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a
Abbe resolution 247
Abbe sine condition 268
Abbe theory of image formation 241 ff
aberrations 212 ff, 309 ff, 325, 351, 384, 621
absorbing boundary 570
Airy disc 206, 276, 325
aliasing 640
ambiguity function 123, 429
amplitude edge 366
angular spectrum 17 ff, 54 ff
anisotropic media 494 ff, 511, 598
annular pupil 224 ff, 410 ff
aplanatic correction 261
apodization 416 ff
approximation
– Born approximation 81, 327
– finite differences 569
– Fraunhofer 22, 69
– Fresnel approximation 21
– single path approximation 600 ff
array homogenizer 172 ff
astigmatism 217
autocorrelation function 163, 638
axial coherence length 130 ff
axial resolution 425 ff

b
Babinet principle 82 ff
Babinet-Soleil compensator 516
bandwidth-limited signals 128
beam splitting in anisotropic media 511
beam waist 32, 150
beam twist 157
biaxial media 499, 510
birefringent media 494, 497, 599
Bluestein algorithm 646
Born approximation 81, 327

boundary condition 23
– absorbing boundary 570
– periodic boundary 662
– Sommerfeld radiation condition 13, 47 ff
– transparent boundary 571
boundary diffraction wave 89 ff
Brewster plate 519

c
calculation of diffraction integrals 61, 655 ff
canonical pupil 196
canonical variables 190
central obscuration 411
characteristic function 191 ff
Chebychev polynomials 675
chirped ring pupil mask 437
chirp z-transform 644 ff
circular polarization 470
circular polarized pupil 535
circular retarder 486
coherence function 113 ff, 296 ff
– circular source 140
– of a Gaussian Schell beam 154
– mutual coherence function 114, 265
coherence length
– axial coherence length 130 ff
– transverse coherence length 150, 179 ff
coherence time 130
coherence transfer function 296 ff
coherent image formation 269 ff
coherent resolution 252
coherent transfer function 264
Collins diffraction integral 64 ff
coma 220
conjugate planes 65
conservation of energy 192, 204
contrast 112, 254, 594
convolution 637

Index

Handbook of Optical Systems: Vol. 2. Physical Image Formation. Edited by H. Gross
Copyright � 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 3-527-40378-7



686

correlation 637
coupled dipole method 553
critical dimension 249
cross spectral density 116, 128
cubic phase plate 442 ff

d
D�ndlikers representation 330
dark field illumination 451
defect filtering 455
degree of coherence 115, 176, 182
degree of polarization 473 ff
depth of focus 335, 430
depth resolution 335 ff
diattenuation 616
dielectric tensor 495
diffraction at a circular cylinder 542 ff
diffraction at a rectangulare aperture 59
diffraction integral
– calculation 61, 655 ff
– Collins formulation 64 ff
– Fraunhofer approximation 22, 69
– Fresnel approximation 21
– Kirchhoff integral 44 ff
– Luneburg integral 200
– Rayleigh-Sommerfeld 48
– Richards-Wolf integral 526 ff
– Stratton-Chu integral 538
– vector Kirchhoff integral 538
diffractive optical elements 199
dipole illumination 257
dipole wave 11
discrete fast Fourier transform 642
dispersion relation 6
distortion 219
double refraction 514
double slit 103, 143, 360 ff
dual algorithm 650

e
edge image 365 ff
eigenpolarization 483, 502, 506 ff
eigenwaves 502
eikonal equation 19, 28, 190
ellipse of polarization 470
energy conservation 192, 204
equivalent diffraction setup 663 ff
evanescent waves 18, 26
Ewald sphere 18, 321, 328, 663
extended depth of focus 426, 442
extended Zernike polynomials 227
extraordinary index of refraction 504

f
Faraday rotator 518
fidelity 272, 287
finite difference method 568 ff
Fourier integral 631
Fourier method for diffraction computation

669
Fourier modal method 563 ff
Fourier theory of image formation 263 ff
Fourier transform 632 ff
– discrete fast 632, 642
Fraunhofer diffraction 22, 69
frequency doubling 453
Fresnel approximation 21
Fresnel diffraction 60 ff, 666
Fresnel ellipsoid 496
Fresnel equations 540
Fresnel integral 22, 62, 91, 664, 672
Fresnel number 69

g
Gardner transform 649
Gaussian beams 31 ff
Gaussian Schell beams 149 ff
geometrical theory of diffraction 90 ff
Gibbs phenomenon 72
grating
– diffraction 71 ff
– image formation 293, 381 ff
– sinusoidal phase grating 76
Greens function 44, 85, 139

h
Hamiltonian 190
Hankel function 51
Hankel transform 648
Helmholtz equation 6
Helmholtz-Lagrange invariant 233
Herschel condition 341
Hilbert space angle 427
homocentric pupil 198
Hopkins formalism for periodic objects

