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2D unit triangle function, 250

3-D scalar wave equation, 76, 86

acousto-optic modulator, 216, 217

acousto-optics, 260, 268, 269, 272, 284, 304

acousto-optics modulators (AOMs), 260

affine transformation, 249–251, 253, 256

Airy disk, 103

Airy Pattern, 102

aliasing, 194–197

all-pass filtering, 127

AM (amplitude modulation), 281

Ampere’s law, 73

amplitude spectrum, 40, 42

amplitude transmittance function, 87

analyzer, 298, 303

angle of reflection, 1

angle of spread, 18, 97

angles of incidence and refraction, 1, 4

angular plane wave spectrum, 89, 90

angular spectrum method (ASM), 239

angular spread, 108

annular aperture, 15, 19

aperiodic, 37, 41, 44

aperture, 86, 87, 91–93, 95–98, 102, 103, 105, 116

aperture stop, 12, 15

Associative Property of Convolution, 171

auto-correlation, 64

average value, 38

bandpassing filtering of intensity objects, 231

bandwidth, 192, 193

baseband current, 207, 213

beam waist, 106, 107

Bessel function of order m, 273

biaxial, 295

bilinear transformation, 110

bipolar incoherent image processing, 145

birefringence, 296

Bragg angle, 264, 265, 276, 284, 313, 314

Bragg cell, 260, 267

Bragg diffraction, 268, 272, 273, 276, 278, 285, 

314

Bragg regime, 267, 268, 280

central obscuration ratio, 15

characteristic impedance, 84

circular function, 51–53

Circular polarization, 291

circularly polarized light, 296, 315

circularly symmetric, 52

clockwise circularly polarized wave, 292

coded aperture correlation holography (COACH), 

212, 223, 226

coded aperture imaging, 223, 226

coded phase mask (CPM), 226, 255

coherence function of the scanning system, 213

coherence time, 120, 121

coherent holography, 151

coherent image processing, 124, 127, 142, 143, 

147, 148

coherent length, 120

coherent point spread function (CPSF), 126

coherent processing, 208, 213

coherent transfer function (CTF), 44, 126

Collins’ integral, 109, 110, 116

commutative, 32

complex amplitude, 87, 89, 92, 96, 99, 102

complex curvature, 109

complex filter, 179

complex filtering, 66

complex Fresnel hologram, 210, 211

complex Fresnel zone plate hologram, 216

complex hologram, 200–203, 210, 211, 217, 218, 

222, 232, 234, 236, 238, 241, 244, 254, 255

complex spatial filtering, 178–180

computer-generated holograms (CGHs), 235

computer-generated holography, 190, 235, 237, 

256

conservation of energy, 263, 273–275, 314

conservation of energy and momentum, 263

conservation of momentum, 263

constitutive relations, 73, 74

conversation of energy, 263

convolution integral, 31, 60

correlation, 21, 60, 64–66

correlation plane, 184, 189

counter-clockwise circularly polarized wave, 292

cross polarizers, 298
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cross product, 72, 73

