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absence, 474

absolute value, 376, 381
action of an operator, 63
action potential, 326
albedo, 235

algebra, 365

algebra of subsets, 140
algorithm, 28
Almagest, 13, 221
almost surely, 87
almost-period, 440
alogos, 31

alphabet, 67
ambiguities of distinction, 551
Anglicus, Robertus, 37
angular velocity, 42
Annus Mirabilis, 103
ants, 506

arc length, 413

Argand plane, 376
argument, 376
Aristotle, 253

arrrow of time, 257
articulation, 134
associative law, 285
asterism, 16

ataraxia, 422
automorphism, 380

autopoiesis, 346

576

autopoietic system, 346
average, 112, 388, 412
average (defined), 412
Avogadro, Amedeo, 523
axon, 326

axon hillock, 326

Balinese legong dance, 538
Bateson, Gregory, 53, 219
bell curve, 113

Bell’s inequality, 546
Bernoulli shift, 88, 264
Bernoulli trials, 88
bifurcate, 65

bifurcation point, 330, 334
binary bit, 225

binary tree, 65

binasuan, 538

Birkhoff ergodic theorem, 261, 454
Boltzmann, Ludwig, 78, 255, 262
Book of Changes, 58

Book of Documents, 17
Boolean algebra, 140

Borel algebra, 156

Borel normality test, 95
Borel sets, 156

Bragg peaks, 436, 476
Bravais lattice, 308

Brown, Robert, 104
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Brownian motion, 104
byte, 61

caloric, 10, 223
Cantonggqi, 268, 363
Cantor set, 467, 469
Capra, Fritjof, 236
cardinality, 166, 167, 252
carrying capacity, 188
Cartesian coordinates, 375
Cartesian view, 215
Cauchy-Schwarz inequality, 498
cause, 120
cause and effect, 339
CD, DVD, 61
central inversion, 290, 291
central limit theorem, 115
centrifugal governor, 205
Ceres, 114
change, 12

continuous, 52

iterative, 8o
changing yang, 58
changing yin, 58
chaos, 191
chirality, 281
Classic of History, 17
closed under an algebraic operation, 404
closed under operations, 139
cognit, 328
cognition, 346
cognitive domain, 348
coherence, 448, 475
collapse of a wave function, 489
commensurate, 25
commutative diagram, 181
commute, 284, 511
compatible pairs, 238
complement of a set, 139
complete, 143
complex conjugation, 380
complex numbers, 33, 375, 376, 378
complex part, 376

complex plane, 358, 374-376

composition, 283

composition of operators, 132, 133

conditional probability, 200
conjugacy

Cantor, 471

shift system, 186
conjugate, 186, 187

complex, 380
conjugate linear, 498
conjunction, 139
consilience, 218
consolidation, 243, 246, 348

context, 11, 55

contextual fear conditioning, 343

convergence, 339, 375
convolution, 463
coordinate line, 30
cosine, 367, 371

countable set, 162

crystal-diffraction paradigm, 438
crystallographic restriction, 310

cumulative distribution function, 473

Curie’s principle, 458
cybernetics, 218, 219

cylinder, 49

Daisy World, 235
Dale’s principle, 327
Dalton, John, 523
Dao, 563

Daodejing, 56, 57, 160, 207, 215-217, 363, 419,

460, 553, 560, 562, 563

decimal subtleties, 186
Democritus, 421
dendrites, 326
dendritic spine, 344

derivative, 492

determinantal distributions, 450

determinism, 9o, 120
deterministic, 45
devil’s staircase, 473

dharma, 159
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diagonal argument, 170
dictionary set, 70, 72
difference and change, 55
differential equation, 175
diffraction, 433
digram, 69, 71
Dineh, 18
direct product, 239, 291
directed graph, 108
disjoint sets, 139
disjunction, 139
Dogen, 354
dot product, 399
doubling pattern system, 183
doubly-periodic, 393
dynamics
deterministic, 9o
spatial, 155