288 ff
Hopkins integral 139
Hopkins transmission cross coefficient

284 ff, 370, 384
Huygens principle 24, 46, 52

i
illumination
– dark field illumination 451
– dipole illumination 257
– oblique illumination 247, 364
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– partially coherent illumination 277, 286,
370, 405

– polarized illumination 613
– Siedentopf illumination principle 255 ff
– sigma setting 279, 608
– structured illumination 256, 447
image formation
– coherent image formation 269 ff
– image formation of a line 376 ff
– image of a circular object 400 ff
– image of an edge 365 ff
– image of a grating 381 ff
– incoherent image formation 272 ff
– Koehler illumination 252 ff
– polarized image formation 583, 606 ff
– theory of Abbe 241 ff
image multiplexing 430
implicit difference method 572
incoherent image formation 272 ff
incoherent optical transfer function 273
index ellipsoid 497
index of refraction 8
– extraordinary index of refraction 504
– ordinary index of refraction 504
interference contrast 113
intrinsic birefringence 500
irradiance 14 ff
isolator, optical 518
isotropic media 497

j
Jones matrix 479 ff, 489, 507, 613, 618 ff
Jones vector 468 ff
Jones vector propagation 480
Jones-Zernike expansion 622 ff

k
Kirchhoff diffraction integral 44 ff
Koehler illumination 252 ff

l
Laue construction 87
Laue equation 328
leakage 641
Legendre polynomials 677
light source
– circular 140
– coherence domains 137
– correlated 280
– point source 110
– spectral distribution 127
– thermal source 133
– uncorrelated 262

linear systems 309, 629 ff
line image 376
line of sight 221 ff
line spread function 375
linear polarized pupil 533
line image 376 ff
logarithmic phase mask 435
Luneburg integral 200

m
magnification 340
Marechal criterion 212
Maxwell’s equation 2, 502
McCutchen equation 323
Michelson interferometer 134
Mie scattering 547 ff
mixed characteristic 192
mode expansion method 156
moment method 555
moment theorem of the Fourier theory 633
moments of the Wigner distribution

function 120
M�ller-Jones matrix 493
M�ller matrix 491
multiplexing of an image 430
mutual coherence function 114, 265

o
oblique illumination 247, 364
optical activity 499
optical isolator 518
optical transfer function
– coherent 264
– incoherent 273
– polarized 613
– three dimensional 332, 343
ordinary index of refraction 504
orthogonal polynomials 675 ff

p
paraxial wave equation 29, 572
partially coherent imaging 277, 286, 370, 405
partial polarization 473, 610
Pauli spin matrices 489
periodic boundary conditions 662
phase contrast filtering 450
phase mask, logarithmic 435
phase space 231, 300 ff
phase space analyser 68
pinhole image 399 ff
plane wave 9, 512, 531
Poincare sphere 478
point characteristic 189
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point spread function 217, 275, 322 ff, 416 ff,
423

– Airy disc 206, 276, 325
– apodized pupil 416
– ideal point spread function 426
– polychromatic point-spread function 208
– quasi point source 402 ff
– three dimensional 423
– vector point-spread function 611
polarization
– beam splitting in anisotropic media 511
– biaxial media 499, 510
– birefringent media 494, 497, 599
– circular polarization 470
– circular polarized pupil 535
– dielectric tensor 495
– double refraction 514
– eigenpolarization 483, 502, 506 ff
– ellipse 470
– extraordinary index of refraction 504
– Faraday rotator 518
– illumination 613
– intrinsic birefringence 500
– isotropic media 497
– Jones matrix 479 ff, 489, 507, 613, 618 ff
– Jones vector 468 ff
– Jones-Zernike expansion 622 ff
– linear polarized pupil 533
– M�ller-Jones matrix 493
– M�ller matrix 491
– optical activity 499
– optical isolator 518
– ordinary index of refraction 504
– partial polarization 473, 610
– Poincare sphere 478
– polarization coherence function 183
– polarization imaging 583, 606 ff
– polarization matrix 473
– polarization retarder 482, 484 ff, 492, 516
– polarization rotator 482, 518
– polarization state 467
– polarization ray trace 597 ff
– polarization transfer function 613
– quarter wave retarder 516
– radially polarized pupil 536
– ray splitting 598
– retarder 482, 484 ff, 492, 516
– Stokes vector 475 ff
– tangentially polarized pupil 537
– vector interference 593
– vector Kirchhoff diffraction integral 538
– vector point-spread function 611
polychromatic point-spread function 208

