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Ag 146, 282, 284, 379, 547

Al 134, 146, 379, 386, 448, 499, 515

Alq3 516

AlOx 287, 288, 289, 290

Al2O3 289, 293

Am 379

AmFe2 405

AmN 433

AmO2 433

AuFe 218, 432

AuMn 432

Ba2FeMoO6 416

BaFe12O19 174, 201, 242, 265, 376,

377, 426, 462, 427, 536, 537

BaM2Fe16O27 427

Ba2M2Fe12O22 427

Ba2M2Fe24O46 427

Ba3M2Fe24O41 427

BiFeO3 420

Bk 379

BkO2 433

C13H16O4N3 437

Ca 134, 282, 414, 436

Ca3Al2 (OH)12 425

CaC2 436

CaCu5 399, 400

CaF2 433

CaFe2FeO(Si4O7)(OH) 567

Ca2FeMoO6 416

Ca2FeReO6 416

CaFe Si2O6 567

Ca3Fe2(SiO4)3 567

CaRuO3 413

Ca3Si3Al2O12 425

CdI2 421

Ce 134, 379, 379, 399, 402, 403, 405

Cf 379

Cl 428

Cm 379

CmN 433

Co 146, 148, 149, 150, 152, 154, 170,

174, 183, 190, 191, 213, 242, 265,

175, 282, 284, 284, 288, 289, 293,

303, 314, 347, 375, 377, 379, 385,

386, 390, 399, 400, 402, 403, 406,

499, 415, 499, 502, 504, 510, 511,

515, 516, 537, 538, 548, 566

Co80B20 390

CoCl2 544, 545

Co90Cr10 194

Co67Cr20Pt11B6 391

CoF2 428

CoFe 282, 284, 289, 450, 506, 515,

525, 425, 547, 558

CoFeB 521, 525

Co50Fe50 504

CoFe2O4 174, 265, 291, 334, 423

Co2MnGe 394

Co2MnGa 394

Co2MnSi 378, 394, 394, 504, 515

Co2MnSn 394

Co84Nb10B6 299

CoO 206, 175, 334, 417

CoPd 191, 271

Co80Pd20 543

CoPt 191, 242, 265, 272, 375, 377,

378, 391, 392, 392, 536, 548

Co3Pt 392

CoS2 431

Cr 152, 194, 196, 282, 283, 283, 284,

345, 347, 375, 379, 379, 386, 391,

397, 412, 536, 537, 538, 566

CrN 207

CrO2 150, 154, 182, 242, 265, 293,

376, 377, 412, 412, 502, 502, 504,

515, 521, 536

Cr2O3 419, 420

CsO2 436

CuCr2S4 423

CuCr2Se4 423

CuGeO3 228

CuxNi1−x 150, 151

CuMn 218, 432

Cu99 Mn1 376

Cu2 MnIn 394

Dy 134, 375, 379, 398, 399, 402, 403,

405, 471

DyCl3 552

DyFe2 405

Er 379, 399, 402, 403, 405

ErCl3 545

Eu 134, 208, 376, 379, 399, 403, 410,

411

EuO 291, 410, 410, 411, 434

EuS 291, 411

EuSe 411

EuxSr1−xS 432

EuTe 411

F 428

Fe 145, 148, 149, 150, 152, 153, 154,

170, 174, 183, 190, 191, 213, 242,

265, 282, 283, 284, 288, 289, 301,

314, 318, 347, 375, 377, 379, 384,

385, 386, 401, 402, 404, 407, 408,

409, 448, 450, 415, 416, 418,

421–426, 430, 499, 502, 504, 515,

547, 548, 566, 567, 574

Fe3Al 378

Fe3Al2(SiO4)3 567

Fe80 B20 183, 211, 212, 389, 390

Fe3C 408

FeCO3 567

FeCo 191, 280, 293, 378, 386, 387,

536

Fe65Co35 375, 385, 386, 453

Fe70Co30 302

Fe100−xCox 196, 213

FexCo1−x 386

(Fe80−xCox)B20 196, 213

FeCoNi 536

Fe50Co30Ni20 194

(FeCoNi)80 B20 390

Fe55Co13Ni18Al10Cu4 386

Fe49Co24Ni15Al8Cu3Nb1 386

Fe31Co38Ni14Al7Cu3Ti7 386

Fe4.3Co68.2 Si12.5 189

Fe5Co70Si15B10 390

Fe36 Co52 V12 386

Fe49Co49V2 450

Fe73.5Cu1Nb3 Si15.5B7 301

Fe73.5Cu1Nb3 Si13.5B9 390, 450

FeF2 428

FeF3 211, 212, 376, 429

(FexMg1−x)2SiO4 566
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FeMn 196, 278, 396

