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MULTIPLE SOLUTIONS
OF COMPACT H-SURFACES IN EUCLIDEAN SPACE

YUXIN GE — FENG ZHOU

ABSTRACT. We prove here the multiplicity results for the solutions of com-
pact H-surfaces in Euclidean space. Some minimax methods and topo-
logical arguments are used for the existence of such solutions in multiply
connected domains.

1. Introduction

Let Q be a smooth and bounded domain in R2. We denote V = {a €
HY(Q), a # constant}. Given two functions a,b € V, we denote by ¢ the unique
solution in Wh1(Q) of the Dirichlet problem

—Ap ={a,b} in Q,

(1.1)
p=0 on 0,

where {a,b} = azb, — ayb, and subscripts denote partial differentiation with
respect to coordinates.

Thanks to the works of H. Wente ([16]), H. Brezis and J.-M. Coron ([3]), we
have the following estimates:

(1.2) [l Lo ) T 1IVEl L2y < Co(DNIVall L2() IVl 120y
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for some constant Cp(2) > 0. Later on it was proved by F. Bethuel and
J. M. Ghidaglia ([1]) that Cp(2) does not depend on 2. This leads to consider
the best constant involving the L?-norm in the estimations analogous to (1.2).
More precisely, Y. Ge has obtained in [6] the following

Vel _ 3
(1.3) C2(Q) := sup ———+—5 = —,
wbev [ValZ|Vel; 167
where || - |2 denotes the usual norm in L?(2). Moreover, this best constant is
achieved if and only if € is simply connected. In fact the study of the best
constant involving the L%-norm can be also done as follows (see [6]): For any
a,b €V and ¢ defined by (1.1), we define the following energy functional

Bla.s.0) — IVal3 + 103
" 2Vl

or equivalently,
1
Fi(a,b,Q) = 5(||Va|\§ +||Vb||3), defined for all (a,b) € M,

where M = {(a,b) € H'(Q) x HY(Q) : ||[Vep|l2 = 1} is a complete C?-Finsler
manifold. The critical points (a,b, ) of this functional satisfies the following
Euler-Lagrange equation:

{ —Au = ug Auy in €,

(1.4) da  Ob
® = % = ai’n, =0 on OQ,

where u := (Aa, A\b, \2p) for A = /(| Va3 + [ Vb]12)/(2[[V¢|3) and n = (ny,n2)
is the normal vector on 0f2. Note that the functional F and its critical points

are invariant by conformal transformations of the domain €2. So this variational
problem depends only on the complex structure of 2. Moreover, the boundary
conditions permit to construct a solution of H-system u from a compact oriented
Riemannian surface in R3 by gluing two copies of £2. More precisely, we construct
N = Q Usq (~2, where  is a copy of €, provided with opposing orientation
and a smooth map @ from N into R® which is defined by & = u on Q and
U = (Aa, \b, —\2) on Q. Therefore U satisfies

—AU =uz; ANy, in N.
If @ is conformal, that is, the Hopf differential
w = (|u.]* - |ﬂy\2 — 2i(Ug, Uy)) dz ® dz =0,

it would be a constant mean curvature branched immersion from N into R3.
This motivates the search for critical points of £. Unfortunately, we can not
obtain it directly by the standard minimization method since the energy of any

minimizing sequence concentrates around some point on the boundary of €. In
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[6], we proved an existence result for a perforated domain with small holes and
this result is generalized for any annular domain in [7]. In this paper, we will deal
with this procedure in order to find the multiple solutions with different energy
for some multiply connected domains. We will see that the special conformal
structure of domains causes this multiply solutions result. More precisely, let
B(z,7) = {2/ € C: |2/ — 2| < r} be the disc in R? ~ C centered at z of radius
r and B(z,r) its closure. Let z1,...,z, € B(0,1/2) be fixed such that for some
r >0, B(z,r) C B(0,3) for all 1 < i < k and B(z;,r) N B(z;,r) = () for any
1<i#j <k Takingr/2>r; >...>r; >0, we have the following result:

THEOREM. Let Q@ = B(z1,... 25571, ,m%) = B(0,1)\ (U, B(zi,71)).
Then there exist Ty > 27y > ... > 28715, such that if r; € (7;/2,7;) for all
1 < i<k, there exist k distinct critical points of E1 with different energy in €.