temporal, 155

Ehrenfest model, 102

Ehrenfest, Paul and Tanya, 103

eigenfunction, 401, 414, 496

eigenspace, 401, 414, 416

eigenstate, 488, 502

eigenvalue, 401, 414, 496

Einstein, Albert, 103, 254

Emperor Yao, 17

endless strings, 61

engram, 341

entangled, 543

entropy, 78, 223, 228, 555
defined, 231
dynamical, 231

Epicurean physics, 422

Epicurus, 254, 421

EPR paradox, 544

equality, 142

equivalence class, 135

equivalence relation, 135, 167

ergodic, 264

ergodic measure, 264

escapement, 39

Euclid’s Elements, 7, 28
Euclidean algorithm, 28
Euclidean plane, 277
event, 128, 134, 138, 555
event space, 129, 138, 145
evolutions of the states, 43
Ewald sphere, 433

exact period, 386
excitatory, 326
expectation, 512

expected value, 84, 87, 88

factor, 182, 198, 200, 205
Faraday, Michael, 361
feedback, 205
fermions, 450
Fibonacci, 32
Fibonacci numbers, 441
finite measure, 151
flag, 295
Flower garland sutra, 247
foliot, 37
Fourier analysis, 358, 388, 415
Fourier coefficients, 374, 375, 388, 392
Fourier series, 392
Fourier transform, 392
function, 385
domain, 385
doubly-periodic, 396
L2, 413
measurable, 409
periodic, 385
positive, 407
range, 385
square-integrable, 413
fundamental region, 305, 313
FuXi’s keyboard, 66

Gaia, 551

Gaia hypothesis, 234
Galileo Galilei, 38
Gaussian distribution, 113

Gay-Lussac, Joseph-Louis, 523
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generator, 304
gestalt, 501, 556
gestalt shift, 542
glide reflection, 307
golden mean tiling, 443
golden ratio, 30, 31, 440
graph, 108
greatest common divisor, 29
group, 286, 371, 415
abelian, 290
center, 291
central element, 291
cyclic, 299
definition, 286
octahedral, 296
order, 285
trivial, 292
unit circle, 382
group theory, 270, 282
growth rate, 188

hard core, 455

harmonics, 372

Hartley, RV.L., 77

heart/mind, 353

Hebb, Donald, 338

Hebbian learning, 268, 338
Hegel, Georg Wilhelm Friedrich, 57
Hermitian, 504

Hodgkin, Alan, 345
homomorphism, 196

houses, 22

Hua-yen Buddhism, 247

hull, 451

Humboldt, Alexander von, 523
Hume, David, 261

Huygens, Christiaan, 39, 219, 360
hydrogen atom, 530
hydrogen-like atom, 530

I Ching, 58
identity operator, 132

Ii’ni, 19

image under a mapping, 275
imaginary axis, 376
imaginary numbers, 375
imaginary part, 375
independent, 93
independent events, 86
Indra’s net, 248
induction, 261
infinite set, 168
infinite strings, 61
information, 73, 228, 267
numerical, 252
systemic, 253
information rate, 75
inhibitory, 326
initial conditions, 175
inner product, 496
integers, 33
integrable, 409
integration, 175, see system, 406, 556
Lebesgue, 408
Riemann, 407
intensity, 476
interaction, 238, 490
intersection, 139
intertwine, 181
interval
closed, 155, 467
open, 156, 467
invariance, 280, 320
invariant, 320
invariant measures, 179
irrational number, 31
isometry, 319
isomorphism, 196
itinerary, 180

itinerary mapping theorem, 198

kernel, 464
Kolmogorov, 91
Kullback-Leibler divergence, 244

Kun, 214
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Lakoff, George, 8
Laozi, 56
lattice, 308
law, 100, 130, 159
of a pattern system, 179
of a process, 261
of large numbers, 87, 264
least squares, 113
Lebesgue, 178
Lebesgue measure, 154, 156
left shift, 62
Leibniz, Gottfried Wilhelm, 59
lens, metaphorical, 160, 555
Leonardo Pisano, see Fibonacci
L1, see locally indistinguishable
li, ii, 124
Ll-class, 451
Liber Abaci, 32
librations, 43
limit cycle, 205
linear combination, 372, 386, 387, 405
linear operation, 389
linear operator, 410, 492, 502
linear space, 359, 364, 365, 404, 417, 485
linearity, 389
linearization, 365, 385
linearization of dynamics, 359
locality, 544
locally bounded set, 447
locally indistinguishable, 451
logarithm, 74
logical operators, 134
logistic system, 163, 188
logos, 500
Lucretius, 104, 254, 274, 360, 422, 423
Luisi, Pier Luigi, 236

