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This significantly expanded fourth edition is designed as an introduction to the
theory and applications of linear PDEs. The authors provide fundamental
concepts, underlying principles, a wide range of applications, and various
methods of solutions to PDEs. In addition to essential standard material on the
subject, the book contains new material that is not usually covered in similar texts
and reference books. It also contains a large number of worked examples and
exercises dealing with problems in fluid mechanics, gas dynamics, optics, plasma
physics, elasticity, biology, and chemistry; solutions are provided.
This book is especially prepared for B.A., B.Sc. and honours (Mathematics and
Physics), M.A/M.Sc. (Mathematics and Physics), B.E. Students of Various
Universities and for I.A.S., P.C.S., AMIE, GATE, and other competitve
exams.Almost all the chapters have been rewritten so that in the present form,
the reader will not find any difficulty in understanding the subject matter.The
matter of the previous edition has been re-organised so that now each topic gets
its proper place in the book.More solved examples have been added so that now
each topic gets its proper place in the book. References to the latest papers of
various universities and I.A.S. examination have been made at proper places.
Methods of solution for partial differential equations (PDEs) used in mathematics,
science, and engineering are clarified in this self-contained source. The reader
will learn how to use PDEs to predict system behaviour from an initial state of the
system and from external influences, and enhance the success of endeavours
involving reasonably smooth, predictable changes of measurable quantities. This
text enables the reader to not only find solutions of many PDEs, but also to
interpret and use these solutions. It offers 6000 exercises ranging from routine to
challenging. The palatable, motivated proofs enhance understanding and
retention of the material. Topics not usually found in books at this level include
but examined in this text: the application of linear and nonlinear first-order PDEs
to the evolution of population densities and to traffic shocks convergence of
numerical solutions of PDEs and implementation on a computer convergence of
Laplace series on spheres quantum mechanics of the hydrogen atom solving
PDEs on manifolds The text requires some knowledge of calculus but none on
differential equations or linear algebra.
This book has been designed for Undergraduate (Honours) and Postgraduate
students of various Indian Universities.A set of objective problems has been
provided at the end of each chapter which will be useful to the aspirants of
competitve examinations
Diffusion and growth phenomena abound in the real world surrounding us.
Someexamples: growth of the world's population, growth rates of humans, public
interest in news events, growth and decline of central city populations, pollution
of rivers, adoption of agricultural innovations, and spreading of epidemics and
migration of insects. These and numerous other phenomena are illustrations of
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typical growth and diffusion problems confronted in many branches of the
physical, biological and social sciences as well as in various areas of agriculture,
business, education, engineering medicine and public health. The book presents
a large number of mathematical models to provide frameworks forthe analysis
and display of many of these. The models developed and utilizedcommence with
relatively simple exponential, logistic and normal distribution functions.
Considerable attention is given to time dependent growth coefficients and
carrying capacities. The topics of discrete and distributed time delays, spatial-
temporal diffusion and diffusion with reaction are examined. Throughout the book
there are a great many numerical examples. In addition and most importantly,
there are more than 50 in-depth "illustrations" of the application of a particular
framework ormodel based on real world problems. These examples provide the
reader with an appreciation of the intrinsic nature of the phenomena involved.
They address mainly readers from the physical, biological, and social sciences,
as the only mathematical background assumed is elementary calculus. Methods
are developed as required, and the reader can thus acquire useful tools for
planning, analyzing, designing,and evaluating studies of growth transfer and
diffusion phenomena. The book draws on the author's own hands-on experience
in problems of environmental diffusion and dispersion, as well as in technology
transfer and innovation diffusion.
The Preface Elucidates That The Text Is Designed For Degree Courses In India.
