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Laue analyser, 176
Laue back-reflection method, 126n
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and Bragg Law, 172
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Laue geometry, 176
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light

quantum of, 115
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linear attenuation coefficient
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underlying physics, 119–122
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magnetic circular dichroism, 261
magnetic induction, 65–66
magnetic monopole, 3, 65
magnetic permeability, 66
magnetic scattering, 68n
maximum entropy principle, 290–291
Maxwell equations, 2, 65
method of images, 23–24
Michelson fringe visibility, 34
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microbunching, 148
microfocus source, 139
mirror, 193–195
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monochromator, 176–178

double-bounce, 177
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monopole, magnetic, 3, 65
Montgomery self imaging, 241, 249–253
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multislice approximation, 99–101
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mutual coherence function, 37–46

differential equations for, 48
diffraction theory

convolution form, 56–57
operator form, 53

and fringe visibility, 44
as measure of X-ray coherence, 137

mutual intensity, 45–46
differential equations for, 50
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Neumann Green function, 25
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non-crystallographic phase problem, 293
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off axis holography, 258
one-dimensional phase retrieval, 301–310
operator theory of imaging, 230–240
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for coherent fields, 230–237
for partially coherent fields, 237–238

optical beams, 72
optical pumping, 146–147, 151–152
orbital, atomic, 120

pair production, 115n, 121
Paley–Wiener theorem, 305
paraxial equation, 72
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partially coherent fields 26–37

coherence measurement, 315–322
cross-spectral density, 49
mutual coherence function, 37–46
mutual intensity, 45–46
propagation of correlations, 46–59
spatial coherence, 30–36
temporal coherence, 36–37

Pauli problem, 291–292
permeability, magnetic, 66
permittivity, electrical, 66
phase contrast, 261–288, 323n

analyser based, 270–278
differential interference, 268–270
hybrid, 284–288
propagation based, 278–284, 377–380
Zernike, 263–267

phase grating, 159
phase problem, 289
phase retrieval, 289–310

error-reduction algorithm, 293–294
Gerchberg–Saxton algorithm, 291–293
hybrid input–output, 293–295
one dimensional, 301–310
Pauli problem, 291–292
transport-of-intensity, 295–301

phase-shifting method, 312–315
phase-stepping method, 312–315
photoelectric absorption, 119–122, 145
photon, 115
photon sieve, 169
photonuclear absorption, 115n, 121
pixel detector, 211
plane wave, 7–8, 9

solution to Helmholtz equation, 7–8
point caustic, 382
point projection, 397
point spread function, 232–233
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powder diffraction, 144–145
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prism, 195–198
projection approximation, 71–77

Beer’s Law, 74
phase shift, 74–77
single-material scatterer, 74

propagator, 8, 13, 39
propagation induced vortices, 373–380
proportional counter, 210
pseudo-differential operator, 300
pumping, 146–147, 151–152

quadrant ambiguity, 314n
quantum efficiency, 207
quantum potential, 106n–107n
quasi-monochromatic field, 30

random process, 28–29
random variable, 26–29

correlations, 27–28
ensemble average, 27
n-point correlation function, 28
realization, 26
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two-point correlation function, 28
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Rayleigh scattering, 121
Rayleigh–Sommerfeld theory, 23–25

diffraction integral of first kind, 24
diffraction integral of second kind, 25
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relation to Kirchhoff theory, 25

Rayleigh–Wood zone plate, 165–166
realization, 26
reciprocal lattice, 94, 170
reciprocity theorem, 401–404
reflection

from crystals
asymmetric, 175
symmetric 175

from surfaces, 186–191
critical angle, 189–191
total external reflection, 190, 193–194

reflectivity, 176
refractive index, 70, 73

complex refractive index, 73
often close to unity, 114
relation to electron density, 108–114

refractive lens, 198–202
rest-mass energy, 116

Riemann–Lebesgue lemma, 307n
rocking curve, 175–176, 274
rotating-anode X-ray source, 138–139
Rytov approximation, 97

SASE, 149
scalar electromagnetic field

transition from vector theory, 4–5
scaling theorem, Fresnel, 397–400
scattering amplitude, 88
Schrödinger equation, 6n, 87n,

