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In the following, bold page numbers refer to ûgures; italicized page numbers refer to tables.

Abbe number, or V-value, 413, 713

ABCD matrix, 71

propagation of Gaussian beams,

659–663

table of matrices, 77–78

aberrations, 62, 120–123, 685–716

astigmatism, 122, 687, 705–708

chromatic, 122, 687, 709–716

coma, 122, 687, 700–704

distortion, 122, 687, 708–710

due to single spherical surface,

690–695

due to thin lens, 695–696

ûeld curvature, 122, 687, 705–708

spherical, 121, 686, 697–700

absorption coefûcient

general, 547, 594

hemoglobin, 862

small-signal, 581, 807

water, 862

accommodation, eye, 896

achromat, 123, 687, 711

acousto-optic effect, 845, 848

adaptation, eye, 896

Airy disk, 386

Airy function, 308

amplitude modulation, 476, 478

amplitude splitting, 278, 296

anomalous dispersion, 256, 412, 552,

809

antinodes, 250

antireûection coating, 279, 329–335,

335

aperture stop, 104, 116

Arago spot, 757

astigmatism, 122, 687, 705–708

eye, 904–905

atomic clock, 880

atomic force microscope, 137

atomic structure, 197–199

autocorrelation, 363, 732

Babinet’s principle, 775

bandwidth

of detector, 263

of signal, 358

barrel distortion, 708

beam expander, 142

beam splitter, 297

beam spreading, 380–381

beam waist, 178, 613, 651

beam width, 178, 649

beats, 252, 254

Beer’s law, 580–581

Bessel function, 385–387, 387

binoculars, 141

birefringence, 534, 829

crystals, 552–555, 555

blackbody radiation, 193–195

blind spot, 890

Boltzmann distribution, 208–209,

588

boundary conditions on ûelds, 327,

449–451

Brewster angle, 459, 548

Brewster window, 550

brightness, 16

as color term, 11

Brillouin scattering, 845

stimulated, 852

burn pattern, 647

calcite, 555, 556

camera, 146, 154, 156

depth of ûeld, 151–153

f-number, 150

pinhole, 147, 148

relative aperture, 149

candela, 893

carbon dioxide laser, 617

cardinal points, 68–69

table of, 85

carrier wave, 253, 476

Cartesian sign convention, 45, 65–66

Cartesian surface, 62

catadioptric telescope, 139

Cauchy’s equation, 412, 811

centered system, 41

chief ray, 112

chirality, 560

chirped pulse ampliûcation, 868–870

chromatic aberration, 122, 687,

709–716

CIE chromaticity chart, 11

CIE luminous efûciency function, 890

circle of confusion, 151

circular birefringence, 560–564, 840

circularly polarized light, 184

classic textbook sign convention, 44,

45

coherence, 345–371

coherence length, 267, 347,

352–362

degree of (general), 367

for a nonlinear medium, 828

partial, 362–367

spatial, or lateral, or transverse, 346

temporal, or longitudinal, 347

time, 347, 360

volume of, 347–348

width, 346, 348–352

www.cambridge.org/9781316518625
www.cambridge.org


Cambridge University Press & Assessment
978-1-316-51862-5 — Pedrottis' Introduction to Optics
Rayf Shiell , Iain McNab , With contributions by Matthew Romerein
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

