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Conceptual progress in fundamental theoretical physics is linked with the search
for the suitable mathematical structures that model the physical systems.
Quantum field theory (QFT) has proven to be a rich source of ideas for
mathematics for a long time. However, fundamental questions such as ``What is
a QFT?'' did not have satisfactory mathematical answers, especially on spaces
with arbitrary topology, fundamental for the formulation of perturbative string
theory. This book contains a collection of papers highlighting the mathematical
foundations of QFT and its relevance to perturbative string theory as well as the
deep techniques that have been emerging in the last few years. The papers are
organized under three main chapters: Foundations for Quantum Field Theory,
Quantization of Field Theories, and Two-Dimensional Quantum Field Theories.
An introduction, written by the editors, provides an overview of the main
underlying themes that bind together the papers in the volume.
This monograph is devoted to quantum statistical mechanics. It can be regarded
as a continuation of the book "Mathematical Foundations of Classical Statistical
Mechanics. Continuous Systems" (Gordon & Breach SP, 1989) written together
with my colleagues V. I. Gerasimenko and P. V. Malyshev. Taken together, these
books give a complete pre sentation of the statistical mechanics of continuous
systems, both quantum and classical, from the common point of view. Both
books have similar contents. They deal with the investigation of states of in finite
systems, which are described by infinite sequences of statistical operators
(reduced density matrices) or Green's functions in the quantum case and by
infinite sequences of distribution functions in the classical case. The equations of
state and their solutions are the main object of investigation in these books. For
infinite systems, the solutions of the equations of state are constructed by using
the thermodynamic limit procedure, accord ing to which we first find a solution for
a system of finitely many particles and then let the number of particles and the
volume of a region tend to infinity keeping the density of particles constant.
However, the style of presentation in these books is quite different.
A coherent, well-organized look at the basis of quantum statistics’ computational
methods, the determination of the mean values of occupation numbers, the
foundations of the statistics of photons and material particles, thermodynamics.
This text shows that insights in quantum physics can be obtained by exploring
the mathematical structure of quantum mechanics. It presents the theory of
Hermitean operators and Hilbert spaces, providing the framework for
transformation theory, and using th
This graduate textbook provides a unified view of quantum information theory.
Clearly explaining the necessary mathematical basis, it merges key topics from
Page 1/11

Get Free Mathematical Foundations Of Quantum Information And
Computation And Its Applications To Nano And Bio Systems Theoretical
And Mathematical Physics
both information-theoretic and quantum- mechanical viewpoints and provides
lucid explanations of the basic results. Thanks to this unified approach, it makes
accessible such advanced topics in quantum communication as quantum
teleportation, superdense coding, quantum state transmission (quantum errorcorrection) and quantum encryption. Since the publication of the preceding book
Quantum Information: An Introduction, there have been tremendous strides in the
field of quantum information. In particular, the following topics – all of which are
addressed here – made seen major advances: quantum state discrimination,
quantum channel capacity, bipartite and multipartite entanglement, security
analysis on quantum communication, reverse Shannon theorem and uncertainty
relation. With regard to the analysis of quantum security, the present book
employs an improved method for the evaluation of leaked information and
identifies a remarkable relation between quantum security and quantum
coherence. Taken together, these two improvements allow a better analysis of
quantum state transmission. In addition, various types of the newly discovered
uncertainty relation are explained. Presenting a wealth of new developments, the
book introduces readers to the latest advances and challenges in quantum
information. To aid in understanding, each chapter is accompanied by a set of
exercises and solutions.
For almost every student of physics, the first course on quantum theory raises a
lot of puzzling questions and creates a very uncertain picture of the quantum
world. This book presents a clear and detailed exposition of the fundamental
concepts of quantum theory: states, effects, observables, channels and
instruments. It introduces several up-to-date topics, such as state discrimination,
quantum tomography, measurement disturbance and entanglement distillation. A
separate chapter is devoted to quantum entanglement. The theory is illustrated
with numerous examples, reflecting recent developments in the field. The
treatment emphasises quantum information, though its general approach makes
it a useful resource for graduate students and researchers in all subfields of
quantum theory. Focusing on mathematically precise formulations, the book
summarises the relevant mathematics.
