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Index

a
amplification 542, 554
– and uncertainty principle 557
amplitude operators 79, 291
– expectation values 219
annihilation operators 4, 36, 185,

198, 217, 292, 434, 472, 581
– eigenstates 199, 207, 208, 596
– properties of eigenstates 209
attenuation 542
autocorrelation function 162
average photon number 100, 103

b
Baker–Hausdorff identity 598
Bayes’ theorem 561, 566, 567, 573
Bernoulli distribution 326
Bessel functions 180, 534
blackbody radiation 103, 114
Bloch equation 452, 453
Bloch theorem 104
Bose–Einstein condensation 595
Bose–Einstein statistics 526

c
c-number 471
Cauchy theorem 55
causality 56
central limit theorem 141
chaos 321, 514
chaotic states 242

characteristic function 225, 314,
394, 505

– s-ordered 507, 613
– antinormally ordered 315, 401
– boundedness condition 394
– for system of modes 258
– in Grassmann algebra 612
– normally ordered 234, 392, 438
classical electrodynamics 27
coherence 1, 10, 487, 489
– and monochromaticity 14, 63,

150, 433, 490
– and noise 61, 74
– classical theory 186
– conditions 18, 300, 489
– conditions for first-order 12, 204
– definition 59, 490
– first-order 431, 433
– full 17, 70, 190, 198, 207, 298,

299, 494, 495
– higher-order 205, 494
– higher-order analogs 67
– m-th-order 183, 186, 197
– orders of 183
– range 150
– relativistic 18
– traditional interpretation 135
coherent states 74, 307
– nonorthogonality 307
– normalized 599
coincidence detection 1
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coincidence rate 144
– average 140
– measurement 296
– time dependence 152
communication theory 299
commutation relation 331, 333
– of creation and annihilation opera-

tors 434, 457, 472
– of electric field components 3
– of position and momentum 253
completeness relation 37
complex signal 28
convolution theorem 101
– fermionic analog 609
cooperation length 533
correlation function 429, 432, 481
– n-th-order 8, 389
– as scalar product 186
– classical 9, 471
– factorization 17, 70, 431
– first-order 30, 77, 145, 201, 480,

516
– for incoherent fields 115
– for stationary light beams 134
– higher-order 189, 487
– measurement 50
– measurement of n-th order 49
– measurement of second order 66
– (n,m)-th-order 483
– normalized 11
– n-th-order 38, 185, 197, 480
– properties 51
correspondence principle 473
creation operators 36, 185, 292, 472
cross correlation function 517

d
delayed coincidence 287, 321
– counting rate 146, 150
delta function 124
– integral representation 315, 507

density operator 77, 92, 391, 427,
497

– associated weight function 384
– chaotic 521
– definition 7
– diagonal matrix elements 124,

314
– expansion in n-quantum states

310
– factorization property 215
– for chaotic states 241, 242
– for the radiation field 437
– Fourier transform 313
– Gaussian 102, 113, 126
– matrix elements 92, 96, 264
– normalization condition 499
– occupation-number representation

203, 207
– physical 608
– projection on coherent states 499
– reduced 233, 445, 459
– stationary 97, 107
– superposition of projection opera-

tors 95
– thermal 104
– two-mode fermionic 629
detector
– based on stimulated emission 480
– Compton-effect 481
– quantum-mechanical 28
– single-quantum 23
diffraction 56
displacement operators 82, 108,

336, 505, 597
– antinormally ordered 353
– completeness 340
– matrix elements 378
– multiplication law 336
– normally ordered 353
– orthogonality rule 340
– symmetrically ordered 353
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dissipation 542
disturbance field 10
Doppler effect 577
dyadic product see outer product
Dyson–Wick expansion 389

e
electric dipole approximation 39, 46
electric dipole transition 455
electromagnetic spectrum 463
energy conservation 578
ensemble averages 29, 35, 37, 408
– quantum-mechanical 420
entire function 349, 351, 498
entropy 513
– maximum 319
EPR paradox 538–540
ergodicity 31, 35
expectation value 427
– Heisenberg picture 482

f
factorial moments 172
factorization condition 298, 490,

495
– higher order 298
field
– n-th-order coherent 12
– chaotic 408, 522
– chaotically generated 175
– coherent 408
– complex 28
– expansion in orthogonal modes 29
– first-order coherent 199, 204
– Fourier coefficients 469
– ground state 472
– Hamiltonian 27
– monochromatic 200
– operator 471
– polarized 71
– probability distribution 470