polynomials
– Chebychev polynomials 675
– extended Zernike polynomials 227
– Jones-Zernike expansion 622 ff
– Legendre polynomials 677
– orthogonal polynomials 675 ff
– Tatian polynomials 224
– Zernike polynomials 212 ff, 439, 622 ff
power spectral density 128, 638
Poynting vector 7, 14
principal refractive indices 495
projection algorithm 651
propagation
– coherence function 139
– coupled dipole method 553
– finite difference method 568 ff
– Fourier modal method 563 ff
– free space 20, 303
– Jones vector propagation 480
– mode expansion method 156
– rigorous coupled wave analysis 563 ff
– split-step beam propagation method 576
– transport of intensity 30
– Wigner distribution function 146 ff, 303 ff
pupil
– pupil function 202, 613
– pupil mask filter 411, 423 ff, 433 ff
– annular pupil 224 ff, 410 ff
– apodization 416 ff
– canonical pupil 196
– chirped ring pupil mask 437
– circular polarized pupil 535
– filling of an array homogenizer 175
– homocentric pupil 198
– linear polarized pupil 533
– radially polarized pupil 536
– tangentially polarized pupil 537
– telecentric pupil 198

q
quarter wave retarder 516
quasi point source 402 ff

r
radially polarized pupil 536
radiant flux 204
ray equivalent of Gaussian beams 36
Rayleigh length 31, 34
Rayleigh-Sommerfeld diffraction

integral 48, 53
Rayleigh unit 323
ray splitting 598
refractive index 4, 8
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– extraordinary index of refraction 504
– ordinary index of refraction 504
– principal refractive indices 495
resolution 210, 234, 252, 276
– Abbe resolution 247
– axial resolution 425 ff
– critical dimension 249
– depth resolution 335 ff
– gain 425
– spatial resolution 660
– spectral resolution 660
– transverse resolution 425 ff
retarder 482, 484 ff, 492, 516
Richards-Wolf diffraction integral 526 ff
rigorous coupled wave analysis 563 ff
Ronchi grating 71
Ronchi test 456

s
sampling theorem 639
scattering 556 ff
– Mie scattering 547 ff
– scalar scattering 85 ff
– scattering plate 170
– stray light 314 ff
– surface roughness 163
Schwarzschild angular eikonal 193
secondary source 176
Siedentopf illumination principle 255 ff
sigma setting 279, 608
sinc interpolation 648
single-path approximation 600 ff
sinusoidal phase grating 76
slit
– double slit 103, 143, 360 ff
– slit diffraction 57
– slit imaging 377 ff
slowly varying envelope 30
Sommerfeld condition 13
space-bandwidth product 233 ff
spatial coherence 135 ff
spatial frequency 17, 245
spatial resolution 660
speckle 159 ff
speckle reduction 169 ff
spectral resolution 660
spherical aberration 217
spherical wave 11
split-step beam propagation method 576
Stokes vector 475 ff
Stratton-Chu diffraction integral 538
stray light 314 ff

Strehl ratio 211
structured illumination 256, 447
super Gaussian profile 417
surface roughness 163

t
Talbot effect 385, 394
tangentially polarized pupil 537
Tatian polynomials 224
tayloring 346
telecentric imaging 197
telecentric pupil 198
temporal coherence 126 ff
thermal light source 133
three dimensional transfer function 332, 343
Toraldo pupil filter 434
transfer function
– coherence transfer function 296 ff
– coherent transfer function 264
– defocused transfer function 429
– incoherent optical transfer function 273
– polarized transfer function 613
– three dimensional transfer function 332,

343
transform
– chirp z-transform 644 ff
– discrete fast Fourier transform 642
– Fourier transform 632 ff
– Gardner transform 649
– Hankel transform 648
– z-transform 644 ff
transmission cross coefficient 284 ff, 370,

384
transparent boundary 571
transport of intensity equation 30
transverse coherence length 150, 179 ff
transverse resolution 425 ff
truncated Gaussian profile 418
twisted Gaussian Schell beam 157
two-point resolution 356 ff

u
uncertainty relation 122, 234
uniaxial media 498, 509

v
van Cittert-Zernike theorem 140
vector interference 593
vector Kirchhoff diffraction integral 538
vector point-spread function 611
visibility 112, 136, 252
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w
waist of a beam 32, 150
wave equation 4
– Helmholtz wave equation 6
– paraxial wave equation 29, 572
Wiener experiment 592
Wiener-Khinchin theorem 129
Wigner distribution function 116 ff, 300 ff
– coherent fields 122
– Gaussian Schell beams 154

– grating 394 ff
– moments 120
– propagation 146 ff, 303 ff

y
Youngs experiment 143 ff

z
Zernike polynomials 212 ff, 439, 622 ff
z-transform 644 ff
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