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Kociński, J., 3.1
Koelling, D. D., 2.2
Kogure, T., 3.3
Kohn, J. A., 3.3
Kohn, W., 2.2
Kojima, T., 1.11
Kokubun, J., 1.11
Kolar, D., 3.3
Kolpakov, A. V., 1.11
Kominiak, G. J., 3.1
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Razé, G., 1.7
Read, W. T., 3.3
Rebane, L., 3.1
Rečnik, A., 3.3
Redfern, S., 3.3
Reichardt, W., 2.1
Reid, D. T., 1.7

Reintjes, J., 1.7
Reissland, J. A., 2.1
Remeika, J. P., 1.11, 3.1
Renard, M., 1.7
Renevier, H., 1.11
Renninger, M., 3.3
Renshaw, A. R., 1.6
Revaz, B., 1.8
Revcolevschi, A., 3.3
Rhyee, J. S., 1.11
Ribeiro, J. L., 1.10
Ribet, M., 3.3
Richards, R. P., 3.3
Richterová, L., 3.4
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Dauphiné–Brazil twins 428–429
Debye frequency 292
Debye model 90, 102, 226, 292
Debye temperature 89–90, 224, 227–228, 292
Debye theory 102, 227
Debye–Waller factor 231, 235, 242, 278

static 231
thermal 231

Debye–Waller temperature 231
Deformation twins 419, 439, 443, 445, 453–455, 464–

468, see also mechanical twins
�3 439–440

Degeneracy 56, 212–214, 303, 337, 360, 363, 366
accidental 306, 318
of domain states 490–492, 497, 504, 510
of lattice vibrations 306
time-reversal 306, 309

Degenerate eigenvalues 294, 301–302
Degenerate lattice vibrations 306
Degenerate modes 309
Degenerate phonon branches 288
Degenerate phonon modes 294, 301, 308
Degenerate phonons 302–303, 305–306
Demagnetizing field 127
Density functional theory (DFT) 314, 319–323, 325–

326, 328
Density of states (DOS) 229–230, 291–292, 326, 332,

347
Depolarization 188
Detwinning 440, 484–485, 515, see also switching
Dextrorotation 169–171
Dextrorotatory solution 172
Diamagnetic susceptibility 107–108
Diamagnets 106–108, 111, 117, 134, 140, 142
Diamond 82–83, 94, 104, 163, 227–228, 358, 418–419,

423, 429
Dichalcogenides MeX2 439, 449
Dichroism 169

circular 170, 269–270
linear 170
magnetic linear 270, 278
magnetochiral 270, 276

Dichromatic complex 399, 506, 529, 531–532
Dichromatic groups 398–399, 404, 423, 497, 506, 508,

521, 529, see also black and white symmetry groups
Dichromatic pattern 399
Dielectric constant 3–5, 8–9, 13, 31, 154, 387, see also

dielectric permittivity
Dielectric displacement 155, 171, 187
Dielectric impermeability 8, 26, 175–177

relative 157
Dielectric impermeability tensor 157, 175, 178
Dielectric materials 435
Dielectric permittivity 138, 142, 360, 380, 485, see

also dielectric constant
Dielectric (or electric) polarization 3, 4, 8, 11–12, 31,

54, 139–140, 142, 153, 154, 181, 335–336, 359–360,
369, 371–372

spontaneous, see spontaneous polarization
third-order 181

Dielectric susceptibility 3–4, 144, 154, 156, 181, 184–
185, 259, 269, 334, 343, 362–364, 367, 369, 371, see
also susceptibility

higher order 153, 155, 185
linear 182–183, 334, 343, 345
magnetic field dependence 142
nth order 183–184
nonlinear 182–183, 334, 336
positive 195
second-order 183–184, 336–337
tensor, see dielectric tensor
X-ray 269

Dielectric tensor 38, 42, 155–157, 170–171, 181, 185–
186, 190, 196, 198–199, 277, 341, 344, 349–350

effective 170–171
effective, symmetry of 171
second-order 181
third-order 181

Difference-frequency generation (DFG) 181, 191–
192, 200, 211

Differential cross section 335–336, 347
Diffraction experiments 376
Diffraction pattern 246–250

of a twinned crystal 420, 435, 441, 448, 469–471,
475–477

Diffraction theory 278
Diffuse scattering 369, 466
Diperiodic twins 441, 446, 450
Dipole–dipole interaction 275
Dipole–quadrupole atomic factor 276
Dipole–quadrupole interaction 275
Dipole–quadrupole tensor atomic factor 280
Dipole–quadrupole tensors 277
Direct inspection method 14, 16, 18, 20
Dirichlet construction 314
Dirichlet domain or region 46, 314
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Discommensurations 532, 534
Dislocation arrays 399
Dislocation node 468
Dislocation reactions 468
Dislocations 80, 223, 227, 424–425, 438, 468, 527

perfect 467–468
stair-rod 459
twinning 454, 467–468

Dispersion 102, 159, 169, 187, 191–192, 203, 213–214,
269, 275, 319, 325

birefringent 170
directional 341–342
optical rotatory 170
phonon 288–291, 301, 310–311
spatial 170–171, 342–343, 345–346
spectral 201
X-ray anomalous 170

Dispersion branches 289
Dispersion corrections 269, 274
Dispersion curves 288, 290, 306, 341, 347
Dispersion relation 229, 334
Dispersion surface 301
Displacive modulation 246–248
Dissymmetrization 398–399, 402, 485, 487, 489, see

also symmetry descent
Distorted phase 383, 398, 451
Domain boundary 177, 415, 417, 425, 450, 452, 455,

459
Domain pairs 400, 410, 421–423, 443, 477, 486, 497,

505–528, 531–532, 535
antiphase 528
elasto-optic 515
electro-optic 515
electrostrictive 515
ferroelastic 486, 497, 505–507, 510, 512,

515, 517–518, 521, 526–528, 535
ferroelectric 510, 515, 527
gyrotropic 515
microscopic description 528
non-ferroelastic 486, 497, 505, 507, 509, 511–515,

527–528, 533
piezoelectric 515

Domain states 372, 378–381, 392–394, 400, 403, 406–
408, 410, 415, 464, 486–505, 506–512, 515, 521, 526–
527, see also orientation state

disoriented 518–521
ferroelastic 371, 376, 484, 486, 487, 488, 490–492,

497, 504, 506, 516–517, 519–521, 527–528
ferroelectric 371, 376, 380, 397, 486, 487, 492,

497, 527
ferroic 371, 375–376, 378, 487, 491, 493, 495, 505,

510
in magnetic materials 137–138, 141, 145, 147
non-ferroelastic 486, 491–492, 505
non-ferroelectric 492
single 398, 496, 526
tensor distinction 375

Domain structures 392, 397–412, 417–418, 477, 484–
543

ferroelastic 440, 484, 486, 491, 520
ferroelectric 397–398, 425, 484, 486–487, 533
ferroic 485–486, 488
in magnetic materials 126, 128, 506
in magnetoelectric materials 506
non-ferroelastic 398, 440, 484, 488, 491
pyroelectric 425

Domain switching, see switching
Domain texture 440, 534
Domain twins 399–400, 404, 477, 486–487, 497, 505–

507, 518–521, 526–533, 535
ferroelastic 486, 497, 506, 518, 520–521, 527,

535–536, 539
non-ferroelastic 486, 497, 506, 512, 533

Domain walls 397, 399, 450–451, 453, 458, 484, 486,
505–506, 518–521, 526–527, 528–539

coherent 486, 521, 527–529
ferroelastic 484, 486, 527–528, 535–536, 538–539
in magnetic materials 126–128
non-ferroelastic 484, 486, 533, 536

Domains 477
180� 106, 126–128, 140
antiferromagnetic 127–128, 138–139
antiphase 414, 438, 458, 503
anti-polar 455

Domains
ferroelastic 128, 360, 398, 406, 435, 440, 450–451,

484, 518–519
ferroelectric 128, 388, 398, 425, 435–436, 447,

484–485, 487
ferroic 128, 398, 406, 410, 488
ferromagnetic 128, 397, 485
needle 465, 468
S- 127–128, 137, 140
T-, see twin domains

Doppler shift 328
Double cosets 394, 399, 401, 404, 410, 489, 497, 511–

512, 528
Double groups 45, 50, 55, 61–62
Double refraction 11, 156, 158, 160, 181, 187–188,

190, 196
Double-refraction angle 187–188, 190, see also walk-

off
Double space groups 50
Dovetail twins 417, 419–421, 426–427, 437–438, 445–

446, 451, 453, 457, 464, 470
Druckzwillinge 439, see also mechanical twins
Dual basis 6–7, 47
Dual lattice 62
Dual space 6, 9, 37–38
Dual vectors 38
Dummy index 4, 13, 31, 72, 81
Dynamic elasticity, nonlinear 95
Dynamical matrix 86, 286–288, 290, 294–306, 308,

311, 335, 341, 343
block-diagonalized 304
eigenvalues 288, 294
eigenvectors 288, 294, 301
symmetry constraints 296
transformation law 295

Dzyaloshinskii–Moriya interaction 130

Easy-axis antiferromagnet 125, 130, 133
Easy-axis ferromagnet 148
Easy-axis magnet 121, 126–129, 132
Easy-plane magnet 121, 126, 128–129, 132
Edgeworth series 232, 235
Effective charge matrix 335
Effective charge tensor 338, 344
Effective coefficient 191, 196, 199–201, 204, 212, 216–

217
Ehringhaus compensator 163
Eigen modes 184, 188, 190, 200, 341
Eigensymmetry 406, 408, 418–434, 439, 447–448, 451–

453, 455–456, 459, 470–472, 476–477, 488
full 422, 428, 431, see also orientation state
monoaxial 422
monochromatic 423
oriented 421–422, 426–427, 429
reduced 428, 430–431

