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M otlvation

L = Span{by,...,b,} C D(H)
K = [(Hby, b)) B = [(bj, k)] jrzs
neo(H,L) <= Ju#0,(K;—ABru=0

lim o(H,L)Do(H)
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(C not necessarily)

PPP = pn. 3/16



|spollution really an issue?
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L£h - Lagrange elements of order 1 uniform mesh on a finite interval
n segments of length h, same dimension in first and second component.



|spollution really an issue?

¢! - piecewise linear hat function, max at jh

h oo
EhSpan{(¢j) , (O)} ~ (*(N, C?)
o)\t )
(1 ar) 1 (a li)
H= + = — A+ B
o, —1 "\ Kk «

A | £ - Block Toeplitz op B | L" - Compact

Pollution is preserved under compact perturbations



Rough enclosures

Ly = [(Hbj, Hbp)| iy

ANCoy(H, L) <<= Ju#0, (L2 \K;+NB)u=0

Theorem [Levitin & Shargorodsky]

_ [wBne) £ 2

A E O'Q(H, £)
a = Re)l — [ImA|, 6 = ReA + [Im)\|

Davies, Levitin, Shargorodsky, Strauss



Rough enclosures
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Rough enclosures
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Rough enclosures

Theorem

Let V' be as above and such that »*V (r) is locally bounded
forsome 0 < a < 1. Let E € gg4is(H). Forany 1 < g < 5/4,
there exists b > 0 and Ay € 02(H, L) such that

Awvw — E| < BN~ + M%),



A variational principle

0\ (2| . Lee=0
¥ v o=—(V—1-E)7' (0, +5)¢

Ly=(=0,+5)A+A=V) 0, +5)+V +1-]A
V - “reasonable” = minoes(Ly) =1 —X>0, A€ (—1,1)

E € Udisc(H) < 0 €& Udisc(LE)

Dolbeault, Esteban, Séré



A variational principle




The F, method

L =1L (o, ) No(L) = {E}

~(L¢,¢) (Lo, ¢)
o%?a (D, D) <a<f< Oglq?g(ﬁ (@, D)

(L—B)9, ®)

= min (Eo)e. )
0#pel ((L—P3)¢, (L—3)o)

U T R T (L—a)d)

T—

Theorem [Davies & Plum]

1 1
B+—<E<a+—
T_ T4

Davies & Plum, Mertins & Zimmermann



The F, method

(%) (Qc—7TR)u=0 w70
Rp = [(L—=0)bj, )5y Qr = [{(L—=0)bj, (L—0)bk)]53—

7_ - negative eva of smallest modulus of (x) for 6 = 3
7. - positive eva of smallest modulus of (x) for § = «

I
T

Wecantake L=L,, E S or L



Size of enclosure: (upper bound) — (lower bound)
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Numerical experiments
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L£P - Hermite elements on a uniform mesh of max el size h

in [0, 128].
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Residual: (upper bound) - exact
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Numerical experiments

Size of enclosure: (upper bound) - (lower bound)
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Open questions
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