mapping, 126

marginal measure, 240

Markov
process, 72, 97, 105, 108, 199
property, 199, 200
system, 199, 200

Markov, Andrey A., 108
Maturana, Humberto, 346
mean, 112, 113
measure, 86, 129, 148, 149, 152
stationary, 157
intensity, 456
invariant, 157, 411
marginal, 240
of a set, 150
of an event, 129
product, 240
median, 112
memory, 133
mesa function, 405
metaphor, 257
Meton cycle, 25
metric, 278
Euclidean, 277
micronystagmus, 54
mixing, 456
modern algebra, 307
modulus, 376

morphogenesis, 477

natural numbers, 33, 166
Navajo astronomy, 17
negation, 139, 460
negentropy, 224, 237, 267
neural oscillator, 335
neural plasticity, 338
neural units, 327
neuron
hyperpolarization, 327
post-synaptic, 327
pre-synaptic, 327
Newton, Isaac, 254, 360
noisy channel theorem, 250
non-negative integers, 33
norm, 486, 498
normal distribution, 113
normal forms, 207
normed state/wave, 486, 487

normed wave, 498
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notation for number sets, 33 portrait, 46
Nuriez, Rafael, 8 shift, 366, 379
space, 46

observable, 261, 317, 321, 359, 365, 385, 504 physical state, 499

commuting, 491 Planck time, 254
one-to-one correspondence, 166 Planck’s constant, 482
operator, 63, 126, 131, 371 reduced form, 482

composition, 283 Platonic solids, 294

inverse, 284 Pleiades, 17, 18
orbit, 312 plots and graphs, 108
orbitals, 528 Poincaré recursion theorem, 208
order, 296 point process, 446, 476
orthogonal, 498 intensity, 456
orthogonal group, 289 mixing, 456
orthogonal waves, 504 Poisson process, 476
orthonormal basis, 505 polar coordinates, 375
outliers, 116 polarization, 505

Polynesian navigation, 21

paradigm, 206 Pontryagin duality, 392

paradigm systems, 164 position operator, 514

parallelogram law, 284 positive integers, 33

partition, 71-73, 136 power law, 225

evolution, 147 prefix encoding, 76

state space, 48 presence, 474

parts, 73 principle, 82

Pasch’s axiom, 7 principle of induction, 261, 265

Pasteur, Louis, 281 probability, 70
pattern, 160, 252
defined, 161

equivalence, 201

probability measure, 151
proof by contradiction, 171

proper subset, 167

factor, 200 Ptolemy, 13, 112, 221, 466, 559

law, 179 pufferfish, 2

system, 12, 158 pure imaginary, 381

patterning, xii, 12 pure point diffraction, 436, 444

Pauli exclusion principle, 450, 528 pure waves, 372

perfect transmission, 253 Pythagoras, 27

period, 303
exact, 373 Qian, 214
period group, 303 quadrigrams, 72
periodic tilings, 303 quantized, 479
Perrin, Jean-Baptiste, 107 quantum mechanics, 478
persistence, 183 quantum number
phase angular momentum, 526
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INDEX

definition, 488
electron spin, 527
magnetic, 527
orbital shape, 526
principal, 526
quantum theory, 478

