- Transport Theory o

JAMES J. DUDERSTADT
WILLIAM R. MARTIN

- Department of Nuclear Engineering
The University of Michigan, Ann Arbor

Bibliothek FB7
Physikal. Chemis / Chem. Technologie

Technische Hochschule
Darmstadt

Daxol A

A WILEY-INTERSCIENCE PUBLICATION

JOHN WILEY & SONS, New York °* Chichester ° Brisbane * London

3

lnventar Nr/@.&.%.i T2




~4

1 Transport Equations

1.1
1.2
1.3
1.4

1.5

<.

O Contents (I

Particle Distribution Functions, 5

Derivation of a Generic Form of the

Transport Equation,9

A Brief Comparison of Various Particle Transport
Theories, 20

The Relationship Between Transport Theory and
Kinetic Theory, 27

Scope of Treatise, 38

2 Exact Solutions for Simple, Modeled Theories of

Particle Transport

2.1
22
23
24

Particle Streaming in the Absence of Scattering,47
One-Speed Transport Theory, 64

Time-Dependent Problems in Transport Theory, 123
Some Final Comments on the Methods for Solving
the One-Speed Transport Equations, 129

3 Collision Phenomena in Particle Transport 141

31
32
33
34

35

Linear Collision Operators, 144

The Boltzmann Collision Term, 168

The Fokker-Planck (Landau) Equation, 183
Collisionless Transport with Self-Consistent Fields:
The Vlasov Equation, 188

Modern Developments in the Derivation of Transport
Equations, 190

4 The Derivation of Continuum Descriptions from
Transport Equations 217

4.1
4.2
43
44

Some General Remarks, 217

Diffusion Theory, 219

The Equations of Hydrodynamics, 253
Some Concluding Remarks, 273

Oix



x3d - CONTENTS

5 Basic Problems in Transport Theory

5.1 Asymptotic Relaxation Problems ~

(Eigenvalue Problems), 280
5.2 General Studies of Boundary Value Problems, 322
5.3 Superthermal Particle Transport, 327

6 Nonlinear Transport Processes

- 6.1 The Method of Moments, 349
6.2 Integral Equation Methods,357
6.3 Quasilinear Theory of Plasma Dynamics, 359

7 Approximate Methods in Transport Theory

7.1 Perturbation Methods, 366
7.2 Variational Methods, 378
7.3 Approximate Treatment of Particle Energy
Dependence, 406

8 Numerical Methods in Transport Theory

8.1 The Discrete Ordinates Method, 422
8.2 Spherical Harmonics (Py) Method, 474
8.3 The Finite Element Method, 479

8.4 Integral Transport Methods, 504

8.5 ' Time-Dependent Transport, 522

9 Computer Simulation of Particle Transport

9.1 Statistical Simulation (Monte Carlo) Methods, 533
9.2 Deterministic Transport Simulation Methods, 567

Appendix A The Wiener-Hopf Method

Appendix B  Principal Value Integration and Cauchy Integrals
Appendix C Singular Integral Equations of the Cauchy Type
Appendix D A Short “Proof” of the Generalized Langevin Equation
Appendix E A Child’s Primer on the Spectral Theory of Operators

Index

279 -

366

420

533

575

590
595
597

603



