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ON WEAK*-CONVERGENCE IN H}(R¢)
LUONG DANG KY

ABSTRACT. Let L = —A+V be a Schrodinger operator on R?, d > 3, where
V' is a nonnegative function, V' # 0, and belongs to the reverse Holder class
RH /5. In this paper, we prove a version of the classical theorem of Jones
and Journé on weak*-convergence in the Hardy space H}(R?).

1. INTRODUCTION

A famous and classical result of Fefferman [7] states that the John-Nirenberg
space BMO(R?) is the dual of the Hardy space H'(RY). It is also well-known
that H!(R?) is one of the few examples of separable, nonreflexive Banach space
which is a dual space. In fact, let VMO(R?) denote the closure of the space
C>(R?) in BMO(R?), where C>°(R?) is the set of C°°-functions with compact
support, Coifman and Weiss showed in [1] that H'(R?) is the dual space of
V MO(RY), which gives to H'(R?) a richer structure than L!(R?). For example,
the classical Riesz transforms V(—A)~!/2 are not bounded on L'(R9), but are
bounded on H'(R?). In addition, the weak*-convergence is true in H'(R%),
which is useful in the application of Hardy spaces to compensated compactness
(see [2]). More precisely, in [9], Jones and Journé proved the following.

Theorem J-J. Suppose that {f;};>1 is a bounded sequence in H'(RY), and
that f;(z) — f(x) for almost every x € RY. Then, f € HY(R?) and {f;};>1
weak®-converges to f, that is, for every ¢ € VMO(R?), we have

iim [ fy(@oade = [ f@)pla)d.

Jj—00

The aim of this paper is to prove an analogous version of the above theorem
in the setting of function spaces associated with Schrodinger operators.

Let L = —A + V be a Schrodinger differential operator on R?, d > 3,
where V' is a nonnegative potential, V' # 0, and belongs to the reverse Holder
class RHg/. In the recent years, there is an increasing interest on the study
of the problems of harmonic analysis associated with these operators, see for
example [4, 5, 6, 10, 11, 13, 14]. In [6], Dziubaniski and Zienkiewicz consid-
ered the Hardy space H}(RY) as the set of functions f € L'(R?) such that
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ON WEAK*-CONVERGENCE IN H}(R%) 2

[ fllgr = [Mrfllz < oo, where My f(x) := sup,. le7tt f(x)|. There, they
characterized H}(R%) in terms of atomic decomposition and in terms of the
Riesz transforms associated with L. Later, in [5], Dziubarniski et al. introduced
a BMO-type space BMOp(R?) associated with L, and established the dual-
ity between H}(RY) and BMOL(R?). Recently, Deng et al. [4] introduced
and developed new V MO-type function spaces VMO 4(R?) associated with
some operators A which have a bounded holomorphic functional calculus on
L*(RY). When A = L, their space VMO (R?) is just the set of all functions
[ in BMOp(R?) such that v,(f) = v2(f) = 3(f) = 0, where

/
n(f) =lim | sup /|f —ei)Pay) |

r—0 xeRd,t<r

1/2

— 1 —tL 2d )

72(f) = Jlim xeﬂs%gfw \th /\f f(y)|"dy ,
N B(z,t)

1/2
v3(f) = lim sup / fly)—e " fly Qdy)
() R—00 \ B(zt)NB(0,R)=0 |B (z,1)] : | W)l

J:t

The authors in [4] further showed that H}(R?) is in fact the dual of V MOy, (R?),
which allows us to study the weak*-convergence in H}(R%). This is useful in
the study of the Hardy estimates for commutators of singular integral operators
related to L, see for example Theorem 7.1 and Theorem 7.3 of [10].

Our main result is the following theorem.

Theorem 1.1. Suppose that {f;};>1 is a bounded sequence in H}(R?), and
that f;(z) — f(x) for almost every x € R%. Then, f € HL(R?Y) and {f;};>1
weak’-converges to f, that is, for every ¢ € VMOL(R?), we have

tin [ fi@p@de = [ f@)es

Throughout the whole paper, C' denotes a positive geometric constant which
is independent of the main parameters, but may change from line to line. In
R? we denote by B = B(z,r) an open ball with center x and radius r > 0.
For any measurable set F, we denote by |E| its Lebesgue measure.

