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ultrahigh-resolution, 154-156
optical Doppler tomography, 237
optical field enhancement, 4243
optical low-coherence interferometric
techniques, 139-163

optical low-coherence reflectometry (OLCR),

140
optical sectioning, 371
optical spectrum, 22
optical therapeutic tools, 129-130
optical transfer function (OTF), 382-388
for confocal microscope, 384f
FPALM and, 387-388
image formation, 382-386
STED and, 386-387
oscillator strength, 30
Osler, William, 115
osmolarity, 361f
osmotic pressure, 360
osteoblasts, 12
OTE. See optical transfer function
Otto geometry, 310
oxy-hemoglobin, 328f

6/22/10 4:47:05 PM



P

P. falciparum, 360-362
PAFPs. See photoactivatable FPs
PALM. See photoactivated localization
microscopy
PAm-Cherry, 381, 389
pap smear, 71
paraffin, 64
melted, 65
sectioning of, 66-68
tissue blocks after, 65f
Parel, Jean Marie, 132
parenchyma, 162f
Parkinson’s disease, 218
partial differential equations (PDEs), 49
particles, 81. See also nanoparticles
arbitrary, 82f
Brownian, 89
dielectric, 81-83
L, 303-304
light scattering by arbitrary, 82f
Rayleigh, 83-84
spherical, 85f
volume distribution of, 86-87
PAS stain, 72
PAT. See photo-acoustic tomography
pathology report, 74
Patterson, G.H., 381
Pavani, S.R., 392
Pawley, ].B., 371
PC. See phase contrast
PCM. See phase-contrast microscopy
PDEs. See partial differential equations
PE. See phosphatidyl ethanolamine
PEGs. See polyethylene glycols
penetration depth, 112
perfect coupling, 310-314
perfect lens, 177, 191
perfectly matched layers (PML), 292
peripheral blood smear, 340t
peripheral proteins, 345-346
PET. See positron emission tomography
phacoemulsification, 131
phase function, 83
phase mismatch factor, 103, 104f
phase plate (PP), 375f
phase velocity, 21-23, 176
phase-contrast microscopy (PCM), 346-347
phase-matching bandwidth, 106-107
phase-polarization control scheme, 296-298
phase-sensitive LCI, 156-159
phoropter, 127f
phosphatidyl choline, 344
phosphatidyl ethanolamine (PE), 344
phosphatidyl serine (PS), 344
phospholipids, 344
photo-acoustic tomography (PAT), 240
photoactivatable FPs (PAFPs), 381
photoactivated localization microscopy
(PALM), 373, 392
photobleaching, 327f
photomultipliers, 111
photon-plasmon interaction, 35
photorefractive keratectomy (PRK), 134-135
photothermal microspectroscopy (PTMS),
210
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photothermal OCT, 240
phototoxicity, 98
pinhole imaging, 117
plane wave solution, 19
plasma frequency, 30
plasmon oscillations, 288
plasmon resonance, 41f
plasmon resonance energy transfer (PRET),
319-334
biomolecular absorption spectroscopy,
320-332
critical energy matching for, 325f
efficiency, 324
EM energy coupling, 333
experimental procedures, 332-333
of nanoplasmonic particles in living cells,
326-327
schematic diagram of, 321f
whole-field intracellular, 327
plasmon-driven light trapping, 299-302
plasmon-quenching peak amplitude, 324
plasmon-resonant gold nanoprobes, 150
plasmonic diffraction gratings, 310-314
plasmonics, 41-43, 287-317
metamaterials and, 173-195
optical field enhancement, 4243
plasmons
bulk, 179f
localized surface, 180
surface, 178-182, 180f
PML. See perfectly matched layers
point-by-point transfer, 193f
point-spread function (PSF), 370f, 371, 383,
384f
for confocal microscope, 384f
effective, 376f
engineering, 374-377
excitation, 376f
polarization-sensitive OCT (PS-OCT), 141,
142, 159-160
poling, 106
polychromator entrance slit, 328
polychromator spectrograph, 327
polyethylene glycols (PEGs), 240
polylysine, 248
polyvinylpyrrolidone, 240
positive refraction, 177f
positron emission tomography (PET), 236
potassium dihydrogen phosphate (KDP), 105
potential well structures, 39f
Poynting vector, 22, 82
PP. See phase plate
predictive markers, 74-75
preferred orientation, 277-279, 282-285, 283f
presbyopia, 122
PRET. See plasmon resonance energy transfer
PRK. See photorefractive keratectomy
processing failure, 126
prognostic markers, 74-75
propagating wave vector, 47
prophase, 5
prostaglandin, 130
prostate cancer, 202, 214-215
prostate histology, 204f
proto-oncogenes, 12
Prussian blue stain, 72
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PS. See phosphatidyl serine

