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The topic of the course is an introduction to nonlinear dispersive partial differential equations.
Nonlinear PDE’s enter in the description of many physical systems of the outmost relevance. One
can mention water waves, fiber optics propagation, Bose Einstein condensates among applications,
and at the fundamental level classical gauge theories; many other examples could be given.
The best known and prototypical examples of dispersive PDE’s are the Nonlinear Schrödinger equa-
tion (NLS) and the Korteweg de Vries equation (KdV). The main characteristic of these equations
is a competition between the linear background dynamics which provides dispersion (spreading of
the initial datum during evolution) and nonlinearity which tends to concentrate the solution. This
interplay produce several interesting phenomena, the most famous being the existence of soliton
solutions. Some instances of these equations are completely integrable Hamiltonian systems, but
the course is focused on general problems and methods which leave apart special algebraic and
geometrical structures related to integrability.
Prerequisites reduce to basic Lp and Sobolev space theory (which in case could be recalled during
the lectures). The spirit and level of the course is introductory.
Knowledge of Classical or Quantum Physics will be not be needed, but motivation and origin of
equations will be discussed and their possible applications will be emphasized.

Program

• Linear wave propagation. Dispersion. Various examples. Dispersive estimates ([5, 2, 3])
• Nonlinear models. The KdV and NLS equations: their origin and main properties ([5, 6, 7])
• Local and global well posedness of the Cauchy problem for NLS and KdV equations ([1, 2])
• Asymptotic behavior of solutions: scattering and formation of singularities ([2, 3])
• Qualitative behavior: solitons and their stability ([4, 3])
• Some current topics

Provisional dates are February-June, and the course will be given at the Dipartimento di Matem-
atica e Applicazioni dell’Università di Milano-Bicocca.

Interested students can contact directly diego.noja@unimib.it for more information, references and
to agree upon a schedule of the lectures.
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