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Sjögren, A., 2.5
Skehel, J. J., 2.3
Skilling, J., 1.3
Skoglund, U., 2.3
Skoulios, A., 4.4
Skuratovskii, I. Y., 4.5
Slater, L. S., 1.5
Slepian, D., 1.3
Sluckin, T. J., 4.4
Sly, W. G., 1.3
Smaalen, S. van, 4.6
Small, D., 4.4
Smith, A. B. III, 4.4
Smith, D. J., 2.5
Smith, G., 3.3
Smith, G. S., 4.4
Smith, G. W., 4.4
Smith, J. L., 2.2, 2.3
Smith, T., 4.1
Smits, J. M. M., 2.2
Smoluchowski, R., 1.5
Sneddon, I. N., 1.3
Soboleva, A. F., 2.5
Socolar, J. E. S., 4.6
Soeter, N. M., 2.3
Sokol’skii, D. V., 5.3
Solitar, D., 1.3
Solomon, L., 4.4
Somenkov, V. A., 5.3
Soni, R. P., 1.3
Sorensen, L. B., 4.4
Spagna, R., 2.2
Spargo, A. E. C., 2.5
Sparks, C. J., 1.2, 4.2
Sparks, R. A., 1.3, 3.3

Speake, T. C., 1.3
Speakman, J. C., 2.3
Spek, A. L., 2.2
Spence, J. C. H., 2.5, 4.3
Spiegel, M. R., 2.1
Spink, J. A., 2.5
Sprang, S. R., 3.3
Sprecher, D. A., 1.3
Springer, T., 4.2, 4.4
Sprokel, G. E., 4.4
Sproull, R. F., 3.3
Squire, J. M., 4.5
Squires, G. L., 1.2, 4.1, 5.3
Srinivasan, R., 2.1, 2.2, 2.4
Staden, R., 1.3, 2.3, 3.3
Stanley, E., 2.2, 4.5
Stark, W., 4.5
Stassis, C., 5.3
States, D. J., 3.3
Staudenmann, J. L., 5.3
Stauffacher, C. V., 2.3
Steeds, J. W., 2.5
Stegemeyer, H., 4.4
Steger, W., 4.2
Stegun, I. A., 2.1
Steigemann, W., 1.3, 2.4
Stein, Z., 2.1
Steinberger, I. T., 4.2
Steinhardt, P. J., 4.6
Steinkilberg, M., 2.5
Steinrauf, L. K., 2.3
Steitz, T. A., 2.3
Stephanik, H., 5.1
Stephen, M. J., 4.4
Stephens, P. W., 4.4, 4.6
Stephenson, G. B., 4.4
Steurer, W., 4.6
Stevens, E. D., 1.2
Stewart, A. T., 4.1
Stewart, R. F., 1.2
Stokes, H. T., 1.5
Storks, K. H., 4.5
Stout, G. H., 1.3, 2.3
Stragler, H., 4.4
Strahs, G., 2.3
Strandberg, B., 2.3
Strandberg, B. E., 1.3, 2.3, 2.4
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Direct-space sum, 385
Direct-space transformations, 104
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Discrete Fourier transformation, 45
Discrete Fourier transforms, 25, 72
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T on �, 30
tempered, 36, 38, 40, 45, 68
tensor products of, 33
theory of, 25, 28
with compact support, 31, 39, 41–42, 45

Divided differences, 556
Division of distributions, 33
Division problem, 33
Docking, 383
Domain

basic, 166
minimal, 166
of influence, 165
representation, 166

Domain structure, 383
Double-phased synthesis, 265
Double-sorting technique, 261
Drawing connectivity, 377
Dual, topological, 30–31, 38–39
Dual relationships, 2
Duality

between differentiation and multiplication by
a monomial, 63

between periodization and sampling, 42
between sections and projections, 40
between subdivision and decimation of period

lattices, 46
Duality bracket, 38
Duality product, 31
Dummy indices, 5
Dynamic parallax, 369, 383
Dynamical approximation, two-beam, 326
Dynamical diffraction, 325, 445

theory, 280, 534
two-beam, formulae, 281

Dynamical matrix, 401
Dynamical scattering effects, 321
Dynamical scattering factor, 446
Dynamical shape function, 556
Dynamical theory, 280, 534

fundamental equations, 536
of neutron diffraction, 557
plane-wave, 538
solution of, 540

Dynamics, 9
of three-dimensional crystals, 400

E maps, interpretation of, 228
Edgeworth approximation, 23
Edgeworth series, 95
EDSA (electron-diffraction structure

analysis), 306
Effect of centring, 191
Effective absorption coefficient, 536
Effective potential-energy function, 479
Effects of symmetry on the Fourier image, 99

Eigenspace decomposition of L2, 36
Eigenvalue, 554
Eigenvalue decomposition, 378
Einstein model, 402
Elastic component of X-ray scattering, 10
Elastic constants, measurement of, 406
Elastic diffuse scattering, 407
Electromagnetic electron lenses, 278, 282
Electron band theory of solids, 537
Electron crystallography, 320

direct phase determination, 320
of polymers, 481
of proteins, 321
three-dimensional structure determination

by, 323
Electron density, 2, 8, 17, 100, 272

averaged, 261
real-space averaging of, 250, 261

Electron-density calculations, 69
Electron-density maps, Fourier synthesis of, 84
Electron diffraction, 443

sign conventions, 279–280
Electron-diffraction data

for crystal-structure determination, 481
three-dimensional, 324, 484

Electron-diffraction patterns
geometric theory of, 309
polycrystal, 308
single-crystal, 306
texture, 307, 326

Electron-diffraction structure analysis
(EDSA), 306

Electron distribution, atomic, radial dependence
of, 12

Electron lenses, electromagnetic, 278, 282
Electron-magnetization distribution, 11
Electron micrographs

Fourier transform of, 325, 482
phase information from, 322

Electron-microscope image contrast, 445
Electron-microscope imaging, 443
Electronic analogue computer X-RAC, 71
Electronic structure, 9
Electrons, interaction with matter, 277
Electrostatic energy, 385
Electrostatic potential, 2
Electrostatic properties of molecular

surfaces, 380
Embedding method, n-dimensional, 487
Enantiomer, 267
Enantiomeric ambiguity, 237
Enantiomorph definition, 227
Enantiomorphic images, weak, 238
Enantiomorphic solutions, 237
Energy minimization, 380, 382, 384
Entire functions, 36
Entrance surface, 547
Entropy, 87
Envelope, 248
Envelope functions, 283
Epitaxic orientation techniques, 482
Equal-amplitude assumption, 479
Equal distribution, 43
Equivalent matrix groups, 163
Equivalent reflections, 267
Error matrix, atomic, 358
Error propagation, 353
Errors, 271

root-mean-square, 273
systematic, 351

Essential bounds, 43
Essentially bounded function, 27

Euclidean algorithm, 46, 54, 62
Euclidean norm, 26
Euclidean space, 26
Eulerian angles, 252, 362
Eulerian space, 253
Eulerian space groups, 254

rotation-function, 256
Eulerian symmetry elements, 254
Even (cyclic) permutation of coordinates, 102–

103, 107
Ewald result, 385
Ewald wave, 536
Exchange between differentiation and

multiplication by monomials, 94
Exchange between multiplication and

convolution, 26
Excitation error, 552
Excitations

bulk plasmon, 278
inner-shell, 278
interband, 278
intraband, 278

Explicit-origin space-group notation, 112
Explicit space-group symbols, 107–109
Exploration of parameter space by molecular

model building, 474
Exponential coefficient, 14
Exsolution, 416
Extended resolution, 261
External fields, effect on neutron scattering, 562
External modes, 402
Extinction, 546
Extinction conditions, real-space interpretation

of, 291
Extinction distance, 539–541
Extinction factors, 561
Extinction rules for symmetry elements, 291