FeMo 416

Fe4N 375, 407

Fe97N3 408

Fe90N10 408

Fe16N2 408

Fe4N 408

Fe3N 408

Fe100−xNx 408

FeNi 387

FeNi3 387

Fe1−xNix 375, 388, 389, 499, 566

Fe60Ni27Al13 386

Fe90Ni10B20 242, 265, 375

Fe40Ni38Mo4B18 450

Fe40Ni40P14B6 389

FeO 206, 417

Fe2O3 139, 196, 278, 293, 321, 334,

376, 418, 419, 420, 421, 423, 424,

530, 536, 537, 567

Fe3O4 201, 242, 265, 303, 376, 377,

422, 423, 567

FeO(OH) 420, 421, 567

Fe1−x(OH)3 421

Fe(OH)2 421

FePd 272, 392

FePt 191, 239, 378, 392

Fe3Pt 378

Fe3PtN 408

FeS 431, 566, 567

FeS2 431, 566

Fe3S4 423, 431, 567

Fe7S8 376, 430, 431, 567

FeSe1−x 431

FeSe2 431

Fe3Se4 431

Fe7Se8 431

FeSi 300

Fe3Si 378

Fe94Si6 385, 386

Fe85Si10Al5 450

Fe74Si16 Al10 385

FeSiO3 567

Fe2SiO4 567

Fe7Si8O22(OH)2 567

Fe3Si2O5(OH)4 567

Fe3Si4O10(OH)2 567

FeTe2 431

FeTiO3 420, 567

Fe2.4Ti0.6O4 567

Fe1.4Ti0.6O3 567

FeV 152

GaAs 337, 434, 508, 514, 516, 529,

541

(GaMn)As 434

(Ga92Mn8)As 376

GaN:Mn 434

Ga2 O3 312

Gd 134, 154, 183, 314, 379, 399, 402,

403, 405, 406

Gd80 Au20 211

Gd100−xCox 406

GdCo2 274, 303

GdCo5 201, 400

Gd1−xCox 407

Gd2Co17 404

Gd25 Co75 217, 375, 406

GdFeO3 415

GdxLa80−x Au20 220

GdN 411

Hf 379

Ho 379, 398, 399, 402, 403, 405

IrMn 525

IrMn3 196, 278, 375, 395, 396

KO2 436

K2NiF4 228, 428

La 152, 379, 402, 403

La80 Au20 432

(La70Ca30 )MnO3 143, 187, 188, 376,

415, 502, 521

LaF3 428

LaFeO3 420

LaMnO3 415

La70Sr30MnO3 187, 414, 415

LaTiO3 415

Li 134

LiFeO 423

LiHoF4 229

Lu 379, 402, 403

MgAl2O4 422

MgCu2 404

MgFe2O4 423, 567

MgO 287, 288, 289, 290, 291, 521,

523, 524, 525, 539

Mn 196, 347, 375, 379, 392, 393, 395,

398, 428, 432, 434, 566

Mn12 acetate 298

MnAl 392

MnAs 393

MnBi 375, 392, 393, 395

MnCo3 139, 567

MnF2 139, 196, 375, 427, 428

MnFe2O4 423, 567

(MnxGa1−x)As 434

Mn4 N 408

MnO 206, 417

Mn2O3 420

MnS2 206, 431

MnSb 393

MnSi 398

MnTe2 206

Mn2VAl 394

MnZn 451, 452

Mo 134, 145, 379, 388, 409, 416

N2 338

NbTi 340

Nd 134, 336, 379, 399 401, 402, 403,

405, 409, 410, 471, 566

NdFeB 470, 473, 486, 492, 579

Nd2Fe14B 242, 265, 302, 318, 332,

333, 375, 377, 401, 471, 473, 532,

579

Nd14Fe80B6 300

Ni 148, 149, 150, 151, 152, 153, 154,

170, 174, 181, 183, 190, 191, 194,

196, 265, 269, 272, 314, 347, 377,

379, 386, 393, 448, 417, 499, 502,

504, 566, 574

NiAl 294

NiAs 393, 431

Ni80B20 390

NiF2 428

NiFe 242, 265, 284, 300, 449, 506,

515, 525, 547

Ni36Fe64 450

Ni50Fe50 450, 453

Ni78Fe22 548

Ni80Fe20 242, 282, 449, 504

Ni80Fe20 377, 387

Ni77Fe16.5Cu5Cr1.5 450

Ni3Fe 378

Ni3FeN 408

NiFe2O4 174, 291, 423, 567

NiMn 278, 396

Ni3Mn 392

Ni2MnGa 394

NiMnSb 375, 378, 393, 394, 405, 504

Ni2MnSn 394

NiO 206, 278, 375, 417

NiS2 431

NiZn 451, 452

Np 379

NpFe2 405

NpO2 433

O2 338, 376, 381, 435, 436

Pa 379

Pd 134, 146, 379, 547

Pd2M Sb 394

Pd52Pt18Mn50 278, 396
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Pm 379

