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Domain with holes
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@ Q c R"is a bounded domain
@ Df =D+ ci, where DCR", ,9° >0, icZ"
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The problem

We consider the following problem:
—Au+u=Ff inQ°,
u=0, onoQr.
Here f € L»(Q) is a given function.

It is well-known that this problem has the unique solution

U; € HY(@)
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The problem

We consider the following problem:
—Au+u=Ff inQ°,
u=0, onoQr.
Here f € L»(Q) is a given function.

It is well-known that this problem has the unique solution

U; € HY(@)

The goal: to describe the behaviour of u; as e — 0 )
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()" n>2
Critical regime is determined by « := lime™"
e—0 ||nn5|—1, n=2
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Critical regime is determined by « := lime™"
e—0 ||nn5|—1, n=2

Theorem 1: o < o0
For each f € L,(Q)

luf = Urll ey = 0 a@se—0.
Here ur is the solution to the problem

—Au+u+Wu=fFf inQ,
u=0, onoQ,

where W = aCp.
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()" n>2
Critical regime is determined by « := lime™"
e—0 ||nn5|—1, n=2

Theorem 1: o < o0
For each f € L,(Q)

luf = Urll ey = 0 a@se—0.
Here ur is the solution to the problem

—Au+u+Wu=fFf inQ,
u=0, onoQ,

where W = aCp.

Theorem 2: o = oo

luf |l @) = 0 ase— 0.
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Remark: non-periodic perforations

[KHRUSLOV, 1971], [BUTTAZZO—DAL MASO—-Mosco, 1987]

In the case of Dirichlet boundary conditions the form of the limiting
operator is independent of the removed domain D¢: it is always of the

form

-A+ W,

where W is a certain distribution.
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In the case of Dirichlet boundary conditions the form of the limiting
operator is independent of the removed domain D¢: it is always of the

form

-A+ W,

where W is a certain distribution.

W can be singular, e.g. if D¢ is a union of holes distributed along
(n — 1)-dimensional hyperplane I then W = «dr, a > 0.
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Theorem 1 can be reformulated on the language of the
resolvent convergence.
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Theorem 1 can be reformulated on the language of the
resolvent convergence.

Namely, we denote by —Aq- and —Aq, the Dirichlet Laplacians
in Q¢ and Q, respectively.
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Theorem 1 can be reformulated on the language of the
resolvent convergence.

Namely, we denote by —Aq- and —Aq, the Dirichlet Laplacians
in Q¢ and , respectively. By R and R we denote their
resolvents:

RE=(-Ag-+)7", R=(-Dq+ W+
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Theorem 1 can be reformulated on the language of the
resolvent convergence.

Namely, we denote by —Aq- and —Aq, the Dirichlet Laplacians
in Q¢ and , respectively. By R and R we denote their
resolvents:

RE=(-Ag-+)7", R=(-Dq+ W+
Then Theorem 1 implies

|RF — Rf|l ey — 0. ¥F € La(S),

i.e. the resolvents converges strongly.
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Theorem 1 can be reformulated on the language of the
resolvent convergence.

Namely, we denote by —Aq- and —Aq, the Dirichlet Laplacians
in Q¢ and , respectively. By R and R we denote their
resolvents:

RE=(-Ag-+)7", R=(-Dq+ W+
Then Theorem 1 implies

|RF — Rf|l ey — 0. ¥F € La(S),

i.e. the resolvents converges strongly.

The question: what about uniform resolvent convergence? J
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Theorem, A.K., O. Post (2017)
@ [|R* — RllL,qe) < C()lfllLy(), where

Cn,DS, n=23
C(e)={ Chpsc'™?, n=4,
Cnpe 2on>4
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Theorem, A.K., O. Post (2017)
@ [|R* — RllL,qe) < C()lfllLy(), where
Cn,D g, n=23

C(e)={ Chpsc'™?, n=4,
Cope' "2, n>4

® ||A° — Rl ey < Crpell(=Aa + )"2|| 1), where

m=mno, (7] 1)
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Theorem, A.K., O. Post (2017)
@ [|R* — RllL,qe) < C()lfllLy(), where

Cn,DE, n:2,3
Ce)=1{ Copsc'~', n—4
Cope' "2, n>4

® ||A° — Rl ey < Crpell(=Aa + )"2|| 1), where

m=mno, (7] 1)

Theorem, A.K., O. Post (2017)

We denote by {\; : k € N} and {)\x : k € N} the eigenvalues of the
operators —Agq- and —Agq + W (as usual, we number them in the
ascending order and with account of multiplicity).
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Theorem, A.K., O. Post (2017)

We denote by {\; : k € N} and {)\x : k € N} the eigenvalues of the
operators —Agq- and —Agq + W (as usual, we number them in the
ascending order and with account of multiplicity).
Then

[Ae — M| < cke
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Thank you for the attention...

...and Happy Valentine’s Day!
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