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dielectric constant, 137
diffusion, 290
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dipole, 147, 148, 151
moment, 147, 148
Dirac’s delta, 121, 123, 304
Dirac’s impulse, 132, 157, 159, 181, 293, 294
dispersive media, 132
distortion, 184, 201
Doppler
frequency, 182
frequency spread, 182, 183
power profile, 182-184
dyad, 160, 426
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e-entropy, 369, 370, 372, 374-377, 379, 382,
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effective dimension, 87, 91, 392

Einstein’s equation, 38, 57, 402

electric dipole, 146

electric induction, 132

encoder, 121

encoding function, 28, 29
encoding process, 343
encoding system, 4, 347
energy constraint, 12, 14, 18, 20, 22, 23, 25, 27, 29,
30, 33, 40, 45, 61, 79, 84, 344, 346, 352, 353,
357, 359, 361, 379, 380, 383, 384, 387, 392,
397
entropy
Boltzmann, 20, 316, 321, 396
Clausius, 20, 318
conditional, 25
differential, 21, 23, 24, 30, 45-47, 317, 338, 339,
351, 367, 404
Gibbs, 20, 316
Kolmogorov, 14, 369, 371, 374, 375, 377, 378,
394, 399
relative, 322, 323
Shannon, 19, 316, 317, 320, 321, 364, 366, 368,
399, 402
statistical, 19, 316-323
thermodynamic, 317-322, 391, 398
equivalence principle, 153
evanescent waves, 143, 144, 156
event horizon, 38

fading, 179

far field, 150

Fourier series, 49

Fourier transform, 48

fractal dimension, 116, 117, 123, 124

Fraunhofer condition, 151

Fraunhofer region, 151

Fredholm integral equation, 92, 100, 104, 106, 109,
192, 198, 413-415

second kind, 64, 260, 276

Fredholm operator, 64

frequency diversity, 202, 204, 205, 216,
217

frequency response, 5, 164, 211, 216, 297

frequency spread, 203-205, 212

frequency-dispersive media, 137

Frobenius norm, 103, 196

Fubini’s theorem, 413

functional dimension, 377

galactic noise, 324, 325
gauge invariance, 145, 146
Gaussian process, 345
Green’s function, 42, 159-162, 164-168, 171, 174,
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dyadic, 160
frequency-varying, 194
reduced, 233
spatially varying, 195
spectral, 159

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781107022317
www.cambridge.org

Cambridge University Press & Assessment
978-1-107-02231-7 — Wave Theory of Information
Massimo Franceschetti

Index

More Information

stochastic, 178-181, 186, 188, 190, 193, 198
time-varying, 174, 187
Green’s operator, 233, 246, 247, 261, 392
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Hardy’s problem, 263
Helmholtz equation, 65, 72, 84
hierarchical cooperation, 221, 224-227
Hilbert dimension, 87
Hilbert space, 41, 69, 87, 95, 97, 248, 260, 408
Hilbert—Schmidt
decomposition, 41, 42, 95, 100, 102, 157,
167-170, 173, 187-189, 208, 211, 218, 226,
246-248, 261
kernel, 95, 96, 100, 246
operator, 95-98, 100, 188
Holevo’s theorem, 388
holographic information bound, 38-40, 330-332,
337, 405
homogeneous media, 133, 134, 137, 139, 144, 146
Huygens’ principle, 153

imaginary unit, 48

impulse response, 158, 164, 171

incoherent energy, 275

incoherent response, 275, 283, 284, 295-297, 299,
300

information dimension, 376

instantaneous power, 48

inter-symbol interference, 201

interference alignment, 222, 224, 225, 227

isotropic media, 133, 134, 137-139, 144, 146

Kac—Murdock—Szeg6 theorem, 193, 419

Karhunen-Loeve representation, 42, 173, 186-191,
195, 196, 198, 420

keyhole effect, 186, 220

Kolmogorov capacity see also e-capacity 370

Kolmogorov entropy see also e-entropy 369

Liouville-Neumann series, 260, 414
logons, 83
lossless media, 144, 146

magnetic induction, 132

Maxwell’s equations, 130, 132, 133, 135, 139, 152,
153, 157, 158, 160, 162, 163

Maxwell-Boltzmann collision equation, 276

measurement error, 115, 119, 120

measurement operator, 113, 115, 388

measurement rate, 115

Mercer’s theorem, 102, 412, 416

metric entropy see also Kolmogorov entropy 369

metric order, 377

microwave window, 323
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MIMO, 207-209, 218, 219, 221, 225, 226

Minkowski dimension, 117

Minkowski sum, 117

monopoles, 132

multi-band signals, 105, 376

multi-hop, 219, 222, 225, 226

multi-path, 176, 178-180, 182-184, 197, 277

multiple scattering theory, 42, 276, 278

mutual coherence function, 182-184

mutual information, 25, 26, 350, 351, 366, 367, 372,
373

N-width, 41, 81, 88-91, 95, 97, 100-105, 123, 368
narrow-band transmission, 201, 202
near field, 150
network information theory, 219
Newton’s constant, 38, 328
noise, 54
additive, 344, 350, 383
colored Gaussian, 356
Gaussian, 29, 303-306, 344, 345, 350, 359
temperature, 323
thermal, 303-307, 312, 317, 325
non-dispersive media, 132—134, 137-139, 144, 146
Nyquist number, 51, 66, 82, 245, 252, 254, 255,
259, 260

