepler's problem in astronomy"-A Modern Introduction to Differential Equations, Third Edition, provides an introduction to the basic concepts of
differential equations. The book begins by introducing the basic concepts of differential equations, focusing on the
analytical, graphical and numerical aspects of first-order equations, including slope fields and phase lines. The
comprehensive resource then covers methods of solving second-order homogeneous and nonhomogeneous linear
equations with constant coefficients, systems of linear differential equations, the Laplace transform and its applications to
the solution of differential equations and systems of differential equations, and systems of nonlinear equations.
Throughout the text, valuable pedagogical features support learning and teaching. Each chapter concludes with a
summary of important concepts, and figures and tables are provided to help students visualize or summarize concepts.
The book also includes examples and updated exercises drawn from biology, chemistry, and economics, as well as from
traditional pure mathematics, physics, and engineering. Offers an accessible and highly readable resource to engage
students Introduces qualitative and numerical methods early to build understanding Includes a large number of exercises
from biology, chemistry, economics, physics and engineering Provides exercises that are labeled based on
difficulty/sophistication and end-of-chapter summaries
This book presents, in a unitary frame and from a new perspective, the main concepts and results of one of the most
fascinating branches of modern mathematics, namely differential equations, and offers the reader another point of view
concerning a possible way to approach the problems of existence, uniqueness, approximation, and continuation of the
solutions to a Cauchy problem. In addition, it contains simple introductions to some topics which are not usually included
in classical textbooks: the exponential formula, conservation laws, generalized solutions, Caratheodory solutions,
differential inclusions, variational inequalities, viability, invariance, and gradient systems. In this new edition, some typos
have been corrected and two new topics have been added: Delay differential equations and differential equations
subjected to nonlocal initial conditions. The bibliography has also been updated and expanded.
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The second edition of this groundbreaking book integrates new applications from a variety of fields, especially biology,
physics, and engineering. The new handbook is also completely compatible with Mathematica version 3.0 and is a
perfect introduction for Mathematica beginners. The CD-ROM contains built-in commands that let the users solve
problems directly using graphical solutions.
Solutions Manual to Accompany Beginning Partial Differential Equations, 3rd Edition Featuring a challenging, yet
accessible, introduction to partial differential equations, Beginning Partial Differential Equations provides a solid
introduction to partial differential equations, particularly methods of solution based on characteristics, separation of
variables, as well as Fourier series, integrals, and transforms. Thoroughly updated with novel applications, such as Poe's
pendulum and Kepler's problem in astronomy, this third edition is updated to include the latest version of Maples, which
is integrated throughout the text. New topical coverage includes novel applications, such as Poe's pendulum and Kepler's
problem in astronomy.
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