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Applied Analysis

As an applied analyst studying mathematical physics, I use spectral theory to understand
the influence of disorder on physical models. The theme of this work is that waves which
propagate in disordered environments actually have more in common with heat flow than
the classic models would suggest. Specifically, I use spectral analysis to understand the semi-
groups of operators that generate solutions to certain stochastic wave equations. Further,
I show that after some time, solutions to these systems lose their wave-like properties and
instead, converge to solutions of heat equations.

I am currently developing an independent research program focused on physically realistic
models, together with the corresponding analysis and probability necessary to construct
these systems. Additionally, I am developing research projects for undergraduates which
aim to give visualizations to certain theoretical results.

Diffusion for Markov Wave Equations [2]

Solutions to the classical wave equation, such as those described in an introductory course
on partial differential equations, exhibit properties that are dissimilar to the corresponding
solutions of the diffusion equation (for example, see [1]). Of course, such a clear distinction
between phenomena is only possible in the idealized case.

A more natural and physically relevant wave equation will contain disorder. If a wave
packet passes through a region where the disorder term is time-independent, recurrence of
the solution may occur, prohibiting diffusion. In contrast, if the disorder takes the form of
a time-dependent stochastic process, it is expected that for a large class of wave equations,
solutions propagating in a dynamic, random environment will eventually diffuse [3]. My
current research is concerned with demonstrating the diffusion of solutions to Markov wave
equations, specifically those with divergence-form generators.

Visualizing Diffusion

Along with a current student at Bard College at Simon’s Rock, I am working to add a
visual component to the above and to similar theoretical results [4]. In particular, we are
writing computer simulations of the diffusion of wave packets as they propagate through
random potentials. That is, we first create a collection of random walks, indexed by sites
on a two-dimensional lattice. Then, we compute numerical solutions to Schrödinger-type
wave equations using the random walk as the potential at each site. Our goal is to display
a dynamic graph of these solutions in such a way as to capture the loss of coherence and
eventual diffusion of wave packets.
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