Pr 379, 399, 402, 403, 405, 409, 410

Pt3Co 378

PtMn 178, 396

PtMnSb 191, 394

Pu 379

PuFe2 405

PuN 433

PuO2 433

RbO2 436

RCo2 405

R2Co17 400

R2Co14B 402

RFe2 403, 405

RFe3 403

R2Fe23 403

R2Fe17 403

RFe12−xXx 409

R3(Fe, X)29 409

R2Fe14B 402

RFeO3 415

R3Fe5O12 425

RNi2 143, 405

Rb2CoF4 428

RhMn3 178, 396

Ru 280, 282, 379, 398, 413, 525

RuO2 413

SiFe 449

Sm 379, 399, 400 402, 403, 405, 409,

410, 566

SmCo 470

SmCo4B 400

SmCo5 242, 265, 346, 375, 377, 399,

400, 471, 473, 541, 548

Sm2Co17 340, 377, 404, 471, 473, 490

Sm2Fe17 404, 409

Sm2Fe17C3 409

Sm2Fe17Hx 409

Sm2Fe17N3 265, 409

Sm (FeCoCuZr)7−8 400

Sm2Fe17N3 265, 375, 377, 408

Sm2Fe17N3Fe 302, 303

SmxFe(100−x)N3x 302

Sr 413, 414, 416

Sr2CrReO6 416

SrCu2O3 228

Srn−1Cun+1O2n 228

SrFe12O19 471, 472, 473, 427

Sr2FeMoO6 375, 415, 416‘

Sr2FeReO6 416

Sr2FeWO6 416

SrRuO3 182, 375, 413

Sr4Ru3O10 413

Tb 379, 471, 399, 402, 403, 404, 405

(Tb30Dy70)Fe2 405

TbFe2 201, 404, 405

Tb3Fe5O12 190

Tb25Co75 278

ThMn12 409

Th2Ni17 403

Th2Zn17 403, 409

Ti 134, 152, 347, 379, 409, 410, 422

TiFe 420

TiFe2O4 567

TiO2 412, 413, 428

Ti2O3 420

TinO2n−1 413

TiO2Co 434

Tl2Mn2O7 414, 502

Tm 134, 379, 399, 402, 403, 405

UAs 433

UFe2 405

UN 433

UO2 433

UP 433

US 376, 433

USb 433

USe 433

Ute 433

V 152, 183, 347, 379, 386, 409

VO2 413

V2O3 420

V(TCNE)x 437

W 379

Y 134, 152, 379, 402, 403, 424, 425

Yb 154, 208, 379, 402, 403

YCo5 169, 174, 400

YCo2 274, 303, 405

Y2Co17 375, 402, 404

YFe2 152, 405

Y2Fe17 404, 409

Y2Fe17C3 409

Y2Fe17Hx 409

Y2Fe17N3 409

Y1−xFe 194

Y2Fe5O12 377

Y3Fe5O12 190, 201, 424

YMnO3 415

YTiO3 415

Zn 134, 146, 379, 547

ZnFe2O4 423

ZnO:Co 434

ZnS 434

ZnZr2 381

Zr 379

ZrZn2 150, 405
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3d elements, 378

3d ions, 115t

4f elements, see rare-earths

4f ions, 114t

4f –3d alloys, 154

5f band, 182

5f elements, see actinides

AC-core, 458f

actinides, 182, 295, 405t, 433

active recoil, 469

actuators, 486

moving-iron, 487

moving-magnet, 487

rotary, 487

voice-coil, see voice-coil motors, 532

adiabatic demagnetization, 112

adiabatic process, 113

advection, 571

advection–diffusion equation, 553

AFC bilayer medium, 537

airgap, 467, 481

akaganénite, 421

aliasing effect, 280

almandine, 567

alnico magnets, 293, 386, 471, 473

amakinite, 421

amorphous ferrimagnet, 217

amorphous ferromagnetic wire, 189

amorphous magnets, 209, 210f, 210,

211f, 211, 212f, 212, 213f, 213,

214f, 214, 215f, 215, 216f, 216,

217f, 217, 218f

Ampère’s law, 30

Ampère, André-Marie, 3

ampere, definition, 30

Anderson criterion, 145

Anderson model, 144

andradite, 567

Andreev reflection, 503

angular momentum, 63

operator, 67

orbital, 64

quantum mechanics of, 67

quenched, 115

spin, 65

anisotropy, 10, 168–174, 599

circumferential, 189

cobalt, 169

cubic, 170

energy, 10

exchange, 275

exchange-related, 236

hexagonal, 170

induced, 168, 172

iron, 169

local single-ion, 212

magnetocrystalline, 168, 169, 197,

232, 297

nickel, 169

perpendicular, 252

random, 300

shape, 168, 197, 270, 297

single-ion, 122, 172, 173

strain, 272

stress-induced, 172

surface, 236, 271, 295, 297

temperature-dependence, 173

tetragonal, 170

two-ion, 172, 173

anisotropy averaging, 300

anisotropy field, 171

antenna, 457

antibody, 558

antiferromagnet, 11

antiferromagnetic domains, 197

antiferromagnetic interaction, 137

antiferromagnetic minerals, 567t

antiferromagnetic order

body-centred cubic lattice, 205

face-centred cubic, 205

simple cubic lattice, 204

antiferromagnetic resonance, 305, 315

antiferromagnetism, 195, 196f, 196,

196t, 197f, 197, 198f, 198, 199f,

199, 200, 201f, 201t, 202f, 202,

203f, 203, 204f, 204, 205f, 205,

206f, 206, 207f, 207, 208f, 208,

209f, 209, 210f, 210, 211f, 211,

212f, 212, 213f, 213, 214f, 214,

215f, 215, 216f, 216, 217f, 217,

218f, 218, 219f, 219, 220f, 220,

221f, 221, 222, 222t, 223f, 223, 224,

224t, 225, 225t, 226f, 226, 227,

227t, 228f, 228, 229f, 229, 230

applications

dynamic, with active recoil, 485–491

dynamic, with mechanical recoil,

481–485

high-frequency, 457–462

low-frequency, 454–457

medical, 561

microwave, 459

static, 453, 473–481

applied field, 38, 55

approach to saturation, 258, 260

Arago, Dominique-François, 3

archaeometry, 572

Arrott–Belov plots, 132

artificial antiferromagnet, 199, 287

artificial ferrimagnet, 281

asperomagnetism, 216

asperomagnets, 220

atomic physics, 97

Aurora Borealis, 575

band structure, Fe, 148f

Barkhausen jump, 250, 257

Barkhausen noise, 538

bearings, 483

Bernal structure, 211, 389

Bernal, J. D., 211f

Bernouilli, Daniel, 2

Berry phase, 73

Biot–Savart law, 26, 340

bitter magnets, 340

Bloch equations, 324

Bloch line, 243

Bloch T 3/2 power law, 166

Bloch wall, 235, 240, 317

width, 267

Bloch’s theorem, 81

Bloch–Bloembergen equations, 326

blocking temperature, 278, 296

blood oxygen-level dependent imaging,

564

Bohr magneton, 5, 64

Bohr model, 64
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Bohr radius, 65, 99

