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2f system, 35, 59, 102
4f system, 39, 63, 106, 110, 186

Abbe sine condition, 44
Abberations, 31
Absorption coefficient, 343, 387, 420
Absorption transfer function, 189
Acoustic wave, 386, 390
Adaptive optics, 419, 432
Afocal lenses, 12
Airy pattern, 65, 78, 300, 408
Airy unit, 300
Ambiguity function, 424
Amplitude point spread function, 40, 74
circular pupil, 65
properties, 76
Analytic function, 2, 118, 376
Aperture, see Pupil
circular, 29
effect on coherence, 104, 126
Kirchhoff, 19
point, 26, 29
underfilled, 334
Aperture correlation microscopy, 321
Aperture stop, 106, 111
Approximations
Fraunhofer, 6, 28, 55, 171
Fresnel, 25, 44, 83, 290
paraxial, 25, 52, 423, 432
paraxial Fraunhofer, 29
radiative, 25
Avalanche photodiode, 152

Ballistic light, 163, 164, 188, 213, 290, 342, 427, 429,
432

Bandwidth (spatial), see Frequency support
Bandwidth (temporal), see Frequency bandwidth
Beam

area, 96, 109, 320

Gaussian, see Gaussian beam

incoherent, 58, 103

partially coherent, 100, 109

plane wave, see Plane wave

quasi-homogeneous, 55
quasi-stationary, 117
spread, 430
Beam propagation method (BPM), 166, 438, 439
Boltzmann constant, 151
Boltzmann distribution, 123
Born approximation, 169, 203, 214, 290, 352
Bose—Einstein statistics, 159
Boxcar gate, 134
Bragg scattering condition, 386
Brightfield, see Microscopy
Brillouin scattering, 385
Stokes and anti-Stokes, 386
Broadening, 123
Brownian motion, 123, 134, 278

Camera, 230
CCD, 155
CMOS, 155
electron multiplication, 158
intensified, 158, 275
Central limit theorem, 130
Chi-squared error, 415
Chirp, see Pulsed laser
Clausius—Mossotti relation, 178
Coherence, 49, 128, 136
apparent, 103, 111, 126, 137
area, 96, 108, 109
gain of, 57
length, 129, 358, 428
propagation of, 54, 98, 100
spatiotemporal, 128, 258
temporal, 116, 240
time, 49, 117, 332
volume, 128
Coherence front, 225, 340
Coherence function, 55
incoherent beam, 58
Kohler illumination, 61
three-dimensional, 62, 129
Coherence gating, 239, 241, 258
Coherence parameter, 189, 193, 201, 257
Coherent anti-Stokes scattering (CARS), 378
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Coherent Stokes Raman scattering (CSRS), 379
Coherent transfer function, 40, 73, 400
circular pupil, 65
properties, 74
Condenser, 61, 107
Confocal microscopy, 287
effect of pinhole, 295
fluorescent, 294
non-fluorescent, 289
probe volume, 297
Conjugate planes, 9, 38
Conjugate radiance, 424
Gaussian beam, 428
Convolution theorem, 443
Correlation theorem, 443
Critical illumination, 107
Cross-section, 172
absorption, 175, 264, 389
differential, 174
extinction, 172, 420
fluorescence, 264
nonlinear, 341, 405
scattering, 174, 389, 420
stimulated Raman, 382
two-photon, 330

Darkfield, see Microscopy
Deconvolution, 88, 396
Defocus, 71, 296, 311, 337
Demodulation, 243, 275
Detector

area, 135

bandwidth, 134, 147, 245

quantum efficiency, 143

split, 153
Dielectric constant, 168, 375, 385, 387
Differential interference contrast (DIC), 195, 198, 209
Differential spinning disk microscopy, 324
Diffuse optical tomography, 423
Diffuser, 137, 224
Diffusion, 279

heat, 388

light, 422

molecular, 279

rotational, 282
Diffusion constant, 279, 422
Diffusion equation, 422
Diffusion frequency, 389
Digital holography, see Holography
Dipole radiation, 178

two dipoles, 179
Dispersion, 129, 241

Index

Doppler shift, 123, 243, 386
Dynamic light scattering (DLS), 124, 277
Dynamic speckle illumination (DSI), 320

