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Abbe refractometer, 160
Abbe theory, 420
Abelian module, 937
Aberrations (see also Systematic errors)

centroid displacements, 494
coefficients, 426
geometrical, 46, 83, 86, 493
in powder diffractometry, 46, 48, 50
line-profile breadths, 494
of an energy-dispersive diffractometer, 497
physical, 46, 85, 86, 493, 494
refraction, 492
transparency, 49

Absolute calibration of SANS data, 108
Absolute intensity in SANS, 108
Absolute measurements, 505

of lattice spacings, 505, 526, 529±533
Absorbed dose, definition of, 958
Absorption, 599, 609, 653

air, 73
anomalous, 416
coefficients, 213, 218
coefficients for Bloch waves, 735
coefficients for neutrons, 461
coefficients, linear, 599
coefficients, mass, 600
cross sections, macroscopic, 461
edges, 191, 202, 205, 206, 209, 599
edges, wavelengths of, 205±211
effects, 261
efficiency, 623
factor, 51
function, 261
in XED, 86
length, 188
minimization by suitable mounting of single

crystals, 163
of generated X-rays in target, 191
photoelectric, 599
systematic error, 528
systematic error, elimination, 521±524,

528±529
X-ray, 599±608

Absorption corrections, 170, 600±608
neutron diffraction, 177

Accelerating voltage
fluctuations, 424
of a transmission electron microscope,

determination, 539
Accessible range of d's, 38
Accuracy, 490, 492, 707

factors determining, 501
Accuracy of lattice-parameter (lattice-spacing)

determination, 505, 507, 526, 533±536
evaluation, 534
(methods of) increasing, 532±536
relative, 505

Acoustic modes, 653, 654
Activity, definition of, 958
Adequate protection, definition of, 958
Adhesives for mounting specimens, 163
Aggregation effects in SANS, 107
Air absorption, 73
Air and window transmission, 73
Air scattering, 74, 665
ALCHEMI (atom location by channelling

enhanced microanalysis), 411
Alignment and angular calibration, 46

Aluminium
dielectric coefficients, 402
effective number density, 411
film, 393

Ambiguities in modulated structure notation,
936

Amorphous material, diffraction from, 24
Analyser, 530

perfect-crystal, 665
Analysis of charge density, 713±734
Analysis of spin density, 713±734
Analytical extrapolation of lattice

parameters, 493
Anatase, high-energy resolution spectra, 408
Anger camera for neutrons, 650
Angle definition, use of peak or centroid for,

63
Angle-dispersive diffractometry, 491,

495±496
Angle-reading error, 524
Angle-setting error, 524
Angles between crystal blocks, determination,

516
Angles in direct and reciprocal space, 4
Angles of reciprocal cell, determination, 517
Angular distribution of reflections in Laue

diffraction, 29
Angular momentum, 727

orbital, 731
Angular setting errors (precession), 35
Angular-velocity factors, 596
Anharmonicity, 585, 722
Anisotropic mosaic crystals, 432
Anisotropic temperature factors, 697
Anisotropic thermal diffuse scattering

correction, 654
Anode current/voltage relationship in

electrochemical thinning, 175
Anomalous absorption, 416
Anomalous dispersion (scattering) (see also

Dispersion), 21, 188, 241, 733
not anomalous, 241

Anomalous transmission, 116
Anti-equi-inclination setting, 31
Antiferromagnetic order, 728
Antiferromagnetism, 140
Antiferromagnets, 728
Antimorphism, 897
Antiscatter slits, 45
Aperiodic lattice, 921, 928, 937
Approximations

Born, 591
Born±Oppenheimer, 713, 722, 723
commensurate, 909
convolution, 723
crystal-field, 729
dipolar, 731
first Born, 389
Glauber, 391
harmonic, 723
Hartree±Fock, 732
impulse, 657
kinematical, 260
LCAO, 723
Moliere high-energy, 260
no-upper-layer-line, 415
phase-grating, 260
projected charge-density, 423

Approximations
quasi-Gaussian, 590
two-beam, 260
weak-phase-object, 423

Archimedes method for density measurement,
158

Area-detector diffractometry, 36, 170
Area detectors,

geometric effects, 41
non-uniformity of response, 41
television, 630

Arithmetic crystal classes, 15, 897, 898, 911,
917, 939, 945

(3+1)-dimensional, 917
as classification of space groups, 15
classification by size, 20
derivation of, 15
four-dimensional, 15
notation for, 15
one-dimensional, 15, 16
three-dimensional, 15±20
two-dimensional, 15, 16
uses of, 15

Arithmetic equivalence, 911, 939
Arithmetic point groups, 914
Arithmetically equivalent point groups, 939
Arrangements giving partial reduction of

systematic errors, 515, 514, 521±523,
526, 528±531

Associated Legendre polynomials, 581
Astigmatism, 421, 424
Asymmetric Bragg reflections, 526
Asymmetric (Straumanis) film mounting, 509
Asymmetry

factor, 118
of peaks, 67

Asymptotic behaviour of SANS curves, 110
Atom-centred expansion, 729
Atom-centred models, 714
Atom-centred spherical harmonic

approximation, 714
Atom location by channelling enhanced

microanalysis (ALCHEMI), 411
Atomic beams, 189
Atomic dipole moment, 716
Atomic environment types, 776
Atomic form factor, 242
Atomic orbital basis, 722
Atomic quadrupole moment, 717
Atomic scattering factors, 188, 242, 259

analytical approximation for (tables), 578±
581

for electrons (tables), 263±281
free atoms (tables), 555±564
generalized, 565
ions (tables), 566±577

Atomic volumes, 774
Attenuation coefficients, 213, 230, 600
Auger shifts, 204, 205
Automation, computer-controlled, 63
Avalanche multiplication, 619, 634
Avalanche production, 626
Average structure, 913
Avogadro constant, determination of, 534
Axial divergence, 46, 50, 53, 494, 497
Axial-divergence error, 494, 523

correction for, 523
Axial holography, 427
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Axial lengths, determination of, 532
Axial reflections, 517

Back reflection, 512±515
Backgammon ( jeu de jacquet) counter, 627
Background, 68, 661

in SANS, 108, 109
Background counting rates, 667
Background radiation, definition of, 958
Backlash in diffractometer drives, 47, 503,

667
Balanced filters, 74, 78, 79, 238
Bandwidth, 197
Basic polytypes, 763, 766, 767
Basic structural features, 745±944
Basic structure, 909
Basis

conventional, 944
crystallographic, conventional, 3
crystallographic, non-primitive, 3
crystallographic, primitive, 2
primitive reciprocal, 2
standard, 944
vectors, 944

Bayerite family, 766
Bayes's theorem, 681
Beam centring, 45
Beam conditions, 120
Beam divergence, 45, 425, 498
Beam-splitting crystal, 531
Beam tilt (see also Misalignment), 524
Becquerel, definition of, 958
Bending magnets, 198
Bent crystals, 77
Berg±Barrett method, 114
Beryllium, cross section for neutrons, 439
Beryllium acetate, 663
Bessel function, 589, 666

spherical, 460, 581, 592
Best linear unbiased estimator, 680
Best overall fit, 493
Beta function, 703
Bethe approximation, 736
Bethe ridge, 411
Bethe theory for inelastic scattering, 406±408
Bias, 689, 707, 709

of midpoint of a chord, 520
of peak, 520

Bijvoet-pair intensity ratios, 251
Bijvoet-pair techniques, 251
Binding effects, 391
Biological macromolecules, SANS, 105
Birefringence, 153

of polytypes, 757
Black-body radiation in X-ray region, 198±199
Blackman curve, 81
Blind region, 34
Bloch standing waves, 411
Bloch-wave method, 259, 415±416, 426, 735
Block collimation, 99
Block polytypism, 760, 766
Boltzmann statistics, 726
Bond angles, 698
Bond lengths, 698, 813
Bond method, 498, 507, 508, 522±526, 529,

531, 534, 535±536
for small spherical crystals, 525
in multiple-crystal spectrometers, 529±531
systematic errors, 523±524

Bond-system diffractometers, 522, 524
Bonding electrons, distribution of, 425

Bonds, classification of, 791, 813
Bonse±Hart camera, 100
Bonse±Hart interferometer, 121
Born approximation, 591

first, 389
Born±Oppenheimer approximation, 713, 722,

723
Born series, 259
Borrmann effect, 113, 116, 600
Borrmann triangle, 116
Bound nuclear scattering lengths, 593
Boundaries, low-angle, 114
Bragg angle, 187

accuracy of, 505±506, 516
determination, 506, 519, 521
errors, 491, 494
from a diffraction profile, 519±521
from a photograph, 519
from a two-dimensional map of intensity,

522
measurement of, 505, 518
operational definitions, 491

Bragg±Brentano (Parrish) angle-dispersive
diffractometers, 44, 495, 664

Bragg cut-off, 438
Bragg law, 505
Bragg optics, 432
Bragg reflection, 3, 432

magnetic, 591
Bravais classes, 910, 913, 940, 945

(2+l)-dimensional, 915
(2+2)-dimensional, 916
(3+l)-dimensional, 917±918
one-line symbols, 915, 920
two-line symbols, 915, 920

Bravais lattice, 3, 15, 913
Brazil twins, 11
Bremsstrahlung, 37, 191

for XED, 84
Brilliance, synchrotron radiation, 197
Brillouin zone, 657
Broadening function, 710
Brownian diffusion, 589
Broyden±Fletcher±Goldfarb±Shano update,

684

Cadmium iodide, 754, 756
Cadmium telluride detector, 623
Calculated powder patterns, 60
Calculation of the twin element, 14
Cambridge Structural Database, 790, 812
Camera methods for lattice-parameter

determination, 491, 497
Camera radius

extremely large, 510
uncertainty, elimination, 510

Camera tubes
high-resolution TV, 633
lead oxide, 634

Cameras
back-reflection, 71
Bonse±Hart, 100
cylindrical, 70
Debye±Scherrer, 42, 70
ellipsoidal mirror in SANS, 106
flat-film, 71
for recording lattice-parameter changes, 510
Gandolfi, 71
Guinier focusing, 44, 68, 70
Kossel, 512
Kratky, 99

Cameras
mirror, 106
miscellaneous, 70
pinhole, in SANS, 106
pinhole, in SAXS, 100
powder, 69±71
small-angle, 99
systems for synchrotron radiation, 100

Capillary tubes for mounting specimens, 162
Carcinogenesis, 960
Cast films, 176
Castaing & Henry filter, 397
Categories of OD structures, 764
Cauchy curves, 67
Cauchy distribution, 689
Causality, principle of, 246
CBED (convergent-beam electron diffraction),

416, 540, 735
CBED disc, 417
Cell dimensions, incorrect assignment, 170
Cellulose film containers, 162, 163
Central-limit theorem, 702
Centre of gravity (centroid), 518

additivity, 518
variance, 518

Centred lattices, 3
Centred unit cells, 3
Centring conditions, 921
Centring lattice vectors, 3
Centring reflection conditions, 921

for (3+1)-dimensional Bravais classes, 935
Centroid of a reflection, 492
Centroid of wavelength distribution, 494
Ceramics, preparation of specimens, 171
Cerenkov radiation, 401
Cerium oxide (intensity standard), 500, 503
Channel-cut monochromators, 77, 121
Channelling, 189
Characteristic function, 90
Characteristic line spectrum, 191, 202
Characteristic radiation, efficiency of

production, 192
Characteristic X-rays, excitation of, 510
Characterization of detectors, 639
Charge, 187
Charge-cloud model, 715
Charge-coupled devices, 629
Charge densities, analysis of, 713±734
Chemical

analysis, 154
etchants for thin section preparation, 173
etching, 173
polishing, 174
properties, 154
thinning, 175