The paper is organized as follows. In Section 2, we present some notations
and preliminary results. Section 3 is devoted to the proof of Theorem 1.1. In
the last section, we prove that C°(R?) is dense in the space VMO (R?).

Acknowledgements. The author would like to thank Aline Bonami and
Sandrine Grellier for many helpful suggestions and discussions.
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2. SOME PRELIMINARIES AND NOTATIONS

In this paper, we consider the Schrodinger differential operator
L=-A+V

on R%, d > 3, where V is a nonnegative potential, V' # 0. As in the works of
Dziubanski et al [5, 6], we always assume that V' belongs to the reverse Holder
class RHg/5. Recall that a nonnegative locally integrable function V' is said to
belong to a reverse Holder class RH,, 1 < ¢ < oo, if there exists a constant
C > 0 such that for every ball B C R,

1/q C /
qu < — [ V(z)dz.
(7 / B/ V™

B

Let {T}}i~0 be the semigroup generated by L and T;(z,y) be their kernels.
Namely,

1) = f @) = [ To)f)dy, € LR, t>0
Rd
Since V' is nonnegative, the Feynman-Kac formula implies that
1 _lz—y|?
— e @
(47rt)d/2
According to [6], the space H}(R?) is defined as the completion of
{f e L’RY) : Mpf € L'(RT)}

(2.1) 0 < Ty(z,y) <

in the norm

[z o= IMefller,

where M f(z) := sup,.q |T;f(z)| for all x € R%
In [5] it was shown that the dual space of H}(R?) can be identified with the
space BMOp,(R?) which consists of all functions f € BMO(R?) with

22 Wlowo, = Flmvo-+ s o [ Ifwldy < oc,

p(z)<r
B(z,r)

where p is the auxiliary function defined as in [13], that is,

(2.3) p(x )—sup r>0 — / dy<1

B(:v r

z € R% Clearly, 0 < p(z) < oo for all z € R%, and thus R? = | J,,., B,, where
the sets B,, are defined by

(2.4) B, ={z € R : 27("D/2 < p(z) < 272},
The following fundamental property of the function p is due to Shen [13].
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Proposition 2.1 (see [13], Lemma 1.4). There exist Cy > 1 and kg > 1 such
that for all x,y € RY,

_ —y[\ | — y[\m
Let VMO (R?) be the subspace of BMOp,(R?) consisting of those functions
[ satistying v1(f) = 72(f) = 13(f) = 0, where

r—0 z€eR4 t<r

1/2
w(h) =t | s (o [ 1w =t rwkan)
B(z,t)

Y2(f) = lim | sup ( y)—e " fy )\Qdy) "1

B—o0 | 4erd >R

B(xt

/
)= Jim | s (e /|f “fy)Pdy)

R—00 | B(zt)nB(0,R)=

In [4] it was shown that H}(R?) is the dual space of VMO (R?).
In the sequel, we denote by Cj, the L-constant
CrL =8.9%C,
where kg and C are defined as in Proposition 2.1.
Following Dziubanski and Zienkiewicz [6], we define atoms as follows.

Definition 2.1. Given 1 < q < oo. A function a is called a (H},q)-atom
related to the ball B(xo,r) if r < Cpp(xo) and

i) supp a C B(zg,1),

i) lallzs < |B(ao, 7)1,

ii) if r < g-p(wo) then fRd z)dz = 0.

Then, we have the following atomic characterization of H}(R?).
Theorem A (see [6], Theorem 1.5). Let 1 < q < oco. A function f is in
H(R?) if and only if it can be written as f = 3, N;ja;, where a; are (H}, q)-
atoms and Zj |\j| < oco. Moreover, there exists a constant C' > 0 such that

1715 < inf{zw = Zw} < Cllf Iy

Let P(z) = (4n)~%2¢~1?F/4* be the Gauss function. According to [6], the
space hl(RY), n € Z, denotes the space of all integrable functions f such that

M, f(x) = sup |P* f(x)| € L'(RY),

0<t<2—"1/2
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where Pi(-) :==t"4P(t71.). The norm on hl(R%) is then defined by

[ fllny = M fllLr-

It was shown in [8] that the dual space of hl(R?Y) can be identified with
bmo, (R?) the space of all locally integrable functions f such that

| fllomon = I f | Baro + sup ﬁ / |f(y)|dy < 0.

z€RA 2—n/2<y
B(x,r)
Here and in what follows, for a ball B and a locally integrable function f, we
denote by fp the average of f on B. Following Dafni [3], we define vmo, (R?)
as the subspace of bmo,(R?) consisting of those f such that

lim [ sup / |f(y) = fB@nldy | =0
o—0 xeRd,r<a
B(:vr
and
1
Jim sup s | 1wl =o
R—ro0 B(z,r)NB(0,R)=0,r>2-"/2 |B<.§L’ T)‘

B(z,r)

Recall that C%°(R9) is the space of all C*°-functions with compact support.
Then, the following was established by Dafni [3].

