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W. Hayman [On Nevanlinna’s second theorem and exten-
gsions, Rend. Circ. Mat. Palermo, Ser. II, II (1953).] has
given sufficient conditions on a function, f, of bounded
characteristic in the unit disc, in order that f’ also have
bounded characteristic. In this paper it is shown that one
of these conditions is also necessary for the conclusion of
the theorem to hold.

Let U be the open unit disc in the complex plane and let 7 be
its boundary. It is well known that there are functions f, that are
bounded and holomorphic in U, such that f'¢ N(U). Here N(U) is
the Nevanlinna class. In fact, O. Frostman, [1, Théoreme IX], has
shown that there are Blaschke products with some degree of “smooth-
ness” whose derivatives fail to lie in N(U). More precisely, he
shows that there is a Blaschke product B, whose zeros {a,} satisfy
the condition,

A —la.D)*< e, for all a>—;— ,

but B’¢ N(U). In Frostman’s example, every point of T is a limit
point of the sequence {a,}.

W. Hayman, [2, Theorem IV], has proved a result in the positive
direction. A function f, that is holomorphice in a bounded domain D,
is said to be of order K if, for every complex number a, the number
of solutions of the equation, f(z) = a, that are at a distance of at
least ¢ from the boundary of D is at most Ce™%, for some constant
C. C may depend on a but not on ¢&. We say f has finite order if
it has order K for some K. Now let D be a bounded open set such
that UC D, and let DN T = U, 1., where I, = {¢”: a, < 0 < B.}.

THEOREM A (Hayman). Suppose that

(b) Zm (/9% - an) IOg 1/(/87; - arn) < oo,
(ii) there are constants ¢, C > 0 such that if a, < 0 < B,, then

dist(e”, 0D) =z &(|0 — a,[ |0 — B,])" .
(iii) f 18 holomorphic and of finite order in D and f € N(U).
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Then f* e N(U) for k=1,2,8, ---.

The conditions (i)(a) and (i)(b) just mean that the set £ = T\U, I,
is what is usually called a Carleson set.

In [4], P. Kennedy investigates the necessity of condition (i)(b).
He shows that if (i)(a) holds but

T & 1
* 1 L — . l — = o ,

(*) i (33, (8; — ) log o=~
then there is a bounded open set D 2U such that DN T = U, 1, I, =
{e*: a, < 0 < B,}, and a function f that is bounded and holomorphic
in D such that f'¢ N(U). He observes that condition (*) does not
follow from the condition

1
w = nl —_— = oo,
2}‘.(8 a)ogﬁ

» "

and writes that “there is still a gap between the positive information
given by Hayman’s theorem and the negative information” given by
his example.

In this note we close the gap by showing that condition (i)(b)
is the right one. Our example is a Blaschke product that retains
the same degree of smoothness as the one of Frostman’s example.

THEOREM. To each sequence of arcs {L,}, I, = {e’: a, < 6 < B.},
that satisfies (i)(a) but not (i)(b), there corresponds a Blaschke product,
B, whose zero sequence, {a,}, clusters only on T\U., I,, such that
B e NU) and >, 1 — {a,)* < e for all a > 1/2. Moreover, there is
a bounded open set D, such that D2U, DNT = U, IL,, D satisfies
condition (i)(c) with C =2, and B extends to be bounded and of order

1 in D.

Proof. Lete, =B, —a,. We are assuming that >}, ¢, log (1/¢,) =
. We may choose numbers 4,, 0 <o, < 1, such that lim, . 4, = 0,
and Y, 0,6, log 1/¢, = «. Now define d, = &’ and ¢, = 1 — d,)e"*»
and v, = (1 — d,)e**». Let B be the Blascke product whose zeros are
{c.} U{v.}. The zeros of B cluster only on the set £ = T\U. I, so
B is holomorphic on I, for every n. We calculate that

1_“]0’»[2 + 1-—"7“]2 }
(z - cn)(l - Enz) » (z - 'Y'n)(l - ;77;2)
so that when ¢“ eI, we get

B(:) = B@)|S

¢"B'(e") = Be"){3, llf ol 5 Lolnl)

eﬂ___cklz T Ieio_,yklz
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If B’ were in N(U) it would follow that

> Sz,, log* <§ ]%w?l]—c—’“ﬁﬁa < eo .

