
Part I Electron Kinetics

1 Fundamentals  of Electrical Gas Discharges  3
1.1 Non-self-Sustained Discharges  3

1.1.1 Primary Discharge Characteristics  3
1.1.2 Space-Charge Effects  6
1.1.3 Ionization by Multiplication Due to Collisions  10
1.1.4 Multiplication Including Secondary Effects  12

1.2 Self-Sustained Discharges  16
1.2.1 Glow  Discharge  16
1.2.2 Corona Discharge  21

1.3 Physical Boundary to a Plasma  25
1.3.1 Debye  Length  25
1.3.2 Bohm  Criterion  26
1.3.3 Floating Sheath  29
1.3.4 Cathode Region  32

A.1.1 Particle Current Density Upon a Surface  34
A.1.2 Solution of Equation (1.15)  35
A.1.3 Multiplication Factor (1.30)  36
A.1.4 Demonstration of Equation (1.59)  37

References  40

2 Kinetic  Description of a Plasma  43
2.1 Boltzmann  Transport Equation for Molecules  43

2.1.1 Collisionless Boltzmann Equation  43
2.1.2 Binary Collisions  46
2.1.3 Collision Term of the Boltzmann Equation  49
2.1.4 Validity of the Boltzmann Equation  52

2.2 Boltzmann  Transport Equation for Plasmas   58

2.2.1 Application to Charged Species  58
2.2.2 Vlasov Equation  60



2.3 Collision Phenomena in Plasmas  61
2.3.1 Electron-Neutral Elastic Collisions  61
2.3.2 Electron-Neutral Inelastic Collisions  63
2.3.3 Collision Term for Inelastic Collisions  66
2.3.4 Rate Coefficients for Direct and Reverse Processes  70

2.4 Moments  of the Boltzmann Equation  72
2.4.1 Conservation Laws and Continuity Equation   72
2.4.2 Equation for Momentum  Conservation  75
2.4.3 Equation for Energy Conservation  77
A.2.1 Liouville Relation dq dp = dq' dp'  79
A.2.2 Demonstration of V = V' and |v| = |v'| in Sect.2.3.1 ... 80
A.2.3 Demonstration of Equation (2.91)  81

References  85

3 Boltzmann  Equation in Velocity Space  87
3.1 First-Order Expansion of Collision Integral   87

3.1.1 Velocity Anisotropic Components  87
3.1.2 Relaxation of the Anisotropics  92
3.1.3 Coupling Between the Anisotropies  95
3.1.4 Electron Conductivity  97
3.1.5 Equation for Momentum  Conservation  98

3.2 Cooling  of Electron Gas  101
3.2.1 Elastic Collision Term  101
3.2.2 Flux in Velocity Space  104
3.2.3 Power  Balance  108

3.3 Inclusion of Inelastic Collisions  110
3.3.1 Inelastic Collision Term  110

3.3.2 Analysis in Velocity Space and Power Balance  115
3.3.3 Continuous Approximation for Rotational Levels  117

3.4 Resolution of the Boltzmann Equation  119
3.4.1 Independent Variables  119

3.4.2 Numerical Procedure  123
3.5 Electron Cross Sections  125
3.6 Results from the Boltzmann Equation   133

A.3.1 Expansion  of the Boltzmann Equation
in Spherical Harmonics  136

References  145

4 Boltzmann  Equation with Time-Varying Fields  147
4.1 High-Frequency Electric Fields   147

4.1.1 Characteristic Frequencies  147
4.1.2 Power  Absorbed at High-Frequency Fields  151
4.1.3 Stationary Electron Energy Distribution Functions  153

4.2 Electron Cyclotron Resonance  160
4.2.1 Hydrodynamic Description   160
4.2.2 Boltzmann Equation  163

4.2.3 Power  Absorbed from the Field  167
4.3 Radio-Frequency Electric Fields   169

4.3.1 Time-Dependent Boltzmann Equation   169
4.3.2 Time-Dependent Velocity Distributions  175
A.4.1 Effective Collision Frequency and Electron

Density in High-Frequency Discharges   182
References  190

5 Electron  Transport, Ionization and Attachment  191
5.1 Electron Diffusion  191

5.1.1 Free Electron Diffusion  191

5.1.2 Local Field Approximation  194
5.1.3 Continuity Equation and Diffusion Length  197
5.1.4 Free Diffusion in Presence of a Magnetic Field  200