Theorem B (see [3], Theorem 6 and Theorem 9). Let n € Z. Then,
i) The space vmo,(R?) is the closure of C=°(R?) in bmo,(RY).
i) The dual of vmo,(R?) is the space hl(R?).

Furthermore, the weak*-convergence is true in hl(R9).

Theorem C (see [3], Theorem 11). Let n € Z. Suppose that {f;};j>1 is a
bounded sequence in hl(R?), and that f;(z) — f(z) for almost every x € R%.
Then, f € hL(RY) and {f;};>1 weak*-converges to f, that is, for every ¢ €
vmo,(RY), we have

st~ |

3. PrROOF OF THEOREM 1.1

We begin by recalling the following two lemmas due to [6]. These two lemmas
together with Proposition 2.1 play an important role in our study.
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Lemma 3.1 (see [6], Lemma 2.3). There exists a constant C > 0 and a
collection of balls B, , = B(x,4,27"?),n € Z,k = 1,2, ..., such that v, € By,
B, C Uy Bk, and

card{(n, k') : B(zpx, R27"?) N B(x 40, R27V?) # 0} < R
for alln,k and R > 2.

Lemma 3.2 (see [6], Lemma 2.5). There are nonnegative C*°-functions 1y, ,
n€Z,k=1,2,.., supported in the balls B(x,x,2'"™?) such that

Y tnp=1 and ||V~ < C2V2.

n,k

The following corollary is useful, its proof follows directly from Lemma 3.1.
We omit the details here (see also Corollary 1 of [5]).

Corollary 3.1. i) Let K be a compact set. Then, there exists a finite set
[ CZ x Z* such that KN B(x, 1,2 "?) = () whenever (n, k) ¢ T.
ii) There exists a constant C > 0 such that for every x € R%,

card {(n, k) € Z x 7 : B(xps, 2" N B(x, 2p(z)) # 0} < C.

iii) There exists a constant C' > 0 such that for every ball B(x,r) with
p(x) <7, we have

|B(z,7)| < > | B(an g, 27"%)| < C|B(z,7)|.
B(zn, 1,27 "/2)NB(z,r)#0

The key point in the proof of Theorem 1.1 is the following result that we
will prove in the last section.

Theorem 3.1. The space C>°(RY) is dense in the space VMO (R?).
To prove Theorem 1.1, we need also the following two lemmas.

Lemma 3.3 (see [10], Lemma 6.5). Let 1 < ¢ < 0o, n € Z and © € B,.
Suppose that f € hL(RY) with supp f C B(x,2'""2). Then, there are (H},q)-
atoms a; related to the balls B(z;,7;) such that B(z;,r;) C B(z,2*?) and

f:Z)\jaj, Z|>‘]| §C||f||h}L
j=1 J=1

with a positive constant C' independent of n and f.

Lemma 3.4 (see (4.7) in [6]). For every f € H}(R?), we have
> sty < Cllf .-
n,k

Now, we are ready to give the proof of the main theorem.
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Proof of Theorem 1.1. By assumption, there exists .# > 0 such that
| filly <A, forallj > 1.