This is a generalization of the previous result of [6] (Theorem 11) which is
similar to an earlier work of J.-M. Coron ([4]) concerning the critical Sobolev
exponent problem. Here we use the same strategy. For ¢ € R, we denote
E%, ={(a,b) € M : E1(a,b) < t} the level set of F;. We see that the topology of
E7}; is equivalent to 9 when v is near the value G(Q) := inf (4 p)ers E1(a, b, Q) =
/167 /3 and the topology of the level set changes k times for ¢ € (G(2), V2G(9)).
To establish the result we argue by contradiction. We construct a topological
disc A in EA\{?G(Q) whose boundary is a non contractible circle 0A in EE(QH“
for some small p > 0. And if the system (1.4) does not admit a solution in
E}fG(Q), then it implies that there exists a contraction h of A onto A, which is
a contradiction. Iterating this procedure we can find the second minimax critical
value between the first one and G(£2) and so on. This method has been exploited
to search several critical points by D. Passaseo in [12] and P. Padilla in [13] for
semi-linear problems involving critical Sobolev exponent and by F. Takahashi
in [15] for H-systems with homogenous boundary conditions.

In the following section, we will prove some technical lemmas which are
needed in the proof of the main theorem. In all this paper, C' denotes generic
positive constant independent of the solutions, even its value could be changed

from one line to another one.

2. The proof of Theorem
The proof is divided into several steps.

Step 1. We introduct a map @ from H'(Q2) x H'(Q) into R?,
Q: H'(Q) x H'(Q) — R?,

(a,b) — 8\5);7 /Q(x,y) ~(IVa|? + |Vb|?) dx dy € R?.
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It is easy to prove that @ is continuous. Our first result is the following

LEMMA 2.1. Let 1 < m < k. For any T € (0,r/2), there exist positive
numbers € > 0 and 6 > 0 such that for the domain Q = B(z1,... ,2k; 71, ,Tk)
withr/2>r1 > ...21rm >TF and § > rpg1 = Ttz > ... 2 1 > 0, if (a,b) €
M with E(a,b,Q) < \/m—i—s, then Q(a,b) € B(z1,... ,2m;T/2,... ,7/2).

PRrROOF. We argue by contradiction. Suppose that the statement fails. Then
there exist some positive number 7 with /2 > 7 > 0 and a sequence of domains
Q, =B(z1,...,26;T10 - > Tkn) and (an,by) € M(£,) with

rin>T forallneN, 1<i<m,
rin — 0 asn —ooforany m+1<4 <Kk,
E(an, by, Q) — /167/3 asn — oo,
Q(an,bn) & B(z1,. - ,2m;T/2,...,T/2).
Without loss of generality, we can assume that for any 1 < i < m,

Tin — T; asn — 0.

Thus Q* = B(0,1) \ (U~ 1 B(z,m) U (UL m117i})) is the limit domain of §,,.
Setting Q9 = B(0,1) \ (UZ 1 B(z,7/2)), we can suppose that

/ " / "
Qg Qo
OtheI‘WISe, we lake

1 ~ 1
Ap = Qp, — —— a, and b, =0, — — bn,
1920l ./, Q0] .Jq,

instead of a,, and b, if necessary. By virtue of Poincaré’s inequality, we get
lanllL2(0s) < CllVan|L2y) < C

and

[0nll22(00) < ClIVballL2(0y) < C.
Therefore {a,}nen and {b,}nen are bounded in H'(£). Fixing a function
¢ € C5°(R?) such that supp(¢) € B(0,7), and &|p(o,r/2) = 1. We define for all
neN, forall 1 <i<Ek,

