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197-198

Chaos theory, 4, 36, 42, 78, 105, 110

Classical epistemology, 148-149, 155, 159, 164,
182,193, 200

Classical mechanics, Newtonian mechanics, key
discussions: Preface, p. 4;2, 4,13, 22-23, 105

Classical physics, theory, concepts (see also
classical mechanics), key discussions: Preface, p.
4;ix, X, 2, 3-7, 10, 11-16, 19-20, 20n.8, 23-26, 28,
34, 57n.22, 104n.46, 105-107, 108n.49, 148, 155,
158-159, 161, 163-167, 171-175, 181-187, 192-
195, 198, 200

Classical statistical physics, 3, 20n.8, 29, 54n.21,
105

Complementarity as Bohr’s interpretation of
quantum phenomena or quantum mechanics, X, xi,
1,2,3,5-7,9-10, 12, 14-17, 17n.6, 18, 20, 23, 27,
32, 34, 44n.19, 49, 57-58, 61-63, 73-77, 92, 94,
101, 103, 106, 109, 112, 116, 119, 121-122, 143,
153, 160, 180, 182, 185, 188-189; Bohr’s
revisions of, xi, xii-xiii, 17-18, 27-28, 32, 34, 57-
58, 73-76, 92, 143, 165

Complementarity as mutual exclusivity of features
or phenomena, xi, xii-xiii, 3-4, 6, 12, 15-17, 26-
27,30-32, 53, 66, 77, 86, 90, n.39, 94, 98, 144-
145, 156, 165, 169, 184; of wave and particle
phenomena, 12, 58

Completeness (of quantum mechanics), key
discussions: Ch.3, pp. 88-101; xii, 17, 53, 73-74,
76, 79-80, 90-99, 118, 134, 184-185

Complex numbers, 24, 38-39, 85, 124

Compton experiment, 43
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Concepts, xi, 1, 76, 123, 143-152, 162-171, 181;
classical nature of, 148-149; classical physical, 6,
15,22, 31, 86, 107-108, 143-144, 148, 150, 168-
170; in Deleuze and Guattari’s sense, 151;
Einstein on, 167-167, 178-179; invention of, 149,
162-163; philosophical, 151-152; physical vs.
philosophical, 151, 167-170, 174; spatio-
temporal, 37, 40-41, 51, 85-86, 107-108, 115, 128

Copenhagen interpretation of quantum mechanics,
xii, 49, 51, 56, 85, 201

Correlations, quantum correlations, 13, 20, 33, 73,
85n.34, 99, 113, 162; and correlata, 20, 33,
85n.34; EPR (Einstein, Podolsky, and Rosen) type
(see also “Entanglement”) 6, 13, 24, 73, 74, 89-
90, 92, 99-100

Correspondence principle (argument), 22-24, 42,
58, 82,91, 99, 137-138

Counterfactual argumentation, logic, 98-100

Creation and annihilation (birth and
disappearance) of particles in quantum field
theory (see also “Virtual particle formation in
electrodynamics and quantum field theory”), 124,
129, 131; operators of, 129

Critique (in Kantian sense), 143-144, 146, 148,
150, 165, 176-180

Cut, 80-82, 91

Decoherence, key discussions: Ch.1, pp. 40-44,
40-44, 73

Delayed-choice experiment, 24
Delta function (of Dirac), 71

Density operators, 66

Description and indescribability, physical (see
also Visualization), 2-6, 13, 17-20, 20n.8, 22, 26,
28,31, 36-38, 40-43, 46, 57n.22, 58-60, 62, 65,
67-68, 77-88, 92, 105, 107-108, 124; description
and/vs. prediction, 2-5, 13, 19-20, 20n.8, 26, 28,
68, 80-82, 87-88, 92, 107-108, 124

Determinism, deterministic, 2, 20n.8, 51, 54, 61,
104-105, 124, 161

Dialectic, 201

Dirac’s equation, 119-20

Dirac’s theory (of positron), 120, 122-123, 125,
128-129

Disciplinary conservatism, 194-195

Discontinuity (of quantum phenomena), 10-11,
35,36, 43,46,72,75, 117, 164

Discreteness (of quantum phenomena), 9-11, 36,
126, 164

Double-slit experiment, key discussions: Ch.1,
pp. 28-34; ix, 3, 6, 10-11, 13, 20, 24-25, 28-34,
38, 67, 76, 86,90n.39, 98, 113, 172-173

