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What’s the point of this class?

PDEs describe lots of things in nature:

Idea: Use them to



Survey

▶ Home dept
▶ Degree pursued
▶ Longest program ever written

▶ in Python?

▶ Research area



Class web page

https://bit.ly/numpde-s22

▶ Book Draft
▶ Notes, Class Outline
▶ Assignments (submission and return)
▶ Piazza
▶ Grading Policies/Syllabus
▶ Video
▶ Scribbles
▶ Demos (binder)



Sources for these Notes
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▶ Shu, Chi-Wang. Lecture Notes for AM257, Brown University, Fall
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▶ Heuveline, Vincent. Lecture Notes for “Numerik für PDEs” .
Universität Karlsruhe, Summer 2005.

▶ Various prior bits of material by Luke Olson and Stephen Bond.



Open Source <3
These notes (and the accompanying demos) are open-source!

Bug reports and pull requests welcome:
https://github.com/inducer/numpde-notes

Copyright (C) 2020-22 Andreas Kloeckner

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the “Software”), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge, publish, distribute,
sublicense, and/or sell copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or
substantial portions of the Software.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS
OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS
BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN
ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN
CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
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PDEs: Example I

What does this do? ∂tu = ∂xu



PDEs: Example II

What does this do? ∂2
xu + ∂2

yu = 0



Some good questions

▶ What is a time-like variable? (Variables labeled t?)
▶ What if there are boundaries?

▶ In space?
▶ In time?

▶ Existence and Uniqueness of Solutions?
▶ Depends on where we look (the function space)
▶ In the case of the two examples? (if there are no boundaries?)

Some general takeaways:



PDEs: An Unhelpfully Broad Problem Statement

Looking for u : Ω → Rn where Ω ⊆ Rd so that u ∈ V and

F (u, ux , uy , uxx , uxy , uyy , . . . , x , y , . . . ) = 0

Notation
Used as convenient:

ux = ∂xu =
∂u

∂x



Properties of PDEs
What is the order of the PDE?

When is the PDE linear?

When is the PDE quasilinear?

When is the PDE semilinear?



Examples: Order, Linearity?

(xu2)uxx + (ux + y)uyy + u3
x + yuy = f

(x + y + z)ux + (z2)uy + (sin x)uz = f



Properties of Domains


