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reflection  34
refraction  34–35, 35
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lenses  35, 36, 58, 58–59, 59
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microscopy  4, 313
numerical aperture  35–36, 36–37
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(PSF)  39–40, 40
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scattering  36–37
stimulated emission  43–44, 44
valence electron 
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vibrational and rotational 
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optical coherence tomography 

(OCT)  79, 297–298, 298
optical/fluorescence light microscopy 

imaging  199, 200
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particle radiation  55–56
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Patterson function  141
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phosphor‐tungstic acid  6
photoactivatable fluorescent 

proteins  248
photoactivation  257, 257
photoconductors  67
photoconversion  85, 257–258, 258
photoconvertible fluorescent 

proteins  248

0005803366.INDD   326 03-19-2024   14:40:57



Index 327

photodiodes  67
photoelectric effect  24–25, 42, 42, 64
photographic film processing  66
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alpha‐radiation/helium nuclei  57
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radiowave radiation  24, 55, 64
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Raman imaging  78, 78, 81, 271–277
Raman microscopy  33
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raster graphics vs. vector 

graphics  101–102
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resizing images and binning  102
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168–169, 169
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of  77–78, 78
macromolecular 3D 
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scanning electron microscopy (SEM) 
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scientific visualization   

109–113, 110–112
Scikit‐image  310
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probes  80
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non‐ionizing electromagnetic 
radiation  63–64, 64

particle radiation  61–62, 62
principles  64–68, 65–69
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signal intensity  75
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software  113–114
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211–213, 213

spectral imaging  73–75, 74
spectral resolution  99, 99–100
spectroscopic imaging  72–73, 74
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spontaneous emission  43–44
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71–72, 72
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standard model of particle 

physics  9–11
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(STED)  260, 260–261
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microscopy  276
stimulated Raman spectroscopy 

(SRS)  274–275, 275, 307
Stokes Raman scattering  26
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structural and functional imaging  85
structured illumination microscopy 

(SIM)  261, 261, 312
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architecture  76, 77
correlative light and electron 

microscopy  305
cryo‐preservation in EM sample 

preparation  304
cryo soft X‐ray microscope 

tomography (cryo‐XRMT)  306
electron tomography  304–305
focused ion beam (FIB) milling 

techniques  304
hard X‐ray microscope tomography 

(XRMT)  306–307
helium ion microscopy 

(HeIM)  305–306
light microscopy vs. electron 

microscopy  303–304
volume‐SEM  305

super resolution imaging  257, 
257–258, 258, 258–261,  
259–260

“super resolution” optical 
imaging  26
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imaging  276, 307

synchronized photons  17
synchrotrons  52–53

radiation  55, 143–144, 144
synthetic organic dyes  244–245

t
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287–288
temperature factor  149, 149
temporal resolution  99, 99–100
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(CAT)  294, 295
histology/histopathology  298,  

298–299
magnetic resonance imaging 
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optical coherence tomography 

(OCT)  297–298, 298
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(TIRF) microscopy  35,  
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(TEM)  56, 150

cellular imaging  82
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2D crystalline symmetry  6, 160
2D vs. 3D imaging  82–84, 82–85
two‐photon microscopy  253–255, 254
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techniques  190
ultraviolet (UV) radiation  22, 63
undulators  53
U‐net  129–131, 130
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uTrack  131
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vacuum system  213–214, 289
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valence electron transitions   

42–43, 43
valence shell  15
van‐der‐Waals forces  21
vaporized mercury  53
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vibrational and rotational 
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video compression  98
video‐rate  74
Virtual Reality (VR)  219
visible light radiation  22–23, 63
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data  114–115, 115

cellular imaging 
data  116–119, 117–118

macromolecular imaging 
data  115–116, 116
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raw data  119
scientific visualization  109–113,  

110–112
software  113–114

Visualization Tool Kit (VTK)  118
vitreous ice  150–152
“Volta phase plate” design  155

volume‐EM (vEM)  190
volume‐SEM  305

w
W‐and Z‐bosons  10
water‐fearing effect  21
watershed‐based segmentation   

127, 127
wavelength dispersive analysis 

(WDS)  271
Wavelet filtering  108
wavelets  37, 108
wave number  10

frequency  74
wave‐particle duality  10, 31
weighted (filtered) back 

projection (WBP) 
algorithms  85

Weka software  128
white light imaging  241–243

fluorescence microscopy 
applications  232

x
xenon gas  53
X‐ray  22, 39, 53

microanalysis  269–271, 270
photons  67
radiation  63
scattering  147

X‐ray crystallography  5–6, 13, 45–46, 
137, 301–302

3D crystals  143
Bragg diffraction and Fourier 

methods  140
crystal lattices  139
crystallography for structure 

determination  138
data analysis and phasing  147
data collection  146–147
detectors for  145
diffraction experiments  138
diffraction pattern  141
discovery  137
instrumentation/experimental 

setup  143–146
isomorphous replacement  142
macromolecular 3D structure  136

0005803366.INDD   329 03-19-2024   14:40:57



Index330

map calculation and model 
building  148, 148

multi‐wavelength anomalous 
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phasing  148

physical principles  140–141
refinement and validation   

148–149
sample preparation and  
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crystals  142–143

studying crystals, concept  138–140
visualization  149

X‐ray microscopy tomography (XRMT) 
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contrast generation in  201–203

X‐ray crystallography (cont’d)
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