Face-centred lattices, 83
Face-diagonal axes, 113
Factor group, 65, 67
Factorization, 72
False centre of symmetry, 100
Fast Fourier transform (FFT), 71
Fast rotation function, 255
Feedback method, 244
Fejér kernel, 44

spherical, 60
Fermi pseudo-potential, 557
Fermi surface, 448
FFT (fast Fourier transform), 71
FHLE, 270
FHUE, 270
Fibonacci chain, 491
Fibonacci sequence, 490
Fibre axis, 467
Fibre diffraction, 40, 474

R factor, 480
specimens for, 467
X-ray, 466

Fibres
axially periodic, transform of, 93
disordered, 467
macromolecular, 479
noncrystalline, 467, 469, 474
partially crystalline, 471
polycrystalline, 467, 469, 474

Field of a k vector, 171
Field emission gun, 285
Figures of merit, 227, 272
Films

freely suspended, 456
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Films
smectic, 456

Filtered image, 314
Filtering

iterative low-pass, 473
rotational, 314

Finite field, 53
Finite space group, 164
First Brillouin zone, 165
First-order Born approximation, 10, 279
First-order perturbation theory, 353
Flight time, neutron, 563
Flipping ratio, 561
Fluctuations from an average periodic

structure, 409
Focusing of neutron beams, 563
Force-constant matrix, atomic, 401
Form factor, 60

aspherical-atom, 15
atomic, 10
atomic, X-ray, 275
geometric, 501
Kikuchi-line, 446

FORTRAN, 106
FORTRAN interface, 106
FORTRAN interpreter, 107
Forward convolution theorem, 43, 61, 70
Forward scattering, 552
Forward-scattering approximation, 280
Four-dimensional vector, 366
Fourier analysis, 59

and filtration in reciprocal space, 313
Fourier approach, 208
Fourier coefficient, 44, 265
Fourier convolution theorem, 10
Fourier cotransform, 34
Fourier cotransformation, 40
Fourier expansion, 2

of dielectric susceptibility, 535
Fourier images, 99, 284

effects of symmetry on, 99
Fourier map, 265
Fourier method, 203

Agarwal’s FFT implementation of, 90
Fourier representation, 274
Fourier series, 25

convergence of, 44
convolution of, 43
digital electronic computation of, 71
electron density and its summation, 60

Fourier space, 101
symmetry in, 105

Fourier summations, 101
space-group-specific, 101

Fourier synthesis, 59, 268, 272
best, 272
of electron-density maps, 84

Fourier transformation
discrete, 45
for reconstruction, 318
inverse, 35, 40
mathematical theory of, 25

Fourier transforms, 25, 34, 386
crystallographic applications, 58
crystallographic, discrete, 72
crystallographic, theory of, 59
discrete, 25
discrete, core of matrix, 77
discrete, matrix representation of, 49
discrete, numerical computation of, 49
discrete, properties of, 49
exchange of subdivision and decimation, 47

Fourier transforms
in L1, 35
in L2, 36
in polar coordinates, 93
in � , 37
inverse, 8
kernels of, 35
of a distribution, 38
of electron micrographs, 325, 482
of periodic distributions, 41
of tempered distributions, 38–39
tables of, 38
tensor product property of, 71
various writings of, 38

Fourier-transform space, 386
Fourier–Bessel series, 205
Fourier–Bessel structure factors, 468
Fractal atomic surface, 493
Fractal sequence, 494
Fractional coordinates, 41, 59, 252
Fréchet space, 28
Freely suspended films, 456
Fresnel reflection law, 456
Friedel equivalent, 264, 266
Friedel pair, 267
Friedel’s law, 60, 68, 70, 246, 278
Frobenius congruences, 66, 68
Frodo, 383
Fubini’s theorem, 28, 35, 38
Function spaces

associated actions in, 65
topology in, 28

Functional derivative, 91
Functions of polynomial growth, 40
Fundamental domain, 64, 66–67
Fundamental equations of dynamical

theory, 536
Fundamental region, 165
Fundamental relationships, 3
Fused-ring systems, 384

G-invariant function, 65
Gamma distribution, 197
Gamma function, 386

incomplete, 386, 389–390
Gamma radiation, 274–275
Gaussian atomic densities, 38
Gaussian atoms, 67–68, 86

anisotropic, 60
Gaussian distribution, 272
Gaussian function, 38

standard, 37, 39
Gaussian plane, general, 356
Gaussian weights, 355
Gaussians, 92
General conditions for possible reflections, 100
General Gaussian plane, 356
General k vector, 165
General linear change of variable, 35
General multivariate Gaussians, 37
General reflections, average intensity of, 190
General topology, 28
General translation function, 258
Generalized multiplexing, 82
Generalized Patterson function, 409
Generalized Rader/Winograd algorithms, 83
Generalized structure-factor formalism, 23
Generalized support condition, 34
Geometric form factor, 501
Geometric redundancies, 62
Geometric structure factors, 101, 120

Geometric theory of electron-diffraction
patterns, 309

Gibbs phenomenon, 44, 60
GKS (Graphical Kernel System), 361
GKS-3D (Graphical Kernel System for Three

Dimensions), 361
Glide line, projected, 289
Glide planes, horizontal, 289
Global crystallographic algorithms, 82
Glyceraldehyde-3-phosphate

dehydrogenase, 249, 261–262
Good algorithm, 51
Good factorization, multidimensional, 76
Goodness of fit, 359
Gram–Charlier series, 22, 95
Gram–Schmidt process, 367, 379
GRAMPS, 381
Graphical Kernel System (GKS), 361
Graphical Kernel System for Three Dimensions

(GKS-3D), 361
Graphics, 360
Gravity, 563–564
Green’s theorem, 32, 86
GRIP, 382
Group actions, 64, 72

crystallographic, 74
crystallographic, real space, 67
crystallographic, reciprocal space, 68

Group characters, 82
Group cohomology, 74
Group extensions, 66
Group of units, 50
Group ring

integral, 74
module over, 25

Group–subgroup relationship, 103
Groups, 64
GS (glide–screw) bands, 286
Guide, 383

Haemoglobin, 242, 264, 269
horse, 243

Half-bake, 231
Hall symbols, 107, 112, 115

in data handling, 107
in software, 107

Hankel transform, 93
Hardy’s theorem, 38
Harker diagram, 248, 265, 271–272
Harker lines, 240
Harker peaks, 71
Harker planes, 240

special, 240
Harker sections, 239–240
Harmonic approximation, 400
Harmonic density modulation, 496
Harmonic displacive modulation, 497
HDD (high-dispersion diffraction), 306
Heavy atoms, 268
Heavy-atom-derivative data sets, scaling of, 246
Heavy-atom derivatives, 269
Heavy-atom distribution, 270
Heavy-atom location, 239

three-dimensional methods, 243
Heavy-atom lower estimate, 248
Heavy-atom parameters, 270
Heavy-atom sites, 242
Heavy-atom substitution, 245
HEED (high-energy electron diffraction), 306
Heisenberg’s inequality, 38, 84
Helical structures, 429

diffraction by, 93, 467
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Helical symmetry, 93, 317, 467, 475
approximate, 469

Helix repeat units, 468
Hermann–Mauguin space-group symbol, 103
Hermite function, 37, 95

multivariate, 37, 92
Hermite polynomials, three-dimensional, 22
Hermitian-antisymmetric transforms, 80
Hermitian form, 43
Hermitian symmetry, 60, 69, 79
Herringbone packing, 462
Hexagonal axes, 103
Hexagonal family, 103
Hexagonal groups, 83
Hexagonal space groups, 103
Hexatic phase, 458

in two dimensions, 457
tilted, 458

Hexatic-B phase, 460
Hexokinase, 261
Hidden-line algorithms, 376
Hidden-surface algorithms, 376
High-dispersion diffraction (HDD), 306
High-energy electron diffraction (HEED), 306
High-resolution electron diffraction