Effects (quantum, of the interaction between
quantum objects and measuring instruments), X,
1-2, 5-6, 10-11, 13, 15-18, 20, 21, 23, 26-33, 35-
41, 41n.17, 42-47, 58, 60-62, 68, 73, 75-76, 78,
80-87,91-92, 98, 100, 107, 112-114, 117, 126,
129, 139, 142, 155, 162, 168, 174, 176-177, 182,
190

Ehrenfest’s theorem, 42

Einstein, Podolsky, and Rosen argument, see EPR
argument

Electrodynamics, 68, 109, 120-121, 125
Empiricism, 166, 166n.66

Entanglement (quantum), 14, 44, 73, 73n.30, 74,
76, 78, 89-92, 100-101

Epistemology (epistemological aspects and
features, epistemological considerations,
epistemological nature of phenomena or theory),
key discussions: Ch.1, pp. 44-47, Ch.4, pp. 106-
111; x-xii, 1-4, 6-7, 10, 13-15, 17-19, 21-22, 25-
27,32, 35, 38-40, 42, 44-47, 56, 62, 66, 68, 74-87,
91-93, 98, 106-119, 149, 162-165, 171, 177, 193;
classical (see “Classical epistemology”);
nonclassical (see “Nonclassical epistemology”);
and probability, 106-118, 121-130, 133-135, 139-
142

EPR (Einstein, Podolsky, and Rosen) argument,
key discussions, Ch.3, pp. 88-101; xi, 14, 18, 24,
27,31, 34, 54n.21, 58, 73, 74n.30, 75-76, 88-101,
108, 113-114
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EPR (Einstein, Podolsky, and Rosen) correlations
(see “Correlations, of EPR [Einstein, Podolsky,
and Rosen] type”)

EPR (Einstein, Podolsky, and Rosen) experiment,
key discussions; Ch.3, pp. 88-101; 32, 46, 49n.20,
53,57,73, 74n.30, 75-78, 82, 85, 88-10, 107n.48

Exclusion principle, 168
Expectation catalogue (of Schrodinger), 12, 66
Feynman diagrams, 132-133, 197

Formalism, classical (of classical physics), 22-23,
59, 60, 80, 124; Hamiltonian, 22, 59-60, 124, 138;
Newtonian, 22, 59

Formalism, quantum-field-theoretical, 125-142

Formalism, quantum-mechanical, key discussions:
Ch.3, pp. 84-87; xii, 1, 5-6, 22, 25-26, 28, 31-32,
37-43, 47, 53-54, 59-67, 70, 74, 76, 79-87, 90-92,
96-98, 126-127, 138; Dirac’s, 1, 18, 24, 86;
Heisenberg’s, 1, 22-23, 125; Hilbert-space (see
also “Hilbert space”), 80, 125; Schrodinger’s, 1,
23, 80, 125; von Neumann’s, 1, 24, 86

Fractals, 65

Galois’s theory, 65
Gelfand theorem, 65
Gelfand, Neimark, and Segal theorem, 65-66

Geometry, 25, 65, 68, 164; and algebra (see
“Algebra”; “algebra and/vs. geometry™)

Geometrical representation (or
unrepresentability), 25-26, 56-57, 68-69, 85

Heisenberg’s miscroscope (thought experiment),
43

Heisenberg’s new kinematics, 16-17, 21-23, 34,
59, 124

Hidden variables (see also Bohmian mechanics),
27n.12, 28, 31, 44-45, 84, 97-98

Hilbert space, 39, 41, 50, 54, 56, 60, 62, 64-69,
80, 86, 86n.36, 89, 124-126, 128, 133, 192

Holevo theorem, 39

Idealization, 1, 3-7, 15-16, 51, 54n.21, 62, 67, 69-
71, 88n.38, 89, 105-106, 107n.49, 110-111, 113,
117, 136-139, 154-155, 158-159, 167, 190-191

Inconceivability, unthinkability (of quantum
objects and processes) (see also “Unknowability
[of quantum objects and processes, of nonclassical
objects and processes]”), 6-7, 32, 45-46, 100, 117,
127-129, 133, 153, 161-162, 170, 177, 189-190,
198, 201

