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Wiener, O., Fig. 7.18,311, 313, 839
Wilcock, W. L., 398, Fig. 7.76, Fig. 7.77
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V. K., 786, 788
Zanichelli, N., 558
Zeeman, P, 455
Zehnder, L., 348
Mach, L., —, Fig. 7.50, Fig. 7.51
Zeiss, C., 265, Fig. 6.5
Zernike, F., 472,475, 507, 523, 555, 572, 574, 581,
596, 905
— and Brinkman, H. C., 905
— and Nijboer, B. R. A., 490, 517, 525, Fig. 9.3
Zimmer, E.,
Honl, H. and —, 670

© in this web service Cambridge University Press

www.cambridge.org


http://www.cambridge.org/9780521642224
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-64222-4 - Principles of Optics: Electromagnetic Theory of Propagation, Interference and Diffraction of Light

Max Born and Emil Wolf

Index

More information

Subject index

Abbe invariant of lens, 255
reflection, 171
refraction, 169, 208
Abbe theory of image formation in microscope,
467-472
aberration
balancing, 526—527
chromatic, 186—189, 257-260
diffraction theory of, 517 et seq.
fifth-order, 233
fixed stars, 12
geometrical (wave and ray aberrations), 228
et seq.
order of, 232
primary, 232, 236 et seq., 527 et seq.
chromatic, 257-260
coefficients of centred system, 236 ef seq., 246
et seq., 529 et seq.
diffraction focus, 520, 530—532
diffraction patterns, 532—543
frequency response curves, 549 ef seq.
frequency response function, 546
of thin lens, 254257
tolerances, 527532
aberration curves, 238

aberration function, 231-233, 235 et seq., 518 et seq.

absolute instrument, 153 ef seq.
absorbing crystal, 840—852
Fresnel equation, 841 et seq.
interference figures, 846—849
light propagation in, 840—846
absorbing films, see metallic films
absorbing medium, 218-219
absorption coefficient, 219, 221, 738
absorption cross-section, 720, 734, 788
absorption curves for weakly absorbing spheres, 788
absorption frequency, 96 ef seq.
absorption index, 218-219
absorptive power, 747
achromat, 271
achromatic doublet, 188, 264
achromatic fringe, 302
achromatic microscope objective, 284
achromatic system, 188—189
achromatization, 188—189, 260
acuity, visual, 263
advanced potential, 79
aether, Xxv, Xxvi, Xxviii, XXix

936

affine collineation (transformation), 161, 164
Airy formula
for diffraction at circular aperture, 440
for multiple-beam interference with plane-parallel
plate, 65, 361-362
Airy pattern, 442
alkali metals, 751-752
allied Fourier integral, 558
Amici (‘roof—type’) prism, 272
amplitude, 17
complex, 18
scattering, 699, 713, 720
forward, 720
amplitude division, 286, 313-359
amplitude object, 447
amplitude vectors, 125 et seq.
analytic signal, 558 et seq.
analyzer, 49, 819
anastigmatic lens (anastigmat), 265
angle
of collection, 280
of deviation, 190
of diffraction, 414
polarizing, 45, 48
quasi-polarizing, 743
of restored polarization, 742
angle characteristic, 146—152
angstrom, 378, 410-411
angular aperture, 199
angular dimensions of sources (astronomical
objects), determination of, 302—-308, 576
angular dispersion, 192, 454
of grating, 454
of prism, 192
angular field of view, 201
angular frequency, 17
angular magnification, 164
angular spectrum of plane waves, 639-642,
711-713
anisotropic medium, see crystals
anisotropy, electrical, 790
annular aperture, 462 ef seq., 490
anomalous dispersion, 19, 98
anomaly, phase, 498—499
antinode, 311
antireflection film, 54, 67
aperture
angular, 199
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aperture (contd)
numerical (NA), 200, 282, 466
relative, 200
see also diffraction
aperture stop, 199-201
aplanat, 264
aplanatic pair of points, 180
of lens, 256
of spherical surface, 160
aplanatic telescope objective, 211, 275
aplanatism, attainment with aspheric surfaces,
214-217
apodization, 464
area (region of) coherence, 554, 555, 576
aspheric surfaces, design of, 211-217
associated function, 558
associated Legendre polynomials, 766, 772, 785
associated monochromatic source in coherence
theory, 578
astigmatic focal distance, 182
astigmatic focal line, photograph of, Fig. 9.11
astigmatic pencils, 181186
astigmatism, 239, 240 ef seq., 262, 531-532, 552
astronomical telescope
reflecting, 274-279
refracting, 267-274
asymptotic approximation to integrals, 883—891
asymptotic behaviour of diffraction integrals, 429
asymptotic expansion, definition and properties of,
883 et seq.
asymptotic series for field vectors, 120
atomic refractivity, 93, 95
attenuation index, 218-219, 737
autocorrelation function, 548, 564
Aviar lens, 265
Avogadro number, 93
axes
dielectric, 792, 806
dispersion of, 792
optic, of crystal, 801, 805 ef seq.
determination of location, 833
axial stigmatism, attainment with aspheric surfaces,
211-214
azimuth of vibration, 47—48

Babinet’s compensator, 821-823
Babinet’s principle,
electromagnetic form, 636—637
for scalar wave, 424
back-projection algorithm, 226, 715
Baker Super-Schmidt camera, 279
balancing of aberrations, 526—527
barrel distortion, 243—-244
Bates wave-front shearing interferometer, Fig. 7.52,
351-352
Bauer’s formula, 534,768
beam propagation in absorbing medium, 218
beam-splitter, 54
Beer’s law, 219
Berek’s compensator, 823
Berry phase, 127
Bessel equation, 766767
Bessel functions, 767
beta function, 910

biaxial crystal, 805, 806
absorbing, 844, 848—849
interference figures from biaxial crystal plates,
831-833, 848—-849
normal surface, 808—809
ray surface, 811
surface of constant phase difference, 832
Billet’s split lens, 293-294, 296, 299
binocular, 269
biprism, Fresnel’s, 293-294, 296, 299
birefringence, 812
form, 837-840
stress, 834—837
black body, 748
black obstacle, 633
black screen, 424
blazed grating, 455
bloomed surfaces, 68
blue sun, 785
Born’s approximation
first-order, 504, 699703, 707, 708
relation to Rytov approximation, 729
second-order, 708, 710, 711
Bouger’s formula, 130, 131
boundary conditions
at discontinuity surface, 4—7
Kirchhoff’s, 422, 424—425
at perfect conductor, 635—-636
boundary diffraction wave, 499-503
Bragg’s law, 706, 707
Brewster angle, 45, 68
Brewster fringes, 344
Brewster law, 45
brightness, 194, 195, 201-202, 227
de Broglie wavelength of a particle, 879—-880
Brown—Twiss intensity interferometer, 308,
576-577
Burch reflecting microscope, 284

calculus of variations, 853—-872
camera, photographic, 263 ef seq.
see also Schmidt camera, Schmidt—Cassegrain
camera, Baker Super-Schmidt camera
Campbell’s theorem, 354
candela, 199
candle, international, 198
candle power, 198
canonical equations (Hamilton’s), 860—861
Carathéodory’s theorem for absolute instrument, 157
cardinal planes, 162
cardinal points, 162
Cassegrain telescope, 274—275
Cauchy’s dispersion formula, 100—101
CAT scan, 218
causality, 558
caustic surface, 135, 138—139, 181, 868, 870
Celor lens, 265
central dark ground method, 472, 476
central plane of astigmatic image, 539
central (or principal) ray, 182
centred system, 161
aberration coefficients, 237 et seq., 246—254, 529
et seq.
power of, 169
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channelled spectrum, 296
characteristic curves, 238
characteristic functions of Hamilton, 142—-152, 869
characteristic matrix of stratified medium, 60—-63, 64
characteristics, equation of, 119
charge density, 2 et seq., 736
free, 80
surface, 5
Chebyshev polynomials, 71
Chevalier lens, 264
chief (or reference) ray, 199
chromatic aberration, 186—189, 257-260
chromatic change in
magnification, 260
position of image, 258
circle of least confusion, 238
circle polynomials of Zernike, 523—-525, 905-910
circular polarization, 30-31, 37
classification (optical) of crystals, 805—806
coherence, 286, 554 et seq., 566
area of, 576
complex degree of (coherence factor), 564 ef seq.
between components of electric field, 621 ef seq.
for quasi-monochromatic light, 570, 572
in image, 590-595
microscope resolution, coherence theory of,
595-599
mutual, see Mutual coherence,
partial, 554 et seq., 566
region (area) of, 554, 555, 576
relation to visibility fringes, 570
rigorous theory of, 610 ef seq.
self-coherence, 564
coherence length, 356
coherence time, 356, 554, 571, 615-619
coherency matrix, 621 et seq.
coherent background, 504, 506
coincidences, method of, 379
collection, angle of, 280
collineation, 160—167
colour, 12
colour photography, 312
coma, 180, Fig. 5.3(b), 238, Fig. 5.5, 530, 532,
538-539
compensator, 820—823
Babinet’s, 821-823
Berek’s, 823
Soleil’s, 823
completeness (complete set), 523
complex amplitude, 18
complex degree of coherence (coherence factor),
564 et seq.
complex dielectric constant, 737, 750, 840 ef seq.
complex half-range function, 559
complex phase velocity 737
complex refractive index, 98, 737
complex representation,
of monochromatic wave, 18 et seq.
of polychromatic wave, 557 et seq.
complex vector, 34
complex velocity, 737, 841
complex wave-number, 737
computerized (computed) tomography (CT, CAT),
217-227, Fig. 4.50,710

