
CONTENTS

1. INTRODUCTION 1

2. DEFINITIONS AND PRINCIPLES OF METHODS OF
MEASUREMENT 3
2.1. Definitions 3
2.2. Measurementofthermalconductivity 3
2.2.1.Steady-statemethods 5
2.2.2.Non-steady-statemethods 7
2.2.3.The temperaturerangeofthermal-conductivitymeasurements 9

3. GENERAL BEHAVIOUR OF THE THERMAL CONDUCTIVITY
OF METALS AND OF NON-METALLIC CRYSTALS 11
3.1. Metals 11
3.2. Non-metalliccrystals 13
3.3. Comparisonbetweenmetalsand non-metals 14

4. PHONONS AND THE BOLTZMANN EQUATION 16
4.1. Phonons 16
4.1.1.Vibrationsofa discretelattice 16
4.1.2.Quantizationofvibrationalenergy 19

4.2. The Boltzmannequation 20
4.2.1.The relaxation-timemethod 21
4.2.2.The variationalmethod 23

5. NORMAL AND UMKLAPP PROCESSES 29
5.1. Phonon-phononinteractions 29
5.1.1.Normal and Umklapp processes 30

5.2. The effectofN-processes 32

6. TAKING ACCOUNT OF NORMAL PROCESSES 36
6.1. The relaxation-timemethod 36
6.1.1.Resistiveprocessesdominant 37
6.1.2.Resistiveprocessespresent,butN-processesdominant 38
6.1.3.Only N-processesacting 39

6.2. The variationalmethod 40
6.2.1.Resistiveprocessesand N-processesbothimportant 40
6.2.2.Resistiveprocessespresent,butN-processesdominant 42

6.3. The method ofGuyer and Krumhansl 43

7. THE THERMAL CONDUCTIVITY OF NEARLY PERFECT
NON-METALLIC CRYSTALS 45
7.1. U-processes 45
7.1.1.High temperatures 46
7.1.2.Low temperatures 56

7.2. Boundaryscattering 61
7.3. Poiseuilleflowof phonons 69



8. THE THERMAL CONDUCTIVITY OF IMPERFECT CRYSTALS 73

8.1. Phonon scatteringby defects 73

8.1.1. Point defects 73

8.1.2. Larger defects 76

8.1.3. Dislocations 77

8.2. Combining intrinsicand defect scatteringrates 79

8.2.1. Dominant phonon method 80

8.2.2. The 'Debye approximation' 81

8.2.3. The variationalmethod 82

8.3. Thermal conductivityof crystalscontaining defects 82

8.3.1. Non-resonant point defects 83

8.3.2. Resonant scattering 91

8.3.3. Larger defects 99

8.3.4. Dislocations 101

9. AMORPHOUS SOLIDS 104

9.1. General behaviour of the conductivity 104

9.2. The 'high'-temperature behaviour 109

9.3. The conductivity at very low temperatures 110

10. ELECTRONS 115

10.1. Drude theory of conductivity 116

10.2. Electrons in metals 117

10.2.1. Free electrons 117

10.2.2. Electrons in a crystallattice 120

10.2.3. Metals, insulators,and semiconductors 121

10.3. Conduction by electrons 123

10.4. Conditions for the validityof the Wiedemann-Franz-Lorenz law 125

11. ELECTRON SCATTERING 128

11.1. Phonon-electron scattering 128

11.2. The temperature variationsof the resistivities 134

11.2.1. The 'ideal'electricalresistivity 134

11.2.2. The 'ideal'electronicthermal resistivity 134

11.2.3. The phonon thermal resistivitydue to electronscattering 135

11.3. Some corrections to the simple theory 136

11.3.1. Electron-phonon U-processes 136

11.3.2. Electron-electron scattering 137

11.3.3. Electron-phonon scatteringwhen the electron mean free path is

small 138

11.4. Scatteringby defects 140

12. THERMAL CONDUCTIVITY OF METALS AND ALLOYS 143

12.1. Pure metals 143

12.1.1. Estimates of the latticecomponent 144

12.1.2. The electroniccomponent 145

12.2. Alloys 151

12.2.1. The electroniccontribution 152

12.2.2. The latticeconductivityin metals and alloys 154

12.2.3. The dependence of latticeconductivityon electron mean free

path 158

12.2.4. The influence of dislocationson the latticeconductivityof alloys 161

12.3. Superconductors 164



13. SEMICONDUCTORS 169
13.1. Pureintrinsicsemiconductors 169
13.2.Impure semiconductors 174
13.2.1.Semiconductoralloys 174
13.2.2.Doped semiconductors 175

REFERENCES 179

AUTHOR INDEX 187

SUBJECT INDEX 191


	page1
	page2
	page3

