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this book discusses the physical and mathematical foundations of modern quantum mechanics
and three realistic quantum theories that john stuart bell called theories without observers
because they do not merely speak about measurements but develop an objective picture of the
physical world these are bohmian mechanics the grw collapse theory and the many worlds
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theory the book is ideal to accompany or supplement a lecture course on quantum mechanics
but also suited for self study particularly for those who have completed such a course but are
left puzzled by the question what does the mathematical formalism which i have so laboriously
learned and applied actually tell us about nature

this book provides the first unified overview of the burgeoning research area at the interface
between quantum foundations and quantum information topics include operational alternatives
to quantum theory information theoretic reconstructions of the quantum formalism
mathematical frameworks for operational theories and device independent features of the set of
quantum correlations powered by the injection of fresh ideas from the field of quantum
information and computation the foundations of quantum mechanics are in the midst of a
renaissance the last two decades have seen an explosion of new results and research directions
attracting broad interest in the scientific community the variety and number of different
approaches however makes it challenging for a newcomer to obtain a big picture of the field
and of its high level goals here fourteen original contributions from leading experts in the field
cover some of the most promising research directions that have emerged in the new wave of
quantum foundations the book is directed at researchers in physics computer science and
mathematics and would be appropriate as the basis of a graduate course in quantum
foundations

since its conception 90 years ago the quantum uncertainty principle introduced by werner
heisenberg lies behind most important features of quantum physics and its implications have
an impact that goes far beyond the physics community this book focuses on the quantum
uncertainty principle providing an up to date examination of recent developments of its
applications in quantum information theory the book brings together several renowned experts
working in the foundations of quantum mechanics and quantum information theory the authors
provide different approaches to the study of uncertainty relations and other fundamental
aspects of the quantum formalism topics addressed include entanglement and bell inequalities
the application of entropic information measures to the study of uncertainty inequalities the
characterization of deep learning networks in the context of adiabatic quantum computation
and the study of general properties of the set of quantum states the content of this book will
surely benefit both experienced and new researchers specializing in quantum information
theory and the foundations of quantum mechanics

the advanced school on quantum foundations and open quantum systems was an exceptional
combination of lectures these comprise lectures in standard physics and investigations on the
foundations of quantum physics on the one hand it included lectures on quantum information
quantum open systems quantum transport and quantum solid state on the other hand it
included lectures on quantum measurement models for elementary particles sub quantum
structures and aspects on the philosophy and principles of quantum physics the special
program of this school offered a broad outlook on the current and near future fundamental
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research in theoretical physics the lectures are at the level of phd students

in this second volume on the foundations of quantum mechanics we shall show how it is
possible using the methodology presented in volume i to deduce some of the most important
applications of quantum mechanics these deductions are concerned with the structures of the
microsystems rather than the technical details of the construction of preparation and
registration devices accordingly the only new axioms relative to volume i which are introduced
are concerned with the relationship between ensemble operators w effect operators f and
certain construction principles of the preparation and registration devices the applications
described here are concerned with the measurement of atomic and molecular structure and of
collision experiments an additional and essential step towards a theoretical description of the
preparation and registration procedures is carried out in chapter xvii here we demonstrate how
microscopic collision processes that is processes which can be described by quantum
mechanics can be used to obtain novel preparation and registration procedures if we take for
granted the knowledge of only a few macroscopic preparation and registration procedures by
clever use of collision processes we are often able to obtain very precise results for the
operators wand f which describe the total procedures from a very imprecise knowledge of the
macroscopic parts of the preparation and regis tration processes in this regard experimental
physicists have done brilliant work in this sense chapter xvii represents a general theoretical
foundation for the procedures used by experimental physicists

in this book carver mead offers a radically new approach to the standard problems of
electromagnetic theory motivated by the belief that the goal of scientific research should be the
simplification and unification of knowledge he describes a new way of doing electrodynamics
collective electrodynamics that does not rely on maxwell s equations but rather uses the
quantum nature of matter as its sole basis collective electrodynamics is a way of looking at how
electrons interact based on experiments that tell us about the electrons directly as mead points
out maxwell had no access to these experiments the results mead derives for standard
electromagnetic problems are identical to those found in any text collective electrodynamics
reveals however that quantities that we usually think of as being very different are in fact the
same that electromagnetic phenomena are simple and direct manifestations of quantum
phenomena mead views his approach as a first step toward reformulating quantum concepts in
a clear and comprehensible manner the book is divided into five sections magnetic interaction
of steady currents propagating waves electromagnetic energy radiation in free space and
electromagnetic interaction of atoms in an engaging preface mead tells how his approach to
electromagnetic theory was inspired by his interaction with richard feynman

