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Abstract:

Using lattice Monte Carlo simulations of random-walks to simulate diffusion problems is
perhaps one of the very first things a computational physicist learns. He/she would then learn how to add a bias
to the random walk in order to simulate systems where a net drift is also present. But how can such models
represent reality when we know that the lattice is an artefact of the simulation method? In this presentation, I
will first look at how one can define single Monte Carlo jumps that conserve the properties (diffusion
coefficient and velocity) of the initial problem. We will see that biasing a random-walk is no trivial matter,
especially in 3 or more dimensions. In the second part of the presentation, I will examine how one can replace
the Monte Carlo simulations by exact numerical calculations that provide much better accuracy in less
computing time – but with important memory requirements. Several applications will be discussed, such as
electrophoretic sieving, thermodynamic ratchets and drug delivery. The algorithms presented here can be used
in a wide variety of problems in the sciences and engineering.
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field), DNA sequencing, microfluidics and nanofluidics. In addition, he is interested in computer simulations
and applications of the theory of diffusion in biophysics. In 2001, Dr. Slater received the Researcher of the Year
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