Bohr–van Leeuwen theorem, 76

Boltzmann statistics, 94

bonding

covalent, 93

ionic, 93

metallic, 93

Boolean logic, 526

Born–Oppenheimer approximation,

158f, 182

boundary conditions, 47

Brillouin function, 109, 196, 202

Brillouin light scattering, 349

Brillouin theory, 107

Brillouin, Léon, 108

Brown’s micromagnetic equations, 239

Brown’s paradox, 245

Brown’s theorem, 245, 247

Brown, William Fuller, 239f

Brownian motion, 545

bulk-material growth, 334

C and S configurations, 295

C and S states, 251

canonical momentum

operator, 88

canted antiferromagnet, 418

carbon atom, ground state, 103

carbon nanotubes, 516

cellular biology, 556

chains, magnetic, 227

characteristic length scales, 265

charge, magnetic, 34, 232

charge avoidance principle, 238

charge transfer insulator, 380

chemical potential, 59, 82, 285, 505

chemical shift, 319

circular birefringence, 192

circular dichroism, 192

circulators, 460, 461

close-packed structures, 377

closure domains, 232

Co–Fe alloys, 450

Cobalt, 150, 375, 390

coercivity, 9, 253

intrinsic, 41

mastery of, 9, 17

coherence radius, 236, 266, 293

coherent reversal process, 233

coherent rotation, 250

cold crucible, 553

commutation rules, 69

compensation point, 406

compensation-point writing, 540

complementary metal-oxide

semiconductor logic, 494

condon domains, 244

conductance quantum, 500

conductance ratio, 506

conduction

ballistic, 499, 515

diffusive, 497

hopping, 501, 515

tunnelling, 501

conduction electron spin resonance, 311

conduction mechanisms, 497

conjugate field, 133, 223

constants and conversion factors, 600

constitutive relations, 43

continuous medium approximation, 25

contrast agents, 563

coordination

octahedral, 117

tetrahedral, 117

core losses, 17

corkscrew rule, 25

correlation length, 223

Cotton–Mouton effect, 193

Coulomb gauge, 88

Couloumb interaction, 156

couplings, 483

covalency, 119

critical behaviour, 167, 223

critical exponents

dynamic, 223

static, 133, 224

cross-tie wall, 243

crystal abundance, magnetic elements,

566t

crystal field, 114, 114t, 115, 115t, 116,

116t, 117f, 117, 118f, 118, 119f,

119, 120f, 120, 120t, 121f, 121,

122f, 123f, 123–125, 125t, 126, 209,

310, 599

cubic parameter, 122

interaction, 115

notation, 118

stabilization energy, 120

uniaxial parameter, 124

crystal growth

Bridgeman method, 334

Czochralzki method, 334

flux method, 334

crystal-field excitations, 349

cubic antiferromagnets, 204

Curie constant, 11, 78ff, 131

molar, 126

numerical value, 109

Curie groups, 382

Curie law, 11, 78f, 108

classical form, 111

Curie temperature, 9, 130

nickel, 9

paramagnetic, 197, 216

Curie-point writing, 540

Curie–Weiss law, 11, 131, 150, 197

curling, 253

curling modes, 251, 254

cusp field, 478

cyclotron frequency, 74, 89

cyclotron orbits, 74

cyclotron radiation, 74

cyclotron radius, 74, 267

damping, 315, 513

Datta–Das transistor, 529

DC servomotor, 488

de Broglie relation, 62

de Gennes factor, 126, 142

de Hass–van Alphen effect, 90

Debye–Waller factor, 329

delocalized-electron model, 95

�E effect, 174, 178

demagnetizing factor, 36, 169, 293

powder, 39

demagnetizing field, 35, 231, 313

demagnetizing tensor, 36

density functional theory, 159

density of states, 79

Descartes, Réné, 2

diamagnetism

Landau, 86

of common ions, 76t

orbital, 75

differential scanning calorimetry,

369

differential thermal analysis, 369

diffraction methods, 344

digital recording, 530

dimensions, 592

dipolar coupling, 282

dipole field, 27, 28

dipole selection rule, 307

Dirac notation, 69

direct exchange, 156

dispersion relation

electrons, 166

magnons, 166

phonons, 166

spin waves, 315

displacement

electrical, 42

dissipation, 530

DMS, 434

DNA, 560

domain measurements, 353, 355f, 355,

356f, 356, 357f, 357, 358f, 358,

359f, 360f

Bitter method, 354

magnetic force microscopy, 355

domain rotation, 244
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domain theory, 239, 240f, 240, 241f, 241,

