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This volume presents a collection of papers covering
applications from a wide range of systems with infinitely
many degrees of freedom studied using techniques from
stochastic and infinite dimensional analysis, e.g.
Feynman path integrals, the statistical mechanics of
polymer chains, complex networks, and quantum field
theory. Systems of infinitely many degrees of freedom
create their particular mathematical challenges which
have been addressed by different mathematical theories,
namely in the theories of stochastic processes, Malliavin
calculus, and especially white noise analysis. These
proceedings are inspired by a conference held on the
occasion of Prof. Ludwig Streit’s 75th birthday and
celebrate his pioneering and ongoing work in these
fields.
The present thesis is a commencement of a
generalization of covering results in specific settings,
such as the Euclidean space or the sphere, to arbitrary
compact metric spaces. In particular we consider
coverings of compact metric spaces $(X,d)$ by balls of
radius $r$. We are interested in the minimum number of
such balls needed to cover $X$, denoted by
$\Ncal(X,r)$. For finite $X$ this problem coincides with
an instance of the combinatorial \textsc{set cover}
problem, which is $\mathrm{NP}$-complete. We illustrate
approximation techniques based on the moment method
of Lasserre for finite graphs and generalize these
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techniques to compact metric spaces $X$ to obtain
upper and lower bounds for $\Ncal(X,r)$. \\ The upper
bounds in this thesis follow from the application of a
greedy algorithm on the space $X$. Its approximation
quality is obtained by a generalization of the analysis of
Chv\'atal's algorithm for the weighted case of \textsc{set
cover}. We apply this greedy algorithm to the spherical
case $X=S^n$ and retrieve the best non-asymptotic
bound of B\"or\"oczky and Wintsche. Additionally, the
algorithm can be used to determine coverings of
Euclidean space with arbitrary measurable objects
having non-empty interior. The quality of these coverings
slightly improves a bound of Nasz\'odi. \\ For the lower
bounds we develop a sequence of bounds $\Ncal^t(X,r)$
that converge after finitely (say $\alpha\in\N$) many
steps: $$\Ncal^1(X,r)\leq \ldots \leq
\Ncal^\alpha(X,r)=\Ncal(X,r).$$ The drawback of this
sequence is that the bounds $\Ncal^t(X,r)$ are
increasingly difficult to compute, since they are the
objective values of infinite-dimensional conic programs
whose number of constraints and dimension of
underlying cones grow accordingly to $t$. We show that
these programs satisfy strong duality and derive a finite
dimensional semidefinite program to approximate
$\Ncal^2(S^2,r)$ to arbitrary precision. Our results rely in
part on the moment methods developed by de Laat and
Vallentin for the packing problem on topological packing
graphs. However, in the covering problem we have to
deal with two types of constraints instead of one type as
in packing problems and consequently additional work is
required.
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The book provides a systemic treatment of timedependent strong Markov processes with values in a
Polish space. It describes its generators and the link with
stochastic differential equations in infinite dimensions. In
a unifying way, where the square gradient operator is
employed, new results for backward stochastic
differential equations and long-time behavior are
discussed in depth. The book also establishes a link
between propagators or evolution families with the Feller
property and time-inhomogeneous Markov processes.
This mathematical material finds its applications in
several branches of the scientific world, among which
are mathematical physics, hedging models in financial
mathematics, and population models.
All the exercises plus their solutions for Serge Lang's
fourth edition of "Complex Analysis," ISBN
0-387-98592-1. The problems in the first 8 chapters are
suitable for an introductory course at undergraduate level
and cover power series, Cauchy's theorem, Laurent
series, singularities and meromorphic functions, the
calculus of residues, conformal mappings, and harmonic
functions. The material in the remaining 8 chapters is
more advanced, with problems on Schwartz reflection,
analytic continuation, Jensen's formula, the PhragmenLindeloef theorem, entire functions, Weierstrass products
and meromorphic functions, the Gamma function and
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Zeta function. Also beneficial for anyone interested in
learning complex analysis.
