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the book concisely presents the fundamental aspects of the theory of operators on hilbert
spaces the topics covered include functional calculus and spectral theorems compact
operators trace class and hilbert schmidt operators self adjoint extensions of symmetric
operators and one parameter groups of operators the exposition of the material on
unbounded operators is based on a novel tool called the z transform which provides a way
to encode full information about unbounded operators in bounded ones hence making many

technical aspects of the theory less involved

this book offers an essential introduction to the theory of hilbert space a fundamental tool for
non relativistic quantum mechanics linear topological metric and normed spaces are all
addressed in detail in a rigorous but reader friendly fashion the rationale for providing an
introduction to the theory of hilbert space rather than a detailed study of hilbert space theory
itself lies in the strenuous mathematics demands that even the simplest physical cases entail
graduate courses in physics rarely offer enough time to cover the theory of hilbert space and
operators as well as distribution theory with sufficient mathematical rigor accordingly
compromises must be found between full rigor and the practical use of the instruments
based on one of the authors s lectures on functional analysis for graduate students in
physics the book will equip readers to approach hilbert space and subsequently rigged
hilbert space with a more practical attitude it also includes a brief introduction to topological
groups and to other mathematical structures akin to hilbert space exercises and solved
problems accompany the main text offering readers opportunities to deepen their
understanding the topics and their presentation have been chosen with the goal of quickly
yet rigorously and effectively preparing readers for the intricacies of hilbert space
consequently some topics e g the lebesgue integral are treated in a somewhat unorthodox

manner the book is ideally suited for use in upper undergraduate and lower graduate courses
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both in physics and in mathematics

this revision offers an overview of the basic ideas and results of hilbert space theory and
functional analysis introduction to hilbert spaces second edition acquaints students with the

lebesque integral and it includes an enhanced presentation of results and proofs

this book is the first monograph on a new powerful method discovered by the author for the
study of nonlinear dynamical systems relying on reduction of nonlinear differential equations
to the linear abstract schrodinger like equation in hilbert space besides the possibility of
unification of many apparently completely different techniques the quantal hilbert space
formalism introduced enables new original methods to be discovered for solving nonlinear
problems arising in investigation of ordinary and partial differential equations as well as
difference equations applications covered in the book include symmetries and first integrals
linearization transformations backlund transformations stroboscopic maps functional

equations involving the case of feigenbaum cvitanovic renormalization equations and chaos

a treatment of system theory within the context of finite dimensional spaces this text is
appropriate for students with no previous experience of operator theory the three part
approach with notes and references for each section covers linear algebra and finite
dimensional systems operators in hilbert space and linear systems in hilbert space 1981

edition

guantum mechanics in hilbert space

the vast and rapid advancement in telecommunications computers controls and aerospace
science has necessitated major changes in our basic understanding of the theory of
electrical signals and processing systems there is strong evidence that today s engineer
needs to extend and to modernize his analytical techniques the latest fundamental analytical
approach for the study of signals and systems seems to have its roots in the mathematics of
functional analysis this report contains a bird s eye view of the elements of hilbert spaces

and their associated linear operators the first chapter of the report gives an exposition of the
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most essential properties of hilbert spaces the second chapter presents the elements of
linear operators acting on such spaces the report is addressed to engineers and scientists
interested in the theory of signals and systems the applications of the theory will be

undertaken in a separate report author

this book presents basic elements of the theory of hilbert spaces and operators on hilbert
spaces culminating in a proof of the spectral theorem for compact self adjoint operators on
separable hilbert spaces it exhibits a construction of the space of pth power lebesgue
integrable functions by a completion procedure with respect to a suitable norm in a space of
continuous functions including proofs of the basic inequalities of hdlder and minkowski the Ip
spaces thereby emerges in direct analogy with a construction of the real numbers from the
rational numbers this allows grasping the main ideas more rapidly other important banach

