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Aberration, 39

Astigmatism, 39, 235

Chromatic, 39

Coma, 39

Spherical, 39

Absorptance, 32

Absorption, 51, 469

Absorptivity, 32, 232

Adaptive optics, 72, 150, 362, 375,

411, 469, 508, 518

Adaptive Secondary Mirror, 375,

520

Curvature sensor, 76

Deformable mirror, 74, 375, 470

Greenwood frequency, 73

Micro-machined DM, 203

Pyramid sensor, 520

Shack–Hartmann sensor, 76, 411

Tip-tilt mirror, 74, 362

Wavefront controller, 77

Wavefront corrector, 74

Wavefront sensor, 76, 522

Airglow, 300

Dayglow, 301

Nightglow, 301

Angular momentum, 6

Aperture masking method, 71

Aperture synthesis, 150, 198

Artificial star, 197

Atmosphere, 23, 51, 309

Aerosol, 55, 206

Air-mass, 25

Atmospheric coherence

diameter, 61

Atmospheric coherence time, 62

Atmospheric time constant, 62

Fried’s parameter, 61

Kolmogorov’s model, 58

Reynolds number, 57

Scale height, 52

Scintillation, 63

Seeing, 66

Turbulence, 51, 469

Atmospheric window, 461, 502

Autocorrelation, 46, 253, 270

Avalanche multiplication, 119, 334

Bandgap, 95

Bandwidth, 73, 141, 142, 193, 213,

219, 223, 258, 262, 270, 415,

523

Beam combination, 187

AMBER, 521

FLUOR, 187

GRAVITY, 522

IONIC, 188, 522

MIRC, 515

VEGA, 447

VINCI, 187

Beer’s law, 32

Blackbody, 4, 161, 212, 261, 462,

467, 477

Bloch’s function, 99

Bloch’s theorem, 99, 354

Bohr’s hypothesis, 7, 26

Boson, 5

Breakdown voltage, 323
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Brightness distribution, 15

Brown dwarf, 467

Brownian motion, 265, 270

Cerenkov radiation, 309

Charge-coupled device, 362, 420,

449, 504

A/D-converter, 383, 448

Area array, 369

Binning, 390

Buried channel, 368

CCD controller, 380

Charge transfer efficiency,

391

Correlated double sampling,

382, 418

Dark current, 397

DSP based controller, 380

Dynamic range, 383

Flat-field, 402, 409

FPGA-based controller, 384, 448

Frame-interline transfer CCD,

376

Frame-transfer CCD, 372

Frame-transfer ICCD, 407

Full frame transfer CCD, 370

ICCD, 406, 413, 441

Interlaced image, 377

Interline transfer CCD, 376

Linear array, 368

OTCCD, 362

Progressive image, 377

Read-out procedure, 387

Scanning images, 376

Shift-register, 365

Surface channel, 367

Thermal agitation, 401

Closure-phase, 149

CMOS, 141, 403, 447, 516

Fill-factor, 404

Coherence, 146, 213

Coherence length, 213

Coherence time, 213

Spatial, 146, 148

Temporal, 146, 147

Compton effect, 306

Conductor, 102

Convolution, 42

Cooling device, 242, 246, 289, 406,

509

Cryogenic device, 242, 499

Dewar, 242, 378

Dry-ice, 244, 293

Liquid helium, 243, 475, 480

Liquid nitrogen, 243, 379

Peltier device, 243, 379, 455

Stirling cooler, 500

Thermoelectric, 243, 380, 500,

516

Corpuscular theory, 5

Coulomb’s law, 26

Crystal, 85, 335

Bravais lattice, 86, 89

Brillouin zone, 87, 96, 356

Lattice, 85, 112, 159, 168, 174,

211, 242, 246, 286, 329, 489

Miller index, 87, 97

Unit cell, 86

Wigner-Seitz cell, 87

Crystal defect, 89

Bulk defects, 94

Cavitation, 94

Color center, 92

Cracks, 94

Dislocation, 92, 399

Edge dislocation, 93

F-center, 91

Frenkel defect, 91

Grain boundaries, 93

Interstitial impurities, 90

Line defects, 92, 399

Planar defect, 93

Point defect, 90, 399

Porosity, 94

Precipitates, 95

Schottky defect, 91

Screw dislocation, 93
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Substitutional impurity, 92

