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Abstract: In this paper we use the HUM method and we performed an exact internal control
which operates on the border of the holes from an ¢ - periodic perforated domain. Using the two-
scale convergence method, we obtain a homogenized hyperbolic problem controlled this time on
the whole homogenized domain (without holes) by a surface integral from the limit of the control.
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1. INTRODUCTION

In this article, we study a stability problem: what becomes a hyperbolic problem on an
& - periodic perforated domain which is controlled on the border of the holes? Will the
property of controllability by homogenization be kept after &— 0(where ¢ is the
distribution period of the holes in the domain) ?

The initial control is found with the HUM method, but, now, it is applied on a
perforated domain.

The answer to the last question is an affirmative one. The novelty of the result consists
in the fact that the surface integral from the limit of the control is the exact internal
control for the homogenized hyperbolic problem — the limit of the hyperbolic initial
problem which has got an exact control. Another difference, from other similar articles
dealing with the same topic, is the two-scale method, in contrast with the energetic
method of Tartar in [8], which cannot be applied in the case of the perforated domain,
from this article, a domain which has the property that the holes intersect the border of the
homogeneous domain (without holes).

2. THE GEOMETRY OF THE DOMAIN

Let be Q an open bounded domain from [ "(n>3) with smooth border 6. Let be
the representative cell of the following form, Y =(0,1,)x---x(0,l,), from 0". We use

the following notation from [3] for defining the &- periodic perforated domain. Let be
T Y an open domain so that T <Y . T is called hole.

Forany £>0 and kell" we denote by T =¢(kl+T) are the holes in 0", where
K= (k... kI, ). We denote by T, =U{T)[T} nQ# @,k e1"} that represent the holes

oy Rl

which are in Q or these intersect the border of Q. We denote by Q =Q\T, the ¢-
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periodic perforated domain. The set X, =U{5Tj

T NQ=3,kel "} represents the

border of the holes, the difference from [3] consists in the fact that the holes intersect 6Q .
We denote by Y =Y \T.
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FIG. 1. The structure.
3. THE STATEMENT OF THE PROBLEM

Using the HUM method we obtain the problem that is verified by the exact internal
control in the domain O, x(0,T):

, O ou, .
ug—a—Xi(aﬂ a—xj]+qgug =0, in Q,x(0,T)
1
u, =0, on 6Qx(0,T) @

u, (0)=u?, u’(0)=u; on Q,

g &

where u eU,, u;el?(Q,), q,eLl’(Q,) and U, is the Hilbert space defined by
U, =U{u eH'(Q,)

5 ou ’ %
ul,, =| 22 )| = | d @
ERANR

The coefficients a; are constant and elliptic. With Lax-Milgram theorem the problem

u=0 on 8Q} with the associated norm:

. . L ou, . .. .
(1) has a unique solution. Also, the application (uf,ui)|—>a—f is linear and continuous
|4

&

from the space U, xL*(Q,) to the space L*(0,T;L*(T,)), so Sie L*(0,T;*(T,)).
Vv

&

ou,
ov

&

outside normal v, at I, and it is defined as:

We have to remind ourselves that

represents the derivative of u_ with respect to the

ou, _a ou, 0 ,
ov ij an i ()

£
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wherev, =(n,,...,n,) are the components of the normal.

. ou . .
We denote the exact internal control by ¢, = 3 £ and it controls the following
v,

hyperbolic problem:

v;'—i aij% +q,v, =0, in Q_x(0,T)
OX; OX;

g://i =ep,, on T, x(0,T) (4)
v, =0, on 6Qx(0,T)
v,(T)=v.(T)=0, in Q,

With the Lax-Milgram theorem, the problem (4) has a unique solution so that
(v, (0),v.(0)) e L*(©,)x(U,), where (U,) is the dual of U,. More than this, the
application (u?,u})r (v, (0),v.(0)) is linear and continuous from U, xL*(€,) to
L*(Q, )xU..

In next section we homogenize these two problems using the idea from [6] and the
two-scale convergence method introduced in [1] and [7].

4. THE HOMOGENIZATION AFTER ¢ >0

The homogenized problems for (1) and (4) are:

(measY*)u”—aiXi[A?"m 5—:}+qu =0, in Qx(0,T)

u=0, on Qx(0,T) (5)
0 1

u’(0)

u(0) u in Q

" measY”’

" measY”

where we have the next convergences:

(6)
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is the characteristic function of ), and

Zo. (X)=2,- (ﬂ )

&

The homogenized coefficients A?°m are given in [2] and [4, 5].
The homogenization of the problem (4). The homogenized controlled problem is:

(measY*)v"—i( o ﬂ}Lq(x)v(x) = v, =0, in Q x(0,T)

ox | " X,
ov
t=gp.,on I' x(0,T . 9
o P, ,x(0,T) 9)

v, =0, on oQx(0,T)
v,(T)=v.(T)=0, in Q,

where

Zo, (V. —= 7, (Y)V(%)

25 (10)
o, (X) . (X)—"—>0(x,y)

and ¢(x,y) is the limit of the control.