color temperature, 195

coma, 122, 687, 700–704

communications systems, 475–480

complex dielectric constant, see

complex relative permittivity

complex numbers, review of, 171

complex refractive index, 801

complex relative permittivity, 801,

808

complex representation of a quantity,

172

complex susceptibility, 801

confocal parameter, 654

conjugate points, 61

constructive interference, 243

convolution theorem, 393, 735

Cornu spiral, 763

cosmic background radiation,

211

critical angle, 31, 459, 481

cross section, 580

stimulated absorption, 585

stimulated emission, 585

cylindrical wave, 177–178

data rate, see optical ûbers: bit rate

de Broglie wavelength, 7

degeneracy

of energy level, 208

relative, 589

degree of coherence (general),

367

degree of temporal coherence,

363–367

depth of ûeld, 151–153

destructive interference, 243

detector

bandwidth, 263

noise in, 230

of images, see image sensor

optical radiation, 223–228

photon, or quantum, type, 225

thermal type, 224

dielectric material, 278, 805–812

diffraction, see Fraunhofer diffrac-

tion, Fresnel diffraction

diffraction grating, 394

equation, 397

order, 397

diffuse, 17

digital pulse modulation, 476

diode

laser, 619–621, 860

LED, 214–217

dipole oscillator, 548–549,

802–803

directed distance, 69

discharge lamp, 211, 212

dispersion, 122, 255, 409, 494,

811

dispersion relation, 256

dispersive power, 413, 713

distortion, 122, 687, 708–710, 709,

710

Doppler broadening, 187

Doppler effect, 186–187, 597

double-slit experiment, see Young’s

double-slit experiment

Dove prism, 119

dye laser, 618

effective ray, 61

Einstein A and B coefûcients,

582–585, 586

Einstein relations, 588, 589

electromagnetic spectrum,

9–13

electromagnetic wave, 179–183

intensity of, 182

elliptically polarized light, 184

entrance pupil, 106–112, 116

entrance window, 115–116, 116

equal-inclination fringes, see

Haidinger fringes

equal-thickness fringes, see Fizeau

fringes

etalon, 309

étendue, 18

evanescent wave, 467–468

excimer laser, 617–618, 863–864

excited state, 198

exit pupil, 106–112, 116

exit window, 115–116, 116

extended source, 23

external reûection, 457–463

extinction coefûcient, 552, 801,

807

extraordinary ray, 557, 560, 829

eye

astigmatism, 904–905

corrective surgery, 905–907

hyperopia, 901–903

myopia, 899–901

presbyopia, 903–904

prescription, 904

resolution, 390

response to radiant energy,

890–893

schematic, 893–894

structure, 887–890

visual acuity, 897, 898

eye lens, 125

eye relief, 128

eyepiece, 125–129

Huygens, 126

Ramsden, 126–127

Fabry–Pérot interferometer, 309, 320

coefûcient of ûnesse, 311

ûgures of merit, 427

ûnesse, 313

ûxed-length, 310

free spectral range, 313

fringe contrast, 311

resolution, 317

table of parameters, 324

transmittance, 311–315

variable-length, 310–311

far point, eye, 899

Faraday effect, 839–845

optical isolator, 844–845

table of Verdet constants, 841

Fermat’s principle, 35–37

ûber laser, 618–619, 860–863

ûber optics, see optical ûbers

ûeld curvature, 122, 687, 705–708

ûeld lens, 125

ûeld number, 128

ûeld of view, 113–114

ûeld stop, 114, 116

ûlm

double-layer, 331, 334

high-reûectance, 336, 338

multilayer, 325

single-layer, 310, 329–331

triple-layer, 334–335, 335

Fizeau fringes, 285–286

ûuorescence, 214

ûuorescent lamp, 213–214

f-number, 149, 670

focal points, 68

Fourier analysis

bandwidth of a signal, 358

Dirichlet theorem, 352

discrete Fourier transform, 742

fast Fourier transform, 742

Fourier series, 352–355

Fourier transform, 355–356,

721–725

Fourier transform spectroscopy,

737–743

of a periodic top hat function, 353

of a single harmonic pulse,

357–358

spatial frequency analysis, 725,

729, 729

Fourier transform spectroscopy,

737–743

resolution, 742

with optical frequency comb, 743

Fraunhofer diffraction, 372–404

and Fourier transform, 721–725

circular aperture, 384–389

criteria for, 381, 752

double slit, 391–394
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Fraunhofer diffraction (cont.)

