ICTP DIPLOMA PROGRAMME IN MATHEMATICS 2008-2009
Real Analysis (MTH-RA I)

(20 lectures : 30 hrs)
Lebesgue outer measure on R: definition, monotonicity, countable subadditivity.  Lebesgue measurable sets on R, measurability of Borel sets.  Lebesgue measure: countable additivity, continuity on monotone sequences.  Approximation of measurable sets by open or closed sets, and by intervals.  Example of a nonmeasurable set.  Lebesgue measurable functions on R: stability properties.  Approximation of measurable functions by step functions and by smooth functions. Egorov theorem about quasi uniform convergence. Lebesgue integral for simple functions and for bounded measurable functions. Characterization of Riemann integrable functions.  Lebesgue integral for nonnegative measurable functions. Fatou Lemma and Monotone Convergence Theorem. Lebesgue integral for Lebesgue integrable functions on R.  Dominated convergence Theorem: standard and generalized version. Vitali Covering Lemma on R.  Lebesgue Theorem about a.e. differentiability of monotone functions on R.  Functions of bounded variation on R.  Differentiation of the indefinite integral of a Lebesgue integrable function. Absolute continuity. Characterization of AC functions as the indefinite integrals of their derivatives.

Lp spaces: Ho"lder and Minkowski inequality. Completeness of Lp(R).

The dual of Lp(R).

Weak convergence in Lp(R): Riemann-Lebesgue Lemma.

Many examples and exercises are given for every new concept. Three homeworks are corrected and the results are discussed in the classroom. The final examination is a written examination with 3-4 exercises.