A Passage to Modern Analysis is an extremely wellwritten and reader-friendly invitation to real analysis. An
introductory text for students of mathematics and its
applications at the advanced undergraduate and
beginning graduate level, it strikes an especially good
balance between depth of coverage and accessible
exposition. The examples, problems, and exposition
open up a student's intuition but still provide coverage of
deep areas of real analysis. A yearlong course from this
text provides a solid foundation for further study or
application of real analysis at the graduate level. A
Passage to Modern Analysis is grounded solidly in the
analysis of R and Rn, but at appropriate points it
introduces and discusses the more general settings of
inner product spaces, normed spaces, and metric
spaces. The last five chapters offer a bridge to
fundamental topics in advanced areas such as ordinary
differential equations, Fourier series and partial
differential equations, Lebesgue measure and the
Lebesgue integral, and Hilbert space. Thus, the book
introduces interesting and useful developments beyond
Euclidean space where the concepts of analysis play
important roles, and it prepares readers for further study
of those developments.
????:Inverse problems in quantum scattering theory
This book is based on lectures given at "Mekhmat", the
Department of Mechanics and Mathematics at Moscow
State University, one of the top mathematical
departments worldwide, with a rich tradition of teaching
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functional analysis. Featuring an advanced course on
real and functional analysis, the book presents not only
core material traditionally included in university courses
of different levels, but also a survey of the most
important results of a more subtle nature, which cannot
be considered basic but which are useful for
applications. Further, it includes several hundred
exercises of varying difficulty with tips and references.
The book is intended for graduate and PhD students
studying real and functional analysis as well as
mathematicians and physicists whose research is related
to functional analysis.
The area of nonlinear dispersive partial differential
equations (PDEs) is a fast developing field which has
become exceedingly technical in recent years. With this
book, the authors provide a self-contained and
accessible introduction for graduate or advanced
undergraduate students in mathematics, engineering,
and the physical sciences. Both classical and modern
methods used in the field are described in detail,
concentrating on the model cases that simplify the
presentation without compromising the deep technical
aspects of the theory, thus allowing students to learn the
material in a short period of time. This book is
appropriate both for self-study by students with a
background in analysis, and for teaching a semesterlong introductory graduate course in nonlinear dispersive
PDEs. Copious exercises are included, and applications
of the theory are also presented to connect dispersive
PDEs with the more general areas of dynamical systems
and mathematical physics.
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This monograph serves as a much-needed, selfcontained reference on the topic of modulation spaces.
By gathering together state-of-the-art developments and
previously unexplored applications, readers will be
motivated to make effective use of this topic in future
research. Because modulation spaces have historically
only received a cursory treatment, this book will fill a gap
in time-frequency analysis literature, and offer readers a
convenient and timely resource. Foundational concepts
and definitions in functional, harmonic, and real analysis
are reviewed in the first chapter, which is then followed
by introducing modulation spaces. The focus then
expands to the many valuable applications of modulation
spaces, such as linear and multilinear pseudodifferential
operators, and dispersive partial differential equations.
Because it is almost entirely self-contained, these
insights will be accessible to a wide audience of
interested readers. Modulation Spaces will be an ideal
reference for researchers in time-frequency analysis and
nonlinear partial differential equations. It will also appeal
to graduate students and seasoned researchers who
seek an introduction to the time-frequency analysis of
nonlinear dispersive partial differential equations.
Functional AnalysisIntroduction to Further Topics in
AnalysisPrinceton University Press
???8?,?1???6????????????????,???????,????,Lebesgue
??,??????,????,??????????????;?7????Banach????????
?;?8?????????????.