concave grating, 454, 459461
concurrent transformation (imaging), 165
condenser, influence on resolution in microscope,
595-599
condenser lenses, 280281
conduction current, 3, 9
conductivity, 735 et seq., 749—-750
specific, 3
tensor, 840
conductor (conducting medium), 3, 735 et seq.
perfect, 633, 635, 739
stratified, wave-propagation in, 752—758
wave propagation in, 735—-739
see also metal
cones, 262
conformal transformation, 156
confusion, circle of least, 238
congruences
in electron optics, 878
of light rays, 134—-135, 139
conical refraction, 813—-818
conjugate function, 558
conjugate object, 507-508
conjugate point, 138, 152, 161, 868
conjugate wave, 507
constitutive relations, 3
continuity, equation of, 2
contracurrent transformation (imaging), 165
contrast factor, 368
contravariant component of a vector, 762
convection current, 3, 9
convection of light by moving bodies, xxxii
convergence ratio, 164—165
convergent transformation (imaging), 165
convolution (resultant, Faltung), 546, 548
Cooke triplet, 266
cophasal surface, 18
near focus, 495—-498
copper, penetration depth, 739
cornea, 262
Cornu spiral, 481, Fig. 8.37
corpuscular theory, xxvi, xxviii
corrector plate of Schmidt camera, 276—279
correlation between vibrations, 554 et seq.
correlation factors of light disturbances, 555
correlation functions of light beams, 556, 562 et seq.
cosine law
of illumination, 196
Lambert’s, 195
Coudé focusing, 275
covariant component of a vector, 762
critical illumination, 595-597
critical point, 429, 890—891
cross-coefficient, transmission, 604—606
cross-correlation function, 564
cross-grating, 453
cross-power spectrum, 567
cross-section
absorption, 720, 734
differential, 721
extinction, 720, 721, 722, 724, 734
geometrical, 721
scattering, 720, 721, 734
see also optical (cross-section) theorem,
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cross-spectral density, 567 dichroic polarizer, 849—-852
crystal (anisotropic medium), dichroism, 49, 843

absorbing, see absorbing crystals dielectric, 3

biaxial, see biaxial crystal dielectric axes, 792, 806

energy propagation in, 793—795, 805 dielectric constant, 3

light propagation in, 795 ef seq., 806—811 complex, 737, 750, 840 et seq.

optical classification, 805-806 dielectric susceptibility, 730

optically isotropic, 805—-806 frequency-dependent, 97

optics of, 790—852 of metal, 750-751

orthorombic, 705 principal, 792

refraction in, 811-818 static, 97

refractive indices, determination of, 833—834 dielectric film, 61, 64—70

triclinic, 706 dielectric susceptibility, 89

uniaxial, see uniaxial crystal, dielectric tensor of an anisotropic medium, 790—792
crystal axes, determination of location, 833 differential cross-section, 721
crystal plates, interference with, 823833, 846—849 diffracted ray, 129, 427, 507
CT scan, 218, Fig. 4.50 diffracted wave, 427, 504
current diffraction, 412 et seq.

conduction, 3, 9 angle of, 414

convection, 3, 9 at annular aperture, 462464, 490

free current density, 80 by a black screen, 424

sheet, discontinuities at, 635 boundary value treatment, 633 ef seq.

surface current density, 5, 635 boundary wave, 499—-503
curent density, electric, 1 by complementary screen, 424
curvature by concentric arrays of ring shaped apertures, 490

of field, Fig. 5.3(d), 240 et seq., 530, 532 by conducting sphere, 759-789

Gaussian (second), 124, 891 electron, 880882

lines of, 181 Fraunhofer

principal radii of, 181 at annular aperture, 462—-464

vector of a ray, 131 at aperture, 426—430,436—446
cylindrical functions, 767, 773-774 at circular aperture, 439-443, 461-464

at elliptical aperture, 444

Dagor lens, 265 from large number of apertures, 444—446
damped wave, 735 in optical instruments, 446476
damping force, 749 at rectangular aperture, 436-439
dark-ground method of observation, 472, 476 at slit, from line source, 439
Debye integral, 485 Fresnel, 426, 430
Debye’s potential, 764 effects near geometrical focus, 491-499
decay time, 749 at straight edge, 476—484
defect of focus, Fig. 9.13, Fig.9.14,552—-553 Huygens—Fresnel theory, 412 et seq.

see also tolerance, focal Kirchhoff’s theory, 421 et seq., 881
definition (Strehl intensity), 520 rigorous theory, 633 ef seq.
deformation coefficient half-plane, 412, 499, 643-659

of lens, 255 from localized source, 659—-667

of surface, 148 infinite stack of half-planes, 669—670
degree of coherence (coherence factor), 555, 564 slit, 670

et seq. sphere, 759789

between components of electric field, 621 strip, 670-671

in image, 590—595 two parallel half-planes, 667—-669

for quasi-monochromatic light, 570—572 theory of aberrations, 517 et seq.
degree of polarization, 46, 628—629 tomography, 710—-716
delta function (Dirac’s), 892—-897 basic theorem, 713—715
density by ultrasonic waves, 674—694

charge, 2 et seq., 5, 80, 736 uniqueness of solutions, 672—673

of electric current, 1 X-ray, 453, 511-512, 880

free current, 80 Young’s theory, 499

mutual spectral, 567 diffraction focus, 520, 530-532

of photographic plate, 505 diffraction fringes, 116

spectral, 562 diffraction gratings, 446—461
deviation, diffraction image, general properties, 535

angle of, 190 diffraction integrals, 430

minimum, 191-193 asymptotic behaviour (approximation), 883 ef seq.
diamagnetic substance, 3 expansion of, 533 et seq.
diaphragm, 199 in presence of abberations, 518 ef seq.
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diffraction patterns, Fig. 8.13, 532543
diffractometer, 579, Fig. 10.4
diffuse emission, 195
diffuse reflection, 195
dioptre, 169
dioptric imaging, 165
dipole, electric
field of, 85-88, 778—779
potentials, 83
dipole, magnetic, 84
Dirac delta function (impulse function), 892—897
discontinuities in field, 4—7, 119, 635, 901-904
dispersion, xxviii, 21, 95-103
angular, of grating, 454
angular, of prism, 192, 193
anomalous, 19, 98
of axes, 792
in a metal, 749 ef seq.
normal, 97
of polarization, 784
by prism, 190—193
relations, 558
dispersion curves, 98
of glass, Fig. 4.24
dispersion formula,
Cauchy’s, 100—101
Koch’s, 99
Sellmeir’s, 102
dispersive power, 187
displacement, electric, 1
displacement theorem, relating to diffraction
images, 520—522
distortion, Fig. 5.3(e), 243—244, 530, 532
distributions, 892
disturbance (wave), secondary, 413, 416, 504
divergent transformation (imaging), 165, 166
Doppler effect, 355
double anastigmat, 265
double Protar, 265
double refraction, 811-813
doublet, achromatic, Fig. 4.25, 264
Dove prism, 272, Fig. 6.16
Dowell end-gauge interferometer, 339, Fig. 7.44
dry objective, 284
dual integral equations, 635, 642—643
duality rule in crystal optics, 797
dynamic scattering, 729
Dyson interferometer microscope, 346—347

