Contents

PREFACE . . . . . . . . e e e e e e e e e e e e e e e v

Chapter |

The Phenomenon of Superconductivity

1. The Thermodynamic Transition . . . . . . . . . . . . . . . . .. 1
2. The Meissner-Ochsenfeld Effect . . . . e e e e 4
3. Further Phenomenology of the Meissner Effect T R 10
4. TheCritical Field . « + & : 5 5 « @ s % 5 © 35 % & 4 & & ¢ & & @ 16
5. Surface Energy and Ginzburg-Landau Theory . . . . . . . . . . . . 19
6. Persistent Ring Currents . . . . . . . . . . .. ... ...... 24
7. Flux Quantization . . . . . . . . . . . Tl EE R T |
8. TheEnergy Gap. . . . . . . . . . . . . v v v v v v v e 33
9. Coulomb Interactions between Electrons . . . . . . . . . . . . .. 35
10. The Frohlich Interaction and the Isotope Effect . . . . . . . . . . . 39
Chapter i

The Bose-Einstein Gas Model

1. The Bose-Einstein Distribution, Normal State . . . . . . . . . . . . 45
2. The Bose-Einstein Condensation . . . . . . . . . . .+ . .. .. 51
3. The Two-Fluid Model . . . . . O 1.
4. The Meissner Effect at Zero Temperature .. .. .. 63
S. The Critical Field of the Ideal Bose Gas, at Zero Temperature ..... 70
6. Magnetic Behavior of the Bose Gas Model at Non-Zero Temperature . . 76
7. Other Properties of the Bose Gas Model . . . . . . . ., . .. ... 79
Chapter |l

The Quasi-Chemical Equilibrium Theory

1. The Concept of Electron Pairs as Quasi-Molecules . . . . . . . . . . 83
2. Thermodynamics of Chemical Equilibrium . . . . . . . . . . . . . 88
3. Electron Pairs and the Three-Fluid Model . . . . . .. 93
4. Correlation Functions and the Virial Expansion: Classncal Treatment .. 98
5. Correlation Functions and the Virial Expansion: Quantum Treatment . . 103

ix



6.
7.
8.
9.

CONTENTS

Correlation Functions and Chemical Equilibrium . . . ce oo .. 108
Statistical Correlations in the Degenerate Ideal Fermi Gas ....... 116
Quasi-Chemical Equilibrium in a Degenerate Fermi Gas . . . . . . . 122
Schafroth Condensation of Electron Pairs . . . . . . . . . . . . .. 129
Chapter IV

Self-consistent Treatment of the Ground State

HW N -

. Variational Derivation of the BCS-Bogoliubov Integral Equation . . . . 140

. Solution of the Integral Equation . . . . . . . . . ... ... .. 147

. The Critical Field at Zero Temperature . . . . . . . . . . . .. . 152

. The Pippard Coherence Distance. . . . . . . . . . . . ... ... 157
Chapter V

The BCS and Bogoliubov Theories, at Zero Temperature

AWV hHWN -

. Creation and Destruction Operators . . . . . . . . . . . . . ... 167

. The BCS Theory at Zero Temperature . . . i v oo ow 174

. The Bogoliubov Transformation Applied to the F rohhch Model ... . 185

. The Relationship between the Bogoliubov and BCS Ground States . . . 195

. Renormalization of the Bogoliubov Theory. Upper Limitonp . . . . . 199

. The Criterion for Superconductivity . . . . . . . . . . . . . .. . 208
Chapter Vi

Excitation Spectrum and Thermodynamics.
The Theory of Bogoliubov, Zubarev, and Tserkovnikov