Quantum Information Theory and the Foundations of Quantum Mechanics is a
conceptual analysis of one the most prominent and exciting new areas of
physics, providing the first full-length philosophical treatment of quantum
information theory and the questions it raises for our understanding of the
quantum world. Beginning from a careful, revisionary, analysis of the concepts of
information in the everyday and classical information-theory settings, Christopher
G. Timpson argues for an ontologically deflationary account of the nature of
quantum information. Against what many have supposed, quantum information
can be clearly defined (it is not a primitive or vague notion) but it is not part of the
material contents of the world. Timpson's account sheds light on the nature of
nonlocality and information flow in the presence of entanglement and, in
particular, dissolves puzzles surrounding the remarkable process of quantum
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teleportation. In addition it permits a clear view of what the ontological and
methodological lessons provided by quantum information theory are; lessons
which bear on the gripping question of what role a concept like information has to
play in fundamental physics. Topics discussed include the slogan 'Information is
Physical', the prospects for an informational immaterialism (the view that
information rather than matter might fundamentally constitute the world), and the
status of the Church-Turing hypothesis in light of quantum computation. With a
clear grasp of the concept of information in hand, Timpson turns his attention to
the pressing question of whether advances in quantum information theory pave
the way for the resolution of the traditional conceptual problems of quantum
mechanics: the deep problems which loom over measurement, nonlocality and
the general nature of quantum ontology. He marks out a number of common
pitfalls to be avoided before analysing in detail some concrete proposals,
including the radical quantum Bayesian programme of Caves, Fuchs, and
Schack. One central moral which is drawn is that, for all the interest that the
quantum information-inspired approaches hold, no cheap resolutions to the
traditional problems of quantum mechanics are to be had.
This book provides a comprehensive treatment of quantum mechanics from a
mathematics perspective and is accessible to mathematicians starting with
second-year graduate students. It addition to traditional topics, like classical
mechanics, mathematical foundations of quantum mechanics, quantization, and
the Schrodinger equation, this book gives a mathematical treatment of systems
of identical particles with spin, and it introduces the reader to functional methods
in quantum mechanics. This includes the Feynman path integral approach to
quantum mechanics, integration in functional spaces, the relation between
Feynman and Wiener integrals, Gaussian integration and regularized
determinants of differential operators, fermion systems and integration over
anticommuting (Grassmann) variables, supersymmetry and localization in loop
spaces, and supersymmetric derivation of the Atiyah-Singer formula for the index
of the Dirac operator. Prior to this book, mathematicians could find these topics
only in physics textbooks and in specialized literature. This book is written in a
concise style with careful attention to precise mathematics formulation of
methods and results.Numerous problems, from routine to advanced, help the
reader to master the subject. In addition to providing a fundamental knowledge of
quantum mechanics, this book could also serve as a bridge for studying more
advanced topics in quantum physics, among them quantum field theory.
Prerequisites include standard first-year graduate courses covering linear and
abstract algebra, topology and geometry, and real and complex analysis.
A graduate level text which systematically lays out the foundations of Quantum Groups.
This book studies the foundations of quantum theory through its relationship to classical
physics. This idea goes back to the Copenhagen Interpretation (in the original version due to
Bohr and Heisenberg), which the author relates to the mathematical formalism of operator
algebras originally created by von Neumann. The book therefore includes comprehensive
appendices on functional analysis and C*-algebras, as well as a briefer one on logic, category
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and topos theory.
Matters of foundational as well as mathematical interest that are
covered in detail include symmetry (and its "spontaneous" breaking), the measurement
problem, the Kochen-Specker, Free Will, and Bell Theorems, the Kadison-Singer conjecture,
quantization, indistinguishable particles, the quantum theory of large systems, and quantum
logic, the latter in connection with the topos approach to quantum theory. This book is Open
Access under a CC BY licence.
First-ever comprehensive introduction to the major new subject of quantum computing and
quantum information.
This book presents a concise introduction to an emerging and increasingly important topic, the
theory of quantum computing. The development of quantum computing exploded in 1994 with
the discovery of its use in factoring large numbers--an extremely difficult and time-consuming
problem when using a conventional computer. In less than 300 pages, the authors set forth a
solid foundation to the theory, including results that have not appeared elsewhere and
improvements on existing works. The book starts with the basics of classical theory of
computation, including NP-complete problems and the idea of complexity of an algorithm. Then
the authors introduce general principles of quantum computing and pass to the study of main
quantum computation algorithms: Grover's algorithm, Shor's factoring algorithm, and the
Abelian hidden subgroup problem. In concluding sections, several related topics are discussed
(parallel quantum computation, a quantum analog of NP-completeness, and quantum errorcorrecting codes). This is a suitable textbook for a graduate course in quantum computing.
