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conservation
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coordinate system, ☞ system, coordinate
correlation n-point functions, 419
correlations at a distance, 434
coset, 452
cosmic rays, 39
cosmological constant, 301, 341, 342
cosmology, 341
cotangent bundle, 497
Coulomb, 38, 436

field, 20, 29, 136, 154, 195, 497
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Cronin, 61, 142
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neutral, 269
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Davis, 55
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decay, 38, 57, 70, 72, 77, 95, 97, 112, 113
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J/ψ particle, 63
β, 34, 40, 53
γ, 40
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rate, 117
strangeness-violating, 65
two-particle, 113
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Descartes, 5, 142, 177, 187

coordinate, 87, 318
lattice, 453
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detailed balance, 53, 141
DeWitt, 232
de Sitter, 358
differential cross-section, 45, 112, 202
dimensional analysis, 15, 257, 362, 370, 380, 391, 527, 528
Dirac, 13, 51, 54, 57, 133, 140, 187, 227, 313, 357, 405,

420
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dual charge quantization, 187, 189, 444
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Lagrangian density, 180
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discretuum, 405
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angles, 66, 485
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Euler–Lagrange equations,
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exceptional divisor, 339
excess energy density, 258, 265
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electrodynamics, 294
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Gödelian: quantum physics, 521
generally relativistic, 24, 296
M- and/or F-theoretic, of superstrings, 31, 403, 406,

441–444
not falsification, 7
of Ampère’s law, for self-consistency, 294
of color symmetry, 306
of gauge symmetry, 308
of models, possibly perpetual, 7
of the Standard Model, 303
of weak symmetry, 305
quantum, 10, 26, 298, 311, 357
rationale for, 308
relativistic, 8, 311
spatial, of elementary particles, 30, 434
specially relativistic, 295
supersymmetric, 358, 361, 365

of Lie algebras, 367
of the Poincaré algebra, 370

extremal black hole, 499

F-theory, 404
Faddeev, 232
falsifiability, 9
falsification, ☞ extension
Fano, 430
Faraday, 171, 182, 294
FCNC, 67, 269
Fermi, 13, 54, 56, 57, 64, 357

golden rule, 113
interaction, ☞ interaction, contact, Fermi
model of weak interaction, 64

fermion, 499
left-handed, ☞ chirality, helicity
number of families, 301
right-handed, ☞ chirality, helicity

fermionic integration, ☞ Berezin integration
fermionic number, 369
fermionization, 423
Feynman, 19, 51, 54, 122, 142, 151, 205, 398, 411

diagram, 103, 110, 116, 121, 137, 143, 149, 191, 196,
198, 206, 212, 215, 217, 235, 239, 241–243, 268

rules, 191
electroweak interaction, 279
QCD, 232
QED, 193
toy, 116

fibration, 427, 499
field

chromodynamics, 247, 324
electric, 48
electromagnetic, 32, 33, 72, 135, 171, 182, 185, 186,

190, 195, 226, 247, 256, 324, 373, 386
gauge, 182, 226, 325
gravitational, 326
weak, 72

field (mathematics), 499
field (physics), 499
Fierbein, 516
fine structure, 21, 134

constant, ☞ coupling parameter
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approximate conservation, 77, 153
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Fok, 169
force
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Fritzsch, 61, 160
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ate the Goldstone mode, 265
mass, 251, 264

charge, 229
current, 229

weak, 268
field, 505, ☞ field, gauge
fields, 499
group

abelian, 169
gravity, 323
non-abelian, 224

interaction, 300, 406
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relative magnitude, 302

potential, 500, 505
abelian, 168, 182, 186
gravity, 323
non-abelian, 225
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symmetry, 146, 223, 263, 296
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gravity, 165, 324
Yang–Mills, 50, 165, 223, 224, 508

transformation, 189, 225, 251
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non-abelian, 224
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Gauss, 7, 171, 182, 228, 294, 428, 436, 439
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QCD, 229, 229–230
QED, 183, 192
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Gell-Mann, 57–61, 142, 151, 160