() &(z — z)an(z) if z € B(z,7)\ B(zi,Tin),
ani\Z) =

0 if 2 € R2\ B(z;,7),

and
an,i(2) if z € B(z,7) \ B(zi,7in),

+ zi> if z € B(z,7in)-
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Hence, for any 1 < i < k, we obtain a sequence {@n ;}nen in HE(B(zi,7)).
Clearly,

1Vanilla ey = V2Vanill 2, o Emmm) < C

It follows again from Poincaré’s inequality that {@,;}nen is bounded in
H}(B(zi,7)). Now set

_ ( ) an(z) if z € an
an(z) =
Tni(z) if 2 € B(zi, i) with 1 <4 < k.

We see that {@, }nen is bounded in H(B(0,1)). Similary we can define another
bounded sequence {b,, }nen in H'(B(0,1)). Set

B pn(z) if 2 € Qp,
Pnlz) = .
0 if z € B(0,1) \ Qy,
where ¢,, is the solution of (1.1) for @ = a,, and b = b,, in Q,,. It follows from
(1.2) that {®, }nen is bounded in H}(B(0,1)). Without loss of generality, we
may assume that
e @, — a weakly in H*(B(0,1)) and strongly in L?(B(0,1)),
e b, — (3 weakly in H'(B(0,1)) and strongly in L?(B(0,1)),
e p, — 1 weakly in H'(B(0,1)) and strongly in L?(B(0,1)) and a.e. for
z € B(0,1).
On the other hand, @, — 0 ae. for z € |J;~, B(2;,7;). Therefore ¢ = 0

in J;~, B(z;,7;) which implies ¢ € H}(B(0,1) \ Ui~, B(zi,7:)). In view of
Lemma 7.2 in [6], for any domain Q' CC Q*, we have {@,,b,} — {a,3} in
D'(Y). Hence we deduce —Ay = {«, 8} in D' (Q2*).
For any m < ¢ < k, let 1; 1 and ; 2 be solutions of the following problems
_A'(/)i,l = O in B(Zi,’I“/Z),
i1 =1 on 0B(z;,1/2),
and
—A; 0 ={a, B} in B(z,r/2),
i =0 on dB(z;,r/2).
Clearly, ;1 € H'(B(z;,7/2)) and, by (1.2), v; > € H3(B(z;,7/2)) so that
¥ —hi1 — i € Hy(B(zi,7/2))
and
_A(/(/)_wi,l _wiﬂ) =0 in D/(B(Z“T/2) \{Zl})
Therefore, there exists [y € N* such that

[7]
—AW — iy —i2) = 3 A

Y1772 (9.%'*1 8y"{2 Zi
v=(71,72) EN2, |y|=71+72<lo



360 Y. GE F. Zuou

in D'(B(z;,7/2)), where C,,, € R and ¢, denotes the Dirac measure centered
at z; with unit mass. Remark that for all v = (vy1,72) € N2, (9l"/9270y72)4,, ¢
H~Y(B(z;,7/2)). Thus the fact —A(¢) — ;1 — i 2) € H 1(B(2;,7/2)) implies
that Cy,~, = 0 for all v = (y1,72) with |y| < lo. Finally, we have

—Ay ={a, 3} inQ,

=0 on 99,

where 0 = B(0,1) \ U, B(z;,7:). We claim that

@) VaulBam, = 9@~ ), + [IVal2, g + o),
22) VBl = IV = B30 + 19812 g +o(1),
@23) Vel = 19000 — 032 + V60, + o).