Surface defect, 93

Tilt boundaries, 94

Twin boundaries, 94

Vacancy, 90

Voids, 94

Volume defects, 94

Cutoff frequency, 81

CZT-Imager, 344, 346

Dark current, 224, 261, 271, 378,

493, 499, 507, 509

Detector, 29, 209

Coherent detector, 211

Photon detector, 241

Quantum detector, 241

Solid-state detector, 211

Square-law, 211

Detector array, 350

FPA, 351, 357, 406, 479, 485,

513, 516

Hybrid, 358, 406, 486, 504, 516

Monolithic, 358, 486

Scanning system, 357, 485, 486

Staring array, 357, 485, 486

Time-delay and integration, 357,

486

Diffraction, 8, 39

Airy’s disk, 64

Far-field, 63

Fraunhofer, 63

Fresnel, 64

Near-field, 64

Diffusion, 106, 130, 322

Capacitance, 118

Coefficient, 116, 123, 321

Current, 106, 114, 115, 322, 326

Fick’s law, 106

Flux, 106

Length, 116, 123, 321

Diode, 113, 320

Breakdown voltage, 119, 334,

458

Ohmic contact, 133

Schottky barrier, 133

Zener, 119

Dirac delta function, 40

Dirac impulse, 449

Distance, 16, 516

Light-year, 19, 519

Parsec, 19

Doppler effect, 165, 525

Doppler shift, 50, 529

Drift, 105

Current, 106, 115, 322, 326

Velocity, 105, 222, 251, 495

Effective mass, 100

Electric field, 1

Electro-optical System, 48

Electromagnetic wave, 79

Electromotive force, 3

Electron affinity, 135, 280, 285,

329, 332

Negative electron affinity, 286,

317

Positive electron affinity, 285

Electron–positron pair, 307

Emissivity, 32, 488, 502

Energy band, 95

Energy level, 10, 27, 95

Error-function, 131

ESA, 472

Exposure, 67

Long-exposure, 67, 449

Short exposure, 67, 449

Extinction, 24, 299, 469

Fermi energy, 107, 224, 287, 331

Fermi function, 107, 245

Fermi level, 108, 284, 329, 330

Fermi–Dirac’s distribution, 107,

269

Fermion, 5
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Fiber-optics, 178, 234, 310, 406,

442

Absorption loss, 189

Attenuation, 189

Bending loss, 191

Coupling loss, 196

Dispersion, 192

Fiber coupler, 187

Fiber laser, 183

Multi-mode fiber, 182

Numerical aperture, 180

Radiative loss, 191

Single-mode fiber, 181, 515

Step-index fiber, 182

Field-effect transistor, 125, 382,

499, 512

Field-of-view, 39, 44, 75, 256, 344,

469, 503, 510, 521

Figure of merit, 211, 502

Detectivity, 219, 262, 492, 493,

505

Dynamic range, 223, 395,

420

Frequency response, 220

Gain, 218, 252, 282, 290, 293,

319, 334, 395, 414, 495

Linearity, 218, 240, 384

NEP, 220, 261, 325, 477, 503

Quantum efficiency, 216, 392

Response time, 221

Responsivity, 214, 270, 324,

405, 478, 479, 489, 495, 497,

506

S/N ratio, 219, 259, 292, 319,

390, 408, 413, 452, 469, 486,

523

Sensitivity, 212, 319, 324

Specific detectivity, 220, 262,

477

Spectral responsivity, 216, 489

Uniformity, 218

Filter, 22

Linear, 69

Low-pass, 44, 77, 250

Forbidden gap, 95

Fourier transform, 40

Galaxy, 419

Active galactic nuclei, 419, 520

M 82, 371, 518

Milky Way, 464

NGC 5253, 467

The Galaxy, 439, 464

Gamma camera, 308, 431

Mammography, 308

MSGIS, 431

Scinti-mammography, 309

Gamma-ray, 309

Gamma-ray Observatory, 310, 341

CANGAROO, 341

HAGAR, 310

HESS, 341

MAGIC, 341

VERITAS, 341

Gaussian distribution, 66, 131,

152, 165, 252, 265, 268, 275,

398, 448

Gaussian profile, 152, 155, 169

Geiger mode, 339

Geiger-Müller gas detector, 282

Geiger-mode, 458

Generation, 103

Gravitational wave, 204

H II region, 418

Hall effect, 248

Halo effect, 318

Heterodyne technique, 150, 249,

523

Conventional, 525

Non-linear, 529

Two-frequency multi-photon,

526

Two-frequency single-photon,

525
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Human eye, 18, 35, 226, 279, 462,

