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T, see dagger operation

adjoint, 33-34, 39
Aharonov, Y., 375
alpha decay (toy model), 105-107, 131-134, 171-173
Born rule, 132
consistent family, 172
with detector, 131, 172
exponential decay, 133
time of decay, 172
unitary dynamics, 106-107, 132
AND, see conjunction
antilinear, 28, 30
approximate, see consistency conditions, energy,
momentum, position
aspects, 365
atoms, see interferometer for atoms
average, 79-80
from density matrix, 80, 204
of indicator, 79
as linear functional, 79
of observable, 130
quantum, 80

badminton, 265

base, see contextual
baseball, 108
basis, see orthonormal
beam splitter, 159
classical analogy, 245, 248
and detectors, 243-246
conditional probabilities, 245
consistent family, 245
unitary dynamics, 243
inside box, 252-255
movable, 263, 273-282, 343-348
See also: toy beam splitter
Bell inequalities, 332-335, 375
Bell, J. S., 297, 329, 332, 374, 375
Berndl, K., 375
biorthogonal, see Schmidt decomposition
Birkhoff, G., 7, 61, 372, 374
Blank, B., 371
Bohm, D.J., 310, 329, 375
See also: EPR, hidden variables
Bohr, N., 8, 371, 372
Boolean algebra, 65-71
Boolean lattice, see Boolean algebra
Born rule, 126-131, 137, 373
as fundamental postulate, 126
limitations of, 130, 133, 245
and measurements, 128
probabilities, 126130
weights, 126, 137
See also: generalized
Born, M., 373, 374
bra, 29
branch dependence, 196, 197
Bransden, B. H., 371
Brownian motion, 108-109, 110, 373
diffusion equation, 125
as quantum process, 111
single-time probabilities, 125
Brun, T. A., 358, 376
Bub, J., 375

Cartesian product, 81
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cause, 164, 168, 278-279, 289
follows effect, 248
See also: contextual
center-of-mass wave function, 13
chain kets, 154—-155
chain operators, 137-140
mutually orthogonal, 141
pure states, 138
time ordering, 138
channel projectors, 180
chaos, 358, 366
choice of framework, 193, 219, 278, 295, 325,
364-365
does not influence reality, 364
not a law of nature, 255
See also: multiple frameworks
CHSH inequality, 332-333, 375
Chuang, I. L., 372
classical dynamics, 94, 358
deterministic, 94, 108, 359, 362
classical limit, 226, 356-359, 365-366
classical mechanics, 11, 349, 357
Clauser, J. E., 332, 375
coarse graining, 357
See also: phase space
coarsening, see decomposition of identity, sample
space
codependent, see contextual
Cohen-Tannoudji, C., 371, 372
coherent, see decoherence, superposition state
coin, 65, 109, 265-267
as quantum object, 111
See also: quantum coin
collapse of wave function, 168-169, 246-249
classical analogy, 248
consistent family, 247
from failure to detect, 168, 246, 374
leads to paradoxes, 261
misleading, 289
nonlocality, 246
not a physical effect, 168, 248
not needed, 9, 249
spin singlet, 317
unsatisfactory features, 246, 249
See also: EPR, Liiders rule
collective coordinates, 357
colored slips of paper, 316
column vector, 38
common refinement
consistent histories, 147
decompositions of identity, 71
commuting, see Hermitian operators, projectors,
unitary operators
compatible decompositions, 71
compatible frameworks (families), 147, 224
compatible properties, 61
complement
of projector (~P or P), 35
of set (~P), 54
See also: orthogonal complement
complementary (Bohr), 372