242, 242t, 243f, 243, 244

domain walls, 240

71◦, 232

90◦, 232, 279

109◦, 232

180◦, 240

dynamics, 317

energy, 295

geometrically constrained, 294

mass, 257, 318

mobility, 257

motion, 244, 256, 261

transverse, 294

velocity, 256, 317, 318f

vortex, 294

width, 242, 294

domain-wall energy, 242

domain-wall equation, 242

domain-wall parameters, 242t

domain-wall pinning, 244, 245f, 245,

246f, 246, 247f, 247, 248f, 248,

249f, 249, 250f, 250, 251f, 251, 252,

253f, 253, 254f, 254, 255f, 255, 256,

257f, 257, 258f, 258, 259f, 259,

260f, 260, 261f, 261, 262

domains, 8, 231, 232f, 233f, 233–235,

236f, 236, 237, 238f, 238, 239f, 239,

240f, 240, 241f, 241, 242, 242t,

243f, 243, 244, 245f, 245, 246f,

247f, 247, 248f, 248, 249f, 249,

250f, 250, 251f, 251, 252, 253f, 253,

254f, 254, 255f, 255, 256, 257f, 257,

258f, 258, 259f, 259, 260f, 260,

261f, 261–263

antiferromagnetic, 278

bubble, 253

closure, 239

head-to-head, 294

maze, 273

stripe, 273

Doppler shift, 330

Döring mass, 318

double exchange, 187

dynamo

liquid-metal, 572

self-exciting, 571

Dzyaloshinski–Moriya interaction, 139

Earnshaw’s theorem, 484, 549

Earth’s crust, 565

Earth’s dynamo, 570

Earth’s magnetic field, 297, 555, 568

fluctuations, 575

reversal, 572

secular variation, 569, 572

easy direction, local, 213

economics, 16

effective Bohr magneton number, 109,

114

effective mass, 84

effective spin, 150

efficiency, 474

Einstein–de Hass effect, 66

elastic constants, 238

electric field gradient, 209

electric motors, 455

electrical conduction, 82

electrical steel, 385, 448

electrodeposition, 293, 547

magnetic field effects, 548

electromagnet, 4, 341, 453, 534

electromagnetic devices, 372

time dependence, 372

electromagnetic waves, 4

electron paramagnetic resonance, 305,

307, 308f, 308, 309f, 309, 310f, 310,

311f, 311, 312f

electron spin resonance, 305

electronic structure, 353

electronic structure calculations, 158

electrons

delocalized, 94

localized, 94

electrons in solids, 92–95, 95t

eletropermanent magnet, 483

elemental abundance, 16

energy

anisotropy, 236

demagnetizing, 237

elastic, 177

exchange, 235

in an external field, 55

magnetostatic, 50, 51f, 51, 52f, 52, 53f,

53, 54f, 54–56, 57f, 57, 58f, 58, 59

magnetostriction, 237

micromagnetic, 234, 235, 236f, 236,

237, 238f, 238, 239f, 239

strain, 237

Zeeman, 106

energy product, 18, 54, 467, 470

limit, 19

units, 18f

entropy, magnetic, 121

EPR, absorption line, 308f

Euler equation, 241

European Framework Progammes,

570

Ewing, James, 7

exchange, 128–134, 134t, 135–146, 146t,

147f, 147, 148f, 148–150, 150t,

151–166, 166t, 167–183, 183t,

184–190, 190t, 191, 191t, 192, 193,

193t, 194

antisymmetric, 139

biquadratic, 140

direct, 140

double, 143

in insulators, 138

in metals, 140

indirect, 280

interlayer, 282t

RKKY, 142, 209

exchange averaging, 300

exchange bias, 274, 276f, 279

materials, 278t

exchange bias systems, 277

exchange constant, 137

exchange field, 510

exchange integral, 137
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M, 426

microwave, 447
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spinel, 423
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ferromagnetic liquids, 128
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flux quantum, 363
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Hall coefficient, 85
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Dirac, 91
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Heisenberg, 138
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hyperfine interaction, 310, 320, 351

hyperfine structure, 311

hypernik, 450

hypothermia, 560

hysteresigraph, 366

hysteresis, 7, 8f, 8, 9, 10f, 10–12, 231,

232f, 233f, 233–235, 236f, 236, 237,

238f, 238, 239f, 239, 240f, 240,

241f, 241, 242, 242t, 243f, 243, 244,

www.cambridge.org/9780521816144
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-81614-4 — Magnetism and Magnetic Materials
J. M. D. Coey
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

608 Index

hysteresis (cont.)

245f, 245, 246f, 247f, 247, 248f,

248, 249f, 249, 250f, 250, 251f, 251,

252, 253f, 253, 254f, 254, 255f, 255,
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anomalous, 442

eddy-current, 442
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Mössbauer effect, 329

Mössbauer spectroscopy, 329, 352

macrospin, 12, 295, 313

macrospin dynamics , 513

maghemite, 423, 567

Maglev, 484

Transrapid, 550

Magnelli phases, 413

magnesoferrite, 567

magnet, fridge, 478f

magnetars, 578

magnetic after-effect, 262

magnetic amplifiers, 456

magnetic annealing, 476

magnetic battery, 467

magnetic bearings, 402, 484

magnetic biochip, 560

magnetic charge, 34, 232

magnetic circuits, 54, 466–468, 468t, 469

magnetic circular birefringence, 459

magnetic circular dichroism, 193, 350

magnetic dipole, field, 27–28
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energy, 53

external, 38

generation, 340

H , 33
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measurement, 342

uniform, 31

magnetic field gradient, 478

magnetic field strength, 33
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density, 29

quantum, 29

sources, 31
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324f, 324, 325, 326f, 326, 327f, 327,

328f, 328, 329, 330f, 330, 330t, 331,

332

magnetic resonance imaging, 306, 561
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magnetic Reynolds number, 577

magnetic semiconductors, 434f
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magnetic sensors, 516f, 516, 517, 517t,

518f, 518, 519f, 519, 520f, 520, 521,

522f, 522

thin-film, 559

magnetic separation, 480

electromagnetic, 481

high-gradient, 480

open-gradient, 480

magnetic shielding, 453

active, 343

Faraday cage, 343

passive, 343

magnetic shift register, 524

magnetic steel, 449t

magnetic symmetry, 382

magnetic tunnel junctions, 287

magnetic tunnel transistor, 529

magnetic tweezers, 557, 558

magnetic valence model, 151

magnetic viscosity, 261

Magnetische Verein, 568

magnetism in biology and medicine,

555–558, 559f, 559–565

magnetism, history of, 7

magnetite, 1, 6, 201, 422, 567

biogenic, 422

magnetization, 25

creep, 262

local, 25

macroscopic, 25

spontaneous, 25

sublattice, 196, 202

switching, 306

time dependence, 260

magnetization dynamics, 445

magnetization measurements, 360, 361,

362f, 362, 363f, 363, 364f, 364,

364t, 365f, 365, 366, 367f, 367,

368

closed circuit, 366

flux method, 362

force method, 361

open circuit, 361

magnetization processes, 244

magnetization reversal, 244, 245f, 245,

246f, 247f, 247, 248f, 248, 249f,

249, 250f, 250, 251f, 251, 252, 253f,

253, 254f, 254, 255f, 255, 256, 257f,
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coherent, 255

