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ABSTRACT. In this paper we establish the L” boundedness of Marcinkiewicz integral oper-
ators on product domains with rough kernels satisfying a weak size condition. We assume
that our kernels are supported on surfaces generated by curves more general than polyno-
mials and convex functions. This generalizes and extends previous results.

1. Introduction

Let d > 2 (d = n or d = m) and S*~! be the unit sphere in R? equipped with the
normalized Lebesgue measure do. Let € L'(S"™1) be a homogeneous function of
degree zero on R” satisfying

(1.1 | 26 =0

where 3’ = % € S"~1 for y # 0. The Marcinkiewicz integral operator uq is given
by /
. / 2 3
(1.2 polN@ = [ | [ se-niia) 5
o Jyl<2?
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In [18], E. M. Stein established the L? boundedness (1 < p < 2) of ugq provided that
Q € Lip (0 < a < 1). Subsequently, A. Benedek, A. Calderén, and R. Panzone
proved the LP boundedness of o under the stronger condition that € €1(S"~1)
[10]. Since then, several authors have studied the LP boundedness of ug under
various conditions on the function €2. A particular result that is of interest to us
in this paper is the main result in [12]. In [12], Fan and Pan proved that ugq is

2+ 2
bounded on L? for all p € ( 1 I 2’ , 2+ 26) provided that 2 satisfies
1+e
(1.3) Slslrl? ) / 12y <log GRY |) do(y') < oo

for some € > 0. For € > 0, we let F'(¢,S*™1) be the space of all integrable functions
on S"~! that satisfy the condition (1.3). The set of conditions (1.3) were introduced
by Grafakos and Stevanov in [17]. Grafakos and Stevanov showed that

F(e,S" 1) ¢ L(log* L)(S™') and L(log™ L)(S"™ ') € F(e,S™ ™).
Furthermore, it can be easily seen that

U LYS™ N C F(e,S"1),e >0

q>1

For additional background information and related results on the operator pg, we
advice readers to consult [2], [4]-[9], [12], and [15], among others.

Our aim in this paper is to study the LP boundedness of a related class of
Marcinkiewicz integral operators on product domains. For suitable functions @, ¥ :
R* — R and Q € LY(S"~! x S™71) satisfying

(1.4) /Sn_1 Q(, )do(u') = /Sm_1 Q(,v")do(v') =0
and
(1.5) Qtz, sy) = Q(z,y)

for any t, s > 0, we define the associated Marcinkiewicz integral operator on R™ x R™
by

2 dt'ds’
(1.6) Maowf(z,y) = / /‘Ft?q'l Y| e+ |

\— OO0 — OO

17 B () / / = B(fultsy = Wl S dudo
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and A(t',s") = {(u,v) € R" x R™ : |u| < 2" and |v] < 2%}

For the sake of simplicity, we denote Mq ¢, by Mg, when ®(¢) = ¥(¢) =¢. In
[14], Ding proved that the operator Mg . is bounded on L?*(R™xR™) provided that
Q € L(log™ L)?(S*~'xS™1). Subsequently, Chen, Fan, and Ying extended Ding’s
result to L? for all 1 < p < oo [11]. The condition Q € L(log™ L)?(S*~1xS™™1)
was very much relaxed by AL-Qassem, Al-Salman, Pan, and Chang in [2]. In
fact, the authors of [2] proved that Mq . is bounded on L for all 1 < p < oo
provided that kernel satisfies the weaker condition 2 € L(log L)(S"~1 x S™~1) (see
[13] for the case p = 2). In the same paper [2], the authors showed that condition
Q € L(log™ L)(S"! x S™ 1) can not be replaced by any condition in the form
Q€ L(logt L)*(S"~! x S™71) for some a < 1.

The main purpose of this paper is to investigate the LP boundedness of Mg ¢ v for
mappings ® and ¥ more general than polynomials and convex functions, provided
that Q) satisfies the condition

(1.8) sup / Q' , ") {G(E, ")} T edo(v) do(v') < oo,
@ -txemn S

for some € > 0, where
G 1) =log " (|&" - u/|7) +log™ (In" - v'|71) +log " (I¢' - /| 7) log ™ (| - | 71).