CONCLUSIONS

By comparing the controlled problem by ¢, and the homogenized problem of it,

we can observe: the limit of the control — which operates on the border of the holes — in
homogenized problem acts via a surface integral on the whole homogeneous domain
(without holes) Q2.

REFERENCES

[1] G. Allaire, Homogenization and two-scale convergence, SIAM J, Math. Anal. 23,6, 1482-1518,1992;

[2] D. Cioranescu, J. Saint Jean Paulin, Homogenization of reticulated structures, Springer Verlag (New
Zork), 1999;

[3] C. Conca, J. I. Diaz, A. Linan, C. Timofte, Homogeniyation in chemical reactive flows, Electronic
Journal of Differential Equations, No. 40, 1-22, 2004;

[4] C. Gheldiu, L’homogeneization d’equation des ondes pour structures renforcees. Buletin Stiintific,
Universitatea din Pitesti, Nr. 15, 29-38, 2009;

[5] C. Gheldiu, L’homogeneisation de probleme des ondes pour structures reticulees renforcees vers
I’epaisseur du materiau. Controlabilite exacte pour structures reticulees renforcees, Buletin Stiintific —
Universitatea din Pitesti, Seria Matematica si Informatica, Nr. 17 (2011).

[6] V. Komornik, Exact controllability and stabilization. The multiplies method, Masson, Paris, 1994;

[7] G. Nguetseng, Asymptotic analisys for a stiff variational problem in mechanics, SIAM J, Math. Anal.
21,6, 1394-1414, 1990;

[8] L. Tartar, Problemes d’homogeneization dans les equations aux derivees partielles, in Cours Pecot,
College de France, 1977,



	Alin-Andrei CIORUŢA, Bogdan CIORUŢA
	Keywords: Environmental Informatics, population dynamics, growth models
	1. INTRODUCTION
	FIG. 2. Mathematical models as a relation between real and mathematical world
	FIG. 3. The generalized logistic curve and its derivative models [11]
	concluSions
	REFERENCES
	Alin-Andrei CIORUŢA, Bogdan CIORUŢA
	Keywords: Environmental Informatics, population dynamics, growth models
	1. INTRODUCTION
	FIG. 2. Mathematical models as a relation between real and mathematical world
	FIG. 3. The generalized logistic curve and its derivative models [11]
	concluSions
	REFERENCES
	Alin-Andrei CIORUŢA, Bogdan CIORUŢA
	Keywords: Environmental Informatics, population dynamics, growth models
	1. INTRODUCTION
	FIG. 2. Mathematical models as a relation between real and mathematical world
	FIG. 3. The generalized logistic curve and its derivative models [11]
	concluSions
	REFERENCES
	REFERENCES
	[2] Fred Block: The Tenacity of the Free Market Ideology, Uhttps://www.youtube.com/watch?v=Qw4M8t1cuJoU, accessed March 1, 2016, 19:24
	[4] Gareth Dale, “Karl Polanyi: Diagnosing Liberal Extremism”, E-International Relations, 7 December 2015, Uhttp://www.e-ir.info/2015/12/07/karl-polanyi-diagnosing-liberal-extremism/U, accessed March 6, 2016, 17:52
	[9] Nuno Miguel Cardoso Machado, Karl Polanyi and the New Economic Sociology: Notes on the Concept of (Dis)embeddedness, Translated by João Paulo Moreira, CCSS Annual Review, Issue No.3, 2011, Uhttps://rccsar.revues.org/309U, accessed March 1, 2016, 2...
	[40] Onur Ozlu, Iraqi Economic ”Reconstruction and Development, Center for Strategic and International Studies”, Washington, (2006): 13-16
	[48] Immanuel Wallerstein, The Development of an Intellectual Position, 2000?, Uhttp://iwallerstein.com/intellectual-itinerary/U, accessed March 6, 2016, 17:39

	[53]Introduction speech of the NWO, George H W Bush from 9 11 90 (speech), Uhttps://www.youtube.com/watch?v=lzzVHXSJl9sU, accesses March 5, 2016, 12:32
	[55] Introduction speech of the NWO, George H W Bush from 9 11 90 (speech), Uhttps://www.youtube.com/watch?v=lzzVHXSJl9sU, accesses March 5, 2016, 12:32

