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ON THE UNIFORM APPROXIMATION PROBLEM
FOR THE SQUARE OF THE

CAUCHY-RIEMANN OPERATOR

JOAN VERDERA

Let X be a compact subset of the plane and / a continuous func-
tion on X satisfying the equation d / = 0 in the interior of X.
It is unknown whether / can be uniformly approximated on X by
functions g satisfying the equation d g = 0 in some neighbourhood
(depending on g) of X. We show that this is the case under the
additional assumption that / satisfies a Dini-type continuity condi-
tion.

1. Introduction. Let L be a constant coefficients elliptic differential
operator in Rd . Given a compact X cRd let H(X, L) be the closure
in C(X) of the set

{f\x: Lf = 0 on some neighbourhood of X}.

It is clear that a function in H(X, L) necessarily belongs to

h(X9L) = C(X) Π{Lf=0 on the interior of X}.

The uniform approximation problem for the operator L consists
in characterizing those X for which H{X, L) = h(X, L). Since
h(X, L) = C(X) if and only if X is nowhere dense, our problem
restricted to nowhere dense compact sets becomes that of describing
those X for which H(X, L) = C(X).

A complete solution for L — Δ (the Laplacian) was independently
obtained in the forties by Deny [2] and Keldysh [6] using a duality
approach relying on potential theoretic methods. Denoting by Cap
the Wiener capacity of classical potential theory, their result can be
stated as follows.

THEOREM (Deny-Keldysh). The identity H(X, Δ) = h(X, Δ) occurs
o

if and only if one has Caρ(2?\X) = Cap(2?\X) for each open ball B.

Vitushkin [11] solved in the sixties the problem for L = d (the
Cauchy-Riemann operator in the plane) introducing his far reaching
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constructive scheme for the approximation, based on a localization
procedure and the so called matching coefficients technique.

Let a stand for continuous analytic capacity (see [3] or [11]). We
then have

THEOREM {Vitushkin). The identity H(X, <9) = h(X, d) occurs if
o

and only if one has a(A\X) = α(Δ\X) for each open disc Δ.

In spite of the formal analogy between the above two statements, no
unified proof of them has been found yet. This fact helps to explain
why very little is known for other operators, in particular for An,
n > 1, d > 2 or for dn , n > 1, in the plane.

In this paper the special case d = 2 and L — d is considered.
Although we have not been able to solve the problem we do prove a
result which seems to be quite close to the most plausible conjecture
one is able to formulate.

THEOREM. Let X c C be compact. Then each Dini-continuous

function in h(X, d2) is in H(X,d2).

Conjecture. For each compact X c C one has

(1) H(X,d2) = h(X,d2).

To understand the conjecture one must realize that the capacitary
conditions in the Deny-Keldysh and Vitushkin theorems arise because
the fundamental solutions of the involved operators are unbounded
functions. This is not the case for the fundamental solution ^f of

d and so we get a first reason to rule out the existence of capaci-
tary conditions on X necessary for (1). But it has been pointed out
[7] that one should also take into account the capacities associated to
continuous functions and the kernels given by the first partial deriva-
tives of the fundamental solution, for example, ί/z = ~d(z/z) and
~zjz1 = —d(z/z). One can easily check that these capacities vanish
on lines and thus no examples like those constructed by Hedberg [5] in

2

connection with the LP approximation problem for d , 2 < p < oo,
can be used to disprove the conjecture (see §6).

We list now some particular instances in which (1) has been verified:
1. X is nowhere dense [10].
2. The complement of X has finitely many connected components

[1].
3. The inner boundary of X is countable [12].
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The interested reader is urged to consult [7] in which a formal ana-
log of the problem considered here is solved. In fact the scheme of
the proof of our theorem is parallel to that of [7]: there is a first con-
structive part exploiting a covering lemma due to Mateu and then a
duality argument in which the differentiability properties of certain
potentials play an important role. The Dini type condition allows us
to surmount the difficulties related to the bad behaviour of classical
operators (more concretely Cauchy and Beurling transforms) under
the supremum norm.

In §2 we state some known results and establish some notation to be
used later. Section 3 is devoted to the proof of a technical lemma. In
§4 we show how to approximate some Cauchy potentials of measures.
The proof of the theorem is presented in §5. To support the conjecture
we prove in §6 that (1) holds for the string of beads.

2. Background notation and results. In this section we establish
some notation and we recall some known facts to be used through-
out the rest of the paper.