cross-correlation, 64, 66

DC value, 38

de Borglie hypothesis, 70

decoding, 157

defection angle, 284

delta function, 24–26, 31, 46–48, 55

de-modulation, 281

depth of field, 1, 14

depth of focus, 1, 13–16, 19

dichroism, 292

dielectric materials, 74

differentiator, 28

Diffraction, 70, 86, 87, 93, 96

diffraction grating, 37, 261

digital holography, 190, 191, 200

digital incoherent holography, 223

diopters, 5

Dirac delta function, 24

director, 305

divergence, 70, 108

dot product, 70, 71

downshifted interaction, 263, 274

Edge detection, 130

electrical permittivity, 74

Electrically-Addressed SLM, 312

electromagnetic (EM) fields, 70

electromagnetics optics, 86

Electronic Demodulation, 208

electro-optic effect, 298

electro-optic modulators (EOMs), 260

elliptical polarization, 292

evanescent waves, 90, 91

extraordinary refractive index, 295

extraordinary wave (e-ray), 296

far field diffraction, 95

Faraday’s law, 72–74, 83

fast axis, 296

fill factor, 191

first harmonic, 37

first-order Bessel function of the first kind, 52

focal length, 7, 8, 9, 11, 12, 16, 18

focal shift, 114

forward Fourier transform, 41

Fourier coefficients, 37–40

Fourier hologram, 174

Fourier integral theorem, 43, 47

Fourier plane, 124, 126

Fourier series, 21, 37–40, 68

Fourier transforms, 21, 35, 41–55, 59, 60, 62–64, 

66, 68, 69, 197

Fourier transform pair, 42, 46–48, 53, 69

Fourier Transform-based (FT-based) scalar 

diffraction theory, 86

Fourier-Bessel transform, 52

Fraunhofer diffraction, 89, 95, 96

Fraunhofer diffraction formula, 96

frequency domain, 34, 35, 43, 51

frequency mixing, 286

frequency modulation, 260

frequency multiplier, 285

frequency response function, 34–36, 43, 44, 67

Fresnel approximation, 94

Fresnel diffraction, 89, 92–95, 98, 106, 110

Fresnel diffraction formula, 94, 98, 100, 102,  

109, 115

Fresnel hologram, 174

Fresnel incoherent correlation holography 

(FINCH), 212, 221

Fresnel zone plate (FZP), 154

full-wave plate, 297

fundamental frequency, 37

fundamental period, 37

Gabor hologram, 171, 173

Gabor holography, 171, 173

Gauss’s law, 70, 73, 82

Gaussian beam, 105, 108, 109, 112, 113, 117, 118

Gaussian optics, 1

geometrical image, 126

geometrical transformations, 251

Gouy phase, 108

grating equation, 262, 271, 273, 312, 313

Half-wave plates, 297

half-wave voltage, 303

Helmholtz equation, 86, 88

heterodyne current, 207, 209, 213–215, 288, 289

heterodyne frequencies, 286

heterodyning, 204, 217, 260, 286–289

highpass filtering, 130, 133, 139, 143

Hilbert transform, 148

Hilbert transformation, 231

hologram, 151, 152, 161, 162, 174, 176–178, 180

holographic feature extraction OTF, 233, 234

holographic OTF, 231, 233

holographic recording, 151, 152, 158, 163

Holography, 151, 156, 182

homodyning, 286

homogeneous, 74, 83, 86, 91, 115

homogeneous vector wave equations, 75

Huygens’ principle, 92, 93

Huygens-Fresnel diffraction integral, 92

ideal Bragg diffraction, 272, 276

ideal lens, 96–100, 102, 110, 112, 113, 116, 117

identity matrix, 247

image hologram, 176, 178

image processing, 35, 45

imaging, 9–11, 14, 16, 17, 19

impulse response, 31, 35, 44, 61, 65, 67, 68
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incoherent holography, 151, 212, 218, 221

