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Roughness, fractals Models with boundary absorbtion

Traffic noise absorbing wall

“Fractal wall” TM, porous material is the cement-wood (acoustic absorbent),
Patent Ecole Polytechnique-Colas, Canadian and US patent
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Roughness, fractals Models with boundary absorbtion When fractals could appear

Absorption of the “ Fractal wall”

Mur_anti-bruit _—§gmarG>- Performances exceptionnelles
g

Caractérisation en chambre réverbérante

Performances comparées en absorption: =
(Coefficient dabsorption acoustique DLa - Norme NF EN 20354

+68%

Mur SOMARO - DLa =17 dB

Mur classique - DlLa =8 dB

100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000
S

Basses Fréquences Moyennes Fréquences Hautes Fréquences

Deux fois plus absorbant qu'un mur classique
Gains trés importants dans les basses fréquences (poids lourds)




Roughness, fractals Models with boundary absorbtion

Acoustic anechoic chambers

Tast anachoic chambar Test semi-anechoic chamber

Microsoft anechoic chamber -20db noise level,
the quietest place on earth
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Roughness, fractals Models with boundary absorbtion

Helmholtz problem for a fixed frequency and a noise source

rNeu

rDiI‘

rNeu
Au+wPu=f(x) xeqQ,
ou
u=g(x) onrlp, on =0 ONTheu,

ou
an +a(X,w)Tru=0 onTl, Re(a)>o0andIm(a)<oO0

F. Magoules, T.PK. Nguyen, P. Omnes, ARP. SICON, 2021; M. Hinz, ARP, A. Teplyaev, SICON, 2021.
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Roughness, fractals Models with boundary absorbtion When fractals could appear

Damping by the boundary: evolutive in time model (Re(a) > 0 et Im(a) < 0)

Ru — Au = e “If(x),

ou
U|FD,~, =0, an =0,

ou 1

on — wim(a(x)) Trow + Re(a(x)) Trulr = 0,

Ult—o = Uo, Otllt=0 = U4

X(Q) = {u € H'(Q)| Tru|r,, =0} x [2(Q)

(V) = [ (VP +1VF) dx+ [ Re(a)| Trufd

2
o (0. 00) ey) = 2 [ 1m0 Troxua.

C. Bardos, J. Rauch, Asymptotic Analysis, 1994
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When fractals could appear

Roughness, fractals
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Roughness, fractals When fractals could appear

Irregularity of boundaries

!
2 fuan EHT= 300KV SgnalA=SE2  Date 23 Jan 2001
Lo — WD &mm  PhotalNo.=2119

1;;771
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Roughness, fractals When fractals could appear

Irregularity of boundaries
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Roughness, fractals When fractals could appear

Irregularity of boundaries

Jag= S0.00KX 2000m EMT= 300KV Signal A= Inlens  Date 23 Jan 2001
— WDs 4mm  PholoNo,= 212!
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Roughness, fractals Models with boundary absorbtion When fractals could appear

Irregularity of boundaries

Antigiogenesis of cancerous tumours
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Regularity

Dirichlet Poisson problem for f € D(Q)

For an arbitrary bounded Q c R"

{ ~Au=fingQ, (f € L2(Q)) (1)

u=0o0noaQ,
Let H1(Q) = D() "@,

Flu e Hp(Q) 1 Vo € Ho(Q)  (VU,Vo)iz) = (f, d)i2(0)
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Regularity

Regularity of the weak solution related with the regularity of the boundary for

feD(Q)

’ Regular boundary <= regularity of the weak solution

1. 0Q € C*°: existence of classical derivatives, classical solution
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Regularity

Regularity of the weak solution related with the regularity of the boundary for

feD(Q)

’ Regular boundary <= regularity of the weak solution ‘

1. 0Q € C*°: existence of classical derivatives, classical solution

2. 0Q € C?: interior and global regularity, i.e. u € C>*(Q)NC"(Q) NH?*() Lc evans 2010
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Regularity

Regularity of the weak solution related with the regularity of the boundary for

feD(Q)