Eigenvalues 73, 86–87, 97, 156, 172, 176, 287–290,
294, 301, 315–318, 321–322, 349

degenerate 294, 301–302
Eigenvectors 73–74, 79, 86–87, 97, 156, 172–173, 286,

288–291, 294, 301–308, 335, 349
Einstein convention 4–5, 8, 72
Einstein model 90, 226, 291
Einstein temperature 292
Elastic coefficients 81, 85, 349, 351, see also elastic

stiffnesses
in piezoelectric materials 351

Elastic compliances 26–27, 31, 81–84, 146, 489, 514–
515

fourth-order 81
second-order 93
third-order 81

Elastic constants 3–5, 13–14, 26, 67, 79, 81–83, 86, 88,
93, 102, 104, 256, 258, 277, 290, 337, 350, 369, 485

adiabatic 90
dynamic 88
fifth-order 91
fourth-order 91
frequency dependence of 88
higher-order 91, 95, 98
higher-order, measurement of 97
in icosahedral quasicrystals 259–260
in octagonal quasicrystals 257
in quasiperiodic structures 256, 259
isothermal 88, 90, 94

Elastic constants
measurement of 86, 88
pressure dependence of 89–91
second-order 93–94, 98
static 88
temperature dependence of 89–90
third-order 81, 91, 94–95, 98
third-order, measurement of 97

Elastic energy 79, 145–146, 148, 256, 467
Elastic limit 80
Elastic moduli 81, 91, see also elastic compliances
Elastic stiffnesses 3, 26–27, 32, 80–82, 84, 86–87, 89,

91–92, 146–148, 177, 254, 290, 293, 308, 345, 514
adiabatic 88
dynamic 86
fourth-order 81
higher-order 93
in piezoelectric media 350
isentropic 93
isothermal 88, 93
pressure dependence of 89, 91
relation with velocity of waves 87
second-order 93
temperature dependence of 89
third-order 81, 93

Elastic strain energy 82, 91, 93–94, 96, 466
Elastic waves 86, 95, 97, 102, 349–350

in piezoelectric media 349
Elasticity

dynamic 86
linear 80, 82, 91, 93
nonlinear 31, 91–93

Elasto-optic coupling 88
Elasto-optic domain pairs 515
Elasto-optic effect 26–27, 155, 175, 177–178, see also

photoelastic effect
Elasto-optic material 155
Elasto-optic tensor 177, 344–345

linear 177–178
Elbow twins 419, 432
Electric dipole operator 170
Electric displacement 3
Electric effect 153

linear 154
quadratic 154

Electric field 3–4, 10, 11–12, 14, 24, 31–32, 38, 54,
139–144, 153–155, 170–171, 181, 184, 186–190, 196–
197, 199, 226–227, 274–275, 390, 393, 397–398, 440

crystalline 108
in Raman scattering 341–343, 345
symmetry of 11

Electric field gradient (EFG) 269, 271, 314, 322, 325,
327, 328–330, 342

in quasiperiodic structures 256–257
lattice 329

Electric-field induced second harmonic generation
153–154

Electrical conductivity 5, 223, 225–227, 229, 387, 390,
447, 455

intrinsic 223, 226
Electrical constraints 455–456
Electrical displacement 349
Electrical resistivity 223–224

intrinsic 223–224
Electrocaloric effect 3–4, 31
Electrogyration 372, 380, 514, 540
Electron diffraction 452, 469
Electronic structure 314–315, 318–323, 325–327, 329,

332
Electro-optic contribution 341–343, 345–346
Electro-optic domain pairs 515
Electro-optic effect 3, 31, 153, 175–176, 350

linear 153–154, 175, 178, 184, 343, 350
nonlinear 153
quadratic 153–155, 343

Electro-optic materials 175
Electro-optic tensor 175, 277, 514

linear 174–176
quadratic 346
rank 3 350

Electrostriction 3, 24, 26–27, 31, 380, 510, 514,
540

Electrostrictive domain pairs 515
Ellipticity 173, 175, 192
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Elongations 24, 73, 75, 83, 86
principal 74
quadric of 73, 75–76, 83
simple 75–76

Enantiomorphic groups 31, 446, 471, 505
Enantiomorphic twin states 471
Enantiomorphism 372, 380, 407, 419, 427, 514
Enantiomorphous crystals 274, 405, 415, 424, 484
Energy bands 314, 318–319, 325, 328
Energy density 79, 94, 120
Energy gap 226, 230, 321
Entropy 3–4, 31, 93, 362, 364, 392
Epikernel 370–371, 376, 379, 381, 393
Equitranslational phase transitions 370–372, 375–

376, 378, 380, 381, 489, 494, 496
Equitranslational subgroups 370, 378, 380–381, 392,

394, 438, 503–505
Equivalence class 39, 44, 53–54, 399–401, 407, 492,

505, 512, 530
Equivalence relation 401–403, 407
Esterel twin 444–445
Euclidean group 46, 51, 53
Euclidean space 5, 46, 51
Euclidean tensors 9
Euclidean transformation 50–51, 53–54, 252, 402
Eulerian description 92
Even parity 339–340, 343, 345–346
Exchange–correlation energy 320–321
Exchange–correlation potential 320
Exchange–correlation treatment 319, 323
Exchange energy 108, 117, 120, 126–127, 145
Exchange interaction 108–109, 120, 123–124, 131,

139, 141, 145
Exchange interaction energy 110
Exchange symmetry 117, 123
Excitations 227–229, 278, 286, 290, 292, 314, 332,

334–336, 340–343, 346–348
symmetry aspects 286
vibrational 334

Extended zone scheme 308
Extensive quantity (parameter) 3–5, 31
External forces 88, 133, 342, 347, 359
Extinction

straight 168
symmetrical 168

Extinction position 159–160, 162, 164, 168–169, 424,
433

Extinction rules 269–270, 278, 471
Extinctions 269, 472–474, 476, see also systematic

extinctions
Eyepiece 157–158, 163–164

Fabry–Perot interferometer 208, 349, 352
planar 351
spherical 352

Faraday rotation 153, 155, 269
Fast ray 158–159, 162–163, 169
Fault vector 414, 418, 425, 438, 456, 458, 459–461, 469

determination 458
Fe4Al13 431, 457
Feldspars 419, 433, 457, 467

(K-) 466
monoclinic 433, 436
(Na-) 465
triclinic 453, 470

Fermi–Dirac statistics 108, 229
Fermi energy 325, 327–329
Fermi exclusion principle 321
Fermi golden rule 223, 228, 332
Fermi hole 321
Fermi surface 223, 225, 227, 229
Fermi velocity 224
Ferrimagnetism 111, 143
Ferrimagnets 106, 108, 113, 123, 126, 141–142, 326
Ferrobielastic switching 438
Ferrobielastic twinning 440
Ferrobielastic twins 427, 464
Ferrobielasticity 440, 515
Ferroelastic domain pairs 486, 497, 505–507, 510, 512,

515, 517–518, 521, 526–528, 535
Ferroelastic domain states 371, 376, 484, 486, 487,

488, 490–492, 497, 504, 506, 516–517, 519–521, 527–
528

Ferroelastic domain structure 440, 484, 486, 491, 520

Ferroelastic domain twins 486, 497, 506, 518, 520–
521, 527, 535–536, 539

Ferroelastic domain walls 484, 486, 527–528, 535–
536, 538–539

Ferroelastic domains 128, 360, 398, 406, 435, 440,
450–451, 484, 518–519

Ferroelastic–ferroelectric phases 440, 447, 518
Ferroelastic–ferroelectric twins 520
Ferroelastic materials 72, 359, 369, 398, 439–440,

451–454, 467–468, 510
fully 128, 491, 510
improper 491
partial 491, 510

Ferroelastic phase 177, 439, 451, 484, 497, 510,
528

full 371, 378, 380–381, 497
partial 375, 378, 380–381, 492, 497, 528
potentially 439

Ferroelastic single-domain pair 497
Ferroelastic single-domain states 380, 406, 497–498,

507, 517–520, 535
Ferroelastic transition 177, 359, 371, 382, 427, 447,

452, 467, 491, 503
improper 371, 378
proper 371

Ferroelastic twins 438–440, 450, 452, 462, 464,
466–467, 469, 506, 517–521, see also mechanical
twins

Ferroelasticity 143, 439–440, 450
Ferroelectric antiferromagnets 107, 131, 143, 144
Ferroelectric domain pairs 510, 515, 527
Ferroelectric domain states 371, 376, 380, 397, 486,

487, 492, 497, 527
Ferroelectric domain structure 397–398, 425, 484,

486–487, 533
Ferroelectric domains 128, 388, 398, 425, 435–436,

447, 484–485, 487
Ferroelectric ferromagnets 107, 143, 145
Ferroelectric materials 10, 12, 72, 131, 145, 154, 177,

382, 383, 387–388, 392, 397–398, 424, 455, 458–459,
510

detwinning 440
low-temperature 392
potentially 425

Ferroelectric phase 143, 371, 381, 388, 397, 435, 455,
459, 484, 492, 497, 510, 512

full 371, 378, 380–381, 492, 497, 510, 527
improper 492
partial 375, 378, 381, 492, 497, 510
proper 381
Rochelle salt 398

Ferroelectric polarization 144–145
Ferroelectric single-domain states 380, 497–498
Ferroelectric transition 359, 382–383, 388, 420, 454–

455, 459, 485, 536
improper 371, 378
low-temperature 392
proper 371, 378, 380

Ferroelectricity 143–145, 388, 392, 435, 440
Ferrogyrotropic phase 515
Ferroic classes 359–360, 369, 510
Ferroic crystals 398
Ferroic domain states 371, 375–376, 378, 487, 491,

493, 495, 505, 510
Ferroic domain structure 485–486, 488
Ferroic domains 128, 398, 406, 410, 488
Ferroic materials 143, 398, 486, 516
Ferroic phase 359, 370–371, 375, 379–380, 398, 484–

485, 487–490, 492, 503, 506, 508, 510–511
low-symmetry 379–380

Ferroic single-domain states 371, 380, 488–489
Ferroic species 128
Ferroic symmetry 370, 372, 376, 487, 489
Ferroic transition 358–360, 370–372, 392–393, 485–

489, 491–496, 503
Ferromagnetic domains 128, 397, 485
Ferromagnetic ferroelectrics 107, 143, 145
Ferromagnetic helical structure 110, 123
Ferromagnetic materials 72, 106–107, 326, 345, 397–