matrices, 224, 476
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geometric quantization, ☞ quantization, geometric
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anti de Sitter, 342
brane, 431, 432, 433, 436
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443
de Sitter, 342, 433
engineering, 348
Gödel, 344
Kasner, 343
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Kerr, 337
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FLRW, 341
Gödel, 344
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Gervais, 364, 400
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GIM mechanism, 154, 267, 269
Ginzburg, 252, 402
Glashow, 61, 63, 67, 300, 306
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gluon, 127, 225, 229, 230, 232, 501
GNN formula, 57, 60, 75, 146
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hadronization, 212
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Hamilton, 18, 181, 401, 410, 416

action, 38, 91
supersymmetric, 381

Hamiltonian, 18
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density, 171, 257
Dirac, 180
eigenstate oscillation, 286
field latency correction, 136
flavor hierarchy, 153
gauge potential terms, 170
LHO, 359
LHO+fermion, 359, 361
LHO, supersymmetric, 361
magnetic corrections, 132
non-relativistic, 128
principle, 92, 227
relativistic correction, 130
Zeeman effect, 153

Han, 61, 160
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linear, 359
supersymmetric, 362

Harvey, 402, 423
Hausdorff space, 496
Hawking, 340
Heisenberg, xi, 26, 48, 49, 67, 145, 297, 398

indeterminacy principle, 26, 33, 67, 72, 73, 103
uncertainty, ☞ —, indeterminacy
zone, 105

Heitler, 13
helicity, 177, 501
Hermite conjugation, ☞ conjugation, Hermite
Hibbs, 19
Higgs, 252

boson, 67, 306
critical energy, 266
effect, 256, 265, 266
effect in electroweak interaction, 276

Higgs–Kibble effect, ☞ Higgs, effect
Hilbert, 18, 359, 406
Hilbert space, 359

bosonic, 359
bosonic–fermionic, 360
supersymmetric, 362, 366

holography principle, 31, 403
Homestake, 525
homotopy, 407

class, 501
’t Hooft, 31, 248, 276, 403
Horowitz, 402, 424
Hubble, 342
Hume, 5
hydrogen atom, 18, 27, 45, 72, 95, 127, 129, 134, 136, 153,

174, 195, 472
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weak, 275, 289
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hypothesis

chronology protection (Hawking), 347
cosmic censorship (Penrose), 337
history preservation (Novikov), 347

Iizuka, 63, 77
Iliopoulos, 61, 63
image, 502
in-line question, xiv, 17, 18, 40, 46, 72, 90, 92, 97, 100,

102, 104, 109, 114, 131, 137, 140, 141, 147, 154,
155, 253, 263, 359, 520

indeterminacy principle, ☞ Heisenberg, indeterminacy
principle

inertial system, 84
injection, 502
intact supermultiplet, ☞ supermultiplet, intact
integral contour, 425
integrality, 45, 187, 189–190, 405, 442
integration

fermionic, ☞ Berezin integration
path, ☞ quantization, Feynman–Hibbs

interaction, 146
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Fermi, 58, 64
Yukawa, 50, 58, 72, 112

electromagnetic, 29, 31, 67, 112
electroweak, 31, 33
fundamental, 37
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mediated, 49
mediator, 49, 52, 64

mass, 72
range, 72
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strong, 28, 29, 31, 33, 34, 57
weak, 26, 29, 31, 33, 34, 57, 67
Yang–Mills, 50
Yukawa, 243, ☞ interaction, contact, Yukawa
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Jacobi, 181, 320
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Jordan, 48, 423

Kachru, 402
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Kałuża, 400, 424, 496
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Kasner geometry, 343
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Kerr–Newman geometry, 338
Kerr–Tomimatsu–Sato geometry, 339
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kinematics, 95
Klebanov, 404
Klein, 186, 223, 400, 424, 496
Klein–Gordon equation, 172, 186
Kobayashi, 61, 63, 65
Konopinski, 55
Korzybsky, 446
Kramers, 48, 398
Kronecker symbol, 502, 509
Kronig, 398
Kruskal, 350
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diagram, 350

