Contents

Introduction: The First Quantum Age and
the New Quantum Age

PartI The First Quantum Age

1 Quantum theory—basic ideas
ALBERT EINSTEIN

2 Quantum theory and discreteness
MAX PLANCK

3 The Schridinger equation
The time-independent Schrédinger equation,
eigenfunctions, and eigenvalues
ERWIN SCHRODINGER
NIELS BOHR
The time-dependent Schrodinger equation
and wave-functions

Eey

Superposition
Superposition
The Born probability rule or interpretation
MAX BORN
The conceptual challenges posed by superposition
The measurement problem of quantum theory
JOHN VON NEUMANN
Hidden variables
LOUIS DE BROGLIE
WOLFGANG PAULI

5 Further complications
Measurement of other observables
Wave and particle, and the Heisenberg principle
WERNER HEISENBERG
PASCUAL JORDAN
PAUL DIRAC
States of a spin-- particle; photon polarization states

11
12

19

19
20
22

24

27
27
28
29
31
33
34
36
38
39
41
41
44
45
46
47
50




X | CONTENTS

6 Orthodox and non-orthodox interpretations
of quantum theory
DAVID BOHM
HUGH EVERETT

Part II The foundations of quantum theory

7 Entanglement
Bohr, Einstein, and complementarity
Locality
Entanglement
Einstein, Podolsky, Rosen
Einstein and the EPR argument
Bohr and EPR
Schrédinger’s response to EPR

8 The achievement of John Bell

John Bell

John Bell and quantum theory—the early years
and the Bohm interpretation

John Bell-—von Neumann and the first great paper

Bell and measurement—1966

Bell’s second great paper—realism and locality

Einstein and Bell

Bell and relativity

9 Experimental philosophy: the first decade
Clauser and Shimony
Preliminaries and planning
CHSH—Clauser, Horne, Shimony, and Holt
The experiments of the first decade
Putting the theory on firmer foundations
Conclusions towards the end of the decade

10 Alain Aspect: ruling out signalling
Aspect and Bell
The Aspect experiments
The aftermath

11 Recent developments on Bell’s inequalities
Zeilinger, Greenberger, and Gisin
The neutron interferometer
Parametric down-conversion
Closing the locality loophole
Gisin and the experiments at Lake Geneva
Other experiments on Bell’s theorem and the detector
loophole (with a detour on Bell and Bertlmann)

53
54
56

61
61
68
73
76
80
81
83

87
87

91
98
109
114
124
127

145
145
152
165
171
180
183

191
191
193
196

203
203
211
216
219
221




CONTENTS | Xi

12 Bell’s theorem without inequalities 236
GHZ: Greenberger, Horne, and Zeilinger 236
GHZ—experimental proof 241
Interaction-free measurement 244
Hardy’s experiment 246

13 The new age 251
Times have changed 251
Novel quantum interpretations 252
Environmental decoherence 263
The quantum Zeno effect 268
Macroscopic quantum theory 271

14 Bell’s last thoughts 277
Bell’s six possible worlds of quantum mechanics 277
Against ‘measurement’ 278

Part IIl An introduction to quantum information theory 283

15 Knowledge, information, and (a little about)

quantum information 285
Peierls, knowledge, and information 285
Information, information, information 288
An introduction to classical information

and computation 292
Some elements of classical computers 299

16 Feynman and the prehistory of quantum computation 303
Feynman and miniaturization 303
Feynman and quantum simulators 306
Reversibility in physics and in computation 308
Feynman and reversible computation 315

17 Quantum computation 321
Moore’s law 321
David Deutsch and quantum computation 322
The Deutsch algorithm 326
Shor’s algorithm 332
Grover’s algorithm 339
Decoherence and quantum error correction 341

18 Constructing a quantum computer 349
Requirements for a quantum computer 349
The NMR quantum computer 352
The ion trap quantum computer 357
Computing with quantum dots 359

Quantum computing with superconductors 361




e S T |

Xii | CONTENTS

19 More techniques in quantum information theory 365
Quantum cryptography 365
Quantum teleportation 370
Entanglement swapping 375
Super-dense coding 376

Conclusions 381

Index 383