Individuality (of quantum effects, phenomena, or
processes), xi, 2-3, 10-11, 13, 15, 19-20, 20n.8,
22-23,26-36, 40, 45, 51, 54, 54n.21, 61, 69, 73,
75-82, 98-100, 103-116, 125-126, 136

Indivisibility or wholeness of phenomena in
Bohr’s sense (see also “Atomicity”), 11, 15, 34-
35, 35n.15, 36, 45-46, 75, 78-79, 81, 108, 115,
129

Infinity, 163-164; mathematical vs. philosophical,
163-164

Information, 2, 9, 13-17, 20, 26-28, 39-40, 65-66,
101-104, 110, 113, 153-154; quantum, 2-3, 5, 9-
10, 26-28, 39-40, 153-154

Information theory (see also “Quantum
information theory™), 2, 3, 9, 13-17

Interaction between quantum objects and
measuring instruments, x, xi, 2, 4-6, 10-12, 15-18,
22,27-28, 30-46, 57n.22, 58-62, 67-68, 76, 80-90,
92,92n.42, 93-95, 103, 107, 113-115, 117, 126,
129, 134-138, 155, 162, 168, 174, 176-177, 182-
185, 190, 192, 199

Interference pattern, 3, 11, 13, 20, 25, 28-30, 33-
34,100

Interpretation, 1-2, 6-7, 143, 189, 192

Intuition (see also “Visualization”), 25, 56, 164,
173-174

Josephson’s devices, 5
Ket-vector (bra-vector), 39, 86

Kinematics (Heisenberg’s), 16-17, 21-24, 34, 59,
76,81, 124,174, 176
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Klein-Gordon equation, 120
Kochen-Specker theorem, 14, 97
Laws of physics, 185

Locality and nonlocality in quantum mechanics,
key discussions: Ch.3, pp. 88-101; 14, 29n.13, 30,
32,34, 35n.15, 44, 46, 51, 53, 73, 73n.30, 74, 76,
78-80, 84, 88-101, 119n.54, 147, 172. 183n.69.
185

Macroscopic quantum objects or systems, 5,
41n.17,42

Many-world interpretation of quantum mechanics,
28

Mathematics, 152, 163, 195-196; and philosophy,
163, 195-196; and physics, 63-72, 143, 149,
152,163-164, 168, 192

Mathematics and physics in quantum mechanics,
key discussions: Ch. 2, pp. 63-72; 9, 37, 42, 49,
56-57, 60, 63-71, 71n.29, 72, 108, 119, 121, 124,
128, 143, 149, 152, 175, 192

Matrix (quantum) mechanics, 13-19, 24, 26,
26n.11, 37, 58-59, 69, 81-82, 108, 120, 125

Measurement, measurement procedures, situation
of measurement in quantum mechanics (see also
“Measuring instruments”), 3-5, 14-17, 21-22, 26,
28, 30-34, 37-39, 41, 43, 50-54, 54n.21, 55, 60-
67,70, 77, 80-84, 84n.34, 87-88, 88n.38, 89-90,
93, 95-100, 107, 109, 113, 125, 127, 176, 182,
183n.69, 185, 193

Measurement in quantum field theory, 122, 125,
127, 134-142

Measuring instruments (see also “Effects” and
“Interaction between quantum objects and
measuring instruments”), X, xi, 2, 4-6, 10-12, 15-
18,22, 27-28, 30-33, 35-38, 40-43, 45-46, 57n.22,
58, 60-62, 67-68, 76, 80-84, 86, 88-90, 92,
92n.42, 93-95, 103, 107, 113-115, 117, 126, 129,
134-135, 137-138, 144, 149, 155, 160, 162, 168,
174, 183, 190, 199; classical and quantum aspects
of, 20, 27, 31, 38-41, 54, 81-84, 160, 199

No-continuum hypothesis (postulate), 9-11

Nonclassical epistemology (philosophy, theory,
thought), 143-154, 164, 169-171, 175-179, 181,
187-189, 193-196, 200-202; of classical physics,
159; of quantum mechanics, 17, 26-27, 103-118,
133, 143-154, 164, 169-171, 175-179, 189-195

Noncommutative geometry, 24, 65
Noncommutativity, 24, 50, 56, 59, 65-66, 68

Nonlocality (see “Locality and nonlocality in
quantum mechanics”)

