
Microscopic Theories of Conduction 1
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Definitions 2

☞ Weak Scattering Theory

☞ Noise

☞ Metal–Insulator Transitions

☞ Green’s Functions

☞ Effects of Impurities

☞ Anderson Localization

☞ Mobility Edge and Localization Length

☞ Scaling Theory
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Weak Scattering Theory of Conductivity 3

Problem: A perfect crystal is a perfect electrical conductor
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General Formula for Relaxation Time 4
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Ziman’s Expression for Resistivity 6
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Ziman’s Expression for Resistivity 7
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Evidence that Liquid Metal Scatter Weakly 8

Metal: Li Na Cu Ag Au Zn Hg Al Ga Sn Pb Sb Bi Fe

lT (Å): 45 157 34 51 27 15 5 20 17 5 6 4 4 3
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Phonon Resistivity 9
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Phonon Resistivity 10
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Phonon Resistivity 11

10 � 1 1 10 102 103

10 � 14

10 � 12

10 � 10

10 � 8

10 � 6

10 � 4
R

es
is

tiv
ity

����
� c

m
�

Temperature T � K �
T 2

T 5

T 1

Figure 1: Resistivity of potassium from 0 1 to 300 K. At the lowest temperatures, the

resistance varies as T 2, from 2 to 20 K, it varies as T 5, and from 100 K upwards,

it varies as T 1. [Source: Bass et al. (1990).]
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Matthiessen’s Rule 12

When resistivity is small, add contributions from different sources.
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Fluctuations 13

Thermal noise

� � V 2 � � 4kBTRd � � (L28)

Shot noise
� � J2 ��� 2eJd �� (L29)

1 � f noise.
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Metal–Insulator Transitions 14
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Metal–Insulator Transitions 15
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Figure 2: Metal–insulator transition in silicon doped with phosphorus. Rosenbaum

(1985)
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Metal–Insulator Transitions 16
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Figure 3: A host of different systems displays metal–insulator transitions when a� n1 � 3�

0� 26, Edwards and Sienko (1982)
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Impurity Scattering and Green’s Functions 17
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Green’s Functions 18
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Green’s Functions 19
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Green’s Functions 20
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Green’s Functions 21
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Green’s Functions 22
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Figure 4: Green’s functions for perfect square tight-binding lattice in one, two and three

dimensions.
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Adding Impurities 23
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Single Impurity 24
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Single Impurity 25
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Coherent Potential Approximation 26
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Coherent Potential Approximation 27
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Figure 5: Calculation of the mobility edge.
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Exact Results in One Dimension 29
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Exact Results in One Dimension 30
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Figure 6: Diagram corresponding

to Eq. (L100).
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Exact Results in One Dimension 31
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Figure 9: Three-dimensional scaling function for square lattice with diagonal disorder.
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Figure 10: (A) Measurement of resistivity versus temperature in PPV, Ahlskog et al.

(1997), p. 6779.
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