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in the excitement and rapid pace of developments writing pedagogical texts has low

priority for most researchers however in transforming my lecture l notes into this book

i found a personal benefit the organization of what i understand in a hopefully simple

logical sequence very little in this text is my original contribution most of the

knowledge was collected from the research literature some was acquired by

conversations with colleagues a kind of physics oral tradition passed between disciples

of a similar faith for many years diagramatic perturbation theory has been the major

theoretical tool for treating interactions in metals semiconductors itiner ant magnets

and superconductors it is in essence a weak coupling expan sion about free

quasiparticles many experimental discoveries during the last decade including heavy

fermions fractional quantum hall effect high temperature superconductivity and quantum

spin chains are not readily accessible from the weak coupling point of view therefore

recent years have seen vigorous development of alternative nonperturbative tools for

handling strong electron electron interactions i concentrate on two basic paradigms of

strongly interacting or con strained quantum systems the hubbard model and the

heisenberg model these models are vehicles for fundamental concepts such as effective ha

miltonians variational ground states spontaneous symmetry breaking and quantum

disorder in addition they are used as test grounds for various nonperturbative

approximation schemes that have found applications in diverse areas of theoretical

physics
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it intends to provide graduate students and researchers a comprehensive survey of

electron correlations weak and strong in insulators semiconductors and metals this

topic is a central one in condensed matter and beyond that in theoretical physics p 4

of cover

nearly all of this book is taken from an article prepared for a volume of the

encyclopedia of physics this article in turn is partly based on dr norbert rosenzweig s

translation of an older article on the same subject written by one of us h a b about

25 years ago for the geiger scheel handbuch der physik to the article written last

year we have added some addenda and errata these addenda and errata refer back to

some of the 79 sections of the main text and contain some misprint corrections

additional references and some notes the aim of this book is two fold first to act as

a reference work on calcu lations pertaining to hydrogen like and helium like atoms and

their comparison with experiments however these calculations involve a vast array of

approximation methods mathematical tricks and physical pictures which are also useful

in the application of quantum mechanics to other fields in many sections we have given

more general discussions of the methods and physical ideas than is necessary for the

study of the h and he atom alone we hope that this book will thus at least partly

fulfill its second aim namely to be of some use to graduate students who wish to

learn applied quantum mechanics a basic knowledge of the principles of quantum

mechanics such as given in the early chapters of schiff s or bohm s book is presupposed

as a continuation of classical condensed matter physics texts this graduate textbook

introduces advanced topics of correlated electron systems mesoscopic transport

quantum computing optical excitations and topological insulators the book is focusing

on an intuitive understanding of the basic concepts of these rather complex subjects
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major superconducting properties including zero resistance meissner effect sharp phase

change flux quantization excitation energy gap josephson effects are covered and

microscopically explained using quantum statistical mechanical calculations first

treated are the 2d superconductivity and then the quantum hall effects included are

exercise type problems for each section readers can grasp the concepts covered in the

book by following the worked through problems bibliographies are included in each

chapter and a glossary and list of symbols are given in the beginning of the book the

book is based on the materials taught by s fujita for several courses in quantum

theory of solids advanced topics in modern physics and quantum statistical mechanics

vols for 1903 include proceedings of the american physical society

comprehensive graduate text on subject of importance in condensed matter physics

electrical engineering and quantum chemistry

this book emphasizes the experimental aspects of the author s own laboratory instead

of merely presenting a dry collection of knowledge the author unfolds to the readers

his vivid experiences of enthusiasm sheer pleasure and yet frustrations in the course of

his own research in this way the book aims to arouse the reader s curiosity in the

strange behaviors of electrons in the microscopic world which differ significantly from

our common sense and daily experiences of the macroscopic world the fields of physics

explored in the book are quantum mechanics superconductivity electron microscopy

holography magnetism and unified theory areas of the author s study using electron

waves a world renowned expert in electron holography the author promises the

interested reader a fascinating ride through the quantum world of electron waves

accompanied by many colorful illustrations that delight the senses and captivate the

imagination
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primarily aiming to give undergraduate students an introduction to solid state physics

physics of electrons in solids explains the properties of solids through the study of

non interacting electrons in solids while each chapter contains a qualitative

introduction to the main ideas behind solid state physics it also provides detailed

calculations of utmost importance to graduate students the introductory chapters

contain crystallographic and quantum prerequisites the central chapters are devoted

to the quantum states of an independent electron in a crystal and to the equilibrium

properties of conductors insulators and semiconductors the final chapters contain

insights into the assumptions made throughout briefly describing the origin of

ferromagnetism and superconductivity the book ends with exercises and solutions based

on a physics course taught by the author at �cole polytechnique

the rationale for the present book perhaps the most critical problem facing present day

particle physicistsis to delineate the relationship between classical and quantum

systems this relationship has many facets particle waveduality is one the concept of

the point particle is another and theconcept of particle mass is yet another the

electron as the lightest of the charged particles represents a fundamental ground

state and many of the essential problems in the murky area between the

domainsofclassical and quantum physics can be brought into focus by studyingjust this

one particle thus the present book is centered on questions that arise in connection

with the electron and in particular with its mass which has remained an unsolved and

indeed almost unexplored mystery each student ofphysics beginner and professional alike

has to fashion for himselfa way of thinking about the electron if after reading this

book the reader views this topic somewhat differently than before the efforts of the

author will have been amply rewarded when physicists were confronted with the

properties of the electron they made a conceptualleap into the unknown they concluded
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that the electron does not obey classical laws with respect to mechanics as

connected to the spin of the electron and also with respect to electrodynamics as

connected to the magnetic moment of the electron

in a complex field this work is a first the authors make an important connection

between the conduction electrons and the fermi surface in an elementary manner in the

text no currently available text explains this connection they do this by deriving

newtonian equations of motion for the bloch electron and diagonalizing the inverse

mass symmetric tensor the authors plan to follow up this book with a second more

advanced book on superconductivity and the quantum hall effect

originally published in 1928 this book discusses debates and deliberates the many

discoveries of modern physics

this lecture style monograph is addressed to several categories of readers first it will

be useful for graduate students studying theory second the topics covered should be

interesting for postgraduate students of various specializations third the researchers

who want to understand the background of modern theoretical issues in more detail

can find a number of useful results here the phenomena covered involve kinetics of

electron phonon and photon systems in solids the dynamical properties and interactions

of electrons phonons and photons are briefly described in chapter 1 further in chapters

2 8 the authors present the main theoretical methods linear response theory various

kinetic equations for the quasiparticles under consideration and diagram technique the

presentation of the key approaches is always accompanied by solutions of concrete

problems to illustrate ways to apply the theory the remaining chapters are devoted

to various manifestations of quantum transport in solids the choice of particular

topics is determined by their scientific importance and methodological value the 267
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supplementary problems presented in the ends of chapters are offered to guide the reader

in self study focusing attention on the methodological aspects and discussing a great

diversity of kinetic phenomena in keeping with the guiding principle a method is more

important than a result the authors minimize both detailed discussion of physical

mechanisms of the phenomena considered and comparison of theoretical results to

experimental data
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