OFDM, 205, 208-210, 212-217, 219

packing number, 15
Paley—Wiener theorem, 52
Parseval’s theorem, 49, 70, 78, 92, 239, 418
path loss, 278, 291, 292, 299, 300
permeability, 133, 144
permittivity, 133, 144
phase transition, 8, 9, 11, 12, 50, 64-66, 79, 80, 83,
91, 107, 109, 110, 192, 236
photon, 35, 284-288, 290, 292, 294, 296, 298, 299,
306, 325, 326, 332, 333
energy, 36, 58, 313, 314, 324-326, 332
Planck’s constant, 36, 58, 313
Planck’s energy, 38
Planck’s equation, 36, 325
Planck’s length, 38, 328-330, 332, 333, 402
Planck’s radiation formula, 330, 341, 391
Planck’s scale, 40
plane wave, 139, 141, 142, 154, 155
Poisson distribution, 305
Poisson noise, 306, 355
Poisson process, 305, 317
power delay profile, 278
power density
full, 287-292
radiated, 287-291
Poynting vector, 155
Poynting—Umov theorem, 139, 154
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Poynting—Umov vector, 138, 139

probabilistic channel, 25, 28

probabilistic method, 347

prolate spheroidal wave functions, 70, 74-76, 78,

79, 82, 87-89, 95, 98-100, 110, 114, 359

angular, 73
approximate, 82
radial, 73

propagation velocity, 140-143, 155, 161, 164

quanta of energy, 35

quantum complementarity, 306, 325, 326
quantum fluctuations, 326

quantum noise, 306, 324, 326

radiation, 35, 130, 139, 146, 147, 151-153, 231,
275,307, 393, 402, 403, 405
entropy, 391
noise, 306, 307, 311, 312, 323-325
pressure, 155
quantized, 394
thermal, 307, 391
rake receiver, 216, 217, 227, 228
random coding, 347, 349
random walk, 276, 284, 286, 290-292, 296,
298-300
recurrence, 290
rate gain, 173
rate—distortion, 364, 366-369, 373, 378, 379, 383,
384, 398-400
Rayleigh distribution, 178, 180, 334
Rayleigh-Jeans limit, 341
reconstruction error, 119, 120
reduced rank theorem, 103
Reed-Solomon decoding, 119
relaxation time, 140
reliability gain, 173
Riesz—Fisher theorem, 78

saddle point method, 237, 238
sampling, 8, 45, 50, 59, 76, 81, 82, 248-250, 261
interval, 51, 76

scalar potential, 145

Schrodinger equation, 87

Schwarz inequality, 56, 69, 83, 97, 98

Schwarzschild radius, 38, 328

second law of thermodynamics, 42, 318

self-adjoint operator, 87, 95-97, 100, 102, 107, 109,
127, 168, 188, 192

Shannon’s energy limit, 358

Shannon—-McMillan—-Breiman theorem, 18

shot noise, 304-306, 337

signal constellation, 54, 55

signal-to-noise ratio, 14, 16, 17, 23, 29, 31-36, 346,
352, 353, 363, 366, 378-380, 383, 384, 386,
387

singular value decomposition, 102, 166, 172,
187

singular values, 96, 97, 100-103, 124, 166, 167,
169, 211, 218, 246-248

Snell’s law, 143, 155

solenoidal field, 131, 144

source codebook, 382

source coding, 121

sparsity number, 117

spatial bandwidth, 230, 233, 234, 236, 244, 250,
251, 255, 256, 260, 261

spatial spread, 203

spectral efficiency, 358

spectral theorem, 96

spectrum, 48

sphere covering, 17

sphere packing, 17, 31, 347

spheroidal coordinates

oblate, 73
prolate, 73

stochastic diversity, 42, 173, 187, 191-193, 197,
204, 216, 224-226, 275

Sturm-Liouville eigenvalue problem,
74

super-resolution, 11, 12, 363, 364

tap, 215, 217

tapped delay line, 215

TDMA, 206, 208, 209

time diversity, 202, 204-206

time spread, 203, 204, 206, 210-214

time-dispersive media, 133, 134

timelimited signals, 49, 51, 52, 55, 61, 63,
68, 69, 94, 108, 169, 234, 344, 359,
361, 362

timelimiting operator, 69, 98, 106,
109

transport theory, 276, 284, 290, 291

Twersky equation, 280, 281

Twersky’s theory, 279

typical modes, 327

typical sequence, 320

typical set, 21, 320, 321, 323, 339

typical states, 319-321, 323, 326, 327, 339

typical waveforms, 22, 23

ultraviolet catastrophe, 312
uncertainty principle, 306
over arbitrary measurable sets, 58, 82, 117,
407, 408
converse, 59
entropic, 58, 82
Heisenberg, 41, 55, 56, 82, 325, 337
in quantum mechanics, 56
for signals, 55, 325, 406
for a single photon, 328, 332
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underspread channel, 214
universal entropy bound, 330, 337, 391, 394, 396,
398, 401406

vector potential, 144

water filling, 357, 385
wave equation, 65, 71, 87

wavelet, 83

wavenumber bandwidth see also spatial bandwidth
230

wide-band transmission, 201, 202

Wiener-Khinchin theorem, 304

Young’s inequality, 232, 234, 412
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