Index

complete, see sample space of histories
composite systems, 81ff (Ch. 6)
compound event, 65
compound history, 110, 116
conditional density matrix, 213-215, 258, 259
pure states, 215
time dependence, 214
unconditional, 214
conditional probability, see probability
conjunction (AND), 57-59, 66
of histories, 114
consciousness, 262, 369
consistency
from decoherence, 356-357
See also: consistency conditions, quantum
reasoning
consistency conditions, 140-142, 148, 373
approximate consistency, 142, 356
and Born rule, 143-144
chain kets, 155
checking, 148ff (Ch. 11)
using density matrix, 210, 211, 214
and dynamical laws, 142, 145
final projectors, 149-151, 155
fixed initial state, 152—-155
Heisenberg representation, 151, 153
initial projectors, 149
two times, 149
weak consistency, 141
See also: chain operators
consistent family, 141
refinement, 146-147
support, 149
See also: compatible, consistency conditions,
framework, incompatible, split
consistent histories, 137ff (Ch. 10)

See also: consistent family, consistency conditions,

framework
consistent set, see consistent family, framework
contextual (dependent), 93, 192ff (Ch. 14), 215
base, 192
vs. caused by, 193, 200, 201, 289, 291
classical analogies, 193-195
codependent, 196
and conditional probability, 195-196
definition, 192, 195
dependence on
earlier events, 196-198
initial event, 196
later events, 190, 198-201
events in histories, 196201
irreducible, 194, 198
vs. nonlocal influence, 328
contradiction, 10, 225, 305, 324, 328, 336-348
correlated photons, 329
correlations, see spin singlet
counterfactual, 262, 265-272, 374, 376
ambiguous, 267
dependence on framework, 271
dependence on pivot, 271
(continued)
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counterfactual (cont.)
diagram, 266, 268
measurement, 268
if no measurement, 271
MQS, 271, 281, 289, 292
node, 265, 268
null, 266, 270
pivot, 266-267, 269
quantum, 268-272
question, 265
spin measurement, 268-272
stochastic (classical), 265
worlds, 265
See also: EPR, Hardy paradox, null,

single-framework rule

d’Espagnat, B., 374
dagger operation , 30-34, 83
data, see initial data
de Broglie, L., 329
decoherence, 142, 187, 349ff (Ch. 26), 376
definition, 350
density matrix, 352-355
measure of, 352
model for, 350
partial, 188
produces consistency, 356-357
decoherence conditions, 141
decoherent histories, 142
decoherent set, 141
decomposition of identity, 36, 68
coarsening, 71, 78
generated by operator, 42
generated by two decompositions, 72
history Hilbert space, 116
refinement of, 70, 71-73
trivial, nontrivial, 69
ultimate, 71
decomposition of projector, 36
DeGroot, M. H., 372
delayed choice paradox, 273ff (Ch. 20)
consistent families, 276-281
counterfactual, 274, 279-282
unitary dynamics, 275-276, 279
See also: indirect measurement paradox
delocalized states, 18, 25
density matrix, 44, 202ff (Ch. 15)
diagonal basis not special, 206
eigenvalues, 202
equations of motion, 208
as initial condition, 211-213
from initial probability distribution, 212
isolated system, 211-213
mixed state, 202
partial description, 202, 212, 213
as pre-probability, 203-204
pure state, 202
subsystem, see reduced density matrix
support, 44
thermal equilibrium, 211
time dependent, 212

Index 385

See also: average, conditional, consistency
conditions, reduced
dependent, see contextual
destructive measurement, 229, 231, 233, 240-242
conditional probabilities, 241
consistent family, 241
general decomposition of identity, 241
unitary dynamics, 240
detector, see beam splitter, toy, weak
diagonalization, see Hermitian operators, unitary
operators
Dicke, R. H., 375
die, 65, 110
Dirac notation, 27ff (Ch. 3)
See also: bra, dyads, ket, matrix element
Dirac, P. A. M., 371
disjunction (OR), 59-60, 66
of histories, 115
problem of interpretation, 60, 69, 115
dot product, 12
double slit, 174-177, 373
analogy with Mach—Zehnder, 177-190
which-slit detector, 175
Dowker, F., 143, 373
dual space, 29, 31
dyads, 31-33, 34
adjoint, 32
projector |¢) (@], 34
trace, 42
dynamics, see classical, unitary

