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Preface

From time to time, we need to review the history, examine the
present and the future perspectives. Physics has quite a long history,
and is bound to have magnificent future. Standing at the turning
point of the century,one will find such books on physics interesting
and revealing: that the books should provide a systematic review of
the mature understandings of the fundamental and important
concerns in physics. The content of the book needs to be concise,
without involving too much detailed derivatives and being
encyclopedic. They should serve as useful reference books for the
investigators engaged in branches of physics and relevant fields. The
organizing of this series of books is an attempt with this goal in

mind.

Zhou Guang Zhao

A L7

September 7,1997
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Abstract

This book, entitled “Quantum information, computation and
cryptography”, is one of the volumes of Facing 21 — Century
Advanced Series in Physics, the key series of the Publishing Plan of
“the Ninth Five — year (1996 — 2000) Project” of China. It is
intended for graduates, teachers and researchers in the branches of
quantum physics, quantum information, quantum communication
and cryptography, quantum computers and fundamental problems in
quantum physics and related specialties.

This book consists of 6 chapters. The Chapter 1 is an
introduction. The Chapter 2 is the basis of quantum physics,
including basic experimental facts, bases of quantum mechanics,
entaglement states, macroscopic quantum states and comments on
some fundamental problems in quantum physics. In Chapters 3, we
discuss quantum information and quantum communications. In
chapter 4, we discuss principles of quantum computers. Chapter 5
deals with the quantum algorithms and their experimental
realization. In the last chapter, we discuss quantum cryptography.

Since the discussion between Einstein and Bohr which
culminated in 1935 with the incompleteness and inconsistency
argument and its rebuttal by Bohr, a great deal has been written and
recently a lot of experiments have been performed. The famous Bell
inequality in 1964, the famous experiment by Aspect in 1981, by
Jian— Wei Pan et al. in 2000, and by Rowe in 2001, push us to

recognize the nonlocality as an important quantum phenomenon.
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The entangled state becomes a very important subject for us. The
preparation of entangled EPR — pairs and the quantum teleportation
have been realized in laboratory by Bouwmeester D et al. in 1997.

A new area called quantum information combined of
information theory, quantum mechanics and computer sciences has
been established. The applications of quantum information such as
quantum communications and quantum computation are also active
areas.

Developing quantum technologies is identified as one of the
grand challenges for physics based on their intrinsic scientific
importance, their potential for broad impact and application, and
their promise for major progress during the next decade.

We have confidence to.think that the recently theoretical and
experimental developments on entanglement and nonlocality are solid
and important for our understanding quantum mechanics and that
the developments on quantum information, computation and
cryptography are very important, but further developments will not
be easy, therefore will be wonderful and attractive.

Even so, when we put aside the consistency between quantum
mechanics and relativity, both special and general, the physical ideas
underlying new quantum phenomena, such as the quantum causality
of the quantum teleportation, the instantaneous collapse of a
quantum state in the whole space, and the quantum measurements

are still not so clear to us.
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