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CLAIM criting falues pts a eigenvalues funations
of An Newmann conditions
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Jnk 0 natural 2 condition

Question Do eigenspaces vary continuously with I

Is RI s crit El continuous

Haustdorfftopology
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In general does Fn F imply crit Fn crit F

No filx tx Set Fn f s to

crit fyn Hansson

stability is violated

1 t o t 1

On theother hand F Morse crit Fn crit F
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Engine Morse dim mespec A

Remark
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At ZIT compact when it exists

spec A discrete 0

Riesz Schander dim Ker AMI 0

L Ker A MI
MtspecA7

Moral Boundedenergy finite dimensional space

compact spheres




























































































finite dim vector space w inner product
B VxV IR symmetric bilinear form

A V V A sit Bcv w Av w

F V 0 SIRFcal
F cu Flu

u crit pit of F An More in Flu eigenvalue

Minimaxprinciple
Fix M o

E EM n critical Flat M
m

ker A MI
WC subspace

WI G W sup FCW

E unique minimizer of G over W w dim w dim E

Grk V Wc V dim W k Grassmannian

topology Wn W on.b bases converge
dim V 00 Gria V is compact

s dim v 0

But eigenspaces lie in H's 2 k by ellipticregularity
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Lemma X compact

fn of in C X
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Proposition M

Suppose M crit value of F m

Fn F Emm EM

Int
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dim En constant K up to subseq spec discrete

En E up to further subseq dim n budd

Lemma E mzr if G on dim k subspaces

ISTS dim E k
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if then E not unique mer
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Example Rellich 1937

r A Sym n non symmetric matrices

At U A U conjugation

CI cer fixed pt set

Action cts if A I then U AU I

i c
Choose 0 1 t At continuous at t o

Ker A I Eiffel do not converge as t o

ker A I

Moral Sum of eigenspaces converge
but individual eigenspacesmay not

At can be made smooth with e
t

So differentiability does not help



Riesz projector

A

Fact Zl A z I holomorphic

B disk C
B

8 2B
7

Assume ZEX AZI invertible

Define Pjcal 21 f A ZI dz

g

Fact Pya projection onto if gker
A MI

An ZIT A zI im Pstn sin Pga

See e.g Rauch Taylor wildly perturbed domains
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Application Colin de Verdiere 1986

Given a aza ak

R R and 1 sit spec A n o 1 an an

One idea of the proof

M small
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q t O En

13
q weighted graph Laplacian

choose M wt s.t spec qp a



Remark Normalization of vector space

In A spec An spec A
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