PSE. See point-spread function

PS-OCT. See polarization-sensitive OCT
PTMS. See photothermal microspectroscopy
pump-probe OCT, 160-162, 252

Q-factor, 289, 311
QPL See quantitative phase imaging
Qu, X., 377,390
qualitative measurements, 348
quantitative phase imaging (QPI), 348-351
quantum dots, 39, 238

CdSe, 41f

fluorescence, 373

Fort Orange, 252
quantum optics, 116-117
quantum wires, 39
quantum-confined materials, 3941
quasi-elastic light scattering, 88-90
quasi-phase matching, 106
quasistatic limit, 186

R

radiative transport theory, 91-94
Raman scattering, 101, 194
Raman spectroscopy, 209
Ramon y Cajal, Santiago, 129
ray optics, 116-117
Rayleigh criterion, 371
Rayleigh limit, 379
Rayleigh particles, 83-84
Rayleigh regime, 84
Rayleigh scattering, 98
Rayleigh scattering spectrum, 321f, 323f
Rayleigh-Debye scattering regime, 84
RBCs. See red blood cells
RCM. See reflectance confocal microscopy
RDW. See red blood cell distribution width
red blood cell distribution width (RDW),
337
red blood cells (RBCs)
deformability, 342f
dynamics, 351-360
full-field QPI, 349-350
membrane fluctuations, 347-348
membranes, 343-351
microcytic, 339
morphology, 339f
morphology assay, 338-343
osmotic pressure and, 360
point measurements, 349
shapes of, exposed to different osmolarity,

red reflex, 127

red shift, 374

reflectance confocal microscopy (RCM),
254

reflection, 28

reflection interference contrast microscopy
(RICM), 348

refractive errors, 117f

refractive index, 19, 23f, 33, 184

relative dielectric permittivity, 16
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RES. See reticulo endothelial system
RESOLFT. See reversible saturable optical
fluorescence transitions
restriction point, 5f, 7
reticulin stain, 72
reticulo endothelial system (RES), 241
retina, 119, 123-124
detachment, 135
macroscopic features of, 123
microscopic features of, 123-124
retinitis pigmentosa (RP), 135
reversible saturable optical fluorescence
transitions (RESOLFT), 373, 374
rheoscopy, 347
Rhodamine-5G, 251
Rhodamine-6G, 250
rhodopsin, 123
Riccati-Bessel functions, 45
RICM. See reflection interference contrast
microscopy
Rittweger, E., 377
RMS. See root-mean-squared
Roche Diagnostics, 326
root-mean-squared (RMS), 357
RP. See retinitis pigmentosa
Rust, MLJ., 389