Nuclear forces (physics), 121, 122, 124-125, 130

Objects, classical (philosophical), 155-157, 161;
classical (physical), 3-5, 13, 19, 60, 124, 139;
nonclassical (objects of nonclassical theories),
153, 155, 161-162; quantum (see “Quantum
objects and processes”)

Objectivity (objective description), 147, 160, 162
Observable quantities (in Heisenberg), 23
Observables, 56, 65-66, 68, 138

Old quantum theory, 19, 22, 176

Operators, operator variables, 24, 50-51, 54, 56,
62, 64-68, 89, 124-125, 128, 133

Ontological, ontology, 104, 107, 107-108n.49,
112

Particle(s), particle phenomena, 11-12, 12n.3, 13,
18, 20, 22, 25, 28-30, 33-34, 36, 38, 41, 49-50,
55-60, 76-77, 82, 86,90, 98, 113,117, 121, 123-
133, 138, 140, 177-180, 184n.70; EPR, 96-98,
100

Phenomenology (philosophical), 13, 33

Phenomenon (see also “Atomicity,”
“Individuality,” “Indivisibility,” and “Interaction
between quantum objects and measuring
instruments”), key discussions: Ch.1, pp. 27, 30-
34;x, 1,13, 33, 44n.19, 71-72, 93-94, 100, 108,
127,129, 141; Bohr’s concept of, xi, 1,2, 13, 26-
28, 30-36, 40, 63, 76-77, 86-87, 95n.44, 108, 114-
115, 123, 144, 148, 163-165, 184; in Bohr’s
sense, X, 9, 13, 15-17, 19, 20, 26-28, 30-36, 42-
45,61, 76-79, 83, 85, 87,91, 95-96, 113-

116, 125, 127, 129, 132, 139; classical physical
(or macroscopic), 5, 9, 20, 42-43, 89, 148; closed
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(in Bohr’s sense), 35, 37; continuous and
discontinuous, 9-10, 71-72; individual (see
“Individuality”); in Kant, 44n.19; physical, 183-
187, 192-193; quantum (or atomic), xi-xii, 1-4, 6-
7,9-11, 15-17, 19-20, 20n.8, 24, 20n.8, 27-28, 40,
46, 53, 60, 70, 74-81, 83, 86, 88, 90-96, 104, 106,
106n.47, 107-109, 111, 114-115, 123, 132, 139,
143, 146, 148, 153, 158, 162, 164, 166n.66, 169,
172-180, 183-187, 192-195, 198; quantum-field-
theoretical, 132-135, 139-142

Philosophy, 149-152, 162-163; as invention of
concepts, 149-152, 162-163; and physics, 147-
150, 176, 180, 183, 195-196; and physics in Bohr,
144-150, 165, 177; of science 183-188

Planck’s constant (%), quantum of action, 1, 9-10,
15,75, 88, 106, 108-109, 134

Planck’s law, 29, 114
Platonism, 63-64
Positivism, positivist, 17-18, 20, 166, 166n.66

Principles of science (according to Bohr), 181-
189, 192-193

Probabilistic or statistical nature of quantum-
mechanical predictions, 20, 29, 54, 54n.21, 55, 61,
67, 69, 88, 88n.38, 104, 104n.46, 124-128

Probability (also statistics), key discussions: Ch.4,
pp. 103-118; Bayesian, 104n.46, 116; classical (in
classical physics), 104, 110-112; contextual,
104n.46; Kolmogorovian, 104n.46, 116n.53;
nonclassical or irreducible, 3, 5, 104, 112-115,
143, 173n.68; quantum, 3-5, 12, 26, 20, 20n.8, 29,
29n.13, 38-39, 42, 52, 55, 61, 67, 69, 103-118,
124-129, 163, 173n.68; in quantum field theory,
124-129, 131, 133; waves of, 12, 113

Quantum of action (see “Planck’s constant (%),
quantum of action”)

Quantum electrodynamics (see also “Quantum
Field Theory”), key discussions: Ch.5, pp.119-
142;x,7, 18,70, 98, 109, 119, 119-142 (including
notes), 181, 194

Quantum-field-theoretical formalism (see
“Formalism, quantum-field-theoretical”)