incoherent, 255

small elements, 249

thin films, 249

magnetization rotation, 261

magnetizing force, 33

magneto-optic phenomena, 193t

magneto-optic recording, 539

magneto-optics, 189

magnetocaloric effect, 179

Ni, 181
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magnetocardiography, 561

magnetocrystalline anisotropy, 314

origin, 169

magnetoelectrochemistry, 547, 548,

548t, 549

magnetoencephalography, 561

magnetohydrodynamics, 570

magnetoimpedance, 188

magnetometer

alternating gradient force, 361

extraction, 362

fluxgate, 456

SQUID, 363

torque, 362

vibrating sample, 363

magnetoplumbite, 426

magnetoresistance, 84, 187, 284, 286

anisotropic, 181, 184, 283

classical, 184

colossal, 181

giant, 283f, 283

tunnelling, 288

magnetorheological fluids, 547

magnetostatic limit, 233

magnetostatic modes, 314
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forced volume, 175

iron, 267

linear, 176

measurement, 368

spontaneous volume, 174

tensor, 177

magnetostriction averaging, 301

magnetotactic bacteria, 555

magnetotaxis, 555

magnetotransport, 181

magnetron, 479

magnon, 165

many-electron atom, 100, 101f, 102f,
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106f, 106, 107f

Hamiltonian, 100

multiplets, 102

terms, 102

many-electron states, 121
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applications, 15

material, 14

soft magnets, 448f

materials growth, 333, 334f, 334, 335f,

335, 336, 337f, 337, 338, 339f, 339,

340

matrix, hermitian, 68

matrix mechanics, 62

Matteuchi effect, 177

Matthiesen’s rule, 183

Maxwell relations, 58

Maxwell resistance, 499

Maxwell’s equations, 3, 41–43, 233, 553

Maxwell, James Clerk, 3

mean free path, 83, 498

spin-dependent, 499, 510

mechanical recoil, 469, 481

melt spinning, 334

memory, 286

DRAM, 522

ferrite core, 522

flash, 495

MRAM, 522

nonvolatile, 522

semiconductor, 522

SRAM, 522

Mermin–Wagner theorem, 167, 228,

270

Messmer, Anton, 3

metal–insulator–metal junctions, 287

metal–insulator–superconductor

junctions, 292

metallic glass, 334

metallic radii, 379f, 379t

metamagnetic transition, 12

metamagnetism, 199

meteorites, 388, 431

metglas 2605SC, 389

metglas 2628SC, 450

metglas 2826, 389

micromagnetism, 231, 232f, 233f,
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microwave oven, 479

microwaves, X-band, 307

mild steel, 448, 449

minerals

magnetically-ordered, 567t

oxide, 566

rock-forming, 566

silicate, 566

sulphide, 566

minnesotaite, 567

mixed sensor, 521

mixed valence, 143, 187

Mn–Zn ferrite, 440, 452

mobility, 83

molecular field, 129, 196

molecular field theory, 213

antiferromagnetism, 196f, 196, 197f,

197, 198f, 198, 199f, 199, 200, 201f

ferromagnetism, 129

molecular-field approximation, 227

momentum, operator, 67

Monsma transistor, 529

Moore’s law, 495

Morin transition, 418

morphic effect, 178

Moses effect, 544

motional narrowing, 329

motors, 487

brush, 489f

brushless, 489f

DC, 488

induction, 455

Lavet, 490f

linear, 489

pancake, 489

spindle, 489, 532

stepping, 490

synchronous, 489

variable-reluctance, 456

Mott criterion, 182

Mott insulator, 380

Mott’s two-current model, 183, 283, 497

Mott–Hubbard insulator, 182

multiferroics, 384

multipole field, 477

external, 478

mumetal, 388, 450

muon spin rotation, 331

Néel lines, 243

Néel point, 195

Néel temperature, 12, 197

Néel wall, 243

Néel, Louis, 6, 195

nanoparticles, 264, 295–298
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synthesis, 339
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nanostructures
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magnetic, 265f
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natural remanence, 567
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network modifiers, 211

Neumann’s principle, 382
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permanent magnet, 41, 262

permanent magnet applications, 465t

permanent magnet flux sources, 341,

402, 475

variable, 481

permanent magnet materials, 469–473

permanent magnet motors, 402

permanent magnets, 270

permeability, 39, 439

complex, 444

free space, 40

initial, 439

maximum, 439

recoil, 469

relative, 439

permeameter, 366

permeance, 468

permeance coefficient, 467

permendur, 385, 440, 450

permittivity, 191

permittivity tensor, 191

perovskite, 413, 414

double, 416

perpendicular media, 537

perpendicular recording, 533

perpendicular recording media, 391

perpetual motion, 542

phase shifters, 461

phase transition, 129, 222t

photoemission spectroscopy, 353

photons, 192

pinning

strong, 216, 257

weak, 216, 257

planar defect, 257

planetary and cosmic magnetism, 565,

566, 566t, 567, 567t, 568, 569, 569t,

570–572, 573f, 573, 574f, 574–578

planetary magnetism, 574

point groups, 382

magnetic, 383

polar, 382

Poisson’s equation, 46, 233

polar wander paths, 573f

polarization

electrical, 42

magnetic, 42

of electrons, 71

polarized light, 192

poles, North and South, 34

polymer bonded magnets, 471

potential coil, 367

pressure, magnetic, 256

Pry and Bean model, 442, 443f

pseudo spin valve, 286

pseudospin, 108

pulse transformers, 458

pulsed NMR, 326

pyrite, 431

pyrrhotite, 430, 567

Q-factor, 452

quadrupole field, 477

quadrupole moment, 123, 125, 209

quality factor, 252, 444

quantum computing, 528

quantum dots, 298

quantum mechanical operators, 598

quantum number

orbital, 66

orbital magnetic, 64

spin, 65

spin magnetic, 65

quantum oscillations, 89

quantum phase transition, 229
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quantum wells, 434