488

Aqueous humor, 227

Astigmatism, 235

Blind spot, 229

Color vision, 232, 404

Cones, 232, 404, 488

Conjunctiva, 228

Cornea, 227

Extraocular muscles, 228

Eye lens, 227

Fovea, 233

Fovea centralis, 229, 232

Hyperopia, 235

Iris, 229

Macula, 229

Mesopic vision, 237

Myopia, 235

Optic nerve, 229

Photopic vision, 36, 237, 298,

489

Pupil, 229

Retina, 229

Rods, 233, 404

Sclera, 227

Scotopic vision, 237

Vitreous humor, 235

Huygens’ wavefront theory, 5

Image, 45

Diffracted, 48

Gaussian, 45, 48

Strehl’s ratio, 64

Image processing, 69

BID technique, 71

Bispectrum method, 70, 409,

441

Shift-and-add method, 449,

519

Tomographic speckle imaging,

71

Impulse function, 40

Impulse response, 45

Induced absorption, 156

Insulator, 84, 102

Integrated circuit, 128, 350, 385

Buried layer, 130

Epitaxial growth, 130, 510

Etching, 132, 498

Ion implementation, 131

Oxidation, 132, 506

Photolithography, 132, 479,

498

Wafer processing, 129

Intensifier, 310

Electronic camera, 312

Gen I intensifier, 313, 420, 425,

442

Gen II intensifier, 315, 420, 442

Gen III intensifier, 316, 443

Intensity, 16, 29, 63, 240

Interference, 10, 146, 231

Interferometry, 20, 71, 149, 398,

411

Amplitude, 257

CHARA, 446

COAST, 149

GI2T, 443

Hypertelescope, 71, 150

Intensity, 301, 530

Intensity interferometer, 303,

309

IOTA, 187, 513

ISI, 524

Keck interferometer, 508

LBT, 520

LIGO, 204

Michelson, 147, 204

Michelson’s stellar, 227

SOIRDÉTÉ, 524

SUSI, 456

VLTI, 187, 516, 521, 522

Young’s slit, 149

Intrinsic Fermi level energy, 112

Inverse square law, 16, 34

Ion-barrier film, 317

Ion-poisoning, 317
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IR detector, 470, 485