1. The Excitation Spectrum near the Ground State . . . . . . . . . . . 217
2. The Specific Heat at Low Temperatures . . i moBow s 221
3. The Theory of Bogoliubov, Zubarev, and Tserkovmkov ........ 227
4. Solution of the Integral Equation. The Transition Temperature and the
Isotope Effect : = o« o « w0 5 9 & w s & &« & s & 5 % » = & % 5 = s 238
5. The Specific Heat and the Crmcal Field 5 . 5 5 & ¢ 5 5 5 ¢ @ ¢ @ 3 242
6. The Meaning of a Temperature-Dependent Hamiltonian . . . . . . . 250
7. Transport Phenomena Involving Bogolon Excitations . . . . . . . . . 252
Chapter VIi

Thermodynamics in the Quasi-Chemical Equilibrium Theory

DR W N =

. Introduction . . . . . . . L L L 0Ll e e e e e 261
. The Trial Density Matrix of the Quasx Chemical Equilibrium Theory . 264
. Repulsive Correlations and the “Lifetime Problem” . . . . . . . .. 270
. Reduction from a Three-Fluid to a Two-Fluid Model. . . . . . . . . 273

. Relationship to the BZT Theory. . . . . . . . . . . . . . .. .. 277



CONTENTS xi

Chapter VI

The Meissner Effect

L. Introdtetion , o ¢ w s @ s w ¢ 5 = © 5 « ® # B £ @5 W i@ 281
2. Expectation Values over General Pairing Wave Functions . . . . . . . 283
3. Gauge Invariance . . . . . . . . . . .. e e e e e e e e 286
4. Variational Equation for the Pair Wave Function . . . . . . . . . . . 291
5. The Linear Magnetic Response . . . N O <
6. Intensive and Extensive Perturbation Theory ............ 297
7. The Knight Shift, and Other Problems . . . . . . . . . . . . . . . 301
Chapter I1X

Persistent Currents

1. Introduction . . sowm s o4 on s owm s ow s o4 s o« 307
2. Quantum Theory of Normal Conductlvxty S . 310
3. The Effect of Bose-Einstein Condensation . . . . . . . . . . . . . 315
4. The Applied Field . . . . . . . . . . .. ... . ... ... .. 318
5. The Pseudo-Gauge Transformatlon e e e e e e e e e e e e e 321
6. Single-Particle States in a Ring, with and thhout Scattering Centers . . 324
7. Flux Quantizationupon Cooling . . . . . . . . . . . . . .. ... 331
8. Build-up of the Ring Current by Electromagnetic Induction . . . . . 333
9. The Critical Current . A .. 336
10. Unsolved Problems. . . . . . . . . . . . . . . . .. ... ... 341
Chapter X

Further Problems

1. Introduction . . . . . . . . . . .. e 345
2. Hard Superconductors and the Intermedxate State s ow s om s o® % v 346
3. Superconducting Alloys and Compounds . . . . . . . . . . .. . . 356
4. Superconducting Thin Films . . . . . . . . . . . . .. ¢ s s om s 362
S.Conclusion . : « = & & ¢ % s w5 & 5 & ¥ ¢ 5 & @ s & s o6 8 & s s 370
Appendix A
Some Concepts from Statistical Mechanics
1. Ensembles and Entropy . . J . VA |
2. Equilibrium Ensembles (1) The Mlcrocanomcal Ensemble ...... 376
3. Equilibrium Ensembles (2) The Canonical Ensemble . . . . . . . . . 379
4. Equilibrium Ensembles (3) The Grand Canonical Ensemble . . . . . . 386
5. The Fermi-Dirac and Bose-Einstein Distributions . . . . . . . . . . 393
6. Minimum Principles in Statistical Mechanies. . . . . . . . . . . . . 39



xii CONTENTS

Appendix B
Mathematical Formuiation of the Quasi-Chemical Equilibrium Theory
I. The Husimi Theory . : :
2. Trial Density Matrix with Panr Correlatlons .
3. The Quenching Identity and Expectation Values .
4 v %
S

. The Dyson Transformation . .
. Specialization to One Pair State Only

BIBLIOGRAPHY AND AUTHOR INDEX

SuBjECT INDEX

403
408
411
418
423

429
479



	page1
	page2
	page3
	page4

