Index

a
Abbe invariant 4, 6, 23, 66, 73, 88, 97,
118, 300
Abbe number 66, 70, 108, 409, 412,
683-685, 688, 690, 692, 709

diffractive elements 683
equivalent 69-70

aberration expansion 19-33
convergence 354-255
quasi-invariant 353-354
aberrations

achromatization 108

afocal systems 98

airlens 115-118
anamorphic systems 559-567
Andersen’s approach  383-384
angle 36

aplanatic 275-277

aplanatic surface 51

Araki’s expansion 462-463
aspheres 653-660
astigmatism 47, 51-54

axial 33

balancing 239-240

Berek’s notation 97

biconic surfaces 563-565
Bow-Sutton condition 85-86
caustic 727

centre 530-534

chromatical 63-73, 570-577
coefficients 23, 88-98, 373
coma 47,58-59

coma at mirrors 483-484
coma number 307

conjugate shift equations 84-86
conjugation parameter 99-101
Conrady’s G formula 103
cylindrical lenses 381-383, 660
definition 1

description 2

diffractive elements 680-690
distortion 47, 60-61, 583-608
distortion and intensity 719-720
edge spread function 268-271
encircled energy 268

expansion 25

expansion by quasi-invariant 353

expansion convergence 354-355

expansion for reduced symmetry 33

extrinsic 359

field curvature 47, 54-58, 486-494

field dependence 308-310, 505

fifth order 347-348

fifth order expansion 356

Fresnel lenses 666-671

full field display 507

full field spot diagram 42

general expansion 504

general wave aberrations 504

gracing incidence 662-666

gradient index lens  695-713

gratings 671-680

Haferkorn’s notation 96-97

higher order 333-355

higher order chromatical 403, 405,
406

higher order lens contribution 393

image curvature 519-520

image plane tilt 518

induced 359-367

intensity 719

intrinsic 359

keystone 677

keystone distortion 510

lens bending 100

line spread function 271

longitudinal 33-34

low order wave aberrations 517

Mahajan’s notation  94-96

medial image shell 56

Miks* simplified Seidel terms
106-107

mirrors 483-484

misalignment 567-570

monocentric systems 619-621

nodal aberration theory 527

nodal point calculation 533-534

nodal points 510

non-circular pupil  506-507

non-circular systems 499

OTF 258-261

parabasal reference 502
pegel diagram  74-75
Petzval curvature 54
Petzval formula 58
Petzval law 55

phase space representation 510-516
plane plate 115
polarization 740-761
primary 23, 27,47

PSF 205-232

pupil 275-294

pupil coma 283-284

pupil distortion 284-290
pupil imaging 75-77

ray sampling 38-42
reduced expansion 33
reference sphere 28
references 501-504
representation 47

sagittal image shell 55
Seidel 27,47

Seidel coefficients 22
Seidel pupil 279-280

sixth order 28

sixth order waves 367-375
skew spherical 301-302
Slyusarev’s notation 97
smile 677

spherical 47-51, 633-639
spherical after Delano 384-387
spherical mirror 113-115
spherical surface contribution 49
spherochromatism 421
spot diagram  36-42

spot shapes 61-63

spot size 37-38

statistical 242

stop Aldis theorem 375-383
stop shift 78-80, 373-374
structural coefficients 89-91
surface contributions 74-76
tangential image shell 55
thick lens 108-113, 434-435
thin lens contributions 98-108
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Index

aberrations (contd.)
third order 27

transverse 30-36
types 4
vectorial 499-577

vectorial wave aberrations 505
wave aberration conventions 505
wave aberrations 121-199
wave definition 28
Welford’s notation 97
Zernike field dependence 510, 511
Zernike wave aberrations 520-527
achromate 33,41, 103,108, 115, 155,
198, 354, 381, 565, 648, 689-690,
709
Schupman 413-415
spherical aberration 399-403
split  424-425
zonal spherical aberration 401
achromatization 69, 70, 108, 110-113,
429, 620, 683, 686-689, 692
afocal system aberrations 98
air lens aberrations 115-117
Airy function 211, 739
Aldis theorem 354, 359, 375-383, 525,
526, 563
Brewer’s representation 378-379
derivation 376-378
amplitude response matrix 754-757
anamorphic systems 155-158, 517, 559