eigenvalue, 40
degenerate, 40
multiplicity, 40
eigenvector, 40
Einstein, A., 8, 310, 371, 375
See also: EPR
elementary event, 65
elementary history, 116
elementary indicator, 67
Elitzur, A. C., 375
energy, approximate, 54
Englert, B. G., 375
ensemble, 73-75, 79
subensemble, 74, 75
entangled state, 83, 310
physical interpretation, 92
entropy, 236, 237
environment, 95, 349-359
random, 354-356, 359
See also: decoherence
EPR (Einstein—Podolsky—Rosen), 310, 323ff
(Ch. 24), 375
Bohm version, 323-329
collapse of wave function, 324, 326
counterfactual, 326-329
locality, 329
nonlocal influence, 329
paradox, 323-326
event algebra, 65-71
classical, 65
quantum, 68
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event(s), see compound, contextual, elementary
exclusive, see mutually exclusive

exponential decay, see alpha decay

extension of history, see history

extension of operator: A ® I, 88

faith, 360, 370
physicist’s, 361
false, see incompatible vs. false, meaningless,
true/false
family of histories, 116-118
based on initial state, 117
product of samples spaces, 116
refinement, 118-119
many possibilities, 118
not a physical process, 119
two times, 126
See also: compatible, consistent family, framework,
incompatible, unitary
Feller, W., 372, 373
Fetter, A. L., 372
Feynman, R. P., 175, 187-190, 371-374
Fine, A., 375
Fourier transform, 21, 52
framework, 141
errors due to changing, 307
See also: choice, compatible, consistent family,
incompatible, multiple, quasi-classical,
single-framework rule
free choice, 262
French revolution, 200
functions of operators, see operators
future influences past?, 274, 278, 279, 281, 291, 334

Gaussian wave packet, 19, 22

Gell-Mann, M., 358, 373, 374, 376

generalized Born rule, 144

ghosts, 261

GHZ (Greenberger—Horne—Zeilinger), 336, 376
Gieres, F., 371

Giulini, D, E., 376

Greenberger, D. M., 336, 374-376

Griffiths, R. B., 372-376

Gudder, S., 372

Hajek, A., 375
Halmos, P.R., 371, 372
Hamiltonian, 94-95
with “classical” field, 231
Hermitian operator, 94
Hardy paradox, 336ff (Ch. 25)
counterfactual, 343
first paradox, 338-343
conditional probabilities, 339-340
original version, 341, 342
resolution, 341-343
statement of paradox, 340
interferometer, 336
and nonlocality, 342, 346
and relativity, 341

second paradox, 343-348
resolution, 344-348
statement of paradox, 343

unitary dynamics, 337-338

Hardy, L., 336-3438, 375, 376
harmonic oscillator

classical, 11, 53, 55, 94

dynamics, 97

energy, 53-54, 56, 58, 70

Hamiltonian, 77

histories, 111

Hartle, J. B., 358, 373, 374, 376
height of table, 228

Heisenberg chain operator, 151
Heisenberg projector, 151

Heisenberg representation, 151-152, 153, 155

Heisenberg uncertainty principle, 22-23
Hermitian operators, 33, 39, 43, 76-77
commuting, 42, 297, 298
diagonalization, 40—42
observables, 76
hidden variables, 329-332, 362, 375
and Bell inequalities, 333
Bohm theory, 329, 334, 375
deterministic, 331
instruction set, 330
local, 334
nonlocal, 334
Hilbert space, 13, 23, 27ff (Ch. 3), 371
infinite-dimensional, 4, 5, 371
See also: history
Hiley, B. J., 375
history, 108ff (Ch. 8), 373
classical, 109-111
definition, 110, 111
entangled in time, 118
extension of, 112
of Great Britain, 164
Hilbert space, 112, 373
logical operations on, 113-115
projector F1 © Fr, ©® ---, 112
of quantum mechanics, 371
weight
additivity, 140
from chain operator, 137, 139
using density matrix, 211
Heisenberg representation, 151

See also: compound, family, jumps, probabilities,

unitary, zero weight
Holt,R. A., 332
hopping (toy) model, 103-105
with detector, 104