A. Newtonian capacity. Newtonian capacity is the set function de-
fined on Borel sets E c C by

(2) C(E) = sup||μ||

where the supremum is taken over all positive measures μ with com-
pact support contained in E and satisfying A * μ < 1 on E (or,
equivalently, on C). In fact, one can besides require the continuity
of A * μ without altering the supremum in (2).

There is a dual expression for newtonian capacity, namely

C(£) = inf||A||

the infimum being over all positive measures λ such that A * λ > 1

on E. From that it readily follows that A * λ is finite C-almost

everywhere for all complex Borel measures λ.
One can easily get a lower bound for C(E) in terms of Haus-

dorff content. Let h(t), t > 0, be a measure function (that is, non-
decreasing and continuous) of the form h(t) — w(t)t with

/ —^-dt < oo.

Set

ί
Jo

δ>0.



382 JOAN VERDERA

Then

Mh{E) <ε{d)C{E)

where d is the diameter of E and Mh{E) = infJ2j h(dj), the in-
fimum being taken over all coverings of E by squares of diameter

dj.

We refer the reader to [4] for a convenient account on newtonian
capacity.

B. A covering lemma. A family of discs (Δy) is said to be almost
disjoint with constant N provided each point in C belongs to at most
N of the discs Δ 7 .

Given a set E and a disc Δ with radius δ we say that Δ has the
three points property (with constant η, 0 < η < 1) with respect to E
if we can find points z\, z2 and z3 in AπE such that \z\ — z2\ >
ηδ and d(z$9 l{z\, z2)) > ηδ, where l(z\, z2) is the straight line
through z\ and z 2 .

The relevance of this notion in this paper is due to the fact that it
allows us to produce a function annihilated by d off a disc and with
a given expansion at oo up to order 2. More concretely we have

2.1. LEMMA. Let δ > 0 and 0 < η < 1. Let z\, z2, z-$ be three
points satisfying, for some positive constant C,

\zj - zk\<Cδy j , k = 1, 2, 3,

and

min{|z! - z2\, d(z3, l{zλ, z2))} > ηδ.

Assume a§, a\, b\ e C

> 0. Γ/Ẑ AZ there exists a function g satisfying d g = 0

on C\{zΪ9 z2, z3},

g(z) = ao~ + a\ -b\ ^- + 0(|z |~ 2), as z -• oo,

Halloo <

REMARK. In our application of the above statement, w will be
w(δ), the modulus of continuity of the function to be approximated,
and C and η constants depending only on w(δ).
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Proof of'2.1. Set g = § * μ, where μ = λ\δZχ + λ2δZi + λ3δZi and
the coefficients λj are chosen so that g has the required expansion
at oo. D

2.2. LEMMA (Mateu [7]). Lei Λ(ί) = ίw(ί) be a measure function
with w nondecreasing and satisfying w(2t) < Cw(t). Then for any
compact K c C there exist a finite family of discs (Aj) which can be
divided into two subfamilies (Δj) and (Δ^) (the superscripts g and b
stand for good and bad) in such a way that the following holds (with
constants depending on w but not on K).

(a) * c U , A .
(b) For some λ = λ(w) > 1, (λAj) is almost disjoint (with constant

depending only on w).
(c) Each Δj has the three points property (with constant depending

only on w) with respect to K.

(d) ΣjKφ < CMh(K)t where δbj denotes the radius of the disc

Δ}.
(e) For each disc Δ of radius δ

REMARKS. 1. It is not difficult to realize that moreover one has

(f)

2. It has been recently shown in [8] that is not possible, for h(t) = t,
to construct a family (Δ7 ) satisfying (a), (b) and (d) (with Δ^ replaced
by Aj).

3. A lemma. In this section we give a proof of the following tech-
nical lemma.

3.1. LEMMA. Let w(t), t > 0, be a non-decreasing continuous
function satisfying w(2t) < Cw(t) and /Q ̂ d t < oo. Suppose that
(Aj) is a finite family of discs with centers Zj and radii δj such that
(λAj) is almost disjoint for some λ > 1. Then the following holds.

(i) For some constant C > 0

^ / w(δj)δj\
(3) γ^min[w(δj)9Ϊ-^-L )<Cε(d), zeC,
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where d is the diameter of |J 7 Δ7 and

(4) e(δ) = w(δ)+ [ ^Φ-dt, δ>0.
Jo t

(ii) If moreover the family (Δ7 ) satisfies the packing condition

for each disc Δ of radius δ,

(5)

Proof. To prove (3) (and (5)) it is enough to assume z e ID, D
being a disc of radius d containing |J/ Δy . In fact if z ^ 2Z) then

Σ m

7 V ' 7 l / j ' 7 l 7

where in the last inequality almost disjointness was used.
We argue similarly for (5) applying the packing condition to the test

disc D.
Fix then z e ID. Set J = {j: z $ λAj]} and /* = {j: z e λAj} .