However, I Imagine That It Could Play A Useful Role For Those In Britain. It Is
Mainly Intended As An Introductory Text For Those Studying Social Sciences
And Economics. Individuals From Other Disciplines Would, No Doubt, Still Find It
Useful As A General Reference.The Chapters Are Well Written And Easy To
Follow. An Appealing Feature Of The Book Is That Much Emphasis Is Placed On
The Understanding And Application Of Statistical Methods. There Is Avoidance
Of Excessive Presentation Of Formulae. For These Reasons Alone I Think That
Students Will Find The Text Attractive. Each Chapter Finishes With A Series Of
Well-Formulated Questions, Which Test The Readers' Understanding.The Two
Chapters On Statistical Inference And Tests Of Significance Are Excellent.It Is A
Comprehensive And Interesting Text, One That I Think Most Students Would
Find Useful. Indeed, It Is An Useful Addition To My Library, Having Already
Referred To It Often. The Statistician, London, Vol. 45, No. 3 (1996).
Text covers introduction to inner-product spaces, normed, metric spaces, and
topological spaces; complete orthonormal sets, the Hahn-Banach Theorem and
its consequences, and many other related subjects. 1966 edition.
Confusing Textbooks? Missed Lectures? Not Enough Time? 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
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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.
The book has been completely rewritten for this new edition. While most of the
material found in the earlier editions has been retained, though in changed form,
there are considerable additions, in which extensive use is made of Fourier
transform techniques, Hilbert space, and finite difference methods. A condensed
version of the present work was presented in a series of lectures as part of the
Tata Institute of Fundamental Research -Indian Insti tute of Science Mathematics
Programme in Bangalore in 1977. I am indebted to Professor K. G. Ramanathan
for the opportunity to participate in this excit ing educational venture, and to
Professor K. Balagangadharan for his ever ready help and advice and many
stimulating discussions. Very special thanks are due to N. Sivaramakrishnan and
R. Mythili, who ably and cheerfully prepared notes of my lectures which I was
able to use as the nucleus of the present edition. A word about the choice of
material. The constraints imposed by a partial differential equation on its
solutions (like those imposed by the environment on a living organism) have an
infinite variety of con sequences, local and global, identities and inequalities.
Theories of such equations usually attempt to analyse the structure of individual
solutions and of the whole manifold of solutions by testing the compatibility of the
differential equation with various types of additional constraints.
Completely revised text applies spectral methods to boundary value, eigenvalue,
and time-dependent problems, but also covers cardinal functions, matrix-solving
methods, coordinate transformations, much more. Includes 7 appendices and
over 160 text figures.
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
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central processes of the natural world.
Pure and Applied Mathematics, Volume 56: Partial Differential Equations of
Mathematical Physics provides a collection of lectures related to the partial
differentiation of mathematical physics. This book covers a variety of topics,
including waves, heat conduction, hydrodynamics, and other physical problems.
Comprised of 30 lectures, this book begins with an overview of the theory of the
equations of mathematical physics that has its object the study of the integral,
differential, and functional equations describing various natural phenomena. This
text then examines the linear equations of the second order with real coefficients.
Other lectures consider the Lebesgue–Fubini theorem on the possibility of
changing the order of integration in a multiple integral. This book discusses as
well the Dirichlet problem and the Neumann problem for domains other than a
sphere or half-space. The final lecture deals with the properties of spherical
functions. This book is a valuable resource for mathematicians.
The long awaited second edition of this very successful textbook for graduate
students covers the study of first and second order of Partial Differential
Equations. New to this edition: Improved presentation Exercises and worked
examples at the end of each chapter with solutions Also useful for students of
Engineering and Physics
Concise, applications-oriented undergraduate text covers solutions of first-order
equations, linear equations with constant coefficients, simultaneous equations,
theory of nonlinear differential equations, much more. Nearly 900 worked
examples, exercises, solutions. 1961 edition.
Generalized Analytic Functions is concerned with foundations of the general
theory of generalized analytic functions and some applications to problems of
differential geometry and theory of shells. Some classes of functions and
operators are discussed, along with the reduction of a positive differential
quadratic form to the canonical form. Boundary value problems and infinitesimal
bendings of surfaces are also considered. Comprised of six chapters, this volume
begins with a detailed treatment of various problems of the general theory of
generalized analytic functions as as well as boundary value problems. The
reader is introduced to some classes of functions and functional spaces, with
emphasis on functions of two independent variables. Subsequent chapters focus
on the problem of reducing a positive differential quadratic form to the canonical
form; basic properties of solutions of elliptic systems of partial differential
equations of the first order, in a two-dimensional domain; and some boundary
value problems for an elliptic system of equations of the first order and for an
elliptic equation of the second order, in a two-dimensional domain. The final part
of the book deals with problems of the theory of surfaces and the membrane
theory of shells. This book is intended for students of advanced courses of the
mechanico-mathematical faculties, postgraduates, and research workers.
