
MATH 503: Functional Analysis

Spring 2022

Classroom: 106 McAllister, MWF 9:05–9:55

Instructor: Alberto Bressan http://www.math.psu.edu/bressan/

Office Hours: Monday 4:30–5:30 pm, via zoom: https://psu.zoom.us/j/4459978263
Other times by appointment.

Textbook: A. Bressan, Lecture Notes on Functional Analysis, with Applications to Linear
Partial Differential Equations. American Mathematical Society Graduate Studies in Mathe-
matics, Vol. 143, Providence RI, 2013.

The course covers the topics required for the Analysis C qualifying exam.

Course description:

The course develops the theory needed to treat linear integral and differential equations, within
the framework of infinite-dimensional linear algebra. Applications to some classical equations
are presented.

1. Normed spaces. Banach spaces. Linear operators. Examples.

2. Spaces of bounded linear operators. The uniform boundedness principle and the open
mapping theorem.

3. Bounded linear functionals. Dual spaces. The Hahn-Banach extension theorem. Separation
of convex sets.

4. Spaces of continuous functions. Ascoli’s theorem, Stone-Weierstrass’ theorem. Spaces of
Holder continuous functions and of k-times differentiable functions.

5. Hilbert spaces. Perpendicular projections. Orthonormal bases. Self-adjoint operators.

6. Compact operators on a Hilbert space. Fredholm’s alternative. Spectrum and eigenfunc-
tions of a compact, self-adjoint operator. Applications to Sturm-Liouville boundary value
problems.

7. Weak derivatives. Introduction to Sobolev spaces. Applications to linear elliptic equations.

8. Linear semigroups. Generators, resolvents. Applications to linear parabolic equations.
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Prerequisites: Basic notions of linear algebra and measure theory.

Grade: The final grade will be determined based on:

60% homework (due each Friday, to be scanned and uploaded in CANVAS),

10% midterm quiz (given in class),

30% final exam.

Calendar

Jan 10: classes begin

March 7–13: Spring Break, no classes

March 23: Midterm Exam (in class)

April 29: classes end

May 2–6: Final Exam (yet to be scheduled)
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Academic Integrity Policy

All Penn State Policies regarding ethics and honorable behavior apply to this course.
Academic integrity is the pursuit of scholarly activity in an open, honest and responsible
manner. Academic integrity is a basic guiding principle for all academic activity at The
Pennsylvania State University, and all members of the University community are expected to
act in accordance with this principle. Consistent with this expectation, the University’s Code
of Conduct states that all students should act with personal integrity, respect other students’
dignity, rights and property, and help create and maintain an environment in which all can
succeed through the fruits of their efforts.
Academic integrity includes a commitment by all members of the University community not
to engage in or tolerate acts of falsification, misrepresentation or deception. Such acts of
dishonesty violate the fundamental ethical principles of the University community and com-
promise the worth of work completed by others. Based on the University’s Faculty Senate
Policy 49-20, a range of academic sanctions may be taken against a student who engages in
academic dishonesty. Please see the Eberly College of Science Academic Integrity homepage
for additional information and procedures.

Mask guidance

Penn State University requires everyone to wear a face mask in all university buildings, in-
cluding classrooms, regardless of vaccination status. ALL STUDENTS MUST wear a mask
appropriately (i.e., covering both your mouth and nose) while you are indoors on campus.
This is to protect your health and safety as well as the health and safety of your classmates,
instructor, and the university community. Anyone attending class without a mask will be
asked to put one on, or leave. Instructors may end class if anyone present refuses to appropri-
ately wear a mask for the duration of class. Students who refuse to wear masks appropriately
may face disciplinary action for Code of Conduct violations. If you feel you cannot wear a
mask during class, please speak with your adviser immediately about your options for altering
your schedule.

Disability accomodation

Penn State welcomes students with disabilities into the University’s educational programs.
Every Penn State campus has an office for students with disabilities. Student Disability
Resources (SDR) website provides contact information for every Penn State campus
http://equity.psu.edu/sdr/disability-coordinator. For further information, please visit Student
Disability Resources website http://equity.psu.edu/sdr/.
In order to receive consideration for reasonable accommodations, you must contact the appro-
priate disability services office at the campus where you are officially enrolled, participate in
an intake interview, and provide documentation: See documentation guidelines
http://equity.psu.edu/sdr/guidelines. If the documentation supports your request for rea-
sonable accommodations, your campus disability services office will provide you with an ac-
commodation letter. Please share this letter with your instructors and discuss the accommo-
dations with them as early as possible. You must follow this process for every semester that
you request accommodations.

3



Counseling and psychological services

Many students at Penn State face personal challenges or have psychological needs that may
interfere with their academic progress, social development, or emotional wellbeing. The uni-
versity offers a variety of confidential services to help you through difficult times, including
individual and group counseling, crisis intervention, consultations, online chats, and mental
health screenings. These services are provided by staff who welcome all students and em-
brace a philosophy respectful of clients’ cultural and religious backgrounds, and sensitive to
differences in race, ability, gender identity and sexual orientation.
Counseling and Psychological Services at University Park (CAPS)
http://studentaffairs.psu.edu/counseling/ 814-863-0395
Counseling and Psychological Services at Commonwealth Campuses
https://senate.psu.edu/faculty/counseling-services-at-commonwealth-campuses/
Penn State Crisis Line (24 hours/7 days/week): 877-229-6400
Crisis Text Line (24 hours/7 days/week): Text LIONS to 741741

Educational equity/Report bias

Penn State takes great pride to foster a diverse and inclusive environment for students, faculty,
and staff. Acts of intolerance, discrimination, or harassment due to age, ancestry, color,
disability, gender, gender identity, national origin, race, religious belief, sexual orientation,
or veteran status are not tolerated and can be reported through Educational Equity via the
Report Bias webpage http://equity.psu.edu/reportbias/
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