Chi-squared (�2) distributions, 702, 703
Chiral volumes, 700
Chlorite group, 765, 769
Chlorite±vermiculite group, 769±770
Choice of reflections, 535
Cholesky decomposition, 681, 685
Cholesky factor, 678, 681, 694, 708
Choppers, 443
Chromatic aberration constant, 423, 424
Chromium oxide (intensity standard), 500, 503
Circle packings, 746±747, 752
Classification

of bonds, 791, 813
of experimental techniques, 24
of space groups, 15

Cleavage, 153
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Close-packed structures, 752, 761, 897
interstices in, 753
lattices possible, 755
notations for, 753±754, 756
polytypes, 754±756
space groups possible, 755
spheres, 747, 752
stacking faults in, 758±760
structure determination of, 756±758
symmetry of layers, 753
symmetry of stacking, 755
voids in, 753

Cobalt martensites, stacking faults in, 758
Coherent inelastic scattering, 177
Coherent multiple scattering, 661
Coherent (Rayleigh) scattering, 554
Coherent scattering cross sections, 594
Coherent scattering lengths, 594
Cohesive energy, 721
Coincidence operations, 761
Cold neutrons, 105
Collimation, 37

block, 99
in-plane, 522
of neutrons, 105, 431
systematic errors connected with, 523±524

Collimators
misalignment (tilt), 523±524
misalignment (tilt), error, 524
Soller, 82, 443

Collinear structures, 591
Colour groups, 21
Column approximation, 414
Combined aberrations, 50
Combined methods, spectrometers for, 531
Commensurate approximation, 909
Commensurate modulated structures,

907±944
Comparison measurements of lattice

parameters, 508
Compensating transformations, 940
Compensating translations, 940
Composite crystal structures, 907, 941
Composition surfaces, 10
Compton scattering, 90, 213, 242, 554, 599,

657±661, 663, 713
non-relativistic approximations, 657±659
relativistic treatment, 659±660

Compton shift formula, 657
Compton wavelength, 260
Computer-controlled automation, 63
Computer graphics for powder patterns, 69
Computer programs

CRYSTIN, 778
data processing, 596

Computer simulation in estimation of error,
536

Computing methods for electron diffraction,
425

Concentration effects, 97
elimination of, 98

Condensed models, 766
Condition number, 678, 682
Conditional probability density function, 679
Conditional Q±Q plot, 708
Conditioning, 684
Cone-axis photography, 35
Confidence level, 64
Conic section, 515
Conical surface of an hkl reflection, 510
Conjugate-gradient methods, 686

Conservation laws, 657
Constrained models, 693
Constraints in refinement, 693, 693±701
Contact number, 747, 749
Continuous spectrum, 192
Contrast

diffraction, 113, 735
extinction, 113
first-fringe, 116
match-point, 107
orientation, 113
variation in SANS, 107
variation in SAXS, 97
variation, inverse, 108
variation, spin, 108

Conventional basis, 3, 945
Conventional unit cell, 913
Conventional X-ray sources, 37
Convergent-beam electron diffraction

(CBED), 80, 416, 417, 540, 735
Convolution, 66, 505, 518, 534
Convolution equations, 67
Convolution of rocking curves, 663
Convolution range, 66
Convolution square-root technique, 103
Coordination complexes, typical interatomic

distances, 812±896
Coordination number, 774
Core-electron spectroscopy, 404
Core-loss spectroscopy, 404
Correction factor

for absorption and extinction, 612
for powders, 657

Correction of systematic error, 653
Correlated and uncorrelated mosaic blocks,

610
Correlation coefficients, 724
Correlation energy, 391
Correlation function, 90
Correlation length, 93
Correlations between recorded intensities,

519
Corundum

etching, 173
intensity standard, 500, 503

Coulombic self-electronic energy, 721
Counters

backgammon ( jeu de jacquet), 627
gas-filled, 626
Geiger±MuÈller, 522
parallel-plate, 627

Counting losses, 625
Counting modes, 666
Counting rates, 666±668

background, 667
erratic fluctuations, 666
reflection only, 666
total, 666

Counting statistics, 64, 666±668
Critical-voltage effect, 416, 736
Critical wavelength, 196
Cross sections

differential scattering, 260
dispersion corrections, 221
elastic differential scattering, 262
ionization, 407
of a rod-like particle, 93
PDDF of, 102,
plasmon, 399
scattering and absorption, 439, 444

Cryoprotectants, 166,

Crystal(s)
analysers, 56
datum orientation, 33
definition of, 908
displacively modulated, 909
edges, 3
ideal, 908
ideally imperfect, 113
ideally perfect, 113
intergrowth, 941
misalignment (tilt), 424
misalignment (tilt), error, 524
modulated, 908
monochromators, 76, 662
mosaicity, 170
normal, 908
orientation matrix, 33
real, 419
reflecting power, 590
rocking curves, 34, 37, 40
rocking widths, 33
selection, 148, 151
slippage within capillary, 165
systems, 6

Crystal classes
arithmetic, 15, 911, 945
geometric, 15, 911, 913

Crystal-field approximation, 729
Crystal-lattice vector and crystal setting, 168
Crystal profile, 505
Crystal-size analysis, 81
Crystal structure

determination by HREM, 419
images, 422

Crystal systems
cubic, 9, 19
hexagonal, 7, 15, 19
monoclinic, 6, 16
oblique, 15
orthorhombic, 6, 16
rectangular, 15
rhombohedral, 8
square, 15
tetragonal, 7, 17
triclinic, 6
trigonal, 7, 18

Crystal thickness
determination by electron diffraction, 416,

419
in transmission geometry, 512, 513

Crystalline solids, 259
Crystallite-size effects, 62
Crystallization, 148
Crystallographic system, 940
Cubic closest packing, 747
Cubic crystal system, 9, 19
Cubic harmonics, 585
Cumulant expansion, 588
Cumulative distribution function, 679
Current density, 725
Current ionization position-sensitive detectors,

628
Curvature, lattice, 114
Curvilinear density functions, 588±590
Cusp constraint, 715
Cyclic twins, 10
Cylinder

elliptic, 92
homogeneous, 96
inhomogeneous, 96

Cylindrical camera, 70
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Cylindrical collimators, 432
Cylindrical detector recording, 32
Cylindrical powder cameras, 70
Cylindrical powder specimens, 57
Cylindrical sample

2� scan, 57
for neutron diffraction, 177

d orbital occupancies, 722
Darwin width, 662
DAS (differential anomalous X-ray scattering)

technique, 218
Data evaluation, 100
Data processing

program for intensity factors, 596
single-crystal methods, 505, 517, 536

Databases
inorganic structures, 778
organic structures, organometallic structures

and coordination complexes, 790, 812
powder diffraction, 81

Datum orientation of the crystal, 33
DauphineÂ twins, 11
Davidon±Fletcher±Powell update, 684
de Broglie's law, 186
Dead-time, 619, 624, 666
Debye formula, 104
Debye±Scherrer camera, 70, 162

aberrations in, 498
Debye±Scherrer±Hull method, 42
Debye±Waller factor, 415, 729, 735
Deconvolution

in SANS, 107, 111
techniques, 393

Defect types, electron diffraction, 424
Defects, 419

images, 426
lattice, 113
study of, 506, 531
viewed by an imaging system, 633

Deformation density, 714
Deformation map

X ± N, 714
X ± X, 714
X ± (X+N), 714

Degrees of freedom, 703
Delay-line read-out, 627
DelbruÈck scattering, 242
Dense systems in SANS, 112
Densitometry, 618
Density, 154
Density functionals, 721
Density measurement

Archimedes method, 158
flotation, 158
gradient tube (column), 156
immersion microbalance, 158
penetration or swelling of solid, 156
pycnometry, 158
vibrating-string method, 158
volumenometry, 158

Depth-profiling analysis, 58
Derivative lattice, 11
Designated radiation area, definition of, 958
Desymmetrization of OD structures, 765
Detection

efficiency, 624
limits, 410
of systematic error, 498±499, 707±709
quantum efficiency, 639
systems, 397, 663

Detection processes (neutrons), 644±652
electronic aspects, 648±649
films, 646
gas ionization, 644±646
neutron capture, 644
scintillation, 645±646

Detection systems (neutrons), 649±651
Anger camera, 650
corrections, 652
gas position-sensitive, 650
position-sensitive, 649±651
single detectors, 649

Detective quantum efficiency (DQE), 624, 639
Detector recording

cylindrical, 32
plane, 32
V-shaped, 32

Detector-response correction in SANS, 109
Detectors

background from, 663
characterization, 639
energy-dispersive, 622, 663
for electrons, 639
for neutrons, 644, 649
gas-filled, 82
imaging, 623
in X-ray spectrometers, 522, 529±531
multiwire, 82
position-sensitive, 82, 87, 100, 113, 664
resolution of, 82
scintillation, 642, 664
semiconductor, 622±623, 629, 642
single-wire, 82
solid-state, 82, 664
with wide-open window, 522, 527

Detectors for X-rays, 618±638
Geiger counters, 618
photographic film, 498, 618
proportional counters, 619
scintillation counters, 619
solid-state detectors, 620

Diagram levels, 191
Diamagnetism, 154
Dielectric coefficients, 401
Dielectric description, 399
Difference densities, 714
Differential anomalous X-ray scattering (DAS)

technique, 218
Differential methods, 527
Differential scattering cross section, 260
Diffraction

contrast, 113, 735
coordinates, 31
geometry, practical realization, 36
grazing-incidence, 58
imaging, 124
intensities, 596
spot size and shape, 37, 39
topography, 113, 124

Diffraction absorption fine structure (DAFS),
254

Diffraction profile, 48, 528, 530
asymmetry of, 521
broadening of, 521
double-crystal, 528
(in) standardized (form), 519
location of, 518
narrow, 528, 530
parameters of, 528
shape of, 521
symmetric, 528

Diffractometers
alignment, 46
area-detector, 36, 170
background scattering with, 664
Bragg±Brentano, 495
double-crystal in SANS, 106
for powder diffraction, 42
four-circle, 170, 516
gears, 503
inclination, 517
kappa, 36
neutron powder, 82, 652
neutron powder, high-resolution, 541
operation control, 64
Seemann±Bohlin, 492, 495
three-circle, 170

Diffractometry, 36
angle-dispersive, 491, 495±496
energy-dispersive, 491

Diffuse scattering, 261
Diffusion, Brownian, 589
Digital image processing, 635
Dimension of a lattice, 945
Dioctahedral sheet, 767
Dipolar approximation, 731
Dipole, 716
Dipole moment

atomic, 717
molecular, 724

Dirac±Fock, 205
Direct and reciprocal lattices, 2
Direct crystallization, 174
Direct image, 115
Direct lattice, 412, 911
Direct-lattice parameters, 505
Direct method, X-ray detectors, 634
Direct structure analysis, 103
Direction angles of a crystal face, 4
Disc specimens, 171
Disc thinning method, 174
Dislocations, 114
Dispersion, 21, 75, 590, 600
Dispersion corrections, 241±258

for XED, 86
tables of, 255±257
theory of, 243

Dispersion surfaces, 416, 417, 736
Displacive modulation, 907
Distance distribution functions, 104
Divergent-beam techniques, 510±516

classification, 512
Dopant concentration, study of, 531
Dose equivalent, definition of, 958
Double-beam

comparator, 531
diffractometer, 531
spectrometer, 531
technique, 531

Double-crystal diffraction profile, 528
Double-crystal diffractometer in SANS, 106
Double-crystal monochromator (at

synchrotron), 39
Double-crystal spectrometers, 528±530

combined with double-beam technique, 531
with photographic recording, 510, 529
with symmetric (Bond) arrangement, 529
with white X-radiation, 529

Double-crystal topography, 117
Double-oscillation method, 168
DQE (detective quantum efficiency), 624
Drift chambers, 626
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Drude model, 400
Du Mond diagram, 117
Duane±Hunt limit, 192
Dynamic measurements, 626
Dynamic R factor, 427
Dynamic range, 624
Dynamical diffraction, 80

Bloch-wave method, 41
calculations, 261
many-beam, 80
multislice method, 414

Dynamical wave amplitudes, 414

Eccentricity error, 524
elimination, 521±523, 529

EELS (electron energy-loss spectroscopy),
219, 391±412, 428

Effect on lattice parameters
of electric field, 508
of irradiation, 525
of pressure, 508
of temperature, 507, 510, 516, 522, 524,