Eagle’s mounting, 460
echelette, 454
echelle, 455
echelon, 455 et seq.
edge, singularity, 672
Edser—Butler fringes, 400
effective field, 90-91
effective number of beams, 372
effective spectral width, 615-618
eikonal, 119,142

of Schwarzchild (Seidel-), 233-236
eikonal equation, 119, 869, 904
Einstein—de Broglie relations, 700
elastic aether theory, xxv, Xxvi, XxVviii, XXix
electric current density, 1

electric dipole, 83, 85-88, 778—779
electric displacement, 1
electric energy density 8, 34, 791-792, 794-795
in geometrical optics, 120—121
electric polarization, 75, 80
electric scalar potential, 77, 80 ef seq.
electric vector, 1
electric wave, 763
see also transverse electric wave
electrical anisotropy, 790
electromagnetic field, 1 ef seq.
in material medium; integral equation for, 104—105
transversality, 24
two-dimensional, scalar nature of, 638
electromagnetic scattering theory, 729-734
integro-differential equations, 730
far field, 730732
optical cross-section theorem, 734
electromagnetic waves, 24 et seq.
velocity of, xxx, 11 et seq.
electron, 96
free, wave-mechanics of, 879881
relativistic, 876
electron diffraction, 880
electron optics, 873
electron theory of optical constants of metals, 749—
752
ellipsoid
index, 799
ray, 802
reciprocal, 799
of wave normals, 799 et seq.
elliptic polarization, 25 ef seq., 35 et seq.
elongation, formula of Maxwell, 177
emission
diffuse, 195
line spectrum, 352
emission theory, Xxvi, Xxvii
emissive power, 747
emmetropic eye, 262
energy
conservation law in scalar fields, 718 ef seq., 791,
918-920
conservation law in electromagnetic fields, 7—10
luminous, 198
propagation in crystal, 793—795, 805
energy density, 8, 34, 791, 794—-795, 918, 919
in geometrical optics, 120—121
energy dissipation, 733
energy flow (flux) vector, 10, 24-25, 35, 717 et seq.,
732-733,794, 918, 919
energy index, 795
energy law, 7-10, 791
energy (ray) velocity, 793, 794, 805
entrance pupil, 199, 201, Fig. 4.33
entrance window, 201, Fig. 4.33
envelope of
extremals, 868
signal, 559
E-polarization, 55, 638, 678
equal optical path, principle of, 141
ergodicity, 561
etalon, Fabry—Perot, 367
Euler’s equations, 854, 860—861
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Euler’s integral, 910
evanescent wave, 641
evolute, 181
Ewald sphere
of reflection, 701, 702
limiting, 701, 702, 703, 715
Ewald—Oseen extinction theorem, 75-76, 106—108
excess fractions, method of, 325, 378
excess function of Weierstrass, 864, 865
exit pupil, 199, Fig. 4.33
exit window, 201, Fig. 4.33
exposure, 505
extended objects, imaging of, 543—-553, 599-606
exterior problem, 698
external conical refraction, 816818
extinction coefficient, 737
extinction cross-section, 720, 721, 722, 724, 734
extinction curves, 787789
extinction theorem, 75—-76, 106—108
extraordinary wave, 807
extrapolation, 703
extremal, 854—855
determination of, 858—-860
envelope of, 868
field of, 856—858
eye, 261-263
see also resolution, visibility curve, visibility factor
eye lens, 271
eye relief, 270
eyepiece, 267,270-271, 282

Fabry—Perot etalon, 367
Fabry—Perot fringes, Fig. 7.60, Fig. 7.64, Fig. 7.65,
Fig. 7.66
Fabry—Perot interferometer, 366 ef seq.
application to comparison of wavelengths,
377-380
application to study of fine structure of spectral
lines, 370-377
Faltung, see convolution
fan-beam projection, 220
Fermat’s principle, xxvi, 136—139, 853, 876
ferromagnetic substance, 4
field
curvature, Fig. 5.3(d), 240 et seq., 530-532
effective, 90, 108
electromagnetic, 1 et seq.
of extremals, 856—858
of an instrument, 152
limit of, 868
mean (observed), 90
quantization, Xxxii
static, 2
stationary, 2, 561
of view, angular, 201
field angle, 201
field lens, 271
field stop, 200
fifth-order aberrations, 233
film
antireflection, 54, 67
dielectric, 61, 64—70
fringes with thin films, 318 ef seq., 391-401
metallic, 752—-758

quarter-wave, Fig. 1.19,73
filtered back-propagation algorithm, 715
filters, 70, 386—390; see also linear filter
finesse, 364, 369, 385-386
first variation, 854
fish-eye of Maxwell, 157—159
fixation, 262
Fizeau fringes, 323, 394, 397, Fig. 7.76, Fig. 7.77
Fizeau interferometer, 323, Fig. 7.30
Fizeau method for determining angular dimensions
of astronomical objects, 305
flatness of field, 253
flint-in-front objective (Steinheil), 270
flow (flux) of energy, 10, 25, 35
fluctuations, 286, 554
F number, 200, 267
focal distance, astigmatic, 182
focal length, 163 et seq.
focal line, 182, 183, 185, 241
focal plane, 135, 161, 162 et seq., 181, 182
focal ratio, nominal, 200
focal sphere, 281
focal surface, 135, 241
focal tolerance, 491
focus
of congruence, 135
defect of, Fig. 9.13, Fig. 9.14,552—553
diffraction, 520, 528 et seq.
light distribution near, 484—499
marginal, 238
primary, 183, 185
principal, 162
sagittal, 183
secondary, 183, 186
tangential, 183
foot-candle, 199
form birefringence, 837840
forward scattering amplitude, 720
Fourier slice theorem, 225
fovea, 262
fractional order, 315
Fraunhofer diffraction, see diffraction
Fraunhofer objective, 270
free charge density, 80
free current density, 80
free spectral range, 457
frequency, 17
absorption, 96 et seq.
angular, 17
resonance, 96 et seq.
spatial, 946
of visible light, 12
frequency response function (transmission factor),
coherent illumination, 546—547, 601—-602
incoherent illumination, 549 et seq., 601—-602
partially coherent illumination, 601—-602
Fresnel bi-prism, 293, Fig. 7.7, 296, 299
Fresnel diffraction, see diffraction,
Fresnel equation of wave normals, 796, 841 et seq.
Fresnel formulae
for light propagation in crystals, 745—799, 841
et seq.
refraction and reflection, 42—43, 114—115, 741
total reflection, 50 ef seq.
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Fresnel integrals, 478481, 647, 649, 650, 651
Fresnel—Kirchhoff diffraction formula, 422—-423
Fresnel mirrors 292, Fig. 7.5, 296,297,299, 328
Fresnel number, 417, 486
Fresnel ray equation, 797
Fresnel rhomb, 53, Fig. 1.16
Fresnel zone construction, Fig. 8.1, 414 et seq.
fringes
achromatic, 302
Brewster’s, 344
multiple-beam, 408
diffraction, 116
Edser—Butler, 400
of equal chromatic order, 400
of equal inclination, 315
multiple-beam, 362 et seq., Fig. 7.81
of equal thickness, 320 ef seq.

Fabry—Perot, Fig. 7.60, Fig. 7.64, Fig. 7.65, Fig.