With this second volume, we enter the intriguing world of
complex analysis. From the first theorems on, the
elegance and sweep of the results is evident. The
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starting point is the simple idea of extending a function
initially given for real values of the argument to one that
is defined when the argument is complex. From there,
one proceeds to the main properties of holomorphic
functions, whose proofs are generally short and quite
illuminating: the Cauchy theorems, residues, analytic
continuation, the argument principle. With this
background, the reader is ready to learn a wealth of
additional material connecting the subject with other
areas of mathematics: the Fourier transform treated by
contour integration, the zeta function and the prime
number theorem, and an introduction to elliptic functions
culminating in their application to combinatorics and
number theory. Thoroughly developing a subject with
many ramifications, while striking a careful balance
between conceptual insights and the technical
underpinnings of rigorous analysis, Complex Analysis
will be welcomed by students of mathematics, physics,
engineering and other sciences. The Princeton Lectures
in Analysis represents a sustained effort to introduce the
core areas of mathematical analysis while also
illustrating the organic unity between them. Numerous
examples and applications throughout its four planned
volumes, of which Complex Analysis is the second,
highlight the far-reaching consequences of certain ideas
in analysis to other fields of mathematics and a variety of
sciences. Stein and Shakarchi move from an introduction
addressing Fourier series and integrals to in-depth
considerations of complex analysis; measure and
integration theory, and Hilbert spaces; and, finally,
further topics such as functional analysis, distributions
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and elements of probability theory.
?This book introduces the basic concepts of real and
functional analysis. It presents the fundamentals of the
calculus of variations, convex analysis, duality, and
optimization that are necessary to develop applications
to physics and engineering problems. The book includes
introductory and advanced concepts in measure and
integration, as well as an introduction to Sobolev spaces.
The problems presented are nonlinear, with non-convex
variational formulation. Notably, the primal global minima
may not be attained in some situations, in which cases
the solution of the dual problem corresponds to an
appropriate weak cluster point of minimizing sequences
for the primal one. Indeed, the dual approach more
readily facilitates numerical computations for some of the
selected models. While intended primarily for applied
mathematicians, the text will also be of interest to
engineers, physicists, and other researchers in related
fields.
?????
This unique textbook emphasizes the communalities
between splines and fractals in interpolation and
approximation theory, with particular emphasis on fractal
functions and fractal surfaces. It presents the classical
theory of splines and their properties, and also gives an
introduction to the burgeoning new theory of
superfractals and superfractal functions.
This is a collection of exercises in the theory of analytic
functions, with completed and detailed solutions. We
wish to introduce the student to applications and aspects
of the theory of analytic functions not always touched
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upon in a first course. Using appropriate exercises we
wish to show to the students some aspects of what lies
beyond a first course in complex variables. We also
discuss topics of interest for electrical engineering
students (for instance, the realization of rational functions
and its connections to the theory of linear systems and
state space representations of such systems). Examples
of important Hilbert spaces of analytic functions (in
particular the Hardy space and the Fock space) are
given. The book also includes a part where relevant facts
from topology, functional analysis and Lebesgue
integration are reviewed.
This is the fourth and final volume in the Princeton
Lectures in Analysis, a series of textbooks that aim to
present, in an integrated manner, the core areas of
analysis. Beginning with the basic facts of functional
analysis, this volume looks at Banach spaces, Lp
spaces, and distribution theory, and highlights their roles
in harmonic analysis. The authors then use the Baire
category theorem to illustrate several points, including
the existence of Besicovitch sets. The second half of the
book introduces readers to other central topics in
analysis, such as probability theory and Brownian
motion, which culminates in the solution of Dirichlet's
problem. The concluding chapters explore several
complex variables and oscillatory integrals in Fourier
analysis, and illustrate applications to such diverse areas
as nonlinear dispersion equations and the problem of
counting lattice points. Throughout the book, the authors
focus on key results in each area and stress the organic
unity of the subject. A comprehensive and authoritative
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text that treats some of the main topics of modern
analysis A look at basic functional analysis and its
applications in harmonic analysis, probability theory, and
several complex variables Key results in each area
discussed in relation to other areas of mathematics
Highlights the organic unity of large areas of analysis
traditionally split into subfields Interesting exercises and
problems illustrate ideas Clear proofs provided
The new standard reference on mathematical functions,
replacing the classic but outdated handbook from
Abramowitz and Stegun. Includes PDF version.

