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action-at-a-distance, 217
aleatoric uncertainty, 54
ammonium, 198, 209
ancilla, 119, 123
annihilator, 326
answer set, 18, 28

collapse, 19
antifringe, 196
antiparticles, 52
antiunitary transformation, 57
Apollo Mission Control, 139
architecture, 10, 76
asymmetry, 302
atom, 292, 293
autonomous, meaning of, 78
Avogadro’s number, 17

baseball in the night, 133
basis transformations, 54
Bayesian school, 42
beam splitter, 148, 157
Bell, J. S., 234
Bell inequality, 4, 235, 271
Bell numbers, 294
beta decay, 242
binary components, 67
binary decomposition, 72
binary digit, 29
binary question, 28, 29
binary sequence, 312
bit, 29, 46

classical, 264
down operator, 34
flip operator, 34
identity operator, 34
operators, 46
power set, 322
state, 30
up operator, 34

bitification principle, 29
black body, 8
Block Universe, 15, 75, 205, 281
Boolean algebra, 31
Born interpretation, 50
Born map, 93
Born measure of similarity, 256

Born–Einstein letters, 180
bosonic filter operator, 315
bosonic identity operator, 316
bosonic operator, 312
bosonic oscillator, 309
bosonic projection operators, 315
bosonic quantum register operator, 316
bosonic state, 315, 316
bottom-up viewpoint, 300
Brandt’s network, 174

calibrated apparatus, 98, 201
calibrated detector, 267
calibrated evolution, 81
calibration, 239

basis, 245
cardinality, 60
category error, 21
causal set, 89, 298, 299, 302

ancestor, 302
child, 302
hypothesis, 300
parent, 302
sibling, 302

causally independent elements, 302
change and persistence, 250
charge, parity, time (CPT) theorem, 15
chronon, 85
circularity, 120
classical answer, 33
classical binary register, 60
classical bit, 29
classical causality, 36
classical conditioning, 233
classical ensemble, 54
classical information, 257
classical labstate, 35
classical logic, 23
classical observable, 83
classical oscillator register, 310
classical proposition, 27
classical register, 32, 76

operator, 68, 78
classical trajectory, 79
closed timelike curves, 181, 346
coherence time, 272
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color vision theory, 152
complementarity, 136
complete proposition, 27
completeness, 116
complex numbers, 52
computational basis

map, 66
representation, 66, 78, 110, 257

computer algebra, 163
computerization, 163
configuration space, 233
conjugate pair, 109
“Consistent Histories” approach, 348
construction operator, 327
contextual answer, 18
contextual basis, 141
contextual completeness, 14, 26
contextual identity, 142
contextual overcompleteness, 289
contextual subspace, 141, 142, 163
contextual vacuum, 322, 331
contextuality, 19, 163
continuum map, 313
coordinate time, 89
Copenhagen interpretation, 2, 9
correlation, 259

of probabilities, 261
countable additivity, 115
counterfactual definiteness, 239
counterfactuality, 238
CPT theorem, see charge, parity, time

(CPT) theorem
crosstalk, 347
cycle, 80, 81

decoherence, 2
decommissioned detector, 22
decommissioned state, 324
decommissioning, 154

operator, 328
delayed-choice interferometer, 179
delayed-choice quantum eraser, 179, 181
demolitive measurement, 20
density operator, 58, 118
detection operators, 122
detectors, 31
deterministic outcomes, 237
direct sum, 292
Dobinski’s formula, 294
Doppler effect, 89
double-slit experiment, 131, 280

monitored, 144, 306
dual bit, 32

state, 32
dual causal set, 307
dual qubit state, 48
dual vector space, 353
dyadic object, 33, 46
dynamical null test, 101

Einstein, Albert, 8
Einstein locality, 180, 301
electric field operator, 87
elementary transition operator (ETO),

49
Elitzur–Vaidman bomb-tester, 322, 335
emergence, 16
emergent level, 310
emission time, 272
empirical questions, 13
empty space, 148
endophysics, 346
enhanced Stern–Gerlach experiment, 241
ensemble, 348
entangled state, 87
entanglement, 162, 291, 294, 295

partition, 297
epistemic uncertainty, 58, 118
ETO, see elementary transition operator
event, in space and time, 88
existential incompatibility, 21
expectation value, 118
experiment, 39

double-slit, 280, 306, 322
FRANSON, 271
FRANSON-1, 273
FRANSON-2, 274
FRANSON-3, 277
JACQUES, 189
KIM, 181
WALBORN-1, 190
WALBORN-2, 191
WALBORN-3, 194
WHEELER-1, 186
WHEELER-2, 188

exponential decay, 205
extended QDN, 322
extended reals, 115
external architecture, 77
external node, 31

faulty detector, 22, 329
faulty state, 324
fermionic operator, 320
fermionic oscillator, 309, 320
Feynman, R. P., 103
fine structure constant, 287
finite countable states, 312
first law of time, 77, 250
Fitzgerald, George F., 8
Fock space, 149, 319
frame fields, 89, 346
Franson experiment, 271
Frequentist school, 42
Fresnel’s equations, 158
fringe, 196
full trace, 119
fully occupied state, 313
fully saturated labstate, 81
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galactic lensing, 179, 187
general covariance, 4, 7
generalized labstate, 328
generalized measurement, 122
generalized proposition, 25
Global Positioning System, 279
ground field, 351
ground state, 47