» — &)
Now,
¢ — o, = (L= le,l)t + 4le, | sint (L% )
<d+(0—a)
and hence

1—;‘3%!2 > dn .
|eif} - C’nI2 o dfb + (0 - an)z

If ¢?¢e1,, then

s L—lal) < 1ol
10g <%‘ leio _ ck|2> - IOg <Zk“ Iei" _ Ck|2>
1—|cn[ >l dw
S E T Oy
So we see that

dy

1 — e S
+ k) = log———"» _df
Zn“ SI% log <; !ei” — C,c'2> - zn: In 0g dz + (6 — a,)
d
Z 'Ill C
et

Since 4, < 1, we see that d, = ¢2» < ¢, (assuming ¢, < 1), so

d d 1 1 1
I n =log == =1 = log = + 0, 1o .
o8 d: + & 8 2¢2 o8 2gin €3 g e,
Hence,
2 S log* {Z i.:—!ﬁi}dﬁ > 2rlog = + Soe, log & = o .
et Ele — el 2 €

So B'¢ N(U). Also we see that

S = Ja, ) =25 ds = B elwe < o

if @ > 1/2 because (2 — §,)a = 1 for all sufficiently large =.
It remains to construct the domain D. We have the inequality,



300 PATRICK AHERN

20 [2 1 a2 1 — e 1 — |7
|Bren P =1— (1 T){‘;_———|1—7°ei”€k!2 +3 [1_7,61.,,%{2}»

zla4(1—r2>§k;_1_—_1£%_2+; 1—!%i|212 .
o2 ¥ ]
ck ’Yk

(We may assume |¢,| = 1/2, |7,.| = 1/2.)
Now suppose a, <0 < (a, + B,)/2 and |z| < 1, then

B 21 - 0TI (S0~ lan + 3@~ nD)
So, [B(re’)|* = 1/4 if

BTV ] -
|re’ — e P T 16 2, (L —~ [e]) + X (1 — [7:])

Note that C is independent of 6 and ». Similarly we see that if
(@, + B.)2 =<0 < B, and
L — 3 1 _
[re" — e [* 16 5%‘(1 — el + 22 A — [7:])

A

b

then |B(re”)* = 1/4. We may calculate that, for C > 0,

i0. 1 -9 — fpile | papi i
‘{T@o.m<0} ——{760.]769"’p62! >1““0},
where p = C/(1 + C).

So, if

do ={reir <1, a, <0 < B, |re? —per| >1—p,
and |re’’ — petn| > 1 — o} and 4 = U, 4,, then |B(z)|
>1/2,ze4.

Now for |z| > 1, B(z) = 1/B(1/z), so |B(z)| =2 if 1/ze 4. Assuming,
as we may, that C <1, we see that I', ={2:1/z€4,} ={z: |z| = 1,
|z + de'n| < 1 +0 and |z + de'»| < 1 + 4}, where 6 = C/(1 — C).
Finally, if welet © =UU U, I', then ¢ is an open set and | B(z)| < 2
for ze 2.

Now we define a function

@ — a0 — B, if a,<0<pB, for some n
0 otherwise .

P(8) =

We check that «'(0) exists for all # and that there is a constant K
such that
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!"/f,(go - ”‘,"f’(ﬁzﬂ = Klﬁl - 621 .

(See [4, Lemma 1] for a similar calculation.) For &> 0 we define
D, = {re’. r < e¥?}. Then D, satisfies condition (ii). of Theorem A
with C =2. (Again, see [4, Lemma 2], for a similar calculation.)
Also, it is not hard to that D, & ¢” for all sufficiently small ¢ > 0.
So we fix some ¢ > 0 such that D. £ ¢ and let D= D.. Since DC
¢, B is bounded in D. It remains to show that B has order 1 in D.
Let ®: D—U be a conformal map. Since ' satisfies a Lipschitz
condition it follows from a theorem of Kellogg [3], that ¢’ extends
to be continuous and nonvanishing on D. From this we can conclude
that there is a 6 > 0 such that 1 — |@(z)| = d dist (2, 0D) for all ze D.
Fix aeC and let f = B — a and let {a,} be the zero sequence of f.
Then {p(a,)} is the zero sequence of the bounded function fo@™ so
3. (1 — |pa,)]) < oo and hence 3, dist(a,, 0D) < . From this we
may conclude that B has order 1 in D.

As a final remark we point out that we may choose the arcs I,
in such a way that E = T\U. [, is a countable set with only one
limit point, and such that (i)(b) fails. If we apply the theorem to
this situation we get a Blaschke product B whose zeros converge to
a single point such that B’¢ N(U), while the zeros sequence, {a,},
satisfies >, (1 — |a,|)* < o for all a > 1/2.
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