Copenhagen interpretation, 481, 516

state, 485

state space, 485, 487
superposition, 489
waves, 485

quaternions, 538

radian, 368, 369

radiant electron, 530

radical pairs, 540

Rafael, Sanzio da Urbino, 144
random trial, 84

random variable, 91

independent identically distributed, 93

random walk, 105
randomness, 81
independence, 85
rational numbers, 31, 33
real axis, 376
real line, 30, 358, 375
real numbers, 33
real part, 376
reciprocal lattice, 430, 435
reciprocal space, 435
redundancy, 238
reflexive, 135
regular polyhedron, 295
relative entropy, 243
reticular theory, 324
retrograde amnesia, 342
return, 455
rotation-inversions, 298

Rovelli, Carlo, 255

sameness, 134
Sandokai, 268

Santiago theory of cognition, 346

scalar multiplication, 365
School of Athens, 144
Schrodinger equation, 492
Schrodinger, Erwin, 500
self-adjoint operator, 504
self-similar, 443
Semon, Richard, 341
set inclusion, 33
sets
cardinality, 166
countable, 165, 168
disjoint, 149
listable, 165, 168
uncountable, 165
shadow, 182, 244
Shakhnovich, A.K,, 54
Shannon’s first fundamental theorem, 77
Shannon, Claude, 66, 219, 250
shell, 528
shield tiling, 444
shift left, 62
shift operator, 131
shift space, 61, 64
sigma-algebra, 143
Simone, Nina, 254
simple function, 405
sine, 367, 371
singular continuous measure, 473, 477
soma, 326
space
Euclidean, 277
of measurable functions, 409
state, 62
space of functions, 359
spatial wavelength, 494
special orthogonal group, 289
special unitary group, 538
spectral analysis, 388, 402, 414, 415
spectrum, 502
atomic, 454
spin, 528, 534
square root of minus one, 378
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stabilizer, 288 teleological, 217
standard deviation, 113, 512 tessellation, 313
standing wave, 26, 27 tetrahedron, 289
star compass, 22 The Nature of Things, 360
state, 62 The Pattern of Change, 12
normalized, 498 Thompson, Nainoa, 22
of the system, 43 three-body prooblem, 176
pendulum, 42 time, 253
portrait, 46 time frequency, 494
state space, 43, 46, 55, 62, 124, 371 torus, 394, 395
stationarity, 455 trajectory, 43, 191, 312
stationary process, 448 transfer of structure, 187
stationary wave, 27 transformation, 126
statistical mechanics, 78, 103 transition
stella octangula, 299 graph, 109
stick chart, 23 matrix, 109
stochastic, 69 probabilities, 109
stochastic process, 91 transitive, 135
structural resonance, 259 translation invariant, 155
subgroup, 288, 320 trial, 92
superposition, 493, 509 trigrams, 72
superposition principle, 542 triquetra, 272
supremum, 408
unbounded strings, 61
swerve, 422 ) .
. ncertainty principle, 490,
symmetric, 135, 280 4 Nty principle, 490, 491
uncountable set, 162
symmetry . )
. undefined premises, 8
breaking, 315 )
. union, 1
crystallographic, 320 39
unit circle, 357, 367, 382
group, 319 . 3
nit group,
translational, 303 unit group. 35
unitary operator, 492
synapse, 326 ) Y op 49.
. unitary transformation, 492
synthesis, 213, 224, 233, 241, 267 ) )
universal acid, 355
system, 4, 9, 51, 159, 214, 476 .
. . unstable equilibrium, 205
integration, 241
law, 179 Varela, Francisco, 346
Verhulst, 188 variance, 512
systemic, xii, 4 vector space, 364
systems consolidation of memory, 342 Venn diagrams, 139
systems way of thinking, 130 Verhulst, Frangois, 188
vish, 5, 252
tajitu, 57 vitalism, 216
tail events, 116
Tao Te Ching, 56 wave
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amplitude, 360 whole numbers, 33
cyclical, 360 Wiener, Norbert, 218
frequency, 362 Wigner, Eugene, 216, 557
intensity, 360
, 58
period, 360 yEfljg >
Lo Yijing, 58, 214

periodic, 415 .

yin, 58
phase, 360 .

yin-yang, 57
pure, 386
pure wave, 360 Zhang Sixun, 37
vector, 399 ziran, 215
wavelength, 362 Zwicky, Jan, 220
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