7.66
Fizeau, 323
multiple-beam, Fig. 7.74, 347, Fig. 7.76, Fig.
7.77
interference, 292
localization, 315 et seq., 325-334
with Lummer—Gehrke interferometer, 384
nonlocalized, 294, 326, 328
with plane-parallel plate, 313-318
multiple-beam, 360—366
with quasi-monochromatic light, 295-296
of superposition, 405-409
with thin films, 318 ef seq.
multiple-beam, 391-401
with two plane-parallel plates, 341 et seq.
multiple-beam, 401 et seq.
visibility, 298
from a wedge, 329-334
with white light, 295-296
Young’s, Fig. 7.4

Gabor’s method of imaging by reconstructed wave-
fronts, 504-512
Galilean telescope, 268
gauge-measuring interferometer, 323—325
gauge transformation for
Hertz vectors, 84, 85
vector and scalar potentials, 77
Gaussian curvature, 124, 891
Gaussian optics, 167177
Gaussian reference sphere, 229, 231, 518 et seq.
Gaussian units, 1
generalized harmonic analysis, 560
geometrical aberration, see aberration
geometrical cross-section, 721
geometrical optics, 116 et seq.
eikonal equation, 119, 869, 904
extension of, 129
intensity law, 123-125, 128
law of refraction (Snell’s law), 133
limits of validity, 128—129

transport equations for amplitude vectors, 125-127

geometrical wave-front (wave surface), 119
ghosts, 454

glass, dispersion curves, Fig. 4.24
Goos—Hénchen effect, 52

gram-molecule, 93

gratings, 446—461
angular dispersion, 454
one-dimensional (line gratings), 705
overlapping of spectral orders, 457
resolving power, 452—453
spectrograph, 458—461
three-dimensional (space gratings), 705
two-dimensional (cross gratings), 705
types, 453 et seq.

Green’s function of Helmholtz operator, 697
outgoing free-space, 698

Green’s theorem, 418, 697, 725

Gregorian telescope, 275

group velocity, 22—24

group of waves, 20 ef seq.

Hale telescope, 274, 275

half-intensity width, 364

half-plane, diffraction by, rigorous, 312, 499, 633,
643-657

half-range function, complex, 559

half-width, 364, 387388

Hamilton canonical equations, 860—861

Hamilton characteristic functions, 142—152, 869

Hamilton—Jacobi equation, 119, 856, 870, 871

Hamilton principle, 870

Hamiltonian, 870

Hamiltonian analogy between geometrical optics
and mechanics, 139, 873 et seq.

Hanbury Brown—Twiss interferometer, 308,
576-577

Hankel functions, 660, 767

harmonic analysis, generalized, 560

harmonic wave, 16—19
of arbitrary form, 33-38

plane, 25-33
heat
Joule’s, 10

radiation; Kirchhoff’s law, 747
Heaviside unit function (step function), 895
Helmbholtz equation, 418, 696
Helmholtz Green’s function, 697
Helmholtz—Kirchhoff integral theorem, 419
Helmbholtz reciprocity (reversion) theorem, 423
see also Smith—Helmholtz invariant
Hermitian matrix, 620
Herschel condition, 178, 180
Hertz vectors (polarization potentials), 8485, 730,
731
far field, 731
radial, 764
Hilbert independence integral, 855
Hilbert transform, 558, 561
hologram, 504 ef seq.
volume, 708
holography, 504 et seq.
homocentric pencil, 139, 181
homogeneous plane wave, 639
see also plane wave
Hopkins’ formula, 577-578
generalization, 608
H-polarization, 55, 638
Hurter—Driffield curve, 505, Fig. 8.51
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Huygenian eyepiece, 271, Fig. 6.14(a) intensity
Huygens’ construction, 141, 812 near focus in terms of wave deformation, 522

Huygens—Fresnel diffraction theory, 412 ef seq.
Huygens—Fresnel principle, 141, 413-417, 421, 423
hypergeometric polynomials, 907—-908

hypergon, 265

hypermetropia, 262

hyperplane, 221, 222

hysteresis, 4

illumination, 195, 196, 198, 202-203
critical, 595-597
Kohler’s, 598-599
instruments of, 279-281
radiometric, 195 ef seq.
image
chromatic change in position, 258
stigmatic (sharp), 152
of transilluminated object, 602—606
see also aberration, diffraction image, diffraction
patterns, imaging
image field angle, 201
image formation in microscope (Abbe’s theory),
467-472
image forming instruments, 261-285
image reconstruction from projection (computerized
tomography, CAT), 217-227
image resolving power, 461—-465
image point, graphical determination of, 164, Fig.
4.11
image space, 152, 175
imaging
concurrent (dioptric), 165, 166
contracurrent (katoptric), 165, 166
convergent, 165, 166
divergent, 165, 166
of extended objects, 543—-553, 599-606
perfect, 152 et seq.
by reconstructed wave-fronts, 504—512
stigmatic, 159-160, 178
of three-dimensional objects, 217
of two-dimensional objects, 217
see also axial stigmatism
impulse function (Dirac delta function), 892—-897
inclination factor, 413, 423
incoherence, 127, 286, 555, 566, Fig. 10.2(c), 573
independence integral, Hilbert’s, 855
index ellipsoid, 799
indicatrix, optical, 799
induced surface currents, 635
induction, magnetic, 1
inhomogeneous wave, 18, 639
instrument
absolute, 153 et seq.
field of, 152
of illumination, 279-281
image-forming, 261285
insulator, 3
integral equation
dual, 635, 642—643
for electromagnetic field in material medium,
104-105
integral invariant, 135—136, 872
integral of potential scattering, 698

of light, 10
luminous, 198
mutual, 572 et seq.
radiant, 195
specific, 195
Strehl (definition), 520
intensity interferometer, of Hanbury Brown and
Twiss, 308, 576577
intensity law of geometrical optics, 123—-125, 128
interference, 286 et seq., 554 et seq.
with broadband light, 585-590
multiple-beam, 287, 359-409; see also fringes
order of, 292, 449
principle of, xxvii
rays reflected from lattice planes, 707
spectral interference law, 587, 588
two-beam,
division of amplitude, 286, 313-359
of wave-front, 286, 290—-308
of two monochromatic waves, 287-290, 308—-313
interference figures from crystal plates, 823—833,
846—849
interference filter, 386—390
interference fringes, see fringes
interference function, Fig. 8.19
interference law for stationary optical fields, 564,
565
quasi-monochromatic form, 571
interference term, 288
interior problem, 698
interferometer
Bates, wave-front shearing, 351-352
Dowell end-gauge, 339 ef seq.
Dyson interforometer microscope, 346—347
Fabry—Perot, 366 ef seq.
Fizeau, 323-324
gauge-measuring, 323-325
Hanbury Brown—Twiss intensity, 308, 576577
Jamin, 344345, 348-349
Kosters, 338, Fig. 7.43
Lummer—Gehrke, 380—-386
Mach—Zehnder, 348-351
Michelson, 334-336, Fig. 7.40, 338
Michelson, stellar, 307-308, 576
radio, 308
Rayleigh, 300-302, 345
resolution, 370 et seq.
Sirks—Pringsheim, 345-346
spectral range, 373
Twyman—Green, 338—-340
internal conical refraction, 816
international candle, 198
International Prototype Metre, 409
invariance in form, 905
invariant
Abbe’s, 169, 171, 208, 255
Lagrange’s, 135—-136, 872
Poincaré’s, 135, 872
Smith-Helmholtz, 176—177
inverse square law, 124, 196
inverse surface of wave-normals, 812
involute, 181
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iris, 262

isochromate, 826, 830, 833, 849
isochromatic surface, 828

isogyr, 826, 830, 832833, 847, 849
isophotes (lines of equal intensity),

aberration-free image, focal region, 489, Fig. 8.41

for primary astigmatism, 542
for primary coma, 539, Fig. 9.6, Fig. 9.7
for primary spherical aberration, 537
isoplanatic region, 545, 547
isotropic crystal, 805, 806
isotropic material, 3
isotropic radiation, 195

Jacobi criterion for a minimum, 867—-868
Jacobi identities, 491492, 533
Jacobi polynomials, 907-908

see also Hamilton—Jacobi equation
Jamin interferometer, 344—345, 348349
Jones lemma, 719, 921, 923
Joule’s heat, 10

katoptric imaging, 165, 166
Kellner eyepiece, Fig. 6.14(b)
Kirchhoff
boundary conditions, 422, 424
diffraction integral, Rubinowicz’ representation,
503
diffraction theory, 421 et seq., 881—-882
in electron optics, 881—-882
integral theorem, 417, 419, 420
law of radiation 747
Koch’s dispersion formula, 99
Kohler’s illumination, 598599
Konig erecting prism, 269, Fig. 6.10
Kosters interferometer, 338, Fig. 7.43

