MA/CS 61500. NUMERICAL METHODS FOR PARTIAL DIFFERENTIAL
EQUATIONS (SPRING 2026)

INSTRUCTOR: DI QI (EMAIL: QIDIQPURDUE.EDU)

Time: Mon., Wed., Fri. 9:30 - 10:20 AM, Physics Building 333
First Class: January 12, 2026
Last Class: May 2, 2026

For other important dates, see Purdue 2025-2026 Academic Calendar,

(see also|Course Webpage for supplementary course materials)

COURSE DESCRIPTION:

This is an introductory course of numerical solutions to partial differential equations for any graduate
students interested in computational mathematics, with emphasis on breadth rather than depth. The course
will cover key concepts with a balance between rigorous analysis and practical implementation, including
accuracy, stability and convergence of finite difference methods for time-dependent problems such as wave
equations, parabolic equations and conservation laws. The finite element method for elliptic equations will
also be introduced. Linear system solvers such as the conjugate gradient method and the multigrid method,
and ODE solvers such as Runge-Kutta method will be discussed, if time permits. Recommended prerequisites
include linear partial differential equations, linear algebra, and Fourier analysis, all of which will be reviewed
during the lectures.

Prerequisite: The students are expected to have a good background in calculus, linear algebra, complex
variables, and elementary background of ODE and PDE. Some experience with writing computer programs
(in MATLAB, Python or another language) is also recommended but not necessary.

Audience: The course should be suitable to any graduate student in applied and computational mathe-
matics, physics, engineering, as well as related fields involving numerical computing and computer program-
ing.

MAJOR LEARNING OUTCOMES:

) Finite difference (FD), finite volume (FV), and finite element (FE) schemes;
) Stability theory for elliptic, parabolic, and hyperbolic PDEs;

3) Boundary conditions, and boundary integral methods;
)
)
)

Multi-step and multi-stage (Runge-Kutta) methods for solving ODEs;
Various applications
Electrostatics (FD and FEM for Poisson including geometric and algebraic multigrid, Laplace in con-
fined domains using boundary integral); Elasticity (variational formulation, finite-element methods);
Linear /nonlinear wave equations (electromagnetism, acoustics, geofluids); Fluid dynamics (FD/FV
for 1D conservation laws including dispersion and dissipation, stability, accuracy, and modified
equations, FV advection-diffusion including limiters, MAC/FEM for incompressible Navier-Stokes,
immersed-boundary method, Stokes flow including boundary-integral methods, etc).
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LEARNING RESOURCES & COURSE ARRANGEMENTS:

Reference books and reading materials:

>
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Rongjie Lai and Xiangxiong Zhang, Ubiquitous Laplacian: An Introduction to Numerical PDEs with
Applications in Data Science

Randall J. LeVeque, Finite Difference Methods for Ordinary and Partial Differential Equations,
Steady State and Time Dependent Problems

Randall J. LeVeque, Numerical Methods for Conservation Laws

John C. Strikwerda, Finite Difference Schemes and Partial Differential Equations

G. Strang, Computational Science and Engineering

Trefethen and David Bau, Numerical Linear Algebra

Gustafsson, Bertil; Kreiss, Heinz-Otto; Oliger, Joseph, Time Dependent Problems and Difference
Methods

U. M. Ascher; Linda Ruth Petzold, Computer Methods for Ordinary Differential Equations and
Differential-Algebraic Equations

Demmel, James W., Applied Numerical Linear Algebra

Y. Saad, Iterative Methods for Sparse Linear Systems

Lloyd N. Trefethen, Spectral Methods in MATLAB

Course Resources: The main learning management system will be |Brightspace. Lecture notes and
homework will be posted on Brightspace. The following platforms (accessible through Brightspace) will also
be used for assignments and other activities:

>
>
>

Gradescope | for homework /project submission.
Piazza | for class discussions.
Zoom for potential online discussions and virtual meetings.

Course Schedule:

Week Start Date Topics Comments
1 Jan. 12 Introduction and Background
9 Jan. 21 Fast Fourier Transform; Pseudospectral No class on MLK Day
Methods
3 Jan. 26 Poisson Equation; Dirichlet and Neumann
B.C.
4 Feb. 2 ODES; Runge-Kutta Methods; Stability and
Stiffness
5 Feb. 9 Exponential Tlm.e Integrators; Spectral
Deferred Correction
6 Feb. 16 lete-Dlﬂ:'erence Scheme for Elliptic
Equations
7 Feb. 23 Flmte.leference Methods for Parabolic
Equations
8 Mar. 2 Flnlte'Dlﬁ"erence Methods for Hyperbolic
Equations
9 Mar. 9 Finite Element Method
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https://zoom.us
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Mar. 16 No class this week
(Spring Break)
10 Mar. 23 Introduction to Conservation Laws
Finite Volume Methods; Boundary
1 Mar. 30 Conditions for Advection-Diffusion
(Pseudo)spectral Methods for Incompressible
12 Apr. 6 Flow in 2D /3D
13 Apr. 13 Incompressible Navier-Stokes Equations
14 Apr. 20 Boundary Integral Methods
15 Apr. 27 Student Presentations
16 May 4-9 Final Exam Week: no class

(Schedule is subject to change. Any changes will be posted on |Brightspace.)

Lecture Notes: Lecture notes will be posted in Brightspace and course webpage. Typically, there will
be three lectures per week, each about 50 mins long.