This two-volume work focuses on partial differential equations (PDEs) with
important applications in mechanical and civil engineering, emphasizing
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mathematical correctness, analysis, and verification of solutions. The
presentation involves a discussion of relevant PDE applications, its derivation,
and the formulation of consistent boundary conditions.
Topics include applications of the derivative, sequences and series, the integral
and continuous variates, discrete distributions, hypothesis testing, functions of
several variables, and regression and correlation. 1970 edition. Includes 201
figures and 36 tables.
Elements of Partial Differential EquationsCourier Corporation
This book provides a basic introductory course in partial differential equations, in
which theory and applications are interrelated and developed side by side.
Emphasis is on proofs, which are not only mathematically rigorous, but also
constructive, where the structure and properties of the solution are investigated in
detail. The authors feel that it is no longer necessary to follow the tradition of
introducing the subject by deriving various partial differential equations of
continuum mechanics and theoretical physics. Therefore, the subject has been
introduced by mathematical analysis of the simplest, yet one of the most useful
(from the point of view of applications), class of partial differential equations,
namely the equations of first order, for which existence, uniqueness and stability
of the solution of the relevant problem (Cauchy problem) is easy to discuss.
Throughout the book, attempt has been made to introduce the important ideas
from relatively simple cases, some times by referring to physical processes, and
then extending them to more general systems.
This textbook is a self-contained introduction to partial differential equations.It
has been designed for undergraduates and first year graduate students majoring
in mathematics, physics, engineering, or science.The text provides an
introduction to the basic equations of mathematical physics and the properties of
their solutions, based on classical calculus and ordinary differential equations.
Advanced concepts such as weak solutions and discontinuous solutions of
nonlinear conservation laws are also considered.
"This book is the first volume of a two-volume textbook for undergraduates and is
indeed the crystallization of a course offered by the author at the California
Institute of Technology to undergraduates without any previous knowledge of
number theory. For this reason, the book starts with the most elementary
properties of the natural integers. Nevertheless, the text succeeds in presenting
an enormous amount of material in little more than 300
pages."-—MATHEMATICAL REVIEWS
Focusing on applications of Fourier transforms and related topics rather than theory, this
accessible treatment is suitable for students and researchers interested in boundary value
problems of physics and engineering. 1951 edition.
Suitable for both senior undergraduate and graduate students, this is a self-contained book
dealing with the classical theory of the partial differential equations through a modern
approach; requiring minimal previous knowledge. It represents the solutions to three important
equations of mathematical physics – Laplace and Poisson equations, Heat or diffusion
equation, and wave equations in one and more space dimensions. Keen readers will benefit
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from more advanced topics and many references cited at the end of each chapter. In addition,
the book covers advanced topics such as Conservation Laws and Hamilton-Jacobi Equation.
Numerous real-life applications are interspersed throughout the book to retain readers' interest.
This title is part of the Pearson Modern Classics series. Pearson Modern Classics are
acclaimed titles at a value price. Please visit www.pearsonhighered.com/math-classics-series
for a complete list of titles. Applied Partial Differential Equations with Fourier Series and
Boundary Value Problems emphasizes the physical interpretation of mathematical solutions
and introduces applied mathematics while presenting differential equations. Coverage includes
Fourier series, orthogonal functions, boundary value problems, Green's functions, and
transform methods. This text is ideal for readers interested in science, engineering, and
applied mathematics.