Lagrange equation of motion, 871
Lagrange invariant, 135-136, 872
Lagrange method of undetermined multipliers, 800
Lagrangian, 870, 876
Lambert’s (cosine) law, 195
landscape lens, 264
Laplace’s equation, 419
lateral chromatic aberration, 186, Fig. 4.23
lateral magnification, 163, 208
lattice plane, 707
Laue (von) equations, 706
least action, principle of, 872, 877
least confusion, circle of, 238
least time, principle of, see Fermat’s principle
Legendre associated functions, 766, 772—-773, 785
Legendre condition for a weak minimum, 866
Legendre polynomials, 525
Legendre transformation, 144, 860
length (path), optical, 121-122, 141
lens
Abbe’s invariant, 255
anastigmatic, 265
aplanatic points, 256; see also aplanatic pair
coma-free, 256, Fig. 5.10
condenser, Fig. 6.25, 281
deformation coefficient, 255
of eye, 262

eye-lens, 271
field, 271
Luneburg, 147
photographic, types of, 263 et seq.
testing by Michelson’s method, 300
thick, 171-174
thin, 174175
aberrations, 254—-257, 260
types of, Fig. 4.15,263-267, 269 et seq., 280,
281,293-294, 296, 299
light
disturbances, probability distribution, 554, 555
monochromatic, see monochromatic light
natural, 45-46, 430, 432, 624—626, 628, 780
partially polarized, 557, 619, 628
polarized, 619
quasi-monochromatic, see quasi-monochromatic
light
sum, 505
unpolarized, 619, 624—626, 628; see also natural
light
vibrations,
coherent, 555, 566
incoherent, 555, 566
partially coherent, 555, 566
visible, frequency of, 12
light intensity, 10
light ray, 116, 121 et seq., 869—-870
light velocity, xxx, xxxii, 10 et seq.
line grating Fig. 8.20
linear filter representation of action of optical
system, 546, 548, 601, 602
linear polarization, 30, 31, 37
lines of
curvature, 181
equal intensity, see isophotes
Liouville’s theorem on conformal transformation,
156
Lippman’s colour photography, 312
Littrow’s mounting, 458
Lloyd’s mirror, 293, 296, 299, 309
localization of fringes, 315 ef seq., 325-334
Lommel functions, 487
longitudinal chromatic aberration, 186
longitudinal magnification, 163
Lorentz condition, 77
Lorentz law (force), 8
Lorentz—Lorenz formula, 75, 92, 108
Loschmidt’s number, 93
low-pass filtered approximation, 702
lumen, 199
luminance, 198
luminous energy, 198
luminous intensity, 198
Lummer—Gehrke interferometer, 380—386
Luneburg lens, 157
lux, 199

Mach—Zehnder interferometer, 348351
magnetic dipole, 84
magnetic energy density, 8, 34, 791

in geometrical optics, 120—121
magnetic induction, 1
magnetic permeability, 3, 730
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magnetic polarization, 75, 80
magnetic potential, 77, 80 et seq.
magnetic substance, 3
magnetic susceptibility, 89
magentic vector, 1
magnetic wave, 763; see also transverse magnetic
wave
magnetization, 75, 80 et seq., 730
magnification
angular, 164-165
chromatic change in, 260
lateral, 163, 208
longitudinal, 163
magnifier, Fig. 6.26, 282
magnifying power, 268, 281, 282
Malus—Dupin theorem, 139-140, 878
converse of, 139
marginal focus, 238
material equations, 2—4
matrix, 58 et seq., 620 et seq.
Maupertuis’ principle, 853, 862, 872
Maxwell elongation formula, 177
Maxwell equations, 1-2, 58, 75, 105, 117, 633, 638,
677, 680-692, 736737
Maxwell ‘fish-eye’, 157-159
Maxwell formula, 14
Maxwell theorem for absolute instrument, 153
et seq.
Mean field, 90
mean polarizability, 92
meniscus, Fig. 4.15(c), Fig. 4.15(f)
meridional plane, 161, 204
meridional ray, 204
Meslin’s experiment, 294, Fig. 7.9, 296, 328
metal, 735
alkali, 751-752
dielectric constant, 750—751
Fresnel’s formulae, 741
optical constants,
electron theory of, 749-752
general relations, 737 ef seq.
values of, 746, Fig. 14.3
optics of, 735-789
reflection at metal surface, 739 ef seq.
refraction at metal surface, 739 ef seq.
see also conductor
metallic films, 752—-758
metre, 377, 409411
metre-candle, 199
Michelson interferometer, 334337
Michelson stellar interferometer, 305-308, 576
Michelson’s method for
determining angular dimensions of astronomical
objects, 302—-308
determining fine structure of spectral lines
356-359, 570-571
for lens testing, 300
microscope, 281-284
Abbe’s theory, 467—-472
Burch reflecting, 284
Dyson interferometer, 346—347
polarizing, 833
Rayleigh’s theory, 467
X-ray, 511

Zernike’s phase contrast method, 472476
microscope images, 467 et seq., Fig. 8.34, Fig. 8.35
microscope resolution, 466, 471

effect of condenser on, 565599
Mie effect, 782
Mie’s theory, see diffraction by conducting sphere
Miller indices, 707
minimum

Jacobi’s criterion, 867868

strong, Weierstrass’ condition, 865

weak, Legendre’s condition, 866
minimum deviation, 191 ef seq.
mixed characteristic, 144—146
mode representation of wave fields, 712; see also

angular spectrum representation
molar refractivity, 93—-95
mole, 93
molecule, 90, 92, 95
monochromatic wave (light), 20, 25 et seq., 287,

354, 573,577, 578, 624—625
momentum transfer equation, 700, 704
multilayer, 54, 70 et seq.
multiple-beam fringes, see fringes
multiple-beam interference, 287, 359-409
multiple scattering, 708—710
mutual coherence, 564

calculation of, 606—608

propagation of, 609—-610, 612—-615

spectral representation, S66—568

wave-equations, 610—612
mutual coherence time, 615-619
mutual effective spectral width, 615-619
mutual intensity, 572 et seq.

calculation of, 572 et seq.

propagation of, 581585, 611

transmission of, 599 ef seq.
mutual spectral density, 567
myopia, 262

NA, see numerical aperture

natural component of vector, 762

natural light, 45-46, 430, 432, 624626, 628, 780
negative uniaxial crystal, 807

Neumann functions, 767

Newton colours, 323

Newton equation, 163, 164

Newton rings, 321, Fig. 7.28, Fig. 7.29
Newtonian telescope, 274, Fig. 6.18

Nicol prism, 818—819

nit, 199

nodal point, Fig. 4.10, 164

node, 311

nominal focal ratio, 200

nonlocalized fringes, 294, 326, 328
nonnegative definite quadratic form, 911
nonpolar molecule, 92, 96

normal congruence, 134—135, 139-141, 878
normal surface, 803—805, 807, 808—811
normal dispersion, 97

Norrenberg’s reflecting polariscope, 48—49
nucleus, 95

number density, 90

numerical aperture (NA), 200, 282, 466

© in this web service Cambridge University Press

www.cambridge.org


http://www.cambridge.org/9780521642224
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-64222-4 - Principles of Optics: Electromagnetic Theory of Propagation, Interference and Diffraction of Light

Max Born and Emil Wolf

Index

More information

946 Subject Index

object, transmission function of, 447
object function, 224
object space, 152, 175
objective
dry, 284
flint-in-front (Steinheil), 270
Fraunhofer, 270
oil-immersion, 284
microscope, 282 et seq.
photo-visual, 270
telescope, 211, 267 et seq.
oblique meridional ray trace, 204—207
obstacle, black, 633
Ohm’s law, 3
oil-immersion objective, 284
opthalmics, 262
optic axis of wave normals, 801, 806 et seq., 811
optic ray axis, 801
optical constants of metal, see metal
optical cross-section theorem, 716, 720, 734
generalized, 722, 723, 724
optical indicatrix, 799
optical length, 121, 141
optical parallelism, 141
optical path, 121, 141
optical resonance, 786
optical system as linear filter, 546, 548, 601, 602
orthorombic crystals, 705
optics
of crystals, 790—852
Gaussian, 167-177
geometrical, see geometrical optics
of metals, 735-789
order of
aberration, 232
interference, 292, 449
orders
overlapping, 375, 457
spectral, 451
ordinary wave, 807
out-of-focus images of a point source, 484—499
overlapping of orders, 373, 457

parallel projection, 220, 224, 226
parallelism, optical, 141
paramagnetic substance, 3
paraxial ray trace, 207—-208
Parseval’s theorem, 429
partial coherence, 554—632