Thus

( Pl) <#J*w{d).

To estimate the above sum over the indices j e J we proceed as
follows. Set μj = w(δj)χj(ζ)dxdy, j e J, where Xj stands for the
characteristic function of Δ 7 . Hence

ώ 7

and so

z-Zj\2 J \z-ζ\2

where μ = Σjej Pj - Write μ(r) - μ(A(z, r)). Then μ(r) = 0 pro-
vided r is small enough, because z does not belong to the support of
μ. Consequently one has

/ dμ(Q _

J | z - C I 2 "
dμ(r) _ μ(M) f3d μ{r)

Λ 3
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Now it is clearly sufficient to show that

(6) μ(r) < Cw{r)r2, r>0.

To get (6) one writes

w(δj)πδj + Σ w(δj)πr2 = 1 + 11,

where only indices j e J with AjΠA(z , r) ψ 0 are considered in the
above sums.

If δj < r then Δ7 c Δ(z, 3r) and so

I < ]Γ w(δj)δj<Cw(r)r2.
Δ;CΔ(z,3r)

If <J7 > r then r > (A - \)δj and so II < Cw(r)r2N, where iV is the
number of indices j e / with ί7 > r and Δ/ n Δ(z, r) ̂  0 . It turns
out that N can be estimated by some constant, because

4πr = length <9Δ(z, 2r) > length (J(Δ7 n dA(z, 2r))
j

>2r) ^

This completes the proof of (i).
The proof of (ii) is essentially the same. One uses the packing

assumption in estimating the analog of the term I above. D

4. Approximation of some Cauchy transforms. This section is de-
voted to the proof of the following

4.1. THEOREM. Let X c C be compact and let μ be a complex
Borel measure whose support does not intersect the interior of X and
such that (l/ |z |) * \μ\ is continuous on C. Then if P = (1/z) * μ and
Q = (z/z2)*μ we have that

P,Q,P2 and PQeH(X,d2).

o

REMARK. The function P is continuous on X and analytic on X.
Although its modulus of continuity may vanish at zero as slowly as we
wish, some Dini type condition is implicit in the fact that (l/|z |) * |μ|
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is continuous. It is not known whether a function / , continuous on X
0 —2

and analytic on X, belongs to H(X, d ), even under the additional
assumption that / is the Cauchy transform of some measure.

The proof of 4.1 goes by duality. Let λ be a complex Borel measure

on X annihilating i7(X,d ). Then the potential F = {z/z)*λ
vanishes on the complement of X and, on the other hand, we have

It can be shown that F is continuous except at those points where
o

λ has a positive mass [10]. This implies that F vanishes on (X)c

except, eventually, on a countable set.
Therefore, we are left with the task of proving that ΘF vanishes

o

on (X)c //-almost everywhere and this will be achieved by studying
ordinary differentiability properties of F .

4.2. LEMMA. Let λ be a complex Borel measure and set F =
(z/z) * λ. Then F is dίfferentiable in the ordinary sense except on
a set ofnewtonian capacity zero.

Proof. We have, in the distributions sense, dF = (1/z) * λ and
dF = -(z/z2) * λ. Assume, without loss of generality, that λ is
positive and let a be a point with \z\~ι * λ(a) < oc. We are going to
show that

( 7 ) \F(z) - F ( a ) - a ( z - a ) - β(~z - a)\ = o ( \ z \ ) , a s z -> a,

where a = (-(z/z2) *λ)(a) and β = ((1/z) *λ)(α).
To prove (7) we assume a = 0 and according to [9, p. 244] we write

\F(z) - F(0) - (az + βΊ\ < I + II + III,

where

1 =

11 =

and

111 = LICI<2|z|
γdλ(ζ)
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Set λ(r) = λ(Δ(0, r)). Since the terms II and III are not greater than
A(2|z|), to take care of them it is enough to realize that λ{r) = o(r),
which follows from

λ{r)<r I ICΓ^λίC).
J\ί\<r

We must now estimate I. Fix ζ Φ 0 and apply Taylor's formula to

the function §5^ around z = 0 to get

C + MCI2

Using the definition of a and β we obtain

LICI<2|z|
ζζ~ιdλ(ζ) \z\ L ζ-ιdλ(ζ)

C\zγ\
\ζ\>2\z\

\ζ\~2dλ(ζ).