106n–107n, 254, 292n
Schwarzschild mirror, 193
scintillator, 211
screw dislocations, crystal, 93
second Born approximation, 98–99
second generation synchrotron, 141–142
self-amplified spontaneous emission, 149
self imaging, 240–253

Bessel beam, 252
diffraction-free beam, 250–252
Montgomery self imaging, 241, 249–253
Talbot effect, 241–249, 322

shape function, crystal, 93
shell, atomic, 120
shift-invariant linear system, 233–237
shift theorem, 395
SI units, 2
sifting property of Dirac delta, 396
simple closed curve, 304n, 343
single-scattering approximation

see first Born approximation
singularity hierarchy, 386
slice theorem, 124–125
Snell’s Law, 186–188
soft X-ray laser, 151–152
spatial coherence, 30–36

see also partially coherent fields
speckle, 215, 346, 375, 377–380, 386
spectral brightness, 137
spectral decomposition, 5–6, 69
spectrometer

grating, 157–158
speed of light

in terms of µ0 and ε0, 4
spherical aberration, 237
spiral phase mask, 370–373
spontaneous emission, 145–149
spontaneous vortex formation, 373–380
square-channel array, 192–193
stability of vortices, 353–354
stacking fault, crystal, 93
statistical stationarity, 28–29
stimulated emission, 145–147
storage ring, 141
streamline, 71n, 104–105
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support, 293
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synchrotron radiation

beamlike nature, 140, 141
beamline, 144
bending magnet, 141–142
critical wavelength, 140n
definition, 139
early research, 139–141
first generation source, 141
first observation, 140
second generation source, 141–142
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third generation source, 142–145
three generations, 141–145
undulator, 142–144
wiggler, 142–144

Système-Internationale units, 2

Talbot effect, 241–249, 322
temporal coherence, 36–37

see also partially coherent fields
third generation synchrotron, 142–145
Thomson scattering, 109–110
tomography

computed, 124, 127n
diffraction, 126n–127n

total external reflection, 190, 193–194
transfer function, 234–237
transport-of-intensity equation, 295–301
transverse Laplacian, 72
twin image problem, 257
twins, crystal, 93

uncertainty principle, 207n
undulator, 142–144
uniformly redundant array, 322
unit cell, crystal, 93–94

vacancy, crystal, 93
vacuum, as optical element, 185–186
van Cittert–Zernike theorem, 58–59
virtual optics, 203–205, 322–327
visibility of interference fringes, 34

and mutual coherence function, 44
von Laue back-reflection method, 126n
von Laue diffraction condition, 96, 170

and Bragg Law, 172
and harmonic contamination, 178

vortex–caustic duality, 387
vortices, 342, 346–380

core, 346–347
current vector, 350
dynamics, 351–356

critical-point explosion, 354
interaction with background, 354–356
nucleation and annihilation, 351–352
stability and decay, 353–354

generation, experimental
holography, 363–370
spiral phase mask, 370–373
spontaneous, 373–380
three plane waves, 357–363

helicoidal phase, 346–347
polynomial, 347–350, 355–356
relation to nodal lines, 346–347

wave equation, 3
for electric field in free space, 3–4, 68
for magnetic field in free space, 3–4, 68

wave-function, 5n
wave–particle duality, 387
well posed inverse problem, 290
Wentzel–Kramers–Brillouin method, 74n
Weyl expansion, 25, 89–90
wide-sense statistical stationarity, 28
wiggler, 142–144
Wigner distribution, 137n
WKB method, 74n
Wolter mirror, 193

XANES, 122
X-ray laser, 151–152
X-ray absorption near-edge structure, 122

Young’s experiment, 15
coherence measurement using, 315–318
fringe visibility, 34–37, 317–318
and mutual coherence function, 37–46
and spatial coherence, 30–36

zone plate, 160–169
achromatic, 166–168
blazed, 166
Bragg–Fresnel optic, 183–185
circular diffraction grating, 160–161
efficiency, 165–166
focal-plane intensity, tailored, 169
Fresnel lens, 166n
Fresnel zones, 165n
holographic diffraction grating, 161–165
kinoform, 166
multi-level, 166–167
photon sieve, 169
Rayleigh–Wood, 165–166

Zernike phase contrast, 263–267