529
Effective misorientation, 119
Efficiency of the production of characteristic

radiation, 192
Eigenvalue filtering, 510
Eigenvalues, 678
Eigenvectors, 678
Elastic constants, 654
Elastic differential scattering cross section,

262
Elastic scattering, 416

factors, 262
neutron, 727

Elastic specular neutron diffraction, 126
Elastic stiffness constants, 654
Elastic wave, velocity of, 654
Electric field gradient, 719
Electrical properties, 154
Electrochemical thinning, 175
Electromagnetic waves, 186
Electron beam, misalignment, 424
Electron binding energies, 203
Electron density, 90, 713

experimental, errors in, 724
thermally smeared, 723

Electron diffraction, 259
absorption effects, 188, 261
boundary conditions, 259
computing methods, 425
convergent-beam, 80, 735
crystal thickness, 188, 419
detectors for, 639±643
determination of crystal thickness, 416,

419
HOLZ technique, 538
interaction constant, 259
intensities, 416
Kikuchi technique, 538
lattice-parameter determination, 537
measurement of structure factors, 416
oriented texture patterns, 412±414
pattern analysis, 537
pattern indexing, 537
patterns, 80, 390
potential field, 259
preparation of specimens, 171
propagation function, 259
reciprocal-space representation, 412
relativistic values, 259

Electron diffraction
scattering factors, 188, 259
selected-area, 80, 538
structure factors, 416
transmission function, 259
useful parameters as a function of acceler-

ating voltage, 281
Electron diffractometry, 413
Electron distributions, 713
Electron energy-loss near-edge structure

(ELNES), 408
Electron energy-loss spectrometry

Castaing & Henry filter, 397
crystallographic information from, 397
parallel detection, 397
Wien filter, 396

Electron energy-loss spectroscopy (EELS),
219, 391±412, 428

aberrations in, 396
analysers for, 395
detection systems, 397
monochromators for, 395
non-characteristic background, 394
spectrometers for, 394±397
types of excitation in, 393

Electron holography, 426, 427
Electron inelastic scattering, 378
Electron kinetic energy, 721
Electron microscopy, 80, 419

preparation of specimens, 171
Electron multiplication

in position-sensitive detectors, 622±623
in proportional counters, 623

Electron paramagnetic resonance, 190
Electron scattering

amplitudes, 259
inelastic, 391

Electron spin, interaction with neutron spin,
725±726

Electron transitions, 261
Electron-transparent specimens, 171
Electron-tube device for measurement of

intensities, 642
Electron wavelength of a transmission electron

microscope, determination, 540
Electroneutrality constraint, 715
Electronic detectors, 639
Electronic instability, 424
Electrons

properties, 187
scattering factors, 262
wavelength, 424

Electropolishing, 174
Electrostatic moments, 716, 717, 718
Electrostatic potential, 186, 718
Electrostatic properties, 721
Elimination of concentration effects, 98
Ellipse and ellipsoid packing, 751±752
Ellipsoid, 92
Ellipsoid of revolution, 94
Ellipsoidal-mirror SANS camera, 106
Elliptic cylinder, 92
ELNES (electron energy-loss near-edge

structure), 408
Emission lines, 202, 203, 204, 206, 209
Emission-spectrum profile, 519
Empirical correction factor for preferred

orientation, 61
Empirical metallic radii, 774
Enantiomorphous pairs of space groups, 20
Energy discrimination, 625

Energy-dispersive
analysis, 428
detectors, 625, 641, 663
diffraction, 58, 619
diffractometer, aberrations of, 497
methods, in lattice-spacing determination,

496, 507
neutron diffraction, 87
techniques, 496
X-ray diffraction, 84, 619

Energy-filtered lattice images, 428
Energy-flow triangle, 115
Energy-flow vector, 119
Energy-loss spectrometer, 395
Energy of radiation, 187
Energy resolution, 396, 619, 620, 622
Enhanced symmetry, 13
Entrance slit, 45
Entropy maximization, 691
Epitaxic formation, 176
Epitaxic layers, study of, 516, 529
Epitaxy, 153
EPR (electron paramagnetic resonance),

190
Equatorial divergence, 497
Equatorial geometry, 516
Equi-inclination setting, 31
Equivalent origins, 15
Equivalent superspace groups, 940
Erratic fluctuations in counting rates, 667
Errors (see also Aberrations, Systematic

errors)
and aberrations in lattice-parameter mea-

surements, 490
and uncertainties in wavelength, 493
in angle reading, 524
in angle setting, 524
in experimental electron density, 725
of the Bragg angle, 491

Escape peaks, 622
Estimated standard deviation, 707

of an observation of unit weight, 702
Estimates, 680
Etch figures, 153
Etching

chemical, 173
corundum, 173
ion sources, 173
sputter, 173

Euclidean norm, 678
Eulerian angles, 694
Eulerian-cradle diffractometer, 517
Eulerian-geometry diffractometer, 517
Evaporated thin films, 173
Ewald sphere, 26, 526, 656
EXAFS (extended X-ray absorption fine

structure), 24, 189, 213±220, 254, 409
Exchange-correlation energy, 721
Excitation errors, 414
Excitation of characteristic X-rays, 510
EXELFS (extended electron fine structure),

409
Exit beam, extremely parallel, 532
Expectation values, 679
Experimental techniques

classification of, 24
for crystal structure analysis, 25

Exposure of radiation, definition of, 958
Extended electron fine structure (EXELFS),

409
Extended solids, 730
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Extended X-ray absorption fine structure
[(E)XAFS], 24, 189, 213±220, 254, 409

facilities for, 219
External space, 944
External standard, 499
External vibrations, 723
Extinction, 113, 599, 728

contrast, 113
correction factor for, 612
correction, neutron diffraction, 177
correction, XED, 86
distance, 736
length, 187
primary, 609, 610
secondary, 609, 611
symbol, 13

Extrapolated (midchord) peak, 518
Extrapolation in lattice-parameter

determination, 505, 510, 521±522, 535
analytical, 493±494
graphical, 493

F distribution, 702
Face normals, 5
Face or cleavage plane of a crystal, 4
Factors determining accuracy, 501
Family diffractions, 765
Fano factor, 626
Fano plots, 408
Faraday cage, 642
Faster-than-sound neutrons, 657
Faults in polytypes, 758±760
Feasible point, 693
Fermi chopper, 443
Fermi level, 398

germanium, 406
heavy metals, 406
sulfur, 406
transition elements, 406

Fermi pseudopotential, 444
Ferrimagnetism, 154
Ferroelectricity, 154
Ferromagnetism, 154
Ferromagnets, 728
Fibre optics, 632
Fibre texture, 414
Fibres, diffraction from, 24
Film

aluminium, 393
for neutrons, 646
germanium, 394

Film shrinkage, 498
error, elimination of, 509

Filters, 38, 76
balanced, 74, 78, 238
Castaing & Henry, 397
for common target elements, 79
for neutrons, 438
for X-rays, 236
graphite, 82
optimum-thickness, 238
polarizing, 438, 440
single, 78
thickness, 78
wavelength change by, 239
Wien, 396
with scintillation counters, 621

Fine-grained substances, oriented texture
patterns, 412

First-fringe contrast, 116
First-order Laue zone (FOLZ), 417, 418

First/second derivatives, 65
Fixed-count timing, 667
Fixed-time counting, 666
Flat-cone setting, 31
Flat crystal, 77
Flat-crystal monochromator, 39
Flat-film camera for Laue patterns, 70
Flat particles, 95

cross-sectional inhomogeneity, 96
molecular weight, 93

Flat-specimen aberration, 47, 48
Flipping coil, radio-frequency, 728
Flipping ratios, 592, 728
Flotation, 158
Fluctuations

in particle orientation, 61±62, 492
in recording counts, 492, 666

Fluorescence radiation, 657
Fluorescence scattering, 661
Fluorescence spectroscopy, 619
Fluorescence techniques, 218
Fluorescent screens, 640
Fluorophlogopite reflection angles, 503
Focal-line width, 48
Focusing diffractometer geometries, 43
Focusing geometry, 83
Focusing monochromator, 82
Focusing, neutron scattering, 443
Focusing powder camera, 70
Fog density, 618
Fog level, 640
Foil detector, 645
FOLZ (first-order Laue zone), 417, 418
Forbidden reflections, 527
Form factors, magnetic, 454, 591
Four-circle diffractometer, 516
Four-dimensional crystal classes, 16
Fourier imaging, n-beam, 422
Fourier integral, 89
Fourier-invariant expansions, 586
Fourier potential, 735
Fourier series, 89
Fourier transformation, 89

indirect, 111
techniques, 393

Free-electron gas
Drude model, 400±401
Lorentz model, 400

Free-radical scavengers to improve crystal
lifetime, 166

Free scattering length, 594
Frequency of space groups, 15
Fresnel diffraction theory, 259
Friedel-pair intensity ratios, 251
Friedel-pair techniques, 251
Friedel's law, 913
Fringe patterns, stacking-fault, 116
Fringe period, 419
Fringe visibility, 421
Full symbols for superspace groups, 921

Gallium selenide, 754
Gamma function, 702
Gamma rays, 187
Gas amplification, 626±627
Gas detector for neutrons, 644
Gas-filled counters, 82, 626
Gas multi-electrode position-sensitive

detectors for neutrons, 650
Gas multiplication, 626
Gauss±Markov theorem, 680

Gauss±Newton algorithm, 683, 690, 693
Gaussian curves, 66, 711
Gaussian fits to X-ray scattering factors, 261
Gaussian radial functions, 724
Geiger counter, 618
Gelatine capsules, 163
Generalized Bessel function, 666
Generation of X-rays, 191
Generator stability, 72
Geometric crystal classes, 15, 911, 945
Geometrical aberrations, 41, 493

for XED, 86
Geometrical analysis of oriented texture

patterns, 412
Geometrical instrument parameters, 44
Geometrical peak, 518
Geometry of SANS, 106
Germanium, Fermi level, 406
Germanium film, 394
Gibbs instability, 415
Gibbsite±nordstrandite family, 766
Gittergeister (lattice ghosts), 907
Givens rotations, 679
Glauber approximation, 391
Globular particles, 93
Glove box, definition of, 959
Gnomonic transformations, 29
Gold, dielectric coefficients, 401
Goodness-of-fit parameters, 702, 707
Gordon±Kim model, 721
Gradient tube (column)

cavities, problem of, 156
Ficoll gradient, 157
inclusions, problem of, 156
shallow gradient, 157

Gram±Charlier series expansion, 586
Graphical extrapolation of lattice parameters,

493
Graphite

dielectric functions, 403
monochromator, 37, 38, 51, 620

Gray, definition of, 959
Grazing-incidence diffraction, 58
Grigson scanning method, 81
Growth striations, study of, 530
Growth twins, 10
Guinier and Tennevin technique, 119
Guinier approximation, 92, 110
Guinier camera, 162
Guinier focusing, 70

Half-life, definition of, 959
Half-width, 506, 519, 522, 526, 528

(methods of) reducing, 526
minimum, 506
of wavelength distribution, 506

Hamilton's R-factor ratio test, 704
Hankel transform, 102
Hard-sphere interference model, 98
Hard X-rays, 187
Hardness, 153
Harmonics, cubic, 585
Hartree±Fock

approximation, 732
model, 243
self-consistent field, 659
wavefunctions, 460

Hat matrix, 705
Heat capacity, 154
Heavy metals, Fermi level, 406
HEED (high-energy electron diffraction), 412
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Helimagnetic order, 728
Hellmann±Feynman constraint, 715
Hermite polynomial tensors, 586
Hessian matrix, 684
Heterogeneous packing, 746
Hetero-octahedral sheet, 767
Hexacontatetrapole, 716
Hexadecapole, 716
Hexagonal

closest packing, 747, 752
crystal system, 7, 15, 19

High-angle annular dark-field (HAADF)
images, 428

High-angle Bragg reflections in lattice-
parameter determination, 509, 522, 529,
532

High-energy electron diffraction (HEED), 412
High-order Laue zone (HOLZ), 418, 424, 538,