(HRED), 306
High-resolution electron microscopy

(HREM), 310
High-voltage limit, 556
Higher-order Laue zone (HOLZ), 292
Highlighting, 376
Hilbert space, 27, 34, 45
Hologram, in-line, 285
Holohedral point group, 166
Holosymmetric space group, 166
HOLZ (higher-order Laue zone), 292
Homogeneous coordinates, 360, 363
Homogeneous symmetric polynomial, 556
Homometric pair, 237
Homometric structures, 237
Homomorphism, 163
Horizontal glide plane, 289
Horizontal mirror plane, 289
Horse haemoglobin, 243
HRED (high-resolution electron

diffraction), 306
HREM (high-resolution electron

microscopy), 310
Hybridization, 384
HYDRA, 383
Hydrogen bonding, 381, 383–384
Hydrophobic properties of molecular

surfaces, 380
Hyperatoms, 487
Hypercrystal, 486, 488
Hypersymmetric distributions, 196
Hypothetical atoms, 87

Icosahedral phase, 509
Ideal acentric distributions, 195
Ideal aperiodic crystal, 486
Ideal centric distributions, 196
Ideal crystal, 163, 486
Ideal probability density distributions, 195
Idempotents, 52
Image averaging in real space, 313
Image contrast, electron-microscope, 445
Image detection, 240
Image enhancement, 310, 313
Image intensity, bright-field, 311
Image of a function by a geometric

operation, 26

Image processing in transmission electron
microscopy, 310

Image reconstruction, 310
Image resolution, 284
Image restoration, 310–311
Images

asymmetric, 314
filtered, 314
with point symmetry, 314

Immunoglobulin, 260
Implication theory, 239
Implicit function theorem, 33
Implied connectivity, 377
Improper rotation axes, 248
Improper rotations, 108, 113
In-disc symmetries, 287
In-line hologram, 285
Incident wave, departure from Bragg’s law, 538
Incoherent inelastic scattering, 404
Incoherent scattering, 404

inelastic, 404
Incommensurability, 452
Incommensurate intergrowth structure, 489
Incommensurately modulated structure, 487
Incomplete gamma function, 386, 389

complement of, 386–387
evaluation of, 390

Independence, assumption of, 205
Index, 64
Index of refraction, 535
Indicator functions, 32, 41, 46, 61, 84–85
Individual symmetry elements, observation of, in

CBED patterns, 288
Induction formula, 96
Inductive limit, 30
Inelastic component of X-ray scattering, 10
Inelastic diffuse scattering, 407
Inelastic neutron scattering, 404
Inelastic scattering, 278, 443

diffuse, 407
neutron, 404

Inequalities among structure factors, 217
Inner-shell excitations, 278, 444
Insight, 381
Insight II, 384
Instrumental resolution, 285
Integral group ring, 74
Integral representation, 64

theory, 66
Integrals

Lebesgue, 27
Riemann, 27

Integrated intensity, 544, 546–547
Integration

by parts, 31
Lebesgue’s theory of, 29
of anomalous-dispersion techniques with

direct methods, 232
of distributions, 32
of isomorphous replacement techniques with

direct methods, 232
Intensities of diffraction beams, 308
Intensities of plane waves

in reflection geometry, 545
in transmission geometry, 541

Intensities of reflected and refracted waves, 542
Intensity differences, 266
Intensity statistics, 97
Interaction between symmetry and

decomposition, 73
Interaction between symmetry and

factorization, 73

Interaction matrix, 240
Interaction of electrons with matter, 277
Interaction of X-rays with matter, 534
Interatomic covariance, 354
Interatomic vectors, 61
Interband excitation, 278
Interference function, 62

spherical, 251
Interferometry, neutron, 563
Intermolecular correlations, 437
Internal disc symmetries, 292
Internal modes, 402
Interpolation formula, 46
Interpolation kernel, 85
Interpretation of E maps, 228
Intraband excitation, 278
Intramolecular energy terms, 390
Intrinsic component of translation part of space-

group operation, 100
Invariance of L2, 36
Inverse Fourier transform, 8
Inverse Fourier transformation, 35, 40
Inverse rotation operator, 99
Ionic crystal, electrostatic energy of, 385
Irreducible matrix group, 163
Irreps, 162
Ising model, 64
Isometry, 36
Isometry property, 36
Isomorphism, 163, 271, 273

lack of, 245
Isomorphous addition, 264
Isomorphous crystals, 265
Isomorphous differences, 270, 273
Isomorphous heavy-atom derivatives, 478
Isomorphous replacement, 242, 264

difference Patterson functions, 242, 244
multiple, 271
single, 244, 265
techniques, integration of direct methods

with, 232
Isomorphous synthesis, 265
Isotropic harmonic oscillator, three-

dimensional, 18
Isotropic temperature factors, 68
Isotropy subgroups, 64, 67
Iteration method of reconstruction, 318
Iterative low-pass filtering, 473

Jacobians, 33, 49
Joint probability distribution of structure

factors, 97
Juxtaposition of chains, 476

k vector
general, 165
special, 165
uni-arm, 167

Kernels, 55
of Fourier transformations, 35

Kikuchi-line contrast, 446
Kikuchi-line form factor, 446
Kinematical approximation, 58, 279–280, 309,

326, 481, 561
Kinematical diffraction

formulae, 281
intensities, 281

Kinematical R factor, 483
Kinematical scattering, 279
Klug peaks, 255
Known structural fragment, use of, 260,

321
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Kronecker symbol, 5
‘Kubic Harmonics’, 14

LACBED (large-angle convergent-beam
electron diffraction), 285

Lagrange multiplier, 87, 97, 356
Lagrange’s theorem, 64
LALS, 476
Lamellar domains with long-range order, 416–

417
Landau–Peierls effect, 453–454
Langmuir troughs, 482
Languages

computer-algebraic, 106
numerically and symbolically oriented, 102

Large-angle convergent-beam electron
diffraction (LACBED), 285

Large values of �ot, 549
Larmor precession, 558
Lattice, 40

base-centred, 83
body-centred, 83
centred, 68
composite, 385, 388
direct, 2, 5, 41, 106, 164, 386
face-centred, 83
non-primitive, 67
non-standard, 40
non-standard period, 42
one-dimensional, 454
period, 41, 59, 64
primitive, 66
reciprocal, 2, 5, 42, 46, 59, 106, 164
residual, 46
rhombohedral, 83
standard, 40
translation, 163

Lattice disorder, 471
correlated, 472

Lattice distributions, 42, 45–46
Lattice-dynamical model, 400
Lattice energy, Coulombic, 385, 389
Lattice mode, 66
Lattice-parameter mapping, 534
Lattice plane, 2, 350
Lattice sum, 43
Lattice transform, 386
Lattice-translation subgroup, 108
Lattice type, 108
Laue case, 538
Laue circle patterns, 291
Laue equations, 2
Laue groups, 100
Laue point, 538
Laue scattering, 432
Laue techniques, monochromatic, 439
Laue zones, higher-order, 292
Layer lines, continuous diffraction on, 473
Lead, 269
Least resolvable distance, 284
Least-squares adjustment of observed

positions, 356
Least-squares determination of phases, 229
Least-squares method, multivariate, 88
Least-squares plane, 353

proper, 355
Least-squares refinement, 270
Lebesgue integral, 27
Lebesgue’s theory of integration, 29
LEED (low-energy electron diffraction), 306
Left action, 64–65, 68, 74
Left cosets, 64