Quantum field theory, key discussions: Ch.5,
pp-119-142; vii-x, 5,7, 47, 65, 117, 119-142
(including notes), 143m 146, 160, 176, 181, 194-
195, 197-200

Quantum information, 13, 26-27, 153-154

Quantum information theory, 2-3, 9, 9n.2, 10n.3,
13-17,49n.20, 66-67, 73, 116, 153

Quantum measurement paradox, 30

Quantum-mechanical formalism (see “Formalism,
quantum-mechanical”)

Quantum objects and processes (see also
“Inconceivability, unthinkability [of quantum
objects and processes],” “Interaction between
quantum objects and measuring instruments,” and
“Unknowablity [of quantum objects and
processes]”), key discussions: Preface, pp. 4-5

Quantum phenomenon (see “Phenomenon,
quantum”)

Quantum postulate, 9, 22, 75

Quantum states, key discussions: Ch.2, pp. 66-68;
39-40, 41n.18, 65, 66-68

Quantum variables, key discussions: Ch. 2, pp.49-
72; 16, 21-22, 27n.13, 49-72 (including notes), 77,
86, 86n.36, 88-90, 107n.48, 124-125, 128

Qubit, 39-40
Real numbers, 38, 66, 85

Realism, realist, 13, 19-20, 30n.14, 51, 53, 62-63,
68, 84-85, 98, 105-106, 108n.49, 110-112, 128,
160-161, 166, 190-191

Reality, key discussions: Ch. 3, pp. 77-102, Ch.4,
pp. 103-118; 46, 63, 77-80, 84n.34, 85-88, 92-97,
105-118, 139, 148-149, 167, 183-186, 192;
“elements of reality” (EPR), 77-78, 88, 90; EPR
criterion of, 88, 93-97, 186

Relativity theory, ix-x, 30, 41, 62, 66, 68-69,
73n.30, 85, 91-92, 98-99, 135n.59, 147, 158-159,
181; general relativity, 91, 112, 131, 166, 172;
special relativity, 10, 10n.3, 30, 119n.54, 131, 177
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Renormalization, 139-142, 194
Retroaction in time, 30, 30n.14
Rydberg-Ritz formulae, frequencies, 23, 58

Schrodinger’s equation, 18, 23, 59, 64, 80, 120,
125,131

S-matrix, 121

Spin, 6, 14, 39, 69, 73, 86, 90, 168
Statistical physics, classical, see “Classical
statistical physics”

String and brane theory, 130, 181

Symbolic (nature of quantum theory), 12, 31, 38-
39,41, 70, 82, 85, 87

Thermodynamics, 151
Things in themselves (in Kant’s sense), 155-161

Thinking, thought, 148, 175, 196-202; and chaos
(see “Chaos, and thought”)

Transformation theory, 24, 120
Transformation theorems, 81

Unambiguous reference, description (see
“Ambiguity”)

Uncertainty relations (also indeterminacy
relations or principle, uncertainty principle), key
discussions: Ch.2, pp. 51-56, 60-62; 3-4, 16-18,
20, 24, 29, 29n.13, 32, 34, 37-39, 42, 49-56, 60-
62,69,72,77,79, 83, 86-89, 91-92, 113, 122,
135, 138-139, 144, 148, 176, 179

Universe, the wholeness of the universe, 87

Unknowability (of quantum objects and
processes, of nonclassical objects and processes)
(see also “Inconceivability, unthinkability [of
quantum objects and processes]”), 35, 45, 99, 112,
114,117, 129, 139, 142, 153, 170, 177, 189-190,
198,201

Virtual particle formation, 123, 126, 128-129,
132-133, 140, 197-199

Visualization (Anschaulichkeit), mechanical
pictures, visual pictures, pictorial visualization
(see also Geometrical representation), 21, 25, 26,
37-38, 56-57, 57n.23, 64, 64n.25, 70, 85, 116,
125, 129, 132, 134, 164, 174, 191-192

Von Neumann’s projection postulate, 38, 51, 85,
115

Wave(s), wave phenomena, 9-13, 25, 28-29, 34,
56,76, 121, 125-126, 117-180, 184n.70

Wave () function, 41n.18, 88n.38, 113

Wave (quantum) mechanics, 17, 23, 26, 56-57,
57n.23, 58, 64, 68-69, 125, 128, 130
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