half-life, 53
Hamilton’s equations, 79
Hamilton, William Rowan, 7
Hamiltonian flow, 79
Hamming distance, 257
Hamming measure of similarity, 256
Hamming operator, 258
Hardy paradox, 322

experiment, 339
Hasse diagram, 302
Heisenberg cut, 91, 254
Heisenberg picture, 85
Heisenberg point, 232
Heraclitus, 39

dictum of, 250
hidden variables, 2, 232
Higgs particle, 25
Hitchens’s razor, 234, 282
Hume, David, xvi

identity class, 111
identity map, 49
in dubio pro reo, 28
incomparable events, 302
incompatible question, 21
information void, 6, 17, 31, 87, 148,

149, 329
injection, 11, 94
inner product, 48
interaction-free measurement, 339
interference term, 135
interferometer, 172
interframe experiments, 89
internal architecture, 77
internal node, 31
intervention, 38
irreflexivity, 302
isometric isomorphism, 291

Kaon decay, 212
Kaon regeneration, 198
Kemmer, Nicholas, xvi
Kepler, Johannes, 75
kernel, 353
ket, 354
Kraus cut, 91
Kraus matrix, 151
Kraus operator, 122

laboratory, 328
frame, 346

labstate, 1, 12, 34
normalized, 107

labtime, 36, 89
Lagrange, Joseph-Louis, 7
Large Hadron Collider, 281
Larmor, Joseph, 8
Leaning Tower of Pisa, 280
left-stochastic matrix, 44
Leggett–Garg correlation, 265
Leggett–Garg inequality, 263, 265, 271
Leucippus, 39
lightcone, 218

causality, 219
lightlike, 302
linear functional, 353
linear operator, 116
linear transformation, 352
linearity, 93
Liouville’s theorem, 79
local subregister, 225
locality, 217
Lorentz, Hendrik A., 8
Lorentz signature metric, 346

Mach–Zehnder interferometer, 172
macrorealism, 263
MAIN, 164, 174
Manifold Time, 14, 15
map, 11
Mars Climate orbiter, 82
mathematical metaphysics, 22
mathematical proposition, 27
matrix mechanics, 2, 105, 310
matrix representation, 33
maximal chain, 303
maximal question, 63, 71, 105, 107, 108, 110
measure, 115
measurement, 39

of the first kind, 20
problem, 114
of the second kind, 20

metaphysical proposition, 27
metaphysics, 3
microscopic reversibility, 51, 102
minimum rank, 72
minus infinity, 115
mirror, 148, 160
mixed initial states, 127
mixed labstates, 58
mixed states, 118
modularization, 163
module, 35, 148
monitored double-slit experiment, 144, 306
multiorder interference, 52
Multiverse, 2, 56
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Naimark’s theorem, 123
negation, 23, 28

proof of, 24
Newton’s third law, 264
Newton, Isaac, 7
Newtonian prism, 148, 152
no-communication theorem, 180, 218, 229
no-signaling theorem, 196
node, 31
noncontextuality, 19
nondemolition, 35
nondestructive test, 20
noninvasive measurability, 264
noninvasive measureability, 7
nonlinear Born map, 95
nonlocality

spatial, 180
temporal, 180

nonnegativity, 115
nonseparable, 309
norm, 48

preservation, 93
normal bit states, 334
normalized qubit, 48
not even wrong, 22
NOT gate, 34
not proven, 29
null evolution, 100
null evolution operator, 100, 101
null module, 148, 161
null test, 20, 100
nullity, 353
nullius in verba, 234

objectivization, 3
observable, 86, 105, 117
off-line state, 324
Old Quantum Mechanics, 114
one forms, 353
operator, 11, 116
orbit, 81
origin problem, 301
ortho-positronium, 292
orthonormal basis, 116
orthonormal d-subset, 96

para-positronium, 292
parameters, 234
Parmenides, 39
partial destruction, 20
partial observation, 105
partial question, 63, 169

eigenvalue, 110
partial trace, 119
participatory principle, 5, 240
particle decay, 198
partition, 291

element, 297

path
integral, 102, 103
summation, 102

peaceful co-existence, 17, 36
Pearson correlation coefficient, 260
permutation flow, 80
persistence, 7, 40, 77, 84, 88, 100, 101,

250, 280
effective, 77

persistent image, 101
phase changer, 160
phase diagram, 77
phase shifter, 148
phonon, 63
photoelectric, 8
photon, 8
photon–photon scattering, 287
physical register, 334
physical space, 233
physics, 13
Planck, Max, 6, 8
Planck time, 85, 206
plus infinity, 115
Poincare recurrence theorem, 81
positive operator, 116
positive operator-valued measure, 86,