rigorous theory, 610 ef seq.
partial polarization, 557, 619, 628
partial waves in Mie’s theory, 774775, Fig. 14.9
Paschen’s mounting, 460
path length, 17, 122, 140
peak-transmission, 368, Fig. 7.61, 387
pencil of rays

astigmatic, 181, 186

homocentric, 139, 181
penetration depth, 738

for copper, 739
perfect conductor (reflector), 633, 635, 739
perfect imaging, 152 et seq.
period, 17
periodically stratified media, 70—74

periodogram, 561
periscope, 271-272
permeability, magnetic, 3
permittivity, 3, 792
perturbation eikonal, 233-236
perturbation expansion, 710
Petzval’s condition, 253
Petzval’s portrait lens, 264
Petzval’s surface, 253
Petzval’s theorem, 253
phase 17
behaviour near focus, 498—-499
contrast method, 472—-475
object, 447, 472
slowness, 19
stationary, method of, 429, 888—891
surface of constant phase difference, 828, 829,
Fig. 15.23, 832
phase anomaly, 498—499
phase change on
reflection, 64, 756
transmission, 64, 756
phase plate, 473
phase velocity, 16—19, 23, 793-794, 799, 801, 810
complex, 737
photochemical action, 312
photoelastic effect, 834
photoelasticity, 837
photoelectric effect, xxxii, 196
photographic camera, 263 ef seq.; see also Schmidt
camera, Schmidt—Cassegrain camera, Baker
Super-Schmidt camera
photographic lenses, 263 ef seq.
photographic plate, transmission factor of, 505-506
photographic response, Fig. 8.51
photography, colour, 312
photoheliograph, 266
photometric, 195
photometry, 194
photons, xxi
photovisual objective, 270, Fig. 6.12
pincushion distortion, 243, Fig. 5.8
planar lens, 265, Fig. 6.5
Plancherel—Polya theorem, 703
plane of
incidence, 39
observation, 780
polarization, 29
vibration, 29
plane wave, 15—16, 17 et seq.,24 et seq.,639 et seq.
plane-polarized wave, 30
plate, quarter wave, 820—821
pleochroism, 843
Poincaré invariant, 135, 872
Poincaré sphere, representation of state of
polarization, Fig. 1.8, 33
point characteristic, 142—144, Fig. 4.3, 869
polar diagrams for scattering by a sphere, 781-782
polar molecule, 95-96
polariscope, 48—49, 830
polarizability, 92, 97
polarization, xxvi, xxvii, 25 et seq., 36—38, 80 et
seq., 730
complete, 628
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polarization (cont.) primary focus, 183, 185
degree of, 46—47, 628629, 630, 780, 793 principal angle of incidence, 742
direction of, 29 principal dielectric axes, 792
dispersion of, 784 principal dielectric constants, 792
electric, 75, 80 principal focus, 162
elliptic, circular, linear, 25 ef seq., 29 et seq., principal isochromate, 826
35-38 principal isogyre, 826, 830, 833, 849
left-handed, right-handed, 29 et seq. principal permittivity, 792
magnetic, 75, 80 principal plane, 163, 181, 807
partial, 557, principal point, 163, 164
619, 628 principal radius of curvature, 181
plane of, 29 principal (or central) ray, 182, 199
properties of quasi-monochromatic light, principal velocity, 796, 801
619-632 prism
properties of waves of arbitrary form, 33—-38 Amici (‘roof type”), 272
by reflection, xxvii, 45 ef seq. Dove, 272
by scattering, 780—784 Konig, erecting, 269, Fig. 6.10
polarization ellipse, 27, 36 Nicol, 818-819
polarization potentials (Hertz vectors), 84—85, 730 Porro, 269
polarized proportion, 47 see also dispersion, resolving power
polarizer, 49, 68, 819, 849-852 probability distribution for light disturbances, 554,
polarizing (Brewster) angle, 45 555
polarizing microscope, 833 projection, 220, 221, 222
polaroid, 49, 850 back, 226, 715
pole (critical point), 429, 890—891 fan-beam, 220
pole (of a surface), 147 parallel, 220, 224, 226
polychroism, 784 projection angle, 199
polychromatic field, 557 et seq. projection slice theorem, 225
Porro prism, 269 projective transformation, 160—167
portrait lens, Petzval’s, 264 propagation vector, 17
positive uniaxial crystal, 807 proportion
potential polarized, 47
advanced, 79 unpolarized, 780
Debye’s, 764 Protar lens, 265
Hertz, 730 prototype metre, 409
of an electric dipole, 82—84 pupil, 199, 200
electric scalar, 77, 80 ef seq. pupil function, 428, 463, 545
magnetic vector, 77, 80 ef seq. Purkinje effect, 198
polarization (Hertz vector), 84—85
retarded, 79 quantum, Xxxi
scattering, 696 quantum theory, xxxi
integral equation, 698 quantization of field, xxxii
power quarter-wave film, Fig. 1.19, 73
absorptive, 747—748 quarter-wave plate, 820—821
of centred system, 169 quarter wavelength rule of Rayleigh, 528
dispersive, 187 quasi-monochromatic light, 295
emissive, 747-748 imaging with, 599-606
magnifying, 268, 281, 282 interference and diffraction with, 295-296,
of refracting surface, 169 569-585
spectrum, 562 interference law, 571
Poynting vector, 10, 25, 35, 717, 733, 791 polarization properties of, 619-632
in geometrical optics, 120—122, 128 quasi-polarizing angle, 743
primary (Seidel) aberration, 232, 236 et seq., 527
et seq. radial Hertz vectors, 764
chromatic, 257-260 radial polynomials, 523 et seq., 906 et seq.
coefficients of centred lens system, 236 ef seq., radiance, 195
246-257, 527-532 radiant intensity, 195
diffraction focus, 528 et seq. radiation
diffraction patterns, 532543 isotropic, 195
frequency response curves, Fig. 9.13, Fig. 9.14, Kirchhoff’s law, 747
Fig. 9.15, Fig. 9.16 radiation zone, 87, 774
of thin lens, 254-257 radio interferometer, 308
tolerances, 527-532 radiometric illumination, 195 ef seq.
primary focal line, 182, 183, 241 radiometry, 194—199
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Radon transform, 221-223, 224
scaling law, 222
two-dimensional, 224
Ramsden eyepiece, 270, Fig. 6.13(b)
Rapid-Rectilinear lens, 264
ray, 116, 121 et seq., 129 et seq., 869
central (or principal), 182
chief (or reference), 199
diffracted, 129, 427, 507
equation of, 129—-132, 868—-870
Fresnel’s, 797
generalization in calculus of variation, 857—858
integral, 219-220
meridional, 204
paraxial, 207-208
principal (or central), 182
reference (or chief), 199
regular neighbourhood of, 136
residual, 748
in spherically symmetrical medium, 130-131
ray aberration, 228 ef seq.
ray axis, optic, 801, 811
ray component, 143
ray congruence, 134—135, 139, 878—879
ray ellipsoid, 802
ray index, 795
ray surface, 803805, 811
ray tracing, 204 et seq.
ray vector in
crystal optics (Poynting vector), 791
geometrical optics, 132, 143
ray velocity, 793, 794, 805
Rayleigh criterion for resolution, 371 et seq., 462,
597
Rayleigh diffraction integrals, 512514
Rayleigh formula for total energy in diffraction
pattern, 442—-443,492-494
Rayleigh interferometer, 300-302, 345
Rayleigh quarter wavelength rule, 528
Rayleigh scatterer, 505
Rayleigh scattering, 104, 780, 783, 785
Rayleigh—Sommerfeld diffraction integrals, 512
et seq.
Rayleigh theory of image formation in microscope,
467
rays, thin pencil of, 181
real portion of object (image) space, 175
reciprocal ellipsoid, 799
reciprocal lattice, 702
reciprocity inequality, 912
reciprocity relation, 724—726
reciprocity theorem of Helmholtz, 423
reconstructed wave-fronts, 504—512
rectilinear congruence, 134
reduced wavelength, 17
reference (or chief) ray, 199
reference sphere, Gaussian, 229, 230, 518 ef seq.
reflecting microscope, 284
reflecting polariscope, 48—49
reflecting telescope, 274-279
reflection
diffuse, 195
of rays at lattice planes, 707
Fresnel formulae, 42—-43, 115, 741