Let (n,k) € Z x Z*. Then, for almost every x € RY, ¢, 1(x)f;(x) —
Yy (2) f(2) since f;j(z) — f(x). By Theorem C, this yields that 1, ; f belongs
to hl(RY) and {4, 1 f;};j>1 weak*-converges to ¥, f in hL(R?), that is,

(3.1) lim [ (2 5 ()6 = / bk (2) (@)},
]*}
R4
for all ¢ € C°(R?). Furthermore,
(3.2) [thn e fllny < 1 {[ehn g fi s -
j—o00

As z,, € B, and supp ¢, i f C B(xn,k,21*"/2), by Lemma 3.3, there are
(H},2)-atoms /" related to the balls B(2}"*, 7"*) C B(a,x, 227/2) such that

Ui =D XY TN < Clldbni f I
J J

Let N,K € Z' be arbitrary. Then, the above together with (3.2) and
Lemma 3.4 imply that there exists my x € Z* such that

N K
nZ ZZM?ﬂ < Z Z ( 1+ 1+k2) + Hw"kamN,KHh%)

=—N k=1 j —N k=1

///

< C//,

where the constants C' are independent of N, K. By Theorem A, this allows
to conclude that

=) turf € HLRY and |fllm <> > N <Ca.
n,k

nk J

Finally, we need to show that for every ¢ € VMO (R?),

33) tin [ fi(aote)ds = [ fa)ot)ds

By Theorem 3.1, we only need to prove (3.3) for ¢ € C>*(R?). In fact, by
(i) of Corollary 3.1, there exists a finite set I'y, C Z x Z* such that

fo="D tarfé and fig= > tnifio

(n,k)€F¢ (n,k)€F¢
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since supp ¥, C B(Tnx, 27/%). This together with (3.1) give

lim [ p@owids = Jm [ va@ e

Rd (n k €F¢

= Z lim [ ¥, x(2)f;(z)p(r)dw

j —00
(n,k)ely Rd

= 2 / Yo (2)f (2)6(2)da

(n k €F¢’Rd

:/f

which ends the proof of Theorem 1.1.

4. PROOF OF THEOREM 3.1
The main point in the proof of Theorem 3.1 is the theorem.

Theorem 4.1. Let CMOL(R?) be the closure of C*(RY) in BMOL(R?).
Then, HL(RY) is the dual space of CMOp(R?).

To prove Theorem 4.1, we need the following three lemmas.
Lemma 4.1. There exists a constant C' > 0 such that
272 < O
whenever B(x,x, 21" N B(x,r) # 0 and p(z) <r

The proof of Lemma 4.1 follows directly from Proposition 2.1. We leave the
details to the reader.

Lemma 4.2. Let ny, (n,k) € Z x Z*, be as in Lemma 3.2. Then, there
exists a constant C' independent of n, k, Yy, such that

(4-1> Hwn,kf”bmon < CHf”men
for all f € bmo,(R?), and
(4.2) [n k@l Brro, < Cll¢lbmo,

for all p € C*(RY).
Lemma 4.3. For every f € BMOL(R?), we have

1
IfllBro, = sup Bl / |f(y)—fB@m|dy+ sup |Bx7, / |f(y)|dy.

p(z)<r<2p(z

r<p(z)
g B(z,r) B(x,r)
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Proof of Lemma 4.2. Noting that v,  is a multiplier of bmo, (R?) and |[¢h,, ¢ ||~ <
1, Theorem 2 of [12] allows us to reduce (4.1) to showing that

log (e + 222
|€9<x,r>| | [ [t~y |

B(z,r) B(z,r)

(4.3)

dy < C

holds for every ball B(z,7) which satisfies 7 < 27/2. In fact, from ||V, 1|/ 1 <
C2"? and the estimate 3= log ( 2—n/2> < supg.s<; tlog(e + 1/t) < oo,

log< 27:”)
B ) B(/
. 1Og‘<B(xT / / |V (Y) — Vni(2)|dzdy

(z,r) B(z,r)

k) = 5o /wnk )=y

—n/2

2
< log <e+ )HVQ/},%,CHLOOQT

—n/2

r
CW lOg (6 -+

which proves (4.3), and thus (4.1) holds.
As (4.1) holds, we get

|Vn kPl Brio < || VnkPllbmon < Cll@bmeo, -

Therefore, to prove (4.2), we only need to show that

)<c

1

44 Bl r)]

/ i)Wy < Cllélomon

B(z,r)

holds for every x € R? and r > p(z). Since supp ¥ C B(zpr, 2172), (4.4)
is obvious if B(x,r) N B(x,x, 2'7"/%) = 0. Otherwise, as p(z) < 7, Lemma 4.1

gives 2-"/2 < Cr. As a consequence, we get
[ Wity < € sw o [ jot)id
YR nk\Y)P\Y)1QY = sup y)lay
| B(x,7)| o-n2<y | B(2,7)|
B(z,r) B(z,r)
< C||¢||bmonv

which proves (4.4), and hence (4.2) holds.
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Proof of Lemma 4.3. Clearly, it is sufficient to prove that