539
High-pressure structural studies, 87
High-purity germanium detector, 622
High-resolution electron microscopy (HREM),

261, 419, 773
High-resolution energy-dispersive diffraction,

58
High-resolution experiments, 97
High-resolution powder diffractometers

D2B at Institut Laue±Langevin, 541
HRPD at Rutherford Appleton Laboratory,

541
High-sensitivity lattice-parameter comparison,

531±532
High-tension supplies, unsmoothed, 667
Higher-dimensional crystallography, 908
Histogramming memories, 626
Hohenberg and Kohn theorem, 721
Hollow cylinders, 92
Hollow particles, 96
Holographic reconstructions, 427
Holohedry, 12, 939, 945
HOLZ (high-order Laue zone), 418, 424, 538,

539
Homogeneous cylinder, 96
Homogeneous packing, 746
Homogeneous particles, 93
Homogeneous triaxial bodies, 92
Homometric mapping, 751
Homo-octahedral sheet, 767
Horizontal divergence, error, 525
Horizontal Soller slits, 56
Householder transformations, 679, 686
HREM (high-resolution electron microscopy),

261, 419, 773
Hydrogen-atom scattering factors, 565
Hydrogen bonding, 906
Hyperbolic Bessel function, 666
Hyperfine interaction, 732
Hyper-resolution, 427
Hypothesis testing (no remaining systematic

errors), 523

ICDD Powder Diffraction File, 81
Icosahedral viruses, SANS, 111
Ideal crystals, 908
Ideally imperfect crystals, 113
Ideally perfect crystals, 113
Idempotency conditions, 722
Idempotent, 705
Identity period, 752
Identity period determination, 508

accuracy of, 510

Ill-conditioned least-squares problems, 101
Image intensifiers, 122, 632, 635
Image processing, 427, 635
Imaging detectors, 623
Imaging plates, 426, 635, 641
Immersion microbalance, 158
Impulse approximation, 657
Incidence aperture, 53
Incident-beam monochromatization, 120
Incident-beam monochromator, 53
Inclination diffractometer, 517
Inclination of plane of specimen, 494
Incoherent elastic scattering cross section, 595
Incoherent multiple scattering, 108, 661
Incoherent scattering, 177, 554

Compton, 90
cross section, 594
functions (Table 7.4.3.2), 658
level, 109

Incommensurate modulated structures,
907±944

Index of refraction, 600
Indexing powder patterns, 541
Indirect method, X-ray detectors, 634
Indirect transformation method, 101
Indium antimonide, dielectric coefficients,

401
Induced matrix norm, 678
Inelastic coherent scattering, 109
Inelastic crystal excitations, 425
Inelastic scattering, 378, 416, 657

Bethe theory, 406±408
electrons, 391
neutrons, 391

Inelastic scattering factors for electrons (Table
4.3.3.2), 378±388

Inelastically scattered electrons, 81
Influential data points, 705, 708
Information resolution limit, 424
Infrared radiation, 187
Inhomogeneities in matter, 105
Inhomogeneous cylinders, 96
Inhomogeneous particles, 96
Inner moments, 718
Inner surface area, 109
Inorganic compounds

silicates, 766±769
typical interatomic distances, 778±789

Inorganic Crystal Structure Database, 778
Insertion devices, 197
Instrument parameters, geometrical, 44
Instrumental broadening and aberrations, 47,

101
Integrated intensity

for XED and powder samples, 85
formulae for, 600
of a reflection, 668

Integrated reflections, 114
Intensity, 519

distribution, two-dimensional map, 522
of characteristic lines, 191
of diffracted intensities, 554±595
standards, 500
statistics, 519
variation with take-off angle, 74

Intensity factors, 596
angular velocity, 596
data-processing programs for, 596
in single-crystal methods, 596±598
polarization, 596
trigonometric, 596±598

Interatomic distances, 778±896
in inorganic compounds, 778±789
in metals, 774±777
in organic compounds, 790±811
programs for calculating, 778

Interaxial angles, determination, 525
Interband transition, 401
Interference model, hard sphere, 98
Interferometers

Bonse & Hart, 121
Fabry±Perot, 533

Interferometry, combined optical and X-ray,
533±534

Intergrowth crystal structures, 907
Interlaboratory comparison, 536
Internal

space, 912, 937, 944
standard, 499
translation, 912

Interparticle interference, 97, 98
Interpenetrating packing, 751
Interplanar spacing determination

accuracy of, 505
precision of, 505

Interquartile range, 690
Intersecting-Kikuchi-line method, 736
Interstices in close-packed structures, 753
Intramolecular multiple scattering, 392
Intrinsic background (neutrons), 651
Intrinsic component, 917
Intrinsic efficiency, 622
Intrinsic part of a space group, 940
Inverse contrast variation, 108
Inversion twins, 10, 12
Ion-beam thinning, 171±173
Ion-implanted silicon, 525
Ion sources for etching, 173
Ionic radii, 778
Ionicity, degree of, 425
Ionization cross sections, 407
Ionizing radiation

definition of, 958
protection from, 962±963

Irradiated area
displacement of, 526
exactly defined, 522

Irradiated specimen length, 45
Irradiation, study of effects of, 516, 525
Isometric point groups (crystal classes), 939
Isotopic replacement, triple, 111
IUPAC notation, X-ray diagram levels, 191

Jagodzinski notation, silicon carbide, 754
Johann monochromator, 664
Johansson monochromator, 664
Joint probability density function, 679

K� doublet, 62, 510, 512±515
K�1 and K�1 wavelengths in lattice-spacing

determination, 521
K�2 radiation, elimination, 510
K� line in lattice-spacing determination, 507
Kaolinite, 769
Kappa diffractometer (definition), 37
Kappa model, 714
Kikuchi lines, 419
Kikuchi patterns, 735
Kikuchi techniques, 538
Kinematic image, 115
Kinematic theory, 590
Kinematical approximation, 80, 260, 262
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Kinetic energy, 721
Kitajgorodskij's categories, 897
Knife-edge calibration, 498
Kossel

camera, 512
cone, 510, 514
lines, 510±515
lines, intersections of, 512±513
method, 510±516
pattern, 512±514, 735
plane, 513

Kramer's constant, 192
Kramers±Kronig transform, 245
Kratky cameras, 99

Label triangulation, 111
Labelling, 97

isotopic, 108
Lagrange polynomials, 111
Lagrange undetermined multipliers, 693
Lambda curves (Laue), 39
Lambda symmetry (operations), 763
Lamellar particles, 97
Lamellar textures, 412
Lanthanum hexaboride, instrumental sample,

501
Large-scale problems, 685
Larmor frequency, 728
Laser, He±Ne, 533
Laser plasma X-ray sources, 189
Latex particles, 107
Lattice(s)

aperiodic, 937
Bravais, 3, 15, 913
centred, 3
curvature, 114
defects, 113
derivative, 11
dimension, 937
direct, 911
direct and reciprocal, 2
for close-packed structures, 755
holohedry, 939
point, 2
rank, 937
twin, 10
vector, 2
vector centring, 3
vector, reciprocal, 2

Lattice bases, standard, 938
Lattice-fringe images, 421
Lattice ghosts (Gittergeister), 907
Lattice-parameter changes, study of, 507, 510,

522, 525, 529±530
Lattice-parameter determination, 490±541

aberrations in, 493
absolute, 505, 525, 529±532
for rectangular systems, 528
from one crystal mounting, 509, 510
from separate photographs, 509
HOLZ techniques, 538, 540
inter-laboratory comparison, 536
Kikuchi techniques, 538±540
least-squares methods, 498
local, 525, 529, 532
neutron diffraction, 541
of cubic lattice, 528
of deformed lattice, 513±515
of imperfect crystal, 522
of large flat slab, 507, 522, 524, 527
of perfect crystal, 522

Lattice-parameter determination
of polycrystals (Kossel method), 515
of single crystals, 505±536
of small spherical crystals, 507, 525
of standard crystal, 507
powder diffraction, 491, 506, 509, 518, 521
precision, 505, 509, 515, 526, 530, 536
preliminary, 507
relative, 505
sensitivity of, 505, 507, 532
standards, 499
systematic errors in, 493, 498
wavelength problems, 492

Lattice-parameter determination methods
camera, 497, 507
diffractometer, 495±496, 516±517
electron diffraction, 537±540
energy-dispersive, 496±497
neutron diffraction, 541
non-dispersive, 506, 509, 526, 533±534
polycrystalline X-ray, 491±504
pseudo-non-dispersive, 506, 526, 528
single-crystal X-ray, 505±536
synchrotron, 495
whole-pattern, 496
X-ray, 534

Lattice-parameter differences, determination
of, 507, 522, 525, 528±531

Lattice-parameter measurements
accuracy of, 490
discrepancy for silicon, 490
possible effect of filter, 239

Lattice parameters
of silicon, 490, 499
of silver, 499
of tungsten, 499

Lattice-spacing comparators, 530
Laue class, 13, 938
Laue diffraction

multiplicity distribution, 27
neutron single-crystal, 87

Laue geometry, 26, 38
Laue method, 663
Laue patterns, 27, 124

flat-film camera for recording, 70
Laue photography combined with powder

diffraction, 506
Laue point group, 908, 913, 938
Laue sphere, 26
Layer-line screen (precession), 34
Layer-line screen (Weissenberg), 35
Layer lines, 414
Layer polytypism, 760, 766
Layer silicates, 414
Layer stacking, 752±773

in polytypes, 760±773
LCAO (linear combination of atomic orbitals)

approximation, 715, 723
Lead oxide camera tubes, 634
Leakage radiation, definition of, 959
Least-dense sphere packings, 748, 749
Least-squares calculations, 678±688

estimator, 680
nonlinear, 682
software for, 688

Least-squares refinement, 504, 505, 510, 517
problems, 101

LEED (low-energy electron diffraction), 24
Legendre polynomial, 565

associated, 581
Lens configuration, 514

Lens-shaped figures, 512±514
Levenberg±Marquardt algorithm, 683
Leverage, 705, 708
Libration (rotational oscillation), 589
Libration tensor, 697
Librational model, 697
Librational temperature factor, 723, 724
Licensable quantity, definition of, 959
Likelihood, 689
Likelihood-ratio method, 523
Limited projection topographs, 116
Limiting resolution of X-ray detectors, 634
Line focus, 194
Line profile, 518

calculated by convolution, 662
Linear algebra, 678
Linear attenuation coefficient, 213
Linear combination of atomic orbitals (LCAO)

approximation, 715, 723
Linear estimator, 680
Linearity, 621
Linearity of response, 619
Lithium-drifted germanium detector, 622
Lithium-drifted silicon detector, 622
Live X-ray topographs, 122
Local measurements (topography), 516,

525±527, 529
Location of diffraction profile, 518
Long-period polytypes, 757
Lorentz factor, 497, 596, 710
Lorentz model, 400
Lorentz±polarization factor, errors, 60, 523,

596
correction for, 523

Lorentzian curves, 66
Lorentzian functions, 711
Lorentzian profiles, 67, 400
Low-angle boundaries, 114
Low-angle reflections, confusion with escape

peaks, 622
Low-energy electron diffraction (LEED), 24
Low-Q scattering, 105
Lower quartile, 813
Luminescence, photostimulated, 635

Macromolecules, biological, use of SANS,
105

Macroscopic absorption cross section, 461
Magnetic

Bragg reflection, 591
domains, 124
form factors, 454, 592
interaction vector, 591
orbital structure factor, 731
ordering, 725
space group, 591

Magnetic properties, 154
of the neutron, 108

Magnetic scattering
of neutrons, 590
of neutrons, elastic, 591
X-ray, 733

Magnetic structure factors, 591, 726, 727
unit-cell, 591
X-ray, 733

Magnetism, 725
Magnetization density, 591, 725
Magnetostatic energy, 731
Magnetostatic properties, 731
Magnets, bending, 197
Main reflections, 907
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Mains-voltage fluctuations, 667
Many-beam dynamical diffraction, 80
Marginal probability density function, 679
Mass absorption coefficients, 213, 600
Mass attenuation coefficients, 213±214

tables of, 230±236
Mathematical interpretation in single-crystal

methods, 536
Mathematical theory of powder

diffractometry, 518
Matrix diagonalization, 425
Matrix formulae for two-circle diffractometer,

