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de Broglie�s hypothesis 435
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eigen value 442, 453, 472, 611, 619, 630, 632,

634
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electrodynamics 228, 232, 239, 260
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electromagnetic energy 158, 164
– field 166, 425
– field tensor 239, 471
electromagnetic 10, 12, 17
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– spectrum 426
– theory 12, 191, 243, 256, 425, 433
– waves 470
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– flux 259
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f
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first-order wave equation 437
first rank tensor 111
Fizeau�s experiment 56
force 141
four-dimensional displacement 125
four-dimensional interval 67, 68
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four-dimensionalmomentum space 133, 135
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geometry 106
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space 119
four-dimensional rotations 67, 126
four-dimensional space-time 69
four-dimensional vector 106, 141
four-dimensional velocity 125
Fourier expansion 617
Fourier transform 538, 634
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equation 630
free-falling body 8
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g
Galilean principle 4
Galileo�s transformations 23, 125
gamma matrices 622
gauge invariance 238
gauge transformation(s) 228, 231, 233
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general relativity (GR) 595, 603
– ideas 595
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geometrical approach 65
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gravitational field 178, 179, 369
– relativistic motion 179
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Green�s function 627, 629, 631, 632, 635
– concept 627
ground-based observer 1

h
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Hamiltonian operator 439
Hamilton–Jacoby equation 180, 235
head-on collision 168
Heisenberg�s uncertainty relationship 443
high-energy gamma radiation 477
high-energy particles 579
high-energy photons 492
high-energy proton 168
high-frequency photons 492
Hilbert space 450, 451
Hooke�s law 162, 305, 310
hydrodynamic wave 333
hydrogen atom 162
hyperbolic geometry 354
hyperbolic motion 146
hyperbolic tangent 52
– formula 52
hypersurface 71

i
indeterminacy principle 446
inertial force(s) 8–9, 359, 607
inertial reference frame (RF) 11, 103, 314,

366, 368, 397
inertial system 4, 9, 11
interaction energy 160, 163
interatomic distances 304
interatomic forces 304
interferometer 19
inverse Compton effect 492
isotropic intervals 69
isotropic medium 254

j
jet propulsion motion 571

k
Kepler�s laws 314
kinetic energy 134, 147, 164, 168, 480, 581,

589, 590, 592
– paradox 420

Klein–Gordon equation 461–463, 464, 465,
466, 468, 470, 471, 473, 538

Kronecker�s delta 114
Kronig–Penni potential 625

l
Lagrange�s equation 235
Lagrange�s function 234
Laplacian determinism 448
Laplacian operator 462
large electron–positron collider (LEPC) 588
lateral drift 18
law of inertia 3, 4, 6, 140
least action 170, 233
– principle 170, 233
length contraction 42
– effect 42
Lenz�s law 225
lepton, see electric charges
light 10, 22, 29, 60, 70, 248, 252, 255, 278, 398
– aberration 60, 252, 256
– cone 70
– intensity 157
– origin 248
– scattering 256
– speed 22, 398
– velocity vector 54
lightlike interval 69
light–matter interactions 426
light second (LS) 66
linear accelerator 582
linear density 212
linear momentum 125
longitudinal mass 184
long-range interaction 490
Lorentz-contracted distance 340
Lorentz-contracted length 312, 313, 322, 359,

415
Lorentz contraction (LC) 32, 269, 275, 282,

416, 418, 421, 525
– effect 73, 273
– paradox 280
Lorentz- covariant equations 398
Lorentz factor 32, 83, 127, 171, 217, 285, 352,

357, 385, 480
Lorentz force 132, 196, 204, 227, 421, 484
– law 196, 204
Lorentz gauge 233
Lorentz invariance 470
Lorentz-invariant tensor equations 240
Lorentz transformation(s) 32–33, 37, 38, 50,

65, 81, 95, 99–100, 126, 137, 148, 149, 159,
215, 296, 301, 314–315, 332, 360, 399, 463,
473, 510, 514, 597
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– vector form 101
low-energy photons 492
low-energy state 477

m
macroscopic phenomena 365
magnetic charge density distribution 219
magnetic contribution 196
magnetic energy 164
magnetic field 132, 191, 195, 205–206, 240,

582
– origin 191
magnetic force 204, 487
magnetostatics 197, 204
– basic laws 204
mass–energy relationship 134
mass–momentum distribution 419
mass ratio formula 572
Maxwell�s equations 22, 243, 218, 219, 228,

231, 246, 260, 306, 471, 537
mean-square deviation 441
Mercury 180
– motion of perihelion 180
metric relations 77
metric tensor 111
Michelson experiment 20, 21
– results 20
Michelson interferometer 20, 435
Michelson–Morley experiment 418, 437
Milky Way galaxy 212
Minkowski�s diagrams 73
Minkowski�s force 147
Minkowski�s space-time 71, 129, 135, 175
Minkowski�s world 65–66, 106
molecular-kinetic theory 17
momentum 148
– energy 168
– space 503
– transformation rules 148
monochromatic electromagnetic waves 246,

497, 553
monopoles, see magnetic charges

n
N-dimensional space 115
negative-energy particle 477
negative-energy solutions 476
negative metric signature 107
Newtonian mechanics 17, 47, 135, 148, 372,

590
Newton�s first law 3
Newton�s law of gravitation 314
Newton�s laws of motion 6
Newton�s second law 3, 5, 147

Newton�s third law 5, 200, 482
no cloning theorem 564, 569
nonrelativistic continuity equation 574, 581,