4.5 su Jdy < C  su / )|d
45) s e [ Wiy s e [l

B(z,r) B(z,r)
In fact, for every ball B(x,r) which satisfies p(z) < r, setting
G ={(n,k) €ZXZ" : B(xns,27"*) N B(x,r) # 0},
one has

B(z,7) C UpngyeaB(@ar, 27"?) and > |B(zni,27"?) < C|B(x, 7))
(n,k)eG

since R? = U,ezB, C Up i B(Tnk, 27™?) and (iii) of Corollary 3.1. Therefore,

1 1
L / | 0y < s / )|y

Un,kyeaB(@n,k, 2_"/2)

1 —-n
Bl > |B(wn2 /2)| sup |st /|f ) dy
)

2)<s<2p(z
(n k)EG B(Z s

< C  sup / £ (y)ldy,
p(2)<s5<2p(2) |B Z, S

B(z s)

which implies that (4.5) holds.
U

Proof of Theorem 4.1. Since CMOp(R?) is a subspace of BMOL(R?), which
is the dual of H}(RY), every function f in H; (R?) determines a bounded linear
functional on C MOy (R?) of norm bounded by [l -

Conversely, given a bounded linear functional 7 on CMOp(R?). Then, for
every (n, k) € ZxZ", from (4.2) and density of C2°(R?) in vmo,(R?), the linear
functional 7, x(g) = T (¢nrg) is continuous on vmo,(R?). Consequently, by
Theorem B, there exists f,j € hl(R?) such that for every ¢ € C>(R),

(4.6) T (hnsd) = / Far(0)d(y)dy,
moreover,
(4.7) | frplln: < Cl Tkl

where C' is a positive constant independent of n, k, ¢, and 7.
Noting that supp ¥nx C B(z,k, 27?), (4.6) implies that supp f,r C
B(zyk, 21-n/ 2). Consequently, as Tnk € By, Lemma 3.3 yields that there are
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(H},2)-atoms a?’k related to the balls B(:L’;L’k, r;‘k) such that
o o
(4.8) Fue =Y N7 G Y T INH < Cl fullng
j=1

j=1

with a positive constant C' independent of v, ;, and f,, .
Since supp fux C B(y, 1, 27™/2), by Lemma 3.1, the function

is well defined, and belongs to LL (R%). Moreover, for every ¢ € C>(R?), by
(1) of Corollary 3.1, there exists a finite set I', C Z x Z* such that

= > T = X [ oty = [ rwot)dy

(n,k)ely (n,k)€lypa

Next, we need to show that f € H}(R%).
We first claim that there exists C > 0 such that

(4.9) > il < CITY.
n,k

Assume that (4.9) holds for a moment. Then, from (4.8), there are (H},2)-
atoms a?’k and complex numbers )\?’k such that

F=3"5" ket and SOSTNE <ON | fuslla < CITL
nk j nk J n,k

By Theorem A, this proves that f € Hj(R?), moreover, |||, < C[T].
Now, we return to prove (4.9).

Without loss of generality, we can assume that 7T is a real-valued functional.
By (4.7), for each (n,k) € Z x Z*, there exists ¢, € C°(R?) such that

(4.10) [6ntllomon <1 and [ fuillhs < CT W)

For any I' C Z x Z™" a finite set, let ¢ = Z(n,k)ef‘ Un kOni € C(RY). We
prove that ||¢||pymo, < C. Indeed, let B(z,r) be an arbitrary ball satisfying
r < 2p(zx). Then, by (iz) of Corollary 3.1, we get

card{(n,k) € Z x " : B(xp4,2"""*) N B(x,r) # 0} < C.
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This together with (4.1) and (4.10) give

1
/ DY) — dB@mldy < C sup ||YnrdnillBro

|B("L‘7T)| (n,k)el’
B(z,r)

< C sup ||wn,k‘¢n,k‘||bm0n
(n,k)el

S C sup H‘bn,k”bmon SC
(n,k)el

if r < p(z), and as (4.4),

1 / 1
FEype— ¢ydy§CSUp7/¢n,y¢n,ydy
|B(:L_’T)|B( | | ( )| (n,k)eF|B(xar)|B( | | k( ) k( )|

S C sup ||¢n,k||bmon SC
(n,k)el

if p(x) <r < 2p(z). Therefore, Lemma 4.3 yields

1
|9llBro, < C{ SUD TR / 19(y) — DB |dy +

r<p(z)
P B(z,r)

1
+ sup — / \(b(y)\dy}
p(x)<r<2p(zx) ‘B(Jj‘, T)|

B(x,r)

< C
since B(z,r) is an arbitrary ball satisfying r < 2p(z). This implies that

S Mfaklly < C D TWnrdnr) = CT(9)

(n,k)el (n,k)er
< ClT¢lsmo, < CITI.