398, 467, 485
fully 128

Ferromagnetic phase 118–119, 130–132, 138, 143
Ferromagnetic structures 119, 124, 128–129, 132
Ferromagnetic vector 106, 119–120, 123, 131, 144

Ferromagnetism 111, 113, 117, 123, 128, 143, 154, 397
weak 110–111, 118, 120, 128–133, 136, 138–139,

141, 143–145
Ferromagnetoelectrics 131, 143
Ferromagnets 106, 108–109, 113–114, 116–117, 127–

128, 132, 142, 145, 147–148, 382
nuclear 110
uniaxial 124–125
weak 109, 120, 129, 131–133, 138, 141–143

Fick’s law 5
Field tensors 4, 13, 181, 196–201, 217
Figure of merit 200–201, 209

for acousto-optic materials 179
Fivefold rotation 418
Fizeau interferometer 103
Flash figure 159, 165, 168–169

uniaxial 168
Fluorite (CaF2) 419, 429
Focal plane (back) 164
Forbidden reflections 269–274, 277–279

glide plane 270
screw axis 271

Force constants 80, 286, 287, 292, 294–295, 306,
383

matrix of 286–288, 290, 294–295
Fourier module 246–250, 252, 254, 257
Fourier’s law 5
Four-wave mixing 153–155, 181, 184, 191, 197
Free-electron model 317, 319
Free energy 31, 101–102, 105, 254–256, 360–369, 382,

388–389, 495, 510
Fresnel equation 187
Friedel’s lattice theory 441, 449
Fringe contrast 425, 458–459
Fringe counting 161
Full-potential methods 319, 322–324, see also

linearized augmented plane wave (LAPW)
Fullerene (C60) 539
Fully ferromagnetic materials 128

Gadolinium molybdate (GMO) [Gd2(MoO4)3] 367,
369–371, 504–505

Galena (PbS) 429, 439, 443, 446, 455
Gallium arsenide (GaAs) 83, 94, 178–179, 196, 226,

228, 291–292, 429, 446, 456
Gallium phosphate (GaPO4) 424, 428, 446
Garnet twin 443
Garnets 142, 414
Gaussian beams 200, 204, 205, 208
Gaussian system of units 107, 127, 140, 148
Generalized gradient approximation 321
Germanium 82, 226, 228, 443, 463
Gibbs function 31–32, 361
Gibbsite [Al(OH)3] 417, 422, 433, 450
Glide twin 462
Grain boundaries 101, 223, 398–399, 413, 424, 441,

450, 464, 467–468, 532
Gram–Charlier series 232, 235, 245
Graphite 104, 247, 358
Greek cross 434, 449, see also 90� cross
Ground state 278, 314, 320–321, 328, 332
Group calculator 393
Group–subgroup relations 453
Group-theoretical method 14
Growth defects 425
Growth face 413–414, 435, 437–438
Growth morphology 415, 438
Growth-sector boundary 414, 425, 456
Growth-sector twins 424, 431–432, 436, 456, 475
Growth sectors 414, 435
Growth striations 414
Growth twinning 424, 426
Growth twins 398, 417, 419–420, 422–440, 447–452,

454–457, 460–462, 464, 468–469, 476–477, 507
pseudo-hexagonal 431, 448
pseudo-merohedral 436

Grüneisen model 90
Grüneisen parameter 102, 292

averaged-mode 293
generalized-mode 293
mean 293–294

Grüneisen relation 101–102, 104
Gypsum (CaSO4�2H2O) 9, 417, 419–421, 426–427,

437–438, 445–446, 450–451, 453, 457, 464, 470
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Gyration 153–154, 169, 171, see also optical activity
tensor 172

Gyration susceptibility 277
Gyration tensor 14, 30, 171, 173, 175
Gyration vector 171, 173
Gyrotropic domain pair 515
Gyrotropic materials 14, 30–31, 169, 171, 335
Gyrotropic tensor 14
Gyrotropic transition 515

Habit modification 438
Haematite (Fe2O3) 118, 129, 132, 137–138
Hall constant 14, 227
Hall effect 14, 223, 226–227
Hamiltonian 141, 143, 274, 286–287, 290, 315, 320,

322, 337
Harmonic approximation 101, 231, 242, 278, 286,

292
Harmonic generation 181, 184

ultrasonic 95, 97
Harmonic oscillators 90, 101, 290, 293
Harmotome twin 419, 464
Hartree–Fock (HF) methods 319, 321, 325–326
Head-to-head boundaries 425, 454–455, 469, 477
Heat capacity 31, 102, 227, 291–294
Heat current 223
Heat flow 3, 5, 223, 227
Helical structure 110, 123, 132

antiferromagnetic 110, 123
ferromagnetic 110, 123

Helmholtz free energy 93, 293
Hermann–Mauguin symbols 113, 134, 378–379, 393–

394
Hexagonal crystals 11, 87, 100–101, 110, 121, 132,

146, 442, 455, 474
Hg3�xAsF6 247
High-order twins 443
High-resolution transmission electron microscopy

(HRTEM) 418, 437, 443, 451, 458–459, 461, 462–
463, 484, 534

High-symmetry phase 360, 363, 370, 380–381, 386,
487–488, 493, 516, 532

High-temperature superconductors, see super-
conductors

Higher-order susceptibilities 153, 155, 185
Holmium 247
Holohedral groups 49, 62, 427, 436, 447
Homogeneous deformation 72–73
Homogeneous shear 439, 451
Hooke’s law 3, 80, 92, 146, 290

generalized 81
Huang conditions 287
Hydrargillite, see gibbsite [Al(OH)3]
Hyperfine interactions 327
Hypersthene [(Mg,Fe)2Si2O6] 169
Hysteresis 72, 101, 144, 360, 364, 439, 484–485, 510

Icosahedral groups 41, 56, 250
Icosahedral quasicrystals 249, 256, 259
Icosahedral tensors 256
Incoherence of twin boundaries 468–469
Incoherent interfaces 468
Incommensurate composite structures 247
Incommensurate crystal (IC) 246–250, 252, 255, 257
Incommensurate magnetic system 247
Incommensurate structure 110, 117, 122–123, 132,

246, 532–534
Index of a group–subgroup relation 419, 425, 438
Index of refraction 9, 11, 183, see also refractive

index
Index surface 153, 186, 188–190, 192, 197, 200, 214
Indicatrix 9, 11, 17, 156–158, 163–165, 168–169, 175–

177, 179, 519
biaxial 157, 176, 179
uniaxial 156–157, 176–177, see also uniaxial

ellipsoid
Indium phosphide (InP) 438
Induced polarization 144, 154–155, 182–183, 185
Inelastic scattering 225, 334, 338, 346–347
Infrared absorption 310, 381
Infrared activity 310–311, 338, 340–341, 344, 346
Infrared spectroscopy 310, 384, 390, 466
Inhomogeneous deformation 72
Inner symmetry 235

Integrity bases 378, 393
extended 392–393

Intensive quantity (parameter) 3–5, 24, 31
Interface energy 450, 455, 462
Interference figures 163–164, 166, 168–169
Interferometers

Fabry–Perot, see Fabry–Perot interferometer
Fizeau 103
Michelson 103

Interferometry 89, 103–104, 351–352, 355
Intergrowths 413, 415, 418, 423–424, 429, 431, 433,

436, 441, 443, 446, 461–462, 469–470, 507
arbitrary 413
oriented 413, 418
parallel 413–414, 438

Intermediate group 371, 378, 381, 402–403, 407–410,
490, 492, 494, 503, 509–510

Internal energy 31, 93, 95, 291
Intersection group 421–422, 430, 447
Intersection symmetry 414, 421–422, 426–428, 430,

432–434, 439, 452–453, 455
Intrinsic electrical conductivity 223, 226
Intrinsic electrical resistivity 223–224
Intrinsic mobility 225–226, 227
Intrinsic property 80, 225
Intrinsic symmetry 13, 26
Invariance

rotational 287
time-reversal 306, 308
translational 287, 289

Invariant tensors 34, 52, 67–68, 258
Invariants 14, 16, 52, 54, 69, 94, 96, 121, 124, 130, 142–

143, 232, 242, 256
Inversion 35, 54, 118, 275, 297, 301
Inversion boundaries 458
Inversion centre 82, 118, 142, 276, 417, 436, 459
Inversion operator 317
Inversion twins 416, 423, 425–426, 428, 435–436, 442,

447, 454–459, 469, 471
Ionization potential 321
Ireps, see irreducible representations
Iron 81, 145, 147
Iron borate (FeBO3) 129, 429, 436, 442, 446, 448
Iron-cross twin 419, 447, 457
Irrational boundary 434
Irreducible multiplier representation 302–303, 308–

309, 311, 341
Irreducible projective representations, tables of 63
Irreducible representations 36–42, 44–45, 47–52, 66–

68, 144–145, 296, 302–311, 316–318, 325–326, 337–
339, 341, 366–368, 370

in domain structures 493–494, 496, 513–515
in phase transitions 375–376, 379–382, 392–394
in quasiperiodic structures 250–251, 253,

255–256, 262, 268
of lattice translation groups 47
of space groups 47–49, 62, 106, 121–124, 252,

309–310, 347, 381
of tensors 51, 182, 255
physically 41–42, 57, 370, 376, 378, 381, 493, 496
tables 34, 49, 56–64, 123, 262, 268, 309–310, 368,

372, 378
Irreducible tensors 51, 279
Irreducible vector space 304, 363
Irreducible wedge 318
Isogyres 164, 165–169
Isostructural crystals 446, 450
Isothermal elastic constants 88, 90, 94
Itinerant electrons 326

Jahn–Teller phase transition 91
Japanese twins 427–429, 445, 469, see also La

Gardette twins
Jones matrix 172

Kantennormalengesetz 397, 416, 441, 470
Kernel 37, 370–371, 379, 393
Kerr effect 153–154, 184, see also electro-optic effect