Office Hours: WF, 11:30 am-1:00 pm (Eastern Time) or through appointment. The time is subject to
change. The information will be posted on Brightspace.

Assignments and grading: There will be 3-5 sets of homework /project assignments during the semester,
which will involve analysis, coding, analyzing/plotting results, and preparing a typeset report (preferably in
LaTex). You may discuss strategies to solve the problems with peers, but every line of code and everything
in the solution (including figures) for each homework must be 100% yours. Allowing others to copy code or
solutions from you is considered cheating. Al tools can be used to help learning and understanding but is
not allowed in any part of homework and project.

The students are expected to present their results in the last week of the class. There will be no midterm
and final exams. The grade will be based on the projects and attendance (60%) and final presentation (40%).

This semester, we will apply the following rule: students who get at least 97% of the total points are
guaranteed an A+, 93% guarantees an A, 90% an A-, 87% a B+, 83% a B, 80% a B-, 77%a C+, 73% a C,
70% a C-, 67% a D+, 63% a D, and 60% a D-. Please note, these are not the actual cutoffs, but rather upper
bounds on those. The actual cutoffs of these grades will be determined after the final exam and can be lower
but not higher than the ones above. Thus, the actual cutoff for A can be, say 85%, but not 95%.

COURSE AND UNIVERSITY POLICIES:

Attendance and course engagement: This is an in-person course. The students are expected to
attend the lectures and read the corresponding lecture notes. Students are responsible for completing and
submitting all assignments on time. Students need to give presentation on their project in the last week of
the semester. Students are encouraged to participate actively during the lectures and after-class discussions.
Students must also check periodically for possible changes in the course schedule (on Brightspace) including
due dates for assignments and exams.

Makeup policy: Student needs to inform the instructor of any conflict that can be anticipated and will
affect the submission of an assignment or the ability to give the presentation. Only the instructor can excuse
a student from a course requirement or responsibility. When conflicts can be anticipated, such as for many
University-sponsored activities and religious observations, the student should inform the instructor of the
situation as far in advance as possible. For unanticipated or emergency conflict, when advance notification to
an instructor is not possible, the student should contact the instructor as soon as possible by email, through
Brightspace, or by phone. When the student is unable to make direct contact with the instructor and is unable
to leave word with the instructor’s department because of circumstances beyond the student’s control, and


https://purdue.brightspace.com
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in cases of bereavement, quarantine, or isolation, the student or the student’s representative should contact
the Office of the Dean of Students via email or phone at 765-494-1747. Our course Brightspace includes a
link on Attendance and Grief Absence policies under the University Policies menu.

Academic integrity: Academic integrity is expected for all students at all times in this course. You
are free (even encouraged) to work with other students to solve the homework problems. However, you are
required to complete and write up solutions for the homework using your own words and on your own. If
you worked with any humans, book, the internet, you should be explicit about it and list all sources and the
extent of help you got from each resource (no points will be taken for such disclosures). But if you present as
your own work what was not, then you will get zero points on the assignment and an academic misconduct
filing after the first instance.

Nondiscrimination statement: Purdue University is committed to maintaining a community which
recognizes and values the inherent worth and dignity of every person; fosters tolerance, sensitivity, under-
standing, and mutual respect among its members; and encourages each individual to strive to reach his or
her own potential. In pursuit of its goal of academic excellence, the University seeks to develop and nurture
diversity. The University believes that diversity among its many members strengthens the institution, stim-
ulates creativity, promotes the exchange of ideas, and enriches campus life. More details are available on our
course Brightspace table of contents, under University Policies.

Students with disabilities: Purdue University strives to make learning experiences accessible to all
participants. If you anticipate or experience physical or academic barriers based on disability, you are
encouraged to contact the Disability Resource Center at: drc@purdue.edu or by phone: 765-494-1247,
as soon as possible. If the Disability Resource Center (DRC) has determined reasonable accommoda-
tions that you would like to utilize in this class, you must send your Course Accommodation Letter to
the instructor. Instructions on sharing your Course Accommodation Letter can be found by visiting:
https://www.purdue.edu/drc/students/course-accessibility-letter.php https://www.purdue.edu/drc/students/course-
accommodation-letter.php. Additionally, you are strongly encouraged to contact the instructor as soon as
possible to discuss implementation of your accommodations.

Emergency preparation: In the event of a major campus emergency, course requirements, deadlines
and grading percentages are subject to changes that may be necessitated by a revised semester calendar or
other circumstances beyond the instructor’s control. Relevant changes to this course will be posted onto the
course website or can be obtained by contacting the instructors or TAs via email or phone. You are expected
to read your @purdue.edu email on a frequent basis.

COVID-19 statement: If you become quarantined or isolated at any point in time during the semester,
in addition to support from the Protect Purdue Health Center, you will also have access to an Academic
Case Manager who can provide you academic support during this time. Your Academic Case Manager can be
reached at jacmq@purdue.edul and will provide you with general guidelines/resources around communicating
with your instructors, be available for academic support, and offer suggestions for how to be successful when
learning remotely. Importantly, if you find yourself too sick to progress in the course, notify your academic
case manager and notify me via email or Brightspace. We will make arrangements based on your particular
situation. The Office of the Dean of Students (odos@purdue.edu) is also available to support you should this
situation occur. Other important policie scan be found in Brightspace.

Other important policies can be found in Brightspace under the University Policies menu.
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