Consequently, (4.9) holds since I' C Z x Z" is an arbitrary finite set and the

constants C' are dependent of I'. This ends the proof of Theorem 4.1.
O

To prove Theorem 3.1, we need to recall the following lemma.

Lemma 4.4 (see [6], Lemma 3.0). There is a constant ¢ > 0 such that for
every C' there exists C > 0 such that for every t > 0 and |z —y| < C'p(x),

1 le—yl? 1 |$ - y‘ N

L gy cos (B
e Ay

Proof of Theorem 3.1. As H}(R?) is the dual space of VMO (R?) (see

Theorem 4.1 of [4]), by Theorem 4.1 and the Hahn-Banach theorem, it suffices

to show that C>*(RY) C VMOL(RY). In fact, for every f € C°(R?) with supp

f € B(0, Ry), one only needs to establish the following three steps:
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Step 1. By (2.1), one has |le £ f||z2 < || f]|z2 for all £ > 0. Therefore,

L 2
Tieo /t) 1) =)y < e

for all z € R? and ¢ > 0. This implies that

R—oo | perd >R

Y (f) = lim sup <‘th / 1f(y) — et F(y )‘Qdy) /2 o
B(x,t)

Step 2. For every R > 2R, and B(z,t) N B(0, R) = ), by (2.1) again,

o | M=k
B(x,t)

mnm/

Bla,) B(0,Ro)

< ) e < @) s () e

(z)|dz)2d

Therefore,
/2
v3(f) = lim sup ( / If(y) — e fly )|2dy> =0.
R=oo | BlannBo,R)=0 \|B(7,1)]
B z,t)
Step 3. Finally, we need to show that
. 1/2
@) w(n)=tm| s (o [ - trwka)” | <o
r—0 J:E]Rd,t<7" B(
z,t)

For every x € R? and ¢t > 0, we have

1/2
ly—z2 2
IB z,t)] ’f 47rt myn | ¢ 7 TR dy
Rd
1 1212
< _ 9 O — Tt dz.
B nyszlllgl/4|f<y) f(z)|+ ”fHL (477t)d/2 / o

2| 211/4
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By the uniformly continuity of f, the above implies that

i 1 1 ly=22
ti | s (75075 / s (y)‘<4wt>d/2/ A

B(z,t) R4

2 \1/2
dy) =0.

Therefore, we can reduce (4.11) to showing that
(4.12)

lig(l] sup <m / [/‘Wey4—t22—Tt(y,z)‘|f(z)|dzrdy)l/2 = 0.

z€R t<r
B(z,t) R4

From supp f C B(0, Ry) and R? = U, , B(x, 4,27 ™?), there exists a finite
set 'y C Zx Z* such that supp f C Ugpyer; B(Tnk, 27"/2). As a consequence,
(4.12) holds if we can prove that for each (n, k) € I'y,

(4.13)

lim | sup <Wlat)| /[ / ‘Mle/Qey4t22—Tt(y,z)‘\f(z)\dz]zdy)l/2 = 0.

r—0 zC€R t<r
B(xz,t)  B(zn,k,27"/2)

We now prove (4.13). Let z € R and 0 < t < 272", As x,; € B, by
Proposition 2.1, there is a constant C' > 1 such that C~127"/2 < p(z) < C27"/2
for all z € B(zpx, 27™/?). This together with (2.1) and Lemma 4.4, give

1/2

o ) U] g - nwa|irem]

B(@t)  B(znk27"/?)

1 e i 1
S 2Hf”LOOW / e 4t dZ"—CQ E/QHfHLoo / MTECZZ,

|2|>¢1/4 |2|<t1/4

which implies that (4.13) holds. The proof of Theorem 3.1 is thus completed.
u
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