’ Regular boundary <= regularity of the weak solution ‘

1. 0Q € C*°: existence of classical derivatives, classical solution

2. 0Q € C?: interior and global regularity, i.e. u € C>*(Q)NC"(Q) NH?*() Lc evans 2010

3. Lipschitz boundaries: 3v a.e. on 9Q, u € C=(Q) N C(Q), but not necessarily in
H2(Q) (yes, if Q is convex » erisvard 197
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Regularity

Regularity of the weak solution related with the regularity of the boundary for

feD(Q)

’ Regular boundary <= regularity of the weak solution ‘

1. 0Q € C*°: existence of classical derivatives, classical solution

2. 99 € C% interior and global regularity, i.e. u € C>(Q) N C'(Q) N H2(2) Lc tvans 2010

3. Lipschitz boundaries: 3v a.e. on 9Q, u € C*°(Q) N C(Q), but not necessarily in
H?(Q) (yes, if Q is convex » erisvard o)

4. self-similar fractal boundaries of a NTA-domain:

Fv Vx € 9Q and 3% only in the weak sense;
uecH(QNC®(Q)NCQ), but ug¢H(Q)

Nystrom, 1996, von Koch's snowflake
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Regularity

Regularity of the weak solution related with the regularity of the boundary for

feD(Q)

’ Regular boundary <= regularity of the weak solution ‘

1. 0Q € C*°: existence of classical derivatives, classical solution

2. 99 € C% interior and global regularity, i.e. u € C>(Q) N C'(Q) N H2(2) Lc tvans 2010

3. Lipschitz boundaries: 3v a.e. on 9Q, u € C*°(Q) N C(Q), but not necessarily in
H?(Q) (yes, if Q is convex » erisvard o)

4. self-similar fractal boundaries of a NTA-domain:

Fv Vx € 9Q and 3% only in the weak sense;
uecH(QNC®(Q)NCQ), but ug¢H(Q)

Nystrom, 1996, von Koch's snowflake
5. general case
u e HL(Q) N C>(Q)
14/ 43



Regularity

Examples of self-similar fractal boundaries

2<d= log(13) ~ 2.33 < 3 (wikipedia)
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Regularity

Mixed boundary Poisson problem on non-Lipschitz domains: open problem

Q c R" be bounded domain with a compact non-Lipschitz boundary
OQ=TpUlyUlgroroQ2 =rg

—Au=finQ, (f € 12(Q))
u=oonlp,

%:OOHFN,

& ygTru=o0o0nTlg  (a>o0)
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Regularity

Mixed boundary Poisson problem on non-Lipschitz domains: open problem

Q c R" be bounded domain with a compact non-Lipschitz boundary
OQ=TpUlyUlgroroQ2 =rg

—Au=finQ, (f € 12(Q))
u=oonlp,

%:OOHFN,

& ygTru=o0o0nTlg  (a>o0)

V(Q) == {u € H'(Q)| Trr,u = o}.

endowed with the following norm
Julfiey = [ [VuP dx+a [ [Tronufdp,
Q Ik

Ve 2(Q)ueV(Q): WeV(Q) (u,v)yq) = V)eq):

16 [ 43



Regularity

Mixed boundary Poisson problem on non-Lipschitz domains: open problem

* D.Daners, Robin boundary value problems on arbitrary domains. Trans. Amer. Math. Soc. 352(9), 4207-4236 (2000).

p=H""if H"(Tr) = +oo, then Tru|r, = 0 (Dirichlet boundary condition).
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Regularity

Mixed boundary Poisson problem on non-Lipschitz domains: open problem

* D.Daners, Robin boundary value problems on arbitrary domains. Trans. Amer. Math. Soc. 352(9), 4207-4236 (2000).

p=H""if H"(Tr) = +oo, then Tru|r, = 0 (Dirichlet boundary condition).

* R.Capitanelli, Robin boundary condition on scale irregular fractals. Commun. Pure Appl. Anal. 9(5), 12211234 (2010).

