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adiabatic approximation, 61, 135
Ag, resistivity, 218-19, 289, (T) 290, 291,
(T) 292
Ag—Al, resistivity, (T) 240, 252
Ag-Au, resistivity, (T) 224, (T) 228
Ag-Bi, resistivity, 262
Ag-Ca, resistivity (T), 270
Ag-Cu-Mg, resistivity, 381
Ag-Mg, antiphase domain structure, 53
Ag—Mn
resistivity, 352, 354
spin glass, 85
Ag-Pd
effects of alloying on band structure,
301-2
resistivity, 315
Ag-rare earth metallic glasses, resistivity,
389
Ag-Sn, resistivity (T), 288
Ag-Zn, resistivity, (T) 240, 253
Al
band structure, 11
phonon dispersion curves, 63, 66
resistivity of transition metal
impurities, 2934
Al-Ag
decomposition sequence (T), 47
resistivity, 224, (T) 228, (T) 231,
257-8
Al-Au, resistivity (T), 228
Al-Ca, resistivity (T), 226
Al-Cd, resistivity (T), 231
Al-Co, resistivity, 262, (T) 270
Al-Cu
decomposition sequence, 45-6, (T) 47
GP zone sites (T), 46
resistivity, (T) 228, (T) 231, 257-60
Al-Cu-Mg, decomposition sequence (T),
47
Al-Fe, resistivity, 262, 268-9, (T) 270,
(T) 231
Al-Ga, resistivity (T), 231
Al-Ge, resistivity (T), 231
Al-Mg, resistivity, 224, (T) 226, (T) 231
Al-Mg-Si, decomposition sequence (T),
47
Al-Mn, resistivity, 342
Al-Ni, resistivity, 262, 266, (T) 270

Al-Si, resistivity (T), 231
Al-Zn

local mean free path (T), 158

resistivity, 224, (T) 226, (T) 231

resistivity of GP zones, 147, 156-7,

257-%

Al-Zn-Mg decomposition sequence (T),
47

alkali metals, resistivity of various alkali
impurities (T}, 230

amorphous alloys (see also resistivity of
amorphous alloys)

atomic structure, 71ff

dynamic radial distribution function,

75

frequency spectrum, 75

pair correlation function, 71

radial distribution function, 71

short range atomic correlations, 72

short range structural correlations, 72

spin—spin correlation function, 388

structure, 69ff

structural models, 72

tunnelling between states, 392
Anderson and Wolff alloys (T), 346
Anderson model, 82, 345
anisotropic scattering and relaxation

time, 7, 153 (see also anisotropic
relaxation time, resistivity
calculations, scattering theory)

Ni, Fe and Al impurities in Cu, 297
antiferromagnet, see magnetic structure
antiphase domains, 50-1 (see also atomic

LRO, resistivity due to surfaces,
resistivity of ordering alloys)

data for different alloys (T), 53
APW, see augmented plane wave method
atomic clustering (see also atomic phase

separation, resistivity of phase
separating alloys)

atomic distribution, 43

composition waves, 39

computer modelling, 45

diffuse neutron scattering from, 43

GP zones, 45, 143ff

spinodal decomposition, 39
atomic displacements, 57, 242-6 (see also

resistivity due to atomic
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atomic displacements, continued
displacements, resistivity due to
thermal effects)
associated with antiphase domain
boundaries (T), 61
Debye model, 65
deformable-ion, 134
diffuse X-ray scattering due to, 59
displacements due to point defects,
1951, 227-9
displacive phase transitions, 67, 207-8
due to different atomic sizes, 58
due to long range atomic order, 60,
207
dynamic, 61ff {see also lattice
vibrations)
effects on screening, 135
Einstein model, 62
lattice relaxations around vacancies,
233
pseudopotential associated with, 134
rigid-ion model, 134
rigid muffin-tim potential, 291
static displacements in concentrated
alloys, 203ff
thermally induced displacements, 198ff
atomic long range order (LRO), 8, 51ff
(see also antiphase domains, long
period superlattice, long range
order, resistivity of ordering alloys)
antiphase domains, 167-8
bandstructure effects, 164
Bragg—Williams approximation, 32, 253
composition waves, 3940
conduction electron scattering effects,
160ff
Cowley parameters, 36
inhomogeneous order, 167-9
spinodal ordering, 41
variation with composition, 162
atomic ordering (see atomic long range
order, atomic short range order)
atomic phase separation, 169ff (see also
atomic clustering, resistivity of phase
separating alloys)
models of two phase alloys, 170ff
phase separation, 169ff
atomic short range order (SRO), 8, 36,
491f
atomic configuration, 41ff
conduction electron scattering effects,
139
effect on resistivity, 139ff (see also
resistivity of ordering alloys)
in conjunction with inhomogeneous
LRO, 167-9

shell model, 36
type I homogeneous (statistical), 49ff
type 11{a) heterogeneous
(microdomain), 50
type II(b) heterogeneous (antiphase
domains), 50
atomic structure
see atomic LRO, atomic SRO, atomic
phase separation, atomic clustering,
atomic displacements)
atomic volume of various metals (T), 223
Au
resistivity, 218-19, 289, (T} 290
Au-Ag, resistivity, 252-3, (T) 240,
(T) 288
Au—Co
Curie-Weiss temperature, 101
resistivity, 348
Au—Cr
resistivity, 352, 354
spin glass, 85
Au—Cu, resistivity, 253
Au-Fe
giant moments and atomic SRO, 106
inhomogeneous approach to magnetic
LRO, 89
magnetic phase diagram, 89-90
resistivity, 354
spin glass, 85
Au-Ga, resistivity (T), 288
Au-Ho, resistivity at Ty, 366
Au-Mn
antiphase domain structure, 53
effect of atomic LRO on magnetic
structure, 103
giant moments and atomic SRO, 106
resistivity, 352, 354
spin glass, 85
Au-Pd, resistivity, 252
Au-V
resistivity, 342
spin fluctuation temperature, 101
Au-Zn
antiphase domain structure, 53
resistivity (T), 288
augmented plane wave method (APW),
L11Iff
average f-matrix approximation (ATA),
306ff