For € > 0, we let F(e,S"1,S™~1) be the class of all @ € L*(S"! x S™~1) that
satisfy (1.8). The class F(e,S"~1,§™~1) is the analogy of the class F(e,S"™1) in
the one parameter setting above. It is clear that, for any € > 0, we have

U zes* ! xs™ ) c Fe,s"7, 8™ 7).
g>1
Moreover, it was observed in [4] that
F(e,S"1,S™ 1) ¢ L(log" L)(S"! x §™1)
and
L(log™ L)(S" ' x S™1) ¢ F(e,S™ 1, 8™ ).

Historically, in [4], Al-Salman proved the L? boundedness of Mq ¢ ¢ for all p €
(2 + 2¢

14 2¢
either convex increasing functions or satisfy a growth condition in the form

2+ 26) provided that Q satisfies (1.8) and the functions ® and ¥ are

(L9) o) < Cutt, [ (1)] < Cat=2

(1.10) Cst=1 < |/ (1) < Cyt?71
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where d # 0, t € (0,00) and C7,C5, C5 and Cy are positive constants independent
of t.

In [3], Al-Salman introduced a class of functions generalizing the convexity
property. To be more specific, a function ¢ : [0,00) — R is said to belong to the
class 2% x(d) (d > 0) if there exist, A € R, a polynomial P, and ¢ € Cy([0, 00))
such that

(i) ¥ (t) = P(t) + Ap(t)
(1.11) (i) P(0) = 0 and ¢W(0) =0 for 0 < j <d
(iii) ¢9) is positive nondecreasing on (0,00) for 0 < j <d+ 1.

It was shown in [3] that the class Ug>o(PCx(d)) contains properly the class of
polynomials P4 as well as the class of convex increasing functions. The author of [3]
pointed out that the function §(t) = —t* 4+ t*In(1 +¢t) is in PC,(2) which is neither
convex nor polynomial.

In light of the aforementioned discussion, it is natural to ask the following;:

Question. Let Mq,o v be given by (1.6) and assume that Q € F(e,S"~!,S™71)
satisfying (1.4)-(1.5) for some € > 0. Suppose that & € PEx(d), ¥ € PEC(b) for
d,b>0 and A\, a € R. Is Mq o w bounded on LP for some 1 < p < oo?

In the following theorem, we give an affirmative answer to the above question:

Theorem 1.1. Suppose that Q € F(e,S*~1,S™1) satisfying (1.4)-(1.5). If ® €
PEA), ¥V € PEa(b) for d,b >0 and N\, « € R. Then Mq ¢ v is bounded on
2+ 2
LP(R™ xR™
(R R™) for p € | 175
the coefficients of the particular polynomials involved in the standard representation
(i) of ® and U in (1.11).

, 2+ 2¢ | with LP bounds independent of A\, € R and

We remark here that Theorem 1.1 is a fundamental generalization of Theorem
1.1in [4].
Throughout this paper, the letter C will denote of a constant that may vary at each
occurrence but it is independent of the essential variables.

2. Preliminary Estimates

We start for the following result in [16]:

Lemma 2.1. ([16]) Suppose that P(y) = Z aay” is polynomial of degree m on

lal=m

1
R™ and € < —. Then there exists A. > 0 such that
m

| IPw)dnty) < A,
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where

1Pl = 3 aal.

|a|=m

The bound A. may depend on €, m and n but it is independent of the coefficients
of the polynomial.

Also, we shall need the following lemma in [1]:

Lemma 2.2.([1]) If ¢ € C¥*10,00) and satisfies the conditions (i) — (ii) in (1.11),
then

(i) plar) < ap(r) for0<a<landr >0

(i1) @(ar) > ap(r) for « > 1 and r > 0.

(iii) @ (r) = r=d=1p(r) for r > 0.

The following well known theorem on maximal functions is significant:

Theorem 2.3. ([3]) Suppose that T : R* — RY is a non-constant mapping and
assume that ¢ € PE\(d) for some d > 0 and A € R. Suppose also that p > 0.
If Q € LY(S™ 1) is homogeneous of degree zero in R™, then the mazimal function
My 0 given by

(2.1) My.o(f)(x) =sup

JEZ

/ R ACa dCORCR)

satisfies

[w,0(Hllp < Cp 2 11l

for 1 < p < co. Here, the constant C), is independent of X\, T(y') and the coefficients
of the particular polynomials involved in the representation (1.11) of .

