
Contents 

Preface ix 

1 Introduction 1 
1.1 Collective Perturbations in Bounded Plasmas 1 
1.2 Confinement in Fusion Devices 3 
1.3 Discussion 6 

2 Fluid Equations for Low Frequency Phenomena 8 
2.1 Fluid Motion Perpendicular to the Magnetic Field 8 
2.2 Electromagnetic Drifts 10 
2.3 Interpretation of Drifts 11 
2.4 Conservation of Charge Density and Quasi-Neutrality 13 
2.5 Simple Examples 15 
2.6 The Energy Equation 17 
2.7 Finite Larmor Radius Effects in a Fluid Description 19 

2.7.1 Effects of temperature gradients 22 
2.8 Discussion 23 
2.9 Exercises 23 

3 Fluid Analysis of Low Frequency Modes Driven by Inhomogeneities 25 
3.1 Drift Waves 27 

3.1.1 Elementary picture of drift waves 27 
3.1.2 Effects of finite ion inertia 30 
3.1.3 Drift instability 31 
3.1.4 Excitation by electron-ion collisions 32 

3.2 MHD-Type Modes 34 
3.2.1 Interchange modes 34 
3.2.2 The convective cell mode 36 
3.2.3 Electromagnetic interchange modes 37 
3.2.4 Kink modes 40 

3.2.5 Stabilization of electrostatic interchange modes by 

parallel electron motion 41 
3.2.6 FLR stabilization of interchange modes 42 



3.2.7 Kinetic Alfven waves 44 

3.2.8 Quasi-linear diffusion 45 

3.2.9 Confinement time 48 

3.3 Discussion 49 

3.4 Exercises 49 

4 Kinetic Description of Low Frequency Modes in Inhomogeneous 

Plasma 53 

4.1 Integration Along Unperturbed Orbits 53 

4.1.1 Universal instability 59 

4.1.2 Interchange instability 61 

4.1.3 Drift Alfven waves and /ƒÀ limitation 62 

4.1.4 Landau damping 64 

4.1.5 The magnetic drift mode 66 

4.2 The Drift Kinetic Equation 67 

4.3 Dielectric Properties of Low Frequency Vortex Modes 68 

4.4 Finite Larmor Radius Effects Obtained by Orbit Averaging 71 

4.5 Discussion 74 

4.6 Exercises 74 

5 Low Frequency Modes in Inhomogeneous Magnetic Fields 76 

5.1 Anomalous Transport in Systems with Inhomogeneous Magnetic 

Fields 76 

5.2 Toroidal Mode Structure 78 

5.2.1 Curvature relations 81 

5.3 The Influence of Magnetic Shear on Drift Waves 84 

5.4 Interchange Perturbations Analysed by the Energy Principle 

Method 86 

5.5 Eigenvalue Equations for MHD-Type Modes 89 

5.5.1 Stabilization of interchange modes by magnetic shear 89 

5.5.2 Ballooning modes 92 

5.5.3 Kink modes 95 

5.6 The Drift Kinetic Equation 101 

5.6.1 Moment equations 104 

5.6.2 The magnetic drift mode 105 

5.6.3 The tearing mode 106 

5.7 The Gyrokinetic Equation 106 

5.7.1 Applications 111 

5.8 Trapped Particle Instabilities 111 

5.9 Reactive Drift Modes 114 

5.9.1 Ion temperature gradient modes 115 

5.9.2 Electron temperature gradient mode 118 

5.9.3 Trapped electron modes 119 

5.9.4 Competition between inhomogeneities in density and 

temperature 122

5.10 Advanced Fluid Models 123 

5.10.1 The development of research 123 

5.10.2 Closure 126 

5.10.3 Gyro-Landau fluid models 128 

5.10.4 Nonlinear kinetic fluid equations 128 

5.10.5 Comparisons with nonlinear gyrokinetics 129 

5.11 Reactive Fluid Model for Strong Curvature 130 

5.11.1 The toroidal ƒÅi mode 130 

5.11.2 Electron trapping 133 

5.11.3 Transport 135 

5.11.4 Normalization of transport coefficients 137 

5.11.5 Finite Larmor radius stabilization 138 

5.11.6 The eigenvalue problem for toroidal drift waves 139 

5.11.7 Recent tests of the reactive fluid model 142 

5.12 Resistive Edge Modes 143 

5.12.1 Resistive ballooning mode 145 

5.12.2 Transport in the enhanced confinement state 147 

5.13 Discussion 150 

5.14 Exercises 150 

6 Instabilities Associated with Fast Particles in Toroidal Confinement 

Systems 156 

6.1 General Considerations 156 

6.2 The Development of Research 157 

6.3 Dilution Due to Fast Particles 158 

6.4 Fishbone-Type Modes 159 

6.5 Toroidal Alfven Eigenmodes 160 

6.6 Discussion 162 

7 Nonlinear Theory 164 

7.1 The Ion Vortex Equation 164 

7.1.1 The nonlinear dielectric 171 

7.2 Diffusion 172 

7.2.1 Fokker-Planck transition probability 176 

7.3 Discussion 177 

Answers to Exercises 181 

Appendices 182 

General References 185 

Index 187