517
Maximum degree of order (MDO) polytypes,

762, 767, 768, 769, 770, 772
Maximum dimension of a particle, 93, 102
Maximum-entropy method, 428, 689
Maximum-likelihood estimate, 689
Maximum-likelihood methods, 691
Maximum oscillation angle, 33
Maximum primary dose (MPD), 960
MDO (maximum degree of order) polytypes,

762, 767, 768, 769, 770, 772
Mean, 679, 813
Mean-square broadening, 493
Measured-as-negative intensities, 667
Measured profile, 505

as a convolution, 503
Measurements of lattice parameters

absolute, 505
relative, 505

Mechanical (deformation, glide) twins, 10
Mechanical properties, 153
Mechanical twins, 10
Median, 520

absolute deviation, 690
variance of, 520

Melt-grown crystals, 114
Melting point, 154
Membrane proteins, 24
Mercury iodide detector, 623
Mercury sulfide chloride, 
-Hg3S2Cl2, 771,

772
Merohedral point groups, 12
Meso-octahedral sheet, 767
Metallic radii, empirical, 774
Metals

preparation of specimens, 173
texture studies, 414
typical interatomic distances, 774±777

Methyl methacrylate resin containers, 162
Metric tensor, 694
Mezei flipper, 442
Mica containers, 162
Mica group, 765, 768±770
Microanalysis, 54

quantitative, 410
Microdensitometer, 618
Microdiffractometers, 491
Microdiffractometry, 53
Microfocus sources, 71
Microrefractometer, 160
Microtome, 171
Microwaves, 190
Midchord peak, 518
Midpoint of a single chord, 518

bias, 520
variance, 520

Miller formulae, 5
Miller indices, 5, 11
Mimetic twinning, 153

Mirror cameras, 106
Mirrors, 37

for neutrons, 436
reflection devices, 435

Misalignment, 506, 531, 535±536
diffraction, 424
of electron beam, 424

Misorientation functions, 414
Misorientation matrices, 33
Mixed-layer structures, 760
Model calculations in SAXS, 103
Model fitting in SANS, 111
Modelling of space-group frequencies, 897
Moderators for neutrons, 431
Modulated crystal structures, 907±944

examples, 936
types defined, 907

Modulation
displacive, 907
occupation, 907, 913
relations, 941

Modulation transfer function (MTF), 634
MoireÂ topography, 121
Molecular beams, 189
Molecular biology, isotopic composition in

SANS, 107
Molecular dipole moment, 725
Molecular geometry, 812
Molecular organic structures

packing in, 897
space-group distribution of, 905

Molecular packing, 904
Molecular scattering factors, 390
Molecular weight, 93
Moliere high-energy approximation, 260
Moment, 679
Moments of a charge distribution, 716
Momentum density distributions, 659, 713
Momentum space, 713
Monitor methods, 72
Monitoring circuits, 619
Monochromatic radiation, �±2� scan, 55
Monochromatic still exposure, 30
Monochromator-scan method for diffraction,

85
Monochromators, 37, 43, 46, 51, 76, 99, 120,

395, 528, 662
alignment, 46
angular calibration, 46
channel-cut, 77, 121, 239
common types, 77
comparison of, 433
crystal, 76
different diffraction geometries, 43
diffracted beam, 44, 46
double-reflection, 239
focusing, 82
for neutrons, 432±435
for X-rays, 236
graphite, 38, 239, 620, 664±665
incident-beam, 53
Johann, 664
Johansson, 664
mosaic crystals, 432, 662
multi-reflection, 239
perfect-crystal, 39, 443, 663
pyrolytic graphite, 46, 72
quartz, 661
scanning-crystal, 622
single-reflection, 239

Monoclinic crystal system, 6, 16

Monodisperse systems, 91
Monopole, 716
Morphological properties, 153
Morphology, and mounting of single crystals,

164
Morse approximation, 389
Mosaic-crystal monochromator, 662
Mosaic spread, 432
Mosaicity, 443

neutron diffraction, 433
Moseley's law, 76
MoÈssbauer radiation, 656
MoÈssbauer spectroscopy, 189, 719
Mott±Bethe formula, 261
Mounting of specimens, 163

biological macromolecule single crystals,
165

polycrystalline specimens, 162
single crystals, 164
small organic and inorganic single crystals,

164
Moving splines, 111
Multichannel pulse-height analyser, 496
Multi-component complex, label triangulation,

111
Multidetector, 82
Multilayer materials, 171
Multilayer polarizers, 436
Multiple-beam methods, 531
Multiple-crystal techniques, 528±532
Multiple diffraction, 513
Multiple-diffraction methods, 526±528

with counter recording, 526±528
with photographic recording, 513

Multiple-diffraction pattern, 527
indexing, 527

Multiple-exposure techniques, 514
Multiple-order reflections (Laue), 27
Multiple scattering, 661

deconvolution techniques, 391
incoherent, 661
intramolecular, 392
neutron diffraction, 177
Poisson distribution, 393
problems associated with, 392

Multiple twins, 10
Multiplicity distribution in Laue diffraction, 27
Multiplicity factor, 596
Multipole expansions, 103, 714, 716, 730
Multipole functions, angle dependence, 583
Multipole model, 716
Multi-reflection devices, 121
Multislice method, 414±416, 425

programs for, 415
Multiwire detectors, 82
Multiwire proportional chamber (MWPC),

627
Muons, 189
Muskovite, 771

n-beam Fourier imaging, 422
n-particle density matrix, 713
n-particle wavefunction, 713
Natural background, definition of, 959
Near-edge fine structures, 408
Neighbours, nearest (direct) and next-nearest

(indirect), 775
Net planes, 4
Neutron Anger camera, 650
Neutron-beam definition, 431
Neutron-capture reactions, 644±645
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Neutron diffraction, 26
cross section (tables), 445±461
energy-dispersive, 87
Laue, 87
powder, 82
preparation of specimens, 177
scattering lengths (tables), 445±461
time-of-flight, 87
time-of-flight, powder, 88
white-beam, 87

Neutron polarization, 592
Neutron powder data, 68

Rietveld analysis of, 710±712
Neutron resonance spin echo (NRSE), 443
Neutron scattering, 591±595

elastic, 728
focusing, 443
form factors, 454±461
inelastic, in spectroscopy of solids, 391
magnetic, 591, 726
monochromators, 443
nuclear, 593
polarized, 728
resolution functions, 443
scattering factors, 454±461
Soller collimators, 443
spectrometers, 444

Neutron sources
pulsed spallation, 189
reactors, 430
spallation, 87, 430

Neutron spin, 444
interaction with electron spin, 725±726

Neutrons
absorption coefficients (Table 4.4.6.1), 461
cold, 105
faster-than-sound, 657
films for, 646
filters, 438
guide tubes, 432, 435
moderated, 430
monochromators, 432
polarized, 108, 592
properties, 187
reflectivity, 126, 433
reflectometry, 126
scattering-length densities, 441
slower-than-sound, 657
topography, 124

Next-nearest (indirect) neighbours, 775
NFZ relation, 761
NIST (National Institute of Standards and

Technology) silicon standard, 495
NMR (nuclear magnetic resonance), 154, 190
No-upper-layer-line approximation, 415
Nodal reflections, 27
Noise reducer for image processing, 635
Non-crystalline samples, diffraction from, 24
Non-crystallographic symmetry elements, 907
Non-dispersive methods (techniques), 506,

526, 533±534
Non-linear least squares, 683
Non-periodic systems, 89
Non-stochastic effects, 959
Non-systematic interactions, 81
Non-uniformity of response, area detectors, 41
Normal attenuation, 214
Normal-beam equatorial geometry, 36
Normal-beam rotation method, 31
Normal crystal, 908
Normal equations, 680, 682

Normal modes of vibration, 653
Normal probability distribution function, 66,

702
Normalized spin density, 727
Notations for close-packed structures, 753,

758
Nuclear magnetic resonance (NMR), 154, 190
Nuclear reactors, 430
Nuclear scattering

amplitude, 594
length, bound, 594
of neutrons, 593

Nuclear structure factors, 595, 725, 732
Nuclear Thomson scattering, 242
Numbers of reciprocal-lattice points within

resolution sphere, 28
Numerical approximations to f(s), 261
Numerical methods, 685

Objective-lens defocus, 421
Oblate ellipsoid of revolution, 94
Oblique crystal system, 15
Oblique-texture electron difraction patterns,

412
Obliquity, 41
Occupation modulation, 907, 913
Octahedral sheet, 767
Octupole, 716
OD (order±disorder)

diffraction pattern, 763
groupoid families, 761, 763, 765, 773
layers, 764
packets, 765
repeat unit, 764
structures, 761, 764
structures, desymmetrization of, 765
theory, 761

One-crystal spectrometers, 521±526
asymmetric (arrangement), 521±522
symmetric (arrangement), 521±526

One-dimensional crystal classes, 15, 16
One-line symbols for Bravais classes, 915, 920
One-particle reduced density matrix, 726
Open shell electrons, 727
Operations in polytypes, 762±763
Optic modes, 653
Optical

activity, 153
antipodes, 153
diffractograms, 427
interferometry, 533±534
properties, 153, 160
reflectivity, graphite, 403
wavelength as a standard, 533

Optimization (of measurement), 517±520,
526±528, 532±534, 667

Optimum design of experiments, 74, 702
Orbital angular momentum, 731
Orbital magnetism, 731
Orbital moment, 727
Orbital momentum, 726
Orbitals, Slater-type, 584
Order±disorder (OD)

diffraction pattern, 763
groupoid families, 761, 763, 765, 773
layers, 764
packets, 765
repeat unit, 764
structures, 761, 764
structures, desymmetrization of, 765
theory, 761

Organic compounds
preparation of specimens for electron

diffraction and electron microscopy, 176
space-group distribution of molecular, 905
typical interatomic distances, 790±811

Organometallic compounds
label triangulation, 111
typical interatomic distances, 812±896

Orientated solidification, 176
Orientation contrast, 113
Orientation matrix, 516, 535, 537

determination, 517
four-circle diffractometer, 516±517

Orientation of crystals, 134
Orientation of the lattice relative to the point

group, 15
Oriented texture patterns, 412
Origin of angular scale

recovery of, 530
uncertainty of, 530, 536

Original profile, 505, 520
half-width of, 506, 520

Origins, equivalent, 15
Orthorhombic crystal system, 6, 16
Oscillation angle, maximum, 33
Oscillation photographs processing, 510
Outer moments, 718±720
Outlier removal, 813

Packing
contact number in, 746±747, 752
density of, 746
heterogeneous, defined, 746
homogeneous, defined, 746
interpenetrating, 751
of circles, 746±747, 752
of ellipses and ellipsoids, 751±752
of layers, 752±773
of spheres, 746±751, 752, 904
stable, 747, 750
types, tables of, 747±748
voids in, 750

Pair-distance distribution function (PDDF), 90
Pair-production cross sections, 213
Parafocusing, 47
Parallax, 41, 624
Parallel-beam geometry, 54, 663
Parallel detection, 397
Parallel-plate counters, 627
Parallel recording, 639
Paramagnetism, 154
Paramagnets, 728
Parasitic scattering, 661
Partial coincidence operations, 761
Partial structure factors in SANS, 112
Partial wave phase shifts, 389
Partially stimulated reflections (partials), 34,

39
Particle(s), 186

latex, 107
mass in SANS, 110
maximum dimension, 102
parameters of, 91
shape in SANS, 110
shape in SAXS, 93

Particle orientation, fluctuations, 492
Particle size, 62, 89, 162

distribution, 111
Patterson synthesis, 21
Pauli principle, 412
Pauling model of hydrous phyllosilicates, 767
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PCD (projected charge-density)
approximation, 423

PDDF (pair-distance distribution function),
90

Peak
asymmetry, 67
displacements, 518
height, 518
of a reflection, 492
satellite, 75
search, 65
shift, 518
variance, 520