See also: alpha decay, toy beam splitter, toy

detector, toy Mach—Zehnder
Horn, R. A., 371-373
Horne, M. A, 332, 336

identical particles, 82, 372
identity operator, 34
incompatibility, 372
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incompatibility paradox, 296ff (Ch. 22)
spin half, 296
incompatible decompositions, 71-73, 75
incompatible descriptions, 128
incompatible vs. false, 61-62, 365
incompatible frameworks (families), 147, 217
cannot be combined, 221
interpretation, 164, 224-227, 362-365
and measurements, 252-257
no contradictions, 225
which is correct?, 221
See also: single-framework rule
incompatible measurements, 254, 257
incompatible properties, 60-64, 129
incompatible sample spaces, 128
incompatible wave functions, 16
inconsistent family, 142-144
inconsistent history, 141, 157-158, 182, 342
independent reality, 369
indicator (function), 47, 57, 66-67
elementary or minimal, 67
indirect measurement, 316
indirect measurement paradox, 284ff (Ch. 21)
consistent families, 287-292
counterfactual, 286, 291-293
delayed choice, 285, 290-293
unitary dynamics, 286
influence, see nonlocal, superluminal
initial condition or state, see density matrix, family of
histories
initial data, 218, 219
inner product, 12, 28
See also: operators, toy model
instruction set, see hidden variables
interaction-free measurement, 246, 293-294, 375
interference, 174ff (Ch. 13)
interferometer, see double slit, Hardy paradox, (toy)
Mach-Zehnder, neutron
interferometer for atoms, 350
intrinsic inconsistency, see inconsistent history
inverse, see operators
irreversibility (thermodynamic), 233, 237, 349
Isham, C. J., 373
isolated system, 95
isometry, 98

Jammer, M., 371-375
Joachain, C. J., 371
Johnson, C. R., 371-373
jumps in histories, 156

Kent, A., 143, 373
ket, 27

phase of, 29

scalar multiple of, 48

sum of other kets, 49, 134-135
Kochen, S., 297, 375

Lewis, D., 374
lightning, 131
linear algebra, see Hilbert space

387

linear functional, 29

locality, see EPR, nonlocal influences

location, see position

logical operations, see conjunction, disjunction,
negation

long-range, see nonlocal, superluminal

Lorentz frame, 341

Lorentz invariance, 342

Liiders rule, 259

Liiders, G., 374

Liitkepohl, H., 372, 373

Mach—Zehnder, 176, 273, 284, 350, 373
See also: toy Mach—Zehnder
macro projector, 236-239, 245, 250, 264, 287
macroscopic measurement, 233-240, 260
conditional probabilities, 235, 238
consistent families, 235, 237-238
initial density matrix, 239
initial probabilities, 239
unitary dynamics, 234, 237
macroscopic quantum superposition, see MQS
map of city, 360
matrix, 39
determines operator, 40
matrix element, 31, 39
matrix product, 40
McElwaine, J. N., 373
meaningless, 61-63, 142
vs. false, 62, 307
measurement, 8-9, 22, 228ff (Ch. 17), 243ff (Ch. 18),
374
classical, 228
disturbs system?, 105, 252, 257
idealizations, 229
not a fundamental principle, 9, 369
of incompatible properties, 61
outcome, 228
and paradoxes, 261
of prior property, 228, 231, 369
problem, 9, 374
produces correlation, 228, 231
repeated, 243-252, 255-257
of spin, 230-240
See also: collapse of wave function, counterfactual,
destructive, Heisenberg uncertainty principle,
incompatible, interaction-free, macroscopic,
nondestructive, partial, pointer basis, spin
singlet, Stern—Gerlach, toy detector, von
Neumann
Mermin, N. D., 299, 330, 375, 376
Merzbacher, E., 371
Meyer, D. A., 372
mirror, movable, 284-295
Mittelstaedt, P., 374
mixed state, see density matrix
momentum
approximate, 21-22, 53
representation, 21
wave function, 20-23, 52
See also: probability, toy model
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movable, see beam splitter, mirror
MQS (macroscopic quantum superposition), 134-136
observation of, 367
vs. pointer states, 185, 235, 238, 276-278
toy version, 166, 184—185
See also: counterfactual, Schrodinger cat
multiple descriptions, 363
multiple frameworks (families), 217
interpretation, 224-227
See also: incompatible frameworks
museum, 266
mutually exclusive, 14, 15-17, 59, 65
classical vs. quantum, 216
See also: sample space

