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Lecture 1. Introduction
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Conservation laws
Constitutive equations
The KPP equation

Lecture 2. Dimensional Analysis, Scaling, and Similarity
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Systems of units

Scaling

Nondimensionalization

Fluid mechanics

Stokes formula for the drag on a sphere
Kolmogorov’s 1941 theory of turbulence
Self-similarity

The porous medium equation

Continuous symmetries of differential equations

Lecture 3. The Calculus of Variations
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Motion of a particle in a conservative force field
The Euler-Lagrange equation
Newton’s problem of minimal resistance
Constrained variational principles
Elastic rods
Buckling and bifurcation theory
Laplace’s equation
The Euler-Lagrange equation
The wave equation

Hamiltonian mechanics

Poisson brackets

Rigid body rotations

Hamiltonian PDEs

Path integrals

Lecture 4. Sturm-Liouville Eigenvalue Problems
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Vibrating strings

The one-dimensional wave equation

Quantum mechanics

The one-dimensional Schrédinger equation

The Airy equation

Dispersive wave propagation

Derivation of the KdV equation for ion-acoustic waves
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Other Sturm-Liouville problems

Lecture 5. Stochastic Processes
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Probability

Stochastic processes

Brownian motion

Brownian motion with drift

The Langevin equation

The stationary Ornstein-Uhlenbeck process
Stochastic differential equations

Financial models
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