multiple slit, 394, 399

principal maxima, 396

rectangular aperture, 382–384

secondary maxima, 396

single slit, 374–381

Fraunhofer line, 406–408, 407

Fraunhofer wavelength, 134, 713

frequency mixing, 830–831

frequency modulation, 476, 478–479

Fresnel diffraction, 747–776

circular aperture, 752

Cornu spiral, 765, 768

criteria for, 751–752

half-period zone, 753

single slit, 772–774

straight edge, qualitatively, 761,

764

straight edge, quantitatively,

769–772

wire, 773, 775

Fresnel equations, 452–457

for dielectrics, 455–456

for metals, 468, 469

Fresnel rhomb, 465

Fresnel zone, see half-period zone

Fresnel zone plate, 758–762, 785

Fresnel–Kirchhoff diffraction

integral, 751

phase advance, 757–758

Fresnel’s biprism, 276

fringe

pattern, 262

visibility, 268

Gabor zone plate, 784

gain coefûcient, 624

general, 594

small signal, 624

threshold, 628, 630

gain medium, 588

gain saturation, 610

Gaussian beam, 178, 646–681

beam width, 651–653

collimation, 667

divergence, 654

focusing, 669–670

higher-order, Hermite–Gaussian,

670, 675

intensity proûle, 653

propagation, 659–663

radius of curvature, 651–653

stable cavity, 663–667

wavefronts, 654, 656

grating

angular dispersion, 425–426

blazed, 428, 431

echelle, 430, 431

efûciency, 428

ûgures of merit, 426, 427

free spectral range, 423

general equation, 420

holographic, or interference,

436–437

resolving power, 426

spectral resolution, 426–427

gravitational wave detector, 325

ground state, 198

group velocity, 255–257

Haidinger fringes, 283

half-period zone, 753

half-wave plate, 528, 556

harmonic wave, 167–170

angular frequency, 169

initial phase, 167

period, 169

phase, 167

propagation constant, 167

propagation vector, 174

wavelength, 168

helium–neon laser, 610

Hermite differential equation, 671

Hermite–Gaussian beam, 670, 675

Hermite polynomials, 672

high-harmonic generation, 871

high-reûection coating, 280

hologram, 781–797

applications, 792–797

data storage, 795

embossed hologram, 790

holographic grating, 785, 790–793,

793

of an extended source, 786, 789

of point source, in-line

conûguration, 784–786

rainbow hologram, 790

reconstruction, 787–789

reference beam, 784, 786

subject beam, 784, 786

ultrasonic, 794, 795

volume hologram, 790, 793

homogeneous broadening, 594,

595–597

Hubble Space Telescope, 146, 408,

685, 700

hue, 11

Huygens’ principle, 32–35

Huygens–Fresnel principle, 373

hyperopia, 901–903

ICESat-2,866–867

image sensor, 228–231

incandescent lamp, 212, 213

inhomogeneous broadening, 594,

597–598

intensity, 14, 182

interference

constructive, 243

destructive, 243

from multilayer ûlm, 325, 338

from parallel plate, 306–309

from single-layer ûlm, 278–284

general case, 243–244

interference term, 264

order, 271

term, 363

interferogram, 720

interferometer

Fabry–Pérot, 309, 320

Fourier transform, 737

Mach–Zehnder, 305

Michelson, 297, 304

Twyman–Green, 304, 305

internal reûection, 457–463

irradiance, see intensity

Jacquinot advantage, 737

James Webb Space Telescope,

147

Jones matrices, 526–533

table of, 532

Jones vectors, 515–526

table of, 524

Kerr effect, 836–839

Kerr lens mode-locking, 869

Lambert’s cosine law, 17

Lambertian surface, 17

laser, 594

cavity, 607

cooling system, 608

directionality, 612–614

dynamics, qualitative description,

608–610

eye surgery, 905–907

focusability, 614–615

gain medium, 607

gain saturation, 610

intensity, 613–614

light ampliûcation, 625–626

mode-locking, 615, 637–639

operation, linear cavity, 630

operation, on startup, 633–635

operation, ring cavity, 627–630

pump, 606

Q-switching, 615, 635–637, 637,

835

rate equations, four-level system,

621–624

saturation, 631–633

spatial coherence, 612

stability, 663–667
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table of various types, 616