615
nonrelativistic mechanics 12, 142
nonrelativistic quantum theory 466
nuclear particles 273
– high-energy collision 273
nucleus 394
– magnetic field 394
null interval(s) 67, 69

o
one-dimensional space 114
one-to-one correspondence 211
– principle 211
optical resonator 158
optical retardation 269, 271, 278, 279
orbital motion 426
oscillation frequency 486
oscillator 165
– energy 446

p
parallel-plate capacitor 144, 205, 590
partially dragged ether 58
– hypothesis 58
particle accelerators 580
particle–antiparticle generation 477
particle–field interaction 233
path integrals 103, 105
Pauli matrices 619
penetration depth 625
phase diagram 446
phase shift 19
photochemical reaction 260
photo-effect 426
photon(s) 269, 509, 516, 623
– Cerenkov radiation of 516
– energy 480
– optical barriers 623
– state�s energy 159
– world line 74
Planck�s constant 135, 426
planetary model 425
planetary motions 419
– laws
positive-energy solution 476
positron 167
Poynting�s vector 243, 486
probabilistic interpretation 617
probability density 434
probability theory 434
proton–antiproton pair 455
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pseudo-Euclidean geometry 77, 83, 505
pseudo-Euclidean plane 84
pseudoscalar 118
– wave function 465
pseudovector 116
– behavior 116
– image 116
Pythagorean theorem 109

q
quantization 430
quantum-mechanical system 430
– phenomena 426
quantum mechanics 136, 156, 425, 431,

447, 449, 477
– basic ideas 425
– relativistic electrodynamics 459
– relativistic indeterminacy 454
– relativistic theory 458–459
quantum telecommunication 558
quantum tunneling 527

r
radial motion 177
– kinetic energy 177
radiation frequency 428
radiation pressure force 488
radiative friction 426
red-shifted photons 479
reference frame (RF) 3, 10, 18, 47, 191, 271,

351, 458, 573
– concept 3
refractive index 637
reinterpretation principle 513, 579
relative 413, 414
– quantity 398
relativistic domain 269
relativistic Doppler effect 247, 405, 410,

477
relativistic force 149
relativistic kinematics 125
– basics 125
relativistic length contraction 194, 206, 271,

273, 275, 279, 287, 298
– dynamics of 298
relativistic mass 142
relativistic mechanics 148, 592
relativistic momentum 147
relativistic nihilism 9
relativistic paradoxes 267, 334
relativistic wave equations 461
relativity 1, 9, 12, 21–22, 59, 128, 217, 365,

366, 374, 397, 398
– Einstein�s principle 21

– Einstein�s theory 21, 374
– principle 22
– theory 9, 128, 267, 279, 296, 365, 366,

397
revolution
– single-folded hyperboloid 129
Riemann geometry 354
right-hand rule 226, 227
Robertson–Schrüdinger theorem 443
rotational system 369
Rutherford�s atom 425
Rutherford�s experiments 425–426, 581
Rutherford�s model 427
Rydberg�s atom 422

s
Sagnac experiment 379
scalar function 171
scattering 182
– process 182
Schrödinger�s equation 448, 461, 465–464,

468, 473, 474
second-rank tensor 111, 118, 138, 419
– contravariant tensor 113
– covariant metric tensor 604
Serpukhov proton accelerator 586
Snell�s law 256, 257
sound waves 275
space 68
– physical properties 68
space-time 73
– diagram(s) 66–65, 105, 363
– geometry 271, 299
– interval 33, 35, 403
– rotations 73, 98
spatial coordinate axis 74
spatial covariant components 109
– rule 109
spatial rotations 87
special theory of relativity (STR) 195, 337,

497, 595, 596
spinless particle 467
– nonrelativistic theory 467
spin-one particles 461
spinors 461
squeezed states 447
stationary inertial system 383
stationary observer 351
stationary reference frame 374
stationary system 359, 374
subscript indexes 107
superconducting super-collider (SSC)

285
synchrotron radiation 587

Index j651



t
Tachyon 500–523, 552–553, 569, 577–580,

605
Tachyon�s energy 579
Tachyon�s Lorentz factor 517
Tachyon�s velocity 518
tardyons 509
tensor(s) 106, 113, 114
– trace 113
Thomas precession 387, 393–394
three-dimensional rotations 125
three-dimensional space 68
three-dimensional vector 125, 141,

142
three friends paradox 344
time 29, 68, 148
– physical properties 68
– transformation rules 148
time dilation (TD) effect 411
time-independent Schrödinger equation

439
timelike intervals 69
Tolman�s paradox 509, 554
transcendent tachyon 505
transverse mass 184
Tsiolkovsky�s formula 572
Tsiolkovsky�s rocket equation, see mass ratio

formula
tunneling photon 537
twin paradox 334, 343

2D Euclidean plane 112
2D rotations 82

v
vacuum fluctuations 455
4-vector equation 174
3-velocity vector space 97
4-velocity space 130, 132
4-velocity vector(s) 127, 130, 132
velocity 10
– vector 61
– vector space 97

w
wave front propagation 537
wave packet propagation 523
wave–particle dualism 432
westward-flying clocks 368
work–energy theorem 235
world line 66

x
xt-rotation 87

y
Young�s modulus 58

z
zero-rank tensor 111
zero-spin particles 467

652j Index