Now, we move to obtain the needed oscillatory estimates. For € L!(S"~! x
S™~1) and suitable mappings ®, ¥ : RT — R, we define the family of measures
{os, w04 : 1/, s € R} by

(2.2)
Q(u', v
[ stosware= [ g— sy = U ) S dude
R? xR® r(2¢,2%") |ul |v]
where

r2",2%) = {(u,v) € R" x R™ : 281 < |u| < 2" and 2° ' < |v] < 2°'}.
The corresponding maximal function is defined by

(2.3) (0o, w,0) flz,y) = tSU]D]R llow, w00 | % (f)(x,y)]-
S

For simplicity, we shall let
Ot/ s = 03, ¥,Q,t s -
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Now, for ® € Py, (d) and ¥ € 2%y, (b) for some b, d > 0, let

®(t) = P(t) + Mipr(?)
U(r) = Q(r) + Azpa(r),

where A\, Ay €ER, P € Py, Q € Py, o1 € CHL[0,00), and 3 € CPT10, 00). Let

d b

(2.4) P(t)=> cpath and Q)= crath.

k=0 k=0

For0 <l <dand 0 <s<hb,let

l s
(2.5) Pt)=> cxath and Qu(t) =D crath,
k=0 k=0

where we use the convention that Y. = 0. Now, by (2.2), we defined the family of
j€o
(d+1 b+1) !

measure {0, . :t', s € R} via the Fourier transform by

(2.6)
’oa
agfizl,b-&-l)(g =92~ (t'+s’ // <I>(|u|)§u +(|v|) .o’ )Mdudv
7 (2t ,2s")

‘uln—l |U‘m—1

For 0 <1 <d, 0<s<b, we defined the family of measures {of,l:,) :t', s/ € R} by
(2.7)
(g m) = 2=+ >// (Pl € +Qu () WSV
r2t,2s")

|u|n71 ‘U|m71

It is clear that _00)  ~(0bt1) A -
0,0 ~(0,b+1 +1,0
Ut' 1= Oy g Ut/ ’ 0

By (2.6)-(2.7), we have

(2.8) Mo.a,w( </ / t,d:/l b * (f)(z, y)‘2 dt’ ds’) : )

We have the following two lemmas:

Lemma 2.4. Let { d“ Py o e R} be the measures given in (2.6). Suppose
that Q € F(e,S" 1,Sm 1) for some € > 0. Then
(i) flo (d“”’“)l\ <G

t/ ’
.o ’ —1l—e¢ , —1—c¢
i) | <0 (og" P @ 7el) T (logT P 2 ml)
’ , —1—e¢
39,?’””(57 n) =55 Em) ‘<C ‘Awl t)f‘ (10g+\)\2<02 (27 71)77|) ;
1—e

G m) G Em)| < C [ daea@)n| (logt agrn @7 HeEl)
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AL 6 m) — Y (6 ) — 5L (6 m) 51 6 )
< Clen(2") €] Dapa(27) s

G e m) - 7S (€ m)| < C g2 €
) — 56| < € (2.

Here C' is independent of t',s' € R and (§,n) € R™ x R™.

(vi)
(vii)

Lemma 2.5. Let {0, ¢ S) :0<1<4d,0< s <b} beasin (2.7). Suppose that
Qe F(e,S"1,sm1) for some € > 0. Then
(i) lloi 2l < C;
11 ~(1,s) + t'—l In Tl + s'—=1\s o| Tie
i) G| <o (logtlas @) el) T (logT ez @) stal)
o —1—e
G em) =3l 6 m| < € laa 29)¢l (log" ez (271 stml)
—1—¢
: ~(l,s ~(l,s s'\s r_
) [505,6m =505 Dem)| < C Jea@) n| (log" a2 1el)
~(1, ~(1 ~(l,s— ~(l-1,8—
‘ 15’ j/)(57 ) O—iE’ s/l S)(§7n) JIE’ ,s’ Y (5’ ) + O’E, s’1 Y (fﬂ?)‘
< Clea(27) €] fes,2 (27) 0;
i) o €m) =0V (Em)| < € e (27)1 el
(vii) [0 (€ — 31TV (Em)| < € fena(2)7 ]
Here C' is independent of t',s" € R and (§,n) € (R",R™).

Now, we shall start by presenting the proof of Lemma 2.4.