For this purpose, we write

(2.4) /Q |Van\2:/ﬂ \V(an—a)|2+/9 |V04|2+2/Q V(an — a)Va

n n n n

:/ \V(anfa)|2+/~\Va|2+2/~V(6nfa)Va
Qn O Q

+/ (IVal* +2V (@, — a)Va)
Q,\Q

- /~ (|Val? +2V(a, — a)Va).
N\,
It is clear that

/~ 2V(a, — a)Va = o(1),

)
since @, — a weakly in H'(B(0,1)). Moreover, denoting Q,AQ = (Q, \ Q) U
(Q\ Q,), we have

/ ~ (|Val? + 2|V (@, — a)Val)
Q,AQ
< |‘va||L2(Q,"A§)(HVQHL?(Q"AQ) +2[|V(@, — a)HL?(QHAﬁ))
< CHVO‘HH(QHA?Z)'

As meas(€2,AQ) — 0, we deduce that
(2.6) / (IVal +2V(@, — a)Va) dz = of1).
Q,A0

Combining (2.4) to (2.6), we obtain (2.1). Similarly, we establish (2.2) and (2.3).
Now denote by ¢, 1 (resp. ¢, 2) the unique solution of equation (1.1) for a =
anp—aand b= G (resp.a = aand b = b, —F) in Q,,. Sov, = Pn—Y—Yn1—Pn2
is the unique solution of equation (1.1) for a = a,, — a and b = b,, — 5 in Q,.
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Denote by @,,1 the unique solution of equation (1.1) for ¢ = @, —a and b =
in B(0,1) and set

B on1(z) if z € Q,,
wn,l(z) = .
0 if z € B(0,1) \ Q,,.
As ¢y 1 minimizes the energy functional

1

Eyo) = / (VP de — 2{@, — . B}p) du
2JB0,1)

for all ¢ € H}(B(0,1)). We have

1 1
3 [ el ==5 [ oLl [ @ -ase.,
Q B(0,1) B(0,1)

§_§/ |V<)Zn7l|2 +/ {an _avﬁ}()zml

B(0,1) B(0,1)

1 ~ 1 _ ~

5 Vonal™ = ) {@n —a, B}on1-
B(0,1) B(0,1)

Using Lemma 7.2 of [6], we obtain

/ Vonil? = ofL).
Q

n

With the same argument, we get

/ Vnal? = o(1),
Q

so that
L= [9¢nlEa0,) = 1970, + 19912 g + o(L)
Thanks to Theorem 1.3 in [6}, we have

Tor

1
3 = §(|\Van||222(9n) +IVbalZ2(a,)) +o(1)

1
=5 (IV(an — A)i2,) + 1V = Bz,

1
+ *(IIVQIIZ ) HIVAIT. &) +o(1)

16
>\/7(||v'7n”L2(Q + IV L2 g3)) +o(1)
16
= \/7 37T< 1= [IVYlZ, 6 + ||w||L2@)> +o(1).

Passing to the limit as n — oo, there holds

16m 167
Vo 2 S (Tl + 190 )
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That is, [Vl 2 =0, or VY[l 2y = 1. In the later case, we infer that

16m
3
which contradicts Theorem 1.3 in [6]. Therefore a = 3=+~ =0.
Now denote by M (IR?) the space of non-negative measures on R? with finite

1

mass. Set
1
~(IVanl? + [V, [2) () dody i z € Q,,
pn(2) =4 2
0 if 2 ¢ Q,,

and
if z & Q.

Clearly, {fin}nen and {v,}nen are bounded in M(R?). Without loss of gen-
erality, we suppose that p, — u, v, — v weakly in the sense of measure for

IVon|?dedy if 2 € Q,,
n(z) = 0

some bounded non-negative measures p and v on R2. Fixing some n € C§°(R?).
Denote by v, the unique solution of equation (1.1) for a = na,, and b = nb,

in ,,. Set
_ Pn(z) if z € Qp,
TACES S
0 it 2 ¢ Q.
Thus na, — 0 and nb, — 0 in H'(B(0,1)). Reasoning as before we have

o, — 0 weakly in H*(B(0,1)) and strongly in L*(B(0,1)).