S
S phase, 4
sarcomas, 12
sarcomeres, 274f
SAXS. See small-angle X-ray scatterings
Saxton, M.]., 373
scalar quantity, 91
scanning electron microscopy (SEM), 4
scattering efficiency, 85f
scattering probes, 242-244
schistocytes, 340t
Schleiden, Mathias, 3
Schmidt, R., 377
Schonle, A., 394
Schrédinger’s electronic wave equation, 38
Schwann, Theodor, 3
SDPM, 157
Second Sight, Inc., 136
second-harmonic generation, 97-114
advantages, 113
backward, 109-110, 281-282
of collagen-based systems, 271-285
directionality, 108
disadvantages, 113
distinguishing, 112
electromagnetics picture, 100-107
experimental configuration, 110-112
focusing and, 110
forward, 281-282
forward-to-backward, 273
Fourier-transform, 277-281
intensity, 102-105
magnitude spectrum peaks, 284-285
non-centrosymmetry, 105-106
nonlinear microscopy, 98-99
nonperfect phase matching, 105
penetration depth, 112
phase matching in biological tissues, 110
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second-harmonic generation (Cont.):
phase mismatch factor vs., 104f
phase-matching bandwidth, 106-107
power limitations, 112-113
practical considerations, 112-113
preferred orientation, 282-285
quantitative information from, 273-281
quasi-phase matching, 106
resolution, 112
schematic of, 272f
theory of, 100-110
second-harmonic OCT, 141
second-order nonlinear polarization, 102
second-order nonlinear susceptibility
matrix, 275f
second-order spherical Neumann function,
46
SEM. See scanning electron microscopy
sensitivity, 148-149
SERS. See surface-enhanced Raman
spectroscopy
Shaner, N.C., 381-382
Shannon-Nyquist sampling frequency,
390
Shao, L., 385
Sharonov, A., 378
shear modulus, 355f
Sheppard, C.J.R., 371, 372
short-range mode, 310
short-range SPF, 313
short-time Fourier transform (STFT), 151
sHPM. See stabilized Hilbert-phase
microscopy
Shroff, H., 388, 390
Shtengel, G., 392
Sickle cell, 339f
Siegert-type relationships, 94
signal velocity, 23
SIL. See Solid Immersion Lens
silver nanocavity, 53f
silver nanoparticles, 319-320
SIM. See structured illumination
microscopy
single photon emission computed
tomography (SPECT), 236
single-point measurements, 348
single-scattering approximation, 86-87
single-walled carbon nanotubes (SWNTs),
260
sinusoidal silver gratings, 290
SKBR3, 259
skin cancer, 218
SLIM. See spatial light interference
microscopy
SLIT. See spatial light interference
tomography
SM. See sphingomyelin
small-angle X-ray scatterings (SAXS), 214
Snellen acuity, 118
Snell’s law, 25, 28
SNR, 209
in OCT systems, 148-149
SNT. See semiconductor nanotubes
Solid Immersion Lens (SIL), 210
Soret band, 326
space-frequency representation, 17-18
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spatial light interference microscopy (SLIM),
75-76, 76f
spatial wave vector, 346-347
special stains, 72-74
SPECT. See single photon emission
computed tomography
spectral dips, 320
spectral-domain OCT, 146-147
spectral-domain phase microscopy (SDPM),
157
spectrin, 345-346, 354, 359-360
spectroscopic OCT, 141, 142, 151-152, 249,
251-252, 257,258
spherical particles, 85
spherocytes, 339, 340, 351, 352f, 355f
sphingomyelin (SM), 344
SPION. See super-paramagnetic iron-oxide
magnetic nanoparticles
SPP. See surface plasmon polariton
spring constant, 34
spur cells, 340t
SRK formula, 134
stabilized Hilbert-phase microscopy
(sHPM), 353
standard blood testing, 337-338
STED. See stimulated emission depletion
Steltzer, E.H.K., 372
STFT. See short-time Fourier transform
stimulated emission depletion (STED), 373,
375f, 376f, 390
application example of, 391f
in OTF context, 386-387
resolution in, 377
STM. See scanning tunneling microscopy
Stockes parameters, 310
Stokes shift, 374
Stokes vector analysis, 159
Stokes-Einstein equation, 90
Stokes-Einstein relationship, 95
stomatocytes, 340t
STORM, 382, 389, 392
strabismus, 137
stratum corneum, 218
structured illumination microscopy (SIM),
372
Subach, EV,, 381
subretinal prosthesis, 135-137
superlens, 177, 178f, 191-192
super-paramagnetic iron-oxide magnetic
nanoparticles (SPION), 238, 255
superresolution far-field fluorescence
microscopy, 369-397
applications, 388-392
in axial direction, 390-392
fluorescent probes in, 380-382
fundamentals, 374-388
for multicolor imaging, 388-389
OTF and, 382-388
recording time dependency, 395t
resolution dependency, 395¢
temporal resolution, 389-390
surface charge, 180f
surface plasmon, 178-182
field distribution, 180f
localized, 180
surface charge, 180f
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surface plasmon polariton (SPP), 290
resonance, 313
short-range, 313
surface plasmon resonant probes, 253-260
surface plasmon wave, 48
surface-enhanced Raman spectroscopy
(SERS), 42-43, 181, 313-314, 319
surgical therapeutic tools, 131-137
swept-source OCT, 149
Synchrotron Radiation Center, 209