The first two terms can be estimated by \z\ /ιn<2|zι ICΓ1 dλ(ζ) which is
o{\z\). To take care of the third it is enough to show that r /r°° dλ(t)/t2

-> 0 as r —• 0. This follows from

__m
t1 ~ r2

and ΓHόpitaΓs rule, which gives

ro° λ(t) A t

+ ί dt,

limr /
r-0 Jr

Proof of AΛ. Keep the notation in the argument following the state-
ment of 4.1. Let E stand for the set of points at which F vanishes
and has a non-zero ordinary differential.

Lemma 2.3 in [7] tells us that E has σ-finite length and conse-
quently zero newtonian capacity. On the other hand, the hypothesis
on μ guarantees that μ vanishes on sets of zero newtonian capacity.
Therefore VF = 0 //-almost everywhere and so

Jp(z)dλ(z) = -JdF(z)dμ(z) = 0,

jQ(z)dλ(z) = JdF(z)dμ(z) = 0.
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Since d(P2) = 2πPμ,

ί P2(z)dλ(z) = -2 ίdF{z)P(z)dμ(z) = 0.

To complete the proof of 4.1 we are going to show that

(8) JpQdλ = -JdF(z)Q(z)dμ(z) + JdF(z)P(z)dμ(z).

Set G = f * μ and consider regularizations λε and Fε of λ and
F. Since Fe is a smooth compactly supported function, one has

ίPQdλε = -- ldGdGd2Fεdxdy

The last integral above is equal to

and thus

(9) fpQdλε = - fdF£Qdμ+ fdFεPdμ.

To get (8) from (9) by letting ε —• 0 one only has to apply the
Lebesgue dominated convergence theorem to the right-hand side of
(9), which is justified by the inequality

A*4M<cA
\z\ ' ' ~ \z\

and the fact that μ vanishes on sets of zero newtonian capacity. D

5. Proof of the theorem. Let / e h(X, d ) be Dini-continuous on
X. We can extend / to a compactly supported Dini-continuous func-
tion on the whole plane C [9, Chapter VI] with modulus of continuity
w(δ). Fix δ > 0 and considers J-Vitushkin scheme (Δ7, ψj, /}) for
the approximation of / . This means that (Δ7) is an almost disjoint
covering of C by discs of radius δ, {φj) is a partition of the unity
subordinated to (Δ7 ) satisfying \Vιψj\ < Cδ~ι, 0 < / < 2, for all
7, and /} = \\ * ψjd f\ It turns out that /} is continuous on C,
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fj e h(X,d2), H/ylU < Cw(δ) and / = Σjfj E * c h fj has an
expansion outside Δ7 of the form (we assume Δ/ is centered at 0)

r / \ 1 b\ ~Z bn Z

f j { z ) = Co_ + Λ + Cι_ + ... + ^L + Cn__ + ... 9

where cn = n-x(d2fj, zn) and bn = -π~ι(d2fj , zn~x~z), the brackets
meaning the duality between compactly supported distributions and
C°° functions. From these formulas one easily shows that \cn\ and
\bn\ are estimated by some constant times δnw{δ).

2

The goal of the next lemma is to find functions gj in H(X, d )
whose expansion outside Δy coincides with that of fj up to order 2.

5.1. LEMMA. Let Δ be a disc of center a and radius δ and φ e
2C0

2(Δ) with \Vιφ\ < Cδ~ι, 0 < / < 2. Set fA = i f * ??a2/ αnJ teί

e {compact) support ofΊ)

that \\gA\\oo < Ce(δ) and

f
be the {compact) support ofΊ)fA. Then there exists gA e H(X, d )

(10) |/Δ(z) - ^ ( z ) | < Cε(δ)δC(E)\z - a\~2, |z - α| > 3J,

where ε(δ) is defined by (4).

Proof. We apply Lemma 2.2 to the set E and the measure function
h(t) = w(t)t, w being the modulus of continuity of / . We then get
a family of discs {Δ7} satisfying properties from (a) to (e) in 2.2 and
also (f) in Remark 1.

Take now ψj e C§(λΔj), \Vι<Pj\ < Cδ~ι, 0 < / < 2, such that

Σjψj = i o n ΌjΔj S e t

-_ 1 z -2 r 1 z -2 r

so that fA = Σ ; ^ ; a n ( i il̂ vlloo < Cw(δj). Let us call an index 7
good or bad according to whether the disc Δ7 is good or bad.

