
Syllabus for the qualifying examination in Applied Mathematics

• Theory of ordinary differential equations: Basic existence, uniqueness the-
orems; Picard iteration, Banach fixed point theorem; Stable manifold the-
orem.

• Laplace equation: Fundamental solution; Distributional solutions; Poisson
kernel; Green’s function; Mean-value property for harmonic functions.

• Heat equation: Porous media equation; Self-similar solutions; Energy
methods; Fourier transform.

• Linear transport equation: Conservation laws; Weak solution; Shock dis-
continuity; Entropy solution.

• Wave Equation: Spherical means.

• Sobolev spaces: Approximation by smooth functions; Extensions and
traces; Sobolev inequalities; Compactness; Difference quotients; Fourier
transform methods.

• Second order elliptic equations: Existence of weak solutions; Regularity
of weak solutions; Maximum principles; Eigenvalue problems.

• Second order parabolic equations: Galerkin approximations; Energy es-
timates; Regularity of weak solutions; Maximum principles; Harnack’s
inequality.
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