quenching angular momentum, 415

radar, 305

radial distribution function, 209

raising and lowering operators, 164

Raleigh laws, 259

random anisotropy, 213

random-access memory

dynamic (DRAM), 494

static (SRAM), 494

rare-earths, 399

rare-earth ions, 123, 125t

rare-earth metals, 142, 208, 398, 399f,

399, 400, 400t, 401, 402f, 402–404,

403f, 404t, 405, 405t, 406

rare-earth permanent magnets, 471

Rashba effect, 92

read head, 537

reciprocity, 51

recoilless fraction, 329

recording media, 270

reduced magnetization, molecular field

theory, 598t

relativity, 92

relaxation, nuclear, 323

relaxation time

T1ρ , 326

T1, 308, 323

T2, 323, 324

reluctance, 453, 468

remanence, 9

remanence enhancement, 300, 301

renormalization group method,

224

resistance mismatch, 507

resistivity, metals, 183t

resistivity ratio, 284

resonant filters, 458, 462

Reynold’s number, magnetic, 554

rhodochrosite, 567

rigid-band model, 150

RKKY interaction, 141, 280

rock magnetism, 565

rolloff frequency, 451

rotating frame, 325

rotors, 488

squirrel-cage, 455, 488

Ruddlesden–Popper phases, 413

rutile, 412, 428

Rydberg, 65, 99

s–d exchange, 145

s–d model, 141

S-state ions, 309

Scalar potential, 46

scalable technology, 496, 510, 539

CMOS, 494

dipole field, 491

scaling, electromagnetic interactions, 492t

scanning electron microscopy, 355

electron-optic method, 356

magneto-optic method, 356

scattering, spin-flip, 285

Schottky barrier, 507

Schrödinger equation, 62

time-dependent, 63

seals, 546

second harmonic generation, 193

self-energy, 51

sendust, 385

sensors, 286, 485

AMR, 516

anomalous Hall, 518

GMR, 518

Hall, 525

magnetic-field comparison, 517t

planar Hall, 518

TMR, 518

variable reluctance, 485

SFMO, 415

shape anisotropy, 168, 293

Sharvin resistance, 499

sheets, magnetic, 228

Shubnikov groups, 384

Shubnikov–de Hass effect, 90

Si steel, 449

SI units, 590

siderite, 567

Simmons’s formula, 288

single-domain particle, 233, 244, 536

radius, 245, 267

singular-point detection method, 365

skin depth, 441

Slater determinants, 158

Slater-Pauling plot, 151

smythite, 431

Snoek’s relation, 447, 451

soft iron, 440, 450, 453

soft magnetic particles, 236, 451, 546

soft magnetic underlayer, 535

soft magnets, applications, 390, 439,

440, 440t, 441–449, 449t, 450, 450t,

451, 452, 452t, 453f, 453–463

solar and stellar magnetism, 575

solenoid, long, 32

solid solution, 378

Sommerfield convention, 590

space groups, 383

magnetic, 384

specific heat, 58

electronic, 82

magnetic, 130, 133, 179, 219

nickel, 9

spectrochemical series, 119

speromagnetism, 216

speromagnets, 220, 429

spherical harmonic, 98

spin, 5, 63

operator, 68

spin accumulation, 285, 504, 529

spin accumulation voltage, 505

spin amplifier, 529

spin correlation, 179

spin currents, 513

spin density wave, 397

spin diffusion length, 285, 498

semiconductors, 509

spin echo, 327

spin electronic device, 515

spin electronic materials, 515

spin electronics, 494f, 494, 495f, 495,

496f, 496, 497f, 497, 498f, 498,

499f, 499, 499t, 500, 501f, 501, 502,

502t, 503f, 503, 504f, 504, 504t,

505f, 505, 506f, 506, 507f, 507,

508f, 508, 509f, 509, 510f, 510,

511f, 511, 512f, 512, 513f, 513,

514f, 514, 515f, 515, 516f, 516,

516t, 517, 517t, 518f, 518, 519f,

519, 520f, 520, 521, 522f, 522, 523f,

523, 524f, 524, 525f, 525, 526f, 526,

527f, 527, 528f, 528, 529f, 529,

530f, 530, 531f, 531, 531t, 532f,

532, 533f, 533, 534, 535f, 535, 536f,

536, 537f, 537, 538f, 538, 539f,

539–541

spin filter, 288, 291

spin flop, 198

spin freezing temperature, 216

spin gap, 412f

spin glass, 12, 218, 219f, 219, 220f, 220,

221f, 432

behaviour, 219

canonical, 218

dilute alloy, 219

re-entrant, 220

spin Hall effect, 513

spin Hamiltonian, 310

spin injection, 504

spin lifetime, 508

spin locking, 328

spin polarization, 293, 307, 353, 501,

502

Andreev reflection, 504t

calculated, 502t

spin reorientations, 402

spin temperature, 327

spin-transfer torque, 509

spin transistors, 496, 528

spin valves, 280, 286
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spin wave, 162