– quantum-mechanical characteriza-
tion 26, 426

– stationary 31, 54
field operators 77, 185
– expectation value 498
– normal ordering 477
– wave equation 3
field vectors 27
Floquet form 585, 588
Floquet solution 586
Fock space 292, 473
Fokker–Planck equation 450
Fourier amplitudes 29, 79
Fourier coefficients 30, 74
Fourier integral theory 317
Fresnel number 533
fringe contrast 297, 431
– maximum 298
functional 136
functional differentiation 136

g
Gauss’ law 434
Gaussian distribution 100, 102, 103
Gaussian units 434
gedanken experiment 537, 541
generating function 323
Grassmann algebra 596
Grassmann calculus 601, 604
Grassmann field 620
Grassmann integration 603, 619
Grassmann variables 596, 597
Green’s function 450

h
Hölder inequality 193
Hamiltonian
– electromagnetic 79
– for freely oscillating mode 223
– free-field 533
– interaction 219
– time dependent interaction 39
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Hanbury Brown–Twiss effect 145,
190, 492, 517, 519, 521, 526

Hanbury Brown–Twiss experiment
10, 12, 66, 68, 190, 192, 288, 426,
466, 468, 492

– Rebka–Pound modification 69
– result 69, 151
Hanbury Brown–Twiss interferometer

34
Hankel function 180
heat bath 543, 544, 550
heat diffusion
– equation 385, 417, 450
– time-reversed 418
Heaviside–Lorentz units 434
Heisenberg picture 85, 108, 443,

482, 580
Helmholtz equation 289, 434
Hermite functions 334
Hilbert transform 56
Hilbert–Schmidt norm 340, 343,

356
Hill’s equation 585
hohlraum 16
Huygens’ principle 25, 488

i
integration by parts 604
intensity distribution measurement

183
interference
– between different photons 59
– between independent light beams

164
– quantum-mechanical interpretation

58
interference pattern 25
irreversibility 441, 448

j
Jacobi polynomials 249

l
Laguerre polynomials 239, 261,

378, 393, 411
– expansion 260
– generating function 131, 246, 327,

378
laser 468
– amplification 242
– ideally monochromatic 153, 155
– realistic 156
laser gain tube 540, 561, 565
least upper bound 343
Lebesgue class of functions 339
Legendre polynomials 416
light
– corpuscular behavior 425
– frequency-splitting 228
– from chaotic source 191
light cone 3
Liouville equation 271, 445, 450
Lorentz transformation 464
lowering operator 455

m
Mach–Zehnder interferometer 573,

574
Markoff process 446
– continuous 159, 446
master equation 453
Maxwell equations 2
– source-free 27
measurement process 50, 214
– quantum theory 541
Michelson interferometer 32–35, 59
micromotion 586
minimum uncertainty condition 436
minimum uncertainty states 255
mode functions 28, 78, 434, 469
– non-monochromatic 494
– plane-wave 78
Morse code 539
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n
near-diagonality, asymptotic 555
Nicol prism 539
noise 75, 321
– generators 23
– temperature 24
noise theory 24, 288, 470
– quantum mechanical 290
nonlocality 538
normal mode expansion 134
number operator 198

o
one-photon experiments 468
one-photon optics 468
operator–function correspondence

368
operators
– bounded 340
– expansion in coherent states 90
– finite 343
– matrix elements 90
– multiplication 90
– multiplication of exponential 83
– normally ordered form 226
– nuclear 344
– ordering 331
– trace-class 344, 345
– unbounded 90
– variance of a non-Hermitian 210
optical cooling 595
optical disturbance function 25
optical instrumentation 24
order parameter 332
orthonormality condition 78, 469
oscillating electromagnetic fields

577
oscillators
– coherent states 217
– damped 426
– damped harmonic 441, 542
– Hamiltonian of harmonic 335