Proof of Lemma 2.4. To prove (z), we have

ol o) / // Q' v')| dt dr do(u) do (')
Sn—lxsm—1

ot/ —1 25’71

C HQHL1 X
To get (i7), by polar coordinates, we have
(2.9)
]

2t/ 25/

/ / / 2—(t/+s/)e—i(<1>(t)§Au/+\11(7‘) nAv/) Q(’U,/,’U/) dtd’f‘O’(Ul) dO'(’Ul)
Sn—1ysm—1

ot/ —1 95’/ —1

< 2*<t’+5’>/ Q0| Agypr.o do(u)do(v')
sn 1><Sm 1

where

2t’ 25’

/ / GO I PR EA

ot/ —1 9s’—1

(2.10) Apyp g =
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By change of variables, we get

(2.11) Apw s < 22Uy 1 Ag
where )
Apy = / efi(<1>(2f‘/_1t)§‘u’ dt‘
1
and )
Ay o = / efi(‘P(QSI_lr)”‘”/ dr|.
1
By Lemma 2.2, we have
(2.12) @R ] = Ol (2
and
(2.13) |21 )| > € Paga (21|

where 21 < t < 2" and 28! < r < 2%, Thus, by Van der Corput lemma in [19],
we obtain

(2.14) Apy < A (2071 ¢ /|7
and
(2.15) Ao < |Ayoa (25 Y n-of| 551,

Thus, by combining the trivial estimates Ag » < C and Ay ¢ < C with the esti-
mates (2.14)-(2.15), we have

AtI),t/ < min{C, |)\1 01 (2t’71)£. ul|_ﬁ}

and , 1
Ay ¢ <min{C, A2z (2° 1) n -/ TF )
Therefore,
1 +e
Clogh |¢ - /|~
Apy = + t'—1Y) ¢|ahT
(216) log™ A1 1 (2 17 "
, —1—¢ 1 €
<C (log+ |A1o1 (2t _1)§|> (10g+ Iz ’U/|) ’

where £’ = £ Similarly, we get

el

, C1_e 1 1+e€
(2.17) Ay g <C (log+ A2 @2 (2° _1)77\) <log+ |,> :

n -
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Thus, we arrive at the following estimate

Aq>,\I/,t’,s/

(t’+ /) + -1 —1—e + 1 Ite
(2.18) <C2 <log A1 (2 )§|) (log T u’|>

N I 1—e N 1 1+€
(log [A2p2 (2° )TI‘) (log W) .

Finally, by (2.9), (2.18) and (1.8), we obtain
(2.19)

, —1—¢ ’ —l-e
b’\gi:’l,b—i_l)(&n)‘ <C <logJr Arer (271 §|) (1°g+ A2 2 (271) "|)

For the proof of (iii), we have

(2.20)
~(d+1,b+1 ~(d,b+1
ot e m) = 5 € m)|
ot’ s

/ / / Q(u',v') e*i\I/('r) n.v' (efiq)(t)ﬁ.u/ _ efiP(t) .fu/) dtdrda(u') dO’(’U/) .

sn—1lxsm—1qot/—19s'—1

Thus, by Fubini’s Theorem, we get
(2.21)
st e m 5l )|

t,/s! t,/s’

2t/ 25/

§2’<t/+5/> / / / / Q(u/,v/)eﬂ'q’(r)"'”/ dr do(v')

sn—1 2t’—1 gm—1 251_1

‘e—iP(t)g.u’ (e—i A1 (t) €’ _ 1)’ dtda‘(u’)

2 2 . o ,
e I B O O A A

1

dt

sn—1ysm—1

2
/ Ay o dt
1

where ) is increasing, 2/ ~' < ¢t < 2" and Ay g as in (2.17). Thus,

< COlQllr haer(2) €

~(d+1,b ~(d,b
R AR D]
(2.22)

< C 9

C1—e 1 1+e
Are1(2%) 5‘ (10g+ A2 2 (25 71) TI\) log*t ﬁ) .
[’ - ']

Finally, by combining (1.8) and (2.22), we establish the estimate (iii). Similarly,
we can obtain the estimate (iv). We omit details.
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Now, to get the estimate (v), we have
AR () B AR (307 B APl () B (3T
21 S
< 9~ (t'+s") / / / (u',v")| le"iM1e1 (D€ 1| |e=R292() 1 _ 1| dt dr do(u') do(v')
sn—1lxsm—1gt/—1 9s/—
ot g8
< 2=+ A1 1 (28) €] | A2e2 (25" ) 1] / / / |2, v")|dt dr do(u') do(v')
sn—lxgm=1 gt/ —1 9’1
< ClI9lLs g1 (2) €] aga(27) )
< Cp1(27) €] [Aa2(2°) 1l