B, structure, 32
backscattering, 288 (see also scattering
theory, resistivity calculations)
band structure
Al, 11
exchange splitting, 76
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basis states, 113
Bi-Ag
resistivity (T), 270
temperature dependence of resistivity
anisotropy, 184
Bi—Cu, resistivity, 261-2
Bi-Mn
resistivity (T), 270
temperature dependence of resistivity
anisotropy, 184
Bi-Sn, resistivity, 262
Bi-Tb, resistivity, 262
binary alloys, electrical properties, 1
Bloch wavefunctions, 107
Boltzmann equation, 171ff, 144 (see also
distribution function, scattering
theory, anisotropic scattering,
resistivity calculations)
anisotropic relaxation time solutions,
24,285
in two sub-band model, 3234
iterative solution, 257
linearised, 2 1ff
relaxation time approximation, 22
relaxation to other formalisms, 28-9
Born approximation, 286
first, 139, 128
phase shifts, 282
second, 128
t-matrix, 285
T-matrix, 284
Born expansion, 284
Bragg scattering, 5, 16, 140
from zones, 148-9
in nearly free electron theory, 126
reduced by Debye-Waller term, 200
reduced by pseudo Debye—Waller
term, 205, 244
superlattice, 163
superlattice, bandstructure effects, 164
Bragg-Williams approximation, 32, 253
(see also atomic LRO)
order parameter, 324
resistivity, 162
Brillouin zone
bec, 10
fee, 10, 13
special points, 41

Cd-Ag, resistivity (T), 228
Cd-Au, resistivity (T), 228
Cd-Cu, resistivity (T), 228
Cd-Pb, resistivity, 262
Ce-Al, resistivity at Ty, 366
Ce-La-Th, resistivity, 348

423

charge density, about many electron
atom, 109
Co, resistivity (T), 275
Co-Pt, Debye—Waller and pseudo
Debye-Waller factors (T), 245
coherent potential approximation (CPA),
306ft, 315
cluster extensions, 316
in resistivity studies, 310ff
localised moment in alloys, 83
self consistent, 315-16
collective electron model
see magnetic structure
composition waves, 39ff
in resistivity expression, 142
concentration waves
see composition waves
conduction electrons (see also free
electrons, resistivity calculations)
mass, 4
mean free path, 7 (see also local mean
free path)
mean free time, 7-8 (see also relaxation
time)
number per unit volume, 4
scattering, Iff (see also scattering
theory, anisotropic scattering,
anisotropic relaxation time,
resistivity calculations)
spin state, 16
conductivity tensor, 23, 26
in Kubo formalism, 28
conductivity
see resistivity
conservation of momentum, 15ff
core radii
alkali metals (T), 214
Cu and various impurities (T), 223
correlation length, near T, 358
correlation parameters, 30ff
fluctuations near critical point, 356ff
Omstein—Zernike, 359-60
pair, 35
scaling, 359-60
variation with distance, 36-7
Warren-Cowley, 35-6
correlations, short and long range, 8 (see
also atomic LRO, atomic SRO,
atomic clustering, magnetic LRO,
magnetic SRO, magnetic structure)
Coulomb interaction
between electrons and nucleus, 108
between electrons in virtual bound
state, 81
effect of local environment, 101
origin of magnetic moment, 101
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Coulomb interaction, continued
screening of, 121
Cr
magnetic structure, 78
resistivity at Ty, 366
Cr-Al, temperature derivative of
resistivity and thermopower, 372
critical point (see also resistivity at
critical point)
antiferromagnetic, 365-6
atomic order—disorder, 366-8
exponents, 357ff, (T) 357
ferromagnetic, 363-5
miscibility gap, 368
relation of resistivity to specific heat
and thermopower, 370-1
renormalisation group, 358
scaling, 357-8
universality hypothesis, 356
crystal momentum, 15, 18
Cs, resistivity, 213
Cu
core radius and atomic volume (T), 223
Debye frequency spectrum, 65
resistivity, 218-19, 289, (T) 290-1
Cu-Ag, resistivity (T), 224, 228
Cu-Al, resistivity, (T) 240, 252-3, 288
Cu-Au
antiphase domain structure, 53
atomic displacements due to LRO, 60
Debye-Waller and pseudo Debye—
Waller factors (T), 245
diffuse X-ray scattering, 49
pairwise correlation parameters (T), 38
resistivity, 224, 228, 236-7, 239-40,
(T) 248, 253-5, 256-7, 288
resistivity due to SRO, SE and PDW
(T), 247
Cu-Be
decomposition sequence (T), 47
resistivity, 257
Cu-Co
decomposition sequence (T), 47
resistivity, 348
spin fluctuation temperature, 101
Cu-Fe
resistivity, 262, (T) 288, 342-3
spin fluctuation temperature, 101
Cu-Ge, resistivity (T), 288
Cu-Mn
giant magnetic moments and atomic
SRO, 106
resistivity, 252
spin glass, 85
Cu-Ni
diffuse neutron scattering, 43

