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Mâıtre, X, 279
Maali, A., 279
Mach, Ernst, 95
many-valued logic, 4
measurement
in unitary formalism, 127

metric tensor, 67
Metwally, Nasser, 238
Milburn, G. J., 354
mixture, 14
in fiducial formalism, 60
in quaternion formalism, 103
in unitary formalism, 234

Moehring, D. L., 216
Monroe, C., 216
Mooij, J. E., 333

N

NAND gate, 2
neutron
beam splitting, 51
cooling procedure, 184
in magnetic field, 50
magnetic moment, 49, 70
polarizing, 184
ultracold, 183
reflection properties, 184

Nielsen, M. A., 353, 368
NMR computer, 353
decoupling, 360
Hamiltonian, 357
Helmholtz coils, 356
magnetically active nuclei, 355
measurement, 356
permutation of state populations, 358
pseudo-pure states, 358
quantum or classical, 354
refocusing, 360
Shor factoring algorithm, 361
solvents, 355
superconducting magnet, 356
teleportation, 355
thermal equilibrium, 356

no-cloning theorem, 362
classical, 363
for mixtures, 363

Nobel Prize
1944, 81
1952, 361
1989, 83, 322
1997, 325

1998, 189
nonlocality, 45
nonunitary evolution, 262
dephasing, 270, 278
depolarization, 90, 266
measurement, 63
operator sum representation, 266
spontaneous emission, 273

nuclear magnetic resonance computer, 353
nuclear magneton, 49

O

oracle
Deutsch, 344
Deutsch-Jozsa, 347

Orlov computer, 383
bi-Qubit, 386
Qbit, 383
operations on, 384
Shor factorization, 386

Orlov, Yuri, 383

P

partial trace, 233
Paul, Wolfgang, 322
Pauli
exclusion principle, 8, 205
alcaline atoms, 205
forms, 66
matrices, 65, 97, 116, 245
anti-commutation relations, 97
commutation relations, 97
trace, 116
vectors, 65
rotations, 237

Pauli, Wolfgang, 204
Penrose, Roger, 232
Peres, Asher, 95, 249
phase damping, 273
phase qubit, 208
Phillips, William D., 325
photons, 44, 216
in a cavity, 283

Pierseaux, Yves, 232
Planck constant, 49
Plantenberg, J. H., 333
Plastino, A., 363
Plastino, A. R., 363
Plourde, B. L. T., 333
Podolsky, B., 231
probability amplitude, 133
projection operators, 144
orthogonal, 144



Index 421

proton mass, 49
Purcell, Edward Mills, 361
pure states, 15
definition, 19

purification, 128, 235, 260

Q

quadrupole RF trap, 216
quantization procedures, 43
quantronium, 47, 86
quantum computing, 46, 78
algorithms, 388
classicalization of, 387
literature, 387
simulation of quantum systems, 388

quantum operations, 264
quantum physics, 46
and quantum computing, 46
frontiers, 46
impossibility theorems, 95
measurement, 44
universality, 46

quantum state tomography, 212
quasiparticles, 87
quaternions, 95, 245
anticommutation relations, 97
commutation relations, 96
dot and cross product encoding, 108
expectation values, 100
extracting fiducial forms from, 102
extracting fiducial vectors from, 100
matrix representation, 111
mixtures, 103
rotations, 108

qubit, 47
average behavior, 109
average energy, 70, 100
basis states, 47
energy, 71
energy dissipation, 71, 77
dimensions, 47
fiducial form, 67
fiducial vector
length, 68
normalization, 52
fully polarized, 59
gates
not, 162
Hadamard rotation, 165
square root of not, 164
measurement, 62, 78, 84, 167
mixtures and pure states, 59, 60
quaternion representation, 99

R

Rabi
frequency, 81, 82
oscillations, 81, 259
period, 81

Rabi, Isidor Isaac, 81
Raimond, J. M., 279
Raizen, M. G., 322
Ramsey pulses, 83, 90
in controlled-not gate, 328

Ramsey, Norman Foster, 83, 322
refocusing, 78
register, 4
Reichardt, P. A., 333
retina, 44
reversible computing, 309
Richardson, D. J., 183
Riebe, Mark, 323
Robertson, T. L., 333
Roos, Christian F., 323
Rosen, N., 231
Rutherford, Ernest, 41
Rydberg states, 277, 280

S

Sanders, B. C., 354
Schmidt-Kaler, Ferdinand, 323
Schrödinger equation, 152
general solution
constant Hamiltonian, 155
time dependent Hamiltonian, 156
unitarity, 157, 259

Schrödinger’s cat paradox, 277
Schrödinger, Erwin, 205, 229
Schrödinger-de Broglie-Bohm theory, 229, 231
scientific method, 43
Sengupta, Anirvan M., 376
Shayegan, M., 187
Shimony, A., 228
Shor factoring algorithm, 353
Shor, Peter W., 353, 388
sideband rotation, 327
Simon, Christoph, 231
Sipser, Michael, 389
Smolin, Lee, 232
space-time continuum, 42
spin, 205
spin networks, 43
spinors, 140, 171
rotation, 137

spontaneous emission, 273
Spreeuw, Robert J. C., 382



422 Index

square root of not, 308
SQUID, 213
Störmer, H. L., 189
statistical ensemble, 11, 95, 108, 110
Cirac-Zoller gate, 332
Deutsch oracle, 346
exploration of, 93, 167, 229, 273
Haroche-Ramsey experiment, 281
NMR computer, 355
NMR initial state, 358
of a qubit, 167
of neutrons, 56
of photons, 58
of qubit, 70
of qubits, 124, 153
probability measurements, 70
pseudo-pure state, 356
quantronium, 88

Stokes theorem, 174
Strømer-Woronowicz theorem, 257
summation convention, 30
super operators, 264
superconductivity, 86
superposition, 4, 57
superstition of, 279

T

Technion, 249
tensor product, 35
versus direct sum, 252

thermodynamic limit, 42
Toffoli gate, 307
universality, 309, 314

topological
field theories, 43
quantum computer, 189

transistor
as a switch, 2
as an amplifier, 4

triqubit classification, 303
Tsui, T. C., 189
twistor theory, 233

U

Uhlenbeck, George Eugene, 205
undivided universe, 230
unitarity
break down, 236, 259
evolution, 152
formalism, 152

universe
pure state of, 261

University of Gdańsk, 249
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