This first volume, a three-part introduction to the
subject, is intended for students with a beginning
knowledge of mathematical analysis who are
motivated to discover the ideas that shape Fourier
analysis. It begins with the simple conviction that
Fourier arrived at in the early nineteenth century
when studying problems in the physical
sciences--that an arbitrary function can be written as
an infinite sum of the most basic trigonometric
functions. The first part implements this idea in terms
of notions of convergence and summability of
Fourier series, while highlighting applications such
as the isoperimetric inequality and equidistribution.
The second part deals with the Fourier transform
and its applications to classical partial differential
equations and the Radon transform; a clear
introduction to the subject serves to avoid technical
difficulties. The book closes with Fourier theory for
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finite abelian groups, which is applied to prime
numbers in arithmetic progression. In organizing
their exposition, the authors have carefully balanced
an emphasis on key conceptual insights against the
need to provide the technical underpinnings of
rigorous analysis. Students of mathematics, physics,
engineering and other sciences will find the theory
and applications covered in this volume to be of real
interest. The Princeton Lectures in Analysis
represents a sustained effort to introduce the core
areas of mathematical analysis while also illustrating
the organic unity between them. Numerous
examples and applications throughout its four
planned volumes, of which Fourier Analysis is the
first, highlight the far-reaching consequences of
certain ideas in analysis to other fields of
mathematics and a variety of sciences. Stein and
Shakarchi move from an introduction addressing
Fourier series and integrals to in-depth
considerations of complex analysis; measure and
integration theory, and Hilbert spaces; and, finally,
further topics such as functional analysis,
distributions and elements of probability theory.
??????????????,????????????????,??????????????
?.????:???,??,?????,????????,????????,Matlab????,
???????????.???????????????????,??????????????
?????????????,???????????????????.????????????
??????,??????????????.
This is the first volume of a modern introduction to
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quantum field theory which addresses both
mathematicians and physicists, at levels ranging
from advanced undergraduate students to
professional scientists. The book bridges the
acknowledged gap between the different languages
used by mathematicians and physicists. For students
of mathematics the author shows that detailed
knowledge of the physical background helps to
motivate the mathematical subjects and to discover
interesting interrelationships between quite different
mathematical topics. For students of physics, fairly
advanced mathematics is presented, which goes
beyond the usual curriculum in physics.
??????????????????????,??????,????,????,????,???
?????????
A two-volume advanced text for graduate students.
This first volume covers the theory of Fourier
analysis.
This volume consists of invited lecture notes, survey
papers and original research papers from the
AAGADE school and conference held in B?dlewo,
Poland in September 2015. The contributions
provide an overview of the current level of interaction
between algebra, geometry and analysis and
demonstrate the manifold aspects of the theory of
ordinary and partial differential equations, while also
pointing out the highly fruitful interrelations between
those aspects. These interactions continue to yield
new developments, not only in the theory of
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differential equations but also in several related
areas of mathematics and physics such as
differential geometry, representation theory, number
theory and mathematical physics. The main goal of
the volume is to introduce basic concepts,
techniques, detailed and illustrative examples and
theorems (in a manner suitable for non-specialists),
and to present recent developments in the field,
together with open problems for more advanced and
experienced readers. It will be of interest to graduate
students, early-career researchers and specialists in
analysis, geometry, algebra and related areas, as
well as anyone interested in learning new methods
and techniques.
??????????????????????????,???????,???????????
??,???????????????????
"This book covers such topics as Lp? spaces,
distributions, Baire category, probability theory and
Brownian motion, several complex variables and
oscillatory integrals in Fourier analysis. The authors
focus on key results in each area, highlighting their
importance and the organic unity of the
subject"--Provided by publisher.
