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Wave Equation

Upe = CP Uy O<x<lL
u(0,t) = u(L,t)=0 t>0
u(x, t)=> (A,, cos (c\/Ant) + By sin (c\/)\,,t)) sin (v/Anx)
n=1
Frequencies: ¢y, = HLLC

What do we hear when someone plucks this string?

If we had perfect hearing, could we tell the length L of the
string?
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How do we find the frequencies?

u(x,y, t) = Z (A cos (cv/Ant) + Bysin (c\/_t)) on(x,y)

n=1
where A, and ¢, are eigenvalues and eigenfunctions of
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Wave Equation

up=c?Au, x€Q , t>0
u=0, x € 02

How do we find the frequencies?

u(x,y,t) = Z (A cos (cv/Ant) + Bysin (cft)) on(x,y)

n=1

where A, and ¢, are eigenvalues and eigenfunctions of

—DAp=Xp ifxeQ
=0 if x € 0Q2

What determines \,?
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Weyl 1911. Area of drumhead is determined by eigenvalues:

An
472

Area(Q2) = lim

O Perimeter is also determined by eigenvalues

O If the domain is multiply-connected, the eigenvalues indicate
the number of holes.
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Milnor 1964. Showed a pair of 16D tori with
different shape, but same eigenvalues

Mark Kac 1966. Coined the problem “Can
one hear the shape of a drum?”
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Milnor 1964. Showed a pair of 16D tori with
different shape, but same eigenvalues

Mark Kac 1966. Coined the problem “Can
one hear the shape of a drum?”

Gordon, Webb, Wolpert 1992. Showed
that in 2D we can’t hear the shape of a drum.
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Gordon, Webb, Wolpert 1992. Showed that in 2D we can’t
hear the shape of a drum.
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Even though the problem has been solved, there is still ongoing
research.

It is known that if the domain has the same eigenvalues as a
disk, then it must be a disk.

Zelditch 2000. Showed that there is a class of convex set (with
analytic boundary and two axes of symmetry) for which the
eigenvalues of the Laplacian determine the domain.
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