Peak flux, 431
Peak-shape function, 710±711
Peak-to-background ratio, 65, 661

with scintillation counters, 622
Pearson VII function, 67, 711
PendelloÈsung, 250
Penetration depth, 58

of X-rays, methods of reducing, 525
Peptides, standard coordinates, 699
Per cent point function, 708
Perfect-crystal analysers, 665
Perfect-crystal monochromators, 444, 663
Perfect single crystals, 510, 519
Persistence length, 93
Petrographic sections, 171
Phase analysis, electron diffraction, 412
Phase diagrams, determination of, 510
Phase-grating approximation, 260
Phase identification, 42, 81

from electron-diffraction patterns, 81
Phase-space analysis, 661
Phase-space diagrams, 661
Phase transitions, study of, 509, 522, 525,

529
Phonon absorption, 656
Phonons, 261, 653
Phosphor screens, 634
Phosphoric acid as etchant, 173
Phosphors, 630

storage, 635
Photoabsorption measurements, 406
Photoconductive layer

amorphous Se±As alloy, 635
lead oxide, 634
X-ray-sensing, 634

Photo-effect data, theoretical, 221
Photoelectric absorption, 599
Photographic emulsions, 640
Photographic film

graininess, 640
properties of, 640
shrinkage, 498

Photographic methods
electron diffraction powder pattern, 81
single-crystal, 508±516
single-crystal, classification of, 508

Photographs
cone-axis, 36
setting (precession), 35
upper-layer (precession), 35
upper-layer (Weissenberg), 35
zero-layer (precession), 35
zero-layer (Weissenberg), 34

Photomultiplier tube, 619
Photon energy, 84
Photon-induced X-ray analysis, 189
Photon interaction cross sections, tables of,

223±229

Photon noise, 633
Photon scattering cross section, 213
Photons, 186
Photostimulated luminescence, 635
Phyllosilicates, 413, 766±771
Physical aberrations, 493, 493

for XED, 86
Physical constraints, 715
Physical properties, relation to crystal

structure, 151±153
Picture elements (pixels), 634
Piezoelectricity, 154
Pinhole cameras

in SANS, 106
in SAXS, 100

PIX (proton-induced X-ray analysis), 189
Pixels (picture elements), 634
Planck's law, 186
Plane detector recording, 32
Plane-wave topography, 121
Plasmas, 191
Plasmon(s), 261, 403

cross section, 399
dispersion, 398
energies in metals, 397
excitation energy, 660
lifetime, 399
scattering, 657, 661

Plasticity, 153
Pleochroism, 153
Point group(s), 939

arithmetic, 913
arithmetically equivalent, 939
definition of, 945
equivalence class, 939
geometrically equivalent, 939
Laue, 908, 913
merohedral, 12
orientation of the lattice relative to, 15
reducible, 940

Point lattice, 2
Point row, 3
Point-spread factor, 40
Point-spread function (PSF), 625
Poisson distribution, 393, 666, 690

difference of two, 666
sum of two, 666

Poisson statistics, 519
Poisson's electrostatic equation, 719
Polarization, 193

dependence, 732
incident neutron, 727
index, 611
neutron, 592
rotation of, 593
vector, 654

Polarization factor, 51, 596
for XED, 85

Polarized neutron scattering, 728
Polarized neutrons, 108, 592
Polarized radiation, circularly, 734
Polarizers, multilayer, 435
Polarizing

filters, 438
microscope, 154
mirrors, 440
neutron guides, 431

Polishing, 174
Polycrystalline samples for neutron

diffraction, 177
Polydisperse systems, 89, 99

Polymers
isotopic composition in SANS, 107
preparation of specimens for electron

diffraction and electron microscopy, 176
texture studies, 414

Polypeptides, restraints in refining, 699±700
Polysynthetic twins, 10
Polytypes, 754±756, 760±773

basic, 762
families, 761
faults in, 758±760
layer stacking in, 760±773
long-period, 757
maximum degree of order (MDO), 762
mixed-layer structures, 761
regular, 762
rod, 760, 766
simple, 762
standard, 762
turbostratic structures, 761

Polytypism
definition, 760
layer, 766
oriented texture patterns, 412
rod, 760, 766

Position-sensitive detectors, 82, 87, 100, 113,
619, 623±633, 664

choice of detectors, 623
detection efficiency, 623±624
detector properties, 623±625
for neutrons, 649, 652
localization of detected photon, 627
photographic film, 623
size and weight, 626
software packages, 633
storage phosphors, 634, 635±638

Positron annihilation spectroscopy (PAS),
189

Positrons, 189
Posterior probability density function, 681
Potential scattering, 594
Powder cameras, 70
Powder diffraction, 42, 664

advantages of synchrotron, 54
combined with Laue photography, 506
electron techniques, 80
methods, basic, 55
neutron techniques, 82
special factors in, 596
standards, 498±499
tilted-beam techniques, 80

Powder diffraction data, Rietveld analysis of,
710±712

Powder diffractometry, mathematical theory
of, 518

Powder methods compared with single-crystal
methods, 506

Powder-pattern geometry, 80
Powder-pattern indexing, 541
Powder-pattern intensities, 80
Powder patterns

calculation of, 60
computer graphics for, 69

Powders, correction factor for, 657
Poynting vector, 119
Precautions against radiation injury,

958±967
Precession geometry, 35

setting, 168
Precision, 490, 492, 497, 501, 707

of parameter estimates, 702
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Precision of lattice-spacing determination, 505
and profile shape, 517±519
(methods of) increasing, 518, 533±534
relative, 505

Preferred orientation, 60, 80, 162, 712
empirical correction factor, 61
minimization of, 60

Preparation
of crystals, 153
of specimens for electron diffraction and

electron microscopy, 171
of specimens for neutron diffraction, 177

Pressure, effect on lattice parameters, study
of, 508

Primary dose limits, 960
Primary extinction, 609, 610
Primitive

crystallographic basis, 2
reciprocal basis, 2
unit cell, 2

Principle of causality, 246
Prior probability density function, 681
Probability density function, 681
Probability distribution function (p.d.f.),

707
Profile fitting, 65, 492, 710

computer procedures, 491
functions, 66, 710
in oscillation photographs, 510

Profile parameters, 710
Projected charge-density (PCD)

approximation, 423
Projection matrix, 705, 706
Projection topograph, 115
Prolate ellipsoid of revolution, 94
Promolecule, 714
Promolecule density, 714
Propagation function, 415
Proportional counters, 619
Protection from ionizing radiation, 962±963
Proteins

label triangulation, 111
restraints in refining, 699±701

Proton-induced X-ray analysis (PIX), 189
Pseudo-atom moments, 718
Pseudo-non-dispersive methods, 506, 526,

528±533
Pseudo-Voigt function, 67, 711
Pulse-amplitude discrimination, 73, 620
Pulse-amplitude distributions, 621
Pulse-height analyser, 622
Pulse-height discrimination, 619
Pulse-height distribution, 626
Pulsed neutron source, 711
Pulsed (spallation) neutron source, 87, 189,

430±431
Pycnometry, 158
Pyroelectricity, 154
Pyrolytic graphite, 43, 77, 438, 665

cross section for neutrons, 439
Pyrophyllite, 768

Q±Q (quantile±quantile) plot, 707, 708
QED corrections, 204, 205
QR decomposition, 679
Quadrupole, 716
Quadrupole moment, 717
Quality factor (QF), definition of, 959
Quanta, 186
Quantile±quantile plot, 707, 708
Quantitative microanalysis, 410

Quantum counting efficiency, 621
Quantum efficiency, 624
Quartz monochromator, 664
Quartz twins, 11
Quasi-Gaussian approximation, 590
Quasi-Newton methods, 683
Quasicrystals, 908

R factors, 68, 710±711
dynamical, 427
weighted, 68

Racah's algebra, 731
Radial constraint, 715
Radial distribution function, 97
Radiation damage, 166, 417, 626, 630
Radiation injury

definition of terms, 958±960
possible sources, 962±963
precautions against, 958±967
regulatory authorities, 964±966
responsibilities, 960±961

Radiation protection, 957, 962
Radiation safety officer, 960
Radiations used in crystallography

electromagnetic waves, 186
particles, 186, 259

Radioactive samples, 619
Radioactive sources, 189
Radio-frequency flipping coil, 728
Radionuclides, 75, 196

definition of, 959
Radiotoxicity, definition of, 959
Radius of gyration, 91

of the cross section, 92
of the thickness, 92

Radoslovich model, 769
Raman effect, 153
Raman scattering, 657, 660

resonant, 657, 660, 661
Raman spectroscopy, 189
Ramsdell notation, 752
Rank of a lattice, 937
Rate-meter measurements, 63
Ratio method

for powder samples, 509
for single crystals, 509

Ratio of lattice spacing to optical wavelength,
533

Rational twin axis, 10
Rayleigh criterion, 427
Rayleigh scattering, 214, 242, 554, 599
Rayleigh scattering data, theoretical, 221
RBS (Rutherford backscattering), 189
Reactors, 430
Real crystals, 419
Real solids, 401
Real structure

determination, 516, 531
errors due to, 528

Receiving slit, 45
aperture, 53
width, 48

Reciprocal cell
picture of, three-dimensional, 509
picture of, two-dimensional, 509
picture of, undeformed, 509

Reciprocal lattice, 412
angles, determination, 517
geometry, 513
layer lines and crystal setting, 168
parameters, determination, 517

Reciprocal lattice
point, 415
vector, 3

Recording counts, fluctuations of, 492
Recording range, 52
Rectangular crystal system, 15
Reducible point groups, 939
Reference crystal(s), 531±532
Reference sample in SANS, 109
Refinement

least-squares, 503, 505, 510, 517
of structural parameters, 677
problems, least-squares, 101
Rietveld, 56, 82, 541
Rietveld, using XED, 86

Reflecting power of a crystal, 590
Reflection

angles, 499
conditions, for a twinned crystal, 13
conditions, special, 921
of light, 153

Reflection electron microscopy (REM), 428
Reflection high-energy electron diffraction

(RHEED), 428
Reflection-only counting rates, 666
Reflection specimen, �±2� scan, 44, 53
Reflection topographs, 113, 114
Reflection twins, 10, 12
Reflections

integrated, 114
main, 907
multiple-order (Laue), 27
nodal, 29
satellite, 907
single-order (Laue), 27

Reflectivity function, 528
Refraction, 527

correction for, 492, 505, 523, 536
effects, 81

Refractive index, 81, 154, 160, 189, 599±600
immersion media for measurement of, 160

Regular polytypes, 762
Regulatory authorities, 964
Relative measurements of lattice spacing, 505
Relative molecular mass in SANS, 110
Relativistic corrections, 390
Relativistic effects, 186, 260, 262
REM (reflection electron microscopy), 428
Remanent systematic error, testing for, 498
Repeated twins, 10
Residual, 707
Residual map, 714
Resolution

in XED, 85
sphere, 27

Resolution errors
detector element, 106
gravity, 106
in SANS, 106
slit, 106
wavelength, 106

Resolution functions in neutron scattering,
443

Resonance scattering, 594
Resonant Raman scattering, 657, 660, 661
Restraints in refinement, 691, 693±701
RHEED (reflection high-energy electron

diffraction), 428
Rho operations, 763
Rhombohedral crystal system, 8
Ribosomes, scattering curves from, 111
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Rietveld method, 56, 82, 422, 493, 496, 541,
690, 710

background, 711
indexing, 711
peak-shape function, 710±711
preferred orientation, 712
problems with, 711
using XED, 86

Rigid-motion parameters, 697
Robust/resistant methods, 689
Rock minerals, preparation of specimens, 171
Rocking curves, 37, 39, 188, 662

double-crystal, 529
Rod-like particles, 94

molecular weight, 93
radial inhomogeneity, 96

Rod polytypes, 760, 766
Rotating-anode tubes, 71, 189, 194
Rotation diagrams, 414
Rotation geometry setting with moving-crystal

methods, 168
Rotation method, 29

normal beam, 31
Rotation of polarization, 593
Rotation/oscillation geometry, 31
Rotation twins, 10, 12
Rotational oscillation (libration), 589
Rutherford backscattering (RBS), 189
Rutile, intensity standard, 503

