
Courses of the PhD School in Mathematics, a.y. 2012/13

1. Algebra and mathematical logic

- Professor: Stefano Baratella
- Title: Set Theory
- Program: An introduction to Zermelo-Fraenkel axiomatic set theory. Axioms of ZF. Ordinal and car-

dinal numbers. Cardinal arithmetic. Some equivalents of the Axiom of Choice. An alternative to AC:
the Axiom of Determinacy. A problem from mathematical practice: the extension of Lebesgue measure
and weakly inaccessible cardinals. Gödel’s constructible sets (time permitting).

- Period: February 18- April 30 2013, about 6 hours per week.

2. Geometry

- Professors: Gianluca Occhetta, Jaroslaw Wisniewski (Warsaw University)
- Title: Positivity of line bundles and introduction to Mori theory.
- Program:

1) Weil divisors and Cartier divisors. Principal divisors and class group, and Picard group. Invertible
sheaves and line bundles. 2) Pulling back divisors, linear systems and maps into projective space, coherent
sheaves generated by global sections. 3) Ample and very ample line bundles, cohomology, theorems A and
B of Serre. 4) Intersection of curves and divisors, selfintersection of divisors on subvarieties, theorem of
Nakai. 5) Numerical equivalence. Kleiman theorem. Nef divisors. Cone of curves and cone of nef divisors.
Big divisors. Kodaira lemma. 6) Stein factorisation and contractions. Fundamental triviality of the Mori
program: faces of cones vs contractions. Mori’s cone theorem. Surfaces: Castenuovo contraction theorem.

- Period: January 28– April 30, 2013 (three intensive weeks of course from January 28, 2013 held from
Wisniewski, then Occhetta will continue).

3. Mathematical analysis

- Professors: Fabio Bagagiolo, Dario Bauso (University of Palermo)
- Title: Game Theory
- Program:
• Static games: 1) introduction to game theory: non cooperative games; cooperative games; the notion of

nucleolus; stochastic games, infinite horizon average and discounted costs, finite horizon cost, Nash equilibria,
and existence conditions. 2) More analytical aspects: the fixed point theorems of Brouwer and Kakutani.

• Evolutive games: 3)introduction to optimal control problems and differential games: maximum princi-
ple, dynamic programming and corresponding Hamilton-Jacob equation; brief excursion on viscosity solutions
for Hamilton-Jacobi equations. 4) Mean field games: large population optimal control problems mean field
games; the system of Hamilton-Jacobi and Kolmogorv-Fokker-Plank equations.

- Period: March 1, 2013–April 30, 2013, about 4 hours per week.

4. Probability, statistics and mathematical methods for economy

- Professors: Giuseppe Da Prato (Scuola Normale Superiore, Pisa), Luciano Tubaro
- Title: An introduction to stochastic partial differential equations
- Program: 0) Preliminary topics. 1) Brownian motions in Hilbert spaces. 2) OrnsteinUlenbeck processes

and corresponding transition semigroups. 3) Perturbations of OrnsteinUlenbeck processes. 4) Special
equations.

- Period: February 15, 2013–April 30, 2013 (two introductory 2 hours- lessons held from L. Tubaro, then
G. da Prato will hold five 2-hours lessons, the remaining part of the course (almost15 hours-lessons) will
be carried out by L. Tubaro in the course of the Master Degree in Mathematics ”Stochastic Processes”).
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5. Mathematical physics

- Professor: Enrico Pagani
- Title: Mathematical physics
- The course, for Master degree students of Mathematics and Physics, treats some advanced topics of

Mathematical Physics, and some applications to Analytical Mechanics, Calculus of Variations, Contin-
uum Mechanics, Special and General Relativity Theory.

- Program: Tensor calculus, differential geometry, fiber-bundles, connections, jet-spaces, Lie groups. An-
alytical mechanics. Symplectic manifolds. Lagrangian and Hamiltonian formulation of Classical Me-
chanics. Non-holonomic constraints. Symmetries and conserved quantities. Calculus of Variation in
presence of non-holonomic constraints. Geometric Optimal Control Theory. Second variation, conju-
gate points, Maslov theory. Continuum Mechanics. Ideal and viscous fluids. Elasticity theory. Basic
notions of Special and General Relativity Theory.

- Period: February 20, 2012–April 30, 2013, about 5 hours per week.

6. Numerical analysis

- Professors: Ana Alonso, Alberto Valli
- Title: Mathematical Methods for Engineering
- Intensive course of one week with computer laboratory exercises
- Program:
• Theory: weak formulation and the finite element method for elliptic problems (minimization problems,

Euler equation of a functional, weak formulation, Lax-Milgram lemma, existence and uniqueness of the
solution, Galerkin approximation, finite element methods and spectral methods, family of triangulations
and basis functions, Céa lemma and error estimates, mixed formulation and Stokes problem, mixed finite
element methods, Ladyzhenskaya-Babuska-Brezzi condition and error estimates, compatible choices of finite
elements, algebraic structure of the discrete problems, other applications).

• Laboratory: the finite element method, 1 (classical formulations): remarks on programming; the finite
element method, 2 (mixed formulations): remarks on programming; Freefem: an example of finite element
software.

- Period: February 22, 2013–March 1, 2013, about 6 hours per day.
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