composed of contributions from leading experts in quantum foundations this volume presents
viewpoints on a number of complex problems through informational probabilistic and
mathematical perspectives and features novel mathematical models of quantum and
subquantum phenomena rich with multi disciplinary mathematical content this book includes
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applications of partial differential equations in quantum field theory differential geometry
oscillatory processes and vibrations and feynman integrals for quickly growing potential
functions due to rapid growth in the field in recent years this volume aims to promote
interdisciplinary collaboration in the areas of quantum probability information communication
and foundation and mathematical physics many papers discuss complex yet novel problems
that depart from the mainstream of quantum physical studies others devote explanation to
fundamental problems of the conventional quantum theory including its mathematical
formalism overall authors cover a diverse set of topics including quantum and classical field
theory and oscillatory processing quantum mechanics from a darwinian evolutionary
perspective and biological applications of quantum theory together in one volume these essays
will be useful to experts in the corresponding areas of quantum theory theoreticians
experimenters mathematicians and even philosophers in quantum physics and quantum
probability and information theory can consider this book a valuable resource

quantum theory is the soul of theoretical physics it is not just a theory of specific physical
systems but rather a new framework with universal applicability this book shows how we can
reconstruct the theory from six information theoretical principles by rebuilding the quantum
rules from the bottom up step by step the reader will learn how to master the counterintuitive
aspects of the quantum world and how to efficiently reconstruct quantum information protocols
from first principles using intuitive graphical notation to represent equations and with shorter
and more efficient derivations the theory can be understood and assimilated with exceptional
ease offering a radically new perspective on the field the book contains an efficient course of
quantum theory and quantum information for undergraduates it is aimed at researchers
professionals and students in physics computer science and philosophy as well as the curious
outsider seeking a deeper understanding of the theory

quantum mechanics was still in its infancy in 1932 when the young john von neumann who
would go on to become one of the greatest mathematicians of the twentieth century published
mathematical foundations of quantum mechanics a revolutionary book that for the first time
provided a rigorous mathematical framework for the new science robert beyer s 1955 english
translation which von neumann reviewed and approved is cited more frequently today than
ever before but its many treasures and insights were too often obscured by the limitations of the
way the text and equations were set on the page in this new edition of this classic work
mathematical physicist nicholas wheeler has completely reset the book in tex making the text
and equations far easier to read he has also corrected a handful of typographic errors revised
some sentences for clarity and readability provided an index for the first time and added
prefatory remarks drawn from the writings of léon van hove and freeman dyson the result brings
new life to an essential work in theoretical physics and mathematics

this book offers a thorough technical elaboration and philosophical defense of an objectivist
informational interpretation of quantum mechanics according to which its novel content is
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located in its kinematical framework that is in how the theory describes systems independently
of the specifics of their dynamics it will be of interest to researchers and students in the
philosophy of physics and in theoretical physics with an interest in the foundations of quantum
mechanics additionally parts of the book may be used as the basis for courses introducing non
physics majors to quantum mechanics or for self study by those outside of the university with
an interest in quantum mechanics with a foreword by jeffrey bub understanding quantum
raffles is a wonderful book for both the specialists and those with curious minds the elegance
and the simplicity with which the three mikes explain some of the deepest aspects of quantum
mechanics on the basis of probabilities and correlations are dazzling and delightful the same
elegance and simplicity also make the book ideal for any engaged reader who ever wondered
what is so special about quantum mechanics in our age of new quantum technologies this is
something anyone should read guido bacciagaluppi author of quantum theory at the crossroads
this book makes a sustained argument for an informational interpretation of quantum theory
blending an elegant mathematical characterisation of quantum correlations with incisive
historical and philosophical analysis a must read for those interested in quantum foundations
and also a fertile source of teaching inspiration for quantum theory leah henderson department
of theoretical philosophy university of groningen this is one of the most fascinating and
accessible presentations of the informational approach to quantum mechanics what has so far
been mostly restricted to the theoretical physics community is here masterfully explained for a
broader audience even without a physics background scholars students and laypeople alike will
appreciate the clear vivid and yet deep discussion of what raffle tickets and correlation
elliptopes can tell us about the physics and philosophy of the quantum world markus midiller
institute for quantum optics and quantum information vienna

this book is meant to be a text for a rst course in quantum physics it is assumed that the student
has had courses in modern physics and in mathematics through differential equations the book
is otherwise self contained and does not rely on outside resources such as the internet to
supplement the material si units are used throughoutexcept for those topics for which atomic
units are especially convenient it is our belief that for a physics major a quantum physics
textbook should be more than a one or two semester acquaintance consequently this book
contains material that while germane to the subject the instructor might choose to omit
because of time limitations there are topics and examples included that are not normally
covered in introductory textbooks these topics are not necessarily too advanced they are simply
not usually covered we have not however presumed to tell the instructor which topics must be
included and which may be omitted it is our intention that omitted subjects are available for
future reference in a book that is already familiar to its owner in short it is our hope that the
student will use the book as a reference after having completed the course we have included at
the end of most chapters a retrospective of the chapter thisis notmeanttobemerelya summary
but rather anoverviewoftheimportance ofthe material andits placein the
contextofpreviousandforthcomingchapters
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this thesis uses high precision single photon experiments to shed new light on the role of reality
causality and uncertainty in quantum mechanics it provides a comprehensive introduction to
the current understanding of quantum foundations and details three influential experiments
that significantly advance our understanding of three core aspects of this problem the first
experiment demonstrates that the quantum wavefunction is part of objective reality if there is
any such reality in our world the second experiment shows that quantum correlations cannot be
explained in terms of cause and effect even when considering superluminal influences between
measurement outcomes the final experiment in this thesis demonstrates a novel uncertainty
relation for joint quantum measurements where the textbook relation does not apply