aberrations 559-562
biconic surfaces 563-565
cylindrical lenses 661-662
factor 517

nodal points 565

ratio 517

anastigmatism

Zinken-Sommer condition 82-83
Andersen’s approach of aberrations
383-384
angle aberrations 36
angle-angle eikonal 17
angle mapping 605
angle-point eikonal
aplanatic
aspheres 318
lenses 313
surfaces 51, 310-311
systems 315-318
two-surface systems 315-318
aplanatism 275, 310-318
higher order 314-315
apochromate 415
apodization 41, 124, 144, 182, 236-237,
243,247, 285, 298, 583, 692, 720,
745, 749, 754, 756
apodization of wave aberrations 182
Araki’s expansion 462-463
Argand diagram 261-262

16-17

ARM matrix 756

aspheres 188, 310, 315, 318, 336, 375,
379, 527, 530, 546, 570

aberrations 653-660

astigmatism 656-660

Coddington equations

plate diagram  657-660

see-saw-diagram  657-660

Seidel aberrations 654-655

structural coefficients 655

astigmatism 47, 51-54

caustic 52

circle of least confusion 52

Coddington equations 464-470

grating 675

medial image shell 56

reference 477-478

Schiefspiegler 480-481

skew mirrors 479-480

spherical mirror 478-479

atmospheric turbulence 186, 187, 190

axial chromatical aberration 64-70

vectorial 572

axial magnification 4

656

b
balancing of wave aberrations 550-551
ball lenses

monocentric systems 622-623

vignetting 618-619
barrel distortion 61, 62, 585, 604, 720
bending 6, 47, 100
Berek’s criteria 322
Berek’s notation 97-98
biconic surfaces
aberrations 563-565
Bouwer corrector 623-624
Bow-Sutton condition 85-86, 598

Buchdahl’s quasi-invariant 353-354
(4

calibration

distortion 606-607
Scheimpflug 607-608

cartesian form of Zernikes 167
caustic

Airy integral 739

calculation 730-735
catastrophe theory 735-737
diffraction 739-740
Legendre transform 737
Pearcey integral 739

phase shift 730

phase space  737-739

ray envelopes 727, 729

spot extrema 733

wave picture 729-730

Cerny-Turner spectrometer 678-680

changed condition Zernike expansion
171-172
Chebychev polynomials 137,175, 177
chiefray 4, 7-9, 28, 30, 33, 35, 36, 51,
58, 60, 63-65, 71, 72, 79-81, 278,
295, 301, 472, 502, 503, 572-574,
588, 589, 591, 592, 609
chromatical aberrations 63-64,
570-572
achromatization 69
apochromate 415
axial vectorial 572
Conrady approach 67-69
colour fringes 64
doublet 412-413
Gabor telescope 413
high aperture 419-420
higher order 403-429
induced terms 419
lateral 70-73
lateral surface contribution 72
lens contributions 409-410
localization 70
longitudinal 64
Miinz-Sacks decomposition 66-67
pupil 71,284
Schupman achromate 413-415
secondary spectrum 407-409
Seidel axial 66
Seidel longitudinal 66
spherochromatism 420-425
split achromate 424-425
surface contributions 410-411
thick lens 110
transfer term 407
transverse 64, 69, 71-73, 418
transverse vectorial 574
variation of field curvature 429
variation of primary aberrations
wave picture 419-420
chromatical change of magnification
63, 72,127, 284, 419
chromatical wave aberrations 126-127
circle of least confusion 52, 53, 143,
507, 518, 572
circular polarization 742
Coddington equations 308-310, 439,
464-470, 472, 474, 479, 482, 503,
574, 630, 669, 675, 676, 678
arbitrary azimuth 469-470
aspheres 656
derivation 466-468
coincidence criterion 322
colour fringes 64, 72,73
coma 47,58
defocusing 59, 61, 62, 593
mirrors 483-484
PSF peak curve 205, 210, 211
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confocal plane-symmetric systems