A direct computation shows that

/|ww—%%w

n

— /Q (—A(’L/)n — 7729071))(7/}71, - 77290n)

= / (nbn{an, n} +nan{n,bu} +2V(0*)Ven + (A1) en) (¥n — 1°en)

< (Ionllz2@,) + lanllLz@,)(IVonll L2, + IVanl L2(0,))
X 1nl1E1 0.0y 1¥n = 7°@nll Lo (B(0,1))
+ Hn”%‘?(B(O,l))”(anLz(Qn)HZ/}n - 772<Pn||L2(szn)

+nllEn (B0, IVenllzz@n) 1¥n — n*enllL2 (.,
which implies
lim ||V (¢n — 1%0n)lL2(0,) = 0.

n—oo

Therefore

167 1
— IV ez, +o(1) < SV 0an)lz20,) + IV 0bn)[22(a,))-
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Letting n — oo, we deduce that

(2.7) “1677T’ // ntdy < / n*du, for all n € CF°(R?).
3 R2 R2

Reasoning as in [6], there exists 2y € Q such that v = 0z and p = /167/30,.
Thus for n large enough, we have

Q(an,byn) € B(z1,. .. ,2m;T/2,...,T/2).
This contradiction yields the desired result. O
Step 2. We need the following lemma.

LEMMA 2.2 ([6, Theorem 6.3]). E; satisfies the Palais—Smale condition for
all ¢ € (\/167/3,+/327/3).

Step 3. Let

(a.b.o) = 2 x 34 2 x 31/4y V3(1 — 2% —y?)
TN TAA + 22 1 g2) 71+ a2 + y2)) 291+ 22 + 42)

be a minimizer of 4 for the unit disc. Denote o, () = (2 + ts)/(1 + t5z) where
s = sl +is? € S, the unit circle and ¢ € [0,1). We set

P, (2) = TZ(Z_;P) for all 1 <i < k.

Now, we define another continuous maps T; from B(0,1) to M such that

Ti(s,t;Q) =e(acosi 0Py, r,, boos 0P, 1))

Q)

for all s€ S*, for all t€[0,1) where e €R is well choosen such that T;(s, ;) € M.
Then we have the following lemma.

LEMMA 2.3. For all e > 0 there exists § > 0 such that for all s € S*, for all
te0,1), if r; <4, we have
167
PROOF. Set asy =aoo0s:0P,, ,,,bst =boos10P,, , and ¢, = oo, 0
P, .. Hence s, satisfies —Aps; = {ass bs¢} inR% In particular, there
holds —Ap, = {ast,bs¢} in Q. We decompose now ¢ ; into its harmonic 6 ,
and non-harmonic s ; components as ¢, ; = 05 + 15 ¢, where

—Af,, =0 inQ,
(2.8)

93,75 = Ps,t on an
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and

—Avs s = {asy,bs, in Q,
(2.9) { Vst = {as,1, b5t}

Pste =0 on Of).

First we remark that for all s € S, for all ¢ € [0,1), for all r; < r/2, with j # i,

1
2</ ‘vas7t|2 +/ |Vbs7t|2)
R2\B(z;,r) R2\B(z;,r)
1
( [ Vaemar+ [ |V<boos,t>|2)
2\ JB,ri/r B(0,r: /1)
1
:(/ \Va|2+/ |Vb|2).
2\ ozl BOri/m) o2 LB, /1)

Obviously, o';tl = 0_s+ and meas(os ¢+(B(0,7;/r))) — 0 uniformly in s € S, and
t €[0,1) as r; — 0, which in turn implies that for all € > 0, there exists n > 0
such that for all s € S*, for all ¢t € [0,1), for all r; < r/2, with j # i if r; <7,

then
1

= </ |Va, |* dx +/ Vb i |? dx) <e.
2 \Jr2\B(z:.r) R2\ B(2:,7)

Similarly, for such domain €2,

(2.10) / Vs i|?dr < e.
R2\B(z;,r)