Prerequisites are very modest and include linear algebra, elements of group theory and
probability, and the notion of an algorithm (on a formal or an intuitive level). The book is
complete with problems, solutions, and an appendix summarizing the necessary results from
number theory.
This graduate-level textbook provides a unified viewpoint of quantum information theory that
merges key topics from both the information-theoretic and quantum- mechanical viewpoints.
The text provides a unified viewpoint of quantum information theory and lucid explanations of
those basic results, so that the reader fundamentally grasps advances and challenges. This
unified approach makes accessible such advanced topics in quantum communication as
quantum teleportation, superdense coding, quantum state transmission (quantum errorcorrection), and quantum encryption.
Mathematical Foundations of Quantum Theory is a collection of papers presented at the 1977
conference on the Mathematical Foundations of Quantum Theory, held in New Orleans. The
contributors present their topics from a wide variety of backgrounds and specialization, but all
shared a common interest in answering quantum issues. Organized into 20 chapters, this
book's opening chapters establish a sound mathematical basis for quantum theory and a mode
of observation in the double slit experiment. This book then describes the Lorentz particle
system and other mathematical structures with which fundamental quantum theory must deal,
and then some unsolved problems in the quantum logic approach to the foundations of
quantum mechanics are considered. Considerable chapters cover topics on manuals and
logics for quantum mechanics. This book also examines the problems in quantum logic, and
then presents examples of their interpretation and relevance to nonclassical logic and
statistics. The accommodation of conventional Fermi-Dirac and Bose-Einstein statistics in
quantum mechanics or quantum field theory is illustrated. The final chapters of the book
present a system of axioms for nonrelativistic quantum mechanics, with particular emphasis on
the role of density operators as states. Specific connections of this theory with other
formulations of quantum theory are also considered. These chapters also deal with the
determination of the state of an elementary quantum mechanical system by the associated
position and momentum distribution. This book is of value to physicists, mathematicians, and
researchers who are interested in quantum theory.
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basics of quantum information, e.g., foundation of quantum theory,
quantum algorithms, quantum entanglement, quantum entropies, quantum coding, quantum
error correction and quantum cryptography. The required knowledge is only elementary
calculus and linear algebra. This way the book can be understood by undergraduate students.
In order to study quantum information, one usually has to study the foundation of quantum
theory. This book describes it from more an operational viewpoint which is suitable for
quantum information while traditional textbooks of quantum theory lack this viewpoint. The
current book bases on Shor's algorithm, Grover's algorithm, Deutsch-Jozsa's algorithm as
basic algorithms. To treat several topics in quantum information, this book covers several kinds
of information quantities in quantum systems including von Neumann entropy. The limits of
several kinds of quantum information processing are given. As important quantum protocols,
this book contains quantum teleportation, quantum dense coding, quantum data compression.
In particular conversion theory of entanglement via local operation and classical
communication are treated too. This theory provides the quantification of entanglement, which
coincides with von Neumann entropy. The next part treats the quantum hypothesis testing. The
decision problem of two candidates of the unknown state are given. The asymptotic
performance of this problem is characterized by information quantities. Using this result, the
optimal performance of classical information transmission via noisy quantum channel is
derived. Quantum information transmission via noisy quantum channel by quantum error
correction are discussed too. Based on this topic, the secure quantum communication is
explained. In particular, the quantification of quantum security which has not been treated in
existing book is explained. This book treats quantum cryptography from a more practical
viewpoint.
This volume is based on the 2008 Clifford Lectures on Information Flow in Physics, Geometry
and Logic and Computation, held March 12-15, 2008, at Tulane University in New Orleans,
Louisiana. The varying perspectives of the researchers are evident in the topics represented in
the volume, including mathematics, computer science, quantum physics and classical and
quantum information. A number of the articles address fundamental questions in quantum
information and related topics in quantum physics, using abstract categorical and domaintheoretic models for quantum physics to reason about such systems and to model spacetime.
