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BOUNDEDNESS OF SOME MAXIMAL
AND MULTIPLICATOR OPERATORS

G.V. Arutyunyants

Let © be an arbitrary subset of the segment [0;7/2]. We denote by Rg a set of rectangles on a
plane in directions from ©. The introduced set is a differential basis.

Now let us consider a general problem: How are related the range of the values p € [1;400],
for which the basis Ro differentiates LP(R?), and the concrete form of the set ©7 In addition, by
a differentiation of a class we shall mean the differentiation of integrals of all functions from the
given class.

The classical Jessen-Marcinkiewicz-Zygmund theorem (see [1]) implies the differentiability of
Llog" L if © is a finite set. Later Zygmund noted that, if © = [0;7/2], then Re even is not dense,
i.e., Rg does not differentiate L>°. Within the framework of the same arguments one can obtain
even a stronger result. Let © C [0;7/2] and the closure of this set possess a positive measure. Then
Re is also non-dense (see [2], p.228). Thus, the case where the closure of the set © possesses the
zero measure, is of interest.

An example of an infinite set © with good properties of Re was first suggested in [3], where
the case was considered, in which O is a lacunar sequence, for example, © = {727%}2° . Applying
an original geometric idea, J. Strémberg proved that Re differentiates L?(log™ L)***, ¢ > 0. Later,
in [4] it was proved that Re differentiates L*. Finally, in [5] it was proved that Re differentiates
L?, p > 1. The approach suggested in [5] was based on the modern achievements of the Fourier
analysis, such as the interpolation in spaces with mixed norm (so-called “bootstrap argument”),
randomization, the Marcinkiewicz theorem on Fourier multiplicators, etc. The question about a
geometric proof of the Nagel-Stein-Wainger theorem (see [5]) is an important open problem. Its
solution could allow to determine an exact class of differentiation. Up to now we only know that
this class is not wider than L log” L.

Results obtained in [5] were generalized in [6], where sets produced by iterations of lacunar
directions were considered. It was shown that, in the case of finite iterations, the corresponding
basis Re differentiates also LP, p > 1. In the case of infinite iterations, the corresponding set ©
takes the form of the Cantor set, which can be written as follows:

O = {Zaiwi, g; €{0,1}; w, > 0; Z w; < wp,, n€EN; Zwi = 7r/2}.
=1 i=n+1 i=1
In [6] it was proved that, if w,;/w, = ¢, 0 < ¢ < 1/2, n € N, then Re does not differentiate L?,
where
p<1l+log2/logq".
The classical Cantor set on [0;7/2] is obtained if w1 /w, =1/3, n € N.
In the present article we study the limit case li_{n Wni1/wy, = 1/2. We prove (Theorem 1) that

the corresponding basis is not dense.
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