If j is a good index, then Δ, has the three points property with
o

respect to E c C\X, and consequently with respect to C\X. There-

fore, by Lemma 2.1 we can find Gj e H(X, d ) satisfying ||Gr7 ||oo <

Cw(δj) and f} = Gj + O(\z\~2) as z -• 00.
If j is a bad index, then Gj e H(X, S2) can be found [7, p. 310]

with \\Gj\\oo < Cw(δj) and Fj = G7 + Odzl" 1) as z -> 00.
Set GA = Σy ^ - Then
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and

II/Δ - G II < Σ
7 bad

Fj
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-Gj Σ
7 good

Fj-Gj <Ce(δ),

because of Lemma 3.1 and the properties of {Δy}.
We need now to modify GA to get a gA satisfying (10). Assume

that the center of Δ is the origin and expand H = fA- G& at oo:

To estimate bn and cn we must also consider the expansions of Hj =
Fj — Gj (ZJ is the center of Δ 7 ):

Hj(z) =
z - Zj

j Z~ZJ

(Z - Zj) (Z - Zj)"

J

Recall that if j is good then b{ = c{ = 0, so that

j bad

j)δj < CMh{E) < Cε(δ)C{E),
j bad

where the last estimate comes from §2(A) and in the next to the last
inequality (d) of 2.2 was used. Similarly one gets |ci| < Cε(δ)C(E).

For n>2, π\cn\ is equal to

by
Wήύngz" = Σn

m=oOzT , we can estimate \(d Hj, zn)

Σ ί n \\7 .\n-m\/~ft2ff. (7 _ 7 Λm\\ — TT \^ ( H \\7 \n'm\r^ I
\mr J \\anj>\z zj) ι \ - π 2 ^ \ m y z j \ ' C m |

Since c{ = 0 for good indexes j we have

y bad m=2 V 7 7

Now properties (e) and (f) of the family {Δ7} give

\cn\<C2n~ιε(δ)δn-ιC(E).
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One proves the same estimate for \bn\ arguing similarly.
Let μ be a positive measure, with support in E, such that -^ * μ

is continuous on C, A * μ < 1 and 2\\μ\\ > C(E). Set

Then IIPIloo < Cε(δ) and P e H(X, d 2) according to Lemma 4.1.
Define #Λ = ̂ Δ + P Then the expansion of fA-g& =/A~GA-P

outside Δ is of the form

where b* = bn- bn(P) and c* = crt - c ( P ) , bn(P) and cΛ(P) being
the coefficients in the expansion of P. We wish now to estimate |6*|
and |c*| by C2n~ιε(δ)δn~~ιC(E), which is easy, because we have even
better estimates for \bn(P)\ and |c π (P) | . For example

<δ»-ι\bι\<Cδn-ιε(δ)C(E).

Therefore for \z\ > 3δ we get

oo

\~n < Cε(δ)δC(E)\z\-2,
n=2

and this completes the proof of the lemma. D

We go back now to the proof of the theorem. We used a J-Vitushkin

scheme to express / as £V fj Fix j . Let E be the support of d fj

and let γ = C(E). We sublocalize fj according to a y-Vitushkin

scheme (Dk, ψk,Fk), where Fk = i f * ^ 0 /)• = i f * ψkφjd f.

Thus /) = ΣkFfr and H-F̂ lloo < cw(γ). Apply now Lemma 5.1 to Dk

and i ^ to get Gk e H(X,d2) such that ||Gy<χ) < Cβ(y) and

|i^(z) - (z^z)| < Cε(γ)γC(Ek)\z - zk\~2, |z - zk\ > 3γ,

where zk is the center of Dk and ̂  the support of d Fk.
We would like at this point to apply a variant of a well known lemma

of Vitushkin ([3, 2.7, p. 202]). We present a proof of the result we
need for the reader's convenience and also because the argument gives
a quick new proof of Vitushkin's lemma.
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5.2. LEMMA. Let E be a Borel subset of the plane with newtonian
capacity C(E) = γ. Assume that {Δk} is an almost disjoint family of
discs of radius γ and set Ek = E Γ)Δk. Then for some constant C,

ΣC{Ek)<CC{E)
k

and

Σ C(EK)

\z-zk\>2γ{ *'

Proof. By Holder's inequality with exponents 3 and 3/2

C(Ek) <

2/3 , 3

\z-zk\>2γ '

1/3
/ ax ay \

7

C(Ek)\
C(E) )

2/3

\ k

Let βk be a positive measure with support in Ek ,
1and 4τ * μk < 1 on C. For \z — zk\ > 2γ we have

/
dμk(ζ) < c C{Ek)

\z-ζ\ ~~\z-zk\

and hence, setting μ = £ ^ /"/t >

2/3

The definition of C(E) now gives

and so

k

which completes the proof of the lemma. D
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We proceed with the last step in the proof of the theorem. We claim
that

<Ce(<5).