(quadratic)
Klassengleiche subgroup 438
Klockmannite (CuSe) 443
Knee twin 432
Kohn–Sham equations 320, 322–323
Kohn–Sham orbitals 320–321

Koopman’s theorem 321
Korringa–Kohn–Rostocker (KKR) method 322, 325,

327
Kronecker matrix 92
Kronecker products 337, 393
Kronecker symbol 5, 72
Kund tube 88

La Gardette twins 428, 444, see also Japanese twins
Laevorotation 169, 171
Lagrangian description 92
Lagrangian strain 92–95, 516
Lamé constants

second-order 85, 94
third-order 93

Lamellar twinning 419
Landau condition 378–379
Landau–Devonshire theory 381–382
Landau free energy 360, 378, 533, 535, 537–538
Landau polynomial expansion 364–365
Landau problem

direct 378
inverse 376, 378, 381, 494

Landau theory 106, 119, 121, 123, 125, 360, 361–362,
367, 370, 381–382, 397, 485, 494, 535

Landé g-factor 108, 139
Langbeinite [K2Mg2(SO4)5] 423, 452, 528
Lanthanum aluminate (LaAlO3) 385, 466
Lanthanum pentaphosphate (LaP5O14) 359, 385
Latent heat 362, 364
Lattice coincidence 399, 415, 441, 444, 446, 448, 450,

455
one-dimensional 444
three-dimensional 442
two-dimensional 444

Lattice concept of twinning 397, 440
Lattice dynamics 90, 101, 231, 286, 288, 294
Lattice index 441–442, 444, 447
Lattice pseudosymmetry 444–445, 450
Lattice translation subgroup 35, 46–48, 315–316, 318

irreducible representations 47
Lattice vibrations 304, see also phonons

optical 334–335
Lattices of subgroups 371, 376, 378, 380–381, 392–

394, 490, 495
Laue class 15–16, 82, 93, 349, 351–355, 471, 514
Layer groups 486, 497, 521, 527–539

dichromatic 399, 506
sectional 529–532, 537–539

Lead 224
Lead barium phosphate [(PbBa)3(PO4)2] 466
Lead germanate (Pb5Ge3O11) 515
Lead magnesium niobate 358
Lead phosphate [Pb3(PO4)2] 484
Lead strontium phosphate [(PbSr)3(PO4)2] 466
Leucite (KAlSi2O6) 465, 491, 516
Leydolt twins 424, 427, 429, 436, 446–447, see also

Dauphiné–Brazil twins
Liebisch twins 427, see also Dauphiné–Brazil twins
Lifshitz condition 132, 378–379
Ligand-field theory 325
Linear acousto-optic effect 153, 155
Linear birefringence 139, 153, 156–157, 163, 170, 173,

175, 177
Linear combination of atomic orbitals (LCAO) 319,

321, 325, 330, 332
Linear combination of muffin-tin orbitals (LMTO)

319, 322, 325, 327
Linear compressibility 83
Linear elasticity 80, 82, 91, 93
Linear electro-optic effect 153–154, 175, 178, 184,

343, 350
Linear forms 7–8
Linear magnetic birefringence 138–139
Linear magnetoelectric effect 106, 128, 140–144
Linear magnetoelectric tensor 148
Linear magnetostriction 128, 134, 137–139, 144
Linear optics 153, 155–156
Linear polarization response function 182
Linearized augmented plane wave (LAPW) 322–328,

330, 332
Lineshape function 336
Lithium formate monohydrate [Li(CHO2)�H2O]

424–425, 454–455
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Lithium niobate (LiNbO3) 175, 196, 214, 217, 424,
455

Local coordinate system 323–327, 330–331
Local density approximation 320
Local orbitals 323, 330
Local susceptibilities 269–270, 274
Local tensorial susceptibility 271
Localized electrons 326
Longitudinal optic mode (LO) 336, 341, 346, 383,

392–393
Low-energy boundaries 415, 446, 451
Low-symmetry phase 358, 360, 363, 370, 381, 383,

406–407, 409, 484, 487–489, 493, 503, 516

Macles 414, 507, see also twins
dipériodiques 441, see also diperiodic twins
monopériodiques 441, see also monoperiodic

twins
par mériédrie 397, 442, 446, see also twinning by

merohedry
par mériédrie réticulaire 397, 442, 448, see also

twinning by reticular merohedry
par pseudo-mériédrie 397, 446, see also twinning

by pseudo-merohedry
par pseudo-mériédrie réticulaire 397, 447, see

also twinning by reticular pseudo-merohedry
tripériodiques 441, see also triperiodic twins

Magnetic anisotropy 108, 120–121, 125–126, 129–133,
139–141, 145, 147, 148

Magnetic anisotropy energy 120
Magnetic anisotropy energy density 120
Magnetic birefringence 138–139, see also Cotton–

Mouton effect
Magnetic Bravais lattices 106, 114–117, 122, 131,

142
Magnetic cell 109, 115–118
Magnetic field 3–4, 12, 54, 106–108, 124–125, 127–

133, 137–140, 142–145, 147–148, 153, 155, 226–227,
275, 484

Magnetic groups 404
Magnetic induction 3–4, 11, 14, 107, 148, 155

symmetry of 12
Magnetic lattice 114–117, 122–123
Magnetic linear dichroism 270, 278
Magnetic materials 106, 338
Magnetic moment density 106, 110, 117
Magnetic permeability 107
Magnetic point groups 53, 55, 62, 66, 106, 110,

112–113, 117, 119–121, 123, 129–134, 137, 139–142,
144

grey 111
white 111

Magnetic polarization 143
Magnetic resonant X-ray diffraction 280
Magnetic scattering 269, 279–280

non-resonant 274–275
Magnetic space groups 53–54, 106, 110–111, 117, 121,

128–129, 133, 140, 144
Magnetic spin–spin interaction 120
Magnetic sublattice 106, 108–109, 123
Magnetic superspace groups 250–251
Magnetic susceptibility 4, 13, 54, 107–108, 124–125,

131–132, 141–143, 148, 269
Magnetic symmetry 53, 55, 106–107, 110, 113–114,

117–118, 125, 131–134, 144
Magnetic transitions 106, 122
Magnetite (Fe3O4) 108, 274, 443
Magnetization 3, 106–110, 113, 120, 124–129, 131–

133, 136, 138–140, 142–143, 145–148, 467
Magnetocalorific effect 4
Magnetochiral dichroism 270, 276
Magnetoelastic energy 121, 133–134, 137, 145–148
Magnetoelectric effect 4, 118, 139–142, 144

linear 106, 128, 140–144
nonlinear 142

Magnetoelectric multiferroics 143
Magnetoelectric susceptibility 54, 142
Magnetoelectric tensor 140–141, 252
Magneto-optic effect 3, 153

linear 153
nonlinear 153
quadratic 153, 155

Magneto-optic tensor 344–345
Magnetostatic energy 126

Magnetostriction 3, 137, 139, 145, 147–148
linear 128, 134, 137–139, 144
spontaneous 121, 128, 145–146, 147–148

Magnons 334, 338
Maker fringes 215, 217
Mallard pseudo-cube 435
Manley–Rowe relations 185, 191, 207
Many-body problem 320
Mappings 400–401, 402, 405–406
Martensitic transformation 358
Material tensors 4, 371, 398, 488, 509, see also

physical property tensors (or property tensors)
Matrix method 14–16, 18
Matrix of physical properties 3–4, 13, 31

symmetry of 4
Matter tensors, see material tensors
Matthiessen’s rule 223, 227
Maxwell’s equations 12, 155, 181, 186
Mean-square displacements 231, 242
Mechanical twinning 439–440, 451, 453
Mechanical twins 397–398, 436, 439–440, 452–453,

464, see also deformation twins
Median law 417, 433
Mediangesetz 417, see also median law
Mercury 224
Mériédrie réticulaire 447, see also reticular mero-

hedry
Merohedral twins 416–417, 422–425, 427–429, 436–

437, 439–440, 442, 444, 446–447, 454–455, 458–460,
464, 467–472, 477

of lattice index [j] = 1 447, 454
of lattice index [j] > 1 455

Merohedry 422, 447–448
of translation groups (lattices) 447

Metric tensor 5, 6, 9, 13, 35, 67, 253–254
for a quasicrystal 257
tensor nature of 9

Mica 104, 162, 450
Michelson interferometer 103
Microcline (KAlSi3O8) 433, 453
Microtwins 434
Mimetic twins 419
Mobility 225, 226–227

intrinsic 225–226, 227
Modulated structures 246, 253
Modulation

composition 247
displacive, see displacive modulation

Modulation wavevector 246, 247–249, 253
Moiré pattern 444
Moments 231–232
Momentum of the electron 229, 274, 317
Monoperiodic twins 441, 446, 450
Montmartre twin 426–427, 445–446, 451, 453, 457
Morphic effects 146, 342, 343, 345, 347, 371, 379–380
Morphic properties 490, 494–495
Morphic tensor components 487, 489–490, 493–494,

511, 515
Morphological classification of twins 417–419, 440
Mosaic crystal 413
Mössbauer radiation 269
Mössbauer spectroscopy 327–328
Muffin-tin approximation (MTA) 319, 322–324
Muffin-tin orbitals 319, see also linear combination of

muffin-tin orbitals (LMTO)
Multiferroics 143–144

magnetoelectric 143
Multilinear forms 7
Multiple twins 417, 418–419, 421, 423, 432, 437, 444,

446, 449, 453, 469
fivefold 464

Multiplicator group 43–44
Multiplicity 36, 39, 42, 52–54, 62, 67–68, 255, 302, 309
Multiplier corepresentation 297
Multiplier representation 43, 296
Murnaghan constants 93–94
Mutual exclusion rule 340

Nanocrystalline materials 437, 443, 463
Needle domains 465, 468
Néel temperature 125, 128, 131, 141, 143
Negative thermal expansion 100, 104
Neumann’s principle 11, 13, 15, 84, 146, 414
Neutron diffraction 144, 269, 469