????:Real and abstract analysis
Real Analysis is the third volume in the Princeton
Lectures in Analysis, a series of four textbooks that
aim to present, in an integrated manner, the core
areas of analysis. Here the focus is on the
development of measure and integration theory,
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differentiation and integration, Hilbert spaces, and
Hausdorff measure and fractals. This book reflects
the objective of the series as a whole: to make plain
the organic unity that exists between the various
parts of the subject, and to illustrate the wide
applicability of ideas of analysis to other fields of
mathematics and science. After setting forth the
basic facts of measure theory, Lebesgue integration,
and differentiation on Euclidian spaces, the authors
move to the elements of Hilbert space, via the L2
theory. They next present basic illustrations of these
concepts from Fourier analysis, partial differential
equations, and complex analysis. The final part of
the book introduces the reader to the fascinating
subject of fractional-dimensional sets, including
Hausdorff measure, self-replicating sets, space-filling
curves, and Besicovitch sets. Each chapter has a
series of exercises, from the relatively easy to the
more complex, that are tied directly to the text. A
substantial number of hints encourage the reader to
take on even the more challenging exercises. As
with the other volumes in the series, Real Analysis is
accessible to students interested in such diverse
disciplines as mathematics, physics, engineering,
and finance, at both the undergraduate and graduate
levels. Also available, the first two volumes in the
Princeton Lectures in Analysis:
The book offers a good introduction to topology
through solved exercises. It is mainly intended for
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undergraduate students. Most exercises are given
with detailed solutions. In the second edition, some
significant changes have been made, other than the
additional exercises. There are also additional proofs
(as exercises) of many results in the old section
"What You Need To Know", which has been
improved and renamed in the new edition as
"Essential Background". Indeed, it has been
considerably beefed up as it now includes more
remarks and results for readers' convenience. The
interesting sections "True or False" and "Tests" have
remained as they were, apart from a very few
changes.
This book presents the theory of periodic conjugate
heat transfer in a detailed way. The effects of
thermophysical properties and geometry of a solid
body on the commonly used and experimentally
determined heat transfer coefficient are analytically
presented from a general point of view. The main
objective of the book is a simplified description of the
interaction between a solid body and a fluid as a
boundary value problem of the heat conduction
equation for the solid body. At the body surface, the
true heat transfer coefficient is composed of two
parts: the true mean value resulting from the solution
of the steady state heat transfer problem and a
periodically variable part, the periodic time and
length to describe the oscillatory hydrodynamic
effects. The second edition is extended by (i) the
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analysis of stability boundaries in helium flow at
supercritical conditions in a heated channel with
respect to the interaction between a solid body and a
fluid; (ii) a periodic model and a method of heat
transfer simulation in a fluid at supercritical pressure
and (iii) a periodic quantum-mechanical model for
homogeneous vapor nucleation in a fluid with
respect to nanoscale effects.
From economics and business to the biological
sciences to physics and engineering, professionals
successfully use the powerful mathematical tool of
optimal control to make management and strategy
decisions. Optimal Control Applied to Biological
Models thoroughly develops the mathematical
aspects of optimal control theory and provides
insight into the application of this theory to biological
models. Focusing on mathematical concepts, the
book first examines the most basic problem for
continuous time ordinary differential equations
(ODEs) before discussing more complicated
problems, such as variations of the initial conditions,
imposed bounds on the control, multiple states and
controls, linear dependence on the control, and free
terminal time. In addition, the authors introduce the
optimal control of discrete systems and of partial
differential equations (PDEs). Featuring a userfriendly interface, the book contains fourteen
interactive sections of various applications, including
immunology and epidemic disease models,
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management decisions in harvesting, and resource
allocation models. It also develops the underlying
numerical methods of the applications and includes
the MATLAB® codes on which the applications are
based. Requiring only basic knowledge of
multivariable calculus, simple ODEs, and
mathematical models, this text shows how to adjust
controls in biological systems in order to achieve
proper outcomes.
The authors’ aim here is to present a precise and
concise treatment of those parts of complex analysis
that should be familiar to every research
mathematician. They follow a path in the tradition of
Ahlfors and Bers by dedicating the book to a very
precise goal: the statement and proof of the
Fundamental Theorem for functions of one complex
variable. They discuss the many equivalent ways of
understanding the concept of analyticity, and offer a
leisure exploration of interesting consequences and
applications. Readers should have had
undergraduate courses in advanced calculus, linear
algebra, and some abstract algebra. No background
in complex analysis is required.
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