Eikonal equation, 183
Einstein—Smoluchowski statistics, 385
Electric permittivity, 351
Electrostriction, 385
Emittance, 81, 294, 336
Energy conservation, 15, 79, 81, 87, 93, 173
Energy flux density, 92, 95, 174, 422
far field, 96
Energy—momentum relation, 1, 15, 21
Epifluorescence detection, 295
Etendue, 96
conservation of, 6, 97, 98
Evanescent field, see Near field
Ewald sphere, 83, 223
Excess noise factor, 152
Extended depth of field, 87, 236
Extinction coefficient, 343, 420

Far field, 6, 35, 59, 60, 94, 181
Fellgett advantage, 255, 260
Fick laws, 279, 422
Field, 50
analytic, 2, 118
complex, 2, 211, 226, 242
electric, 2, 352, 366
far, see Far field
monochromatic, 2, 16, 185
near, see Near field
non-monochromatic, 116, 185, 337
propagating, 17
quasi-homogeneous, 55, 60
Field of illumination (FOI), 107
Field of view (FOV), 111, 343
Field stop, 106
Filtering, 132
spatial, 134
temporal, 132
Fluctuation-dissipation theorem, 152
Fluorescence, 263, 407
anisotropy, 282
rate, 267

451

Fluorescence correlation spectroscopy (FCS), 277

probe volume, 278

Fluorescence lifetime imaging microscopy (FLIM), 272

Flux density, see Energy flux density
Focal length, 7, 9, 11
Focus, 109, 358, 428

enhancement of, 433, 437
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Forster distance, 270
Forster resonance energy transfer (FRET), 269
Fourier diffraction theorem, 169, 202, 215
Fourier spectroscopy, 255
Fourier transform, 442
Fourier-Bessel transform, 444
Fraunhofer approximation, see Approximations
Fraunhofer diffraction, 27, 28, 171, 174, 177
Free-space propagator

Fresnel, 25

paraxial, 25

Rayleigh—Sommerfeld, 20
Frequency bandwidth, 49, 118, 147, 337, 377
Frequency matching, 353, 358
Frequency support, 82, 84, 129, 190, 202, 222, 257,

297, 399, 403

Fresnel approximation, see Approximations
Fresnel diffraction, 25, 34, 71
Fresnel propagator, 25

Gaussian beam, 27, 72, 76, 95, 428
waist, 27, 31, 72, 429
Gaussian light, 122, 148, 417
Gaussian statistics, 121, 447
Gaussian—Schell model, 100, 114
Goppert-Mayer, 331
Gouy phase shift, 27, 72, 358, 368, 383
Grating, 165, 309, 314
blazed, 225, 338
Green function, 15, 355
propagators, 17
Green theorem, 19, 173, 446
Ground-state depletion, 404, 413
Group velocity, 128, 240
Griineisen parameter, 390
Guide star, 433, 434, 436

Hankel transform, 444
Helmbholtz equation, 16, 168, 173, 381, 423

paraxial, 30, 93
Henyey—Greenstein function, 421

small-angle, 426, 429
Heterodyne detection, 233, 243
Hilbert transform, 2, 192
Hoffman contrast, 194
Holography, 211

Fourier, 216, 218

Fresnel, 215, 228

imaging, 218, 230

interference, 232

off-axis, 227, 232

reference beam, 223
Huygens wavelet, 22, 26, 118

Image scanning microscopy, 300
Imaging, 63, 110

matrix, 5

three-dimensional, 80

volumetric, 200

with 4f system, 39, 63

with lens, 8, 37
Index of refraction, 1, 128, 163, 231, 382, 431

effect of, 10, 46

Gaussian, 440
Infrared light, 373, 390
Intensity, 3, 49, 94

instantaneous, 117, 123, 127, 132

propagation of, 49

spectrum, 53, 89, 186, 428
Interference, 211, 384
Interferogram, 213, 240, 242, 249, 252,

287

Interferometer

Linnik, 257

Mach—Zehnder, 224

Michelson, 224, 239, 256
Interrupted phase model, 119
Intersystem crossing (ISC), 267, 404
Irradiance, 3
Isoplanatic patch, 436

Jinc function, 444

Kirchhoff boundary conditions, 19, 27

Kéhler illumination, 61, 108, 125, 129, 187, 197, 221,

317
coherence function, 63

Lambert cosine law, 59, 94
Lambert—Beer law, 342, 347, 428
Lens, 7, 33
Fourier transform, 8, 35, 36
imaging, see 4f system, 8
matrix, 5
principal plane, 9, 44
solid-immersion, 396
thick, 9
transmission, 33
tube, 110
Lens-maker formula, 11
Light speed, 1, 382
Light-sheet microscopy, 208, 303
Log-normal, 438

