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Semiclassical theory of conduction in metals
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Electron-phonon scattering
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Landau theory of Fermi liquids :
Quasiparticle-quasiparticle scattering
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delocalized s-electrons versus localized d-electrons
electron scattering against spin fluctuations of the d-electrons
then also 77



Quasiparticle-quasiparticle scattering
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Quasiparticle-quasiparticle scattering
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There is a clear correlation between T. and A
as they vary simultaneously

with an external parameter, e.g. pressure



Quasiparticle-quasiparticle scattering

Superconductivity > < 4>/
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The same scattering that causes the resistance is the one responsible
for superconductivity :
the worst the conductance is the stronger the superconductivity

Electron-Phonon Enhancement of Electron-Electron Scattering in Al

A. H. MacDonald
Division of Physics, National Research Council of Canada, Ottawa, Ontario K1A OR6, Canada
(Received 25 October 1979)

The influence of the electron-phonon interaction on electron-electron scattering in simple
metals has been described within the framework of Landau Fermi-liquid theory. The pre- Al ; '
dicted electron-electron scattering contribution to the low-temperature resistivity of Al is umlnum d
enhanced by a factor of ~20 by the electron-phonon interaction and is in excellent agree~



Quasiparticle-quasiparticle scattering

Empirical relation between

superconducting transition temperature and
quadratic resistance temperature term

T, =f(A)

The relation can be explained by
Landau theory of Fermi liquids
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Inelastic impurity scattering

R = AT? can be also due to inelastic scattering against impurities
Koshino-Taylor

Changes in Electrical Resistance Caused by Incoherent Electron-Phonon Scattering

P. L. Tavror*
Department of Physics, Case Institute of Technology, Cleveland, Ohio
(Received 13 March 1964)

A small proportion of the events in which a conduction electron is scattered by an impurity atom involve
the emission or absorption of a phonon. An investigation is made of the suggestion that such incoherent
electron-phonon interactions may lead to appreciable deviations from Matthiessen’s rule. The effect of such
processes on the electrical resistivity is found to be too small to be observable.
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In fact, much more subtle

Reizer Sov. Phys. JETP 65 (1987) 1291 Mahan & Wang, PRB 39(1989)4926



Inelastic impurity scattering

: : 12
Example : Nb, 4,11, 53 superconducting alloyc
=
(@)] L
15 . : S}
B — S
s = g |
. ——— S |
= | 2
g |[re g | &° 4 2|
2 ——3 | 4 o 0.1 —
%E’ 5 ——7 L
o ——9 9
o = _ 0 5 10 15 20
oIS 0.05 NbTi Pressure (GPa)
0 _& —7—19 075 10, 15T (K) 20 : . . .
0 100 200 300 300 600 900 1200 1500
TEMPERATURE (K) T? (K%
. 0.0001 }
A proportional to R, , not R 2
. . . . . —~ -5
inelastic impurity scattering, i, 7
expected due to disordered nature % 2158
of sample
7107
If A~10”R, then AT’ due to inelasticimpurity scattering
7 15

) §

—
N



Magnetic scattering and magnetic order
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Magnetic Scattering
Crystal Field Resistivity
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Temperature increases the accesible components

of the localized magnetic moment
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Magnetic scattering and magnetic order

DeGennes-Friedel
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Magnetic scattering :
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Magnetic scattering :

Kondo + crystal field
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Itinerant antiferromagnetism

Spin density waves

Charge density waves
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Itinerant antiferromagnetism
Spin density waves
Charge density waves
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Examples with two DW
CDW
1D — NbSe,
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Semiconductors

A The exponential carrier population
B kT controls
n o< e the temperature resistivity dependance

in intrinsic semiconductors

But impurities give extrinsic carriers
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Localization /

Defects cause

localized states L
where effective masses =
are higher K \
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Localization

I. Conduction by thermal activation _(E.—Ep)
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Localization
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“Heavy Carriers” : Polarons

The carrier is dressed
by a lattice deformation
must jump with it

Thermal activated hopping (w) o ksT
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“Heavy Carriers” : Polarons

Manganites
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“Heavy Carriers”

Polarons

Ln-1111 2t

Also “polaron-like”
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Conclusions

The behavior of the the electrical resistivity can yield many
hints into the understanding of the physics of materials