558-561

conjugate shift equations 84-86, 359,
427

conjugation parameter 5-6, 89,

99-102, 105, 106, 343, 344, 393,
395, 396, 662, 670, 694
Conrady 305, 387-388
d-D-method 67-69
G-formula 103
OPD-formula 388-390
spherical aberration formula 388
convergence of aberration expansion
354-355
corner cube reflector 749, 758, 761
cosine invariant  324-325
cubic phase mask 262-265
curved image 55, 491-492, 519, 587,
617
distortion 492-493
curved object 489-490
cylindrical lenses
aberrations  381-383, 660-662
anamorphic coefficients 662

d
d-D-method 67-69
defocus wave aberration 128-129, 158
Delano 341, 361, 384-388, 390, 392,
421, 599, 670
relation 5, 306
spherical aberration 384, 598
depth of focus 327, 409, 492, 493, 639
field dependence 647
geometrical 642
Rayleigh length 642
second moment diameter
visual seeing 643-644
derivatives of Zernikes 168-170
diattenuation 743, 745-752, 754, 757,
760, 761
difference operator 8
differential raytrace 439, 440, 443
diffraction 1,9, 183,212-215, 224-225,
583, 640, 641, 666, 668
caustic 642, 739-740
diffractive elements 464
Abbe number 683
aberrations 680-681
chromatical aberrations
efficiency 686
efficiency achromatization 686-6388
hybrid lens 684-686
multi order 688-689
Seidel aberrations 681-682
digital projector lens
keystone distortion 604, 605
distortion 47, 583
angle mapping 605

646

682-689

barrel 61-63, 289, 293, 584, 585, 604,
720, 721

calibration 606-607

centroid based 584, 588-589

chromatical magnification difference
35,599

coma 593

curved image 492-493, 587

digital projector lens 604

f-theta definition 586-587

finite object depth  595-596

fisheye lens 605, 607

general geometry 600, 601

intensity 719-720

keystone 290, 500, 510, 584, 600,
603-605, 676, 677

magnification dependence 596-598

mapping function 605-608

orthographic mapping 606, 607

OTF description 593, 595

pincushion 61-63, 288, 289, 293,
304, 584, 585

PSF based 592-593

pupil aberration 596-598

pupil shift 597

rectilinear mapping 605

Scheimpflug model 607-608

Scheimpflug setup  603-604

smile 604, 676, 677

stereographic mapping 606, 607

surface contribution 598-599

tangent condition 596

telecentricity 588-591

TV definition 587-588

types 584

vector Zernike representation 601

vignetting 588-589

wave aberration 128, 129, 591-592

wave description 591
double-pass systems 611-614
doublet 620, 761

chromatical aberrations 412-413
double Zernike expansion 154-155
Duffieux integral 258, 262

e

eccentricity parameter 77-78

edge spread function 1, 268-271
aberrations 269
criteria 269
definition 269

eikonal 14-15, 23,134, 358
angle-angle 17, 20-21
angle-point 16-17
definitions 14
equation 9,10, 12
expansion 20-21
paraxial 19-20
point-angle 16, 308
point-point 15-16

Index

refractive surface 19-20
relationships 17-18
ellipticity 246-248, 486, 752, 756, 757,
761
encircled energy with aberrations
268-269
entropy diameter 225, 248
equivalent Abbe number 69-70
exact aberrations 375-390, 392, 500,
696
Aldis theorem 375-383
extrinsic aberrations 359, 364, 366, 419

f
Fermat principle 9-14, 17, 20-22, 67,
68, 243, 296, 298, 303, 308, 312,
321, 325, 341, 390-394, 430, 671,
673, 691, 692, 697, 698
field curvature 27, 30, 34, 35, 47, 48,
54-58, 98, 109, 129, 130, 153, 158,
159, 286, 347, 479, 486-494, 522,
541, 551, 557, 703-705
chromatical variation 429
freeforms 493-494
higher order 490-491
Petzval formula 57-58
wave aberration 129
field dependence
wave aberrations 505
Zernike 152-156, 510, 521-522
fifth order aberrations
Buchdahl’s representation 356-357
classification 347-348
Cox’ representation 358
Denby’s representaion 359
Herzberger’s representation 358
monochromatic 355-359
Rimmer’s representation 356-357
spot shapes 348-350
fill factor segmented pupil 225
filtering Zernike spectra 162
fisheye lens 293, 607
distortion 605
focal curves 675, 676, 678-680
focus criteria