Von Koch type fractal boundaries in R?, d-measure.
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Regularity

Mixed boundary Poisson problem on non-Lipschitz domains: open problem

* D.Daners, Robin boundary value problems on arbitrary domains. Trans. Amer. Math. Soc. 352(9), 4207-4236 (2000).

p=H""if H"(Tr) = +oo, then Tru|r, = 0 (Dirichlet boundary condition).

* R.Capitanelli, Robin boundary condition on scale irregular fractals. Commun. Pure Appl. Anal. 9(5), 12211234 (2010).

Von Koch type fractal boundaries in R?, d-measure.

* A.Dekkers, ARP, A. Teplyaev, Calc. Var. (2022);

M. Hinz, ARP, A. Teplyaev, submitted, preprint

R", uis an upper d-regular Borel measure,n —2 < d < n.

17/ 43
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Boundary

The “worst” boundary

“Sobolev admissible domains”:

We consider the Sobolev extension domains Q with compact boundaries 9Q
defined by the support of a positive Borel measure p on R"

082 = supp u,

which in addition is upper d-regular for a fixed d €]n — 2, n[: there is a constant
Cq > O such that
u(Br(x)) <cgr?, xe€0Q, o<r<n. (2)

(:> dimH 15)9) > d)
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Boundary

Examples, remarks

- d-sets: dimy 02 =d >0
d¢q, ¢ > 0,

cir? < w(@QNBr(X)) < cor, for VxedQ, o<r<n,

- Lipschitz and more regular boundaries

- bounded dimension boundaries

n—2<dmyoQ <n

20/43



Boundary

Definition of W*"-extension domains

Definition
A domain Q c R" is called a WkP-extension domain (for k € N*, 1 < p < o) if
there exists a bounded linear extension operator E : WRP(Q) — WRP(R"):

Yu e WRP(Q) 3v = Eu € WRP(R") with v]q = u and C(k,p,Q) > 0 :

IVIiwep@ny < Cllullwrp(q)-

Equivalently, there exists a linear continuous trace/restriction operator

Tr: WRP(R™) — WRP(Q).

Geometrical properties of Q ensuring that Q is a WkP-extension domain 2?22
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Boundary

Known W"P-extension domains

Theorem
If a domain Q € D = Q is a WkP-extension domain.

1. Calderon [1961], Stein [1970] :
D = {Lipschitz domains} =: Dyip
2. Jones [1981] : (Dyp¢ ynis 2 Diip)
D = {locally uniform or (e, d)-domains} =: Dioc ynif

Theorem (n = 2, Jones [1981]) o
Let Dga = Dyoc ynis N {finitely connected domains in R?}. Then

QeDg <= QisaWrkP-extension domain.

Herron, Koskela [1991]: a bounded Q € Dyo¢ ynis is an uniform domain.
22/43



Boundary

Locally uniform or (¢, §)-domains (= > 0,0 < § < )

Definition . .
An open connected subset Q of R" is an (e, d)-domain,

if whenever x,y € Q and |x —y| < 4, (thus locally)
there is a rectifiable arc v C Q with length ¢() joining x to y and satisfying
1. £(y) < @ (uniformly locally quasiconvex) and

2. d(z,00) > elx — 2| L{:f," forz e .

Theorem (n = 2, Jones [1981]) . . ‘
A bounded and finitely connected domain Q € Dyy¢ ypif <= its boundary consists

of a finite number of points and quasicircles.

23/43



Boundary

d-SetS and (5. (5) 'domains A. Jonsson, H. Wallin;1984

- Qs an n-set or satisfies “the measure density condition”
Jdc > o Vx € Q, Vr €]0,1 A"(Br(x) N Q) > CA"(B(x)) = cr".

- An n-set Q cannot be “thin” close to its boundary 9.

* n-sets 2 Dy unif 2 DLip-

2443



Boundary

Optimal class of W*"-extension domains

Theorem (Hajtasz, Koskela, and Tuominen [2008])
A domain Q c R" is a WkP-extension domain

1. forr<p<oo R>1keN=— Qisan n-set.

