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In multiscale modeling hierarchy, kinetic theory serves as a basic building block that 
bridges atomistic and continuum models. It describes the non-equilibrium dynamics of a 
gas or system comprised of a large number of particles using a probability density function. 
On one hand, kinetic descriptions are more efficient (requiring fewer degrees of freedom) 
than molecular dynamics; on the other hand, they provide rich information at the 
mesoscopic level when the well-known fluid mechanics laws of Navier-Stokes and Fourier 
become inadequate, and have proved to be reliable in many fields such as rarefied 
gas/plasma dynamics, radiative transfer, semiconductor modeling, or even social and 
biological sciences. This course will constitute an introduction to the kinetic theory with 
the focus on the Boltzmann equation and related kinetic models. We will discuss basic 
mathematical theory, numerical methods, and various applications.  
 

 
 
Specific topics will include: derivation and properties of the Boltzmann equation (collision 
integral, conservation laws, H-theorem, etc.), connection to molecular dynamics, 
connection to fluid equations, Chapman-Enskog expansion, moment closures, 
deterministic numerical methods (e.g., discrete-velocity methods, spectral methods, fast 
summation methods), stochastic numerical methods (e.g., direct simulation Monte Carlo 
methods), asymptotic-preserving schemes (multiscale methods coupling kinetic and fluid 
equations). Other possible topics depending on the interests of the audience: Vlasov and 
Fokker-Planck-Landau equations for plasmas, quantum Boltzmann equation for bosons 
and fermions, inelastic Boltzmann equation for granular media, multi-species Boltzmann 
equation for gaseous mixtures, semiconductor Boltzmann equation for electron transport, 
kinetic models for collective behavior of swarming and flocking, etc. No textbook is 
required. The material will be based on the lecture notes by the instructor, and some papers 
and book chapters. No exams. There might be some homework assignments. Students are 
expected to present course-related material in class or work on small research projects.  

Left:Multiscale modeling	hierarchy.	Right: Some	applications	of	kinetic	theory.	Clockwise:	space	shuttle	reentry;	
semiconductor	modeling;	Bose-Einstein	condensate;	swarming	fish.
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