depth of focus 642-648
Fisher criterion 641
geometrical 640-641
OTF 641

spherical aberration 638
Strehl 641

types 638, 640

wave aberration 641
Fourier spectrum of Zernikes
freeforms 485

field curvature 493-494

mirror systems 485-486
frequency ranges of random wave

aberrations 187

147-149
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Index

Fresnel coefficients 742, 745, 760
polarization 746-747
Fresnel lenses
aberrations
approximations
astigmatism 669
line coma 671
Seidel aberrations
f-theta
distortion 586-587
systems 586-587
full-field display of aberrations
508

666-667
667, 668

670-671

507,

)
Gabor telescope 406

chromatical aberrations 413

Gauss-Legendre calculation of Zernikes

149, 150

geometrical approximation 9-10, 183,

209, 719
geometrical PSF 224, 225
intensity 724
gracing incidence
aberrations 662-663
Kirkpatrick-Baez setup 663
Montel setup 663
Wolter telescopes
gradient index lens
aberration calculation 697-699
aberrations 695, 696
astigmatism 702-703
axial 706-708
field curvature 703-705
freeformed 708
Hamiltonian 698
inhomogeneous aberrations
699-701
paraxial 696-697
radial 702-705
reference  696-697
Seidel aberrations 696-702
transfer aberrations 696
Wood lens 703-705
Gram-Schmidt procedure
151-152,173,174
gratings
aberrations 671-680
astigmatism 675
concave 673-676
focal curves 675
groove function 672
plane 672-673
spectrometer 676-677

663-665

696,

144,

h

Hamilton function 10, 15

Helmbholtz-Lagrange invariant
89, 97,275

4,77,

Herschel condition 326-327
higher order aberrations 333
Andersen’s approach  383-384
chromatical 403-429
classification 338-340
correction 403
expansion variable 340-343
Fermat principle 390-392
field curvature 490-491
fifth order 347-348
lens 344
lens spherical aberration 393-396
pupil imaging 374
ray height 340, 343-346
sixth order waves 367-375
spot shapes of fifth order 348-350
stop shift 373-374
structural representation 429-430
system reversibility 430-435
transverse chromatical 418
von Rohr’s approach 392
Zernike 337,338
high-NA
chromatical aberrations 419, 420
Zernike expansion 158
high spatial frequency range 187
Hopkins factor 254, 260

1

image/imaging

anamorphic 559-568

curvature 519-520

field curvature 518, 520

tilt 518, 555

image irradiance 723, 725

induced aberrations 359

calculation 361-363

Delano formula 387

stop position 365

wave picture 363-365

intensity 719

aberration coefficients 722

distortion 719-720

exit pupil 723

image irradiance 723-724

Jacobian matrix 722

spot 724-727

intrinsic aberrations
392,427,433

invariant

Abbe 4

cosine 324-325

Helmholtz-Lagrange 4

Herschel condition 326-327

rotational 9

sine condition 326

skew 325-326

Smith cosine 324-325

symmetry 24-27

360-362, 373,

Welford’s 323-324

isoplanatism 306, 318-320

J

condition 320-321

definition 294-295

patch size 322-323

Staeble/Lihotzky condition
320-321

Jacobian matrix 443, 723, 725, 732

intensity 722

Jacobi-polynomial calculation of

Zernikes 149, 150

Jones

k

Karman turbulence

matrix 741-743

matrix surface decomposition
750-751

pupil 747,749

190, 191

Kerber’s formula 386, 392

spherical aberration 390

Kerber’s transfer formula 350-353
keystone distortion 500, 510, 558, 584,

kidney bean effect

600, 603-608
77, 284, 290-291

Kingslake diagram 43-44
Kingslake H-L-plot 83
Kirkpatrick-Baez setup 662, 663, 665