Clearly

Cw(δ).

Using the decay estimate (10) and 5.2 we get

Σ\Fk{z)-Gk{z)\<Cε{y)
k

C{Ek)

\z-zk\>3y

which proves the claim.
Set gj = Σk &k a n d consider the expansions

fj(z) - gj(z) =
a s

Fk(z) - Gk(z) =

We have by 5.2

4 0{\z\-3) asz-oo

\bi\ = < Cε(γ)γC(E) < Cε(S)C(E)2

and similarly \c2\ < Cε(δ)C(E)2.

Let μ be a positive measure, with support in E, such that 4τ * μ

is continuous, 4τ * μ < 1 and 2||μ|| > C{E).

Set P = (1/z) * (μ/\\μ\\) and Q = (z/z2) * (μ/\\μ\\). Then

b2P
2{z) = ̂  + O(\z\~3) as z -> oo,

c2P(z)Q(z) = C2-3 + O(\z\ as z —• 0 0 ,

ll^^lloo < Cβ(ί) and ||c2Pβ||oo < Ce(δ).

The function hj = gj + b2P
2 + c2PQ belongs to H(X, d ) because

of 4.1. Since
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fj - hj = O(|z|~3) as z -» oo,

and thus Σj hj is the desired approximant in H(X, d ) .

6. The string of beads. It is a set of the form X = Ί)\(\Jk Dk) where
D is the open unit disc, the Dk are open discs centered on the interval
/ = [-l/2, 1/2] such that DkcD, DknDl = 0 if k φ I and \JDk

is dense in / .
We wish to prove that (1) holds for X. Take / e h(X, ~d2) and

write / = Σj fj using a 5-Vitushkin scheme (Δ7 9 ψj, fj)- If Δ/

does not intersect / then fj e H(X, a 2 ) (by [2, Theorem 2]). If
AjΠl Φ 0 y replacing Δ7 by a disc of comparable size, we can assume
that the center c of Δ7 lies in / . Using two points in Δ ; Π (]JkDk)
at distance not less than δ/2, we find, by a variant of 2.1, a func-
tion gj e H(X, d2) such that H/Joo < C^((5) and /}(z) - ^ ( z ) =
b/(z-c) + O(\z\-2) as z^oc.

We claim now that

(11) \b\<Cw(δ)a(Aj\X).

Once this is proved we consider hj continuous on C, analytic off
a compact subset of Δj\X, ||λ/||oo < Cw(δ) and Λ7 (z) = />/(z - c) +
<9(|z|-2) as z -> oo. Then ^ = gj + hj e H{X,d2), \\Kj\\co <
Cw(δ) and fj - Kj = 0(\z\~2) as z-^oc.

Consequently

Σ <Cw(δ),

and so Σ Δ n / = 0 / ; + Σ Δ Π / ^ ^ J
 i s t h e desired approximant in

H(X,d2).
To prove (11), given ε > 0, we cover (Δ; n /)\(U^ A:) by discs B[

of radius η = ε such that Σι rι <2δ. It is not difficult to realize that
U Dk can be covered by a family of discs D^ of radii r^ < δ such
that Σ m̂ < C length((Δ7 \Z) n / ) . Write now {5/} u {D*m} = {£>**}
and consider a partition of the unity (φn) subordinated to the above
covering and satisfying |V^«I < Cδ~*, 0 < / < 2. Set dj = fj — gj .
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Denoting by zn the center of D** we then have

<2Σ\{d2dj,φn(z)lmz)\
n

< 2 Σ ί\dj(z)-dj(zn)\\lmzd2φn(z)
n J

I m

< Cw(ε)δ + Cw(δ) length ((Δ7\X) n / ) .

Letting e —> 0 we get

1*1 < Cw(δ)γ({Aj\X)nI) < Cw(δ)γ(Aj\X) = Cw(δ)a(Aj\X)9

where we used that four times the analytic capacity γ of a subset of
the line is equal to its length and that γ and a coincide on open
subsets of the plane.
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