2. for p =00 and R =1 <= Q s uniformly locally quasiconvex.
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Boundary

Optimal class of W*"-extension domains

Theorem (Hajtasz, Koskela, and Tuominen [2008])
A domain Q C R" is a Wk-P-extension domain
1. forr<p<oo R>1keN=— Qisan n-set.
2. for p =00 and R =1 <= Q s uniformly locally quasiconvex.

3. for1<p<oo, kR>1keN < Qisan n-set and WkP(Q) = C*P(Q) with
norms’ equivalence.

By CFP(Q) is denoted the space of the fractional sharp maximal functions:
ChP(Q) = {f € LP(Q)If} , € LP(Q)}, where

1

ff X) = su rik inf / 7Pd’
feal) =00 inf 3o 8,00) S Y

with the norm [|f{[crpq) = Ifllr(@) + ”f}iQHLP(Q)-

25/43



Boundary

Tl'ace Operator A. Jonnson, 2009

Definition
For a Sobolev extension domain Q of R" with supp u = 09 (for an upper reqular

Borel measure p),
the trace operator Tr : H'(Q) — L2(0%, p) is defined p-a.e. by

. 1
RO T = 0 A B g O

B(0Q, i) := Tr(H'(Q)).

Properties of p, supp u = 9 are important to caracterize B(99, p):

H:(09), B*?, 4(09), B}*(09), ..

T2

d-sets, H. Wallin 1991
Jjonnson 1997
26 /43



Boundary

Trace theorem on boundaries given by upper d-regular measures ;.

1. Let Q be a bounded W"?(Q2)-extension domain in R"
2. Let 9Q = supp pu be compact, 0 < n —2 < d < n for a Borel positive measure
[
cg>0 pu(B(x,r)<cqr?, xedQ, o<r<n (3)

Then

(i) Tr: H'(Q) — L2(0%, 1) is compact operator and 3 ¢ (n, Q,d, ¢q) > 0, s. t.
1T fllsoan < €1 Il . f € HI(Q),

27/ 43



Boundary

Trace theorem on boundaries given by upper d-regular measures ;.

1. Let Q be a bounded W"2(Q)-extension domain in R"
2. Let 9Q = supp pu be compact, 0 < n —2 < d < n for a Borel positive measure
[
cg>0 pu(B(x,r)<cqr?, xedQ, o<r<n (3)

Then

(i) Tr: H'(Q) — L2(0%, 1) is compact operator and 3 ¢ (n, Q,d, ¢q) > 0, s. t.

1T fllsoan < €1 Il . f € HI(Q),
(i) B(0Q, i) := Tr(H'(2)) is a Hilbert space (compact and dense in L2(0Q, 1))

lellgon ) = inf{llglluq) | ¢ = Tr g}.
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Boundary

Trace theorem on boundaries given by upper d-regular measures ;.

1. Let Q be a bounded W"2(Q)-extension domain in R"
2. Let 9Q = supp pu be compact, 0 < n —2 < d < n for a Borel positive measure
[
cg>0 pu(B(x,r)<cqr?, xedQ, o<r<n (3)

Then

(i) Tr: H'(Q) — L2(0%, 1) is compact operator and 3 ¢ (n, Q,d, ¢q) > 0, s. t.

1T fllsoan < €1 Il . f € HI(Q),
(i) B(0Q, i) := Tr(H'(2)) is a Hilbert space (compact and dense in L2(0Q, 1))

lellgon ) = inf{llglluq) | ¢ = Tr g}.

(iii) 3 a linear operator Hyq : B(92, ) — H'(Q) of norm one s. t. Vo € B(9%, 1)
Tr(Hoap) = .

