
Contents

PARTI

Fundamentals of Electron Theory 1

CHAPTER 1
Introduction 3

CHAPTER 2
Wave PropertiesofElectrons 5

Problems 9

CHAPTER 3
The SchrodingerEquation 10

3.1.SpecialPropertiesofVibrationalProblems 11
Problems 12

CHAPTER 4
Solutionof theSchrodingerEquation forFour SpecificProblems 13

4.1.FreeElectrons 13
4.2.Electronin a PotentialWell 15
*4.3.FinitePotentialBarrier(TunnelEffect) 19
4.4.Electronin a PeriodicFieldofa Crystal 22
Problems 29

CHAPTER 5
Energy Bands in Crystals 30

5.1.One-DimensionalZone Schemes 30
5.2.Two-DimensionalBrillouinZones 34
*5.3.Three-DimensionalBrillouinZones 37



*5.4. Wigner-Seitz Cells 38

*5.5. Translation Vectors and the Reciprocal Lattice 39

*5.6. Complete Energy Bands for Metals and Semiconductors 44

5.7. Curves and Planes of Equal Energy 50

Problems 52

CHAPTER 6

Electrons in a Crystal 53

6.1. Fermi Energy and Fermi Surface 53

6.2. Fermi Distribution Function 54

6.3. Density of States 55

6.4. Population Density 57

6.5. Complete Density of States Function Within a Band 58

6.6. Consequences of the Band Model 58

6.7. Effective Mass 60

6.8. Conclusion 62

Problems 63

Suggestions for Further Reading (Part I) 64

PART II

Electrical Properties of Materials 65

CHAPTER 7

Electrical Conduction in Metals and Alloys 67

7.1. Introduction 67

7.2. Survey 68

7.3. Conductivity―Classical Electron Theory 71

7.4. Conductivity―Quantum Mechanical Considerations 72

7.5. Experimental Results and Their Interpretation 77

7.5.1. Pure Metals 77

7.5.2. Alloys 78

7.5.3. Ordering 78

7.6. Superconductivity 79

7.6.1. Experimental Results 80

*7.6.2. Theory 83

Problems 86

CHAPTER 8

Semiconductors 87

8.1. Band Structure 87

8.2. Intrinsic Semiconductors 89

8.3. Extrinsic Semiconductors 93

8.3.1. Donors and Acceptors 93

8.3.2. Band Structure 95

8.3.3. Temperature Dependence of the Number of Carriers 96

8.3.4. Conductivity 96

8.3.5. Fermi Energy 98

*8.4. Effective Mass 98

8.5. Hall Effect 99

8.6. Compound Semiconductors 100



8.7. Semiconductor Devices 101
8.7.1. Metal-Semiconductor Contacts 101
8.7.2. RectifyingContacts(Schottky BarrierContacts) 102
8.7.3. Ohmic Contacts(Metallizations) 105
8.7.4. p-n Rectifier(Diode) 106
8.7.5. Zener Diode 108
8.7.6. SolarCell(Photo Diode) 109

*8.7.7.Avalanche Photo Diode 110
*8.7.8.Tunnel Diode 111
8.7.9. Transistors 113
8.7.10.Semiconductor Device Fabrication 115

Problems 118

CHAPTER 9

ElectricalConduction in Polymers, Ceramics, and Amorphous

Materials 120

9.1. Conducting Polymers 120
9.2.Ionic Conduction 126
9.3. Amorphous Materials(MetallicGlasses) 129
Problems 133
SuggestionsforFurther Reading (PartII) 134

PART III

Optical Properties of Materials 135

CHAPTER 10

The Optical Constants 137

10.1.Introduction 137
10.2.Index of Refraction,n 138
10.3. Damping Constant, k 138
10.4. CharacteristicPenetrationDepth, W 142
10.5. Reflectivity,R 142
10.6. Hagen-Rubens Relation 144
Problems 145

CHAPTER 11

Atomistic Theory of the Optical Properties 146

11.1. Survey 146
11.2. Free ElectronsWithout Damping 148
11.3. Free Electronswith Damping (ClassicalFree ElectronTheory of

Metals) 151
11.4. Discussionof the Drude Equations 154

11.4.1.Absorption 154
11.4.2.Polarization 155
11.4.3.Small Frequencies(Far IR) 155