Readers can expect to gain added insight into the notion of information flow and how it can be
understood in many settings. They also can learn about new approaches to modeling quantum
mechanics that provide simpler and more accessible explanations of quantum phenomena,
which don't require the arcane aspects of Hilbert spaces and the cumbersome notation of bras
and kets.

This comprehensive textbook on the rapidly advancing field introduces readers to
the fundamental concepts of information theory and quantum entanglement,
taking into account the current state of research and development. It thus covers
all current concepts in quantum computing, both theoretical and experimental,
before moving on to the latest implementations of quantum computing and
communication protocols. It contains problems and exercises and is therefore
ideally suited for students and lecturers in physics and informatics, as well as
experimental and theoretical physicists in academia and industry who work in the
field of quantum information processing. The second edition incorporates
important recent developments such as quantum metrology, quantum
correlations beyond entanglement, and advances in quantum computing with
solid state devices.
This book is a collection of outstanding papers on various aspects of entropy at
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the foundation of quantum physics. The covered topics range from purely
foundational issues such as contextuality and Bell and Leggett–Garg inequalities
to applications such as quantum key distribution, teleportation, and image
encoding. The main ingredient binding them together in this book is that in all of
the contained papers, entropy plays a key role either as a mathematical tool or as
a link which bridges the gap between different fields of science.
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 multidisciplinary mathematical content, this book includes 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.
This book is the first one addressing quantum information from the viewpoint of
group symmetry. Quantum systems have a group symmetrical structure. This
structure enables to handle systematically quantum information processing.
However, there is no other textbook focusing on group symmetry for quantum
information although there exist many textbooks for group representation. After
the mathematical preparation of quantum information, this book discusses
quantum entanglement and its quantification by using group symmetry. Group
symmetry drastically simplifies the calculation of several entanglement measures
although their calculations are usually very difficult to handle. This book treats
optimal information processes including quantum state estimation, quantum state
cloning, estimation of group action and quantum channel etc. Usually it is very
difficult to derive the optimal quantum information processes without asymptotic
setting of these topics. However, group symmetry allows to derive these optimal
solutions without assuming the asymptotic setting. Next, this book addresses the
quantum error correcting code with the symmetric structure of Weyl-Heisenberg
groups. This structure leads to understand the quantum error correcting code
systematically. Finally, this book focuses on the quantum universal information
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protocols by using the group SU(d). This topic can be regarded as a quantum
version of the Csiszar-Korner's universal coding theory with the type method. The
required mathematical knowledge about group representation is summarized in
the companion book, Group Representation for Quantum 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 provides readers with a concise introduction to current studies on
operator-algebras and their generalizations, operator spaces and operator
systems, with a special focus on their application in quantum information science.
This basic framework for the mathematical formulation of quantum information
can be traced back to the mathematical work of John von Neumann, one of the
pioneers of operator algebras, which forms the underpinning of most current
mathematical treatments of the quantum theory, besides being one of the most
dynamic areas of twentieth century functional analysis. Today, von Neumann’s
foresight finds expression in the rapidly growing field of quantum information
theory. These notes gather the content of lectures given by a very distinguished
group of mathematicians and quantum information theorists, held at the IMSc in
Chennai some years ago, and great care has been taken to present the material
as a primer on the subject matter. Starting from the basic definitions of operator
spaces and operator systems, this text proceeds to discuss several important
theorems including Stinespring’s dilation theorem for completely positive maps
and Kirchberg’s theorem on tensor products of C*-algebras. It also takes a
closer look at the abstract characterization of operator systems and, motivated by
the requirements of different tensor products in quantum information theory, the
theory of tensor products in operator systems is discussed in detail. On the
quantum information side, the book offers a rigorous treatment of quantifying
entanglement in bipartite quantum systems, and moves on to review four
different areas in which ideas from the theory of operator systems and operator
algebras play a natural role: the issue of zero-error communication over quantum
channels, the strong subadditivity property of quantum entropy, the different
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norms on quantum states and the corresponding induced norms on quantum
channels, and, lastly, the applications of matrix-valued random variables in the
quantum information setting.
Graduate-level text offers unified treatment of mathematics applicable to many
branches of physics. Theory of vector spaces, analytic function theory, theory of
integral equations, group theory, and more. Many problems. Bibliography.