negation, 54-57, 66
classical vs. quantum, 56-57
of history, 113
of projector (~P or 13), 35-36, 55-57
neutron interferometer, 177, 350, 374
Newtonian mechanics, 366
Nielsen, M. A., 372
noncommuting, see projectors
nondestructive measurement, 229, 231, 257-260
conditional probabilities, 258
consistent family, 258
unitary dynamics, 257
See also: Stern—Gerlach (nondestructive)
nonlocal influences
do not exist, 10, 292, 295, 316, 318, 329, 369
See also: EPR, superluminal
nonlocality, 10, 334
See also: collapse of wave function, Hardy paradox
nonorthogonal projection, 35
norm, normalized, 28
See also: wave function
NOT, see negation
null, see counterfactual

observables, see Hermitian operators
Omnes, R., 358, 372-374, 376
one dimension, 11-22, 51-54, 56
one-dimensional subspace (ray), 34
open system, 95, 209
operators, 30-34

acting to the left, 31

commuting, 32

functions of, 45-46

inner product of, 139, 210

inverse, 32

linear space of, 139

mutually orthogonal, 139

products of, 31-32

See also: adjoint, dyads, extension, Hermitian,

orthogonal, positive, projectors, unitary

OR, see disjunction
orthogonal complement, 36
orthogonal kets, 29

See also: orthonormal basis
orthogonal operators, 139
orthogonal projection, 35

orthogonal projectors, 36-37, 59
collection of, 36-37
orthogonal wave functions, 12
orthonormal basis, 37-38
See also: decomposition of identity
overview of book, 1ff (Ch. 1)

paradoxes, 9-10, 261-262
methods for analyzing, 282
See also: delayed choice, double slit, EPR, Hardy,
incompatibility, indirect measurement,
Schrodinger cat
partial measurement, 284
partial trace, 90-91
Pauli matrices, 299
Peres, A., 375
phase, see ket, random, toy Mach—Zehnder, wave
function
phase shifter, see toy Mach—Zehnder
phase space, 11, 47, 81
coarse graining, 66
photograph, 360
physical property, see property
physical variable, 47, 76-79
See also: Hermitian operators
pivot, see counterfactual
Podolsky, B., 310, 375
See also: EPR
pointer, 233-238
basis, 133, 184, 240
states, 166, 185, 189
See also: MQS
position, 17-20, 22-23
approximate, 18-20, 52, 58
not precisely defined, 17-18
representation, 21
See also: delocalized, probability, toy model
positive operators, 43-45
support, 44
Tr(B A) positive, 45
See also: density matrix
Pr(),73
pre-probability, 20, 129-131
limitations of, 131
See also: density matrix
probabilities, 73-75, 372
of compound event, 73
conditional, 74-75, 195-196
of histories, 121-131, 137-143
for momentum, 22
one or zero, see true/false
for position, 20
in quantum theory, 74-75
specific to framework, 217, 226
See also: average of indicator, Born rule, ensemble,
pre-probability, single-time
product, see operators, tensor product
projectors, 34-37
analogy with indicator, 48
commuting, 57, 72
(continued)
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projectors (cont.)
geometrical interpretation, 34
noncommuting, 60-64
refinement of, 36
See also: complement, decomposition, macro,
negation, orthogonal
property, 19, 47ff (Ch. 4)
classical, 47, 54-55
definition of, 47
logical operations on, 54-60
possessed by system, 48
prior, see measurement
true or false, 54
undefined for system, 48, 62
See also: incompatible, physical variable
pure state, 34
See also: density matrix

quantum coin, 262, 262-265, 268
consistent family, 264
simplified, 265
unitary dynamics, 263
quantum logic, 7, 61, 372
“quantum probabilities”, 6, 75
quantum reasoning, 216ff (Ch. 16), 374
vs. classical reasoning, 217, 226, 307
consistency of, 222-223
context is important, 115
general principles, 216-219
probabilistic, 218
relative to sample space, 218, 226
strategy for, 223
using refinement, 219-220
See also: incompatible frameworks, incompatible
properties
quasi-classical framework (family), 358-359, 366
single framework sufficient, 366