Sample mean, 813
Sample median, 813
Sample standard deviation, 813
SANS (small-angle neutron scattering), 105,

110
Satellite

peaks, 75
reflections, 907

Saticon television camera tubes, 630
SAXS (small-angle X-ray scattering), 89
Sayre's equation, 428
Scale factor, estimation of, 691
Scanning-crystal monochromator, 622
Scanning electron microscopy (SEM), 540
Scanning range, 519±520
Scanning transmission electron microscope

(STEM), 427
Scanning tunnelling microscope, 428
Scattering

coherent multiple, 661
Compton, 242, 554, 599, 661
DelbruÈck, 242
diffuse, 261
elastic, 416
electron, 259
fluorescence, 661
inelastic, 416, 657
low-Q, 105
magnetic, 730
magnetic X-ray, 730
multiple, 661
multiple, deconvolution techniques, 393
multiple, incoherent, 661
multiple, intramolecular, 392
multiple, neutron diffraction, 177
multiple, Poisson distribution, 393
multiple, problems associated with, 392
neutrons, magnetic, 591
neutrons, nuclear, 593
nuclear and magnetic, 435
parasitic, 661

Scattering
plasmon, 657, 661
potential, 594
Raman, 657
Rayleigh, 242, 554, 599
resonance, 594
resonant Raman, 657, 660, 661
spin-flip, 591
thermal diffuse, 416, 653, 655, 657, 661
Thomson, 733

Scattering amplitudes, 389
for electrons, 263±281
nuclear, 594

Scattering cross sections
coherent, 594
Compton, 213
elastic, 213
elastic differential, 262
incoherent, 594
incoherent elastic, 595
inelastic, 213
magnetic, 593
nuclear, 591
pair-production, 213
Rayleigh, 213
total, 213, 594
total (tables), 223±229

Scattering factors
atomic, 554, 566
complex, 188, 262
electron, 188, 259
for electrons, molecular, 390
for electrons, partial wave (Table 4.3.3.1),

286±377
for neutral atoms, 263
free atoms, 555
generalized, 565
hydrogen-atom, 565
interpolation, 565
magnetic, 461
parameterization, 262, 461
X-ray, Gaussian fits, 261
X-ray incoherent, 389

Scattering functions, 89
incoherent (Table 7.4.3.2), 658

Scattering intensities
calculation of, 104
neutron, 105

Scattering-length densities, 105
match-point, 107

Scattering lengths, 444
bound nuclear, 594
coherent, 594
density, 105
density, match-point, 107
for neutrons, 188, 444
free, 594
total, 91

Scattering surfaces, 656
Scattering vector, 3, 90
Scherzer focus, 422, 423, 424, 426
SchroÈdinger wave equation, 186, 415, 735
Scintillation detectors, 619, 642, 664
Screen menu (CRT) for diffractometer-

operation control, 64
Screenless rotation technique for large-

molecule data collection, 169
Screw correlation tensor, 697
Secant methods, 683
Secondary extinction, 609, 611
Section topograph, 115

Seemann±Bohlin diffractometers, 495
Seemann±Bohlin geometry, 43
Seemann±Bohlin method, 52

advantages, 53
Selected-area channelling patterns, 540
Selected-area diffraction patterns, 428
Selected-area electron diffraction, 80, 538
Selection of crystals, 151
Self-centring slit, 45
Self-consistent field (Hartree±Fock) method,

243
SEM (scanning electron microscopy), 540
Semiconductor crystals, 428
Semiconductor detectors, 629, 642
Sensitivity (of lattice-spacing determination)

increasing, 505
(methods of) highest, 531

Separation plots, structural, 774
Serial recording, 639
Serpentine±kaolin group, 766±769
Setting
�±2�, 47
anti-equi-inclination, 31
azimuthal, 168
equi-inclination, 31
flat cone, 31
Guinier, 39
photograph (precession), 35
precession geometry, 168
rotation geometry, 168
stationary crystal, 168

Setting angles in standard diffractometers,
516

Shadowing, 189
Shannon±Jaynes entropy, 691
Shape function, 520, 523
Shape of profile

affected by collimation, 520
and precision, 519±521

Shape transform, 718
Sheets

dioctahedral, 767
hetero-octahedral, 767
homo-octahedral, 767
meso-octahedral, 767
octahedral, 767
tetrahedral, 768
trioctahedral, 767

Short symbols for superspace groups, 921
Siegbahn notation, 191
Sievert, definition of, 959
Sigma symmetry (operations), 763
Signal-to-noise ratio, 633, 645
Significance tests, 702
Silicates (phyllosilicates), 766±771
Silicon, lattice parameter of, 490, 495, 499
Silver, lattice parameter of, 499
Silver behenate reflection angles, 503
Simple polytypes, 762
Simulations in SAXS, 103
Simultaneous reflection, 526
Single crystal

characterization, 525
Laue diffraction, neutron, 87
monochromators (at synchrotron), 39
topography, 114
XED methods, 87

Single-crystal methods
compared with powder methods, 506
photographic, 508±516
with counter recording, 516±533
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Single-crystal X-ray techniques, 26, 505±536
classification of, 25

Single filters, 78
Single-order reflections (Laue), 27
Single-particle scattering, 110
Single-wire detectors, 82
Skewness, 586
Slater determinant, 722
Slater-type orbitals, 584
Slits

antiscatter, 45
design, 45
self-centring, 45

Slower-than-sound neutrons, 657
Small-angle approximation, 80
Small-angle cameras, 99
Small-angle neutron scattering (SANS), 105,

110
Small-angle X-ray scattering (SAXS), 89
Small angles of incidence, 525
Small particles

essential, 56
line broadening from, 62

Small spherical crystals, lattice-parameter
determination of, 507, 525

Solid-state detectors, 82, 620, 642, 664
Solid-state effects, 400
Solid-state valence-band theory, 415
Soller collimators, 82, 432, 443
Soller slits, 46, 56, 82, 494, 521±522
Solutions, diffraction from, 24
Somatic effects, 960
Sound velocity, 656
Source intensity distribution and size, 73
Sources of X-radiation, 507
Space-group frequencies

statistical modelling of, 897±906
tables, 905

Space groups
and arithmetic crystal class, 15±20
arranged by arithmetic crystal class, 16
classification of, 15, 897
closest-packed, 897
distribution of molecular organic structures,

897
enantiomorphous pairs, 20
for close-packed structures, 755
frequency of, 15
impossible, 897
limitingly close-packed, 897
magnetic, 591
one-line symbol, 920
permissible, 897
symmetry, 695
two-line symbol, 921

Spallation neutron sources, 87, 189, 430±431
Spark erosion, 174
Sparse matrices, 685
Sparse matrix methods, 701
Spatial distortions, 41, 625, 633
Spatial non-uniformity, 633
Special reflection conditions, 921

for (3+1)-dimensional space groups, 934
Specific heat, 154
Specific isotopic labelling, 107
Specific surface, 93
Specimen

aberrations, 48
absorption, 497, 498
displacement, 494, 498, 499
displacement error, correction, 528

Specimen
factors, 60
fluorescence, 43, 78
focusing circle, 44
irradiated length, 45
mounting, 162
orientation, 44
preparation, 171, 177, 503
surface displacement, 48, 499, 503
transparency, 494, 497, 499
transparency aberration, 50

Specimen-tilt and beam-tilt error correction,
524

Spectral breadth, 189
Spectral brightness, 197
Spectral profiles, 48
Spectral purity, 72
Spectrometers, 395

asymmetric, 521±522
combined (techniques), 531
double-beam, 531
double-crystal, 510, 528±530
one-crystal, 521±526
stability of, 532
symmetric, 521±526, 529±531
time-of-flight, 444
triple-axis, 444, 531±532
triple-crystal, 531±532

Spectroscopy
electron energy-loss, 391
infrared, 189
Raman, 189

Sphalerite, 754
Sphere(s), 92, 94

close-packing, 746, 752, 761
hollow, 92
of reflection (Laue sphere), 26
packing, 747

Spherical aberration, 421
Spherical Bessel function, 460, 565, 592
Spherical harmonic approximation, atom-

centred, 714
Spherical harmonic functions, 581, 714, 722
Spherical harmonic multipole model, 715
Spherical symmetry, 103
Spherically symmetric particles, 96
Spin

flipper, 442
of neutrons, 443
polarization, 388

Spin-contrast variation, 108
Spin density

analysis of, 713±734
errors, 729

Spin-flip processes, 728
Spin-flip scattering, 591
Spin-magnetization densities, 725, 727, 731
Spin-orbit coupling, 727
Spin-orientation devices, 442
Spin-polarization effect, 732
Spin structure factor, 731
Spin-turn coil (flipper), 442
Split basis, 944
Spot size and shape, 37, 39
Sputter etching, 173
Sputtered thin films, 173
Square crystal system, 15
Square-root technique, convolution, 103
Square-wave modulation transfer function, 634
Stability of spectrometers, 532
Stability of X-ray sources, 72

Stable packing, 746, 750
Stacking faults, 754, 762

fringe patterns, 116
Stacking sequence, determination of, 757
Standard basis, 944
Standard crystal, 507, 531±532

lattice-parameter determination of, 507
Standard deviation, 679
Standard lattice bases, 938
Standard polytypes, 762
Standard reference materials, 498
Standard specimens, 501
Standard uncertainty, 681, 707
Standards

intensity, 500
powder-diffraction, 498±499

Static model map, 714
Stationary-crystal method, 168
Stationary-phase focus, 422
Statistical errors of lattice-parameter

determination, 505, 519, 523
Statistical fluctuations, 69, 492, 666
Statistical modelling, 904
Statistical significance tests, 702±705
Statistical validity

in general, 702±705
of Rietveld method, 712

Statistics, 679
of recorded counts, 519
Poisson, 519

STEM (scanning transmission electron
microscope), 427

Step size and count time, 64
Stereochemical constraints, 698
Stereographic projection of Kossel pattern,

513
Stereographic transformation, 29
Stibivanite, 769±772
Still exposure, monochromatic, 31
Still photographs for initial crystal setting, 169
Stochastic effects, 959
Stopping rules, 684
Storage phosphors, 623, 635
Storage rings, 196

synchrotron-radiation sources, 199
Strain, measurement of, 510, 516, 529
Strainmeter, 510
Straumanis film mounting, 509
Stress

internal, 528
study of, 510, 516, 522

Strip-chart recordings, 63
Stroboscopic X-ray topography, 120
Structural classes, 904
Structural separation plots, 774
Structure amplitude, complex, 261
Structure analysis

direct, 103
electron diffraction, 413

Structure determination of close-packed
stackings, 756±758

Structure factor(s), 590, 941
determination, 735
magnetic, 725, 728, 730
magnetic orbital, 731
magnetic, unit-cell, 591
magnetic X-ray, 733
measurement by electron diffraction, 416
nuclear, 595, 725, 730
partial, 112
SANS, 112
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Structure factor(s)
spin, 731
X-ray, 737

Structure imaging, electron diffraction, 424
Structure prediction, 897
Structure refinement, 426
Student's t distribution, 704
Subfamilies, 769
Sub-grains, 114
Sublimed films, 176
Sulfur, Fermi level, 406
Superficial layers (see also Epitaxic layers),

study of, 525
Superlattices, determination of, 525
Supermirrors, 435
Superposition structure, 763
Superspace, 944

embedding, 908
Superspace groups, 909, 912, 916, 940, 945

(2+1)-dimensional (table), 920
(2+2)-dimensional (table), 921
(3+1)-dimensional (table), 922±934
equivalent, 940
full symbols, 921
short symbols, 921
symbols for, 921

Superstructure, 919
Surface diffraction, 24
Surface of a particle, 93
Surface plasmons, 403
Surface-roughness scattering, 108, 128
Surface structure, 428
Symmetric arrangement in single-crystal

methods, 509, 521±526, 529±531
Symmetry

conditions for second cumulant tensors,
695±696

elements, non-crystallographic, 907
enhanced, 13
group, 908
of Patterson synthesis, 21
spherical, 103

