


Contents

Acknowledgments pagexiii
I Basics
1 Reviewofbasicmagnetostatics 3
1.1 Magneticfield 4

1.1.1Magneticpoles 4
1.1.2Magneticflux 6
1.1.3Circulatingcurrents 6

1.1.4Ampere'scircuitallaw 7
1.1.5Biot-Savartlaw 8
1.1.6Fieldfromastraightwire 8

1.2 Magneticmoment 10
1.2.1Magneticdipole 11

1.3 Definitions 11
Homework 12
2 Magnetizationandmagneticmaterials 14

2.1 Magneticinductionandmagnetization 14
2.2 Fluxdensity 15
2.3 Susceptibilityandpermeability 16
2.4 Hysteresisloops 18
2.5 Definitions 19

2.6 Unitsandconversions 19
Homework 20
3 Atomicoriginsofmagnetism 22

3.1 SolutionoftheSchrodingerequationfora freeatom 22
3.1.1What dothequantumnumbersrepresent? 25

3.2 ThenormalZeemaneffect 27



3.3 Electronspin 30

3.4 Extensiontomany-electronatoms 31

3.4.1 Pauliexclusionprinciple 32

3.5 Spin-orbitcoupling 32

3.5.1 Russell-Saunderscoupling 32

3.5.2 Hund'srules 34

3.5.3jjcoupling 35

3.5.4 The anomalousZeeman effect 35

Homework 37

4 Diamagnetism 38

4.1 Observingthediamagneticeffect 38

4.2 Diamagneticsusceptibility 39

4.3 Diamagneticsubstances 41

4.4 Uses ofdiamagneticmaterials 42

4.5 Superconductivity 42

4.5.1 The Meissnereffect 43

4.5.2 Criticalfield 44

4.5.3 Classificationof superconductors 44

4.5.4 Superconductingmaterials 44

4.5.5 Applicationsforsuperconductors 46

Homework 46

5 Paramagnetism 48

5.1 Langevintheoryofparamagnetism 49

5.2 The Curie-Weisslaw 52

5.3 Quenchingoforbitalangularmomentum 54

5.4 Pauliparamagnetism 55

5.4.1 Energybandsin solids 56

5.4.2 Free-electrontheoryof metals 58

5.4.3 SusceptibilityofPauliparamagnets 60

5.5 Paramagneticoxygen 62

5.6 Uses ofparamagnets 63

Homework 64

6 Interactionsin ferromagneticmaterials 65

6.1 Weissmolecularfieldtheory 66

6.1.1 Spontaneousmagnetization 66

6.1.2 Effectoftemperatureon magnetization 67

6.2 OriginoftheWeissmolecularfield 69

6.2.1 Quantum mechanicsoftheHe atom 70

6.3 Collective-electrontheoryofferromagnetism 73

6.3.1 The Slater-Paulingcurve 76



6.4 Summary 76

Homework 78

7 Ferromagnetic domains 79

7.1 Observing domains 79

7.2 Why domains occur 81

7.2.1 Magnetostatic energy 81

7.2.2 Magnetocrystalline energy 82

7.2.3 Magnetostrictive energy 84

7.3 Domain walls 85

7.4 Magnetization and hysteresis 87

Homework 92

8 Antiferromagnetism 96

8.1 Neutron diffraction 97

8.2 Weiss theory of antiferromagnetism 101

8.2.1 Susceptibility above 7N 102

8.2.2 Weiss theory at TN 103

8.2.3 Spontaneous magnetization below TN 103

8.2.4 Susceptibility below 7N 103

8.3 What causes the negative molecular field? 107

8.4 Uses of antiferromagnets 110

Homework 112

9 Ferrimagnetism 113

9.1 Weiss theory of ferrimagnetism 114

9.1.1 Weiss theory above Tc 115

9.1.2 Weiss theory below Tc 117

9.2 Ferrites 120

9.2.1 The cubic ferrites 120

9.2.2 The hexagonal ferrites 124

9.3 The garnets 125

9.4 Half-metallic antiferromagnets 126

Homework 127

10 Summary of basics 130

10.1 Review of types of magnetic ordering 130

10.2 Review of physics determining types of magnetic

ordering 131

11 Magnetic phenomena

11 Anisotropy 135

11.1 Magnetocrystalline anisotropy 135