Left representation, 68
Leibnitz’s formula, 387
Length

of a function, 27
of a vector, 348

Lennard–Jones potential, 406
L’Hospital’s rule, 387
Libration, 19
Libration tensor, 19
Librational–librational correlations, 437
Lifchitz’s reformulation, 91
Lifshitz point, 455
Lindeberg–Lévy version of the central-limit

theorem, 199
Line drawings, 375
Linear absorption coefficient, 535
Linear change of variable, general, 35
Linear forms, 30
Linear functionals, 28
Linear transformation, 7
Linearity, 35, 49
Linearization formulae, 70
Linearly semidependent phases, 212
Linked-atom least-squares (LALS) system, 476
Liouville’s theorem, 36
Liquid crystals, 449
Lissajous curve, 96
Little co-group, 165, 167
Little group, 165
Local ordering, 429
Locally integrable functions, 30

distributions associated with, 30
Locally summable function of polynomial

growth, 39
Location-dependent component of translation

part of space-group operation, 100
Locked rotation function, 255
Logical connectivity, 377
Lone pairs, 384
Long-range order (LRO), 415, 450

positional, 449
Longitudinal disorder, 428
Lorentz point, 537
Low-angle scattering, 419
Low-energy conformational changes, 480
Low-energy electron diffraction (LEED), 306
Lp spaces, 27
LRO (long-range order), 450

positional, 449
Lyotropic phase, 451
Lysozyme, 243

MACCS, 384
Macromolecular crystallography, 264

direct methods in, 231
Macromolecular fibre structures, 479
Macromolecular refinement techniques, 92
Macromolecular structures, direct determination

of, 481
MAD (multiwavelength anomalous

diffraction), 233
Madelung constant, 385
Magic-integer methods, 228
Magnetic domains, 564
Magnetic scattering, 11, 559
Main reflections, 488
Manganese, 268
Many-beam case, 536
Mapping, 26
Mathematical theory of Fourier

transformation, 25
Matrices of mixed scalar products, 8

Matrix algebra, 252
Matrix groups, 163

completely reducible, 163
equivalent, 163
irreducible, 163
reducible, 163
unitary, 163

Matrix part, 163
Matrix representation, 99

of discrete Fourier transform, 49
Maximum determinant rule, 223
Maximum entropy, 97, 325
Maximum-entropy distributions, 36

of atoms, 97
Maximum-entropy methods, 94, 230
Maximum-entropy theory, 97
Maximum function, 241
Maximum likelihood, 325
Maxwell’s equations, 534, 550
MBD (microbeam diffraction), 306
MDIR (multidimensional isomorphous

replacement), 478
MDKINO, 381
Mean-field theory, 451
Mean values, 351
Measurement of diffuse scattering, 438
Meijer’s G function, 196
Mercury, 269
Mesomorphic structures, scattering from, 449
Metric

direct, 4
reciprocal, 4

Metric space, 26, 28
Metric tensors, 4–5
Metrizability, 26
Metrizable topology, 28
Micelle, 449
Microanalysis, 277–278
Microbeam diffraction (MBD), 306
Microdiffraction, 447–448
MIDAS, 381
Middle of reflection domain, 539
Minimal domain, 166
Minimization function, 271
Minimum function, 241
MIR (multiple isomorphous replacement), 271

phases, 250
MIRAS (multiple isomorphous replacement with

anomalous scattering), 233
Mirror image, 267
Mirror plane

horizontal, 289
vertical, 289

MM2/MMP2, 384
MMS-X, 382
Modified peaklist optimization, 231
Modified tangent formula, 229
Modulated phases, 452
Modulated smectic-A phase, 455
Modulated smectic-C phase, 455
Modulated structure, 487
Modulation function, 487
Module, 74

over a group ring, 25
Molbuild, 384
Molecular averaging by noncrystallographic

symmetry, 85
Molecular axis, 467
Molecular dynamics, 384
Molecular-dynamics refinement, 479
Molecular envelope, 32, 61, 85–86
Molecular mechanics, 379
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Molecular model building, 476
Molecular modelling, 6, 360
Molecular orientational order, 449
Molecular origin, 261
Molecular replacement, 235, 248, 260–261,

274
real-space, 261

Molecular rotation, 460
Molecular structure, position of a known, 259
Molecular surfaces, hydrophobic and

electrostatic properties of, 380
Moment-generating functions, 36, 95
Moment-generating properties, 94

of �� , 63
Moments of a distribution, 94
Monochromatic Laue techniques, 439
Monochromators, 563

polarizing, 560
Monoclinic family, 103
Monoclinic groups, 82
Monoclinic space groups, 103
Mosaic crystals, 534
Mosaic model, 561
Mosaicity, 306
Motif, 41–43
Motif distribution, 59
Multicritical point, 455
Multidimensional algorithms, 55
Multidimensional Cooley–Tukey

factorization, 55–56, 74
Multidimensional factorization, 55
Multidimensional Good factorization, 76
Multidimensional isomorphous replacement

(MDIR), 478
Multidimensional prime factor algorithm, 56
Multidimensional structure, 380
Multi-index, 27, 36–37
Multi-index notation, 27
Multiple diffuse scattering, 445
Multiple isomorphous replacement (MIR),

271
phases, 250

Multiple isomorphous replacement with
anomalous scattering (MIRAS), 233

Multiple reciprocal cell, 106
Multiple scattering, 443
Multiple-wavelength method, 274
Multiplexing, generalized, 82
Multiplexing–demultiplexing, 79
Multiplication by a monomial, 26
Multiplication of distributions, 32
Multiplicative group of units, 53
Multiplicative reindexing, 57
Multiplicity, 101, 167
Multiplicity corrections, 242
Multiplier functions, 40
Multipliers, 42

Lagrange, 87, 97, 356
Multi-Slater determinant wavefunction, 18
Multislice, 284, 555

calculations, 447
computer programs, 447

Multislice recurrence relation, 555
Multivariate Gaussian, 43
Multivariate Hermite functions, 37, 92
Multivariate least-squares method, 88
Multiwavelength anomalous diffraction

(MAD), 233
Mutually reciprocal bases, 2–3

computational and algebraic aspects of, 4
Mutually reciprocal triads, 2
Myoglobin, 242, 264, 269

n-dimensional embedding method, 487
n-shift rule, 90
n-torus

non-standard, 41
standard, 40

Natural coordinate system, 348
Negative peaks, 243
Nematic order

biaxial, 452
uniaxial, 452

Nematic phase, 449, 451
Nested algorithms, 58
Nested neighbourhood principle, 218
Nesting, 57

of Winograd small FFTs, 56
Net distortions, 429
Neutron absorption, 558
Neutron beams, focusing of, 563
Neutron crystallography, 275
Neutron diffraction, 463

dynamical theory of, 557
Neutron flight time, 563
Neutron interferometry, 563
Neutron refraction, 557
Neutron scattering

effect of external fields, 562
inelastic, 404
very-small-angle, 563

Neutron scattering lengths, 275
Neutron spin, 558
Neutron topography, 564
Neutrons, 275

thermal, 275
Nodes of standing waves, 541
Non-absorbing case, 536
Non-absorbing crystals, 544–546

comparison of dynamical and geometrical
theory, 547

Nonbonded interatomic distances, 476
Non-classical crystallography, 292
Noncrystalline fibres, 467, 469, 474
Noncrystallographic asymmetric unit, 244
Noncrystallographic rotation elements,

translational components of, 248
Noncrystallographic rotational symmetry, 250
Noncrystallographic symmetry, 62, 248–249

apparent, 255
molecular averaging by, 85
phase improvement using, 261
proper, 248

Noncrystallographic symmetry element, position
of, 259–260

Non-cyclic (odd) permutation of
coordinates, 102–103, 107

Non-ideal distributions, 199, 203
Non-ideal probability density functions, 208

of |E|, 200
Non-independent variables, 195
Non-linear transformations, 254
Non-periodic system, 414
Non-primitive lattice, 66–67
Non-spin-flip scattering lengths, 559
Non-standard coordinates, 41
Non-standard lattice, 40
Non-standard n-torus, 41
Non-standard period lattice, 42
Norm

Euclidean, 26
on a vector space, 28

Normal equations, 88
Normal matrix, 90
Normal subgroup, 64–65

Normalization constant, 272, 274
Normalized structure factors, 215, 227, 236
Normalizer, 65
Normed space, 28

complete, 28
Notation, multi-index, 27
Nuclear matter, density of, 2
Numerical computation of discrete Fourier

transform, 49
Numerically oriented languages, 102
Nussbaumer–Quandalle algorithm, 57