radioactive decay, see alpha decay
random environment, see environment
random phases, 355
random process, see stochastic process
random variable, 76-79
random walk, 110, 121-125, 373
conditional probabilities, 123
dynamics, 121
history, 110
hopping probabilities, 121
initial data, 122
probability distribution, 122
refinement rule, 122
sample space, 110, 121
weights, 122-124
compound histories, 124
See also: single-time probabilities
ray, 34
realistic interpretation, 268
reality, 360ff (Ch. 27)
macroscopic world, 365-368
and measurement, 362
and physical theories, 360

quantum vs. classical, 361-362, 368
similarities, 368
stochastic dynamics, 362
reasoning, see quantum reasoning
Redhead, M., 376
reduced density matrix, 204-210
definition, 205
as initial condition, 209-210
lacks correlation information, 207
time dependence, 207-209
Reed, M., 371
refinement, see common, decomposition of identity,
family, projector, sample space
relativity (special), 286, 334, 361, 362, 366
compatible with quantum theory?, 9, 10, 247,
261-262, 343
See also: Lorentz frame, Lorentz invariance
Renninger, M., 374
Rosen, N., 310, 375
See also: EPR
Ross, S. M., 372, 373
row vector, 39

safety net, 265
sample space, 65-71
coarsening, 71
of histories, 116-117
(dynamically) complete, 149, 153
refinement of, 71-73
See also: decomposition of identity
sawing off branch, 307
scalar, 27
Schmidt decomposition, 85, 206, 372
Schrodinger cat, 134-135, 373
toy version, 166
See also: MQS
Schrodinger equation, 94-98
preserves inner products, 98
time-independent H, 97
See also: time development operators
Schrodinger representation, 151
Schrodinger, E., 373
Schwabl, F., 371
self-adjoint, see Hermitian
servomechanism, 263
Shankar, R., 371, 372
Shimony, A., 332, 376
Simon, B., 371
simultaneous values, 296-297, 310, 323
See also: value functional
single family, see single framework
single-framework rule, 70, 136, 217, 221, 222, 225,
226
applications, 277, 290, 295, 305-307, 325, 328,
341-342, 344-348
and classical physics, 217, 226
counterfactual, 268
and measurements, 229
and nonlocal influences, 369
and paradoxes, 295
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single-time probabilities, 124-125, 131
difference equation, 124
singlet, see spin singlet
Specker, E. P, 297, 375
spin half, 50-51, 60-62, 69
angular momentum operator, 77
different components incompatible, 128
dynamics, 97
trivial, 127
histories, 111, 114, 117
jump in orientation?, 128
ket for general direction w, 50-51
in magnetic field, 97
three spin-half particles, 87
two spin-half particles, 87
See also: spin singlet
value between measurements, 256

See also: counterfactual, measurement, spin

singlet, Stern—Gerlach
spin one, 304
spin singlet, 310ff (Ch. 23)
correlations, 311-313, 319
histories, 313-315
conditional probabilities, 313, 314
inconsistent family, 314, 322
measurements, 315-322

conditional probabilities, 315, 318, 319, 321

wave function, 311
See also: collapse of wave function, EPR
spinning body (classical), 195, 363, 364
split in consistent family, 164—165
state, see density matrix, ket, stationary,
superposition, wave function
stationary state, 98
statistical mechanics, 202, 203, 211, 236
Stern—Gerlach, 197, 230
conditional probabilities, 232
consistent families, 231-232
nondestructive, 249-252
apparatus, 249
conditional probabilities, 251-252
consistent families, 251
unitary dynamics, 230
stochastic process, 108
quantum vs. classical, 109
Strang, G., 371
strong detector, 188
subjective, 364
subspace, 19, 34, 48, 55, 372

See also: orthogonal complement, projector, ray
superluminal influence, 10, 261, 286, 334, 369