Symmorphism, 15, 897
Synchrotron radiation, 54, 99, 114, 119, 187,

191, 596, 623, 653, 665, 711
camera systems for, 100
determination of wavelength, 495
facilities (for EXAFS), 219
for XED, 84
sources, 38, 198, 495
special applications, 189
spectrum, 197

Synchrotron X-ray topography, 120
Systematic errors (see also Aberrations), 490,

492, 501, 653±665, 707
background, 661±665
connected with collimation, 523±524
detection and treatment, 498±499, 707±709
estimation of, 535
in counter-diffractometer methods, 518,

535
in divergent-beam methods, 515
in photographic methods, 508, 515, 535
in single-crystal spectrometers, 521, 522,

523
in the Bond method, 523±525
of wavelength determination, 535
plasmon scattering, 660
Raman scattering, 660±661
reduced experimentally, 512, 515, 521, 526,

528±530

Systematic errors (see also Aberrations)
reduced by detailed analysis of Kossel

patterns, 512±515
reduced by extrapolation, 505, 535
reduced by least-squares refinement, 517
remanent, 408
specimen displacement, 517, 531
testing for, 498±499
thermal diffuse scattering, 653±657
white radiation, 661±665

Systematic interactions, 81

Take-off angle, 74
Talc±pyrophyllite group, 768±770
Tangent formula, 428
Tau operations, 764
Television area detectors, 630
Television camera tubes, 632
TEM (transmission electron microscopy), 171,

428, 540
Temperature correction, 524
Temperature dependence of lattice parameters,

study of, 507, 530
Temperature factor(s), 586

anisotropic, 697
generalized, 586
librational, 724

Tensors, symmetry of, 695±696
Tetragonal crystal system, 7, 17
Tetrahedral sheet, 767
Texture

axis, 412
basis, 412
fibre, 413
lamellar, 412
patterns, 412

Theoretical photo-effect data, 221
Theoretical Rayleigh scattering data, 221
Thermal diffuse scattering, 415, 653, 656,

661, 711
correction, anisotropic, 655
correction factor, 654
correction factor for thermal neutrons, 656
error, 653

Thermal effects, error connected with, 515
Thermal expansion, 154

study of, 510, 516, 522, 525, 529
Thermal neutron detection, 644±652

detection process, 644±648
detection systems, 649±651
electronic aspects, 648
via gas ionization, 645
via scintillation, 645

Thermal smearing, 723
Thermodynamic properties, 154
Thickness

distance distribution function of, 103
fringes, 735
of crystal (sample), 512, 513
of lamellar particles, 93

Thin films and thinning, 173
Thin sections, 171, 174
Thinning solution, 175
Thomas±Fermi method, 659
Thomas±Fermi model, 243
Thomson formula, 90
Thomson scattering, 733

by a free electron, 242
Three-axis spectrometers, 444
Three-beam fringes, 422
Three-dimensional crystal classes, 15±20

Tilt(s)
of beam, 524
of crystals, 530

Tilt-series reconstruction method, 427
Time-averaged flux, 431
Time-constant errors, 492
Time-of-flight neutron diffraction, 87, 431
Time-of-flight SANS, 106
Time-of-flight spectrometers, 444
Time reversal, 591
Topography, 113±123, 516, 525±527

detectors suitable for, 634
Topotaxy, 154
Total coincidence operations, 761
Total counting rates, 666
Total external reflection, 525
Total scattering cross section, 594
Total scattering lengths, 91
Townsend avalanches, 619
Trace of S singularity, 697
Transformation(s)

compensating, 940
gnomonic, 29
stereographic, 29
twins, 10

Transition elements, Fermi level, 406
Transition-radiation X-rays, 192
Translation, internal, 912
Translation tensor, 697
Translations, compensating, 940
Transmission coefficients, 601
Transmission electron microscopy (TEM),

428, 540
preparation of specimens, 171

Transmission factor for XED, 86
Transmission function, 414, 432
Transmission geometry, 512, 513, 525

crystal thickness for, 512, 513
Transmission method, advantage of, 52
Transmission specimen, �±2� scan, 49
Transmission topographs, 113, 114, 124
Transparency aberration, 49
Traverse topograph, 115
Triaxial bodies, homogeneous, 92
Triclinic crystal system, 6
Tricontadipole, 716
Trigonal crystal system, 7, 18
Trigonometric intensity factors, 596
Trimercury dichloride disulfide, 766,

771±772
Trioctahedral sheet, 767
Triple-axis spectrometers, 444, 531±532
Triple-crystal spectrometers, 531±532
Triple isotopic replacement, 111
Triple-reflection scheme, 532
Truncation level, 518

optimum, 520
Trust-region methods, 683
Tungsten

lattice parameter of, 499
reflection angles, 499, 502

Turbostratic structures, 760
TV cameras, X-ray-sensitive, 633
Twin(s)

axis, 10, 11
axis, rational, 10
boundary, 10
Brazil, 11
centre, 10
centred lattice, 11
components, 10
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Twin(s)
cyclic, 10
DauphineÂ, 11
element, 10, 14
growth, 10
index, 11
interface, 10
inversion, 10, 12
lattices, 10
law, 10
mechanical (deformation, glide), 10
mimetic, 153
multiple, 10
operation, 10
plane, 10, 11
polysynthetic, 10
primitive lattice, 11
quartz, 11
reflection, 10, 12
repeated, 10
rotation, 10, 12
simulated Laue class of, 13
transformation, 10

Twinned crystal, reflection conditions, 13
Twinning, 10

by merohedry, 12
by pseudomerohedry, 12
in polytypes, 762
reciprocal-space implications, 12

Two-beam approximation, 80, 260
Two-circle diffractometers, 517

matrix formulae, 517
Two-dimensional crystal classes, 15, 16
Two-line symbols for Bravais classes, 915,

920

Ultramicrotomy, 171
Ultraviolet radiation, 187, 189
Umweganregung, 527
Undulators, 197
Uniformity of response, 625
Unit cell

conventional, 913
conventional or centred, 2
magnetic structure factor, 591
primitive, 2
volume, 2

Unsmoothed high-tension supplies, 667
Upper-layer photographs (precession), 35
Upper-layer photographs (Weissenberg), 35
Upper quartile, 813

V-shaped detector recording, 32
Valence map, X ± X, X ± N, and X ±(X+N),

714
Vanadium, scattering from, 594
Variable reduction method, 693
Variance, 679

of centroid, 520
of measure of location, 519
of median, 520
of peak, 520
of single midpoint of chord, 520

Variance±covariance matrices, 680, 692,
707

Variances of measured intensities (recorded
counts), 519

Variations in cell parameters, 522
VC (vicinity condition), 763
VC layers, 765
VC structures, 765

Vector(s)
basis, 944
energy-flow, 119
lattice, 2
module, 907, 937, 944
Poynting, 119
reciprocal-lattice, 3
scattering, 3

Velocity of sound, 656
Velocity of the elastic wave, 654
Vermiculites, 765
Vertical divergence, 82
Vertical inclination

correction for, 522
of incident beam, 522
of reflected beam, 522

Vibrating-string method for density
measurement, 158

Vibration, normal modes, 653
Vicinity condition (VC), 763
Viruses, SANS, 106, 111
Visual estimation, 618
Voids in close-packed structures, 753
Voigt function, 67, 711
Volume

of a homogeneous particle, 92
plasmons, 398

Volumenometry, 158
Voronoi polyhedron, 774

Waller±Hartree method, 659
Wave amplitudes, dynamical, 414
Wavefunction, 186
Wavelength calibration, 55
Wavelength determination, 506, 528, 533

accuracy of, 526
errors in, 541

Wavelength filter, 528
Wavelength normalization (Laue), 39
Wavelength problems, 492
Wavelength selection, 75

easy, 55
Wavelength shifts, 197
Wavelengths

-rays, 187
determination, 533
distribution, 506
errors, 492
synchrotron radiation, 187
uncertainty, 536
X-rays, 187, 191, 200, 201, 206, 209

Wavevector, 186
Weak-peak measurement, 65
Weak-phase-object (WPO) approximation,

423, 427
Weighted R factors, 68
Weissenberg camera, setting of single crystals,

168
Weissenberg diffractometer, 517
Weissenberg geometry, 34
White-beam energy-dispersive X-ray

diffraction, 622
White-beam neutron diffraction, 87, 124
White radiation, 661

in double-crystal spectrometer, 529
in lattice-parameter determination, 507,

508, 529
streaks and crystal setting, 169
topography, 119

Whole-powder-pattern fitting, 68
Wien filter, 396

Wigglers, 197
Wigner±Eckart theorem, 727
Window thinning method, 174
WPO (weak-phase-object) approximation,

423, 427
Wurtzite, 754
Wyckoff positions, 914

XAFS (extended X-ray absorption fine
structure), 24, 189, 213±220, 254, 409

as a short-range-order phenomenon, 214
data analysis, 217

XANES (X-ray absorption near-edge
structure), 214±220, 258, 403

XED (X-ray energy-dispersive diffraction), 84
XPS (X-ray photoemission spectroscopy), 189
X-ray absorption, 599±612
X-ray absorption coefficients, 220

absolute measurement of, 214
data analysis of EXAFS, 217±218
experimental techniques, 214

X-ray absorption near-edge structure
(XANES), 214±220, 258, 401

X-ray absorption spectra, 213±241
X-ray attenuation coefficients, 220
X-ray background over a spot, 34
X-ray beam

extremely parallel, 532
highly divergent, 507, 508, 510±516
in single-crystal techniques, 507
well collimated, 507, 508, 536

X-ray diffraction
detectors for, 618±638
texture patterns, 412

X-ray dispersion corrrections, 241
X-ray energies, 236
X-ray energy-dispersive diffraction (XED), 84
X-ray generators, 72
X-ray imaging systems, 633
X-ray incoherent scattering factors, 389
X-ray interferometry, 201

combined with optical interferometry,
533±534

X-ray levels, 191
X-ray microanalysis, 82
X-ray microscopy, 189
X-ray optics, 37
X-ray phosphors, 631
X-ray photoemission spectroscopy (XPS),

189
X-ray powder techniques, 42±79, 492±503

aberrations in, 47±50
energy-dispersive, 58
filters, 78±79
focusing geometries, 43
history, 42±43
literature, 42±43
microdiffractometry, 53±54
monochromators in, 43, 76±78
parallel-beam geometries, 54
Seemann±Bohlin geometry, 43, 52±53
Soller slits in, 50, 56
specimen fluorescence in, 43
zero position, 46

X-ray scattering, 554±590
magnetic, 733

X-ray-sensitive TV cameras, 633
X-ray source(s), 191

conventional, 37
in the sample, 510
laser plasma, 189
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X-ray source(s)
on the sample, 510
outside the sample, 510
radioactive, 195
synchrotron, 38, 196
X-ray tube, 193

X-ray spectra, 71, 74
Bremsstrahlung, 191

X-ray spectrometers
Bragg, 510
double-crystal, 528
symmetric, 510, 521, 529
triple-crystal, 530

X-ray techniques, single-crystal, 26
X-ray topography, 115, 516, 525±527

X-ray tubes, 71±74, 193
loading, 195
power dissipation in, 195

X-ray wavelengths, 187, 191, 200±212, 221
conversion factors, 191
in single-crystal methods, 506

X-rays
hard, 187
properties, 187
soft, 187
special applications, 189

Z-module, 907
Zebra patterns, 119
Zeeman polarizers, 442

Zero-angle calibration, 494
Zero-error elimination, 517, 521, 523, 529
Zero-layer photographs (precession), 35
Zero-layer photographs (Weissenberg), 34
Zero line, 415
Zero-order Laue zone (ZOLZ), 418
Zero plane, 415
Zero-point correction, 517
Zero setting, 528
Zhdanov notation, 752
Zinc oxide (intensity standard), 503
Zinc sulfide, 754
ZOLZ (zero-order Laue zone), 418
Zone axis, 3, 10
Zone equation, 4
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