O, 384
Oblique projections, 317
Observation plane, 310
Observational equations, 88
Obverse setting, 106
Occupancy factors, 271
Occupied natural spin orbitals, 18
Odd (non-cyclic) permutation of

coordinates, 102–103, 107
Offset, 51
One-centre orbital products, 18
One-centre terms, 18
One-dimensional lattice, 454
One-particle potential (OPP) model, 23
One-phase structure seminvariants, first

rank, 224
One-wavelength techniques, 233
Operational calculus, 28
Operations on distributions, 31
OPP (one-particle potential) model, 23
Optic modes, 402
Optical diffractometer, 314
Optical isomers, 267
Optical rotation, 268
Optical transforms, 418
Optimal defocus, 311
Orbit decomposition, 64, 67, 69–70

formula, 64, 68
Orbit exchange, 65, 72–73
Orbit of k, 165
Orbital products, 17

one-centre, 18
two-centre, 18

Orbits, 64, 67–68
Order parameter, 451
Order–disorder, 417
Orientational disorder, 436
Origin-shift vector, 107
Origin-to-plane distance, 353, 356–357
Origin(s)

allowed (permissible), 210
definition, 227
molecular, 261
removal from a Patterson function, 236
selection, 238
specification, 210

Ornstein–Zernike correlation function, 425
ORTEP, 380
Orthoaxial projection, 316
Orthogonal matrices, 361
Orthogonalization, 252
Orthographic projection, 369–370
Orthorhombic groups, 82
Orthorhombic space groups, 102
Overlap between two Pattersons, 250

Ps(u) function, 246
Pair probability, 415

conditional, 415
Pairwise sum, 385
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Paley–Wiener theorem, 36, 98
Parabolic equation, 552
Parallel processing, 58
Parity of the hkl subset, 103
Parseval–Plancherel property, 49
Parseval–Plancherel theorem, 36, 45
Parseval’s identity, 61, 63
Parseval’s theorem, 34, 88, 386

with crystallographic symmetry, 69
Partial dislocations, 460
Partial net atomic charges, 385
Partial sum of Fourier series, 44
Partially bicentric arrangement, 208
Partially crystalline fibres, 471
Partially reflected wavefield, 547
Partially transmitted wave, 547
Patterson function(s), 61, 70, 235, 271, 444,

475
anomalous-dispersion, 248
contraints on interpretation of, 248
cylindrically averaged, 475
deconvolution of, 240
difference, 244–245
generalized, 409
interactions in, 235
isomorphous difference, 244
origin removal, 236
overlap between two, 250
second kind, 238
sharpened, 236
superposition, 241
symmetry of, 235
three-dimensional, 476

Patterson map, automated search, 321
Patterson peaks, 235
Patterson search, 245
Patterson synthesis, 265, 268–269
Patterson techniques, 6, 275
Patterson vector interactions, 239
Peaklist optimization, modified, 231
Pendellösung, 281, 539, 543–544, 562–563

spherical-wave, 549
Pendellösung distance, 540
Penetration depth, 546
Penrose rhomb, 505
Penrose tiling, 504
Period decimation, 47
Period lattice, 41, 59, 64

non-standard, 42
Period matrix, 42
Period subdivision, 46
Periodic boundary conditions, 400
Periodic continuation, 447
Periodic delta functions, 206
Periodic density function, 99
Periodic distributions, 41, 43, 59

and Fourier series, 40
Fourier transforms of, 41

Periodic lamellar domains, 413
Periodic weak phase objects, 313
Periodicity, 163

crystal, 59
Periodicity requirement, 8
Periodization, 26, 42, 51

and sampling, duality between, 42
Permissible origins, 210
Permissible symmetry, 99
Permutation of coordinates

cyclic (even), 102–103, 107
non-cyclic (odd), 102–103, 107

Permutation operators, 103
Permutation tensors, 349

Perpendicular (internal, complementary)
space, 487

Perspective, 368–370
Perturbation theory, first-order, 353
Phase angles, 264–265
Phase change, 268
Phase circles, 265
Phase determination, 265

ab initio, 261
direct, in electron crystallography, 320
statistical theory of, 96

Phase-determining formulae, 217
Phase evaluation, 264, 272, 275
Phase extension, 261
Phase-grating approximation, 556
Phase improvement, 261

using noncrystallographic symmetry, 261
Phase information, 274

from electron micrographs, 322
Phase invariant sums, 322
Phase-object approximation, 280, 445
Phase problem, 474

Bayesian statistical approach, 98
Phase relationships

quartet, 220
quintet, 222

Phase restriction, 68
Phase shift, 26, 51
Phase transformations, polytypic, 425
Phases

assignment of one or more, 227
best, 272
from multiple isomorphous replacement, 250
least-squares determination of, 229
linearly semidependent, 212
refinement of, 229

Phason flips, 507
Phenomenological absorption coefficients, 281
PHIGS (Programmers’ Hierarchical Interactive

Graphics System), 361
Phonon absorption, 404
Phonon dispersion relations, 405
Phonon emission, 404
Phonon scattering, 446
Phonons, 400
Physical (external, parallel) space, 487
Picture space, 368, 370, 376
Pipelining, 58
Pisot numbers, 491
Pixel, 374
Plancherel’s theorem, 40
Plane of polarization, 268
Plane-wave dynamical theory, 538
Planes, 349

Gaussian, general, 356
least-squares, 353
least-squares, proper, 355

Plasmon scattering, 444
Plasmons

bulk, excitation of, 278
surface, 278

PLUTO, 381
Point density, 505
Point groups, 163

average multiples for, 193
closed, 248
holohedral, 166

Point-group determination, 292
Point-group operators, 100, 108
Point-group symmetry of reciprocal lattice, 99
Point-group tables, 290
Poisson kernel, 45

Poisson summation formula, 42
Polar space, 253
Polarization, plane of, 268
Polarization vector, 11, 558
Polarizing monochromators, 560
Polycrystal electron-diffraction patterns, 308
Polycrystalline fibres, 467, 469, 474
Polycrystalline materials, diffuse scattering

from, 441
Polymer crystallography, 466
Polymer electron crystallography, 466
Polynomial growth

functions of, 40
locally summable function of, 39

Polynomial transforms, 57
Polynomials

Chinese remainder theorem for, 54, 77
cyclotomic, 54

Polyoma virus, 262
Polypeptide fold, chemical correctness of, 261
Polytype, 295
Polytypic phase transformations, 425
Population parameter, 14
Position of a known molecular structure, 259
Positional order, long-range, 449
Positive peaks, 243
Positivity criterion, 275
Potassium permanganate, 268
Potential energy of a crystal, 401
Potential-energy minima, 379
Poynting vector, 551
Pretransitional lengthening of correlation

lengths, 453
Prime factor algorithm, 50–51

multidimensional, 56
Primitive basis, 163
Primitive coefficients, 167
Primitive lattice, 66
Primitive root mod p, 53
Principal axes, 113
Principal-axis convergent-beam electron-

diffraction pattern symmetries, 296
Principal central projections and sections, 62
Principal projections, 71
Principal sections and projections, 63
Probability

a posteriori, 423
a priori, 415

Probability densities, convolution of, 94
Probability density distributions, 192

ideal, 195
Probability density functions, 199

non-ideal, 208
of |E|, non-ideal, 200

Probability density of samples for images, 315
Probability theory, 94

analytical methods of, 94
Probability trees, 424
Processing X-ray fibre diffraction data, 472
Product function, 241
Programmers’ Hierarchical Interactive Graphics

System (PHIGS), 361
Projected charge-density approximation, 283
Projected glide line, 289
Projection approximation, 286, 553
Projection operator, 554
Projection(s), 26

and sections, principal central, 62
bounded, 63, 85
centrosymmetric, 242
oblique, 317
of symmetric objects, 317
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Projection(s)
orthoaxial, 316
orthographic, 369–370
tilt, 321