effect of alloying on bandstructure, 300
effect of atomic SRO on magnetic
structure, 104-5
inhomogeneous approach to magnetic
LRO, 89
pairwise correlation parameters (T), 44
resistivity, 250, 252, (T) 288, 306, 350
resistivity of magnetic clusters, 336-9
spin fluctuation temperature, 101
Cu-Ni-Fe
small angle neutron scattering, 48
spin fluctuation temperature, 101
Cu-P, microstructure, 54
Cu—Pd, antiphase domain structure, 53
Cu-Pt, antiphase domain structure, 53
Cu-Sb, resistivity, 262
Cu-Ti, diffuse X-ray scattering of
amorphous, 70
Cu-Zn
effect of alloying on bandstructure, 300
elastic constants, 67
microstructure, 54
phonon dispersion curves, 667
resistivity, (T) 240, 252, at T, 366-8
temperature derivative of resistivity
and specific heat, 371

Debye model
atomic displacements, 65
cutoff frequency, 64
frequency spectrum, 64-5
frequency spectrum for Cu, 65
in alkali metals, 213
long wavelength cutoff in resistivity
expression, 202, 375
phonon energy upper limit, 15
Debye temperature, 15
Debye wave number, 16
Debye—Waller factor, 143, 209, 248
for various alloys (T), 245
in highly resistive alloys, 375ff
in resistivity of amorphous metals, 387
deformable-ion model, 134
deformation potential, 134
density of states, 12
in s- and d-bands, 14
local, 82
deviation (difference} potential
see deviation lattice
deviation (difference) lattice, 137, 139
atomic displacements, 195ff
in long range ordered lattices, 160-1
potential, 130ff
dielectric constant, screening, 120-1
diffuse scattering
from zones, 149
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diffuse scattering, continued
of X-rays and neutrons, 142
dilute alloys, 30 (see also Kondo effect,
localised spin fluctuations, spin
fluctuations)
effect of magnetic near neighbours, 80
magnetic configuration, 80
magnetic moment, 80, (T) 83
resistivity, 22 Iff
Dirac notation, 125
discontinuous growth
see nucleation and growth, 42
dislocations, 185
displacement waves
dynamic, see Debye model
static, 68
displacive transitions, 67ff
distribution function, 18, 138 (see also
Boltzmann equation)
and surface scattering, 187
Drude formula, 4, 24
Dy, magnetic structure (T), 91
dynamical matrix, 63, 227
in structure factor, 202

effective medium theory
in percolation problem, 1834
resistivity of two phase alloy, 173-4
see also coherent potential
approximation
Einstein model, 61ff
Einstein temperature, 62
elastic constants
effect of LRO, 67
effect of precipitation, 67
related to phonon dispersion curves, 66
electron waves, fundamental concepts, 1
electron wavefunction, free electron, 13
(see also conduction electron)
electron—¢lectron interactions, 119ff
electronic structure
at order—disorder interface, 314
determination by APW method, 111
determination by cluster methods, 114
determination by KKR-Green's
function method, 113
determination by OPW method,
111-12
determination by plane wave method,
111
determination by tight binding
method, 110
empty lattice, 116
energy gaps, due to ordering at T, 362
Er, magnetic structure (T), 91
eutectic alloys, resistivity, 26 Hf

425

exchange and correlation, 122ff, (T) 123

Hubbard-Sham, 123

Kleinman, 123

Singwi, 123

Xa local statistical approximation, 123
exchange interaction, 16
exchange-enhanced alloys, resistivity, 341

Faber-Ziman theory, 384
Fe
magnetic correlation (SRO)
parameters, (T) 96, (T) 321
resistivity, (T) 275, (T) 290, (T) 321,
325-6

resistivity at Tg, 363-5
spin wave spectra, 98
temperature dependence of
magnetisation, 93
Fe-Al
antiphase domain structure, 52
effects of LRO on phonon dispersion
curves, 66
resistivity, 255-6
resistivity at T, 366-8
Fe-C
decomposition sequence (T), 47
magnetisation of two phase alloy, 104
Fe-Co
effect of atomic LRO on magnetic
structure, 103
resistivity, 256
resistivity at T, 366-8
spin density, 79
Fe-Co-Ni-V, microstructure, 54
Fe—Cr, resistivity, 325-6
Fe-Cr-Co
composition profile, 55
effect of phase separation, 103
microstructure, 47
Fe-Mn
magnetic structure in ordered, 77
resistivity, 325-6
Fe-Mo-B, resistivity, 391
Fe-N, decomposition sequence (T), 47
Fe-Ni
concentration gradient at oa—y
boundary, 55
effect of atomic LRO on magnetic
structure, 103
resistivity, 325-6
Fe-Ni-B-Si, resistivity, 388
Fe-Ni-P--B, resistivity, 390-1
Fe-Pd, resistivity at T, 365
Fe-Pt, magnetic structure in ordered, 77
Fe-Rh, magnetic structure in ordered, 77
Fe-Zn, resistivity, 389