spaces arising from function spaces and sequence spaces are also treated

this book presents basic elements of the theory of hilbert spaces and operators on hilbert
spaces culminating in a proof of the spectral theorem for compact self adjoint operators on
separable hilbert spaces it exhibits a construction of the space of pth power lebesgue
integrable functions by a completion procedure with respect to a suitable norm in a space of
continuous functions including proofs of the basic inequalities of hdlder and minkowski the Ip
spaces thereby emerges in direct analogy with a construction of the real numbers from the
rational numbers this allows grasping the main ideas more rapidly other important banach
spaces arising from function spaces and sequence spaces are also treated in this second
edition i have expanded the material on normed vector spaces and their operators presented
in chapter 1 to include proofs of the open mapping theorem the closed graph theorem and the
hahn banach theorem the material on operators between normed vector spaces is further
expanded in a new chapter 6 which presents the basic elements of the theory of fredholm
operators on general banach spaces not only on hilbert spaces this requires that we develop
the theory of dual operators between banach spaces to replace the use of adjoint operators
between hilbert spaces with the addition of the new material on normed vector spaces and

their operators the book can serve as a general introduction to functional analysis viewed as
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a theory of infinite dimensional linear spaces and linear operators acting on them

the existence of unitary dilations makes it possible to study arbitrary contractions on a
hilbert space using the tools of harmonic analysis the first edition of this book was an
account of the progress done in this direction in 1950 70 since then this work has influenced
many other areas of mathematics most notably interpolation theory and control theory this
second edition in addition to revising and amending the original text focuses on further
developments of the theory including the study of two operator classes operators whose
powers do not converge strongly to zero and operators whose functional calculus as
introduced in chapter iii is not injective for both of these classes a wealth of material on
structure classification and invariant subspaces is included in chapters ix and x several
chapters conclude with a sketch of other developments related with and developing the

material of the first edition

integration in function spaces arose in probability theory when a gen eral theory of random
processes was constructed here credit is cer tainly due to n wiener who constructed a
measure in function space integrals with respect to which express the mean value of
functionals of brownian motion trajectories brownian trajectories had previously been
considered as merely physical rather than mathematical phe nomena a n kolmogorov
generalized wiener s construction to allow one to establish the existence of a measure
corresponding to an arbitrary random process these investigations were the beginning of the
development of the theory of stochastic processes a considerable part of this theory
involves the solution of problems in the theory of measures on function spaces in the
specific language of stochastic pro cesses for example finding the properties of sample
functions is connected with the problem of the existence of a measure on some space
certain problems in statisticsreduce to the calculation of the density of one measure w rt
another one and the study of transformations of random processes leads to the study of
transformations of function spaces with measure one must note that the language of
probability theory tends to obscure the results obtained in these areas for mathematicians

working in other fields another dir ection leading to the study of integrals in function space is
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the theory and application of differential equations a n

an abstract volterra operator is roughly speaking a compact operator in a hilbert space
whose spectrum consists of a single point lambda 0 the theory of abstract volterra operators
significantly developed by the authors of the book and their collaborators represents an
important part of the general theory of non self adjoint operators in hilbert spaces the book
intended for all mathematicians interested in functional analysis and its applications
discusses the main ideas and results of the theory of abstract volterra operators of particular
interest to analysts and specialists in differential equations are the results about analytic
models of abstract volterra operators and applications to boundary value problems for

ordinary differential equations

from the preface this textbook has evolved from a set of lecture notes in both the course and
the book i have in mind first or second year graduate students in mathematics and related
fields such as physics it is necessary for the reader to have a foundation in advanced
calculus which includes familiarity with least upper bound Iub and greatest lower bound glb
the concept of function epsilon s and their companion delta s and basic properties of
sequences of real and complex numbers convergence cauchy s criterion the weierstrass
bolzano theorem it is not presupposed that the reader is acquainted with vector spaces
matrices or determinants there are over four hundred exercises most of them easy it is my
hope that this book aside from being an exposition of certain basic material on hilbert space