Kolmogorov turbulence

190, 191

kurtosis 246, 247
Kutter Schiefspiegler 480-481

l

Lagrange function 11

lateral aberrations

14, 31, 43, 511, 512,
526, 574, 641

lateral chromatical aberration 63,

70-73,128, 418, 501, 503, 571, 574

law of refraction 1, 2,4, 5,11, 12,21,

Legendre polynomials

49, 295, 311, 316, 318, 377, 385,
407, 451, 452, 460, 466, 467, 617,
691

137,175, 176,
709

Legendre transform 15-17

caustic 737

lens bending 6, 47, 100
lens contribution 69, 72,99, 104, 117,

344,393, 394, 399, 432, 662, 707
secondary spectrum  409-410

linear polarization 219, 220, 742
line coma 671

line spread function 271

local perturbation Zernike expansion

Lommel functions

162-165
226, 227



longitudinal aberrations 1, 29, 33-34,
51, 56, 131, 135, 205, 341, 350,
394, 401, 403, 407, 410, 422, 464,
685, 689, 690
chromatical 63-64
longitudinal chromatical aberration
vectorial 410
low order wave aberrations 516
low spatial frequency range 187, 188

m
magnification
axial 4
lateral 4
pupil 6,283-284
Mabhajan’s notation 94-96
Malus-Dupin’s law 12, 130
Marechal approximation 234, 235, 243,
267
Marechal criterion 179, 642
marginal ray 4-9, 20, 47, 54, 58, 64, 66,
68, 69, 73, 77-80, 89-90, 108,
112-114, 198, 275, 294-297, 299,
300, 303, 305, 306, 308-311,
319-321, 333, 341-344, 361, 365,
367, 375-381, 386-389, 400-403,
406, 409-411, 420-421, 423-426,
428,430, 481, 483, 484, 487, 533,
626, 633, 698-699, 707
medial image shell 56, 507, 541,
572-574, 629
Merte surface 196, 199
spherical aberration higher order
396-398
meta surfaces
aberrations 691
achromate 692
chromatical aberrations 692
negative index 693-695
microscope lens 192-194, 196, 198,
199, 210, 287, 288, 291-293, 307,
323,367
reversibility 435
spherical aberration higher order
398
mid spatial frequency range 187
mirror 58, 113-115, 222, 293, 315, 318,
411, 413, 443, 461, 462, 464, 465,
478-486, 499, 510, 519, 527, 550,
558, 570, 586, 611-614, 622, 623,
629-630, 635, 660, 663-666, 678,
751, 758
spherical aberration 392-393
misaligned surfaces 624-625
astigmatism 628
coma 628
parabolic mirror
Seidel aberrations
spherical mirror

690-691

630
625-626
629-630

spherical surface 628-629
wave-optical model 626-628
misalignment aberrations 567-570

misalignment test 303-305
moment criteria 245-247
monocentric systems 615-617
aberrations 619-621
arrays 624
ball lenses
Bouwer corrector
invariant 617-618
Montel setup 663
Miinz-Sackschromatical aberration
approach 66-67

622-623
623-624

n
negative index lens  693-695
nodal aberration theory 520, 524,
527-553
limitations 551-553
nodal lines 518, 531, 532, 536, 541, 542,
544, 549-550
nodal points  521-524, 527, 530,
533-541
aberration field dependence
530
anamorphic systems
aspheres and freeforms
astigmatism 538-548
coma 536-538, 542-543
distortion 540-541
field curvature 541
misalignment 569-570
plane symmetric systems
pupil shift 544-545
Zernike pupil 547-549
non-circular area polynomials
non-circular pupil aberrations
non-circular systems
aberrations 499

529,

565
544-547

555-556

173-177
506-507

0
offence against sine condition 288,
303, 305-308, 320
Offner system 338, 622
optical axis ray 444, 462, 474, 493,
500-502, 530, 533, 600
optical path difference 9, 16, 67, 71,
122-123, 134, 296, 303, 321, 324,
341, 390, 391, 701
optical path length 9-17, 19, 67, 122,
123,132, 275, 303, 304, 312, 391,
393, 526, 654, 687, 707, 719, 746
orientation Zernikes 753-755
orientator 752-753
orthographic mapping 606, 607
OTF 1,253,255
aberrations 256-262
approximation 259-260