For the estimate (vi), we have
~(d+1,b ~(d,b
BT Em) — 500 )|

ot’ 98

< 2= (N / / / |, 0" e~ & _ gl gy g do(u') do(v').

sn—1 XSWL—I 21,/71 25/71

Now, since ¢ is increasing and 21 <t < 2t/, then by change of variables, we
obtain

(2.23)

~(d+1,b ~(d,b /
O R ()| e N
Similarly, we can prove (vii). We omit details. This completes the proof.

Proof of Lemma 2.5. The proof of Lemma 2.5 follows the same procedure as in
the proof of Lemma 2.4. We only need to notice here that

d _ ’_ ds ’_ ’_
ZPE T ) =, 2 and Q27T ) = eap (277)7 8.

We omit details.

Now, we have the following lemma on the concerned maximal functions:

Lemma 2.6. Suppose that Q € L}(S"~! xS™ 1) and &, ¥ : RT — R. Let M3 w0
be the maximal function defined by

1 ’ ’ Q(u/,v/)
) ﬁf/m o 1= sy = o) e

If ® € P€\(d) and U € L€ ,(b) for some d,b> 0, then

My v 0(f)(z,y) = sup
t/,s'e

||=///¢>,\11,Qf||LP <C ||Q||L1 Hf”LP
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Proof. For ® € € (d) and ¥ € PE,(b), let

AMy.ao(f)(x,y) = sup

s’eR

o [ TG ) Tt

2¢' 1< fu] <29’
and
Q) )
|u|n71

My o(f)(z,y) = sup

t’eR

1 /
w [t

2t =1 <Jul <2t

d(u)‘

By using the observation #s v o(f) < (Mo ao M) (f) and Theorem 2.3, we
get

Ao wo(f)ll, <I|AsaoMyalf)lp
(2.24) < Cp 191 |Aw.a()llp
<C N 1 f1lps

where o denotes the composition of operators. This ends the proof.

3. Proof of Main Result

Assume that Q € F(e,S"71,S™~1) for some € > 0. Let O’E,l;) be the measure
defined by (2.7). Now, for t/, s’ € R, we defined the family of measure {Tt(/ljss,) :0<
1<d+1,0<s<b+1} by
(3.1)

Tt(’l:ss’) (ga 77)

~(l,s /I s'—1\s

= 326 Ticrean 9@ a6 Ty 92 lenn)

~(l-1,s f— s'—1y\s

—54 7 EM Ticrcrears A2 e &) Tligicprn 927 les2n))

~(l,s—1 - s'—1Y:

=517 €M Mhcrean (@) a1 €D) Thoicicom $(27 7 leszml)

~(—1,s—1 ’_ s —1\s
+Jt(/,s/ '(&,n) Il icrcars 27 D e €D) Tl 1cicpsr @((2° 1% es2nl).

Here ¢(t) € C§°(R) such that ¢(t) = 1 for |¢t| < = and ¢(¢) = 0 for |[t| > 1. Here,
we set cqg+1,1 = A1 and ¢p41,2 = A2. By Lemma 2.4 and Lemma 2.5, we obtain that
{r2) 10<1<d+1,0<s<b+ 1} satisty

N | =

(32) Il < €5
~(l.s —1—¢ —1—¢€
(33) || <0 (og* law Li©)) T (log* by Qu(m])

1—e

(3.4) 73| < C vy Lu©)] (108" [bawr Qo)™
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=8 —1—€
(3.5) A3 (€ )| < C oo Qulm)l (t0g™ v Li(©)) ™"
(3.6) e | < C lav L)l be.s Q)
and
d+1 b+1 s ( :
(3.7) Z Tt,l 5) — Jt,d;r,l’Hl ,
=1 s=1
where
A€ JA=d+1 A2 7 ,s=b+1
Ll(&): Ck,lg vl#d"’_l ) Qé(n): 65,277 ,S?éb—‘r]_,
e1(2°°Y) Jl=d+1 @221 Ls=b+1
arp = C@ENY I #d+1 yand byo = C(25 Y s#£b+1
Thus, by (3.7), we have
d+1 b+1 9 1
(3.8) Moo w(f)(z,y) <CZZ</ / Tt(,lss,)* )(@y))’ dt’ds’)
=1 s=1
Let
2 3
(3.9) (l ) (/ / Tt(/l %) x )(x,y))’ dt’ ds’)
s) . 2
Now, we need to prove that Mg ) is bounded on LP for pE (1 i 5c’ ,2 4 2¢

