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Introduction

An undergraduate differential equations project
Success?
Success vs failure
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The project

Starting from a paper I published in 2021 [E. Stachura and N.
Wellander, Quantitative trace estimates for the Maxwell system in
Lipschitz domains, Mathematical Methods in the Applied Sciences,
44 (13), 10635–10652, 2021, doi: 10.1002/mma.7434], we were
considering a simpler, 2D problem for the 2D time harmonic
Maxwell equations:

∇×∇× E− α2E = f , α ∈ C

in a polygonal plane domain (i.e. a wedge).

Although scary looking, we reduce this to a system of ODEs.
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The project

By vector calculus identities and polar coordinates, we may also
consider the problem

−∆u = f

in a 2D wedge, where ∆ is the Laplacian.

We look for a vector field u = (ur (r , θ), uθ(r , θ)), and in doing so,
are able to reduce the problem to a system of PDEs (but simpler).
By making an appropriate ansatz, we further reduce the problem to
a system of ODEs!
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The ansatz

We can guess

ur (r , θ) =
∞∑

k=1
urk(r) sin(λkθ), uθ(r , θ) =

∞∑
k=1

uθk(r) cos(λkθ)

and obtain a system of ODEs

− u′′
rk −

1
r u′

rk + 1 + λ2
k

r2 urk −
2λk
r2 uθk = frk

− u′′
θk −

1
r u′

θk + 1 + λ2
k

r2 uθk −
2λk
r2 urk = fθk

This is the system we looked at; it can be solved explicitly via an
appropriate transformation.
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The goal?

The goal was to somehow characterize the singular behavior of the
solution. Typically this looks like the following:

Given PDE near a corner, say with angle ω ∈ (0, 2π), then the
solution of the PDE can be split into a nice part plus a singular
part: u = n + s, where n is “nice” (in the sense of Sobolev
regularity) and s is singular.

The singular part (at least for “classical PDEs”) looks like, say, in
polar coordinates,

s(r , θ) = r f (α) × trig function(α ∗ θ), α ∼ π/ω
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More on singular behavior

Note that if ω = π then there “is no singularity”...we’re flat!

The size of the angle plays a large role here, depending on how
smooth a solution you seek. In the simplest case (say, for the
classical Laplacian with L2 data), then the only contribution to the
singular part comes from non-convex angles such that π/ω < 1,
i.e. ω > π. In this case, just as an example, one gets

s(r , θ) = r2/3 sin((2/3)θ), ω = 3π/2

For more on this and related problems see the book [P. Grisvard,
Elliptic Problems in non-smooth domains. SIAM, 2011].
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And then?

Not much happened after this (alas, we were in the “height” of the
pandemic), but what big ticket items did the student study?

1 Definition of Lipschitz domain and examples
2 Basic linear differential operators (grad, div, curl, Laplacian)
3 Weak derivatives
4 Bilinear forms and
5 Solving Laplace equation using Lax-Milgram theorem

While this project went no further, this student went on to try a
different area of research with a different professor at KSU:
gerrymandering!
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Posters at the Georgia Capitol

Ultimately this student presented analysis on redistricting at
“Posters at the Georgia State Capitol”: an annual event in Atlanta,
Georgia in which undergraduate researchers from schools in Georgia
present their research as posters to state legislators and staffers.

Although the student didn’t continue with differential equations,
she got great experience in two distinct fields, and even got the
chance to meet legislators in Georgia!
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The (unusual?) trajectory

This student had an unusual trajectory which ended with her
currently pursuing her Ph.D. in Mathematics!

1 Fall 2018: Takes Calculus I with me (my first year at KSU) as
a business major

2 Fall 2020: Takes advanced topics course (Calculus of
Variations) with me

3 At some point, joins KSU chapter of MAA (for which I am
student advisor), later becomes president of this organization

4 At some point declares math major!
5 At some point, aspires to graduate school in math
6 Gets ACCEPTED to graduate school in math! Currently

pursuing Ph.D.
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Success!

I recently discussed part of this project at the JMM, and had some
very interesting conversations about what success really means.

Even though we didn’t write a paper, I would argue this experience
was still a success (and I hope that many of you agree!).

My question to you (faculty)!: How might one justify to “upper”
administration that such a trajectory (or more generally, projects
that don’t necessary end up in peer reviewed publications) is
indeed a success, even without concrete deliverable?

Students: What do you think if you don’t end up with a “nice”
result at the end of a project?
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Success vs failure

I have also recently talked with MAA students about their
perceptions of faculty, and it seems that many students don’t
understand that we are humans...

This led me to realign one of our seminars to include broader talks
to entice students, more “how to do math” talks rather than “this
is what math can be done”.
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Confusion is ok

I try to tell students that being confused is ok! I spend most of my
life confused!! And what about failure?

It is difficult to come to terms with “failure” (whatever this may
mean), even for us faculty! I try to be real with students and
discuss how I “fail” most of the time (e.g. failed grant proposals,
rejected papers, messing up calculations at the board in class, ....)

What are your (students, faculty) thoughts on confusion and
failure?
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Thank you for being here! I appreciate your time.
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