Projector, 65
Prolate spheroidal wavefunctions, 38
Propagation direction, 537
Propagation equation, 534
Proper least-squares plane, 355
Proper noncrystallographic symmetry, 248
Proper rotation, 108, 113
Protein crystallography, 268
Protein crystals, 269
Proteins

ab initio direct phasing of, 231
electron crystallography of, 321

PRXBLD, 384
Pseudo-distances, 28
Pseudorotation, 379
Pseudotranslational symmetry, 220
Punched-card machines, 71
Pure imaginary transforms, 80

Quartet phase relationships, 220
Quasilattice, 491
Quasi-long-range order (QLRO), 450
Quasimoments, 22
Quasi-normalized structure factors, 216
Quasiperiodic order, 498
Quintet phase relationships, 222

R factor
fibre diffraction, 480
kinematical, 483

Rader algorithm, 50
Rader/Winograd algorithms, generalized, 83
Rader/Winograd factorization, crystallographic

extension of, 76
Radial dependence of atomic electron

distribution, 12
Radial functions, 14
Radiation damage, 278
Radius of integration, 251
Radon measure, 30
Radon operator, 318
Random copolymers, 470
Random-start method, 229
Random-walk problem, 96

exact solution, 203
Rank of tensor, 5
Rapidly decreasing functions, 37–38
Raster-graphics devices, 374–375
Rational approximant, 491
Real antisymmetric transforms, 82
Real crystal, 163
Real-space averaging, 261–262

of electron density, 250, 261
Real-space interpretation of extinction

conditions, 291
Real-space molecular replacement, 261
Real-space translation functions, 260
Real spherical harmonic functions, 14
Real symmetric transforms, 81
Real-valued transforms, 79
Real waves, 548
Reciprocal axes, 348
Reciprocal Bravais lattice, 105
Reciprocal cell, multiple, 106
Reciprocal lattice, 2, 5, 42, 46, 59, 106, 164

point-group symmetry of, 99
weighted, 99–100
weighted, statistical properties of, 190

Reciprocal-lattice sum, 388
Reciprocal-lattice vectors, 386
Reciprocal metric, 4
Reciprocal space, 2, 386

symmetry in, 104
Reciprocal-space group, 162, 165, 176
Reciprocal-space procedures, 242
Reciprocal-space representation of space

groups, 99
Reciprocal unit-cell parameters, 4
Reciprocity, 36

property, 35
relationship, 282
theorem, 37, 40, 42, 59, 98

Reconstruction
algebraic method, 318
back-projection method, 318
by Fourier transformation, 318
direct, methods of, 317
iteration method, 318
three-dimensional, 315
three-dimensional, general case, 319

REDUCE, 106
Reduced orbit, 69
Reducibility of the representation, 67
Reducible matrix group, 163
Reference bases, choice of, 7
Refinement

least-squares, 270
molecular-dynamics, 479
of phases, 229
restrained least-squares, 479

Reflected intensity, 547
Reflecting power, 543–544
Reflection case, 539
Reflection conditions, 68
Reflection domain, middle of, 539
Reflection geometry, 538, 540
Reflection high-energy electron diffraction

(RHEED), 306
Reflections

main, 488
satellite, 488
substructure, 216
superstructure, 216

Refraction, neutron, 557
Refractive index, 278
Regularization, 34

by convolution, 41
Reindexing

additive, 57
multiplicative, 57

Relationship between structure factors of
symmetry-related reflections, 100

Relationships between direct and reciprocal
bases, 3

Relatively prime integers, 350
Relativistic effects, 279
Representation, irreducible, 163
Representation domain, 166
Representation method, 218
Representation of space groups in reciprocal

space, 99
Representation of surfaces

by dots, 375
by lines, 375
by shading, 375

Representation operators, 67, 73
Representation property, 64
Representative operators of a space group, 108
Repulsion energy, 385
Residual lattice, 46

Resolution
image, 284
instrumental, 285

Restacking, 461
Restrained least-squares refinement, 479
RHEED (reflection high-energy electron

diffraction), 306
Rhombohedral lattice, 83
Riemann integral, 27
Riemann–Lebesgue lemma, 35
Right action, 64–65
Right cosets, 64
Right representation, 64
Rigid-body motion, 19
Rigid-body superposition, 364
Rigid rotation, 8
Ring systems

condensed, 379
fused, 384

Rings, 384
Robertson’s sorting board, 71
Rocking curve, 541, 545, 562

width at half-height, 544
width of, 540

Rocking microbeam diffraction (RMBD), 306
Root-mean-square error, 273
Rotation, 368, 371

improper, 108, 113
molecular, 460
optical, 268
proper, 108, 113
rigid, 8
screw, 19
X-fold, 288

Rotation axes, improper, 248
Rotation functions, 250

fast, 255
locked, 255

Rotation-function Eulerian space groups, 256
Rotation matrix, 255, 361

trace of, 253
Rotation operator, 6

inverse, 99
Rotation part of space-group operation, 100
Rotation vector, 363
Rotational filtering, 314
Rotational structure (form) factor, 437
Rotational symmetry, noncrystallographic, 250
Roto-inversionary axes, 288
Row–column method, 55

Saddlepoint
approximation, 94–95
equation, 97
expansion, 96
method, 36, 97

SAED (selected-area electron diffraction), 285,
482

Sampling, 26, 42
and periodization, duality between, 42
considerations, 92
theorems, 61

Satellite reflections, 414, 488
Satellite tobacco necrosis virus, 250
Sayre’s equation, 84, 225
Sayre’s squaring method, 87
Scalar products, 5, 348

mixed, matrices of, 8
Scale, 368
Scale factors, 269
Scaling of heavy-atom-derivative data sets, 246
Scaling symmetry, 498
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Scanning microbeam diffraction (SMBD), 306
Scanning transmission electron microscope

(STEM), 282
Scattering

classical Thomson, 10
coherent, 404
Compton, 405
critical, 453
diffuse, 443
forward, 552
from mesomorphic structures, 449
incoherent, 404
incoherent inelastic, 404
inelastic, 278, 443
inelastic neutron, 404
kinematical, 279
Laue, 432
low-angle, 419
magnetic, 11, 559
multiple, 443
of neutrons by thermal vibrations, 404
of X-rays by thermal vibrations, 402
phonon, 446
plasmon, 444
thermal diffuse, 278
X-ray, 58
X-ray, elastic component of, 10
X-ray, inelastic component of, 10

Scattering cross sections, 557
Scattering diagrams, 556
Scattering factors

atomic, 10, 265
complex, 246
dynamical, 446
spherical atomic, 10

Scattering lengths, 557
atomic, 11
neutron, 275
non-spin-flip, 559
spin-flip, 559

Scattering matrix method, 312
Scattering operator, 15
Scattering power, 267
Scherzer defocus, 283

conditions, 311
Scherzer phase function, 311
Schrödinger equation, 278
Schur’s lemma, 67, 73
Scrambling, 51
Screen coordinates, 368, 370
Screw correlations, 21
Screw rotation, 19
Screw shifts, 429
Script, 384
Search directions, 87
Second Bethe approximation, 280
Second-order Born approximation, 11
SECS, 384
Section, 26
Sections and projections, 26, 62

duality between, 40
principal, 63

Selected-area electron diffraction (SAED), 285,
482

Selection rules, 93
Self-energy terms, 385
Self-Patterson, 92

vectors, 251
Self-rotation function, 92
Self-seeding, 482
Self-vectors, 242
Semi-direct product, 65

Semi-norm on a vector space, 28
Semi-reciprocal space, 553
Series-termination errors, 60, 84, 92
Seven-beam approximation, 556
Shadows, 376
Shake and Bake, 231
Shannon interpolation, 26, 48
Shannon interpolation formula, 46, 85
Shannon interpolation theorem, 61
Shannon sampling criterion, 46, 63, 85
Shannon sampling theorem, 45, 61, 262
Sharpened Patterson functions, 236
Shift of space-group origin, 104
Shift property, 49, 61
Short cyclic convolutions, 54
Short-range order (SRO), 415, 450

correlation functions, 429
in multi-component systems, 432
parameters, 444, 447
Warren parameters, 431