law of, 39, 114
in geometrical optics, 133
variational analogue, 864
at metal surface, 741 et seq., 753 et seq.
of normal congruence, 139
phase change on, 64, 756
polarization by, xxvii, 45 et seq.
at surface of revolution, 170—-171
total, 49-53
reflection coefficient
dielectric film, 65
metal/dielectric interface, 741 et seq., 753 et seq.
metallic film, 755
stratified medium, 63—-64
reflection function, 447
reflection invariant of Abbe, 171
reflectivity, 43 et seq.
of dielectric film, 65-70
of dielectric film multilayer, 73—74
enhancement by thin films, 54, 68—69
of metallic film, 755-758
selective, 748
reflector, perfect, 633, 635, 739
refracting telescope 267
refraction
conical, xxviii, 813-818
in crystals, 811-818
double, 811-813
Fresnel formulae, 42, 114
at metal surface, 739 et seq, 752 et seq.
of normal congruence, 139
at spherical surface, 159—160
at surface of revolution, 167—170
of thin pencil, 182—186
refraction equation, 205-209
refraction invariant of Abbe, 169, 208
refraction law (Snell’s law), xxvi, 40, 113
for anisotropic medium, 813
for conducting medium, 740—741
in geometrical optics, 133
for stratified medium, 58
variational analogue, 863
refractive index, 13
absolute, 13, 14
of air, 101
complex, 98, 218, 737
of crystal, determination of, 833—-834
dependence on
density, 97 et seq.
frequency, 97 ef seq.
in electron optics, 878
refractivity
atomic, 93, 94-95
molar, 93 et seq.
refractometer, 53
region (area) of coherence, 554, 555, 576
regular neighbourhood of a ray, 136
relative aperture, 200
relative visibility curve of eye, 197
relative visibility factor of eye, 198
relativity, xxxiii
relaxation time, 736, 749
replica of grating, 455
residual ray, 748
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resolution limit
with annular and with circular aperture,
comparison of, 462—464
of eye, 462
of interferometer, 371 ef seq.
of microscope,
coherent illumination, 471, 597
incoherent illumination, 465—-466, 597
partially coherent illumination (effect of
condenser), 595-599
Rayleigh’s criterion, 371 ef seq., 461, 597
of telescope, 461
see also resolving power
resolving power, 371, 461-465
of diffraction grating, 452
of echelon, 455
of eye, 263, 462
of prism, 452453
see also resolution limit
resonance frequency, 96 ef seq.
resonance, optical 786
response function, see frequency response function,
response, photographic, Fig. 8.51
restored polarization, angle of, 742
resultant, see convolution
retarded potential, 79
retina, 261
reversion theorem of Helmholtz, 423
Riccati equation, 727
rods, 262
roof type prism (Amici), 272
Rowland’s circle and Rowland’s mounting for
concave grating, 459—-460
Rubinowicz’ representation of Kirchhoff’s
diffraction integral, 503
ruled grating, 454 et seq.
Rytov series (expansion), 726—729
approximation, 715, 729
relation to Born approximation, 729

saddle-point, 885
saddle-point method, 886 ef seq.
sagittal field curvature, 243
sagittal focal line, 241
sagittal focal surface, 241
sagittal focus, 183
saltus problem, 424
Savart’s plate, 830—831
scalar nature of two-dimensional electromagnetic
field, 368
scalar potential, electric, 77, 80 ef seq.
scalar representation of optical fields, 430—-436
scalar waves, 14 et seq.
scaling law for Radon transform, 222
scattered light
degree of polarization, 780
unpolarized proportion, 780
scattering
amplitude, 699, 713, 720
forward, 720, 721, 734
cross-section, 720, 721, 734
double, 710, Fig. 13.7(b)
dynamic, 729
electromagnetic theory, 729—-734

far field (zone), 730—732
integral equation, 698
integro-differential equation, 730
multiple, 708710
by nonspherical particles, 789
polarization by, 780—784
potential, 696701, 714, 715
periodic, 703—708
Rayleigh, 104, 779, 780, 783, 785
reciprocity relation, 724—726
scalar theory, 695—-729
selective, 785
single, 709, Fig. 13.7(a)
by sphere (diffraction by) 759—789
static, 695, 729
total, from
body of arbitrary shape, 720
sphere, 758 et seq.
very small particles, 785, Fig. 14.12
unitary relation, 724
see also Born approximation, optical cross-
section theorem, Rytov approximation
scattering index, 682
Schlieren method, 472
Schmidt camera, 211, 276279
Schmidt—Cassegrain camera, 279
Schmidt—corrector plate, 276
Schrédinger’s equation, 696, 880
Schwarzschild’s aplanatic telescope, 211, 275
Schwarzschild, eikonal, 233-236
screen, black, 424
second curvature, see curvature,
secondary disturbance (wave), 413, 416, 504
secondary focal line, 183
secondary focus, 183, 186
secondary spectrum, 188
Seidel aberration, see aberration, primary
Seidel eikonal, 233-236
Seidel formulae,
in terms of
one paraxial ray, 251-252
two paraxial rays, 246—251
Seidel variables, 233—235, 543
selective reflectivity, 748
selective scattering, 785
self-coherence, 564
Sellmeir’s dispersion formula, 102
semiconductor, 3
shadow, 116, 491-492, 493, 494
sifting property, 893
sign convention in Gaussian optics, 167
signal, analytic, 558 et seq.
sinc(x) function, 704
sine condition, 178, 179—180
singularity at edge, 672
Sirks—Pringsheim interferometer, 345-346
skew congruence, 134, 878
skew ray trace, 208—211
skin effect, 738
slit, see diffraction, Fraunhofer, and diffraction,
rigorous theory
slit source, use of, 296 et seq.
slope function, 857
Smith—Helmbholtz formula (invariant), 176—177
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Snell’s law, see refraction, law,
Soleil’s compensator, 823
Sommerfeld’s diffraction problem, 412, 499—500,
633, 643-657
Sonnar lens, 266
spatial frequencies, 546
spatial spectra, 547—-548
specific conductivity, 3
spectral amplitude, 714
spectral changes, correlation-induced, 588, 590
spectral degree of coherence, 586, 587, 588, 911
spectral intensity, 195
mutual, 567
spectral interference law, 587, 588
spectral line, structure determination by Michelson’s
method, 356-359, 570
spectral modulation, 588
spectral orders, 451
spectral range
free, 457
of an interferometer, 373
spectral width
effective, 616
mutual effective, 618
spectrograph, grating, 458—461
spectroscopic wave number, 17
spectroscopy, Xxxi
spectrum
channelled, 296
cross-power, 567
emission line, 352
of plane waves, angular, 639—-642
power, 562
secondary, 188
spatial, 547548
speed of lens, 200
sphere
diffraction (scattering) by, 759—789
extinction cross-section, 784—789
focal, 281
Gaussian, reference, 229, 231, 518 ef seq.
Poincaré’s, Fig. 1.8, 33
spherical aberration, 238, Fig. 5.3(a), 530-531,
536-538, Fig. 9.15
spherical wave, 16
Weyl representation, 711
spherically symmetric medium, rays in, 130—131
standing wave, 308—313
static field, 2
static scattering, 695, 729
stationary field 2, 561
stationary phase, method of, 429, 888—-890
steepest descent method of, 883890
Steinheil (flint-in-front) objective, 270
step function (Heaviside unit function), 895
stigmatic imaging, 159—-160, 178 et seq.; see also
axial stigmatism
stilb, 199
Stokes parameters
of monochromatic wave, 31-33
of quasi-monochromatic wave, 630—632
Stokes phenomenon, 650
stops, 199-201
strain-optical constants, 835 et seq.