Magnetic permeability, 351

Magnification, 5, 8, 37, 40, 63, 75, 110
axial, 9, 75

Mandel transform, 145
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Maximum likelihood, 415
Maxwell equations, 14, 351
Mean free path, 167, 421
transport, 421, 437
Microchannel plate, 157, 275
Microscope, 105
detection configuration, 110
illumination configurations, 106
interference, 212, 238
scanning, 238, 288, 336
Microscopy
brightfield, 186, 205
darkfield, 206
reflection, 205, 220, 222, 291
transmission, 185, 219, 221, 290
Missing cone, 85, 238
Molecule, 264, 267, 279
dwell time, 280, 281
flux, 279
switching, 410
vibrational modes, 372, 385
Monochromatic field, see Field
Monte-Carlo simulation, 423
Multiplex
advantage, 255, 260
disadvantage, 260
Mutual coherence, 117
Mutual impedance, 181
Mutual intensity, 50, 425
incoherent beam, 58
propagation of, 54, 425

Near field, 17, 18, 181, 396
Negative-exponential distribution, 119, 121, 127, 266
Noise, 142

avalanche, 151

dark current, 151

excess, 158

Johnson, 152

readout, 156

relative-intensity (RIN), 146

shot, see Shot noise
Noise equivalent power (NEP), 153
Nomarski prism, 198
Numerical aperture, 43, 66, 108
Nyquist criterion, 147

Objective, 110

Oblique-field microscopy, 193

Obliquity factor, 22, 53

Optical coherence tomography (OCT), 238
Doppler, 245

Index

frequency domain, 249
time domain, 248
widefield, 255
Optical fiber, 105
Optical sectioning, 85, 296, 311
Optical theorem, 175
Optical transfer function, 64, 78
circular pupil, 66
extended, 87
normalization, 66
properties, 65, 80
spatial frequency representation, 84
Optical trapping, 385

Parfocal distance, 110

Parseval theorem, 443

Perrin relation, 283

Phase function, 420, 431

Phase imaging, 190, 201

Phase matching, 354, 358, 383
quasi, 358

Phase screen, 163, 438, 440

Phase stepping, 226, 232, 242, 276, 309, 402, 406

Phase transfer function, 189
Phase-mosiac model, 127
Phasor plot, 284
Phosphorescence, 263
Photoacoustic imaging, 390
Photoactivatable light microscopy (PALM), 412
Photobleaching, 268, 280, 413
Photoelectron, 143
Photomultiplier tube (PMT), 152, 274, 350
Photon, 143
Photon degeneracy factor, 149
Photon density wave, 423
Photothermal absorption, 387
Pinhole, 291, 295
camera, 68
reflecting, 305
size effect, 299
Planck constant, 143, 264

Plane wave, 26, 95, 164, 170, 189, 191, 214, 427

Point spread function, 64, 77
3D Gaussian, 335, 363

amplitude, see Amplitude point spread function

circular pupil, 65

engineering of, 324, 397
epifluorescence detection, 295, 309
extended, 87
Gaussian—Lorentzian, 78, 334, 343
properties, 65, 78
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Poisson statistics, 119, 145
Polarization, 14, 176, 198, 356
Jones matrices, 448
Polarization density, 351, 353, 375
Power, 53, 81, 98, 178, 179, 264, 277, 330, 362
absorbed, 173
scattered, 173
transmission of, 104
Power spectral density, 146
Probe volume, 288
Programmable array microscopy, 323
Propagation, 2, 6, 18, 44, 99, 176
free space, 53, 95
matrix, 5
radiative bandwidth, 26, 41, 44
through lens, 5, 6
Pseudo-random sequences, 322
Pulse front, 340
Pulsed laser, 239, 273, 332, 368, 377, 409, 416
chirped, 392, 393
Pupil, 33
annular, 398
arbitrary, 38
circular, 46, 65, 75, 77, 79, 190
Gaussian, 36, 76, 78, 80
offset, 302
synthesis, 324, 326

Quantum yield, 266, 268, 270

Radiance, 4, 94, 420
conjugate, see Conjugate radiance
Gaussian beam, 95
plane wave, 95
propagation of, 95
Radiant field, 1
Radiant intensity, 52, 94
conservation of, 54, 89
incoherent beam, 59
Radiant mutual intensity, 51, 88, 186
incoherent beam, 59
Kohler illumination, 62
propagation of, 54
Radiation pattern, 178, 179, 355, 365
Radiative lifetime, 266
Radiative transfer equation (RTE), 419, 423
solutions of, 427
Raman scattering, 372
coherent, 374
spontaneous, 373
Stokes and anti-Stokes, 373, 382