See also: nonlocal, relativity
superposition state, 164, 274, 350
See also: MQS, Schrodinger cat

Index

tennis, 265
tensor product, 81ff (Ch. 6), 372
definition, 82-85
operators, 87-91
matrix elements, 89-91
product of, 88
product of bases, 84
product of decompositions, 93
product of sample spaces, 93
product operators A ® B, 87-89
physical significance, 92
product properties, 92
product state, 83
See also: entangled state, history Hilbert space,
partial trace
thermal equilibrium, see density matrix
three-box paradox, 304-307, 375
incompatible frameworks, 304, 306
time development operators T'(z, t'), 100-102
inverse, 101
Schrodinger equation for, 102
time-independent H, 102
P=T(@tP'T{, 1),101
toy beam splitter, 159-165
channel projectors, 161
hopping between channels, 161, 162
periodic boundary conditions, 159
unitary dynamics, 159
with detector, 165-169, 219-221
See also: channel projectors
toy detector, 104-105
time-elapse, 169-171
See also: weak detector
toy Mach—Zehnder, 178-191
with detector, 183-188
phase shifters, 179
unitary dynamics, 178
See also: Mach—Zehnder
toy model, 69, 71, 372
inner product, 24, 25
internal degree of freedom, 86
momentum, 25-26
position, 23-25, 49, 55
position operator, 78
properties, 48—-50
time-dependent, 102-103
time-independent, 23-26
two particles, 85
wave packet, 180
See also: alpha decay, hopping model, toy beam
splitter, toy detector, toy Mach—Zehnder
Tr(), 42

support, see consistent family, density matrix, positive ~ trace, 42-43

operator

tails of wave packet, 20
tape measure, 228
teacup, 224

telescope, 8

product of operators, 43

Tr(CTC) positive, 44

See also: partial trace
transition amplitudes, 138
true/false, 66

probability 1/0, 218, 220, 224
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truth
depends on framework, 226
quantum vs. classical, 309
of theory, 360
See also: true/false, truth functional
truth functional, 301-304, 308-309, 375
classical, 301
conditions for, 303
determines value functional, 302
histories, 308
quantum, 302
universal, 303-304
for histories, 308
nonexistent, 304, 308
two slit, see double slit
two-spin paradox, 299-301, 375

uncertainty relation, see Heisenberg uncertainty

principle
unicity, 363, 368
unique exhaustive description, 363
unitary dynamics, 94ff (Ch. 7), 372
See also: time development operators
unitary extension, 156-157
unitary family, 120
consistency, 144
unitary history, 119-120, 136, 155
unitary operators, 99-100, 372
adjoint, 99
commuting, 100
diagonalization, 100
eigenvalues, 100
inverse, 99
map of orthonormal basis, 99
matrix, 99
product of, 99

unitary time development, see time development

operators, unitary dynamics

universal, see truth functional, value functional

Vaidman, L., 375
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value functional, 298-299
classical, 298
preserves relationships, 298, 300
quantum, 298
universal, 299-301
nonexistent, 297, 301
See also: truth functional
values, see simultaneous, value functional
vector, 27
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Venn diagram, 58
von Neumann, J., 7, 61, 168, 216, 372-374
theory of measurement, 8, 229, 246-249, 373, 374

Walecka, J. D., 372
Wannier, G. H., 373
wave function, 11ff (Ch. 2)
norm, 13
normalized, 15
phase of, 15
physical interpretation, 13-23
scalar multiple of, 14
sum of other wave functions, 25
See also: center-of-mass, collapse, ket, momentum,
orthogonal, position, zero
wave packet, 243
See also: Gaussian, tails, toy model
weak consistency, see consistency conditions
weak detector, 188-191
weight, see history, zero
Wheeler, J. A., 371, 374
Wigner, E. P., 374
Wolf, E., 374
worlds, see counterfactual

Zeilinger, A., 336

zero ket, 27

zero operator, 30

zero vector, 27

zero wave function, 13

zero weight histories, 139, 149, 153, 157
Zurek, W. H., 371, 376
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