5.2 Electron Breakdown  203
5.2.1 Electron Ionization  203
5.2.2 Equations for Electron Breakdown  206
5.2.3 Breakdown  Produced by a High-Frequency Field  208
5.2.4 Ionization-Diffusion Plasma Front  213

5.3 Electron Attachment  214
5.3.1 Boltzmann Equation with Ionization and Attachment.... 214
5.3.2 Boltzmann Calculations for SF6 with a Buffer Gas  218
A.5.1 Expansion  of the Boltzmann Equation in

Spherical Harmonics  224
A.5.2 Longitudinal Diffusion  225

References  230

6 Presence  of Space Charge Fields  233
6.1 Electron Transport with Space Charge Fields  233

6.1.1 Ambipolar Diffusion   233

6.1.2 Transition from Free to Ambipolar Diffusion  236
6.1.3 Ambipolar Diffusion with Several Positive Ions  239
6.1.4 Ambipolar Diffusion with a Magnetic Field  241

6.2 Boltzmann  Equation with Space Charge Fields   244
6.2.1 Boltzmann Equation for a Discharge  244
6.2.2 Boltzmann Equation for a Microwave Discharge  248
6.2.3 Afterglow of a Microwave Discharge   257
6.2.4 Beyond  the Local Field Approximation  263

References  280

Part II Plasma  Spectroscopy

7 Classification of Equilibria in Plasmas  285
7.1 Introduction  286
7.2 Deviation from Thermodynamic Equilibrium  287
7.3 Proper and Improper Balances  291



7.4 Microscopic Reversibility  293
7.5 Maxwell  Balance  295
7.6 Boltzmann  Balance  296
7.7 Saha  Balance  297
7.8 Planck's Balance  300
References  308

8 Emission  Spectroscopy  309
8.1 Line  Radiation  310

8.1.1 Natural Broadening  311
8.1.2 Doppler Broadening  313
8.1.3 Pressure Broadening  314

8.2 Spontaneous, Induced Emission and Absorption  320
8.3 Molecular Bands and Structure  324

8.3.1 Interaction Potential in Diatomic Molecules  324
8.3.2 Adiabatic Approximation  325
8.3.3 Rigid Rotor  326
8.3.4 Non-Rigid Rotor  327
8.3.5 Vibration of Diatomic Molecules  327
8.3.6 Rotational-Vibrational Spectra  329
8.3.7 Electronic States and Transitions in Diatomic Molecules 330

8.4 Actinometry  336
8.5 Titration  339
8.6 Rotational and Vibrational Temperature Measurements   340
8.7 Electronic Density by Line Stark Broadening  345

Exercises  346
References  358

9 Absorption  Spectroscopy  359
9.1 Principles of Absorption Spectroscopy  360

9.2 Metastables in the Positive Column of Ar Direct
Current Discharge  368
9.2.1 Study of the Evolution of Metastable

and Resonant Levels  368
9.2.2 Determination of Metastable Density  371
9.2.3 Determination of the Absorption Coefficient

kλ0L Using the Abacuses  372
9.2.4 Density of Ar(3P2) State as a Function

of Electronic Density  373
9.2.5 Electron Rate Coefficients for Creation

of the Excited and Metastable States as
a Function of Pressure  376

Exercises  377
References  381

10 Laser  Spectroscopy  383
10.1 Principles of Laser Spectroscopy  385
10.2 Gas Lasers  389

10.2.1 Nitrogen Lasers  389
10.2.2 Excimer Lasers  389

10.2.3 Cooper Vapor Lasers  390
10.2.4 C02 Lasers   390

10.3 Solid-State Lasers  391
10.4 Liquid Lasers  392
10.5 One-Photon Laser Induced Fluorescence  394
10.6 Absolute Calibration Procedures  398
10.7 Multiphoton Laser Induced Fluorescence  398

Exercises  406
References  411

11 Applications of Low-Temperature Plasmas  413
11.1 Plasmas for Materials Processing  413
11.2 Biomass Processing and Biofuels Production   417
11.3 Plasmas in Medicine and Pharmacy  423
11.4 Plasmas in Biology and Agriculture  433
References  437

Index  441


	page1
	page2
	page3