antiferromagnetic, 199

energy gap, 165

measurement, 369

spin-accumulation voltage, 285

spin-diffusion length, 267, 285

spin-disorder scattering, 183

spin-flip scattering, 166

spin-glass theory, 225

spin-lattice relaxation, 308, 323

spin-orbit coupling, 103, 187

constants, 105t

spin-orbit interaction, 66

spin-Peierls effect, 228

spin-polarized currents, 497f, 497, 498f,

498, 499f, 499, 499t, 500, 501f, 501,

502, 502t, 503f, 503, 504f, 504,

504t, 505f, 505, 506f, 506, 507f,

507, 508f, 508, 509f, 509, 510f, 510,

511f, 511, 512f, 512, 513f, 513,

514f, 514, 515f

spin-selective scattering, 511

spin–spin relaxation, 323

spin-wave dispersion

antiferromagnetic, 200

spin-wave dispersion relation, 163

Tb, 165

spin-wave stiffness, 163, 315

spindle motors, 402

spinel, 422, 423

spinor, 68, 73

SPIONs, 546

spontaneous magnetization, 8

standing spin waves, 315

static scaling hypothesis, 224

stator, 488

Stern–Gerlach experiment, 72, 507

Sternheimer factors, 322

Stevens operators, 124

Stoner criterion, 134, 135, 145

Stoner excitations, 166

Stoner, Edmund, 148f

Stoner-Wohlfarth

asteroid, 249, 523

coercivity, 253

particles, 249

Stoner–Wohlfarth model, 247, 259, 293

stray field, 35, 231, 245f

strip-out, 253

strong ferromagnet, 148, 150

Sturgeon, William, 4

substrates, 87

Sun, 575

sunspots, 576

superconducting solenoids, 340

superconductivity gap, 292

superexchange, 138

superlattice, 274

supermalloy, 388

superparamagnetic blocking, 296

superparamagnetic blocking radius, 267

superparamagnetic excitations, 298

superparamagnetic limit, 534

superparamagnetic particles, 297

superparamagnetism, 12, 296, 545

surface reconstruction

magnetic, 424

surface-charge density, 232

susceptibility, 11, 39, 597

AC, 366

aluminium, 597t

complex, 445

copper sulphate, 597t

Curie, 109

Curie–Weiss, 132

diamagnetic, 76

dimensionless, 597

external, 39

ferrimagnetic, 202

gadolinium sulphate, 597t

generalized, 133

initial, 366

internal, 39

mass, 86

measurement, 365

molar, 86

of antiferromagnet, 197f

of compounds, 87t

of metals, 134t

of the elements, 86

Pauli, 81, 92, 134

perpendicular, 198

powder average, 198

tensor, 447

units, 87

van Vleck, 112

water, 597t

switchable magnets, 483

switching, 317

switching dynamics, 255

taenite, 388

Tanabe–Sugano diagrams, 121

tape recording, 531, 537

Tedrow–Meservey experiment, 292, 503

terfenol, 457

terfenol-D, 405

tesla, 31

tetrahedral site, 117f

therapy, magnetic, 560

thermal analysis, 368

thermodynamics

first law, 57

third law, 58

thermogravimetric analysis, 369

thermomagnetic analysis, 361, 369

thermomagnetic recording, 393, 539

thermopiezic analysis, 369

thermoremanent magnetization, 297, 566

thin films, 264, 267–274

anisotropy, 270

bilayer, 276

Curie point, 269

domain structure, 270

epitaxial, 268

Fe, 269

heterostructures, 274–278, 278t,

279–282, 282t, 283, 284, 284t,

285–290, 291f, 291, 292

magnetization, 269, 273

oriented, 268

Pd, 269

stray field, 270

thin-film growth, 335

electrodeposition, 338

electron-beam evaporation, 335

Franck–van der Merwe, 336

ion-beam deposition, 338

molecular-beam epitaxy, 336

pulsed-laser deposition, 336

reactive sputtering, 338

sputtering, 337

Stransky–Krastanov, 337

thermal evaporation, 335

Volmer–Weber, 337

thin-film head, 538

thin-film stack, 286

Thompson, William, 184

Thouless–Kosterlitz transition, 229

three-dimensional Heisenberg

ferromagnet, 229

time-varying field, 465

titanohematite, 566, 567

titanomagnetite, 566, 567

toggle-mode switching, 524f

tokamak, 555

topology, 204

torque, 51, 306

transducers, 457

transformers, 454

transport

current in plane, 284

perpendicular to plane, 285

trevorite, 567

trigonometric relations, 595

trolite, 431, 567

tunnel barriers, 287, 288, 291

AlOx , 287

MgO, 287

tunnelling, 500

coherent, 290
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two-dimensional electron gas, 80

two-dimensional Heisenberg model,

228

two-dimensional Ising model, 229

two-dimensional xy model, 229

two-electron model, 155

two-hemisphere model, 254

two-network structures, 217

type I bcc order, 205

type I fcc order, 206

type II bcc order, 205

type II fcc order, 206

type III fcc order, 206

Uhlenbeck, George, 5, 7

ulvospinel, 567

undulator, 479

uniform field, generation, 473

units

cgs, 591

SI, 30

universality, 223

upper critical dimension, 224

vacuum, ultra-high, 268

van den Berg construction, 238f

variable flux sources, 481

variable-range hopping, 501

vector potential, 45

vector relations, 595

vectors

axial, 26

polar, 26

Verdet constant, 190

Verwey transition, 422

vicalloy, 386

video recording, 530

Villari effect, 177

virtual bound state, 152

voice-coil actuators, 402

vortex configurations, 236, 295

Walker breakdown, 318

wandering-axis ferromagnet,

214

wave mechanics, 62

wavelength, Fermi, 267

weak ferromagnet, 148, 150

weak itinerant ferromagnet,

135

Weiss coefficient, 129

Weiss, Pierre, 5, 129, 195

Wiedemann effect, 177

wigglers, 478

Wigner–Eckhart theorem, 124

Williams-Comstock model, 535

work, magnetic, 55, 58

working point, 41

write head, 532, 534

X-ray absorption spectroscopy, 350

X-ray diffraction, 345

iron, 345

cobalt, 346

hematite, 418

nickel, 345

magnetite, 422

xy model, 221

YAG, 425

YIG, 424, 440, 452, 461, 462

Young’s modulus, 178

Zaanen–Sawatzky–Allen diagram, 381f

Zeeman energy, 51

Zeeman interaction, 104

Zeeman splitting, 70, 306

zero-field splitting, 310
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