Kuhn, 10
Kurrelmeyer, 74

Lagrange, 92, 416, 420
Lagrangian, 92

density, 94, 171, 183, 191, 192, 230, 249, 251, 256, 260
Dirac, 180

QCD, 228, 247
QED, 191
supersymmetric, 381, 383
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Lanczos–Stockum geometry, 346
Landau, 142, 245, 252, 402
Landau–Ginzburg

model, 252
orbifold, 402

landscape, 404
Laplace, 129
Laplace–Runge–Lenz vector, 129
Larmor, 17
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Lederman, 74
Lee, 74, 139, 276
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Lemâıtre, 335, 341, 350
Lenz, 129
lepton, 52, 54, 56, 63, 67, 503
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Leucippus, 43, 523
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symbol, 503, 509
Lewis, 48
LHC, 68
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algebra, 175, 368, 454
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group, 454

Likhtman, 358, 365
line element, 319, 509
linear algebra, 513
local symmetry,

☞ gauge, symmetry
London, 13, 169
loop quantum gravity, ☞ LQG
Loos, 247
Łopuszanski, 370
Lorentz, 123, 133, 140, 175, 312, 440

boost, 85, 142, 176
contraction, ☞ FitzGerald–Lorentz contraction
force, 48
gauge, 203
general transformation, 88, 294, 295
group, 90, 176, 377
invariant, 89, 186

Lorenz gauge, 186, 294
LQG (loop quantum gravity), 406, 413
luxon, 41, 503

M-theory, 403
magma, 503
magnetic charge, ☞ magnetic monopole
magnetic moment anomaly, 551
magnetic monopole, 182, 184, 187
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Marsden, 45
Marshak, 51
Martinec, 402, 423
Maskawa, 61, 63, 65
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elementary fermions, 283, 300
fermion, 267
gauge boson, 251, 264, 278
gravitational, 316
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in the broken symmetry phase, 258
inertial, 316
neutrino, 287, 288
shell, 104, 180, 204, 207, 220, 503
W±-boson, 278
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Maxwell, 74, 171, 231, 294, 312

equations, 182, 184, 294, 295
McIlwraith, 74
measurable physical quantity, 208,
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Meitner, 53
Mendeleev, 58, 59
meson, 49, 56, 58, 70, 127, 153, 503
metamatephysics, 420
metric tensor, 89, 296, 319
Mills, 50, 63, 223, 406, 436
minimal coupling, 503
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Miyazawa, 364
model, 309, 416
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quantum-consistent, 406

Møller, 198
monoid, 503
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formula, 202, 221
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muon, 51, 56, 140
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mixing, 286, 301
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Newton, 7, 8, 47, 84, 293, 300, 432, 436

GN , 24, 35, 297, 526
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Nordstrøm, 171, 337, 400, 403, 424, 496
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Ockham’s principle, 3, 33, 308, 505
off-shell, 104, 389, 393
Okubo, 58, 63, 77
Okun, 169
on-shell, 104, 204, 389
open questions, 64, 69, 76, 77, 127, 140, 144, 155, 183,

230, 237, 246–249, 271, 284, 288, 290, 300, 301,
303, 305, 323, 334, 337, 347, 365, 388, 389, 393,
395, 402, 404, 426, 428, 434, 436, 437, 439, 444,
475, 522

orthogonalization procedure, ☞ Gram–Schmidt procedure
OZI rule, 63, 77
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Pais, 57, 142
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parity, 138, 304,
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Pati, 304
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Pauli, 13, 54, 140, 150, 173, 179, 357, 360, 405

exclusion principle, 38, 60, 61, 159, 360, 505
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process, 338

perturbation Hamiltonian, 18
Petersson, 422, 443
phantom energy, 342
phase transition, 253, 258, 274, 299, 306
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of science, 70
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photoelectric effect, 47
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