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introductory textbook from which students can approach more advance topics relating to finite difference
methods

this  book  provides  a  clear  summary  of  the  work  of  the  author  on  the  construction  of  nonstandard  finite
difference schemes for the numerical integration of differential equations the major thrust of the book is to
show  that  discrete  models  of  differential  equations  exist  such  that  the  elementary  types  of  numerical
instabilities do not occur a consequence of this result is that in general bigger step sizes can often be used
in actual calculations and or finite difference schemes can be constructed that are conditionally stable in
many instances whereas in using standard techniques no such schemes exist the theoretical basis of this
work is centered on the concepts of exact and best finite difference schemes in addition a set of rules is
given for the discrete modeling of derivatives and nonlinear expressions that occur in differential equations
these rules often lead to a unique nonstandard finite difference model for a given differential equation

substantially  revised  this  authoritative  study  covers  the  standard  finite  difference  methods  of  parabolic
hyperbolic and elliptic equations and includes the concomitant theoretical work on consistency stability
and convergence the new edition includes revised and greatly expanded sections on stability based on the
lax richtmeyer definition the application of pade approximants to systems of ordinary differential equations
for parabolic and hyperbolic equations and a considerably improved presentation of iterative methods a
fast paced introduction to numerical methods this will be a useful volume for students of mathematics and
engineering and for postgraduates and professionals who need a clear concise grounding in this discipline

nonlinear evolution equations are widely used to describe nonlinear phenomena in natural and social
sciences however they are usually quite difficult to solve in most instances this book introduces the finite
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difference methods for solving nonlinear evolution equations the main numerical analysis tool is the energy
method  this  book  covers  the  difference  methods  for  the  initial  boundary  value  problems  of  twelve
nonlinear  partial  differential  equations  they  are  fisher  equation  burgers  equation  regularized  long  wave
equation korteweg de vries  equation camassa holm equation schrödinger  equation kuramoto tsuzuki
equation zakharov equation ginzburg landau equation cahn hilliard equation epitaxial growth model and
phase  field  crystal  model  this  book  is  a  monograph  for  the  graduate  students  and  science  researchers
majoring in computational mathematics and applied mathematics it will be also useful to all researchers in
related disciplines

starting with an introduction to fractional derivatives and numerical approximations this book presents
finite  difference  methods  for  fractional  differential  equations  including  time  fractional  sub  diffusion
equations  time  fractional  wave  equations  and  space  fractional  differential  equations  among  others
approximation methods for fractional derivatives are developed and approximate accuracies are analyzed
in detail

this second edition of nonstandard finite difference models of differential equations provides an update on
the progress made in both the theory and application of the nsfd methodology during the past two and a
half decades in addition to discussing details related to the determination of the denominator functions and
the nonlocal  discrete representations of functions of dependent variables we include many examples
illustrating just how this should be done of real value to the reader is the inclusion of a chapter listing many
exact  difference  schemes  and  a  chapter  giving  nsfd  schemes  from  the  research  literature  the  book
emphasizes the critical roles played by the principle of dynamic consistency and the use of sub equations
for the construction of valid nsfd discretizations of differential equations

the main purpose of this book is to provide a concise introduction to the methods and philosophy of
constructing nonstandard finite difference schemes and illustrate how such techniques can be applied to
several important problems chapter i gives an overview of the subject and summarizes previous work
chapters 2 and 3 consider in detail the construction and numerical implementation of schemes for physical
problems  involving  convection  diffusion  reaction  equations  that  arise  in  groundwater  pollution  and
scattering of electromagnetic waves using maxwell s equations chapter 4 examines certain mathematical
issues related to the nonstandard discretization of competitive and cooperative models for ecology the
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application chapters illustrate well the power of nonstandard methods in particular for the same accuracy
as obtained by standard techniques larger step sizes can be used this volume will satisfy the needs of
scientists engineers and mathematicians who wish to know how to construct nonstandard schemes and
see  how  these  are  applied  to  obtain  numerical  solutions  of  the  differential  equations  which  arise  in  the
study of nonlinear dynamical systems modeling important physical phenomena

this book develops a systematic and rigorous mathematical  theory of finite difference methods for linear
elliptic  parabolic  and  hyperbolic  partial  differential  equations  with  nonsmooth  solutions  finite  difference
methods are a classical class of techniques for the numerical approximation of partial differential equations
traditionally their convergence analysis presupposes the smoothness of the coefficients source terms initial
and  boundary  data  and  of  the  associated  solution  to  the  differential  equation  this  then  enables  the
application of elementary analytical tools to explore their stability and accuracy the assumptions on the
smoothness of the data and of the associated analytical solution are however frequently unrealistic there is
a  wealth  of  boundary  and  initial  value  problems  arising  from  various  applications  in  physics  and
engineering where the data and the corresponding solution exhibit lack of regularity in such instances
classical  techniques  for  the  error  analysis  of  finite  difference  schemes  break  down  the  objective  of  this
book  is  to  develop  the  mathematical  theory  of  finite  difference  schemes  for  linear  partial  differential
equations  with  nonsmooth  solutions  analysis  of  finite  difference  schemes  is  aimed  at  researchers  and
graduate students  interested in  the mathematical  theory  of  numerical  methods for  the approximate
solution of partial differential equations