Random telegraph wave, 139
Random walk, 121, 126, 131, 280
Ray optics, 4
ABCD transfer matrix, 4
relation to wave optics, 3
Rayleigh criterion, 67
Rayleigh length, 72, 76, 335, 358
Rayleigh—Debye approximation, see Born
approximation
Rayleigh—Gans approximation, see Born approximation
Rayleigh—Sommerfeld diffraction, 19, 20
Rayleigh—Sommerfeld propagator, 20
properties, 22
Reciprocity, 10
coherence and intensity, 56
Helmholtz, 293, 421, 433, 435
mutual and radiant mutual intensity, 60, 61
Resolution, see Spatial resolution
Response function, 132, 147, 375
nonlinear, 352
Rytov approximation, 171

Saturation, 267, 404, 407
Scattering
Brillouin, see Brillouin scattering
forward versus backward, 360
hyper-Rayleigh, 362
multiple, 169, 397, 419
Raman, see Raman scattering
Rayleigh, 178, 373, 386
vector dipole, 175
Scattering amplitude, 174, 420, 431
Scattering angle, 164, 423, 432
Scattering anisotropy, 421
Scattering coefficient, 343, 420
reduced, 421
Scattering filter function, 425
Scattering plane, 176
Scattering potential, 168, 289
Schlieren microscopy, 192, 209
Schwarz inequality, 414
Second-harmonic generation (SHG), 361
electric-field induced, 367
membrane, 364
symmetry requirements, 362
Shear interferometry, 195
Shot noise, 143, 146, 150, 254, 412
Siegert relation, 122, 128, 130, 131, 133, 135, 316
Signal to noise ratio (SNR), 142
Sinc function, 78
Snell law, 5
Solid angle, 45, 108

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781108428309
www.cambridge.org

Cambridge University Press & Assessment
978-1-108-42830-9 — Introduction to Optical Microscopy
Jerome Mertz

Index

More Information

Source, 14, 94, 119, 168
induced, 290, 355, 375
planar, 82
point, 81
primary, 22, 290, 351, 375
secondary, 22, 27
volumetric, 82
Spatial bandwidth, 42, 44, 65, 66
Spatial boundedness, 396
Spatial resolution, 45, 230, 395, 409, 412
diffraction-limited, 43, 67
transmission microscope, 204
Speckle, 124, 127, 128, 139, 140, 316
speckled, 131
Spectral density, 118
Gaussian, 123
Lorentzian, 120
Spectral phase, 338
Spectral unmixing, 284
Spectrum, 250
Spherical wave, 16
Spiral phase, 48, 192, 408
Spontaneous emission, see Fluorescence
Stern—Volmer relation, 282
Stimulated emission, 265, 407
Stimulated emission depletion (STED), 407
with pulsed laser, 416
Stimulated Raman gain (SRG), 379
Stimulated Raman loss (SRL), 379, 381
Stokes shift, 266, 407
Stokseth approximation, 79, 312
Strehl ratio, 397, 414, 437
Structured illumination microscopy (SIM), 308, 401
coherent versus incoherent, 312
nonlinear, 404
Superresolution, 395
restricted, 397
unrestricted, 404

Index

with localization, 411

Superresolution optical fluctuation imaging (SOFI), 416

Susceptibility, 351, 352, 377
nonlinear, 351, 369
resonant and non-resonant, 377, 381
Synthetic aperture, 398, 400

Talbot images, 325
Telecentric imaging, 8
Temporal coherence factor (2nd order), 331
Temporal focusing, 338
Theta microscopy, 302
Thin-lens formula, 8, 37, 70
generalized, 11
Newtonian, 13
Third-harmonic generation (THG), 367
Three-photon excited fluorescence, 343
probe volume, 347
Throughput, 96, 101
Time-to-amplitude (TAC) converter, 274
Transport of intensity equation, 31, 93, 96, 112
Two-photon excited fluorescence (TPEF), 330, 343
probe volume, 333

van Cittert—Zernike theorem, 58, 59
Variance, 121, 142, 326, 447

Wave equation
time dependent, 14, 390
time independent, see Helmholtz equation, 16
Wavelength, 1
Wavenumber, 1
Wavevector, 1
Weyl representation, 16
Wiener-Khinchin theorem, 443
Wigner function, 4, 424

Zernike phase contrast, 191, 208
Zernike propagation law, 54, 425
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