Neutron inelastic scattering 288–289, 291, 310, 387
Neutron magnetic scattering 275
Neutron scattering 123, 128, 144, 306, 381, 387, 391
Nickel 121, 147
Niobium dioxide (NbO2) 359
Nonbonding states 326, 330
Non-collinear antiferromagnets 106, 123
Non-crossing rule 330
Noncrystallographic symmetry 247, 254, 437
Non-equitranslational phase transitions 371, 378,

381–382, 504, 528
Non-ferroelastic domain pairs 486, 497, 505, 507, 509,

511–515, 527–528, 533
Non-ferroelastic domain states 486, 491–492, 505
Non-ferroelastic domain structure 398, 440, 484, 488,

491
Non-ferroelastic domain twins 486, 497, 506, 512, 533
Non-ferroelastic domain walls 484, 486, 533, 536
Non-ferroelastic materials 360, 440, 491
Non-ferroelastic phase 375, 380, 484, 497
Non-ferroelastic transition 447, 467, 491–492
Non-ferroelastic twins 439–440, 464, 468, 506, 514,

521
Non-ferroelectric domain states 492
Non-ferroelectric phase 338, 375, 380, 384, 492, 497
Non-ferroic transition 358–359, 382
Nonlinear crystals 181, 190–191, 201–203, 205, 207,

209, 211–215, 216–219
Nonlinear elasticity 31, 91–93
Nonlinear magnetoelectric effect 142
Nonlinear optics 10, 15, 31, 153, 155, 181, 182, 184,

187, 334
Nonlinear polarization 181, 184, 190–191, 196, 215
Nonlinear susceptibility 195, 215
Non-magnetic materials 337–338
Non-magnetic resonant scattering 279
Non-magnetic resonant X-ray diffraction 280
Non-merohedral twins 423, 425, 427, 438, 452, 454,

456, 464, 467–470
Non-pyroelectric acentric crystals 456
Non-pyroelectric noncentrosymmetric crystals 456
Non-symmorphic space group 48, 50, 297, 308, 315,

331
Normal coordinates 252, 290, 303, 334–338, 341, 344–

347, 386
Normalizer 393–394, 399, 403, 404, 407–408, 410,

492–493, 496, 498
Nuclear antiferromagnets 110
Nuclear charge density 328
Nuclear quadrupole moment 327, 328
Nuclear spin quantum number 327
Numerical aperture 157–158, 163

Objective lens 157
Obtuse bisectrix figure 168
Octagonal quasicrystals 257–258
Octagonal tiling 247, 249, 257
Odd parity 339–340, 343
Off-site contribution 330, 332
Ohm’s law 5
Olivine 159, 161
Onsager relations 5, 223, 344
Optic axes 11, 138, 157, 159–160, 163–165, 167–169,

171–173, 175, 188–191, 199, 215, 424
Optic axial plane, see axial plane
Optic axis figure 164, 167, 169

uniaxial 164–165, 168
Optic branches 289, 335
Optic modes 292, 302, 343

longitudinal, LO 336, 341, 346, 383, 392–393
polar 336
Raman-active 346
transverse, TO 336, 341, 346, 383

Optical activity 11, 14, 154, 169–170, 277, 372, 380,
424, 427–428, 447, 489, 514–515, 540, see also
gyration

Optical anisotropy 156
Optical anomaly 414, 435
Optical indicatrix, see indicatrix
Optical microscope, see polarizing microscope
Optical parametric amplification 218
Optical parametric oscillation 181, 200, 211, 213
Optical path difference 160
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Optical phonons 226, 228, 292, 334, 338, 341–344,
347, 383–387

Optical rectification 153–154, 184
Optical rotation 14, 153–155, 164, 169–171, 173, 175,

see also gyration
Optical rotatory power 14, 30, 171–172
Optical spectroscopy 289, 310, 384
Optics

linear 153, 155–156
nonlinear, see nonlinear optics

Orbit 399–401, 405–410, 489–490, 497, 503, 505–506,
508–512, 515, 518, 521, 528, 530, 532, 534–535

Orbital magnetic moment 106
Order parameter 91, 121–122, 141, 144, 360–363,

364–371, 379, 381–383, 386, 389, 393, 406, 408, 485–
486, 494–495, 505, 510, 535–538

fluctuations 125
primary 370–371, 376, 378–380, 393, 407, 487,

489, 494–495, 515
principal 408, 410, 490–491
secondary 371, 378, 407, 409–410, 490–491

Orientation relation 413, 415, 417–420, 423–424, 426,
428, 433, 450, 469, 477

crystallographic 413–417, 441, 450, 470
noncrystallographic 415

Orientation state 128, 359, 398, 406, 415, 417–423,
425–429, 431–433, 435–436, 438–440, 451–452, 454,
464, 466, 469, 487–488

ORTEP 235, 242
Orthochromites 130–131, 133, 138
Orthoclase (KAlSi3O8) 419, 423, 436, 453, 464, 466
Orthoferrites 119, 130–133, 138, 142
Orthogonality 273, 304, 321, 323, 330
Orthogonality relations 34, 38, 39–41, 44, 52, 56, 197
Orthoscopic configuration 157, 163, 164–165, 167–

168
Out-of-phase rotation 385
Outer product 9, 41, 383
Outer symmetry 235
Overtones 347

Paraelectric phase 382, 397
Parallel-lattice twins 416, 427, 464, 470
Paramagnetic prototype 128
Paramagnetic susceptibility 107–108
Paramagnetoelectric effect 143
Paramagnets 106–108, 111, 114, 117, 124–125, 134,

140, 142–143
Parametric amplification 153–154, 181, 200, 211
Parent clamping approximation 488, 503, 504–505,

528, 535, 539
Parent phase 359, 370–371, 378, 380–382, 398, 399,

406, 438–439, 451–452, 477, 484, 487–490, 492–493,
496–498, 504, 507, 517–518, see also prototype (or
high-symmetry) phase

Parent symmetry 372, 378, 464–465, 487, 489
Partial charges 326, 327, 329–330
Partition (of a set) 400–401, 403–404, 407–408, 410,

490, 503
Partition function 293
Passive representation 379
Penetration trillings 435
Penetration twins 397, 417–418, 419, 423, 429, 434,

436, 438, 442, 446–447, 453, 455
Penrose tiling 247

icosahedral 250
Pentagonal–decagonal twins 431
Pericline 434, 437, 466

twin law 433–434, 453, 470
Periodic boundary conditions 47, 287, 316, 318–319
Permissible boundaries 451–456
Permissible composition planes 452
Permissible domain boundaries 452
Permissible domain walls 453, 486
Permissible planes 451
Permissible twin boundaries 420, 452–453, 455
Permittivity of vacuum 3, 155, 186, 334
Permutation tensor 10, 14, 70, 77, 171
Perovskites 91, 143, 177, 358, 383, 385, 419, 435, 438–

439, 462, 466–467, 492, 497, 512, 527
Phase conjugation 155
Phase jump 425, 458
Phase matching 88, 181, 187, 191–195, 196–197, 199–

218

Phase mismatch 190, 191, 200–202, 205–207, 209–210,
212, 217

Phase transformation (polymorphic) 438
Phase transitions 360, 366, 491

antiferromagnetic 90
continuous 121, 360, 363, 366–367, 370–371,

381–382, 384, 389, 397
diffusion-assisted 358
diffusionless 358
discontinuous 360, 364, 367, 370, 376, 382
displacive 293, 358, 381, 383, 385–386, 388–389,

438–439
equitranslational 370–372, 375–376, 378, 380,

381, 489, 494, 496
ferroelectric 397
first-order 364, 370, 382, 503
first-order magnetic 132, 138
magnetic 117, 125
non-equitranslational 371, 378, 381–382, 504,

528
non-reconstructive 358
order–disorder 358, 388–389, 438, 453
reconstructive 358
second-order 360, 370, 381–382
second-order magnetic 117, 125–126, 129,

132–133
structural 90, 358–360, 381, 385–387, 390, 392,

397–398, 484–485, 494
Phason 251, 254–255, 258

degrees of freedom 254, 256
elasticity tensor 256, 258–259
strain tensor 258–259

Phillipsite twin 419, 464
Phonon degrees of freedom 254, 256
Phonon bands (or branches) 224, 288–289, 294, 302,

306, 308–309, 341, 385, 388
degenerate 288
LA 225, 349, 351
LO 225, 336, 341–342, 346, 383, 392
TA 225, 349, 351
TO 225, 336, 342, 346

Phonon contribution to elastic constants 254, 258
Phonon density of states 291
Phonon dispersion 288–291, 301, 310–311
Phonon dispersion curves 311
Phonon drag 225, 227
Phonon frequencies 289
Phonon scattering 226–227
Phonons 224–228, 286, 287, 289–292, 298, 302–303,

305–306, 308–311, 334–336, 338, 341, 346–347,
386

acoustic 91, 226–228, 290, 302, 334, 346, 349
E 342
electron scattering by 224, 226
optical 226, 228, 292, 334, 338, 341–344,

347, 383–387
Raman-active 340, 385
strain tensor 258

Photoelastic effect 3, 8, 26, 153, see also piezo-optic
effect

linear 155, 176
Photoelasticity 78
Physical irreducibility 370
Physical property tensors (or property tensors) 4,

13–14, 31, 370–372, 378–380, 405–406, 485–487,
493–496, 505, 509, 513–515, see also material
tensors

Piezocalorific effect 3–4, 31
Piezoelectric constants 24, 32, 485
Piezoelectric crystals 86, 143, 226, 341, 344, 346, 349–

351
Piezoelectric domain pairs 515
Piezoelectric effect 4–5, 8, 24, 31–32, 175, 258,

343
Piezoelectric resonators 32, 440
Piezoelectric stress coefficients 32
Piezoelectric tensor 24, 25–26, 142, 154, 175, 341, 343,

349, 359, 372, 510, 515
in octagonal quasicrystals 258
in quasiperiodic structures 255–256, 258

Piezoelectric transducer 86, 88–89
Piezoelectricity 3–4, 11–13, 15, 78, 143, 175, 226, 380,