exact finite difference schemes is  a first  overview of  the topic also describing the state of  the art  in this
field of numerical analysis construction of exact difference schemes for various parabolic and elliptic partial
differential equations are discussed including vibrations and transport problems after this applications are
discussed  such  as  the  discretisation  of  odes  and  pdes  and  numerical  methods  for  stochastic  differential
equations contents basic notation preliminary results hyperbolic equations parabolic equations use of exact
difference  schemes  to  construct  nsfd  discretizations  of  differential  equations  exact  and  truncated
difference  schemes  for  boundary  value  problem  exact  difference  schemes  for  stochastic  differential
equations  numerical  blow  up  time  bibliography

this book is open access under a cc by 4 0 license this easy to read book introduces the basics of solving
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partial differential equations by means of finite difference methods unlike many of the traditional academic
works  on  the  topic  this  book  was  written  for  practitioners  accordingly  it  especially  addresses  the
construction  of  finite  difference  schemes  formulation  and  implementation  of  algorithms  verification  of
implementations analyses of physical behavior as implied by the numerical solutions and how to apply the
methods and software to solve problems in the fields of physics and biology

a unified and accessible introduction to the basic theory of finite difference schemes

this  volume  provides  a  concise  introduction  to  the  methodology  of  nonstandard  finite  difference  nsfd
schemes  construction  and  shows  how  they  can  be  applied  to  the  numerical  integration  of  differential
equations occurring in the natural biomedical and engineering sciences these methods had their genesis in
the work of mickens in the 1990 s and are now beginning to be widely studied and applied by other
researchers the importance of  the book derives from its  clear and direct  explanation of  nsfd in the
introductory chapter along with a broad discussion of the future directions needed to advance the topic

comprehensive  study  of  use  of  calculus  of  finite  differences  as  an  approximation  method  for  solving
troublesome  differential  equations  elementary  difference  operations  interpolation  and  extrapolation
expansion  of  solutions  of  nonlinear  equations  more  exercises  with  answers  1961  edition

this  text  presents  a  comprehensive  mathematical  theory  for  elliptic  parabolic  and  hyperbolic  differential
equations  it  compares  finite  element  and  finite  difference  methods  and  illustrates  applications  of
generalized difference methods to  elastic  bodies  electromagnetic  fields  underground water  pollution and
coupled sound heat flows

numerical methods for partial differential equations finite difference and finite volume methods focuses on
two popular  deterministic  methods for  solving partial  differential  equations pdes namely  finite  difference
and finite volume methods the solution of pdes can be very challenging depending on the type of equation
the number of independent variables the boundary and initial conditions and other factors these two
methods have been traditionally used to solve problems involving fluid flow for practical reasons the finite
element method used more often for solving problems in solid mechanics and covered extensively in
various other texts has been excluded the book is intended for beginning graduate students and early
career professionals although advanced undergraduate students may find it equally useful the material is
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meant to serve as a prerequisite for students who might go on to take additional courses in computational
mechanics  computational  fluid  dynamics  or  computational  electromagnetics  the  notations  language  and
technical jargon used in the book can be easily understood by scientists and engineers who may not have
had graduate level applied mathematics or computer science courses presents one of the few available
resources  that  comprehensively  describes  and  demonstrates  the  finite  volume  method  for  unstructured
mesh used frequently by practicing code developers in industry includes step by step algorithms and code
snippets in each chapter that enables the reader to make the transition from equations on the page to
working  codes  includes  51  worked  out  examples  that  comprehensively  demonstrate  important
mathematical steps algorithms and coding practices required to numerically solve pdes as well as how to
interpret the results from both physical and mathematic perspectives

comprehensive  study  of  use  of  calculus  of  finite  differences  as  an  approximation  method  for  solving
troublesome  differential  equations  elementary  difference  operations  interpolation  and  extrapolation
expansion  of  solutions  of  nonlinear  equations  more  exercises  with  answers  1961  edition

this  text  presents  numerical  differential  equations  to  graduate  doctoral  students  it  includes  the  three
standard  approaches  to  numerical  pde fdm fem and cm and the  two most  common time stepping
techniques fdm and runge kutta we present both the numerical technique and the supporting theory the
applied techniques include those that arise in the present literature the supporting mathematical theory
includes the general convergence theory this material should be readily accessible to students with basic
knowledge of mathematical analysis lebesgue measure and the basics of hilbert spaces and banach spaces
nevertheless we have made the book free standing in most respects most importantly the terminology is
introduced explained and developed as needed the examples presented are taken from multiple vital
application areas including finance aerospace mathematical biology and fluid mechanics the text may be
used as the basis for several distinct lecture courses or as a reference for instance this text will support a
general applications course or an fem course with theory and applications the presentation of material is
empirically based as more and more is demanded of the reader as we progress through the material by the
end of the text the level of detail is reminiscent of journal articles indeed it is our intention that this
material be used to launch a research career in numerical pde

finite  difference  methods  in  heat  transfer  second  edition  focuses  on  finite  difference  methods  and  their
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application to the solution of heat transfer problems such methods are based on the discretization of
governing  equations  initial  and  boundary  conditions  which  then  replace  a  continuous  partial  differential
problem by a system of algebraic equations finite difference methods are a versatile tool for scientists and
for engineers this updated book serves university students taking graduate level  coursework in heat
transfer as well as being an important reference for researchers and engineering features provides a self
contained  approach  in  finite  difference  methods  for  students  and  professionals  covers  the  use  of  finite
difference  methods  in  convective  conductive  and  radiative  heat  transfer  presents  numerical  solution
techniques to elliptic parabolic and hyperbolic problems includes hybrid analytical numerical approaches
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