Sign conventions for electron diffraction, 279–
280

Simulated annealing, 474
Sine strips, 71
Single-crystal electron-diffraction patterns, 306
Single isomorphous replacement (SIR), 244,

265
difference electron density, 244
phasing, 244

Single isomorphous replacement with anomalous
scattering (SIRAS), 233

SIR (single isomorphous replacement), 244
difference electron density, 244
phasing, 244

SIRAS (single isomorphous replacement with
anomalous scattering), 233

Site-symmetry group, 167
Site-symmetry restrictions, 14
Size distribution, 415
Size effect, 432
Skew-circulant matrix, 53
Sliding filter, 378
Small-angle scattering approximation, 278
Small values of �ot, 548
SMBD (scanning microbeam diffraction), 306
Smectic films, 456
Smectic-A phase, 449, 452–453

modulated, 455
Smectic-B phase, 449
Smectic-C phase, 453

modulated, 455
Smectic-D phase, 464
Smectic-F phase, 458
Smectic-I phase, 458
Sobolev space, 40
Software, Hall symbols in, 107
Solids

electron band theory, 537
theory of, 9

Solution of dynamical theory, 540
Solvable space groups, 66
Solvent flattening, 84
Solvent regions, 62
Sound velocities, 406
Southern bean mosaic virus, 250, 262
Space groups, 66, 163, 264

cubic, 102
Eulerian, 254
finite, 164
hexagonal, 103
holosymmetric, 166
in reciprocal space, 150

Space groups
monoclinic, 103
orthorhombic, 102
reciprocal-space representation of, 99
representative operators of, 108
rotation-function, 254
solvable, 66
symmorphic, 66, 163
tetragonal, 103
triclinic, 102
trigonal, 103

Space-group algorithm, 104
Space-group analyses of single crystals, 291
Space-group determination by convergent-beam

electron diffraction, 285
Space-group notation, explicit-origin, 112
Space-group operation, 100

intrinsic and location-dependent components
of translation part, 100

rotation part, 100
translation part, 100

Space-group origin, shift of, 104
Space-group-specific Fourier summations, 101
Space-group-specific structure-factor

formulae, 101
Space-group-specific symmetry factors, 99
Space-group symbols

computer-adapted, 102, 106, 112
explicit, 107–109
Hall, 107, 112, 115
Hermann–Mauguin, 103

Space-group symmetry, 475
Space-group tables, 104
Space-group types, 66

affine, 163
crystallographic, 163

Special Harker planes, 240
Special k vector, 165
Special position, 67

condition, 67
Special reflection, 68
Spectrometer, triple-axis, 405
Specular reflection, 456
Spherical angles, 252
Spherical atomic scattering factor, 10
Spherical atoms, 101
Spherical Dirichlet kernel, 60, 84
Spherical Fejér kernel, 60
Spherical harmonic expansion, atom-centred, 14
Spherical harmonic functions, real, 14
Spherical harmonics, 258
Spherical interference function, 251
Spherical polar coordinates, 252
Spherical viruses, 317
Spherical-wave Pendellösung, 549
Spin-flip scattering lengths, 559
Spin orbitals, occupied natural, 18
Spiro links, 384
Spot boundaries, 474
Squarability criterion, 275
Square-integrable functions, 40
Square-summable sequences, 45
Squaring method equation, 84
SRO (short-range order), 415, 450

correlation functions, 429
in multi-component systems, 432
parameters, 444, 447
Warren parameters, 431

Stacked transformations, 373
Standard basis of �n, 40
Standard coordinates, 41, 59, 67
Standard Gaussian function, 37, 39
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Standard lattice, 40
Standard n-torus, 40
Standard uncertainty of distance from an atom to

a plane, 355
Standing waves, 541

anti-nodes of, 541
nodes of, 541

Star
arms of, 165
of k, 165

Starting models, 476
Statistical properties of the weighted reciprocal

lattice, 190
Statistical theory of communication, 96
Statistical theory of phase determination, 96
Statistics

crystallographic, 199
structure-factor, 102

Status of centrosymmetry, 108
Steepest descents, Booth’s method, 89
STEM (scanning transmission electron

microscope), 282
Stereochemical information, 474
Stereoviews, 370
Stirling’s formula, 97
Structural connectivity, 377
Structure amplitude, 10
Structure determination by X-ray fibre

diffraction analysis, 474
Structure factors, 6, 8, 10, 59, 264

calculation of, 68
for one-phonon scattering, 403
Fourier–Bessel, 468
from model atomic parameters, 86
geometric, 101, 120
in terms of form factors, 60
inequalities among, 217
joint probability distribution of, 97
normalized, 215, 227, 236
quasi-normalized, 216
tables of, 102, 120
trigonometric, 101, 120
trigonometric, even absolute moments of, 201
trigonometric, moment of, 200
unitary, 216
via model electron-density maps, 86

Structure-factor algebra, 70, 97–98
Structure-factor formalism, generalized, 23
Structure-factor formulae, space-group-

specific, 101
Structure-factor statistics, 102
Structure invariants, 210
Structure seminvariants, 211

algebraic relationships, 224
one-phase, 224, 227
two-phase, 225

Structure theorem, 34
for distributions with compact support, 41,

45
Sturkey’s solution, 553
Subcentric arrangement, 208
Subdivision and decimation of period lattices,

duality between, 46
Sublattice, 46
Subspace sectioning, 379, 383
Substitutional disorder, 447, 471
Substitutional order, 446
Substructure reflections, 216
Sum function, 241
Sum of images, 240
Summable functions, 27
Summation convention, 5

Summation problem in crystallography,
45

Superposition methods, 240
Superposition of Patterson functions,

241
Superstructure, 417
Superstructure reflections, 216
Support, 26

compact, 26, 36, 43
of a distribution, 31
of a tensor product, 33

Support condition, 34, 43
generalized, 34

Surface effects, 455
Surface phase, 459
Surface plasmons, 278
Surfaces

atomic, 486, 492
dispersion, 537, 555, 560
fractal atomic, 493
representation by dots, 375
representation by lines, 375
representation by shading, 375
van der Waals, 375, 381

Sybyl, 384
Symbolic programming techniques, 99
Symbolically oriented languages, 102
Symmetric Bragg condition, 287
Symmetric objects, projections of, 317
Symmetric rectangular density modulation,

497
Symmetry, 162, 253, 373

conjugate, 35, 39
conjugate and parity-related, 79
crystal, 64
crystallographic, 248
cyclic, 77
dihedral, 77
effects on Fourier image, 99
helical, 93, 317, 467, 475
helical, approximate, 469
Hermitian, 60, 69, 79
in Fourier space, 105
in reciprocal space, 104
noncrystallographic, 62, 248–249
noncrystallographic, molecular averaging

by, 85
noncrystallographic, proper, 248
noncrystallographic, rotational, 250
of Patterson function, 235
permissible, 99
pseudotranslational, 220
scaling, 498

Symmetry elements
extinction rules for, 291
individual, observation in CBED

patterns, 288
Symmetry factors, 101

space-group-specific, 99
tables of, 99

Symmetry-generating algorithm, 107
Symmetry group, 162
Symmetry operation, 162
Symmetry property, 38
Symmetry-related reflections, relationship

between structure factors of, 100
Symmorphic space groups, 66, 163
Synchrotron radiation, 264, 274
Systematic absences, 68, 105
Systematic errors, 351
Szegö’s theorem, 43, 63, 98

Tangent formula, 218, 274
application of, 227
modified, 229
weighted, 220

TDS (thermal diffuse scattering), 278, 400, 407,
443

TEM (transmission electron microscope), 282
Temperature factors, 68, 269

anisotropic, 69
artificial, 87, 92
atomic, 18
isotropic, 68

Tempered distributions, 36, 38, 40, 45, 68
definition and examples of, 39
Fourier transforms of, 38–39