incoherent image processing, 132, 139, 141–143, 

145

incoherent processing, 212, 215

information-carrying plane wave, 287

inhomogeneous vector wave equation, 75

in-phase component, 209

in-phase hologram, 200

input ray coordinates, 2, 8, 9

integrating detector, 142

intensity, 86, 97, 103, 105

intensity modulation, 260, 281, 282, 284, 298, 302, 

304, 311

intensity point spread function (IPSF), 132

interference, 70, 86, 115, 119–123, 139, 145

interpolated WRP (IWRP) method, 241

inverse Fourier transform, 42

invertible, 43

irradiance, 86

isoplanatic patch, 61

isotropic materials, 74

Jacobian, 248, 253, 256

jinc function, 53

joint transform correlation (JTC), 183

joint-transform spectrum (JTS), 183

Klein-Cook parameter, 268

Korpel-Poon equations, 271, 312

Korpel-Poon multiple-plane-wave theory, 269

Laplacian, 74

laser beam deflection, 260

laser deflection, 282

lateral holographic magnification, 167, 169

lateral magnification, 10, 11, 14, 16, 19

lateral resolution, 12–15

law of reflection, 1

left-hand circularly (LHC) polarized, 292

lens law for a Gaussian beam, 112

lensless imaging, 226

line spectra, 39, 40

linear, 21, 27, 30, 31, 34–37, 44, 45, 54, 57, 60, 

61, 65, 67, 68

linear (or Pockels-type) electro-optic effect, 298

linear and space-invariant coherent system, 126

linear electro-optic (or Pockels) coefficients, 299

linear electro-optic tensor, 299

linear polarizer, 292, 293, 311, 314

linear space-invariant, 60

linear time-variant system, 31

linearly polarized, 269, 290, 293, 295, 296, 297, 

302, 304, 310, 311

liquid crystal displays, 260

liquid crystals, 305

liquid-crystal-on-silicon (LCoS) technology, 312

local frequency, 155

lock-in amplifier, 286

longitudinal coherence, 119

longitudinal holographic magnification, 168

longitudinal resolution, 13

look-up-table (LUT) method, 240

lowpass filtering, 128, 133, 135, 136, 145

magnetic dipole, 72

Magnetic Gauss’s Law, 72

magnetic materials, 74

magnetic permeability, 74

magnitude frequency spectrum, 35

magnitude spectrum, 39, 42, 56, 57

matched filtering, 66, 180

mesh, 243, 244

modulated signal, 281, 305

modulating signal, 281, 286, 304, 305

modulation transfer function (MTF), 133

multipliers, 284, 285

narrowband phase modulation (NBPM), 284

Natural light, 293

Near Bragg diffraction, 276

near Bragg regime, 278

near field diffraction, 94

necessary condition, 43

negative uniaxial crystal, 295

nonlinear, 27, 28, 67

nonlinear scanning, 143

non-pupil interaction synthesis, 143, 144

n-th harmonic, 37

numerical aperture, 12–14

Nyquist rate, 193, 194, 254

Nyquist sampling frequency, 193

object wave, 152, 153, 159, 160, 171, 174, 176

off-axis Fresnel holograms, 196

off-axis FZP, 155

off-axis holography, 159

off-axis point-source hologram, 161

off-Bragg angle diffraction, 278

on-axis Fresnel holograms, 195

on-axis holography, 152, 174

on-axis recording, 152

one-pupil synthesis, 144

optic axis, 295, 296, 302

optical axis, 1, 4, 8–10

optical heterodyning, 288

optical image processing, 96

Optical modulation, 281

optical pattern recognition, 66, 180

optical scanning holography (OSH), 212, 216, 

217, 230

optical scanning processing, 139

optical transfer function (OTF), 44, 133

optical transfer function of the two-pupil 

heterodyning system, 230
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Optically-Addressed SLM, 311

