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GEOMETRIC MEANING OF THE INTERPOLATION
CONDITIONS IN THE CLASS OF FUNCTIONS OF FINITE
ORDER IN THE HALF-PLANE

Abstract. The aim of this paper is to study the interpolation prob-
lem in the spaces of analytical functions of finite order p > 1 in the
half-plane. The necessary and sufficient conditions for its solva-
bility are found in terms of the measure defined by the nodes of
interpolation.

Key words: half-plane, function of finite order, free interpolation,
Nevanlinna measure, interpolation sequence

2010 Mathematical Subject Classification: 30E05

1. Introduction, Definitions, and Notations. Interpolation
problem is called simple free interpolation problem if multiplicities of the
interpolation nodes are equal to unity and restrictions on the values of
interpolation function F' at these nodes are necessary restrictions related
to the fact that the function F' must to belong to the considered space.
In [6], the problem of simple free interpolation in the spaces of analytical
functions of finite order p > 1 in the half-plane C; = {z : Imz > 0}
was considered. In this article, we use the definitions and notation of [6].
Denote by [p, o0]™ the space of analytical functions of finite order p > 1
in C; [2, Chapter I, §1]. Let A = {a,}32, C C, be a sequence of distinct
complex numbers such that all limit points of A are on the real axis and
infinity.

Definition 1. A sequence A is called an interpolation sequence in the

space [p,oco|T if for any sequence of complex numbers {b,}>°, satisfying
the conditions

In" In* |b,|

sup ————
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In* In* |b,|

In |a,|

<p, (2)

lim sup
|an|—o00

there exists a function F € [p, o0]™ that solves the interpolation problem

F(a,) =bn, n=12,... (3)
<
Here In* b = 0,650,
Inb, b > 0.
Denote by B,(u,v) the Nevanlinna primary factor
U(u — 'lj)? q = 07
v(u—0)

B,(u,v) =

P
u' (1 1
By(u,v) exp (ZT (E — 5)), qgeN.

i=1

Let A = {a, = r, e}, C Cy,r, > d > 0, be a sequence of distinct
complex numbers such that all limit points of A are on the real axis and
infinity, and for any ¢ > 0

Zsme <o, p>1; (4)

pte
n=1 'n

then the function

Bl = ) = [T (2

lan|<1

)

lan|>1

belongs to the space [p, oo]T. Denote by [-] the integer part of a number.
The function E(z) is called the canonical function of the sequence A.
The following theorem was proved in [6].
Theorem A. The following two statements are equivalent:
1) The sequence A is an interpolation sequence in the space [p, 00
2) Condition (4) is true and the canonical function E(z) of the sequence
A satisfies the conditions

™.

1 1
ntlnt—— « 5
e Injan +2 " E(a) | Ima, - (5)
1
li Tt — < p. 6
e nfa, T B (a) Tma, (6)
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The aim of this paper is to obtain necessary and sufficient conditions for
solvability of this interpolation problem in terms of measure determined
by the sequence A. We need the following definitions. By C(z, R) we
denote the open disk of radius R with centre in a point z.

Definition 2. An absolutely continuous function p(r) on the half-axis
(0, 4+ 00) that satisfies the conditions

lim p(r)=p, lim p'(r)rlnr=0,

r—-+00 r—-+00

is called a proximate order.

Here p(r) is the maximum absolute value of the derivative numbers.
Let us denote V(r) := r?") and Vj(r) := 77" where p;(r) is a prox-
imate order such that ligrn pi(r) = p. From the sequence A, we define
r——+400
the Nevanlinna measure p(G) := ua(G) := > sin#, and the families of

aneG
functions

F5(a) = p(Clzr0l2]) \ an), 0F(a) = ‘DT“‘[)) >0,

where a, is the point closest to z (if there are several such points, choose
the one with the largest siné,). Set

<

0 =argz,

5
P (o) dav
+ o z
I7(z0) = st/ a(a +sinh)?’
0

I+(Z,(51,(52) = [+<Z,52) — IJF(Z,(Sl), (51 < 52 .

Our main results are stated in the following two theorems.

Theorem 1. The following two statements are equivalent:

1) The sequence A is an interpolation sequence in the space [p, oo]*.
2) Condition (4) is true, and for any § > 0

5~
. 1 . o7 (a) da i0
llgi}pn—rln[51n9/m] <p, z=re’, (7)
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1 dF () da
—1 inf [ —————— : 8
Zsel(lclz In(r + 2) " [sm 0/ a(a+sinf)? =0 ®)

Theorem 2. The following two statements are equivalent:
1) The sequence A is an interpolation sequence in the space [p, oo]*.
2) Condition (4) is true, and for any 6 > 0 there exists a proximate
order p(r), lim p(r) = p > 1, such that
r—00

an—dk
1 < V(rn), k, 9
n P— (7“) n # ()
. sin 6
(o) < a 5 <a<é, (10)
in 6 inf
@:(a)gsine/lnsm , Ogagsug , (11)
o

where 6 = arg z.

2. Preliminaries. Denote by [p(r),00)" the space of functions, ana-
lytic in the half-plane C, and of at most normal type for p(r), i.e., such
that In|f(z)| < CyV(|z|), where C} is a finite constant.

Definition 3. The sequence A is called an interpolation sequence in the
space [p(r),00) " if for any sequence of complex numbers {b, }°2_; satisfying
the condition

Y In* |b,| -

im sup 00,
lan|—0c0 V(|an’)

there exists a function F' € [p(r),00)" that solves the interpolation prob-
lem (3).

The following theorem is the corollary of [5, Theorem 1, Theorem 2.
Theorem B. The following three statements are equivalent:
1) The sequence A is an interpolation sequence in the space [p(r),00)*.