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521408725
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521408725 - The Electrical Resistivity of Metals and Alloys - Paul L. Rossiter

Index
More information

426 Index

Fe,0;, spin wave spectra, 98
Fermi energy, in relation to phonon
energy, 15
Fermi level, 13 (see also Fermi surface
and Fermi energy)
Fermi surface, 2, 11
fce in reduced zone scheme, 13
free electron, 11
reduced zone scheme, 11
spherical, 4
Fermi-Dirac distribution, 19
ferromagnet
see magnetic structure
Flinn occupation parameter, 35
force—force correlation functions, 29 (see
also resistivity calculations)
form factor, 129 (see also model
potential, pseudopotential)
Bardeen, 218-19ff
Borchi & De Gennaro, 21911
Moriarty, 219ff, 277
Fourier transforms, discrete and
continuous, 41
free electrons (see also conduction
electrons)
density of states, 12
Fermi surface, 11
theory, 4
wavefunction, 13
Friedel oscillations, 121
Friedel sum rule, 280-2

Ga-Ag, resistivity (T), 228
Ga-Au, resistivity (T), 228
Ga—Cu, resistivity (T), 228
galvanomagnetic effects, 1
Gd
magnetic structure (T), 91
resistivity at T, 365
Ge-Ag, resistivity (T), 228
Ge-Au, resistivity (T), 228
Ge—Cu, resistivity (T), 228
giant polarisation clouds, 102
golden rule, 2
GP zone
see atomic clustering
grain boundaries (see also resistivity due
to surfaces)
reflection coefficient, 185
transmission coefficient, 185, 194
Green’s functions, 113ff, 287ff

Hamiltonian, 107
Hartree self-consistent field
approximation
see screening

Hartree-Fock, criterion for local
magnetic moment, 82 (see also spin
fluctuations, localised spin
fluctuations)

Heisenberg interaction, 91

Heusler alloy, effect of atomic LRO on
magnetic structure, 103

Hg-Ag, resistivity (T), 228

Hg-Au, resistivity (T), 228

Hg—Cu, resistivity (T), 228

highly resistive alloys

bandstructure effects, 377-8

electron localisation, 378-9

resistivity, 372ff (see also resistivity of
amorphous alloys, resistivity of
strongly scattering alloys)

Ho, magnetic structure (T), 91

Hubbard model density of states, 308

Hubbard-Sham, exchange and
correlation correction, 123

hybridisation

in CPA, 308-9
in transition metals, 275

impurity interstitial
see point defects
impurity level
see virtual bound state
In—-Ag, resistivity (T), 228
In—-Au, resistivity (T), 228
In—Cu, resistivity (T), 228
In-Sb, resistivity, 262
integrations over dk, dS, dE and dQ, 394
interfaces (see also atomic phase
separation, antiphase domains, grain
boundaries, magnetic domains,
magnetic structure, resistivity due to
surfaces)
associated defects, 57
structure, 54
intermetallic compounds
electrical properties, 1
rare earth, 1
Ir-Fe, resistivity, 344

K, resistivity, 213, 215, 217
KKR-Green’s function method, 113ff,
2871t
localised moment formation, 83
Kleinman, exchange and correlation
correction, 123 (see also screening)
Kondo effect, 33942 (see also localised
spin fluctuations, spin fluctuations,
spin fluctuation temperature,
resistivity calculations)
Kondo—Nagoaka theory, 102
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Kondo effect, continued
spin glasses, 353
magnetic clusters, 335

Kubo formalism, 28

L1, structure, 33
L1, structure, 33
lattice distortions (see also atomic
displacements, resistivity due to
atomic displacements)
effective valency, 283
lattice potential (see also form factor,
pseudopotential, model potential)
in alloys, 130
periodicity, 107
lattice vibrations (see also atomic
displacements, Debye model,
Einstein model, phonons, resistivity
due to thermal effects)
effects of alloying, 65
effects of LRO, 66
investigated by neutron scattering, 65
lattice waves
see lattice vibrations
LCAO method
see tight binding approximation
Li, resistivity, 213
Li-Mg
Debye-Waller and pseudo Debye—
Waller factor (T), 245
resistivity, 271
Linde-Norbury rule, 222
Lindhard dielectric function
see random phase approximation
(RPA)
local and non-local pseudopotentials, 115
local charge density approximation, 123
local mean free path, 157-8, 187, 335,
359
determination of, 154ff
in precipitating systems, 257-61
with inhomogeneous LRO, 176ff
with phase separation, 143ff
local spin density approximation, 123
localised energy levels
see virtual bound state
localised moment model
see magnetic structure
localised moments, Hartree-Fock
criterion (T), 83
localised spin fluctuations, 83, 98ff (see
also Kondo effect, spin fluctuations)
effect of atomic interactions, 345-8
resistivity, 339ff
long period superlattice, 51 (see also
atomic LRO)

