CONTENTS

PREFACE
PART I REVERSIBLE PROPERTIES

By D. Saint-James and G. SArRMA

1. INTRODUCTION

3
1.1 Introduction to superconductivity 3
1.2 Meissner effect—diamagnetism 3
1.3 Some considerations about the normal-superconducting transition 4
1.4 The London equation 7
1.5 The coherence length and the energy gap 10
1.6 Classification of .superconductors 12
1.7 Magnetic and thermodynamic properties of type Il superconductors 13
1.8 Ideal type II superconductors and hard superconductors 18

Bibliography 21

2. THE PHENOMENOLOGICAL THEORY OF GINZBURG AND LANDAU

2.1 The free enmergy and the Ginzburg-Landau equations 22
2.2 The two characteristic lengths é(T) and A(T) and the validity of the Ginzburg-
Landau scheme 26
2.3 The Ginzburg-Landau parameter x(T) 29
2.4 The surface energy 31
2.5 Laminar model and filamentary structure 37

Bibliography 40

3. MAGNETIC PrOPERTIES OF TYPE II SUPERCONDUCTORS
THE VorTEX LINE STRUCTURE

3.1 Introduction ’ 41
3.2 Onset of superconductivity. The critical field H,, 41
3.3 Structure of the mixed state : 43
3.4 General properties of the vortex line structure. The magnetization curve 62
3.5 Experimental observation of the vortex line structure 70

Appendix 76

Bibliography 80

4. SURFACE SUPERCONDUCTIVITY
R

4.1 Nucleation in a semi-infinite medium. The field H, 4 81
4.2 Nucleation in a slab - 91
4.3 Angular dependence of the nucleation field 100
4.4 Persistence of the surface sheath below Hj, 109
4.5 Superconductor coated by a normal metal 117

Bibliography 121



Contenis

i
5. Microscoric THEORY

5.1 Introduction 122

5.2 General features of the microscopic theory. The Cooper pairs 122

5.3 Formulation of the microscopic theory. The self-consistent method 126 :

5.4 Derivation of the Ginzburg-Landau equations. The distinction between cO NTENTS
clean and dirty superconductors - 134

5.5 Conclusion and discussion 152
Bibliography 156

9. MisCELLANEOUS PROPERTIES OF TYPE II SUPERCONDUCTORS IN Hica FiELDS
V PART II IRREVERSIBLE PROPERTIES

1 The Paramagnetic Effect
v 7 By E. J. TuoMAs

6.1 1. Introduction 157
2. Calculation of the various kernels 161 V
3. The Fulde and Ferrell state 163 . 8. FLUX TRAPPING AND THE IRREVERSIBLE MAGNETIZATION CHARACTERISTIC
4. The transition field H,, in the dirty case 169 o
5. Experimental situation. The spin-orbit scattering effect 174 : 8.1 Observation of trapped flux 209
' 8.2 Trapping in a filamentary system 212
- : 8.3 Flux trapping in a singly connected system 214
II Gapless Superconductivity . 8.4 Pinning points 518
6.1 1. Introduction , 177 . 8.5 Variation of trapped flux with temperature . 223
2. Order parameter and excitation spectrum 178 - Bibliography 226
3. Conclusions ) 190 '
Bibliography 192

9. FLux MoveMeNT wITHIN Type II SUPERCONDUCTORS

7. THERMAL PROPERTIES

9.1 Steady movement of flux lines 227

7.1 Specific heat 193 : = 9.2 Flux jumping : 238
7.2 Thermal conductivity . 196 9.3 Magneto-thermal effects 244
Bibliography 205 . Bibliography 247

10. CrrticAL CURRENT CHARACTERISTICS

10.1 Variation of the critical current with field 249
10.2 Training : : 264
10.3 Degradation 266

Bibliography 271

11. APPLICATIONS

11.1 High field magnets 272
11.2 Other magnetic field applications 277
11.3 D, C. power transmission 280
114 A. C. applications : 281
Appendix 284
Bibliography 285
Author Index 287
Subject Index 291
vii

vi