427, 435, 514, 540
Piezomagnetic effect 4, 29, 128, 133–137, 138–141

Piezomagnetic tensor 134–135, 137, 142, 148
Piezomagnetism 3, 15, 106, 134, 136–137, 141, 143
Piezomagnetoelectric effect 143
Piezo-optic effect 8, 31, 155, 176, 350, see also

photoelastic effect
Piezo-optic tensor 26–27, 177, 345, 350, 372, 515
Plagioclase 159, 169
Plagioclase twins 433–434, 453, 470
Planes of strain compatibility 451
Plasmons 334, 337, 346
Pleochroism 158–159, 169
Plesiotwins 418
PMN-PT 527
Pockels effect 153–154, 351, see also electro-optic

effect (linear)
Pockels tensor 350–351, see also piezo-optic tensor
Point-charge model 327, 329
Point groups for quasicrystals 255
Poisson’s ratio 3, 82–83
Polar force 342
Polar tensors 24, 25–26, 100, 107, 236–238, 241, 337–

339, 341–343, 346, 380, 511, 514–515
Polar vector representation 337
Polar vectors 10, 12, 140, 337–339, 341, 344, 346
Polaritons 334, 341
Polarizability 310
Polarizability operator 170
Polarizability tensor 311
Polarization 178, 182, 195–200, 203–204, 209–210,

214, 252, 269, 272–275, 278, 322, 334–336, 341,
350, 380, 435, 514, 527, 534

acoustic 14
circular 172–173, 273
dielectric, see dielectric (or electric) polarization
elliptical 163, 173
induced 144, 154–155, 182–183, 185
linear 170
nth order 182
nonlinear 181, 184, 190–191, 196, 215
of elastic waves 87
rotatory 3
second order 181
spin 326
spontaneous, see spontaneous polarization

Polarization colours 159–164, 169
Polarization modes 184
Polarization selection rules 337, 340, 342, 346
Polarization states 154–155, 184, 192
Polarization vector 87, 169, 186, 190, 246, 269, 273–

275, 279, 287–290, 301–302, 334–335, 337, 340–341,
350–351

Polarized X-rays 270, 273, 280
Polarizer 157, 158–159, 162–164, 273, 424, 431, 519
Polarizing microscope 157–158, 163, 169, 397, 424
Polycrystalline aggregates 463, 467
Polycrystalline materials 100–101, 413, 438, 464,

467
Polymorphs 418, 457, 459, 461, 463, 466
Polysynthetic twins 418, 419, 423, 432, 435, 437, 453,

459–460, 464–465, 469
Potassium dihydrogen phosphate (KDP) (KH2PO4)

192, 205, 217, 388, 397, 485
Potassium lithium sulfate (KLiSO4) 308, 417, 424–

425, 436–437, 447, 454–455, 460–461, 466
Potassium nickel fluoride (KNiF3) 90
Potassium niobate (KNbO3) 212
Potassium nitrate (KNO3) 385
Potassium selenate (K2SeO4) 246
Potassium sulfate (K2SO4) 419, 431, 438–440, 448,

464, 466
Potassium thiocyanate (KSCN) 539
Potassium titanyl phosphate (KTP) (KTiOPO4) 203–

204, 208–209, 213–214, 217, 425, 447, 455
Potassium trihydrogen selenite KH3(SeO3)2 447
Potassium zinc fluoride (KZnF3) 89, 91
Powder diffraction 466, 469
Poynting vector 187, 203–204
Praeseodymium sulfide (PrS2) 448–450
Principle of superposition 173
Probability density function (p.d.f.) 232, 235, 242
Projection operator 52, 54, 303–306, 325, 344
Projective representations 43–46, 48–50, 61–62
Propagation tensor 290
Property tensor 139
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Prototype (or high-symmetry) phase 128, 147–148,
359, 360, 370, 385, 438, 440, 446, 453, see also parent
phase

rational 452
Prototype structure 359, 385
Pseudo-coincidence 442, 444, 446–448, 450
Pseudo-fivefold axis 431
Pseudo-mériédrie réticulaire 447
Pseudo-merohedral twins 436, 444, 446–447, 450,

468, 474–475, 477
of lattice index [j] = 1 447

Pseudo-merohedry 450
Pseudomomentum 317, 319
Pseudo-potential 319, 322
Pseudoscalar 14, 30, 140, 277, 380
Pseudosymmetry 415, 422, 433–434, 446–447, 450,

459, 465, 468, 518
composite 432

Pseudotensor character 54
Pseudotensors 51, 54, 64, 67, 171, 251–252, see also

axial tensors
Pseudo-threefold twin axis 417
Pseudovectors 3, 10, 13–14, 51, 54, 122, 171, 251, 262,

see also axial vectors
Pulse-echo technique 88–89
Pulse-superposition method 89
Pure deformation 73–74, 76
Pure shear 76
Pure shear stress 78
Pushrod dilatometry 103, 104
Pyrite (FeS2) 419, 447, 457
Pyroelectric coefficients 32
Pyroelectric domain structures 425
Pyroelectric effect 4, 12, 31–32
Pyroelectric materials 387, 424–425
Pyroelectricity 3–4, 12, 380, 435, 447, 455–456,

514
Pyromagnetic effect 4, 14
PZN-PT 527

q-dependent terms 342, 346
Quadratic electro-optic effect 153–155, 343
Quadratic magneto-optic effect 153, 155
Quadric of elongations 73, 75–76, 83
Quadrilinear forms 8
Quadrupole–quadrupole interaction 275, 279–280
Quantum-mechanical treatment 314–315, 319,

332
Quartz 12, 104, 158, 163–164, 171, 173, 175, 181, 217,

289, 359, 413, 419, 423–425, 428, 433, 436–440, 444–
447, 454, 456, 459, 461, 469, 515, 533

alpha- (low-temperature) 274, 427–429, 457,
459, 534

beta- (high-temperature) 427–429, 438, 457, 534
X-cut 89
Y-cut 89

Quartz wedge 157, 161–163
Quasi phase matching 195–196, 201, 213–214, 533
Quasicrystals 247–250, 255–259

icosahedral 249, 256, 259
Quasi-harmonic approximation 90, 101, 293, 336
Quasi-harmonic model 286, 292
Quasimoments 232
Quasiparticles 290–291
Quasiperiodic structures 246, 256
Quasi-static limit 337, 347

R-irreducible representations (R-ireps) 370–371,
378–379, 494, see also irreducible representations
(physically)

Raman-active modes 310
Raman activity 310–311, 337–338, 340, 343, 347, 378,

383
field-induced 343
force-induced 342–343
intrinsic 344

Raman scattering 181, 184, 334, 335, 340, 347
antisymmetric 338, 340–341
electric-field-induced 343
first-order 335, 342, 347
forbidden 346
force-induced 342–343
higher-order 346
in a magnetic field 344

Raman scattering
magnetic-field-induced 344
second-order 346–347
selection rules 339, 341–342, 347
strain-induced 345
stress-induced 345
symmetric 340, 343, 345

Raman shift 334–335, 347
Raman spectral line shape 336
Raman spectroscopy 310, 381, 383–385, 387, 390,

466
Raman tensor 334, 336–338, 341–343, 345–347

electric-field-induced 343–346
field-induced 344
first-order 336
first-order field-induced 345
force-induced 342–343
intrinsic 342, 344–346
magnetic-field-induced 344–345
q-induced 345
strain-induced 345
symmetry of 337–338
zero-field 345

Rare-earth metal manganates 145
Rare-earth metals 107, 110, 130, 145
Ray representations 43
Rayleigh length 203, 205
Rayleigh scattering 227
Reciprocal basis 6–7, 38, 62, 246, 248–250, 253
Reciprocal cell 7, 231, 235
Reciprocal lattice 6, 10, 47, 49, 62, 122, 232, 246–250,

252–253, 314, 316–318, 323, 470–476
Reciprocal-lattice vectors 47, 49, 248, 272, 294, 296–

297, 302
Reciprocal space 6–7, 10, 38, 102, 242, 248, 253, 294,

301, 309, 314, 318, 470–471, 475, 506
Recrystallization twins, see annealing twins
Reducible representations 36, 39, 42, 44, 51, 119, 255,

302–303, 342–343, 347, 370, 376, 378, 494, 496
Reduction of tensor components 15–16

rank 2 15–16
rank 2 axial tensors 29
rank 3 15, 17
rank 3 reduced polar tensors 24
rank 4 15, 20
rank 4 reduced polar tensors 26

Reflection twinning 425
Reflection twins 416–419, 424, 428, 432–434, 436, 440,

442–446, 448, 450, 456–459, 461–462, 470, 477
Refractive index 138, 154–155, 175, 334

calculation of 170
changes due to strain 177
extraordinary 156
measurement of 159–160
ordinary 156
real and imaginary components 170
variation with wavelength 169

Relativistic effects 320, 322
Relativistic interactions 109, 120, 123–124
Relief 159, 164
Renninger diffraction 273
Reorientation transition (magnetic) 132, 138
Reorientation transitions 106, 133
Repetitive twins 418
Representation quadric 100, 242
Representation surface 8–9, 84, 100, 235, 242
Representations 34, 36–37, 39, 317

active 379
atomic sphere 327
contragredient 38
gerade 41
irreducible, see irreducible representations
of double groups 45
of double point groups 61
of double space groups 50
of point groups 35, 40, 49, 61
of space groups 49
of the first kind 307–308
of the second kind 308
of the third kind 307–308
passive 379
projective 43–46, 48–50, 61–62
reducible, see reducible representations
regular 36, 39

Representations
spin 61
tensor 42, 262, 279, 311
ungerade 41
vector 298, 310–311, 379

Resonance technique 88
Resonant anisotropic scattering 274
Resonant magnetic X-ray scattering 280
Resonant scattering 274–276
Resonant scattering factor 275–277
Resonant X-ray absorption 280
Resonant X-ray scattering 277, 279–280
Response function 336, 347, 389
Retardation 160, 163

effective 163
relative 160, 162–163

Retardation plate 209
Reticular merohedry 445, 450
Reticular pseudo-merohedry 445, 447
Rhombic section 434, 453
Rhombohedral crystals 118, 120, 129–130, 429, 440,