427

long range order (LRO), 8, 50ff (see also
atomic long range order, magnetic
long range order)
single site average, 32
sublattices, 32-3
LRO
see long range order

magnetic anisotropy, effect on
superparamagnet, 85
magnetic clusters, 87ff (see also magnetic
structure)
magnetic domains (see also magnetic
structure, resistivity of magnetic
alloys)
resistivity, 322
wall thickness, 94
magnetic long range order, 89t (see also
magnetic structure)
inhomogeneous approach to, 89
molecular field approximation, 91-2, 319
resistivity, 319-20 (see also resistivity
of magnetic alloys)
spin-spin correlation function, 92
temperature dependence, 94
magnetic short range order (see also
magnetic structure)
above Tg, 79, 94
pairwise correlation parameter, 93
resistivity, 320 (see also resistivity of
magnetic alloys)
temperature dependence, 94
magnetic structure (see also magnetic
LRO, magnetic SRO)
band or itinerant model, 76
collective electron model, 76
domains, 94
effect of atomic order, 77, 1034
effect of atomic phase separation, 103
effect of structural transformation, 103
giant polarisation clouds, 102
localised moment model, 76
magnetic moment density in Ni,Fe, 77
of two phase alloy, 103
spin density, 76
spin polarisation wave, 93
spin waves (magnons}, 95
variation of moment with composition,
79
magnons
see magnetic structure, spin waves
martensitic transformation, discontinuous
transformation, 69
Matthiessen’s rule, 9ff
as an inequality, 28
deviations from, 1, 9, 259, 267-8, 325, 328
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mean free path (see also conduction
electron)
comparable to lattice spacing, 373
local, 144, 150~1 (see also local mean
free path)
metallic glasses
see amorphous alloys
Mg-Al, resistivity (T), 226
Mg-Cd, resistivity (T), 224
Mg-Li, resistivity (T), 226
Mg-Pb, resistivity, 262
Mg-Sn, resistivity, 262
Mg—Zn, resistivity, 262
Mg-Zn—-Cd, resistivity, 389
microdomains, 50
microscopic reversibility, 22
mictomagnet
see magnetic clusters, magnetic
structure
Mn, resistivity (T), 275
Mn-As, magnetic structure in ordered,
77
Mn-Au
effect of atomic LRO on magnetic
structure, 103
magnetic structure in ordered, 77
Mn-Bi, effect of atomic LRO on
magnetic structure, 103
Mn—Cr, magnetic structure in disordered,
77
Mn—Cu, magnetic structure in
disordered, 77
Mn-Ni, effect of atomic LRO on
magnetic structure, 103
Mn-Se, magnetic structure in ordered,
77
Mn-Te, magnetic structure in ordered,
77
Mo, resistivity, (T) 275, (T) 290, (T) 292
model potential, 115ff (see also form
factor, pseudopotential)
as a weak potential, 117
Ashcroft (see empty-core)
Dagens resonant, 278
S-function (see point-ion)
empty-core, 118ff, 213ff
Heine-Abarenkov—Animalu (HAA),
1181f, 213ff
muffin tin, 111, 289ff
point-ion, 1171f, 224ff, (T) 238
resonant, 277-9
rigid muffin-tin, 291
Shaw optimised, 118ff, 215ff
transition metal, 277-9, (T) 279, 291
molecular field approximation
see magnetic LRO

Mooij correlation, 312, 372-3, 382

Mott’s rule, 224

muffin-tin potential, 111, 289ff

multiple OPW’s, 249 (see also relaxation
time anisotropy, resistivity
calculations)

multiple scattering, 285, 299 (see also
resistivity calculations)

N-scattering
see normal scattering, resistivity due to
thermal effects)
Na, resistivity, 213, 215
Nb, resistivity, (T) 290, (T) 292
nearly free electron theory, 124ff
Ni
resistivity, (T) 278, 289, (T) 290
resistivity at T, 363-5
temperature dependence of
magnetisation, 93
Ni alloys
resistivity (T), 325
resistivity of nearly magnetic alloys,
350
Ni-Al, resistivity, 256
Ni-Au
Debye-Waller and pseudo Debye-
Waller factors (T), 245
variation of magnetic moment with
composition, 81
Ni-Co, resistivity, 334
Ni—Cr, resistivity, 252, 334
Ni-Cr-Ti-Al, decomposition sequence
(T), 47
Ni—Cu
resistivity, 332-3
resistivity at T, 365
Ni-Cu-Sn, resistivity at Tg, 365
Ni~Cu-Zn, resistivity at T, 365
Ni-Dy, resistivity, 389
Ni-Fe
effects of LRO on phonon dispersion
curves, 66
magnetic moment density, 77
resistivity, 332-3
Ni-Mn
magnetic structure in ordered, 77
resistivity, 334
Ni-Mo, resistivity, 334
Ni-Ru, resistivity, 334
Ni-Ti, partial radial distribution
functions, 73
Ni-V, resistivity, 334
Ni-W, resistivity, 334
noble metal
form factors, 275-7
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noble metal, continued
noble metal alloy resistivities, 218ff,
(T) 220, (T) 228, (T) 280, (T) 299
resistivity of various impurities (T),
232-3
non-simple metal, 10, 13
resistivity, 272ff
Nordheim’s rule, 222
normal scattering, 16 (see also resistivity
due to thermal effects)
Np, resistivity, 348
nucleation and growth, 42 (see also
atomic clustering, atomic LRO,
atomic SRO)

optical theorem, 29
OPWwW
see orthogonalised plane wave method
ordering wave, 39
orthogonalised plane wave method
(OPW), 111ff