the theoretical foundations of quantum mechanics addresses fundamental issues that are not
discussed in most books on quantum mechanics this book focuses on analyzing the underlying
principles of quantum mechanics and explaining the conceptual and theoretical underpinning
of quantum mechanics in particular the concepts of quantum indeterminacy quantum
measurement and quantum superposition are analyzed to clarify the concepts that are implicit
in the formulation of quantum mechanics the schrodinger equation is never solved in the book
rather the discussion on the fundamentals of quantum mechanics is treated in a rigorous
manner based on the mathematics of quantum mechanics the new concept of the interplay of
empirical and trans empirical constructs in quantum mechanics is introduced to clarify the
foundations of quantum mechanics and to explain the counter intuitive construction of nature
in quantum mechanics the theoretical foundations of quantum mechanics is aimed at the
advanced undergraduate and assumes introductory knowledge of quantum mechanics its
objective is to provide a solid foundation for the reader to reach a deeper understanding of the
principles of quantum mechanics

quantum mechanics is an extraordinarily successful scientific theory but more than 100 years
after it was first introduced the interpretation of the theory remains controversial this element
introduces some of the most puzzling questions at the foundations of quantum mechanics and
provides an up to date and forward looking survey of the most prominent ways in which
physicists and philosophers of physics have attempted to resolve them topics covered include
nonlocality contextuality the reality of the wavefunction and the measurement problem the
discussion is supplemented with descriptions of some of the most important mathematical
results from recent work in quantum foundations including bell s theorem the kochen specker
theorem and the pbr theorem

as previous vaxjo conferences on quantum foundations qtrf 5 was notable not only for the
contributions of the papers presented there but also for its exciting debates these debates
offered a great diversity of opinions on foundations of quantum mechanics gm and its future
developments from those defined by the view of those who adhere to the orthodox copenhagen
interpretation which rejected realism and causality at one end of the spectrum to those who
subscribed to realist views of the type advocated by einstein at the other end with a number of
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views in between

conceptual foundations of quantum mechanics provides a detailed view of the conceptual
foundations and problems of quantum physics and a clear and comprehensive account of the
fundamental physical implications of the quantum formalism this book deals with
nonseparability hidden variable theories measurement theories and several related problems
mathematical arguments are presented with an emphasis on simple but adequately
representative cases the conclusion incorporates a description of a set of relationships and
concepts that could compose a legitimate view of the world

originally published in 1965 the aim of this book was to challenge the dualistic view of physics
that is the assumption that beams of electrons consist of discrete particles and of waves lande
argues that this dualistic view is unnecessary not only on methodological grounds but also from
the standpoint of physics lande sets out to point out that there are faults in the purely physical
arguments which have led to the dualistic doctrine and shows that by making use of the
quantum rule for the exchange of linear momentum established by w duane in 1923 wave like
phenomena can be fully explained on a unitary particle theory of matter chapters cover a
variety of subjects and range from dualism versus quantum mechanics to the origin of the
quantum rules appendices are included for reference this book will be of value to students and
scholars of the history of physics

john von neumann 1903 1957 was undoubtedly one of the scientific geniuses of the 20th
century the main fields to which he contributed include various disciplines of pure and applied
mathematics mathematical and theoretical physics logic theoretical computer science and
computer architecture von neumann was also actively involved in politics and science
management and he had a major impact on us government decisions during and especially after
the second world war there exist several popular books on his personality and various
collections focusing on his achievements in mathematics computer science and economy
strangely enough to date no detailed appraisal of his seminal contributions to the mathematical
foundations of quantum physics has appeared von neumann s theory of measurement and his
critique of hidden variables became the touchstone of most debates in the foundations of
quantum mechanics today his name also figures most prominently in the mathematically
rigorous branches of contemporary quantum mechanics of large systems and quantum field
theory and finally as one of his last lectures published in this volume for the first time shows he
considered the relation of quantum logic and quantum mechanical probability as his most
important problem for the second half of the twentieth century the present volume embraces
both historical and systematic analyses of his methodology of mathematical physics and of the
various aspects of his work in the foundations of quantum physics such as theory of
measurement quantum logic and quantum mechanical entropy the volume is rounded off by
previously unpublished letters and lectures documenting von neumann s thinking about
quantum theory after his 1932 mathematical foundations of quantum mechanics the general
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part of the yearbook contains papers emerging from the institute s annual lecture series and
reviews of important publications of philosophy of science and its history
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