A thorough exposition of quantum computing and the underlying concepts of
quantum physics, with explanations of the relevant mathematics and numerous
examples. The combination of two of the twentieth century's most influential and
revolutionary scientific theories, information theory and quantum mechanics,
gave rise to a radically new view of computing and information. Quantum
information processing explores the implications of using quantum mechanics
instead of classical mechanics to model information and its processing. Quantum
computing is not about changing the physical substrate on which computation is
done from classical to quantum but about changing the notion of computation
itself, at the most basic level. The fundamental unit of computation is no longer
the bit but the quantum bit or qubit. This comprehensive introduction to the field
offers a thorough exposition of quantum computing and the underlying concepts
of quantum physics, explaining all the relevant mathematics and offering
numerous examples. With its careful development of concepts and thorough
explanations, the book makes quantum computing accessible to students and
professionals in mathematics, computer science, and engineering. A reader with
no prior knowledge of quantum physics (but with sufficient knowledge of linear
algebra) will be able to gain a fluent understanding by working through the book.
In this highly readable book, H.S. Green, a former student of Max Born and well known as an
author in physics and in the philosophy of science, presents a timely analysis of theoretical
physics and related fundamental problems.
This monograph provides a mathematical foundation to the theory of quantum information and
computation, with applications to various open systems including nano and bio systems. It
includes introductory material on algorithm, functional analysis, probability theory, information
theory, quantum mechanics and quantum field theory. Apart from standard material on
quantum information like quantum algorithm and teleportation, the authors discuss findings on
the theory of entropy in C*-dynamical systems, space-time dependence of quantum entangled
states, entangling operators, adaptive dynamics, relativistic quantum information, and a new
paradigm for quantum computation beyond the usual quantum Turing machine. Also, some
important applications of information theory to genetics and life sciences, as well as recent
experimental and theoretical discoveries in quantum photosynthesis are described.
Combining physics and philosophy, this is a uniquely interdisciplinary examination of quantum
information science. Suitable as both a discussion of the conceptual and philosophical
problems of this field and a comprehensive stand-alone introduction, this book will benefit both
experienced and new researchers in quantum information and the philosophy of physics.
This book provides the reader with the mathematical framework required to fully explore the
potential of small quantum information processing devices. As decoherence will continue to
limit their size, it is essential to master the conceptual tools which make such investigations
possible. A strong emphasis is given to information measures that are essential for the study of
devices of finite size, including Rényi entropies and smooth entropies. The presentation is selfPage 8/11
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rigorous and concise proofs of the most important properties of these
measures. The first chapters will introduce the formalism of quantum mechanics, with
particular emphasis on norms and metrics for quantum states. This is necessary to explore
quantum generalizations of Rényi divergence and conditional entropy, information measures
that lie at the core of information theory. The smooth entropy framework is discussed next and
provides a natural means to lift many arguments from information theory to the quantum
setting. Finally selected applications of the theory to statistics and cryptography are discussed.
The book is aimed at graduate students in Physics and Information Theory. Mathematical
fluency is necessary, but no prior knowledge of quantum theory is required.
The subject of this book is theory of quantum system presented from information science
perspective. The central role is played by the concept of quantum channel and its entropic and
information characteristics. Quantum information theory gives a key to understanding elusive
phenomena of quantum world and provides a background for development of experimental
techniques that enable measuring and manipulation of individual quantum systems. This is
important for the new efficient applications such as quantum computing, communication and
cryptography. Research in the field of quantum informatics, including quantum information
theory, is in progress in leading scientific centers throughout the world. This book gives an
accessible, albeit mathematically rigorous and self-contained introduction to quantum
information theory, starting from primary structures and leading to fundamental results and to
exiting open problems.
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 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.
This graduate-level text introduces fundamentals of classical mechanics; surveys basics of
quantum mechanics; and concludes with a look at group theory and quantum mechanics of the
atom. 1963 edition.