paramagnons
see spin fluctuations
partial structure factor, 211-12
in amorphous metals, 3834
in inhomogeneous alloys, 152
of a zone, 148
Pb-Cd, resistivity (T), 231
Pb-In, resistivity (T}, 231
Pb-Mg, resistivity (T), 231
Pb-Sb, resistivity, (T) 231, 262
Pd
exchange enhancement, 101
resistivity, (T) 275, (T) 290, (T) 292,
348
Pd-Ag, resistivity, 303-5, 349
Pd—Au, resistivity, 303-5, 349
Pd—Cr
giant moments and atomic SRO, 106
spin fluctuation temperature, 101
Pd-Fe, giant polarisation clouds, 102
Pd-Mn
antiphase domain structure, 53
effect of atomic LRO on magnetic
structure, 103
resistivity, 354
Pd-Ni, Curie-Weiss temperature, 101
Pd-Ni-Fe, spin fluctuation temperature,
101
Pd-Pt, resistivity (T), 224
Pd-Rh, resistivity, 306
percolation
in magnetic system, 86
resistivity, 1814 (see also resistivity in
phase separating alloys)

429

perturbation expansion, 124 °
perturbation characteristic, 121
perturbation theory, 124ff
use with pseudopotentials, 116
phase shifts, 2791f (see also resistivity
calculation)
with t-matrix, 285
with pseudopotential, 282-3
phase transformations, first and second
order, 34
phonons (see also Debye model, lattice
vibrations, atomic displacements)
creation and destruction, 16
dispersion curves, 63
drag, 16
Planck distribution, 62, 64
plane wave method, 111
point defects, 196ff (see also atomic
displacements, resistivity due to
structural disorder)
point ion potential (see also model
potential)
values of § for various alloys (T), 238
potential
see form factor, model potential,
pseudopotential
precipitation (see also atomic clustering,
atomic phase separation)
decomposition sequences (T), 47
resuitant morphology, 45ff
projection operators, 31
pseudo Debye-Waller factors (PDW),
204-5, 243-6
for various alloys (T), 245
pseudo-Schrodinger (pseudopotential)
equation, 115
pseudoatoms, 135
pseudopotential, 115ff
as a wek potential, 116
average, 131
dependence upon atomic environment,
133
difference, 131ff
form factor, 130 (see also form factor)
in alloys, 130ff
in deformed lattice, 134ff
local and non-local, 115
not unique, 155
relation to phase shifts, 282-3
transition metal, 274-7
use with perturbation theory, 116
Pt, resistivity (T), 275
Pt-Au, resistivity, 349
Pt-Cr
resistivity, 342
spin fluctuation temperature, 101
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Pt-Pd, resistivity, 349
Pu, resistivity, 348
pure metals, electrical properties, 1

radial distribution function, 71
chemical, 73
partial, 73
reduced, 71
random phase approximation (RPA),
dielectric function, 121 (see also
screening)
rare earth
intermetallic compounds, 1
localised spins, 79
magnetic structures (T), 91
Rb, resistivity, 213-15
Rb-Na, atomic displacements (T), 229
reciprocal space, composition waves in,
41
reciprocal lattice vector, 16
reflection coefficient
see grain boundaries, resistivity due to
surfaces
relaxation time, 3
averaging, 27-8, 148-9, 1534
relaxation time approximation, 22
general resistivity expression, 138
resistivity in, 22ff
relaxation time anisotropy, 7, 24, 153-5
(see also relaxation time)
in polyvalent metals, 229-36
in alkali metals, 213, 216-17
in precipitating systems, 257-61
Ni, Fe and Al impurities in Cu, 297
residual resistivity, 9
resistivity calculations, 1-2, 138, 249-50
backscattering, 284, 375
bandstructure effects, 273ff, 377-8
cluster method, 289, 296-7, 299
Cu-Au with various form factors (T),
239
CPA techniques, 310ff
electron—electron interactions, 274
Faber-Ziman theory, 384
force—force correlation method, 317
homogeneous atomic correlations,
141ff
in Bragg-Williams model, 162fT
inhomogeneous atomic correlations,
143ff
KKR-Green'’s function method, 2945,
299
Kubo-Greenwood formula, 380
multiple OPW'’s, 229-36
multiple scattering, 285, 299
phase shift method, 279ff, 294