M. Hinz, ARP, A. Teplyaev, SIAM SICON, 2021, M. Hinz, F. Magoulés, ARP, M. Rynkovskaya, A. Teplyaev, Applied Mathematical Modelling 2021. > /43
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Boundary

Some important corrolaries

Norm equivalence:
If Tr - HY(Q) — L?(09, i) is compact, then the norm |[ul|(q) on H'(Q) is

equivalent to
Jullm = </ qu|2dx+/ ]Tru|2du>2‘
Q Q

Compact embedding:
If Q is bounded and a Sobolev extension domain, then the embedding

H'(Q) c L*(Q) is compact.

28/43



Boundary

Green formula

Thanks to multiple works of M. R. Lancia (d-sets, Jonsson measures), we obtain

Proposition . o
Let Q@ C R" be a Sobolev extension domain with a compact boundary 9Q = suppu

an upper-regular positive Borel measure withn —2 < d < n.
Then for all u, v € H'(Q) with Au € L?(Q)

ou
<£7Trv>8’(0§2,u),8(89,u) Z‘/QVAUdX—i-\/QVV'VUdX.

Remark
Au € 12(Q): If € [2(Q) sit. —Au = f with for example 3%|sq = 0.

— U Is the weak solution of the Neumann Poisson problem.

29/43



Boundary

Mixed boundary Poisson problem

For Q C R" a Sobolev extension domain with a compact boundary
0Q =TpUlyUTlg = suppu with an upper regular Borel mesure p and compact Ip,
MR s tu(fpNTy)=pu(TpNTr)=pu(FynNTg)=o0.
—Au=finQ, (f € 12(Q))
u=oonlp,
94 — oon Ty,
Qu yaTru=o0o0nlg  (a>o0)
V(Q) :={u € H'(Q)| Trr,u = o}.

endowed with the following norm
lulfy = [ 176" ox+a [ [TrouFdn,
Vf S Lz(Q) dlu € V(Q) o Ye V(Q) (U,V)V(Q) = (f, V)Lz(Q).

A. Dekkers, ARP, A. Teplyaev, Calculus of Variations and Partial Differential Equations, 2022
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Boundary

Weak well-posedness of the Helmholtz problem

Let u be a positive Borel measure: supp = 92 is a compact in R™.

V(Q) = {u e H(Q)| Tru=o0o0n Iy}

1ullfa _/Q\Vuyzder/rRe(a)\Tru]zdu equivalent to [|u([fq)

Vf € 12(Q2), and w > 0 there exists a unique solution u € V(Q),
Vv e V(Q) /VU~V\_/dX—w2/U\_/dX—i-/aTruTr\_/du——/f\_/dX
Ja Q Jr Q

E!C(aawa CPoincaré(Q)) >0: HUHH1(Q) < CH]CHB(Q)
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Boundary

Methods for evolutive in time problems

- Galerkin method based on the spectral problem of —A

- To work in the Hilbert space of the weak solutions of the Poisson problem:

D(—A) = {u e H\(Q)| - Aue L3(Q):
I el?(Q) weVQ) (u,v)vq) = V)i@)}

- Fix point type theorems of functional analysis

- Approximation by the solutions on regular boundaries
(with converging (extension) sequence of initial conditions; — H'(R"))
- Qm — Qin the sense of Hausdorff and caracteristic functions in D;
- Mosco convergence; VFy(Vm, ¢) — VF(u, ) Vo € H(D)
- uniform on m linear bounded extension E : H'(Qm) — H'(D)
* (EVm)men IS uniformly bounded on m
- Vt>0 Evp,lo— uinH'(Q)

32/43
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Westervelt Well-posedness for mixed conditions On the Mosco convergence

Westervelt problem and known results o ofa. pextcers)

02U — c2Au — vAdu = aud?u + a(Gu)® +f on ]o,T] x Q,

u=0 onlpx][o,T],
-0 onflyx[o,T],
% aqu=0 onlgxo,T]

u(o) = ug, Otu(0) = us.
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Westervelt Well-posedness for mixed conditions On the Mosco convergence

Westervelt problem and known results o ofa. pextcers)

02U — 2Au — vAGw = audfu + a(0u)®* +f on ]o,T] x Q,
u=0 onlpx][o,T],

s =0 onlyx][o,T],

% aqu=0 onlgxo,T]

u(o) = ug, Otu(0) = us.