On the other hand, for all z ¢ B(z;,r), we have |P,, ,(z)| < r;/r, so that for all
s€ St forallte|0,1),

|5,6(2) = 9005t (0)] < [IV@llLoe(B0,1)]0s,6(Peiri (2)) = 05,:(0)] <&

provided r; < i’ for some sufficiently small ’ > 0. For any 1 < j < k, with j # ¢,
we choose x; € C§°(R?) such that supp(x;) C B(z,7), X;|B(z,r/2) = 1 and
[V x;ll Lo r2) < 3/r. We also choose xo € C5°(R?) such that supp(xo) C B(0,1)
with xolB(0,1/2) = 1 and [|[Vxol| o (®2) < 3, then we define gs}t : Q0 — R by

957,5(2) =
(1= Xx0(2))(ps,t(2) — ¢(04,:(0))) for all z € B(0,1) \ B(0,1/2),
X (2)(9s,(2) = @(05,(0))) for all z € B(z;,r) \ B(z;,7;)
with j # 1,
—w(asﬁt(O))(ln z;zl|) (ln TZ) for all z € B(z;,r) \ B(zi,7:),
0 for all
k
z€ B(0,1/2)\ (U B(zl,r)>.
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A direct calculation leads to, for all s € S1, ¢ € [0, 1), ||V§S,t||%2(ﬂ) < ¢ provided
that 7; < n” for some small ”. Hence

(2.11) IV0s 2l 720) < IV st + (05001720 = IVOs il T2 < &
Finally, we have

(2.12) Vsl > IVestllzz ) — [IVOsill2 (o)
> ”VQPS,t

| 22BN\ Bzir)) — I VOs,tll L2 (o)

> Vs tll L2 2\ B(z:,m))
—IVesillz@\B ) — IVOs.ill2 @)

=1—|IVosillL2@\B(i,r)) — 1VOstllL2()

and

1 2 2
(2.13) §(||Vas,t||L2(Q) + Vs tll72(0))
167
=
Combining (2.10) to (2.13), we prove the result. O

1
< §(||Va||2L2(B(o,1)) + 1Vl Z250,1y) =

With the same strategy, we can establish the following lemma.

LEMMA 2.4. We have

. /167
tlgg El(Tl(sat7Q)) - T

uniformly in (rq,...,7%) € (0,7/2)% and s € S1.

Proof of the main theorem completed. We choose 71 > 0 such that if

T1I>T1 2> ... 2Tk
327
E1(T1(s,t;,Q)) </ —-
sesrg,l?ém) 1(Ti(s ) 3

In view of Lemma 2.1, there exist 31 > 0, 5 € (0,71/2) such that for the domain
Q= B(z1,... , 2671, ,7k) with 1 € (F1/2,71) and 7o > 19 > ... > 1y, if
(a,b) € M with Ey(a,b,Q) < y/167/3 + (1, then

Q(a,b) € B(0,1)\ B(z1,71/4).
By virtue of Lemma 2.4, we can choose t; € (0,1) such that

167 ﬂl
Ei1(T1(s,t1;82 —_— + —=.
max 1(Th(s,t1;Q)) < 3 T3

Therefore, we have

167
i Eqi(h(s,t —
hmelgses{r,lt%}[(o,tl] 1(h(s, ) > V 3 + 5,



366 Y. GE F. Zuou

where H is the set of all continuous maps h: B(0,t;) — M, homotopic to
T1|s1x[0,¢,) With fixed boundary condition h|giy(s,} = Ti|s1x(¢,}- Indeed, for
any such h, Q(h|s1xg¢,3) will be a non trivial lacet in B(0,1) \ B(z1,71/4), how-
ever Q(hls1x[o0,t,1) Will be contraction of such lacet in R2. Thus we obtain a
minimax value (critical value) > /16m/3 + 3;. Then we choose 72 < 7 such
that if 7o > 72, maxsegr tejo,1) E1(Ta(s,1;Q)) < /167/3 + B1. Repeating the
above arguments, there exist B2 € (0,051), 73 < T2/2 and ta € (0,1) such that
for Q with ro € (F3/2,72) and 73 > r3 > ... > 1}, we can find the second minimax

167
min  max  Ey(h( <\/ +ﬁ27\/ +51)
heH sEST,te(0,t2]

where H is the set of all continuous maps h: B(O ta) — M, homotopic to

value

Ts]51%[0,t,) With fixed boundary condition h|g1y(+,3 = Ta|g1x{t,} and t2 is choo-
sen such that

max B (Ta(s, £2; 2)) < V167/3 + (2/2.
sE

Iterating this procedure, we prove the desired result. O

REFERENCES

(1] F. BETHUEL AND J. M. GHIDAGLIA, Improved regularity of elliptic equations involving
jacobians and applications, J. Math. Pures Appl. 72 (1993), 441-475.