polyvalent metals, 229-36
relativistic effects, 299
relaxation time anisotropy, 257-61
simple metals, 137ff
upper and lower bounds for two phase
alloys, 170-2
using pseudopotentials recalculated for
different environments, 226
using different pseudopotentials,
exchange and screening corrections,
224, (T) 225, (T) 239
using X-ray scattering data, 259
virtual bound states, 291ff
resistivity at the critical point, 356ff
temperature coefficient near T, 358ff
resistivity due to structural disorder,
19511, 203ff
displacive transitions, 207-8, 271
lattice distortions around point defects,
195-8, 227-36
microvoids, 236
SRO, atomic displacement and pseudo
Debye-Waller factor contributions
(T), 247
vacancies in various metals (T), 230
vacancy clusters, 236
resistivity due to surfaces
antiphase domain boundaries, 256-7
external surfaces, 187-9
foils and wires, (T) 192-3, 187-95
grain boundaries, 185-6
multilayer films, 195
stacking faults, 185
twin boundaries, 185
resistivity due to thermal effects, 198ff
alkali metals, 213-18, (T) 213, (T) 215,
(Ty 217
anharmonic process in noble metals,
219
Debye—Waller terms in amorphous
alloys, 387
Debye-Waller terms in highly resistive
alloys, 375-7
effect of measuring temperature, 155ff
effect of phonon cutoff, 387
effect of phonon induced changes in
N(Eg), 310-13
multiphonon and Debye-Waller terms,
218
noble metals, 2181, (T) 220
phonon scattering, 2 12ff
rigid-ion model, 134
rigid muffin-tin model, 291
temperature coefficient, 158, 358
temperature dependence, 165, 199-203,
259-60, 2734, 305
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resistivity of amorphous alloys, 380ff (see
also amorphous alloys)
Debye-Waller term, 387
effect of phonon cutoff, 387
incoherent spinwave scattering, 388-9
minima, 381, 391-2
particular spin-spin correlations,
388-9
spin glass alloys, 389-90
tunnelling between states, 392
resistivity of disordered alloys
Al alloys, (T) 225, (T) 226
alkali impurities in alkali hosts (T},
230
impurities in polyvalent hosts, 294
monovalent impurities in monovalent
hosts, 299
noble metal alloys, (T) 288, (T) 299
noble metal impurities in various
solutes (T}, 228
point defects, 195-8
random solid solutions, 220ff
transition metal alloys, 303ff
transition metal impurities in Ni, Fe or
Co, 329-32
transition metal impurities in noble
metals, 295, 300
transition metal impurities in Pd, Pt
or Rh, 341
various impurities in noble metal
hosts, (T) 232-3
various solutes in Al alloys (T), 231
resistivity of highly scattering alloys, 213,
372ff (see also amorphous alloys)
saturation, 348
resistivity of ordering alloys
antiphase domain in boundaries, 256-7
coexisting LRO and SRO, 162
combined effect of atomic correlations
and displacements, 208ff
combined SRO, atomic displacement
and pseudo Debye-Waller factor
contributions (T), 247
composition waves, 142-3
effect of atomic LRO, 253ff
effect of atomic SRO in simple alloys,
237F
effect of atomic SRO in various non-
simple alloys, (T) 250
order dependence in CPA, 313-14
order dependence in force—force
correlation method, 317
studies of atomic diffusion, 251-3
resistivity of magnetic alloys, 318fF,
(T) 319 (see also amorphous alloys)
clusters, 334ff

431

domain walls, 322
spin-flip, 324ff
spin glasses, 351ff, 389-90
spin waves, 274, 322, 326-7
resistivity of nearly magnetic alloys
exchange enhanced alloys, 341ff
local spin fluctuations, 339ff
nearly magnetic Ni alloys, 350
transition from Kondo to exchange
enhanced behaviour, 345
resistivity of phase separating alloys,
261ff
anisotropy in eutectic, 184
effect of particle shape in two phase
alloy, 177ff
effects of precipitation, 257ff
electrical analog of two phase alloy,
178ff
eutectics, 26 1ff
parallel and transverse to fibres,
179-81
percolation in two phase alloy, 1814
resistivity maximum, 147
spinodal decomposition, 142-3, 261
two phase alloy (T), 175-6
resistivity relationships
Linde-Norbury rule, 222
Matthiessen’s rule, 9ff
Mooij correlation, 312, 372-3
Mott’s rule, 224
Nordheim’s rule, 222, 236
resistivity size effect, 264-71
foils and wires, 187-95, (T) 192-3
scale of phases ~A, 184ff
Rh, resistivity (T), 292
Rh-Fe, resistivity, 344, 354
rigid band approximation, 300ff
rigid-ion model, 134
rigid muffin-tin model, 291
RKKY interaction, 84, 144
asymptotic form, 85
between magnetic clusters, 87-8
damping by mean free path effects, 85
effect on magnetic ground states, 91
effect on spin fluctuations, 87
in spin glasses, 3534
Rudermann-Kittel oscillations, 121

saturation magnetisation, 91 (see also
magnetic structure)
scattering theory (see also anisotropic
scattering, form factor, pseudo-
potential, resistivity entries, structure
factor)
anisotropy, 7, 24, 153-5
amplitude, 3
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scattering theory, continued
coherence, 8
conduction electrons, iff
elastic and inelastic, 15ff
geometry, 34
potential, 2 (see also deviation lattice)
probability, 2-3, 20
scattering matrix, 127, 129ff, 145
wave vector, 2
scattering by defects, 138 (see also
resistivity entries, scattering theory)
antiphase domains, 167-8
cutoff at small phonon wavelengths,
376-7
external surfaces, 187-9
grain boundaries, 1856
interfacial, 184ff
interference between atomic and
magnetic, 322
magnetic, 10, 16
normal scattering, 16
phonons, 9
s-d, 273ff, 303-5
spin-flip, 17
Umklapp scattering, 16
scattering matrix (see form factor, model
potential, pseudopotential, resistivity
entries, scattering theory)
Schrédinger equation
nearly free electron theory, 124-6
phase shift solution, 280
time independent, 107
screened Coulomb potential, 121
screening, 108ff
adiabatic approximation, 135
Hartree self consistent field
approximation, 108
in an alloy, 133
in metals, 120
Lindhard (RPA), 121
potentials in transition metals, 275
Thomas-Fermi, 120, 122
with atomic displacements, 135
self-interstitials
see point defects
short range order (SRO), 8 (see also
atomic SRO, magnetic SRO)
correlation parameter, 35
simple metals, 10, 13
resistivity of, 137ff
single site average, 31
Singwi exchange and correlation
correction, 123
site occupation parameters, 30
size effect, 144, 167, 184 (see also atomic
displacements, local mean free path,