Dual band and dual color, 487

First generation, 486

HAWAII, 516

HgCdTe-based, 508

HOT, 487

InSb detector, 507, 526

IR retina, 488

MCT detector, 358, 508, 514

NICMOS, 512

PICNIC, 514

QDIP, 498

QWIP, 490

SAPHIRA, 521

Second generation, 486

SNIR, 487

Strain layer super-lattice, 496

Third generation, 486

WFC 3, 515

IRAF, 399

Isoplanatic angle, 63

Isoplanatic patch, 77

Johnson UBV system, 22

Kirchhoff’s law, 32, 502

Lambert’s law, 37

Lambertian emitter, 38

Lambertian source, 38, 196

Lambertian surface, 38

Source, 175

Laplacian operator, 95

Laser, 5, 145, 207, 523

Active medium, 169

Beam expander, 154

CO2, 172, 524

Continuous wave, 156

Dye, 173

Excimer, 172

Excitation source, 169

He–Ne, 171, 525

Lasing, 163, 177

Nd:YAG, 174

Optical resonator, 170

Pulsed wave, 156

Pumping, 163

Ruby, 174, 525

Laser guide star, 206, 508

Lens, 44, 227

Aperture speed, 44, 202, 493,

500, 502

Focal length, 44, 212, 236

Light source, 14

Isotropic, 16

Point, 34, 37

Limb-darkening, 20

Limiting resolution, 254, 319

Line spread function, 48

Line-width, 164

Collisional broadening, 167

Doppler broadening, 164, 419,

518

Homogeneous broadening, 168

Inhomogeneous broadening,

168

Natural broadening, 166

Linear system, 39

Lorentz factor, 8

Lorentz force, 248

Luminosity, 15, 466

Bolometric, 22

Stellar, 17

Magnetic field, 1

Magnetomotive force, 3

Magnitude, 18

Absolute, 19

Apparent, 18, 412

Bolometric, 19

Maxwell’s equations, 1

Ampère’s law, 2

Ampère–Maxwell law, 2

Displacement current, 2
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Electromagnetic field equations,

3

Electromagnetic wave

equations, 4

Equation of continuity, 2

Faraday’s law, 2

Gauss’ theorem, 2

Maxwell–Boltzmann’s distribution,

91, 161, 164, 270

Metal–insulator–semiconductor,

361

Metal-oxide semiconductor, 134,

361, 364

MOSFET, 125, 138, 497

Micro-channel plate, 315, 406, 423,

437, 448

Micro-photometer, 240

Molecular beam epitaxy, 354, 492,

499, 501

Movie camera, 417

Multiplexer, 365, 384, 387, 486,

516

M 42, 238

NASA, 471

Navier–Stokes’ equation, 58

Newton’s second law, 26

NGC 3603, 418

NGC 1976, 238

Nipkow’s disk, 295

Noise, 29, 218, 225, 242, 258, 292,

387, 411, 431, 452, 475

1/ f -noise, 269, 382, 391, 505

Additive noise, 277

Amplifier noise, 272, 335, 478

Background fluctuation limit,

319

BLIP, 260, 505, 510

Brownian noise, 270

Dark noise, 271, 282, 414, 417

Flicker noise, 264, 269, 388,

479, 492

GR-noise, 264, 265, 501, 511

Internal noise, 259

Intrinsic noise, 264

Johnson noise, 264, 293, 478,

492, 505, 510

Noise floor, 388

Nyquist noise, 264

Pattern noise, 264, 387, 397

Photon signal fluctuation limit,

259

Photon-noise, 266, 291, 408,

419, 452

Poisson noise, 266, 375, 458

Product noise, 277

Quantum noise, 266, 526

Radiation noise, 258

Read-out noise, 273, 375, 382,

387, 390, 395, 408, 414, 420,

448, 449, 504

Reset noise, 380, 382, 387

Schottky effect, 267

Shot-noise, 264, 266, 293, 325,

328, 337, 378, 387, 492, 511,

525, 530

Thermal noise, 264, 317, 325,

401, 526

White noise, 264, 270, 388, 449

Non-linearity, 255

Observatory, 71

ESO, 187

IAO, 310, 518

Mauna Kea, 468, 507

Mt. Hopkins, 206

Mt. Wilson, 227, 470, 524

Palomar, 238

SAO, 513

VBO, 71

Op-Amp, 141

Optical coherence tomography, 230

Optical depth, 24

Optical fiber, 424

Orion Trapezium, 374, 518
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Pair production, 307