strain tensor, 835
stratified medium, 5474, 752-758
characteristic matrix, 58—63
periodic, 70—-74
reflection coefficient, 63—64
transmission coefficient, 63—64
Strehl intensity (definition), 520
Strehl ratio, 520
stress birefringence, 834—837
stress optical constants, 834 et seq.
stress pattern, 837
stress tensor, 835
strip, diffraction by, see diffraction
surface
aspheric, design of, 211-217
caustic, 135, 138, Fig. 3.13, 181-182, 868, 870
of constant phase, see co—phasal surface
of constant phase difference, 828, Fig. 15.23, 832
focal, 135, 241
inverse surface of wave normals, 812
isochromatic, 828
ray, 803-805, 811
wave, 18
of wave normals (normal surface), 803—805, 807,
808 ef seq.
surface charge density, 5
surface current density, 5, 635
super-resolution, 703
susceptibility
dielectric, 89
magnetic, 89

tangential curve in the field of an instrument, 154
tangential field curvature, 243
tangential focal line, 241
tangential focal surface, 241
tangential focus, 183
TE wave, see transverse electric wave
telecentric system, 200
telephoto lens, 266
telescope, 267 et seq.
Baker Super-Schmidt camera, 279
binocular, 269
Cassegrain, 274-275
Galilean, 268
Gregorian, 275
Hale, 274-275
Newtonian, 274, Fig. 6.18
reflecting, 274-279
refracting, 267
resolution limit, 461
Schmidt camera, 211, 276-279
Schmidt—Cassegrain, 279
Schwarzschild’s aplanatic, 211, 275
terrestrial, 269, Fig. 6.11
telescopic collineation (transformation), 161,
164-165
tensor
dielectric, 790-792
strain, 835
stress, 835
tensor, conductivity, 840
terrestrial telescope, 269, Fig. 6.11
Tessar lens, 265
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thick lens, 171-174
thin films, fringes with, 318 et seq., 391-401
thin lens, 174175
aberrations, 254—-257, 260
Gaussian optics, 174—175
third-order aberration, see primary aberration
Thomson angle, 783
time average, 34, 562
of electric and magnetic energy densities, 34—35,
120
of Poynting vector, 35, 120
TM wave, see transverse magnetic wave
tolerance, focal, 491
tolerances for primary aberrations, 527-532
tomography
back-projection, 715
back-propagation, 715
computerized (or computed), 217-227, 710
diffraction, 710-717
Topogon lens, Fig. 6.3(d), 265
total reflection, 4953
total scattering, see scattering
tracing of rays, 204 ef seq.
transfer function, see frequency response function
transfer equations, 205, 209-210
transformation
affine, 161, 164
concurrent (dioptric), 165
conformal, 156
contracurrent (katoptric), 165
convergent, 165
divergent, 165, 166
gauge, for,
Hertz vectors, 84, 85
vector and scalar potentials, 77
Legendre’s, 144, 860
projective, 160—167
classification of, 165166
combination of, 166—167
telescopic, 161, 164—165
transilluminated objects, images of, 602—606
transillumination, 285, 595
transmission coefficient of
dielectric film, 65
metal/dielectric interface, 754756
metallic film, 755-756
stratified medium, 63—64
transmission cross-coefficient, 604—606
transmission factor of
optical system, see frequency response function,
photographic plate, 505, 506
transmission function of
medium, 577
object, 446—-447
transmission phase change on, 64, 756
transmissivity, 43 et seq.
of dielectric film, 65 et seq.
of metallic film, 756
transparency region of metal, 751
transparent substance, 4
transport equation for amplitude vectors in
geometrical optics, 125—127
transversality of electromagnetic field, 24
transverse electric wave (TE wave), 55 et seq., 763

transverse magnetic wave (TM wave), 55 et seq.,
763
trichroism, 843
triclinic crystals, 706
triple protar, 265
triplet, Cooke, 266
Twiss, see Hanbury Brown—Twiss interferometer
two-beamn interference, see interference
two-dimensional electromagnetic field
scalar nature of, 638
Twyman—Green interferometer, 338—340

ultrasonic waves, 453, 674 et seq., 710—-711
diffraction of light by, 674—694
undetermined multipliers, Lagrange’s method of,
800
uniaxial crystal, 805, 806
absorbing, 840852
direction of vibration, 807
interference figures from uniaxial crystal plates,
829-831, 847-848
negative, positive, 807
normal surface, 807
ordinary and extraordinary waves, 807
principal plane, 807
surfaces of constant phase difference, 829—-830
unifocal lens, 265
uniqueness of solutions in rigorous diffraction
theory, 672—-673
unit cell, 705
unit function of Heaviside, 895
unit plane, 163 et seq.
unit point, 163 ef seq.
unitary relation, 724
unpolarized light (wave), 619, 624
unpolarized proportion of scattered light, 780—781

van Cittert—Zernike theorem, 574, 579
variation, first, 854
variational methods in rigorous diffraction theory,
634
variations, calculus of, 853—-872
vector,
complex, 34
Hertz, 84-85, 764
Poynting, 10, 25, 35, 120—122, 128, 791, 794
vector potential, 77, 80 et seq.
vector waves, 24—28
velocity
complex, 737, 841
of electromagnetic waves, xxx, 11 ef seq.
energy, 793, 794, 805
group, 22—-24
of light, xxx, xxxii, 11 et seq.
phase, 16—19, 23, 737, 793—-794, 799, 801,
810
principal, 796, 801
ray, 793, 794, 805
wave—normal, 793
vibration
azimuth of, 47-48
direction of, 29, 807
plane of, 29
see also light vibrations
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vignetting, 201
virtual portion of object (image) space, 175
visibility
curve of eye, 197
curves from sources of different
geometry, 298, Fig. 7.11, Fig. 7.15
spectral distributions, 356 et seq.
factor of eye, relative, 197 et seq.
of fringes (Michelson’s), 298
relation to
coherence time, 617
degree of coherence, 570
mutual coherence time, 618—619
visual acuity, 263
vitreous humour, 262
volume hologram, 708
von Laue equations, 706

Watson’s lemma, 884
Wave
boundary diffraction, 499-503
conjugate, 507
damped, 735
diffracted, 427, 504
electric, 763
electromagnetic, xxx, 24 et seq.
E-polarized, 55, 638, 678
evanescent, 641, 712, 713, 714
extraordinary, 807
H-polarized, 55, 638
harmonic, see harmonic wave
homogeneous, 639, 712, 713, 714; see also plane
wave
inhomogeneous, 18, 639
magnetic, 763; see also tranverse magnetic wave
monochromatic (light), 20, 25 et seq., 287, 354,
573, 577, 578, 624—625
ordinary, 807
partial, in Mie’s theory, 774-775, Fig. 14.9
plane, 15—16, 17 et seq., 24 et seq., 639 et seq.
plane-polarized, 30
polarized, 25 ef seq., 628
elliptically, circularly, linearly, 25 ef seq.,
35-38
partially, 557, 619, 628
reconstructed, 504—512
scalar, 14 et seq.
secondary, (disturbance), 413, 416, 504
spherical, 16
Weyl representation, 711
standing, 308—313
transverse electric (TE wave), 55 et seq., 763
transverse magnetic (TM wave), 55 et seq., 763
ultrasonic, 453, 674 et seq.
unpolarized, 619, 624
vector wave, 24—28
wave aberration, 229 et seq., Fig. 5.3

wave equation, 11, 610-615
wave-front
deformation, influence on intensity at focus, 526
division, 286, 290-308
generalization in calculus of variations, 857
geometrical, 119
reconstructed, 504—512
shearing interferometer, 351352
wave group, 20 ef seq.
wave mechanics of free electrons, 879—881
wave normal velocity, 793
wave normals,
ellipsoid of, 799 et seq.
Fresnel’s equation of, 796, 841 et seq.
inverse surface of, 812
optic axes of, 801, 806 et seq., 811
surface of, see normal surface
wave number, 17, 737
complex, 737
spectroscopic, 17
wave packet, 19-24
wave surface, 18
geometrical, 119
wave theory, xxvi, Xxvii, xxviii, 141
wave train, 353 et seq., 618
wave vector, 17
wave zone, 87, 774
wavelength, 17
comparison, with
Fabry—Perot interferometer, 377—-380
standard metre, 409-411
of particle, de Broglie, 879880
reduced, 17
Weierstrass condition for a strong minimum, 865
Weierstrass £ function, 864—-865
Weyl representation of spherical wave, 711
wide-angle pencils, imaging with, 178—182
Wiener—Hopf method, 634
Wiener—Khintchine theorem, 567
Wiener’s experiment on standing waves, 311-313
window, entrance, exit, 201

X-ray diffraction (scattering), 453, 511, 702, 705,
706, 708, 880—881
Bragg’s law, 706
von Laue equations, 706

X-ray microscope, 511

Young’s diffraction theory, 499
Young’s interference experiment, 290—292, 296,
297,299

Zeiss Biotar lens, 266

Zernike’s circle polynomials, 523—-525, 905-910
Zernike’s phase contrast method, 472—475

zone construction, 413 et seq.
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