11.5. Reflectivity 155
11.6. Bound Electrons(ClassicalElectronTheory of DielectricMaterials) 157
*11.7. Discussionof the Lorentz Equations forSpecialCases 160

11.7.1.High Frequencies 160
11.7.2.Small Damping 160



11.7.3.AbsorptionNear v0 161
11.7.4.More Than One Oscillator 161

11.8.ContributionsofFreeElectronsand Harmonic Oscillatorstothe
OpticalConstants 162

Problems 163

CHAPTER 12
Quantum Mechanical Treatment of theOpticalProperties 165

12.1.Introduction 165
12.2.Absorptionof LightbyInterbandandIntrabandTransitions 165
*12.3.Dispersion 169
Problems 173

CHAPTER 13
Applications 175

13.1.Measurement oftheOpticalProperties 175
*13.1.1.Kramers-Kronig Analysis(DispersionRelations) 176
*13.1.2.SpectroscopicEllipsometry 177
*13.1.3.DifferentialReflectometry 180

13.2.OpticalSpectraofPureMetals 182
13.2.1.ReflectionSpectra 182
*13.2.2.Plasma Oscillations 186

13.3.OpticalSpectraofAlloys 188
13.4.Ordering 191
*13.5.Corrosion 193
13.6.Semiconductors 194
13.7.Insulators(DielectricMaterials) 198
13.8.Lasers 200

SuggestionsforFurtherReading(PartIII) 208

PART IV

Magnetic Properties of Materials 209

CHAPTER 14
Foundationsof Magnetism 211

14.1.Introduction 211
14.2.BasicConceptsin Magnetism 212
*14.3.Units 214
Problems 215

CHAPTER 15
Magnetic Phenomena and TheirInterpretation―Classical

Approach 216

15.1.Overview 216
15.1.1.Diamagnetism 216
15.1.2.Paramagnetism 218
15.1.3.Ferromagnetism 220



15.1.4.Antiferromagnetism 224
15.1.5.Ferrimagnetism 225

15.2.LangevinTheory ofDiamagnetism 228
*15.3.LangevinTheory of(ElectronOrbit)Paramagnetism 230
*15.4.MolecularFieldTheory 234
Problems 236

CHAPTER 16
Quantum Mechanical Considerations 238

16.1.Paramagnetismand Diamagnetism 238
16.2.Ferromagnetismand Antiferromagnetism 243
Problems 247

CHAPTER 17
Applications 248

17.1.Introduction 248
17.2.ElectricalSteels 248

17.2.1.Core Losses 249
17.2.2.GrainOrientation 250
17.2.3.CompositionofCore Materials 251

17.3.PermanentMagnets 253
17.4.MagneticRecording 256
17.5.FerriteCore Memories 257
Problems 258
SuggestionsforFurtherReading(PartIV) 258

PART V

Thermal Properties of Materials 261

CHAPTER 18
Introduction 263

CHAPTER 19
Fundamentals ofThermal Properties 266

19.1.Heat Energy,Q 266
19.2.Heat Capacity,C 267
19.3.SpecificHeat,c 267
19.4.Molar Heat Capacity,Cv 268
19.5.Thermal Conductivity,K 270
19.6.The IdealGas Equation 270
19.7.KineticEnergyofGases 271
Problems 272

CHAPTER 20
Heat Capacity 274

20.1.Classical(Atomistic)Theory ofHeat Capacity 274
20.2.Quantum MechanicalConsiderations―ThePhonon 276

20.2.1.EinsteinModel 276
20.2.2.Debye Model 279



20.3.ElectronicContributiontotheHeat Capacity 280
Problems 284

CHAPTER 21
Thermal Conduction 285

21.1.Thermal Conductionin Metalsand Alloys―ClassicalApproach 285
21.2.Thermal Conductionin Metalsand Alloys―Quantum Mechanical

Considerations 287
21.3.ThermalConductionin DielectricMaterials 288
Problems 290

CHAPTER 22
Thermal Expansion 291

Problems 293
SuggestionsforFurtherReading(PartV) 293

Appendices 295

1. PeriodicMotions 297
2. EulerEquations 301

3. Summary ofQuantum Number Characteristics 302
4. Tables 304

Index 313


	page1
	page2
	page3
	page4
	page5
	page6