442, 444, 448, 455
Rigidity modulus 82
Ripening process 466
Rochelle salt 397–398, 440, 447, 450, 465
Rotating stage 157
Rotation matrix 5
Rotation twins 416–418, 433–434, 436–437, 442, 444,

448, 450, 456–458, 471
Ru8Ni15Al77 431
Rutile (TiO2) 325, 330–331, 418–419, 432–433, 437,

445–446, 450, 462

S-domains 127–128, 137, 140
Saccharine 457
St Andrew’s cross 435, 449, see also 60� cross
Samarium sulfide (SmS1.9) 443, 448–449, 455
Sanidine 433, 453
Sapriel approach 452–453
Satellites 246–247, 250, 278
Scattering angle 334, 351
Scattering cross section 350
Scattering cross section (Raman) 334, 337–338, 340–

342
first-order 336–337
second-order 347
symmetry properties 336

Scattering factor 269, 274–275, 277
Scattering frequency 334, 337
Scattering geometry 335, 337, 341–342, 346, 351
Scattering of electrons 225
Scattering vector 272–273, 351
Scattering wavevector 334–335, 337, 341–342
Schoenflies symbols 57, 113, 378–379, 393–394
Schrödinger equation 54, 315, 317, 319–320, 323
Schrödinger group 315
Schur’s lemma 37, 38, 41, 44, 53, 55
Second harmonic generation (SHG) 153–154, 181,

184–185, 192, 194, 200–209, 210, 215–218
electric-field induced 153–154
non-resonant 200, 205–206
resonant 208
ultrasonic 97

Sector twins 419, 422, 431–433, 436, 464, 475
Seebeck coefficient 223, 229–230
Seignettoelectrics 397
Seitz operator 315, 317
Sel de Seignette 397
Selection rules 34, 332

for Brillouin scattering 349
optical 170, 310
polarization 337, 340, 342, 346
Raman scattering 339, 341–342, 347
Raman tensor 337
wavevector 347

Self-interaction 319, 321
Sellmeier equations 187, 214, 215
Semiconductors 14, 225–227, 229, 319, 337, 346, 418,

438, 446, 456, 463
Semi-core states 323, 325–326, 330
Sénarmont compensator 163
Sensitive tint 160–162
Sensitive tint plate 157, 160, 162, 164, 167, 169
Sets 400
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Shear
homogeneous 439, 451
pure 76
simple 76
spontaneous 439, 451–452, 465, 485, 539

Shear strain 102, 178, 369, 451
spontaneous 439, 452, 454, 465

Shear stress 78, 440
Short-range force 383
Short-range interactions 383
Shubnikov group 53, 508
Shubnikov symbols 113, 393
SI units 3, 107, 127, 138, 140, 148
Sigma notation 441–442
�1 twins 470, 423–424, 427, 442, 446, 470, 471–472,

474–475, 477
� > 1 twins 475
�2 twins 442
�3 bicrystal boundaries 463
�3 twin interface 443, 462
�3 twins 440, 442–443, 446, 454–455, 463, 471–472,

474–475, 477
� > 3 twins 442
�5 twins 443, 448, 450, 455, 471–474, 477
�7 twins 448, 471, 473–474, 477
�9 twins 443
�13 twins 473–474
�17 twins 473
�19 twins 474
�25 twins 473
�27 twins 443
�33 twins 443, 455
�81 twins 443
Silicon 82, 104, 225–226, 228
Silicon tricrystal 443
Silver 463
Simple shear stress 78
Simple twins 418, 419, 421, 423, 528, 530–532
Sing around method 89
Single particle approach 315
Sinusoidal structures 110
Site symmetry 49, 62, 232–233, 235, 276–277, 324,

326–327, 329, 406
restrictions 235, 278

Slater’s transition state 321
Slow ray 158, 162–163, 169
Small representations 318, 325, 330
Sodium 224
Sodium chlorate (NaClO3) 424
Sodium chloride (NaCl) 84, 88
Sodium lithium sulfate (NaLiSO4) 469
Sodium nitrate (NaNO3) 436, 446
Sodium nitrite (NaNO2) 247, 389
Sodium oxalate 450
Sodium sulfate (Na2SO4) 439
Sodium super oxide (NaO2) 539
Soft modes 358, 370, 378, 381–383, 385–386, 389
Sommerfeld model 317, 323, see also free-electron

model
Spatial dispersion 170–171, 342–343, 345–346
Specific heat 3–4, 31, 88, 102, 362–363, 390
Spectral differential cross section 334–336
Spectral dispersion 201
Sphalerite (ZnS) 83, 429, 446, 456
Spherical harmonics 42, 121, 279, 322–329
Spherical symmetry 11
Spherical systems 17, 19, 22, 24, 26, 29–31, 82
Spin density waves 110
Spin flip 125, 128
Spin flop 125, 133, 141
Spin–orbit coupling 120, 145, 320, 322, 326
Spin polarization 326
Spin representations 61
Spinel 83, 413, 418–419, 429, 462–463
Spinel law 419, 423, 429, 436, 438–439, 442, 454–455,

463–464
Spinel twins 398, 419, 423, 429–431, 438, 440, 442,

446, 456, 472
Spiral structures 110
Spontaneous ferroelectric polarization 143–144
Spontaneous ferromagnetic moment 129
Spontaneous magnetic order 144
Spontaneous magnetization 108, 111, 117, 120, 124–

125, 127–128, 132, 134, 142, 144, 146

Spontaneous magnetostriction 121, 128, 145–146,
147–148

Spontaneous nucleation 436, 446
Spontaneous parametric emission 212
Spontaneous polarization 12, 142–144, 153, 154, 196,

367, 371, 375, 380, 382–383, 387–388, 397, 451, 455–
456, 485, 487–490, 492, 494, 497, 507, 509–512, 514–
515, 527, 532–536, 538–539

Spontaneous properties 477, 487, 490–491, see also
morphic properties

Spontaneous shear 439, 451–452, 465, 485, 539
Spontaneous strain 72, 128, 177–178, 371, 375, 378,

398, 440, 452, 485, 487, 490–493, 497, 503, 505, 510–
512, 515, 516–517, 518–519, 524, 526–528

Spontaneous strain tensor 519
Stabilizers 393, 399–400, 406–407, 408, 410, 488–494,

496–497, 503, 505–507, 509, 511–512, 517, 520, 526,
532

Stacking-fault contrast 425, 458
Stacking faults 414, 418, 438, 443, 446, 458, 463, 469
Standard variables 372, 379–380, 494
Star 47, 48–50, 122, 132, 317–318, 325–326, 367–368,

381
Static disorder 231, 242
Static displacements 231
Staurolite 423, 434, 445, 448–450, 453
Stokes process 336–337, 347
Strain 175, 177

spontaneous, see spontaneous strain
Strain birefringence 3, 177
Strain ellipsoid 100
Strain field 72, 178
Strain-optic tensor 177–178
Strain quadric 100
Strain tensor 4, 13, 24, 72, 74–75, 78, 81–85, 90, 92–93,

100, 102, 254–255, 262, 292–293, 345, 360, 369, 371,
491, 493, 516, 518

symmetry of 24, 26, 81
Stress quadric 79
Stress relief 467
Stress tensor 4, 13, 24, 76–80, 81–82, 84, 90, 92–93,

133–134, 254, 293, 345, 349
local properties 79
Piola–Kirchoff 95
special forms 78
symmetry of 24–26, 77, 81
Voigt notation 78

Strontium bismuth tantalate (SrxBi3�xTa2O9) 487
Strontium titanate (SrTiO3) 371, 383–384
Structural twins 439
Structure factor 232, 235, 270–273, 277, 425, 435, 458,

469, 475
Structure-factor contrast 425
Sublattice index 441–442, 448, 471
Sublattice magnetization 109, 125, 127, 132, 137, 139,

141
Sum-frequency generation (SFG) 181, 185, 191–192,

200, 209–211
Superconductors 288, 327, 329, 390, 440, 452, 465
Superlattice reflections 358, 368–369, 387
Supersaturation twins 436
Superspace 247–251, 254
Superspace groups 250–254, 256–257, 259

magnetic 250–251
Susceptibility 54, 153–155, 171, 181–182, 270–271,

338, 341–345, 510, see also dielectric susceptibility
diamagnetic 107–108
electro-optic, third-order 154
higher-order 153, 155, 185
nonlinear 195, 215
optical, third-order 154
paramagnetic 107–108
X-ray 271, 274

Susceptibility derivatives 334, 337, 342, 344, 347
first-order 346
higher-order 342
second-order 344

Susceptibility tensor 54, 176, 182, 184, 270, 334
Switching 387, 392–393, 440, 451, 485–486, 497, 505,

508–510, 514–516, 521, 526–527
of domains 128, 439, 440, 467, 484, 510, 512, 514

Symmetric tensors 3, 5, 13, 24, 30, 34, 38, 42, 51, 100,
231, 257, 290

polar 236–238, 241

Symmetric tensors
rank 2 5, 17, 26, 34, 42, 51–52, 270, 360, 371, 378,

491, 505, 511
rank 3 277
rank 4 5, 22

Symmetry-adapted bases 392
Symmetry-breaking increments 371, 379–380
Symmetry constraints 294
Symmetry descent 370–372, 376, 378, 380, 392–394,

398, 402, 404, 407–410, 486–488, 490–496, 498, 503,
505–510, 512, 514–517, 519, 527–528, 533, 537

equitranslational 370, 376, 381–382, 505
Symmetry species 338, 340–345
Symmorphic space groups 48–49, 250, 297, 302, 308,

315
Systematic extinctions 252, 269

T-domains, see twin domains
Tail-to-tail boundaries 425, 454–455, 477
Temperature factor, see Debye–Waller factor
Temperature-stress constants 32
Tenfold rotation 418
Tensor atomic factors 278–280
Tensor atomic vectors 275
Tensor contraction 232, see also contraction
Tensor derivatives 10
Tensor expansion 232
Tensor invariances 171
Tensor parameter 370, 378, 380, 394, 408, 487, 489,