(12)

2) The canonical function E(z) of the sequence A satisfies the condition

L < (13)
su n 00,
wett V(aa) B/ (an)[Ima,
1/2 o)
O7 (o) da
inf | ————— 0= . 14
Zselgi sin /a((x+sin0)2 < 00, arg z (14)
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We will need the following inequality [5, p. 264]:
P () < My®; () (15)

for @ < 1/2, where a,, is the point of A closest to z.
3. Proof of Theorem 1. Now, we prove Theorem 1.
Proof. Let the sequence A be an interpolation sequence in the space

[p, 00]". Then conditions (4), (5) and (6) are true. It follows from (5) and
(6), that there exists a proximate order p(r), lim p(r) = p > 1, such that
r—00

condition (13) is true. By Theorem B, we obtain condition (14) from (13).
Obviously, condition (14) implies conditions (7) and (8).

Now, let conditions (7) and (8) be true. Then there exists a proxi-
mate order p;(r), rlirglo p1(r) = p, such that condition (14) is true. Let a
sequence {b, }°°, satisfy conditions (1) and (2). There exists a proximate
order po(r), Tli_)lgo p2(r) = p, such that condition (12) is true. Let p(r),

lim p(r)=p, be a proximate order such that
r—00

p(r) > max{pi(r), palr) : 7> 0},

Conditions (12) and (14) are true by p(r). By Theorem B, the sequence
A is the interpolation sequence in the space [p(r), 00)". Therefore, there
exists a function F' € [p(r),o00)" solving the interpolation problem (3).
Since [p(r),00)T C [p,00]T for each proximate order p(r), such that
rli_}n;@ p(r) = p, then F € [p,o0]™. O

4. Proof of Theorem 2. Now let us prove Theorem 2.

Proof. Let conditions (9), (10) and (11) be true. Then

It(z,0) =TI <z, —5”219) I (z, 8”218,5) .

Using (10), we estimate the second term:

5
in 6 da
e sin < sing / _
(Z’ 27 g S (a4 sin6)?

(sin0)/2
ing |’ 2
Q + SO | 6) /9
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Let us estimate the first term. To do this, we will prove
in 6
sup I (stln ) < 00. (17)

2

zeCy
From inequalities (9) and

an — Qg |an_ak|

a, — Qk Ima,

we obtain |a, —ag| = Ima, exp(—M,V (ry,)), n # k, where M; > 0 is some
constant. From this it follows that the disks C(ay,, Im a,, exp(—M2V (1))

do not intersect for some My > 0. Then

in 6
It <an’SII12 ") =J" <an,sin6n exp(—MyV (ry,)), 5
sin 6y, /2
/ sin 6, 1 sin? 0,, do
< In - =
a aa +sinb,)?

sin 0, exp(— M2V (ry,))
exp(M2V (ry)) exp(M2V (rn))

B / ada o / do <
B (a+1)22lna alna
2 2

<InMy+InV(r,) =InMs+ p(r,) Inr,.

sin 6,

Let pi(r), lim pi(r) = p, be a proximate order, such that for » > 0
r—00

p1(r) = p(r)Inr. For this proximate order

o,
sup I+ (an,%> < 0.

To conclude the proof of (17), it remains to see that &} (a) < My®/ («)

(see (15)) for aw < 1/2, where a,, is the point of A closest to z.

Condition (14) follows from (16) and (17).

Conversely, let conditions (7) and (8) be true. Then, for some proxi-
mate order p(r), lim p(r) = p, condition (14) is true. Let 5 € [(sinf)/2, d].
r—00
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Then, for some M3 > 0

28
da
M, 2 o+ _da
I7(2,8,28) > sin 607 (2, ) / ala+sinf)?
B
28 n 128
/ sinfda 7 (z,5)sind
> (a+sinf)?  28(a+sinf) 5
Si sind L B> sinf/2, we obtain (10)
ince ———— > - for infd/2, in :
ce 5 reomd 3 o S we obta
Similarly, for 8 € [0,sin6/2]

M3 2 I+(27ﬂ72/8) 2 ]+(z,ﬁ,sin9) >

sin 6
- + '
- O(z,08) [ da DF(z,0) In sin 0 '

4sin 0 a  sinf I}
B

From this, we obtain (11). O

5. Interpolation in the space H*. Let H* be the space of bounded
functions in C,..

Definition 4. The sequence A is called an interpolation sequence in the
space H* | if for any bounded sequence of complex numbers {b, }°, there
exists a function ' € H* that solves the interpolation problem (3).

The following theorem is the famous Carleson theorem [1].

Carleson Theorem. The following three statements are equivalent.
1) The sequence A is an interpolation sequence in the space H*.
2) The Blaschke product B(z) satisfies the condition

inf{Im a,|B'(a,)|} > 0. (18)
inf tn — Cjk >0
n#k | Qp —

and the measure pi(z) = Ima,0(z — a,) is Carleson’s measure, i. e., for all
r€Randallh >0

u((x,z+h) x (0,h)) < Kh, (19)
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where K > 0 is some constant independent of x and h, 6(z) is the Dirac
delta function.

Our result for the space H* is stated in the following proposition.

Proposition. The following two statements are equivalent.
1) The sequence A is an interpolation sequence in the space H™.

2) The following inequality is true

supsm@/ a—l—sm& <oo, f=argz. (20)

zeCq

This proposition is a corollary of Theorem B for the case p(r) = 0,
r > 0.

Remark. Condition (13) is an analogue of condition (18) in the space
[p(r),00). Condition (14) is an analogue of condition (19) in the space
[p(1),00). In contrast to condition (19), which gives the boundary density
of the distribution of the imaginary parts of the interpolation nodes, con-
dition (20) gives the interior density of the distribution of the arguments
of the interpolation nodes.
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