T

Tamoxifen, 75
tangential fields, 17
TD-OCT. See time domain OCT
TE. See transverse electric
telophase, 5
temporal resolution, 389-390
tensor quantity, 30
therapeutic tools, 129-137
medical, 130-131
optical, 129-130
surgical, 131-137
thin-film superlens, 191-192
Thompson, R.E., 380
3D tissue culture, 212-213
thrombin clot, 71
time domain OCT (TD-OCT), 141,
143,148
time-frequency analysis, 151f
time-harmonic form, 49
TIRF. See total internal reflection
fluorescence
tissue block, 67f
tissue pathology, 57-79
tissue preparation, 58-60
accessioning specimen, 58-60
biopsy specimen, 59f
frozen sections, 62
grossing in specimen, 60-62
mistakes in, 59
tissue embedding, 6466
tissue processor, 64-66
tissue staining, 68-71
TM. See transverse magnetic
total cross section of scattering, 82
total internal reflection, 26-27
total internal reflection fluorescence (TIRF),
371
TPL. See two-photon luminescence
transition strength, 30
transmission, 28, 299f, 300f
transmission electron microscope (TEM),
4,51f
transparency failure, 124-125
evaluating, 127
reversing, 131-133
transparent, 32
transport coefficient, 93
transport-of-irradiance equation, 349
transverse electric (TE), 24-25, 47
boundary conditions, 49
polarization, 27-28
transverse magnetic (TM), 24, 25-26, 49
Trautman, J.K., 370n
trichrome stains, 72
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trocar, 132f
tropomodulin, 346, 361
tropomyosin, 346, 359
true-color scattering image, 331f
T-structure, 296f
tumors, 8

benign, 8

malignant, 9
2D cell culture, 211-212
2PE. See two-photon excitation
two-photon excitation (2PE), 386
two-photon luminescence (TPL), 256

U

UBM. See ultrasound biomicroscopy
ultrahigh-resolution OCT, 154-156
ultrasonography (US), 129, 236
ultrasound biomicroscopy (UBM), 122
ultraviolet (UV), 320

unstained blood smear, 350-351
unstained tissues, 75

US. See ultrasonography

uterus, 61f

UV. See ultraviolet

vV

van Leeuwenohoek, Antonie, 341
vascular endothelial growth factor (VEGEF),
130-131
vector quantity, 91
VEGE. See vascular endothelial growth
factor
vertical linkage, 346
vision, 118-120
artificial, 135-137
bilateral loss of, 128f
testing, 126
therapeutic tools, 129-137
vision restoration, 115-137
visual acuity, 118
vitrectomy, 133f
vitrector, 132
volume plasmon modes, 304
von Helmholtz, Hermann, 129
von Middendorff, C., 392

w

wave equation, 18

wave optics, 116-117

wave propagation, 175f

wave vector, 176f

wavelength-dependent optical absorption,
301

WBC. See white blood cell

Webb group, 273

White, ].G., 371

white blood cell (WBC), 337

whole-field plasmon resonance imaging,
327-332

Wichmann, J., 373, 374

wide field geometry, 378

Wiedenmann, J., 381

Wildanger, D., 377
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Willig, K.I., 377, 382
Wilson, T., 371
World Health Organization, 118

X

X? tensor imaging, 273-276
Xenopus, 276

Xenopus laevis, 153, 154, 155f
xylene, 64
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Y

Yee’s grid, 291

Z

ZEMAX, 117
Zenisek, D., 371
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