Index

area criteria 256
cubic phase mask 262-263
definition 253

diffraction limit 260-261
Duffieux definition 258
field dependence 256
Hopkins factor 254-255, 260
phase 261
polychromatic
scattering 267
Siemens star  255-256
SQF criterion 256
test charts 255
overlaid phase aberrations

253-254

243

P
parabasal rays 443-444, 450, 474-476,

502-503, 525, 526, 571, 572
paraxiality 1, 454, 489-490
partial coherent point resolution 252
Pauli spin matrix 745, 746
performance criteria of wave aberrations
179-183
performance criteria of Zernikes
180-182
perturbation frequency ranges
HSF 187
LSF 187
MSF 187
Petzval
curvature 47, 54
formula 58
law 55,487
phase histogram 240-242
phase space
aberration representation 510-516
caustic 737-739
phase transfer function 261, 583
photometry 722
pupil distortion 285
pincushion distortion 61, 62, 288, 585,
589, 720
plane plate 90-92, 382, 487, 488
aberrations 115
spherical aberration 638
plane-symmetric systems 33, 506
aberrations 553-555
image plane tilt 555
nodal points  555-556
structural aberration coefficients
556-558
plate diagram 657, 660
point-angle eikonal 16, 19-21, 308
point-point eikonal 15-17
point symmetry 609
polarization
aberrations 740-747
amplitude response matrix 754-757
circular 742
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Index

polarization (contd.)
corner cube reflector 758-761
diattenuation 745-746
eigenfunction 743
ellipse 740, 741
Fresnel coefficients 746-747
Jones calculus  741-743
Jones decomposition 745-746

Jones pupil 747-749
linear 742
orientator 752-753
PSF 761

raytrace 743-744
retardance 743, 745-752
rotation 742
Seidel aberrations
spin matrix 745
surface decomposition 750-751
transmission 742
polychromatic PSF  217-218
polynomial orthogonalization 173
polynomials non-circular areas 173
primary aberrations
chromatical variation 425
principal curvature 440-441, 470-472,
727,732,733
principle of Fermat 9, 11, 470
propagation of wave aberrations
183-186
proportionality condition 282, 322
proximate raytrace 449-464

749-750

PSF
aberration caustic 228
aberrations 205-232

aberrations at high NA  218-220
aberrations with defocussing 228
anisotropic pupil 215-216
astigmatism 208-210
coma 210-212
criteria 243-253
ellipticity 246-248
encircled energy 268
entropy diameter 247-249
geometrical intensity = 724-727
Guoy shift 231
high NA 218-220
kurtosis 246, 247
Lommel functions
phase 230-232
polarization 759-761
polychromatic 217-218
Rayleigh criteria 249
reference ray 216-217
resolution 213, 249-250
resolution partial coherence
252-253
second moment
segmented pupil
skewness 247

226, 227

245-246
220-226

Sparrow criteria 249

spectral weighting 217, 218

spherical aberration 207-208

spot relation 212-215

Strehl ratio  232-243

PTF 583, 595

aberrations 261-262

Argand diagram 261, 262

definition 261

pupil

aberrations 75-77,275-294

aplanatic 277

chromatical aberrations 284

coma 283-284

distortion 277-279, 284-290

fish-eye lens 293

imaging 6,275

kidney bean effect 285

magnification 6, 275, 283-284

non-circular  506-507

photometry 285

ray aiming 285, 287-288

segmented 222-224

Seidel aberrations 279-280

sine condition 277, 294-310

Slyusarev effect 285

sphere 277,293

tangent condition 281-283

telecentricity 290, 291

walk 293

wave aberrations 280-281

pupil aberrations 29, 71, 123, 132,
275-294

distortion 596-598, 720-721

higher order 373

kidney bean effect 77

Slyusarev effect 77

PV value of wave aberrations 178-179

q

quasi-invariant of Buchdahl 353-354

r

random wave aberrations 186-190
atmospheric turbulence 190
frequency ranges 187
roughness 187
Zernike expansion 190