By an elementary procedure, we choose two collections of > functions {ukl)}kez

and {V,(:)}kez on (0,00) that satisfy the following properties:

" 1 1 ] () { 1 1 ]
3.10 supp(v —, » Supplv = b r 1
(3.10) pp(vy,”) C Ll’kﬂ ah1 pp(vy ) S bs k+1 bs -1
(3.11) 0<u’, <1

1 s
(3.12) S w) =3 v () =

kEZ keZ
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drvl(cl)

d”y,(:)

Cr
qur W< o

< .
=

(3.13)

Defined the functions {v,il)) :k €Z} on R" and {U](:)) :k €Z} on R™ by

(o) @) = 1 (12?) and (07)(w) = 1 (1wP?).

Thus,

L, l s l,s
(314) (Tt(’,;/) * f)(xa y) = Z Z (U(Lt)’J+j & U(Ls?JJrk) * Tt(’,s’) * f(x,y)a

JEL kEZ

where |t the greatest integer function less than or equal to ¢. Thus

(3.15) MG () y) <SS UL () @),
JEZL k€L

where

(3.16)

1
2

(L,s) R Y0 (5) ) ’
ijl’c (f)(.%’, y) = (/ / ‘ (ULt'J+j & ’U\_S’J-i-k) * Tt’:s/ * f(m; y)‘ dt’ dS/)
— o0 — 00
By Littlewood-Paley Theory in [18], we have

(3.17) 156Nl < ClIFlp
for all 1 < p < oo with constant C' > 0 , where

(oo} 2

, 2
Sik(f)(@,y) = / ‘(U(LQJH ®UE:2J+k> * f(x,y)‘ dt' ds’

— OO

Thus, by (3.17), Lemma 2.6, (3.2), and Lemma 1 in [16], we obtain

(3.18) 10 ()l < C £,

for p € (1,00) and C > 0.
Next, we seek suitable L? - norm of U j(’l,’cs) (f). We shall adopt the same steps followed
by Al-Salman in [4]. By (3.10), defined the intervals E,gl) and E](S) in R by

(3.19) EL(€) = [logy (25071 (€] 1)), logo (25201 (€] 71))] ;

(3.20) B (n) = [logy(27B71(1€71)), logy (272871 (16]7H)]
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where

e(t):{mm l=d+1 ﬂ(t):{w), s=b+1
t, l4£d+1 t, s#b+1,

and (&,n) € R" x R™.
It is clear that, from (3.19) and (3.20), the following are satisfied

(3.21) 1ED @] = |ES ()] = 3
(3.22) 027R 071 (je]7)) < 02") < 0270 (g 7h)
(3.23) BB (In|™Y) < B2%) < BERTITEET(InI7Y)),

where (', s') € EP () x EJ(-S) ().
Therefore, for (¢',s") € E,(j)(g) X E;S)(n), by Lemma 2.2, (3.22), and (3.23), we have

(3.24) g(2) < 27k ¢ for k > 3;
(3.25) g(2" 1) > 27k gt for k < —2;
(3.26) B(2%) < 27943 |y for j > 3;
(3.27) B2 =27yt for j < —2.
Thus, by Plancherel’s Theorem, (3.2)-(3.6) and (3.24)-(3.27), we get
(3.28) IS (Dl < By 1l
where

|~ s, if k,j < —2

2 kl=gs ifk,j >3

Bjp = { 20738 |y 7+ if k< —2andj >3

2=kl |51+ if k>3 andj < —2

1, if k>—-2and j <3
By an interpolation between (3.18) and (3.28) , we get

l,s
(3.29) 10557l < C Bk 111l
2+ 2e . . .
for all p € (, 2+ 26). Since the series Y Y B is converged, we get
1+ 2 jezkez
l,s

(3.30) 1M (Dl < € 11 £y

24 2e¢
14 2€’

for all p € ( 2+ 26). This completes the proof.
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