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Introduction and Motivation

Let T > 0. We consider the heat equation with dynamic boundary

condition
oy —dAy = f(t,x) in Qr,
otyr — OAryr +ddyy = g(t, x) onlr, "
yr=Jyr onlr,
(v, yr)le=0 = (Yo, ¥orr) inQxT,
where

e Q C RN is a bounded domain with smooth boundary I' = 9.

® (Yo.yor) € L?:=L3(Q) x L3(T) are initial data, f € L?(Q2r) and
g € L3(T'1) are source terms.

@ d > 0andd > 0 are constant.

2/18



Introduction and Motivation

Natural approach: Dynamic Boundary conditions arise naturally as
part of the formulation of the problem (Physical laws in 2).

[4 G.R. Goldstein, Derivation and physical interpretation of general
boundary conditions, Adv. Diff. Equ., 11 (2006), 457—480.

[ N. Sauer, Dynamic boundary conditions and the Carslaw-Jaeger
constitutive relation in heat transfer, SN Partial Differ. Equ. Appl.,
1, 48 (2020).
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Introduction and Motivation

Dynamic boundary conditions models appear in several applications
including

e Fluid Dynamics: e.g., precipitation of rainfall infiltration into the
soil (L. Jianguo & S. Ning, 1985)

e Heat transfer: e.g., flow of heat for a solid in contact with a fluid
(R.E. Langer, 1932)

e Population dynamics: e.g., diffusion of bacteria from a solid to its
surface (M. Langlais & F.A. Milner, 2003)

4/18



Wellposedness

The abstract form of the system is given by

{&Y:AY+F,O<t§T
Y(0) = Yo := (Yo, Yo,r),

where Y := (y,yr), F := (f,g), and the linear operator
A: D(A) C L2 — 1.2 is given by

[ dA 0 o
A= < —doy BAr ) D(A) = H,

where (when 8 > 0)

H? = {(y,yr) e HF(Q)x H*(T) : yr = yr }-
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Null controllability

Consider the problem:

dry —dAy = 1y (x)v(t,x) in Qr,

deyr —dAryr +ddyy =0 onlr, 2
yr=uyr onlr,

(v, yr)li=0 = (Yo, Yor) inQxT,

where the control region ® is an arbitrary nonempty open subset
which is strictly contained in € (i.e., @ C ).
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Null controllability

The system is null controllable at time T > 0 if for all (yo, yo.r) € L2,
there exists a control v € L?(wr) such that the solution satisfies

y(T,)=01inQ and yr(T,-)=0onT. (3)
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Null controllability

Theorem

Assume that & > 0. For all T > 0, all non-empty open set ® € Q2 and
all initial data (yo, yo.r) € L2, there exists a control v € L?(w1) such
that the unique mild solution (y, yr) satisfies

y(T,)=0inQ and y(T,)=0 onl.

[4 L. Maniar, M. Meyries, R. Schnaubelt, Null controllability for
parabolic problems with dynamic boundary conditions, Evol.
Equat. and Cont. Theo. 6 (2017), 381-407.
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Duality: controllability-observability

Null controllability <—
VY, € Lz, Jve? (0)7') :
-
Y(T,)= eTAYo+/ T4 (14v,0)ds =0
0

=Y, Iv: V(T )=V +Tv=0«= eV =-Tv
R (e) CR(T)

Douglas

< dC>0: HeTAq)THLZ < CHT*q)TH]L2 Vq)TGLz.

<= Observability inequality
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Observability

The null controllability is equivalent to the observability inequality for
the homogeneous backward system

—0ip—dA@ =0 in Qr,

—0Qr —OArQr +doye =0 onlr, @
Oor=9Qr onlr,

(©,9r)|t=1 = (07,97r) inQxTr.

Proposition

Assume that & > 0. There exists a constant C > 0 such that for all
(@7,07.r) € L2 the mild solution (¢, 9r) of the backward system (4)
satisfies the following observability inequality

19(0,) 120 + 19r (0, ) Zry < C [ |of? dxdt. (5)
@ =</,
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Weight functions

Given a non-empty open set @ € €, there is a function n € C?(Q)
such that (Fursikov-Imanuvilov):

n>0 inQ, m=0 onl, |Vn|>0 inQ\o.
We define the weight functions o and & by

2] _ oAn®(x) n°(x)
c oo c c
=0 and &(t,x)= ;

ot,x) =
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Carleman estimate

The key tool to show the observability inequality is:
Lemma (Carleman estimate)

Assume thatd > 0. Let T > 0, ® € S be nonempty and open. Then there
exist constants C > 0 and Ay,s; > 1 such that

S [ e oggPdrdt s [ o2 pr[fasat
Qr r

T

< cs\t / e 25%E3| |2 dxdt (6)

or

forallA > Ay, s > sy and all (¢,¢r) € E;.
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Main difficulty

e Absorbing the boundary term

i [ plavn/[Vror fasat )
T

is quite challenging, since it appears with the same exponents of the
parameters s and A.

e The assumption & > 0 is needed to absorb (7) using the equation

1
Aror = g(—at({)r +doye).
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Boundary controllability

Absorbing the local term:

A / %) oy ds dt.

Key ideas:

e Use of the homogeneous equation ddy® = 9;¢Qr + dArQr.

e The parabolic regularity to estimate

T
/0 <H(PH?_,4(r) + ||(PtrHi2(r)> dt
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e The parabolic regularity to estimate

T
/0 <H(PH?_,4(r) + ||(PtrHi2(r)> dt

[ S.E.C, G. El Guermai, A. Khoutaibi, L. Maniar, Boundary null
controllability for the heat equation with dynamic boundary
conditions, Evol. Equat. and Cont. Theo., 12 (2023), 542-566.
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Inverse Problems

Consider the parabolic system with DBC

dry —dAy = f(t,x) in Qr,
Otyr —8Aryr +ddyy =g(t,x) onflr,
YF(t7X) :y‘r(tax) on rT7

(v, yr)lt=0 = (Yo, ¥o.r) QxT.

Inverse Source Problem: Simultaneous determination of the source
terms (f, g) from the measurements

Y(To,) == (¥(To,-),yr(To,%)) et ¥, 7)xw

where Ty € (0, T) and ® € 2 is a nonempty open subset.
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Inverse Problems

[3 E.M. Ait Ben Hassi, S.E. C, L. Maniar and O. Oukdach, Lipschitz
stability for an inverse source problem in anisotropic parabolic
equations with dynamic boundary conditions, Evol. Equat. and
Cont. Theo., 10 (2021), 837-859.
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Open problem

Let N > 2 and & = 0 and consider

oty — Ay = 1y(x)v(t,x) in Qr,

Oryr +dvy =0 onlr, ®
yr=yr onlr,

(¥syr)li=0 = (Yo, Yo.r) inQxT.

Using the Carleman estimate approach, the problematic term
sx/r plovn||Vror|?dSdt
T

could be absorbed thanks to the surface diffusion term dAr@r when
d6>0.
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Thank you for your attention
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