– infinite set 472
– inverted harmonic 548, 557
– one-dimensional harmonic 79
– quantized harmonic 436
– single mode 80
– statistical properties 426
– variances of coordinate and mo-

mentum 217
– weight function for damped 449
outer product 350, 476

p
P representation 96, 222, 225, 311,

384, 390, 438, 499, 507
– as phase-space distribution 122
– connection with classical theory

116
– fermionic 619
– positive definiteness condition

107
– regularized 393
parametric amplifier 221, 228, 474,

484, 503
– characteristic function 273
– Hamiltonian 265
– Heisenberg equations of motion

271
– mode correlation 283
– noise 244
– quantum-mechanical model 222
– state vectors 232
– statistical behavior 263
– Wigner function 267, 270
Parseval relation 609, 615
Paul trap 577, 578
Pauli equation 453
Pauli exclusion principle 595
phase space density 122, 126
photoabsorption probability 293
photoabsorption process 5
photodetector see photon counter
photoionization rate 8
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photomultiplier 466
photon
– cloning 540
– polarization 539, 558, 561
– statistics 287
photon coincidence experiment 517
photon counter 26, 288, 293
– counting probability 49
– counting rate 46, 170
– ideal 28, 38, 46, 293, 429, 474
– predicting the response 453
– realistic 170
– sensitivity function 42
Planck density operator 513
Planck distribution 103, 114, 179
Planck formula 444
plane wave 516
Poincaré recurrences 545
Poincaré sphere 559
Poisson distribution
– compound 454
– for average occupation numbers

81
– for number of photons 494
polarization 45, 71, 148
– density 153, 533
– vector 472
polarizing filter 539
Poynting vector 25
probability density 500
– conditioned 147, 328
– reduced 171
projection operator 94, 307, 438
– on coherent states 401
– superposition of 95

q
q-number 471
quadrupole fields 578
quantum detection 466, 467
quantum electrodynamics 27, 292,

463, 467, 474

quantum fluctuations 532, 535
– amplified 531
quantum noise 531
quarter-wave plate 562
quasi-energy 587, 589
quasiprobability density 146, 312,

315, 384, 393, 446, 501, 504
– conditioned 147, 159, 545, 551,

552

r
radiation damping 578, 592
raising operator 455
rate equation 453
residue theorem 149
rotating wave approximation 456

s
s ordering 353
scattering matrix 389
Schrödinger equation 108, 581
Schrödinger picture 85, 218, 233,

443, 580
Schrödinger state 219, 444
– coherent 232
– time dependence 230
Schrödinger’s cat 541, 570
Schwarz inequality 187, 342, 489
semi-classical approach 26
signal-to-noise ratio 326
spectral intensity function 427
spectroscopy 577
spinors 559
state vectors 472, 476
statistical thermodynamics 29
stimulated emission 480
stochastic processes 471
– Gaussian 35
– stationary 481
sum rules 590
superfluid 204
superfluorescence 531, 558
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superfluorescence time 533
superluminal communication 540,

558, 565
superposition principle 389

t
Tchebycheff inequality 192
tempered distributions 375, 377,

439
time translation operator 233
trace operation 77, 359, 427, 476
– symmetry 482
transition amplitude 294, 475, 588
transition frequency 532
transition probability 37, 43, 44,

475, 478
– rate of increase 45
transversality condition 78, 289,

434, 469
trapping 578, 584
trapping condition 584
trapping field 587

u
ultradistributions 377
uncertainty principle 85, 212, 253,

306
uncertainty product 209

v
vacuum fluctuations 474
vacuum state 292, 596, 628

w
wave–particle duality 75
wavepacket
– coordinate and momentum 305
– Gaussian 217, 584
– Kennard 306, 436
– minimum-uncertainty 224
– trajectories in phase space 219
Weisskopf–Wigner approximation

447, 448, 453
Weyl correspondence 396
Wiener–Khintchine theorem 112,

113, 163
Wigner function 96, 127, 263, 267,

312, 319, 384, 395, 397, 398, 501,
504, 510, 596

– n-th excited state of oscillator 131
– in terms of decoupled variables

276
– time dependence 281
Wollaston prism 539, 542
Wronskian identity 579, 580

y
Young experiment 25, 30, 56, 58,

297, 429, 487, 569, 570
– fringe contrast 60
Young interferometer 25

z
Zeeman levels 557
zero-point fluctuations 85, 100, 237,

477


