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Objectives:  The presentation of some of the most basic results of functional analysis together 
with their applications to convex analysis, partial differential equations and nonlinear analysis. 
Necessary background: Linear algebra, real and complex analysis, elements of functional 
analysis. 
Evaluation: Exam (E). 
 
Contents: 
  
1.   Banach spaces and linear operators. Basic results. The principle of uniform boundedness. 
The inversion of bounded linear operators. Compact operators. Integral operators.  
2.   Hilbert spaces and orthogonal expansions. Bases in Hilbert spaces. Orthogonal projections. 
The adjoint of an operator. Diagonalization of compact self-adjoint operators. Applications to the  
Sturm-Liouville problems. 
3.   Hahn-Banach Theorem. Consequences: Convex sets. The extension of continuous linear 
functionals. Locally convex spaces. Weak topologies. Alaoglu-Bourbaki theorem. Separation of 
convex sets. Reflexive spaces. The duality of the spaces Lp  with 1<p<∞ . 
4.    Nonlinear functional analysis. Differential calculus in Banach spaces. Elements of convex 
analysis in Banach spaces. The Brouwer and Schauder fixed point theorems. 
5.   Applications to partial differential equations. Fourier transform. Sobolev spaces. 
Applications to Dirichlet and Neumann problems. 
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