ray aiming
pupil distortion 285, 288

Rayleigh criterion 178-179, 237, 249,

250

Rayleigh length 409, 642, 705

ray pencils 439

ray sampling
aberration curves
artefacts 40
density 40
equidistant 39

42-43

errors 39
options 38
raytrace

Coddington equations 464-470

differential 439-440

expansion 443-449

Jacobian 443

parabasal 472

polarization 743

proximate 443, 449-459

surface curvature 440-443

ray tubes 470, 473

rectilinear mapping 605

references in non-circular systems 501

retardance 743, 745-752, 754, 756, 757,
760, 761

phase 742

reverse system Zernike expansion 168

reversibility of systems  430-435

microscope lens 435

rotational invariants 9, 124, 354, 383

Rowland spectrometer 677, 678

S
sagittal image shell
sampling
of rays 38-42
of Zernikes 149-151
Sasian’s symmetry parameter 614-615
scaling of spatial frequency ranges 189
scattering degradation 267
Scheimpflug 84, 86, 156, 509, 518, 534,
555
distortion 604
distortion model 607
system 152
Schiefspiegler 439, 443, 462, 480-483,
499, 535
with conics 483
Schupman achromate 413-415
field lens 415
second moment diameter
second moments 43, 245
secondary spectrum 64, 112, 405,
407-409, 689
aberration 403
lens contributions 409
see-saw-diagram 657
segmented pupil 222
fill factor 225
gap size 225
geometry 225
PSF 220, 222
tip-tilt perturbation 226
Seidel aberrations
aspheres 654
coefficients 88
conjugate shift equations 84
Fresnel lenses 670

55,479

639, 646



gradient index lens 696, 697
Miks’ formula 106
misaligned surfaces 626
pegel diagram 74
polarization 750
pupil 75,279
stop shift formula 80, 82
surface contributions 73

Shack’s vector product 355

Siemens star 255, 256, 263, 265, 266
aberrations 265
coherence 267

sine condition
afocal systems 298-299
aplanatism 310-318
apodization 298
coma 300-302
coma number 307
definition 294
derivation 296
generalized 302-303, 306
isoplanatism 306, 318-323
misalignment test 303-305
offense against 305-308
principal sphere 297-298
pupil sphere 277,293

skewness 123, 246-248

skew spherical aberration 83, 301-302,

310, 318, 319, 339, 609, 610

Slyusarev 89, 103, 285
effect 77,285,722
notation 97
spherochromatism 423-424
thin lens aberrations 106

Smith invariant 324-325

Sparrow criterion 249, 250

spatial frequency range scaling 189

spectrometer
aberrations 676
Cerny-Turner 678, 680
distortion 676
keystone 677
Rowland 677-678

smile 677
spherical aberration 47
achromate 399-403

chromatical variation 420

Condady’s OPD formula 388-390

Conrady’s formula 387-388

Delano formula 384-387

higher order 396-403

higher order thin lens system 394

Kerber’s formula 386, 390

lens bending 47

lens contribution higher order
393-396

lens spot size  635-636

Merte surface  396-398

microscope lens 398

mirror 392-393
plane plate 638, 639
spherical surface 633-639
surface contribution 49
zonal contribution 401
spherical corrected lenses 51, 312
spherical mirror aberrations 113
spherochromatism 421, 686
Slyusarev approach 423-424
splitted achromate 424-425
surface contributions 423
spin matrix 741, 745, 746, 749
split achromate
chromatical aberrations
spot
intensity 724
vs. PSF 212
size 37-38
spot diagram 37
full field 42
spot size
second moment diameter 646
spherical aberration 635-636
stopping down lens  637-638
SQF criterion 255, 256
Staeble/Lihotzky condition 306,
320-322
stationary phase principle 14, 217
statistical aberrations 242
stereographic mapping 605
stop shift
higher order aberrations
parameter 78
Seidel formula 78
Strehl ratio
aberration balancing 239-240
apodization 236
approximations 233-235
calculation by Wigner function
242-243
definition 232-233
defocus 239
failure 233,235
limitations 235-236
Marechal 234
OTF relation 233
overlay of perturbations 243
phase histogram 240-242
statistical aberrations 242
structural
representation higher orders
429-430
structural aberration coefficients
89-94
aspheres 655
plane-symmetric systems
surface
contributions of aberrations 73
curvature 440-443