may also serve as an introduction to other areas of functional analysis

the present lectures intend to provide an introduction to the spectral analysis of self adjoint
operators within the framework of hilbert space theory the guiding notion in this approach is
that of spectral representation at the same time the notion of function of an operator is
emphasized the formal aspects of these concepts are explained in the first two chapters only
then is the notion of hilbert space introduced the following three chapters concern bounded
completely continuous and non bounded operators next simple differential operators are

treated as operators in hilbert space and the final chapter deals with the perturbation of
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discrete and continuous spectra the preparation of the original version of these lecture notes
was greatly helped by the assistance of p rejto various valuable suggestions made by him
and by r lewis have been incorporated the present version of the notes contains extensive
modifica tions in particular in the chapters on bounded and unbounded operators february
1973 k o f preface to the second printing the second printing 1980 is a basically unchanged
reprint in which a number of minor errors were corrected the author wishes to thank klaus
schmidt lausanne and john sylvester new york for their lists of errors v table of contents i
spectral representation 1 1 three typical problems 1 12 2 linear space and functional

representation

what could be regarded as the beginning of a theory of commutators ab ba of operators a
and b on a hilbert space considered as a dis cipline in itself goes back at least to the two
papers of weyl 3 1928 and von neumann 2 1931 on quantum mechanics and the commuta
tion relations occurring there here a and b were unbounded self adjoint operators satisfying
the relation ab ba ii in some appropriate sense and the problem was that of establishing the
essential uniqueness of the pair a and b the study of commutators of bounded operators on a
hilbert space has a more recent origin which can probably be pinpointed as the paper of
wintner 6 1947 an investigation of a few related topics in the subject is the main concern of
this brief monograph the ensuing work considers commuting or almost commuting quantities
a and b usually bounded or unbounded operators on a hilbert space but occasionally
regarded as elements of some normed space an attempt is made to stress the role of the
commutator ab ba and to investigate its properties as well as those of its components a and
b when the latter are subject to various restrictions some applica tions of the results
obtained are made to quantum mechanics perturba tion theory laurent and toeplitz operators

singular integral trans formations and jacobi matrices

this self contained treatment of bounded linear operators on a hilbert space provides an
examination of the theory from a problem solving viewpoint each chapter interweaves
theoretical results with a number of problems ranging from simple yet instructive exercises

to open questions at the forefront of current research complete solutions to all stated
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problems are provided written in a motivating and rigorous style the text covers much of the
classical theory it begins with the basics of invariant subspaces linear operators
convergence shifts and decompositions and then proceeds to hyponormal operators spectral
properties and paranormal and quasireducible operators the book concludes with a detailed
presentation of the lomonosov theorem on nontrivial hyperinvariant subspaces for compact
operators some knowledge of elementary functional analysis and a familiarity with the basics
of operator theory are all that is required while this problem solving approach to the study of
hilbert space operators is primarily aimed at graduate students it will benefit researchers and
working scientists as well given the far reaching applications of the subject to pure and

applied mathematics physics engineering economics and statistics

this english edition is almost identical to the german original lineare operatoren in
hilbertriiumen published by b g teubner stuttgart in 1976 a few proofs have been simplified
some additional exercises have been included and a small number of new results has been
added e g theorem 11 11 and theorem 11 23 in addition a great number of minor errors has
been corrected frankfurt january 1980 j weidmann vii preface to the german edition the
purpose of this book is to give an introduction to the theory of linear operators on hilbert
spaces and then to proceed to the interesting applica tions of differential operators to
mathematical physics besides the usual introductory courses common to both
mathematicians and physicists only a fundamental knowledge of complex analysis and of
ordinary differential equations is assumed the most important results of lebesgue integration
theory to the extent that they are used in this book are compiled with complete proofs in
appendix a i hope therefore that students from the fourth semester on will be able to read
this book without major difficulty however it might also be of some interest and use to the
teaching and research mathematician or physicist since among other things it makes easily

accessible several new results of the spectral theory of differential operators
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