temporal coherence, 612

laser cooling, 872–873

laser trapping, 873

lateral chromatic aberration, 123,

711

lens

aplanatic, 704

Fourier transform, 725

position factor, 696

shape factor, 696

thick, 48

thin, 48

lensmaker’s equation, 55

LIDAR, 865–867

lifetime broadening, 595

light-emitting diode (LED), 214–217

linearly polarized light, 184, 517–518

lineshape, 207–208, 582, 594–598

linewidth, 207, 359, 494, 582

liquid crystal display (LCD),

219–221

Lloyd’s mirror, 275–276

localized fringe system, 285

localized fringes, 283

longitudinal chromatic aberration,

123, 711

lumen, 891

lux, 893

Mach–Zehnder interferometer, 305,

504–507

magniûcation

angular, 124

lateral, 46

magniûer, 124

microscope, 130–132

magniûer, 123–125

Malus’ law, 545

marginal ray, 107

material constants, 576

Maxwell’s equations, 179, 327,

448–449, 805–806

meridional ray, 61

metals, light propagating in, 812,

817

Michelson interferometer, 297, 304

microLED display, 222

microscope, 129–136

atomic force, 136, 137

classic-setup, 129

condenser lens, 133

electron, 136

inûnity-corrected, 130

resolution, 134–136, 390–391

superresolution, 136–139

tube length, 130

modes, 320

laser, 322–323, 656–658

of a standing wave, 251

transverse, 673

modulation transfer function, 736

molecular structure, 200–203

diatomic molecules, 200–202

polyatomic molecules, 202, 203

Mueller matrices, 538

table of, 539

mutual coherence function, 363

mutually coherent beams, 247,

266–268, 362

mutually incoherent beams, 247, 266,

362

myopia, 899–901

near point, eye, 124, 896

near-resonant illumination, 579

broadband light, 586–588

narrowband light, 590–593

negative temperature. See population

inversion

Newton’s rings, 6, 286–288

Newtonian thin-lens equation, 58

nodal points, 68

nodes, 250

nonlinear optics, 822–852

frequency mixing, 830–831

in ûbers, 851–852

Kerr effect, 836–839

linear electro-optic coefûcients,

833

phase conjugation, 848–851

Pockels effect, 832, 837

second harmonic generation, 824,

826–828

table of processes, 826

non-localized fringes, 273

normal dispersion, 122, 412

numerical aperture (NA), 132–134,

481

Nyquist criterion, 742

Nyquist–Shannon sampling theorem,

479

objective lens, 105

obliquity factor, 32, 750

optic axis, 30, 553

optical activity, 560–564

angle of rotation, 560

table for quartz, 564

optical coherence tomography,

348

optical computing, 733–734

optical constants, 801

optical density, 783

optical ûbers, 473–511

acceptance cone, 481

attenuation and regeneration,

486–490

bandwidth–distance product, 475,

497

bit rate, 477

cladding, 481

critical angle, 481

graded-index (GRIN), 481,

492–493

Mach–Zehnder interferometer,

504, 507

material dispersion, 494–497

modal dispersion, 493

numerical aperture (NA), 481

polarization mode dispersion,

498–499

propagation modes, 483–486

single-mode, 485

skip distance, 482

table of characteristics, 483

time-division multiplexing, 480

waveguide dispersion, 497, 498

wavelength-division multiplexing,

480, 504

optical frequency comb, 877–881

optical parametric oscillator (OPO),

874–877

optical path difference, 267, 279

optical path length, 63

optical pattern recognition, 730–734

optical processing, 728–730

optical rectiûcation, 826–828

optical spectrum analyzer. see

Fabry–Pérot interferometer,

variable-length interferometer

optical transfer function, 736

optical tweezers, 874

ordinary ray, 557, 560, 829

organic LED display, 221

oscillator strength, 810

paraxial approximation, 59

paraxial ray, 30

Pellin–Broca prism, 418

penetration depth, 468

periodic poling, 830, 876

petrographic microscopy, 514

Petzval surface, 707

phase change on reûection, 463–465

phase matching, 828–830

phase transfer function, 736

phase velocity, 255–257

phasor addition, 243–247, 753–756

phonon, 205, 846

photoelasticity, 564, 566

photoelectric effect, 7

photometry, 890–893

table of quantities, 892
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photon, 7, 194, 196