Bounded domain with C? boundary:

- B. Kaltenbacher, I. Lasiecka, 2009, 2012 (99 = I'p non homogeneous) 2011
(Robin or Neumann non homogeneous) n < 3;

- S. Meyer, M. Wilke, 2013 (Dirichlet non homogeneous case, all n, WkP).
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Westervelt Well-posedness for mixed conditions On the Mosco convergence

Westervelt problem and known results o ofa. pextcers)

02U — 2Au — vAGw = audfu + a(0u)®* +f on ]o,T] x Q,
u=0 onlpx][o,T],

-0 onflyx[o,T],

% aqu=0 onlgxo,T]

u(o) = ug, Otu(0) = us.

Bounded domain with C? boundary:

- B. Kaltenbacher, I. Lasiecka, 2009, 2012 (99 = I'p non homogeneous) 2011
(Robin or Neumann non homogeneous) n < 3;

- S. Meyer, M. Wilke, 2013 (Dirichlet non homogeneous case, all n, WkP).
In the Non-Lipschitz case, no access to

- the H2-regularity (thus high energy a priori estimates)
* Nystrom: w € H(Q), —Aw =f € L>(Q)  [|[VWllsq) £ CllAW|2(q)
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Westervelt

Well-posedness for mixed conditions On the Mosco convergence

Westervelt problem and known results o ofa. pextcers)

02U — 2Au — vAGw = audfu + a(0u)®* +f on [0,T] x Q,
u=0 onlpx][o,T],
% -0 onflyx[o,T],
% aqu=0 onlgxo,T]
u(o) = ug, Otu(0) = us.
Domain Q Linear equation Nonlinear equation
NTA or
0Q =TIpinR? arbitrary limit of NTA domains
0Q="TpinR3 arbitrary arbitrary
kR # @ in R? or R3 | Sobolev admissible | Sobolev admissible
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Westervelt Well-posedness for mixed conditions On the Mosco convergence

Estimate of ||ul|,.~(q)

Theorem
Let Q be a bounded domain and f € LP(Q2) p > 2, then for u weak solution of the

Poisson problem
U]l (@) < Cllf o) = ClIAU|p(q)-

- Q c R? NTA domains (Nystrém (1994)),
- Q c R3 arbitrary domain (Xie (1991)).
2. If O =Tgop and Q C R"
+ Daners (2000): p > n for n — 1-dimensional boundaries, C = Cmax (1, 1)
- A Dekkers, ARP. P > 2 for Sobolev admissible domains;
3. If GQ — rRob U rD,r U I_Neu, Q C Rn
* A Dekkers, ARR A. Teplyaev, 2022: P > 2, If Q IS (g, 00)-domain, then C = C(e, n, Cp), but not on
a.
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Westervelt Well-posedness for mixed conditions On the Mosco convergence

Mixed problem for the Westervelt equation, v > 0,p =2

Theorem
Let Q be bounded Sobolev admissible domain of R? or R3.

Forall ¢ € L>(RT; V(Q)) with u(0) = up € D(—A) and dwu(0) = uq € V(Q),
f e (R 12(Q)),
v
1fllze;i2(0)) + Uollp(-a) + Ually@) < o (4)
+00

+00
/ (07U, )12(0)+C* (U, d)y(a) +¥(Oru, ¢)V(Q)d5/ a(udiu+(0wu)’+f, ¢)i2(q)ds = 0,
(0]

(0]

Jlu e X :=H'(R; D(-A)) N H*(RT; L*(Q)) :

r.>0: Vrelo,r] &)= |ulx <2r.

