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quantum mechanics in hilbert space

this  classic  textbook by two mathematicians from the ussr  s  prestigious kharkov
mathematics institute introduces linear operators in hilbert space and presents in
detail the geometry of hilbert space and the spectral theory of unitary and self adjoint
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operators it is directed to students at graduate and advanced undergraduate levels
but because of the exceptional clarity of its theoretical presentation and the inclusion
of results obtained by soviet mathematicians it  should prove invaluable for every
mathematician and physicist 1961 1963 edition

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  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

a  rigorous  critical  presentation  of  the  mathematics  of  nonrelativistic  quantum
mechanics this text is suitable for advanced undergraduate and graduate courses in
functional analysis exercises hints solutions 1981 edition

this textbook is an introduction to the theory of hilbert space and its applications the
notion of  hilbert  space is  central  in  functional  analysis  and is  used in  numerous
branches of pure and applied mathematics dr young has stressed applications of the
theory particularly to the solution of partial  differential  equations in mathematical
physics  and  to  the  approximation  of  functions  in  complex  analysis  some  basic
familiarity  with  real  analysis  linear  algebra  and  metric  spaces  is  assumed  but
otherwise the book is self contained it is based on courses given at the university of
glasgow and contains numerous examples and exercises many with solutions thus it
will make an excellent first course in hilbert space theory at either undergraduate or
graduate level  and will  also be of  interest  to  electrical  engineers  and physicists
particularly those involved in control theory and filter design

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
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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

this book is an 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  an
introduction to the theory of hilbert space rather than a detailed study of hilbert space
theory itself resides in the very high mathematical difficulty of even the simplest
physical case within an ordinary graduate course in physics there is insufficient time
to cover the theory of hilbert spaces and operators as well as distribution theory with
sufficient mathematical rigor compromises must be found between full  rigor and
practical  use  of  the  instruments  the  book  is  based on  the  author  s  lessons  on
functional  analysis  for  graduate  students  in  physics  it  will  equip  the  reader  to
approach hilbert space and subsequently rigged hilbert space with a more practical
attitude with respect to the original lectures the mathematical flavor in all subjects
has been enriched moreover a brief  introduction to topological  groups has been
added in addition to exercises and solved problems throughout the text with these
improvements the book can be used in upper undergraduate and lower graduate
courses both in physics and in mathematics

written for the active reader with some background in the topic this book presents
problems in hilbert space theory with definitions corollaries and historical remarks
hints proofs answers and constructions

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 lub
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
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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

sets mappings groups metric spaces linear operators in linear spaces linear operators
in normed spaces the extended real line measurable sets and measurable functions
measures  integration  lebesgue  measure  hilbert  spaces  l2  hilbert  spaces  adjoint
operators orthogonal projections and projection valued measures integration with
respect to a projection valued measure spectral theorems one parameter unitary
groups and stone s theorem commuting operators and reducing subspaces trace
class  and  statistical  operators  quantum mechanics  in  hilbert  space  position  and
momentum in non relativistic quantum mechanics

the purpose of this book is to make available to beginning graduate students and to
others  some  core  areas  of  analysis  which  serve  as  prerequisites  for  new
developments in pure and applied areas we begin with a presentation chapters 1 and
2 of a selection of topics from the theory of operators in hilbert space algebras of
operators and their corresponding spectral theory this is a systematic presentation of
interrelated topics from infinite dimensional and non commutative analysis again with
view to applications chapter 3 covers a study of representations of the canonical
commutation relations ccrs with emphasis on the requirements of infinite dimensional
calculus of variations often referred to as ito and malliavin calculus chapters 4 6 this
further connects to key areas in quantum physics

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 schrödinger 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 bäcklund transformations stroboscopic maps functional  equations
involving the case of feigenbaum cvitanovic renormalization equations and chaos

the description for this book an introduction to linear transformations in hilbert space
am 4 volume 4 will be forthcoming
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