424-425

373-374

556-558

Index

principal curvature 440
symmetry

double-pass systems 611-614
invariants 24

plane 611

principle  608-609

Sasian’s parameter 614-615

types 608

t
tangent condition 281-283, 596, 597

tangential image shell 54, 56, 83, 403,
404

Tatian polynomials 175,176

telecentricity

angle error 589

distortion 589-591

pupil distortion 290

telescopes

Wolter 662-665

X-ray 662

test charts

types 255-256

thick lens

aberrations 434-435

chromatical aberrations

field curvature 109

Seidel aberrations 108-113

thin lens aberrations

axial chromatical 107-108

Conrady formula 103

contributions 99

different media 105-106

higher order spherical aberration
394-396

Slyusarev’s formulation 106

validity range 102

Thomas criterion 269, 270

tilt wave aberration 128

110-111

transverse aberrations 34-36
characteristics 35
chromatical 64, 69-73, 418

chromatical lens 418

chromatical vectorial 574
TV-distortion 587-588
two-point resolution

definition 249

partial coherence 252-253

Rayleigh criterion 249

Sparrow criterion 249-250

v

vectorial aberrations 499-500
aberration center 530
chromatical 570-577
expansion 504-506
nodal points 527, 530-553
Shack/Thompson 505

surface contributions 524-527

771



772

Index

vectorial Zernikes
751-753

vector product of Shack 355, 532, 538
vector Zernike function 601, 752
vignetting

monocentric ball lenses 618-619

pupil Zernike expansion 162
visual depth of focus 643-644
volume imaging 327
von Rohr’s approach

spherical aberration 392, 399

170, 601, 603,

w

wave aberrations
anamorphic systems 562-563
atmospheric turbulence 190
balancing 550

chromatical 126-127, 570-571

confocal plane-symmetric systems
558

conventions 124, 505

conversion to rays 125-126, 130-136
coordinate choice 132-133
definition 122-123

defocus 128-129

distortion 128, 591-592
energetic weighting 182-183
expansion 123, 504, 505
field curvature 129, 158
field dependence 152, 153
low orders 516-518
Marechal criterion 179
performance 179-180
plane-symmetric systems 553
power spectral density 187
propagation 183-186

pupil 280-281

pupil grid distortion 124
PVvalue 177-178

random perturbations 186-190
Rayleigh criterion 178-179
reference sphere 122, 132

representations 192-194
rms value 129,179
tilt 128

variance 129

vectorial 505

Zernike representation 137
wave equation 4, 9-10, 23
waviness of random wave aberrations

187

Welford’s notation 97
wide field Zernike expansion 160
Wigner function 242-243
Wolter telescopes 662-665

X
x-ray telescopes 662

y
Yolo telescope 159, 523, 524

z

Zernike

apodization 182

calculation 145-147

cartesian representation 167
change of normalization radius 171
changed conditions 171-173
conventions 145, 146
decentering 172-173

derivatives 169

expansion 137, 141-143
expansion of field dependence 155
expansion of local perturbations
162, 164-165

field dependence 152-156, 521-522
Fourier spectrum  147-149
Fringe 145
Gauss-Legendre calculation 149, 150
Gram-Schmidt procedure 151-152
grid distortion 288-290
high NA 158, 160
higher order 338
indexing 140, 145
ordering indices 137
orientation 752-754
orthogonality 143, 151
performance criteria 180, 182
polynomials 137-141
primary aberrations 156, 158
random wave aberrations 190
recurrence formula 141
relation to Jacobi polynomials 149
representations  198-199
reversed systems 168
ring pupil 175
rms balancing 143
robust calculation 149
sampling 149-151
spectrum 162
standard convention 145
surface contributions 524-527
Tatian 175,176
vectorial 170-171, 752
vignetting 162
wide field 160

Zinken-Sommer condition 82-83





















