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Differential equations model most natural phenomena we know. Yet their so-
lutions can be notoriously difficult to understand. In place of “exact”solutions, a
rich array of asymptotic methods have been developed to qualitatively understand
the solutions. These are based on either the intrinsic variables or an external pa-
rameter in the problem being large or small. The field is vast and ranges from the
fundamental theory of asymptotic expansions and perturbation methods, devel-
oped by Poincaré for the study of the solar system, to modern advanced techniques
which deal with cases where conventional asymptotics fails. This course will in-
clude asymptotics of boundary layers, WKB and multiscale methods (depending
on the background of the class) and modern techniques developed to model den-
dritic growth (such as snowflakes), fluid flow (existence of solitary waves), and the
onset of chaos. The only background needed is the basic theory of differential
equations and complex analysis.

ASSESSMENT

Assignments: 40% ; Exam: 60%

There will be two assignments, to be given out approximately in weeks 4 and 8
respectively. The exam is a take-home exam, to be done over a three-day period.
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OUTLINE OF TOPICS

1. Introduction 4. Multiple-scales expansions
2. Irregular singular points of ODEs 5. WKB theory
3. Boundary layer theory 6. Asymptotics beyond all orders
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