, Some applications of the coarea formula to partial differential equations, Geom-
etry in Partial Differential Equation (A. Pratano and T. Rassias, eds.), World Scientific
Publ..

[3] H. BREzIS AND J. M. CORON, Multiple solutions of H-systemes and Rellich’s conjecture,
Comm. Pure Appl. Math. 37 (1984), 149-187.

[4] J. M. CoroN, Topologie et cas limite des injections de Sobolev, C. R. Acad. Sci. Paris
Sér. 1 299 (1984), 209-212.

[6] L. C. Evans, Weak convergence methods for nonlinear partial differential equations,
Regional Conference Series in Mathematics 74 (1990).

2]

[6] Y. GE, Estimations of the best constant involving the L? norm in Wente’s inequality
and compact H-surfaces into Fuclidean space, COCV 3 (1998), 263-300.

[7] Y. GE anD F. HELEIN, A remark on compact H-surfaces into R3, Math. Z. 242 (2002),
241-250.

[8] F. HELEIN, Applications harmoniques, lois de conservation et repére mobile, Diderot
éditeur, Paris-New York-Amsterdam, 1996; Harmonic Maps, Conservation Laws and
Mowing Frames, Diderot éditeur, Paris—New York—Amsterdam, 1997.

9] J. JostT, Two-Dimensional Geometric Variational Problems, Wiley, 1991.

[10] Y. M. KoH, Variational problems for surfaces with volume constraint, Ph.D. Thesis,
University of Southern California (1992).

[11] P. L. LioNs, The concentration-compactness principle in the calculus of variations: The
limit case, Parts I and II, Rev. Mat. Iberoamericana 1 (1985), 145-201; 1 (1985), 45-121.

[12] D. PASSASEO, Some sufficient conditions for the existence of positive solutions to the
equation —Au + a(z)u = u2 !
Nonlinéaire 13 (1996), 185-227.

in bounded domains, Ann. Inst. H. Poincaré Anal.



COMPACT H-SURFACES IN EUCLIDEAN SPACE 367

[13] P. PapiLLA, The effect of the sharp of the domain on the existence of solutions of an
equation involving the critical Sobolev exponent, J. Differential Equations 124 (1996),
449-491.

[14] M. STRUWE, Variational Methods, Springer, Berlin—Heidelberg—New York—Tokyo, 1990.

[15] F. TAKAHASHI, Multiple solutions of H-systems on some multiply-connected domains,
Adv. Differential Equations 7 (2002), 365-384.

[16] H. WENTE, An existence theorem for surfaces of constant mean curvature, J. Math.
Anal. Appl. 26 (1969), 318-344.

, The differential equations Ax = 2Hx, A x, with vanishing boundary values,
Proc. Amer. Math. Soc. 50 (1975), 131-135.

(17]

Manuscript received October 23, 2002

YuxiN GE

Laboratoire d’Analyse et de Mathématiques Appliquées
CNRS UMR 8050

Département de Mathématiques

Faculté de Sciences et Technologie

Université Paris XII-Val de Marne

61 avenue du Général de Gaulle

94010 Créteil Cedex, FRANCE

E-mail address: ge@univ-paris12.fr

FENG ZHOU

Department of Mathematics
East China Normal University
200062 Shanghai, P.R. of China

E-mail address: fzhou@math.ecnu.edu.cn

TMNA : VOLUME 22 — 2003 — N°2