495
principal 371–372, 376, 378–381, 393, 407–408,

489–490, 494, 496, 509, 514–515
secondary 371, 375, 378, 380–381, 393, 407, 494,

509–510, 517
Tensor product 7–10, 24, 37–38, 41–42, 51–52, 62, 68,

181, 196, 251, 255, 258
Tensor product representation 42, 51
Tensor product space 42–43, 52–53, 257
Tensor representation 42, 262, 279, 311
Tensor structure factors 270, 278
Tensorial covariants 371, 379–380, 392–394, 493–494,

514
Tensorial susceptibility, symmetry restrictions 270
Tensors

in higher-dimensional spaces 253
in quasiperiodic structures 246
in superspace 254–255
mathematical definition 7
symmetric, see symmetric tensors
transformation properties of 7, 38, 42, 51
transformation rule 7

Tetragonal crystals 87, 100, 110, 121, 137–138, 443,
455

Thermal conductivity 5, 9, 13, 223, 227–229
Thermal diffusion 5
Thermal displacements 231, 278
Thermal expansion 3–4, 9, 12, 31, 72, 90, 100, 101,

103, 105, 145, 224, 228, 286, 292–294, 383, 516
diffraction methods 102–103
negative 100, 104
volume 100

Thermal motion 231–233, 235, 387
ellipsoid 242

Thermal resistance 227–229
Thermal resistivity 227–228
Thermoelectric effect 5
Third harmonic generation (THG) 181, 184–185, 192,

199–200, 209–210, 215, 217
Thomson scattering 274–275
Threshold oscillation intensity 212–213
Tight binding 321
Tilings 247
Time inversion 106, 110, 116, 140, 143, 337, 404, 506
Time reversal 5, 14, 35, 53–54, 120, 134, 250–252,

275–276, 278–280
Time-reversal degeneracy 306, 309
Time-reversal group 53
Time-reversal operator 53–54, 56
Tin 84
TO–LO splitting 341, 346
Toroidal moment 128, 140, 275
Total cross section 335
Tourmaline 12
Transformation microcline 434, 453, 466
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Transformation twins 398, 417–419, 422–424, 429,
431, 434–436, 438–440, 447, 452, 460–461, 464–466,
468–469

Transition-metal carbonates 118, 129
Transition-metal fluorides 129–130, 133, 136–139
Transition-metal oxides 108, 118–120, 128, 326
Transition metals 107–108, 130, 280, 325
Transition probability 332
Transition region 457
Transition susceptibility 334–335, 337, 341, 345–347

first-order 342
Transition susceptibility tensor 335
Transition temperature 362, 366, 369–370, 382, 384–

386, 397, 440, 467, 488
Translation boundary 414, 418, 438
Translation domains 414, 418, 438
Translation group 442, 447, 503, 529, 538
Translation twins (T-twins) 418, 438
Translational symmetry 144, 314–315, 318–319, 321,

325, 370, 381, 503
Translationengleiche subgroups, see equitranslational

subgroups
Transverse optic mode (TO) 336, 341, 346, 383
Triaxial ellipsoid 157
Trichroic crystals 169
Tricritical point 382, 389–390
Triglycine sulfate (TGS) 359, 380, 424–425, 454, 484–

485
Trilinear forms 7–8, 14
Triperiodic twins 441, 442, 444, 446–447, 450
Triple scalar product 6, 14, 73
Tris-sarcosine calcium chloride (TSCC) 383, 387,

389
Tropochemical cell twinning 417
Tungsten 84, 104
Tungsten bronzes 387
Tweed microstructure 466
Twin axes 417

fourfold 448
of order n > 2 444
n-fold 415, 422, 444
pseudo-fivefold 419, 464
pseudo n-fold 453
pseudo-threefold 417
sixfold 417
threefold 449
twofold 415–419, 422, 425, 429, 442, 453, 456,

469–470
with noncrystallographic multiplicities 431

Twin boundaries 392, 413, 415, 417–419, 423–425,
432, 435, 437, 439, 443, 446, 450, 451, 455–460, 469

coherent 468
compatible 452–454, 468, see also permissible

boundaries
incompatible 454, 468
irrational 454, 457
rational 452
structural model 459
three-dimensional structure 463

Twin component 415, 417
Twin displacement vector 415, 418, 441, 443, 450,

457–462, 464, 469
Twin domains 106, 128, 177, 415, 420–421, 424–425,

428, 435–437, 439, 444, 451, 453–456, 458–459, 462,
464–470, 472, 474, 476

Twin elements 415–417, 420
binary 415–417
irrational 415, 417
rational 415, 417

Twin formation 415
by nucleation 436
during crystal growth 437

Twin inserts 437
Twin interface 415, 417, 428, 446, 450, 455–456, 459–

464, 467–469
coherent 468–469

Twin interface
incoherent 468
irrational 437
rational 457

Twin inversion centre 415–416, 420, 458–459
Twin lamellae 423, 425, 437–438, 443, 454–455, 459–

460, 465–468
Twin lattice index 441–442, 444, 447
Twin law 404, 410, 415, 417–420, 422–423, 426–431,

433, 435, 450, 452, 456, 469–474, 486, 497, 505–506,
512–513, 515, 518, 521, 527, 535

Twin microstructure 72, 464
Twin mirror plane 415–418, 470
Twin obliquity 444
Twin operations 415, 417–418, 420–423, 426, 428–429,

439, 441–442, 447–449, 452, 456, 458–459, 462, 470,
474–475

alternative 420, 423, 426–431
binary 415, 417, 421–422, 428, 434, 449

Twin partner 398, 415–417, 419, 421, 424, 428, 431–
432, 441–442, 447–448, 450, 456–458, 468–470, 472,
474–475, 477

Twin pattern 464
Twin plane 165, 168, 415–417
Twin rotations

fivefold 431
noncrystallographic 422
pseudo n-fold 417, 422
tenfold 431

Twin textures 464
Twinkling 159
Twinning 177, 358–359, 397

by high-order merohedry 434
by lattice merohedry 442
by merohedry 397, 423, 425, 435, 440, 442,

446–447, 470–471, 515
by pseudo-merohedry 397, 446–447, 470,

476
by reticular merohedry 397, 425, 442, 448,

470–472
by reticular pseudo-merohedry 397, 435, 447,

476
by twin-lattice pseudo-symmetry 447
by twin-lattice symmetry 447
classification in reciprocal space 469
definition 414
lattice aspects of 440–441
with a change of form 440
with partial lattice coincidence (lattice index

[j] > 1) 448
with partial lattice pseudo-coincidence (lattice

index [j] > 1) 448
without a change of form 440

Twinning dislocations 454, 467–468
Twinning group 394, 486, 489, 497–498, 505–506, 508–

509, 512–515, 519, 521, 526–527, 535
Twinning pattern 359
Twinning relation 413
Twins 358, 397, 414, 486

definition of 415
diffraction patterns of 420, 435, 441, 469–471,

475–477
genetic classification 436
morphological classification 417–419, 440
pseudo-hexagonal 476
with inclined axes 424–425, 427–428, 445, 452,

464
with lattice index [j] > 1 454

Twins of twins 435–436
Two-dimensional nucleus 437
Two-wave mixing 153–154

Undepleted pump approximation 199, 200, 205, 208–
210

Uniaxial antiferromagnets 124–126, 138
Uniaxial classes 163, 168, 188, 197–198, 202, 338, 341

Uniaxial crystals 11, 119, 121, 123–124, 156, 158, 159,
168–169, 171, 173, 188–189, 192–193, 196–199, 201–
204, 215

birefringence in 138
magnetic birefringence in 138
magnetostriction in 148
negative 192–193
positive 204

Uniaxial ellipsoid 156
Uniaxial ferromagnets 124–125
Uniaxial figure 164–165, 168
Uniaxial indicatrix 156–157, 176–177
Uniaxial negative 164
Uniaxial positive 164
Uniaxial stress 78, 80, 83, 97, 440
Unit-cell twinning 417
Universal stage 169

Valence electrons 280, 317, 319, 322, 325–327,
332

Valence states 320, 323, 325, 332, 383, 463
Variants, see domain states
Variational principle 320–321, 323
Vector product 9–10, 12, 14
Vector representation 298, 310–311, 379
Vector spaces 5, 7, 34–38, 42, 51–52, 55, 251, 257, 259,

302, 304, 306, 363, 365, 367, 405
irreducible 304, 363

Velocity of elastic waves 290
Velocity of sound 88, 179
Vibration direction 157–160, 162–166, 168–169

fast 162
slow 162, 164

Voigt effect, see Cotton–Mouton effect
Voigt matrix 24, 78, 539
Voigt notation 24, 78–79, 81–82, 134, 175–176
Voigt strain matrix 24–27, 75
Voigt stress matrix 24, 78
Volume compressibility 83, 101, 104
Voronoi cell 46, 47, 314

W boundary 452–454
W0 boundary 452
Walk-off 188–190, 200, 203–206, 209–211

temporal 205
Walk-off angle 187, 189–190, 197, 200, 203–204, 206,

209, 214–216
Wavevector selection rules 347
Wigner–Seitz cell 46–47, 314
Wurtzite 226, 277–278
Wyckoff position 49, 62, 235, 331, 407–408

X-ray absorption edges 269, 275
X-ray absorption spectroscopy 270, 332
X-ray anomalous dispersion 170
X-ray crystallography 386–387, 392
X-ray diffraction 270, 274, 367–368, 413–414, 441,

443–444, 447, 452, 458, 466, 469, 473, 520
X-ray emission spectra 332
X-ray magnetic circular dichroism 270, 278
X-ray scattering 274, 276–277, 280, 381, 387, 391–

392
X-ray susceptibility 271, 274
X-ray topography 423, 425, 438, 447, 454, 458, 460,

468–469, 476

Young’s modulus 3, 80–81, 83–84, 440
variation with orientation 84

Yttrium barium copper oxide (YBaCuO) 329–330,
390, 440, 452, 465–466, 468, 484, 519

Yttrium manganese oxide (YMnO3) 144–145

Zero-point motion 231
Zinc 84
Zinc oxide 226, 277–278
Zwilling, see twins