Application of M.F. Sukhinin’s Theorem Lu + ®(u) = F
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Westervelt Well-posedness for mixed conditions On the Mosco convergence

Definition for functionals and bilinear forms, umosco, 199

Definition . S
A sequence of functionals G™ : H — (—o0, +00] is said to M-converge to a

functional G : H — (—o0, +o0] in a Hilbert space H, if

1. (lim sup condition) For every u € H there exists upy, converging strongly in H
such that
limG™[um] < G[u], as m — +oc. (5)

2. (lim inf condition) For every vp, converging weakly to u in H

limG"[vpy] > G[u], as m — +oo. (6)
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Approximation of solutions on fractal domains by solutions on prefractal do-

mains (irregular by regular)

- Von Koch 2D mixtures (mixed Poisson problem, R. Capitanelli, A. Vivaldi, 2010,
2011)

- cylindrical von Koch domain 3D (Venttsel problem, M. R. Lancia, P. Vernole,
2010)
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Linear problems (mixed Poisson or Helmholtz problems)

- To define a quadratic form (energy or equivalent norm of H")

bm(um,um):/ (]Vum]2+\um2)dx+/ am| Tr um[Pdpm

m m

on L2(D)?, Qm C D

- its Mosco-convergence is ensured if
- Qm — Q by Hausdorff and characteristic functions (Q c D)

- extension H?(Qm) — H?(D) is uniformon mforo <o <1

- Vm e N ||\/Gm Traq, Ullz00m,um) < CollUllHe @ for u € H7(R") 3 <o <1
* am,Um — G,u

¥6eC®) [ anidun— [ asdu m- o
OQm o0
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Linear problems (mixed Poisson or Helmholtz problems)

Let (Um)men be the sequence of weak solutions on (2m)men.

If
- the sequence of solutions is uniformly bounded on m:
[(Erntm)Ipllm(py < C,
- bm(um,w) = 0 is the variational formulation on Qp,
« b (Um, um) 2 b(u, u) in L2(D) for Qm — Q
then

* U]q (the weak limit of Egnum|p) is the weak solution of b(u,w) = 0 on Q,
-+ (Entim)la — (Egou)[q in H'(S).

A. Dekkers, ARP, A. Teplyaev, 2022; M. Hinz, ARP, A. Teplyaev, SICON, 2021
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Westervelt Well-posedness for mixed conditions On the Mosco convergence

For the Westervelt mixed problem, » > o, p =2

Let Qm C DVYm e N(am =1/A"""(Tm) — O, tm = A", )
Fmlu,¢] : = /OT/Q [0Zug + VuVe + vVouVe] d\"dt
+ /T/ am[Troq, U + vTraq, O] Traq, ¢ dA"~"dt
o Jrm
+ /OT ; [—a(udiu) — a(Owu)? + flo dA"dt

For all u € L?([o, T]; L?(D)), fixed ¢ € L*([o, T],H'(D))

Fm[u,¢] if u e H'Y(Jo,T[,H'(D)) N H*(Jo, T[; L*(D)),
400 otherwise

Fm[uv ¢] = {

A. Dekkers, ARP, A. Teplyaev, 2022
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For the Westervelt mixed problem, R, R3, v > 0,p =2

Theorem
1. (U~ Fm[u, ¢]) M (u — F[u, ¢]) in L?([o, T]; L3(D))
2. V¢ € L*([0, T]; H'(D)) if vim — u in H(D) = H(Jo, T[, H(D)) N H3(]o, T[; L*(D)),

then Fm[Vm>¢] m? F[U,QZ)]

3. I pira, = M pira = M pirp
—\ n —\ [ 1
(ErnUo,m)la g Yo (ErnUi,m)|a o Uain H'(Q2),

then (Egnum)|p — u* in H(D) with u*|q = u ((Egnum)|q — u in HY(R))

AN NAS
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Conclusion

Solving PDEs on domains with Non-Lipschitz boundaries.

Approximation of d-sets.

Rough boundaries are the energy minimizers.

Thank you very much for your attention!

43/43



	Roughness, fractals
	Models with boundary absorbtion
	When fractals could appear

	Influence of irregular shapes on the regularity of solutions
	Boundary Irregularity
	Example of the Westervelt equation
	Well-posedness for mixed conditions
	On the Mosco convergence

	Conclusion