This book and CD-ROM compile the most widely applicable methods for solving and
approximating differential equations. The CD-ROM provides convenient access to these
methods through electronic search capabilities, andtogether the book and CD-ROM contain
numerous examples showing the methods use. Topics include ordinary differential equations,
symplectic integration of differential equations, and the use of wavelets when numerically
solving differential equations. * For nearly every technique, the book and CD-ROM provide: *
The types of equations to which the method is applicable * The idea behind the method * The
procedure for carrying out the method * At least one simple example of the method * Any
cautions that should be exercised * Notes for more advanced users * References to the
literature for more discussion or more examples, including pointers to electronic resources,
such as URLs
This Special Issue is devoted to some serious problems that the Fractional Calculus (FC) is
currently confronted with and aims at providing some answers to the questions like “What are
the fractional integrals and derivatives?”, “What are their decisive mathematical properties?”,
“What fractional operators make sense in applications and why?’’, etc. In particular, the “new
fractional derivatives and integrals” and the models with these fractional order operators are
critically addressed. The Special Issue contains both the surveys and the research
contributions. A part of the articles deals with foundations of FC that are considered from the
viewpoints of the pure and applied mathematics, and the system theory. Another part of the
Special issue addresses the applications of the FC operators and the fractional differential
equations. Several articles devoted to the numerical treatment of the FC operators and the
fractional differential equations complete the Special Issue.
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.
Features a balance between theory, proofs, and examples and provides applications across
diverse fields of study Ordinary Differential Equations presents a thorough discussion of first-
order differential equations and progresses to equations of higher order. The book transitions
smoothly from first-order to higher-order equations, allowing readers to develop a complete
understanding of the related theory. Featuring diverse and interesting applications from
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engineering, bioengineering, ecology, and biology, the book anticipates potential difficulties in
understanding the various solution steps and provides all the necessary details. Topical
coverage includes: First-Order Differential Equations Higher-Order Linear Equations
Applications of Higher-Order Linear Equations Systems of Linear Differential Equations
Laplace Transform Series Solutions Systems of Nonlinear Differential Equations In addition to
plentiful exercises and examples throughout, each chapter concludes with a summary that
outlines key concepts and techniques. The book's design allows readers to interact with the
content, while hints, cautions, and emphasis are uniquely featured in the margins to further
help and engage readers. Written in an accessible style that includes all needed details and
steps, Ordinary Differential Equations is an excellent book for courses on the topic at the upper-
undergraduate level. The book also serves as a valuable resource for professionals in the
fields of engineering, physics, and mathematics who utilize differential equations in their
everyday work. An Instructors Manual is available upon request. Email sfriedman@wiley.com
for information. There is also a Solutions Manual available. The ISBN is 9781118398999.
This well-acclaimed book, now in its twentieth edition, continues to offer an in-depth
presentation of the fundamental concepts and their applications of ordinary and partial
differential equations providing systematic solution techniques. The book provides step-
by-step proofs of theorems to enhance students' problem-solving skill and includes
plenty of carefully chosen solved examples to illustrate the concepts discussed.
This text features numerous worked examples in its presentation of elements from the
theory of partial differential equations, emphasizing forms suitable for solving equations.
Solutions to odd-numbered problems appear at the end. 1957 edition.
This second edition of Linear Integral Equations continues the emphasis that the first
edition placed on applications. Indeed, many more examples have been added
throughout the text. Significant new material has been added in Chapters 6 and 8. For
instance, in Chapter 8 we have included the solutions of the Cauchy type integral
equations on the real line. Also, there is a section on integral equations with a
logarithmic kernel. The bibliography at the end of the book has been exteded and
brought up to date. I wish to thank Professor B.K. Sachdeva who has checked the
revised man uscript and has suggested many improvements. Last but not least, I am
grateful to the editor and staff of Birkhauser for inviting me to prepare this new edition
and for their support in preparing it for publication. RamP Kanwal CHAYfERl
Introduction 1.1. Definition An integral equation is an equation in which an unknown
function appears under one or more integral signs Naturally, in such an equation there
can occur other terms as well. For example, for a ~ s ~ b; a :( t :( b, the equations
(1.1.1) f(s) = ib K(s, t)g(t)dt, g(s) = f(s) + ib K(s, t)g(t)dt, (1.1.2) g(s) = ib K(s, t)[g(t)fdt,
(1.1.3) where the function g(s) is the unknown function and all the other functions are
known, are integral equations. These functions may be complex-valued functions of the
real variables s and t.
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