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Abstract

In the context of the Burgers equation with distributed controls, we present optimal estimates for the minimal time of con-
trollability T (r) of the initial data of norm� r in L2. To cite this article: E. Fernández-Cara, S. Guerrero, C. R. Acad. Sci.
Paris, Ser. I 341 (2005).
 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Remarques sur la contrôlabilité exacte à zéro de l’équation de Burgers. Dans le contexte de l’équation de Burgers avec
contrôles distribués, on présente une estimation optimale du temps minimal de contrôlabilitéT (r) des données initiales de
norme� r dansL2. Pour citer cet article : E. Fernández-Cara, S. Guerrero, C. R. Acad. Sci. Paris, Ser. I 341 (2005).
 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.

1. Introduction and main results

Let T > 0 be an arbitrary positive time and let us assume thatω ⊂ (0,1) is a nonempty open set, with 0/∈ �ω. In
this Note, we will be concerned with the null controllability of the following system for the Burgers equation:


yt − yxx + yyx = v1ω, (x, t) ∈ (0,1) × (0, T ),

y(0, t) = y(1, t) = 0, t ∈ (0, T ),

y(x,0) = y0(x), x ∈ (0,1).

(1)

Here,v = v(x, t) denotes the control andy = y(x, t) denotes the state. It will be said that (1) isnull controllable
at time T if, for everyy0 ∈ L2(0,1), there existsv ∈ L2((0,1) × (0, T )) such that

y(x,T ) = 0 in (0,1). (2)
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Some controllability properties of (1) have been studied in [2] (see Chapter 1, Theorems 6.3 and 6.4). There, it
is shown that one cannot reach (even approximately) stationary solutions of (1) with largeL2-norm at any timeT .
In other words, with the help of one control, the solutions of the Burgers equation cannot go anywhere at any time.

For eachy0 ∈ L2(0,1), let us introduceT (y0) = inf{T > 0: (1) is null controllable at timeT }. Then, for each
r > 0, we define the quantityT ∗(r) = sup{T (y0): ‖y0‖L2(0,1) � r}. Our main purpose in this Note is to prove that
T ∗(r) > 0 with an explicit sharp estimate in terms ofr , which in particular implies that (global) null controllability
at any positive time does not hold for (1).

More precisely, let us setφ(r) = (log 1
r
)−1. We have the following:

Theorem 1.1. There exist positive constants C0 and C1 independent of r such that

C0φ(r) � T ∗(r) � C1φ(r) as r → 0. (3)

Remark 1. The same estimates hold when the controlv acts on system (1) through the boundaryonly at x = 1
(or only atx = 0). When (1) is controlled at both pointsx = 0 andx = 1, it is unknown whether we still have an
estimate from below forT (r).

The main ideas of the proof of Theorem 1.1 will be presented in the following section. More details will be
given in a forthcoming paper.

2. Sketch of the proof of Theorem 1.1

The proof of the estimate from above in (3) can be obtained by solving (1), (2) with a (more or less) standard
fixed point argument, using global Carleman inequalities to estimate the control and energy inequalities to estimate
the state and being very careful with the role ofT in these inequalities.

We will concentrate in the proof of the other estimate, that has been inspired by the arguments in [1].
We will prove that there exist positive constantsC0 andC′

0 such that, for any sufficiently smallr > 0, we can
find initial datay0 satisfying‖y0‖L2(0,1) � r with the following property: for any statey associated toy0, one has∣∣y(x, t)

∣∣ � C′
0r for somex ∈ (0,1) and anyt : 0 < t < C0φ(r).

Let us setT = φ(r) and letρ0 ∈ (0,1) be such that(0, ρ0) ∩ ω = ∅. We can suppose that 0< r < ρ0. Let us
choosey0 ∈ L2(0,1) such thaty0(x) = −r for all x ∈ (0, ρ0) and let us denote byy an associated solution of (1).

Let us introduce the functionZ = Z(x, t), with

Z(x, t) = exp

{
−2

t

(
1− e−ρ2

0(ρ0−x)3/(ρ0/2−x)2) + 1

ρ0 − x

}
. (4)

Then one hasZt − Zxx + ZZx � 0.
Let us now setw(x, t) = Z(x, t) − y(x, t). It is immediate that


wt − wxx + ZZx − yyx � 0, (x, t) ∈ (0, ρ0) × (0, T ),

w(0, t) > 0, w(ρ0, t) = +∞, t ∈ (0, T ),

w(x,0) = r, x ∈ (0, ρ0)

(5)

and, consequently,w−(x, t) ≡ 0. Indeed, let us multiply the differential equation in (5) by−w− and let us integrate
in (0, ρ0). Sincew− vanishes atx = 0 andx = ρ0, after some manipulation we find that

1

2

d

dt

ρ0∫
0

|w−|2 dx +
ρ0∫

0

|w−
x |2 dx =

ρ0∫
0

w−(ZZx − yyx)dx � C

ρ0∫
0

|w−|2 dx. (6)
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