Tensor formulation of vector product, 6
Tensor-algebraic formulation, 2, 5
Tensor product, 27, 33, 50

of distributions, 33
of matrices, 49, 55–56
structure of, 72
support of, 33

Tensor product property, 35, 63, 93
of a Fourier transform, 71

Tensors, 5
anisotropic displacement, 6
antisymmetric, 6
libration, 19
metric, 4–5
permutation, 349
rank of, 5
translation, 19
translation, libration and screw-motion, 6

Test-function spaces, 29
Test functions, 38
Tetragonal family, 103
Tetragonal groups, 83
Tetragonal space groups, 103
Text processing, 106
Texture electron-diffraction patterns, 307,

326
THEED (transmission high-energy electron

diffraction), 306
Theory of distributions, 25, 28
Theory of solids, 9
Thermal diffuse scattering (TDS), 278, 400,

407, 443
Thermal fluctuations, 452
Thermal neutrons, 275
Thermal streaks, 447
Thermotropic phase, 451
Thick crystals, 312, 545
Thin crystals, 546

comparison of geometrical and dynamical
theory, 545

Thin films, 457
crystal defects in, 445

Thomson scattering, classical, 10
Three-beam approximation, 556
Three-beam inversion, 556
Three-dimensional electron-diffraction

data, 324
from a single crystal orientation, 484
from two crystal orientations, 484

Three-dimensional Hermite polynomials, 22
Three-dimensional isotropic harmonic

oscillator, 18
Three-dimensional Patterson function, 476
Three-dimensional reconstruction, 315

general case, 319
Three-dimensional structure determination by

electron crystallography, 323
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Three-generator symbol, 108
Through-focus series method, 312
Tie point, 536
Tilt projections, 321
Tilted hexatic phase, 458
Toeplitz determinants, 43, 63
Toeplitz forms, 43, 63

asymptotic distribution of eigenvalues of, 43,
63

Toeplitz matrices, 44
Toeplitz–Carathéodory–Herglotz theorem, 43
Topography, neutron, 564
Topological dual, 30–31, 38–39
Topological vector spaces, 28
Topology, 28, 38

general, 28
in function spaces, 28
metrizable, 28
not metrizable, 30
on �(�), 30
on �k(�), 30
on �(�), 29

Torsion angles, 350
Total cross section, 11
Total-reflection domain, 546

width of, 541, 546
Trace of rotation matrix, 253
Transfer function, 49

of lens, 282
Transformation properties of direct and

reciprocal base vectors and lattice-point
coordinates, 100

Transformations
affine, 105
compound, 371
direct-space, 104
linear, 7
non-linear, 254
of coordinates, 5, 7, 33
stacked, 373
to a Cartesian system, 3
viewing, 368–369, 371–372, 374
viewport, 368, 370
windowing, 368

Transformed variance–covariance matrix, 351
Transforms

complex antisymmetric, 80
complex symmetric, 80
Hermitian-antisymmetric, 80
of an axially periodic fibre, 93
of delta functions, 39
optical, 418
polynomial, 57
pure imaginary, 80
real antisymmetric, 82
real symmetric, 81
real-valued, 79

Translate, 26
Translation, 19, 26, 368, 371

part of space-group operation, 100
part of space-group operation, intrinsic and

location-dependent components of, 100
Translation, libration and screw-motion

tensors, 6
Translation functions, 92, 258

general, 258
real-space, 260

Translation lattice, 163
Translation tensor, 19
Translation vector, 249
Translational components of noncrystallographic

rotation elements, 248

Translational displacement, 19
Translational invariance, 554
Translations, conversion to phase shifts, 35
Transmission case, 538
Transmission electron microscope (TEM),

282
Transmission geometry, 538–540

intensities of plane waves in, 541
Transmission high-energy electron diffraction

(THEED), 306
Transposition formula, 75

for intermediate results, 72
Triads, mutually reciprocal, 2
Triangular inequality, 28
Triclinic groups, 82
Triclinic space groups, 102
Trigonal groups, 83
Trigonal space groups, 103
Trigonometric moment problem, 43
Trigonometric structure factors, 101, 120

even absolute moments of, 201
moment of, 200

Trigonometric structure-factor expressions,
vectors of, 96

Triple-axis spectrometer, 405
Triple point, 455
Triplet relationships using structural

information, 219
Triplets, search of, 227
Triply periodic, 535
Tunability, 275
Twiddle factors, 51, 55–56, 58, 75
Twins, 292
Two-beam approximation, 280, 553
Two-beam case, 536
Two-beam dynamical approximation, 326
Two-beam dynamical diffraction formulae,

281
Two-centre orbital products, 18
Two-centre terms, 18
Two-dimensional disorder, 425
Two-dimensional hexatic phase, 457
Two-phase structure seminvariants, first

rank, 225
Two-wavelength method, 275
Type of rotation (proper or improper), 108

Uni-arm k vector, 167
Uniaxial nematic order, 452
Uniformity, assumption of, 199, 205
Uniformizable space, 28
Unit cell, 165–166
Unit-cell parameters

direct, 4
reciprocal, 4

Unit cube, 41
Unitary matrix group, 163
Unitary structure factors, 216
Unitary transformations, 36
Unscrambling, 75
Uranium, 269

Valence density, 13
van der Waals surfaces, 375, 381
Van Hove correlation functions, 405
Variance, 350
Variance–covariance matrix, 350

transformed, 351
Variances, 354
Vector interactions in a Patterson map,

239
Vector lattice, 163

Vector machines, 375
Vector map, 235
Vector overlap, 242
Vector processing, 58
Vector product, 349

components of, 349
tensor formulation of, 6

Vector radix Cooley–Tukey algorithm, 55
Vector radix FFT algorithms, 56
Vector relationships, 349
Vector-search procedures, 241
Vector space

complete, 27
norm on, 28
semi-norm on, 28
topological, 28

Vectors
angle between two, 348
components of, 5
cross-Patterson, 251
four-dimensional, 366
interatomic, 61
length of, 348
of trigonometric structure-factor

expressions, 96
origin-shift, 107
polarization, 11, 558
Poynting, 551
rotation, 363
self-Patterson, 251
translation, 249

Vertical mirror plane, 289
Very-small-angle neutron scattering, 563
Vibrating crystals, 562
Vibrational–librational correlations, 437
Viewing transformation, 368–369, 371–372,

374
Viewport, 368, 370
Viewport transformation, 368, 370
Viruses, spherical, 317
Vitamin B12, 268

Waller–Hartree formula, 444, 446
Warren short-range-order parameters, 431
Wavefield, 535, 537
Wavefunctions, prolate spheroidal, 38
Wavelengths, 277
Wavevectors, 542
Weak enantiomorphic images, 238
Weak phase objects, 311, 481

periodic, 313
Weak-phase-object approximation, 283
Weighted difference map, 90–91
Weighted lattice distribution, 42
Weighted reciprocal lattice, 99–100

statistical properties of, 190
Weighted reciprocal-lattice distribution, 59
Weighted tangent formula, 220
Weighting factor, 271
Weights

anisotropic, 355
Gaussian, 355

Width of rocking curve, 540
at half-height, 544

Width of total-reflection domain, 541,
546

Wigner–Seitz cell, 165
Wilson plot, 269
Window, 368, 371, 376
Windowing, 368, 370
Windowing transformation, 368
Winograd algorithms, 50, 54
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Winograd small FFT(s)
algorithms, 54
nesting of, 56

Wintgen letter, 167
Wintgen position, 167
Wintgen symbol, 167
World coordinates, 368
Wyckoff letter, 167
Wyckoff position, 100, 167
Wyckoff symbols, 67

X-ray analysis, 269
X-ray fibre diffraction analysis, 466

data processing, 472
structure determination by, 474

X-ray scattering, 275
cross section, 452

X-ray topographs, 534
X-rays, 275

diffuse scattering of, 407
interaction with matter, 534

z buffer, 376
Zero-absorption case, 540
Zonal data sets

view down the chain axis, 483
view onto the chain axes, 483

Zone-axis patterns, 286, 291
Zones and rows, average intensity of,

191
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