ordinary refractive index, 295

ordinary wave (o-ray), 296

orthogonal matrix, 245

orthogonality of exponents, 38

orthoscopic image, 158

output ray coordinates, 2, 5, 8, 9, 11

parallax, 151, 158

parallel local coordinate system, 245, 249, 250

parallel-aligned liquid crystal (PAL) cell, 306

paraxial approximation, 92, 93, 109

paraxial rays, 1

partial coherent digital holographic recording, 217

partial coherent image processing, 143

peak phase delay, 271, 274

Phariseau formula, 276

phase contrast microscope, 148

phase frequency spectrum, 35

phase modulation (PM), 284

phase spectrum, 39, 42, 56

phase velocity, 78, 115

phase-deviation constant, 284, 305

phasor, 87

phonons, 263

photodetection, 141

photodetector, 281, 286–289

photons, 263

pixel pitch, 191, 201

planar wavefronts, 80, 113, 114, 117

Planck’s constant, 12

plane of incidence, 1

plane of polarization, 290, 291

plane wave, 78–80, 89, 90, 96–99, 102, 108, 

114–117

plane wave spectrum of the sound, 266, 268

plane-wave solution, 78

point spread function (PSF), 61

point-based approach, 235, 236, 243

point-detector, 141, 206, 217

Polarization, 290–292

Polarizing beam splitters, 294

polygon field, 244, 245, 249, 250, 253

polygon-based method, 243

polygons, 235, 243, 244, 249

position vector, 77

positive uniaxial crystal, 295

Poynting vector, 82, 84

p-polarized wave, 294

pre-processing, 130

Pre-processing of holographic information, 230

principal axes, 295, 302

principle of superposition, 2

Product Property, 25

propagation constant, 77

propagation vector, 77, 89, 263

pseudoscopic image, 158

pulse, 23, 37, 39–42

pulse train, 37, 39–42

pupil engineering, 126

pupil function, 125, 126, 133, 139, 140, 143, 144, 

148

pupil interaction synthesis, 145

pupil plane, 125, 128, 130, 139, 148

q-parameter of the Gaussian beam, 106

quadrature component, 209

quadrature-phase hologram, 200

quantitative phase imaging (QPI), 211

Quarter-wave plates, 296

radian frequency, 34, 37

radian spatial frequencies, 45

radius of curvature, 4

radius of curvature of the Gaussian beam, 107

Raleigh range of the Gaussian beam, 106

Raman-Nath diffraction, 268, 272

Raman-Nath regime, 268

ray diagram, 9, 11, 18

ray transfer matrix, 3, 5, 8

Rayleigh length, 95

real hologram, 154

real image, 9, 18

reconstruction, 151, 157–159, 161, 174, 177

reconstruction wave, 157, 158, 161, 165, 177, 186, 

187

recording angle, 159

rect function, 23

rectangular function, 23, 24, 47, 49–51

recursion relation for Bessel functions, 272

reference plane wave, 287, 288

reference wave, 152, 153, 159, 161, 164, 169, 173, 

177

reflection, 222, 251

refracting power, 5

refraction matrix, 5

refractive index ellipsoid, 295

retardation, 303, 309, 312

right-hand circularly (RHC) polarized wave, 292

sampling frequency, 193, 194, 196

sampling period, 192, 193

Sampling Property, 25

scalar diffraction, 77, 86

scalar diffraction theory, 77, 86

scalar product, 70

scaled version, 21

scaling, 251

Scaling Property, 26, 57

scanning optical processor, 139

Schwarz’s Inequality, 133

self-interference, 218–221, 223, 226, 227

separable function, 46, 49, 50

shear, 251
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signal, 21, 22, 24, 30, 35, 37–42, 44, 45, 56, 57, 

59, 61, 65–68

signal plane wave, 287, 288

signal processing, 35, 40, 42

signum function, 148

Sinc function, 40, 41, 50, 58

sine and cosine holograms, 216, 217

singularity function, 23, 24

Snell’s law of refraction, 1

source coordinate system, 245, 251, 253

source-focused or critical illumination, 226

space-variant filtering, 143

spatial carrier, 195

Spatial coherence, 119, 122

spatial filter, 126

spatial filtering, 126, 136, 137

spatial frequency transfer function in Fourier 

optics, 94, 106

spatial impulse response in Fourier optics, 94

spatial impulse response of propagation, 91, 92

spatial resolution, 191

spatial transfer function of propagation, 88, 91

spatially coherent, 123, 132

spectral folding, 194

spectral width, 120, 121

spectrum, 35, 36, 39–42, 44, 45, 51, 57, 58, 66, 68

spherical symmetry, 80

spherical wave, 80, 81, 92, 93

spherical-wave solution, 80

s-polarized wave, 294

square integrability, 43

square-law detectors, 141, 288

square-law device, 285

sufficient condition, 43

superposition integral, 31

surface function of an arbitrary polygon, 244

system equation, 27–30, 35, 43

system matrix, 3, 5, 6, 7, 10

system matrix equation, 6, 10

Systems, 21, 27

temporal coherence, 119, 120

the angular spectrum method (ASM), 91

thin-lens formula, 11

thin-lens matrix, 7

threshold voltage, 308

tilt angle, 308

tilted local coordinate system, 245, 251

time-invariant, 28, 30, 31, 34–37, 44, 45, 60, 68

time-reversal, 22

time-shifted version, 21

time-variant, 28, 29, 31

torque, 306–308

transfer function, 34–36, 44, 45

transformation matrix, 245, 249

transit time, 284

translation, 251

translation matrix, 4, 6

transmission axis, 292, 293, 304

transparency function, 87, 97–99, 102, 110, 116

transverse coherence, 119

transverse electromagnetic (TEM) waves, 83

triangle function, 135

twin image, 158, 159, 162, 173, 178

twin image problem, 159

two-dimensional (2-D) forward Fourier transform, 

45

two-dimensional (2D) inverse Fourier transform, 

46

two-pupil synthesis, 143, 144

two-pupil system, 204, 210, 212, 217, 230, 234, 

255

two-step-only quadrature PSH, 204

uncertainty principle, 12

uniaxial crystal, 296, 302

unimodular matrix, 2, 4

Unit Area, 25

unit impulse function, 24

unit right triangle, 250–252

unit step function, 23

unit vectors, 70

upshifted and downshifted Bragg diffraction, 273

upshifted interaction, 263, 273, 285

vector diffraction theory, 86

vector product, 72

virtual field, 172, 173

virtual image, 11

wave optics, 77

wave plate, 295–297, 311

wavefront recording plane (WRP), 237

wavevectors, 263

wideband phase modulation (WBPM), 284

x-cut, 295, 315

x-cut wave plate, 295

zero-order Bessel function of the first kind, 52

zeroth-order beam, 157, 159, 162, 173, 175, 177, 

180, 188
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