114
positronium, 292
postselection, 184
POVM, 86, 122

elements, 122
operators, 168

power bit, 323, 324
matrix, 325
nilpotent, 327
operator, 325
orthogonality, 327

power set, 323
preferred basis, 46, 47, 62
pregeometry, 300
preparation switch, 127, 139
prior, 42
prior information, 42
Process Time, 14, 43
Program MAIN, 163
projection operators, 50
projection-valued measure, 85, 114
projectors, 117
propagator, 137
propensity, 43
proper time, 89
proposition, 22
pure labstate, 107
pure state, 54, 118
purification, 120
purity, 121
PVM, 85
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q-tick, 85
quantum answer, 54
quantum bit, 29, 31, 46
quantum correlation, 220
quantum cosmology, 88
quantum electrodynamics, 2, 287, 333
quantum ensemble, 54
quantum erasure, 179
quantum field theory, 86, 309
quantum gravity, 299
quantum Hamming measure of dissimilarity,

259
quantum information, 257
quantum interference, 131
quantum labstate, 35
quantum register, 60, 65, 291
quantum tick, 85
quantum Zeno effect, 35, 198, 205
quantum zipping, 298
qubit, 29, 31, 46

map, 49
operator, 49

question
and answer notation, 18
cardinality, 29
eigenvalue, 111

rank, 353
of apparatus, 60
of register, 292

rank-one dynamics, 35
rank-one partial question, 109
rank-two dynamics, 35
rank-zero partial question, 109, 110
realism, 4
recurring sequence states, 313
red shift, 148
reductionism, 16
register

operator, 67
projection operators, 69
signal operators, 69

relative external context, 25, 75, 149
relative internal context, 25, 76, 149
Relative State interpretation, 2, 56
relatively local, 225
relatively remote, 225
relatively spacelike, 302
relativistic quantum field theory, 106, 287,

331, 333
relativity, 299
remote subregister, 226
Renniger thought experiment, 127
resolution, of the identity, 116
retina, 251
retraction, 11, 68, 94, 95
reversibility, 81
rhetorical question, 29

rods and cones, 251
run, 38, 132
runtime, 39

s-bit, 31
S-Matrix, 17, 333
saturation

(of beam splitter), 159
operator, 74

Schrödinger picture, 85
Schrödinger wave function, 233
Schrödinger’s cat, 287
Schwinger, Julian, xvi
Schwinger counterfactual reality, 337
Schwinger source theory, 98
Scottish law trial, 29
self-interference, 135, 287
self-intervening network, 279
semi-unitary operator, 93
separable basis, 356
separable state, 87
separation, 291, 294

product, 295
sequential growth, 302
Shannon, C. E., 29
shape function, 138
shielding, 37, 89, 347
sigma-algebra, 115
signal

basis representation, 61, 62, 66, 110, 312
bit, 30

operator, 50
bit state, 30
decomposition, 169
operator, 50
projection operators, 326
qubit, 46
rate, 178
set, 69

algebra, 70
state, 47
theorem, 84, 97

signality, 63, 71, 78
class, 71, 81
conserving flows, 81
count, 72

Sillitto–Wykes experiment, 142, 143
simultaneity problem, 241
source, 31

theory, 98, 281
space-like hypersurfaces, 89
space-time, Newtonian, 233
spacetime, 15
spatial ensemble, 348
special operator, 326
special relativity, 7
spectral decomposition, 117
spectrum, 152
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speculative questions, 22
spin, 241
split, 291, 293
spooky action at a distance, 180
stage, 35, 61, 85

concept, 180
diagram, 38, 166
network, 31, 35

standard form, 158
Standard Model, 17
state reduction, 19, 95
Steady State paradigm, 16
Stern–Gerlach experiment, 235
stochastic answer, 44
stochastic binary question, 45
stochastic bit, 31, 44, 46, 47
stochastic jump, 44
stochastic labstate, 35
stochastic vector, 44
subregister, 291, 292
subspace, 351
surjective linear map, 291
system state, 12, 34

tachyon, 218
temporal correlation, 262, 263, 265
temporal ensemble, 349
temporality, 39
theoretical questions, 13
Theory of Everything, 16
time, 14, 77

scale, 85
time-like foliation, 89
top-down viewpoint, 300
total Hilbert space, 11
total signality, 72
total state, 12, 119, 165
trace, 117
transactional interpretation, 181
transbosonic state, 309, 316
transformation, 11

transition bit operators, 33
transitivity, 302
transtemporal identity, 39
truth values, 23
Tukey, J. W., 29
two-photon interferometer, 176
Tycho, 75
type four experiment, 282, 336
type one experiment, 280
type three experiment, 281
type two experiment, 281
type zero experiment, 279

unital associative algebra, 50
unitary operator, 94
universal register, 322, 329

vacuous proposition, 14
vacuous theory, 22
vacuum, 148, 149, 331

expectation values, 87
validation function, 23
variables, 235
vector addition, 350
vector space, 350
virtual detector, 201, 279
virtual module, 279
von Neumann entropy, 121

wave function collapse, 19
wave mechanics, 2
wave–particle duality, 131
wave-particle duality, 136
which-path, 182

measure, 179, 185
Wollaston interferometer, 163
Wollaston prism, 148, 150

Zeno of Elea, 39
zero sequence, 314
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