
Contents 

1. Introduction 1 
1.1. Kinetic transport equations 1 
1.2. The Boltzmann collision operator 2 
1.3. Variations on kinetic transport 5 
1.4. Discretization 7 
1.5. Overview of the dissertation 8 

2. Shearlets 11 
2.1. Stationary advection-reaction 11 
2.2. Shearlets 12 

2.2.1. The mother shearlets 15 
2.2.2. Boundary conditions 18 
2.2.3. Translations 18 
2.2.4. Numbers of shearlets 21 

2.3. Algorithms 21 
2.3.1. Numbering . .  22 
2.3.2. Transformation 22 
2.3.3. Assembly strategy 24 

2.4. Stability 34 

3. Homogeneous Boltzmann equation: sparse Fourier spectral scheme 43 
3.1. Introduction 43 
3.2. Fourier discretization of the Boltzmann collision operator . . . 45 

3.2.1. Truncation in velocity space 46 
3.2.2. Fourier discretization 48 

3.3. Choice  A 49 
3.3.1. Observables 51 
3.3.2. Cost of evaluating   52 

3.4. Approximation Error 53 
3.4.1. Basic estimates 53 

 

Fonn, Eivind
Approximation in space and velocity for kinetic transport equations
2013

digitalisiert durch
IDS Basel/Bern, im Auftrag der
Schweizerischen Nationalbibliothek



Contents 

3.4.2. Consistency 58 
3.4.3. Error for the projected equation 61 

3.5. An offset method 75 
3.6. Numerical results 77 

3.6.1. Verification (BKW) 78 
3.6.2. Crossed streams 82 
3.6.3. Relaxation to equilibrium 82 
3.6.4. Exponential decay of the numerical solution 86 
3.6.5. Aliasing and anti-aliasing 86 

4. Homogeneous Boltzmann equation: polar spectral scheme 91 
4.1. Introduction 91 
4.2. The polar Laguerre function space 92 
4.3. Equilibria and initial values 100 

4.3.1. Choice  ß 103 
4.4. Evaluating collisions 107 

4.4.1. Computing the discrete collision operator 108 
4.4.2. Adaptivity  
4.4.3. Spatial inhomogeneity  

4.5. Numerical results 112 
4.5.1. Verification (BKW) 112 
4.5.2. Crossed streams 113 
4.5.3. Adaptivity 119 
4.5.4. Collision tensor compressibility 120 
4.5.5. Non-conforming solutions 120 

4.6. Comparison with Fourier discretization  

5. Concluding remarks 131 
5.1. Shearlets 131 
5.2. The Boltzmann equation 131 

A. Code listings for shearlet library 133 
 Parameters 133 

A.2. Making and manipulating shearlets 133 
 Evaluating shearlets 135 

A.4. Intersections 136 
 Building quadrature rules 138 



Contents 

B. Code listings for polar Boltzmann 141 
 Naming conventions 141 

B.2. Evaluating basis functions 142 
B.3. Quadrature rules 143 
B.4. Evaluating inner integrals 144 
B.5. Evaluating the discrete collision operator 147 
B.6. Timestepping 151 

Bibliography 155 

Curriculum Vitae 161 

 


	vtls001744012 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3