Parametric effect, 250

Pauli’s exclusion principle, 5, 84,

108

Permeability, 2

Permittivity, 2, 3

Phonon, 159, 489

Photo-Dember effect, 249

Photocathode, 84, 210, 280, 288,

406

Photochemical process, 50, 54

Photoconductive device, 347, 509

Extrinsic, 349

Intrinsic, 349

Photoconductivity, 244, 506

Extrinsic, 246

Intrinsic, 245

Photodiode, 178, 320, 425

APD, 334, 457, 482

Hetero-junction, 329

P-I-N-, 325

P-N-, 503

Planar diffused, 322

Schottky barrier, 331, 351

Photoelectric effect, 10, 81, 305,

485, 526

Photocurrent, 81, 178, 210, 248,

251

Work function, 82, 135, 248,

280, 331, 526

Photoelectromagnetic effect, 248,

505

Photoelectron, 79, 283

Photoemissive effect, 248

Photoemissive surface, 283

Photoexcitation, 109, 241, 250

Photography, 50, 238, 279, 425

Daguerreotype, 50

Emulsion, 50, 238

Photoionization, 281

Photometer, 297

Photometry, 35

Candela, 35

Illuminance, 36

Lumen, 35

Luminance, 37

Luminous emittance, 37

Luminous energy, 37

Luminous flux, 35, 272, 299

Luminous intensity, 37

Spectro-photometry, 35

Photon, 5, 157, 159, 412, 489

Photon effect, 242

Photon-counting, 413

Photon-counting detector, 418,

419, 421

CCD-based (CP20), 443

CCD-based (CP40), 442

CMOS-based, 447

CPNG, 443

Delay-line anode, 438

DELTA, 447

Diamicon, 428

Digicon, 424

Electron-bombarded CCD, 425

EMCCD, 76, 203, 454

IPCS, 422

L3CCD, 449, 450

MAMA camera, 436

MCP-based, 433

PAPA, 425

Photicon camera, 436

Position-sensing detector,

429

Resistive-anode position

sensing, 435

STJ sensor, 456

Wedge-and-strip, 434

Phototransistor, 339

Photovoltaic device, 320, 509

Photovoltaic effect, 247, 505

Pixel, 203, 361

Planck’s law, 11, 161, 489, 501

Planetary nebula

Red Rectangle, 513

Reflection, 513

Point spread function, 39, 68
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Poisson’s distribution, 209, 260,