11.1.1 Origin of magnetocrystalline anisotropy 136

11.1.2 Symmetry of magnetocrystalline anisotropy 13 8



11.2Shapeanisotropy 139
11.2.1Demagnetizingfield 139

11.3Inducedmagneticanisotropy 141

11.3.1Magneticannealing 141

11.3.2Rollanisotropy 142

11.3.3Explanationforinducedmagneticanisotropy 142

11.3.4Otherways ofinducingmagneticanisotropy 143

Homework 144

12 Nanoparticlesand thinfilms 145

12.1 Magneticpropertiesofsmallparticles 145

12.1.1Experimentalevidenceforsingle-domain

particles 147

12.1.2Magnetizationmechanism 147

12.1.3Superparamagnetism 148

12.2Thin-filmmagnetism 152
12.2.1Structure 152

12.2.2Interfaces 153

12.2.3Anisotropy 153

12.2.4How thinisthin? 154

12.2.5The limitoftwo-dimensionality 154

13 Magnetoresistance 156

13.1Magnetoresistancein normalmetals 157

13.2Magnetoresistancein ferromagneticmetals 158

13.2.1Anisotropicmagnetoresistance 158

13.2.2Magnetoresistancefrom spontaneousmagnetization 159

13.2.3Giantmagnetoresistance 160

13.3 Colossalmagnetoresistance 164

13.3.1Superexchangeand doubleexchange 164

Homework 168

14 Exchangebias 169

14.1Problemswiththesimplecartoonmechanism 171

14.1.1Ongoingresearchon exchangebias 172

14.2Exchangeanisotropyin technology 173

III Deviceapplicationsand novelmaterials

15 Magneticdatastorage 177

15.1Introduction 177

15.2Magneticmedia 181

15.2.1Materialsusedin magneticmedia 181

15.2.2The othercomponentsofmagneticharddisks 183

15.3 Writeheads 183



15.4 Read heads 185

15.5 Futureof magneticdatastorage 186

16 Magneto-opticsand magneto-opticrecording 189

16.1 Magneto-opticsbasics 189

16.1.1Kerr effect 189

16.1.2Faradayeffect 191

16.1.3Physicaloriginof magneto-opticeffects 191

16.2 Magneto-opticrecording 193

16.2.1Other typesof opticalstorage,and thefutureof

magneto-opticrecording 196

17 Magnetic semiconductorsandinsulators 197

17.1 Exchange interactionsin magnetic semiconductors

and insulators 198

17.1.1Directexchange and superexchange 199

17.1.2 Carrier-mediatedexchange 199

17.1.3Bound magnetic polarons 200

17.2 II-VI dilutedmagneticsemiconductors- (Zn,Mn)Se 201

17.2.1Enhanced Zeeman splitting 201

17.2.2Persistentspincoherence 202

17.2.3 Spin-polarizedtransport 203

17.2.4Other architectures 204

17.3 III-V dilutedmagnetic semiconductors-(Ga,Mn)As 204

17.3.1Rare-earth-group-Vcompounds - ErAs 207

17.4 Oxide-baseddilutedmagneticsemiconductors 208

17.5 Ferromagneticinsulators 210

17.5.1Crystal-fieldand Jahn-Tellereffects 210

17.5.2YTiO3 and SeCuO3 211

17.5.3BiMnO3 213

17.5.4Europium oxide 214

17.5.5Double perovskites 215

17.6 Summary 215

18 Multiferroics 216

18.1 Comparison of ferromagnetismand othertypesof

ferroicordering 216

18.1.1Ferroelectrics 216

18.1.2Ferroelastics 219

18.1.3Ferrotoroidics 220

18.2 Multiferroicsthatcombine magnetism and ferroelectricity 221

18.2.1The contra-indicationbetween magnetism and

ferroelectricity 222



18.2.2Routes tocombining magnetism and ferroelectricity 223

18.2.3The magnetoelectriceffect 225

18.3 Summary 228

Epilogue 229

Solutionstoselectedexercises 230

References 262

Index 270


	page1
	page2
	page3
	page4
	page5
	page6
	page7