photon model, 576

pincushion distortion, 708

plane of incidence, 26

plane polarized light, see linearly

polarized light

plasma frequency, 815

Pockels effect, 832, 837

point source, 23

point spread function, 735

Poisson spot, see Arago spot

polarization of a medium, 577,

801–805

polarization of light, 183–186

birefringence, 552–555

circular, 184, 513, 518–521

dichroism, 546–548

due to birefringence, 557, 560

due to selective absorption,

546–548

due to selective reûection, 548, 550

due to selective scattering,

550–552

elliptical, 184, 513, 521–522

linear, 184, 512, 518

partial, 186, 513

photoelasticity, 564, 566

table of Jones matrices, 532

table of Jones vectors, 524

table of Mueller matrices, 539

unpolarized light, 186, 513

polarizer

half-wave plate, 528

linear, 527, 528–530

pile-of-plates, 549

polarizing beam splitter, 558, 560

quarter-wave plate, 528

rotator, 528, 529, 531

waveplate, 527, 528, 530–531,

555, 556

polarizing angle, see Brewster angle

population inversion, 588

Porro prism, 119

posterior capsulotomy, 864

power spectrum, 358

Poynting vector, 182

presbyopia, 903–904

pressure broadening, 595

principal points, 68

prism

angular dispersion, 412–413

ûgures of merit, 427

minimum angular deviation, 410

reûecting, 119, 120

refracting, 409–413

resolving power, 416

spectral resolution, 415–417

total angular deviation, 409, 411

pupil, eye, 887

Q-switching, 615, 635–637, 637, 835

quantum number

angular momentum, 198

principal, 198

rotational, 202

vibrational, 201

quarter-wave plate, 528, 556

quarter-wave stack, 280

radiance, as radiometric term, 16–17

radiant exitance, 14

radiometry, 14–18

table of quantities, 15, 892

Raman scattering

spontaneous, 579, 851

stimulated, 851

ray aberration, 687–690

ray tracing, in complex systems, 91,

88–94

Rayleigh range, 651

Rayleigh resolution criterion, 135,

389, 416

Rayleigh scattering, 551, 578

ray-transfer matrix, 71, see also

ABCD matrix

real image, 24

reference beam, 784, 786

reûectance, 308, 458, 461–462

reûection

external, 30, 277, 457–463

internal, 30, 277, 457–463

law of, 26, 453

mathematical expression, 249

phase change, 463–465

plane mirror, 39–40

spherical surface, 40–45

table of equations, 57

table of results, 67

total internal, 31, 459

reûection coefûcient, 277, 455

refraction

law of, 27

plane surface, 30–31

spherical surface, 49–50

table of equations, 57

table of results, 67

refractive index, 27, 29, 181

complex, 468, 552, 801, 807

measurement of, 302

of quartz, versus wavelength, 559

real, 801

table of, for birefringent crystals, 555

table of, for coatings, 334

table of, for glasses, 714

table of, for various substances, 28

refractive power, 59–60

relative permittivity, see complex

relative permittivity

relaxation oscillations, 635

remote sensing, 865–867

resolution

spatial, 134, 389–391

spectral, 134

resolving power, 318

resonant angular frequency, 804

retarder, see polarizer, waveplate

retinal implant, 890

Ronchi ruling, 726

rotatory dispersion, 562, 840

saturation, 11

saturation intensity, 624

scattering, 550–552, 577

elastic, 577

inelastic, 577

schematic eye, 893–894

second harmonic generation, 824,

826–828

Seidel aberrations, see aberrations

Sellmeier equation, 811

semiclassical model, 576

semiconductor laser, see diode laser

sinc function, 358

skew ray, 61

skin depth, 814–815

Snell’s law, 27, 453

solar constant, 211

Soleil–Babinet compensator, 556

solids, quantum theory of, 203–207

nearly-free electron model, 205

tight binding model, 204

solid-state laser, 618–619, 863

spatial coherence width, see coher-

ence width

spatial frequency, 356, 721

spectral energy density, 211, 582

spectral width, see linewidth

spectrometer

grating, 431–434, 434

prism, 414–419, 414, 420

spectrum, 9, 355

spherical aberration, 121, 686,

697–700

spherical wave, 176

spontaneous emission, 584

spot size, see beam width

stability diagram, 666

standing wave, 248–252

Stefan–Boltzmann law, 193

stimulated absorption, 582–584

stimulated emission, 584

Stokes relations, 277–278, 456

Stokes vectors, 537–538

subject beam, 784, 786
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sunlight, 210

superposition principle, 240

superresolution microscopy, 136–139

surface current density, 451

susceptibility, nonlinear, 824

system matrix, 71, 78

symmetric sign convention, 665

telescope, 139–147

Cassegrain, 143

Galilean, 139

Keplerian, 139

Newtonian, 143

resolution, 146, 389

Schmidt, 144, 145

temporal coherence length, see

coherence length

thick lens, 65–71

thin-lens equation, 55

third-order aberrations, see

aberrations

throughput, 18

Ti–sapphire laser, 618, 868

time-division multiplexing,

480

total internal reûection, 31, 459

transfer matrix, 325, 338

transition lineshape, 582,

594–598

Gaussian, 594

Lorentzian, 594

transmission coefûcient, 277,

456

transmittance, 308, 458, 461–462

transparency, 577

transverse chromatic aberration, see

lateral chromatic aberration

transverse electric (TE), or

s-polarized, light, 448, 452, 548

transverse magnetic (TM), or

p-polarized, light, 448, 454,

548

Twyman–Green interferometer, 304,

305

ultrashort pulse production,

867–871

undepleted pump approximation,

623–624

unpolarized light, 186

Van Cittert–Zernike theorem, 367

VanderLugt ûlter, 733

variable-length interferometer,

310–311

Verdet constant, 840, 841

vergence, 59–60

vignetting, 114

virtual image, 24

volume charge density, 448, 805

volume current density, 448,

805

wave equation

one-dimensional, 166

three-dimensional, 176, 648

wavefront, 173

wavefront aberration, 687–690

wavefront splitting, 278, 296

wavelength-division multiplexing,

480

wave–particle duality, 5

Wien displacement law, 193

Young’s double-slit experiment, 6,

269–276
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