268, 271, 272, 452

Poisson’s equation, 115

Population inversion, 162, 176

Potential well, 109, 134, 364

Power spectrum, 70, 409

Poynting vector, 8

Probability density, 10

Probability distribution, 303

Proportional counter, 342

Quantum mechanics, 7

Quantum well, 177, 247, 353, 487,

489

Radial velocity, 50

Radiometry, 30

Irradiance, 31

Radiance, 32, 196

Radiant emittance, 31, 501

Radiant energy, 30

Radiant flux, 30

Radiant flux density, 31

Radiant intensity, 34

Radon transform, 71

Rayleigh-Jeans formula, 13

Recombination, 103

Non-radiative, 104

Radiative, 104, 175, 177

Shockley–Read–Hall, 104,

497

Reflectivity, 32, 171, 502

Richardson’s law, 84, 289

Rydberg constant, 28

Saturation current, 116

Scattering, 51, 55, 159, 191, 469

Brillouin scattering, 56, 159

Compton scattering, 56, 305

Mie scattering, 56, 191, 206

Raman scattering, 56, 159

Rayleigh scattering, 55, 191, 206

Resonance, 206

Schrödinger’s equation, 9, 53, 95,

490

Eigen function, 10, 98, 152

Eigen value, 10, 152, 490

Hamiltonian operator, 9, 53

Scintillator, 306, 307, 344

Seebeck effect, 473

Selenium, 295

Semiconductor, 84, 102, 347

Alx Ga1−x As, 176, 330

AlGaAs, 490

AlSb, 496

Bandgap energy, 96, 101, 110,

176, 190, 209, 245, 280, 329

CdS, 349

CdTe, 331, 349, 508

CdZnTe, 510

Conduction band, 95

Depletion layer, 115, 320

Direct bandgap, 104, 331

Direct bandgap compound, 96,

176, 287

Doping, 112

Electron–hole pair, 103, 210,

217, 241, 246, 253, 265, 320,

321, 351

Extrinsic, 112, 348

Forbidden region, 101

GaAs, 96, 176, 210, 316, 320,

330, 349, 443, 490, 503

GaAsP, 339, 444

GaN, 349

GaP, 331, 349

GaSb, 496

Ge, 98, 246, 320, 338, 349, 473,

480

Hetero-junction, 329

Hgx Cd1−x Te, 331

HgCdTe, 246, 320, 339, 349, 357,

486, 493, 494, 503, 504, 508

HgTe, 508

III–V Semiconductor, 330, 496



December 9, 2014 15:36 PSP Book - 9in x 6in Swapan-K.-Saha-index

564 Index

Inx Ga1−x As, 331

In1−x Gax As1−yPy , 176, 331

InAs, 246, 331, 496, 503

Indirect bandgap compound, 97

InGaAs, 338, 503

InGaAsP, 287

InP, 96, 349

InSb, 246, 320, 349, 486, 503,

504

Intrinsic, 110, 347

MCT, 494

Pb1−x Snx Te, 509

PbS, 246, 349, 357, 470, 504

PbSe, 349, 357, 499

PbTe, 349

PnSnTe, 246

PtSi, 333, 499

Si, 98, 246, 320, 349, 480, 503

SiAs, 503

Super-lattice, 355, 487, 492,

496

Valence band, 95

Semiconductor diode laser, 175

Laser diode, 176

Light-emitting diode, 175, 482

Sgr A∗, 519

Snell’s law, 179

Solar radius, 20

Space Observatory, 247, 306

ASTROSAT, 343, 448

COBE, 471

FUSE, 439

GALEX, 439

HST, 515

IRAS, 471

IRTS, 472

ISO, 472

KAO, 471

NEAT, 375

Space observatory, 375

Spatial filter, 151

Spatial frequency, 69

Specific intensity, 16

Speckle, 67, 201, 449

Interferometer, 239, 407

Interferometry, 69

Specklegram, 68

Spectral response, 256

Spectro-photometer, 297, 352

Spectrometer, 151, 186, 350, 372

Echelle spectrometer, 372,

508

NIRSPEC, 508

OSIRIS, 519

Spectrum, 25

Balmer series, 28

Brackett series, 28

Lyman series, 28

Paschen series, 28

Pfund series, 28

Rotational, 53

Vibrational, 54

Spontaneous emission, 157

Star, 14, 464

α Aurigae, 149

α Lyrae, 471

α Orionis, 467

η Carinae, 516

γ Cassiopeiae, 445

θ 1 Ori A, 374

θ 1 Ori B, 374, 518

θ 1 Ori C, 374, 518

Arcturus, 466

Capella, 149

CW Leo, 513

Distance, 19

HD 44179, 513

HD 97950, 418

Proxima Centauri, 467

Red giant, 464

SN 2014 J, 371, 518

Temperature, 17

Vega, 471

Star-formation, 465

Stefan–Boltzmann’s law, 15, 477,

502

Steradian, 16

Stimulated emission, 160
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Strömgren photometric system, 22

Telescope, 16, 51, 65, 149, 186,

227, 297, 310, 362, 402, 409,

412, 418, 464, 468

Diffraction-limit, 65

HCT, 371, 518

HST, 374, 375

Magellan, 375

MMT, 206

Resolution, 65

Schulman, 374

Siderostat, 150

SXT, 345

UVIT, 344

VBT, 71, 371, 407

Television, 295

Thermal detector, 211, 243, 472

Bolometer, 474, 478, 526

Golay cell, 481, 526

Metal bolometer, 479

Microbolometer, 500

Pyroelectric, 482, 526

Pyroelectric effect, 475, 484

Semiconductor bolometer, 479

Superconducting bolometer, 480

Thermistor, 474, 480

Thermocouple, 481

Thermopile, 481

Thermal effect, 473

Thermal imager, 483

Absorption crystal imager, 484

Liquid crystal imager, 485

NETD, 501

Pyroelectric vidicon, 484

Thermal radiation, 4, 257

Transfer function, 40, 73

Contrast transfer function, 255

Intensity transfer function, 255

Modulation transfer function,

40, 255, 277, 319, 501

Optical transfer function, 46, 48,

68, 278

Phase transfer function, 40, 278

Transistor, 120

N-P-N-type, 120

P-N-P-type, 120

Transmittance, 32

Uncertainty principle, 8

Vacuum tube, 82, 113

Anode, 82, 113

Cathode, 82, 113

Cathode ray tube, 377

Dynode, 290, 429

Lallemand tube, 312, 424

Photocathode, 248, 425

Photomultiplier tube, 248, 289,

342, 414, 424

Phototube, 280

van Cittert–Zernike theorem, 47

Variance, 65, 219, 261, 274

Wave-particle duality, 7

Wien’s law, 20, 501

Wiener spectrum, 70

Zenith distance, 25

Zernike polynomials, 59, 534

Zernike coefficient, 59

Zernike mode, 59
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