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1. General information

1.1. Aims of the course

This is an optional course in the degree of Mathematics. Its goal is to present the essentials of Fourier analysis.

These approaches and objectives are aligned with the following Sustainable Development Goals (SDGs) of the United
Nations 2030 Agenda (https://www.un.org/sustainabledevelopment/es/), in such a way that the acquisition of the learning
outcomes of the module provides training and competence to contribute to some extent to their achievement: (4) Quality
education, (5) Gender equality, (8) Decent work and economic growth, (9) Industry, innovation and infrastructure, (10)
Reducing inequality, (17) Partnerships for the goals.

1.2. Context and importance of this course in the degree

The subject belongs to the module Ampliacion de analisis matematico. To take this subject it is advisable to have passed the
subjects of the module Iniciacién al analisis matematico, that is, Analisis matematico |, Analisis matematico Il and Variable
compleja, as well as the subject Integral de Lebesgue. The subject Analisis funcional is a good companion.

1.3. Recommendations to take this course

The attendace to the class lectures and the computer laboratory sessions is advisable, as well as the individual work on the
problems posed along the course and the use of the individual tutorization.

It is highly advisable to have passed the module Iniciacion al Analisis matematico, which comprises the subjects Analisis
matematico I, Andlisis matematico Il and Variable compleja. The subject requires a good knowledge of the Lebesgue integral

and the Lebesgue spaces L' and L2

2. Learning goals

2.2. Learning goals

At the end of this course students should be able to:

® Know that a periodic function is determined by its Fourier coefficients and understand some convergence results of
Fourier series.

® Know how the Fourier coefficients can be obtained by the discrete Fourier transform, and use the basics of the fast
Fourier transform.

® Adapt the theory to non-periodic functions with the Fourier transform and understand some inversion results.

3. Assessment (1st and 2nd call)

3.1. Assessment tasks (description of tasks, marking system and assessment criteria)



As a general rule, the module can be passed either showing a regular work along the academic year, or by a final exam.

® Regular work. During the course, the student results will be evaluated through a periodical supply of exercises or
short tasks, together with their active participation during the course. The use of LaTeX in written presentations is
recommended; the evaluation can also include oral presentations. These evaluations will constitute the final mark.

® Final exam. The aforementioned procedure does not exclude the right, according to the current regulations, to a
final exam which, by itself, allows to pass the module.

4. Methodology, learning tasks, syllabus and resources

4.1. Methodological overview

The methodology followed in this course is oriented towards the achievement of the learning objectives. A wide range of
teaching and learning tasks are implemented, such as lectures, computer laboratory sessions, tutorials and autonomous
work and study.

4.2. Learning tasks

This course is organized as follows:

® | ectures. Theoretical results will be explained.

® Computer laboratory sessions using software tools to illustrate applications of the theoretical results seen in
lectures.

® Tutorials. Teachers will attend students individually.

® Autonomous work and study. Use of the computer tools of the University, mainly the computer laboratories and
Moodle.

® Assignments. Problems or homework tasks will be posed during the course, allowing to pass the course.

The teaching activities and assessment tasks will take place in a face-to-face mode, except in the case that, due to the
health situation, the dispositions emitted by the competent authorities and by the University of Zaragoza compel to take them
to a greater or lesser extent in a telematic form.

4.3. Syllabus

® Topic 1. Historical, physical and mathematical introduction. The vibrating string and the wave equation:
D'Alembert, Euler, and Bernoulli. The heat transmission and its equation: Fourier. The concept of function: measure
theory and functional analysis. The electromagnetic waves.

® Topic 2. Preliminary mathematics. Banach spaces of continuous, differentiable, and integrable functions.
Convergence of sequences and series of functions. Periodic functions, the torus and a little bit of complex analysis.

® Topic 3. Fourier series. Formal Fourier sine, cosine and exponential series. Statement of the problem of the
convergence of Fourier series: convolution, kernels, the unit circle, and its relation with complex analysis and the
involved spaces. Pointwise, uniform and mean convergence results: summabilities of Fourier series.
Riemann-Lebesgue lemma. Dirichlet's theorem and the Gibbs phenomenon. Riemann's localization principle.
Exploiting the orthogonality: Hilbert spaces and Plancherel's theorem.

® Topic 4. Discrete Fourier transform. Periodic sequences. The discrete transform and its inverse. Sampling and
interpolation. Approximate calculus of Fourier coefficients. The FFT algorithm and its use in computer programs
(Python).

® Topic 5. Fourier transform. The continuous analog of Fourier series. Continuous frequencies. The Schwartz class
of functions. Poisson and Gauss-Weierstrass kernels. The inversion formula. Fourier transform and L? theory. Band
limited functions. The uncertainty principle.

4.4. Course planning and calendar

As a general rule, this course has four face-to-face weekly hours. The schedule is set and made public by the Faculty of
Science well before the beginning of the academic year.

Further information concerning the timetable, classroom, office hours, assessment dates and other details regarding this
course will be provided on the first day of class or please refer to the Faculty of Sciences website and Moodle.
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