This is a brief introduction to the mathematical foundations of quantum mechanics based on
lectures given by the author to Ph.D.students at the Delhi Centre of the Indian Statistical
Institute in order to initiate active research in the emerging field of quantum probability. The
material in the first chapter is included in the author's book "An Introduction to Quantum
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publishers to reprint it here is acknowledged. Apart from quantum probability, an understanding
of the role of group representations in the development of quantum mechanics is always a
fascinating theme for mathematicians. The first chapter deals with the definitions of states,
observables and automorphisms of a quantum system through Gleason's theorem, HahnHellinger theorem and Wigner's theorem. Mackey's imprimitivity theorem and the theorem of
inducing representations of groups in stages are proved directly for projective unitary
antiunitary representations in the second chapter. Based on a discussion of multipliers on
locally compact groups in the third chapter all the well-known observables of classical quantum
theory like linear momenta, orbital and spin angular momenta, kinetic and potential energies,
gauge operators etc., are derived solely from Galilean covariance in the last chapter. A very
short account of observables concerning a relativistic free particle is included. In conclusion,
the spectral theory of Schrodinger operators of one and two electron atoms is discussed in
some detail.

Formal development of the mathematical theory of quantum information with clear
proofs and exercises. For graduate students and researchers.
This book discusses the mathematical foundations of quantum theories. It offers an
introductory text on linear functional analysis with a focus on Hilbert spaces,
highlighting the spectral theory features that are relevant in physics. After exploring
physical phenomenology, it then turns its attention to the formal and logical aspects of
the theory. Further, this Second Edition collects in one volume a number of useful
rigorous results on the mathematical structure of quantum mechanics focusing in
particular on von Neumann algebras, Superselection rules, the various notions of
Quantum Symmetry and Symmetry Groups, and including a number of fundamental
results on the algebraic formulation of quantum theories. Intended for Master's and PhD
students, both in physics and mathematics, the material is designed to be selfcontained: it includes a summary of point-set topology and abstract measure theory,
together with an appendix on differential geometry. The book also benefits established
researchers by organizing and presenting the profusion of advanced material
disseminated in the literature. Most chapters are accompanied by exercises, many of
which are solved explicitly."
Among the most exciting developments in science today is the design and construction
of the quantum computer. Its realization will be the result of multidisciplinary efforts, but
ultimately, it is mathematics that lies at the heart of theoretical quantum computer
science. Mathematics of Quantum Computation brings together leading computer
scientists, mathematicians, and physicists to provide the first interdisciplinary but
mathematically focused exploration of the field's foundations and state of the art. Each
section of the book addresses an area of major research, and does so with introductory
material that brings newcomers quickly up to speed. Chapters that are more advanced
include recent developments not yet published in the open literature. Information
technology will inevitably enter into the realm of quantum mechanics, and, more than all
the atomic, molecular, optical, and nanotechnology advances, it is the deviceindependent mathematics that is the foundation of quantum computer and information
science. Mathematics of Quantum Computation offers the first up-to-date coverage that
has the technical depth and breadth needed by those interested in the challenges being
confronted at the frontiers of research.
The book is very different from other books devoted to quantum field theory, both in the
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of exposition and
in the choice of topics. Written for both mathematicians and
physicists, the author explains the theoretical formulation with a mixture of rigorous
proofs and heuristic arguments; references are given for those who are looking for
more details. The author is also careful to avoid ambiguous definitions and statements
that can be found in some physics textbooks.In terms of topics, almost all other books
are devoted to relativistic quantum field theory, conversely this book is concentrated on
the material that does not depend on the assumptions of Lorentz-invariance and/or
locality. It contains also a chapter discussing application of methods of quantum field
theory to statistical physics, in particular to the derivation of the diagram techniques that
appear in thermo-field dynamics and Keldysh formalism. It is not assumed that the
reader is familiar with quantum mechanics; the book contains a short introduction to
quantum mechanics for mathematicians and an appendix devoted to some
mathematical facts used in the book.
Takes students and researchers on a tour through some of the deepest ideas of maths,
computer science and physics.
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 deviceindependent 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.
A quantum computer is a computer based on a computational model which uses
quantum mechanics, which is a subfield of physics to study phenomena at the micro
level. There has been a growing interest on quantum computing in the 1990's and
some quantum computers at the experimental level were recently implemented.
Quantum computers enable super-speed computation and can solve some important
problems whose solutions were regarded impossible or intractable with traditional
computers. This book provides a quick introduction to quantum computing for readers
who have no backgrounds of both theory of computation and quantum mechanics.
“Elements of Quantum Computing” presents the history, theories and engineering
applications of quantum computing. The book is suitable to computer scientists,
physicists and software engineers.
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