resistivity due to surfaces)
foils and wires, 187-95, (T) 192-3
Slater-Pauling curve, 78
Sn—Ag, resistivity (T), 228
Sn—-Au, resistivity (T), 228
Sn—Clu, resistivity (T), 228
Sn-Te, resistivity, 262
specularity parameter, 187-9, 194, 265,
267-8
and surface roughness, 189

apparent temperature dependence, 187-9

spin fluctuations, 98ff, 336 (see also
Kondo effect, localised spin
fluctuations, resistivity of nearly
magnetic alloys)
effect of Coulomb interaction, 99
effects of local environment, 100-1
enhanced susceptibility, 99
in collective electron model, 78
in spin glasses, 87
mean lifetime, 99
of magnetic clusters, 87
rate compared to experimental probe
characteristic time, 83
spin fluctuation temperature, 85, 99ff (see
also localised spin fluctuations, spin
fluctuations)
characteristic values in dilute alloys
(T), 10
effect of atomic interactions, 345-8
in spin glasses, 87, 353
spin glasses, 84ff
competition between RKKY and
Kondo interactions, 3534
freezing as cooperative effect, 98
freezing temperature Ty, 85
magnetic susceptibility, 85
relaxation times in, 85-6
specific heat, 85
spin waves (see also magnetic structure)
diffuse, in spin glasses, 351-3
in amorphous metals, 388
spectra, 97
spin-flip resistivity, 324ff (see also
resistivity of magnetic alloys)
spinodal decomposition, 41 (see also
atomic clustering)
morphology resulting from, 46{f
spinodal ordering, 41 (see also atomic
LRO)
SRO
see short range order
Stoner enhancement factor, 99 (see also
localised spin fluctuations, spin
fluctuations, spin fluctuation
temperature)
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structure factor, 129 (see also partial
structure factor, resistivity entries,
scattering theory, scattering by
defects)
boundaries, 150
coexisting LRO and SRO, 1634
composition wave, 142-3
dynamical, 201-2, 210
general, 140-1
GP zone, 149ff
homogeneous atomic correlations, 141
partial, 130
self-interstitial, 198
sublattice (homogeneous LRO), 161-2
substitutional impurity, 197
thermal displacements, 199, 201-2
vacancy, 195-6
zones, 149ff
sublattices, 32ff (see also atomic LRO)
substitutional impurity
see point defects
superlattice
see atomic LRO
superparamagnet, 87 (see also magnetic
clusters)
relaxation time as a function of energy
(T), 89
blocking temperature, 85

T-matrix, 128, 284ff
in optical theorem, 29
t-matrix, 285f
Ta, resistivity (T), 290
Tb, magnetic structure (T), 91
temperature, distinction between quench
and measuring, 9
Thomas Fermi screening, 120 (see also
screening)
Ti—-Al, resistivity, 374
tight binding approximation, 110ff
Tm, magnetic structure (T), 91
transition matrix
see T-matrix
transition metals (see also dilute alloys,
pseudopotentials, model potentials,
resistivity calculation)
screening and hybridisation, 275
transmission coefficient
see grain boundaries
two sub-band model, 323ff
two-phase mixtures (see also atomic
phase separation, resistivity due to
surfaces, resistivity of phase
separating alloys)
geometrical configuration, 57
microstructure, 54

433

U-scattering

see Umklapp scattering
Umklapp scattering, 16
units, 1, 393

vacancies (see also point defects, atomic
displacements)
resistivity in various metals, 195, (T)
234-5,252
{see also resistivity due to structural
disorder)
lattice relaxation around, 233
van Hove singularities, 12
virtual bound states, 80ff
as a scattering problem, 81-2
in transition metals, 292
lifetime, 99
magnetic moment of, 81
virtual crystal approximation, 130, 139,
300ff

W, resistivity (T), 290
w-transformation, 68
as a continuous transformation, 69
Warren-Cowley SRO parameter (see also
atomic SRO, correlation parameters)
in resistivity expression, 142ff
wavefunctions
atomic-like, 109
model, 117
one electron, 108
periodicity, 107
pseudo-, 115
wavepackets, 17ff
classical limit, 18
in highly resistive alloys, 375
group velocity, 17
wavevector
scattering, 115, 139
Thomas Fermi screening, 120
Wolff model, 345

Xa local statistical exchange
approximation, 123

Y, resistivity (T), 275
Y—Ce, resistivity, 342
Yb, magnetic structure (T), 91
Young’s modulus
see elastic constants

Ziman approximation, 27
in t-matrix, 286
Ziman equation, 139
Zn, core radius and atomic volume (T),
223
Zn-Ag, resistivity (T), 228
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Zn—Au, resistivity (T), 228

Zn—Clu, resistivity (T), 228

Zn-Fe, resistivity, 342

Zn-Mn, resistivity, 342

zones (see also atomic clustering, GP
zones, resistivity of phase separating
alloys, scattering theory, scattering
due to defects)

effect of measuring temperature on

resistivity, 155ff

zones, continued
three dimensional, structure factor,
1534
two dimensional, structure factor,
153-4
zone boundaries
composition profile, 151
scattering from, 150~1
Zr, resistivity (T), 275
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