
Preface

1 Welcome to Quantum Computing
1.1 The Great Divorce: Observables and Configurations
1.2 How Do Quantum Coins Help You Build a Better Computer?
1.3 Concept Check and Exercises

2 Quantum Mechanics for Quantum Computers
2.1 Vectors and Matrices
2.2 Single Qubits
2.3 Time Evolution of Quantum States
2.4 Quantum Circuit Diagrams
2.5 Measurements and Non-Unitary Operations
2.6 Random States and Density Operators
2.7 Concept Check and Exercises

3 Two Qubits and Entanglement
3.1 Two-Qubit Quantum States and Entanglement
3.2 Operations on Two Qubits
3.3 Bell’s Inequalities and Hidden Variable Theories
3.4 Quantum Teleportation
3.5 Concept Check and Exercises

4 Quantum Algorithms
4.1 Storing Numbers in Quantum Systems
4.2 Manipulating Numbers Stored in a Quantum System
4.3 Quantum Parallelism and Quantum Algorithms
4.4 Some Simple Examples
4.5 Finding a Needle in a Haystack: Grover’s Search Algorithm
4.6 Concept Check and Exercises



5 Period Finding and Shor’s Algorithm 101
5.1 Fourier Transforms 101
5.2 Quantum Period Finding 107
5.3 RSA Encryption 114
5.4 Modular Exponentiation and Shor’s Algorithm for Factor Finding 118
5.5 Concept Check and Exercises 122

6 Realizations of Qubits: General Discussion 124
6.1 Basic Requirements: The DiVincenzo Criteria 124
6.2 Single Qubits and Time Evolution 128
6.3 Forces and Single-Qubit Gates 132
6.4 Concept Check and Exercises 137

7 Realizations of Qubits: Examples 139
7.1 Photons 139
7.2 Spin-1/2 Particles 147
7.3 Atomic Ions 150
7.4 Electrical Circuits 157
7.5 Concept Check and Exercises 163

8 The Physics of Two-Qubit Gates 165
8.1 Two-Qubit Gates from Short-Range Interactions 165
8.2 Two-Qubit Gates Using a Quantum Data Bus 170
8.3 Concept Check and Exercises 175

9 Device Characterization 177
9.1 How to Estimate Probabilities from Measurements 177
9.2 Quantum States and Multi-Qubit Stokes Parameters 180
9.3 Quantum State Tomography from Method of Least Squares 185
9.4 Noisy Intermediate-Scale Quantum Devices and Sampling Random

Quantum Circuits 190
9.5 Concept Check and Exercises 192

10 Variations on the DiVincenzo Criteria 193
10.1 Pseudo-Pure States 193
10.2 Non-Deterministic Gates and Linear-Optical Quantum 

Computing 196
10.3 Cluster-State Quantum Computing 203
10.4 Concept Check and Exercises 206

11 Decoherence and How to Defeat It 208
11.1 Random Errors in Gates and Qubits 208
11.2 Decoherence-Free Spaces 212



11.3 Error-Correcting Codes 213
11.4 Concept Check and Exercises 218

12 Quantum Technologies 219
12.1 Secure Communications: Quantum Key Distribution 219
12.2 Quantum Metrology 223
12.3 Quantum Detection 227
12.4 Quantum Simulations 229
12.5 Concept Check and Exercises 233

Afterword: Whither Quantum Computing? 236
Solutions to Select Exercises 237

Appendix A Derivatives and Differential Equations 274
Appendix B Singular Value Decomposition 276
Appendix C Probabilities and Probability Distributions 279
Appendix D Haar-Distributed Random Unitary Matrices 281
Glossary 282
Suggestions for Further Reading 293
Index 298


