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A class of nonlinear Neumann problems driven by p(x)-Laplacian with a nonsmooth locally Lipschitz potential (hemivariational
inequality) was considered. The approach used in this paper is the variational method for locally Lipschitz functions. More precisely,
Weierstrass theorem and Mountain Pass theorem are used to prove the existence of at least two nontrivial solutions.

1. Introduction

Recently, there are several papers on the research of the
Neumann-type problems involving the p(x)-Laplacian. Of
the existing works in the literature, the majority deal with
problems in which the potential function is smooth (i.e.,
F(x,-) € CY(R)). We mention the works of Mihailescu [1],
Fan and Ji [2], Yao [3], Shi and Ding [4] and Cammaroto et
al. [5]. Problems with a nonsmooth potential, were studied
by Dai [6, 7], who for the case N < p~ < +0o estab-
lished the existence of three or infinitely many solutions for
Neumann-type differential inclusion problems involving the
p(x)-Laplacian, using the nonsmooth three-critical-points
theorem and nonsmooth Ricceri type variational principle,
respectively. Not long ago, Qian et al. [8] studied the nonho-
mogeneous Neumann problem with indefinite weight; that is,

- div(quIP(x)_ZVu)+V(x) [ulP® U €dF (x,u(x)), in Q,

|Vu|p(x)_2(;—: € 0G (x,y, (u(x))), on 0Q,
€]

where Q ¢ RY is a bounded domain with smooth boundary
00, V2p~ > N,V € L™(Q) is a function possibly changing
sign, y, : WHPO(Q) - LFY(9Q) is the trace operator
with y, (1) = ulyq for all u € W"P™(Q), F(x,t) and G(x, t)
are locally Lipschitz functions in the t-variable integrand

(in general it can be nonsmooth), 0F(x,t) and 0G(x,t) are
the subdifferentials with respect to the ¢-variable in the sense
of Clarke [9]. The authors prove the existence of at least one
nontrivial solution of (1) using the nonsmooth Mountain Pass
theorem and Weierstrass theorem.

If V(x) = 1, then problem (1) becomes problem (2) as
follows:

—div (qulP(x)_ZVu) +ulP®2y € OF (x,u), in Q,

(2)
|VH|P(X)_2—gu € 0G (x,u), on 0.
n

In this paper, our goal is to establish the existence of at least
two nontrivial solutions for problem (2).

We emphasize that the operator — div(|Vul? ®-2y4) is
said to be p(x)-Laplacian, which becomes p-Laplacian when
p(x) = p (a constant). The p(x)-Laplacian possesses
more complicated nonlinearities than the p-Laplacian; for
example, it is inhomogeneous and in general, it has not the
first eigenvalue. The study of various mathematical prob-
lems with variable exponent growth conditions has received
considerable attention in recent years. These problems are
interesting in applications to modeling electrorheological
fluids (see [10, 11]) and image restoration (see [12]).

This paper is divided into three sections: in the sec-
ond section, we introduce some necessary knowledge on



the nonsmooth analysis and basic properties of the general-
ized Lebesgue-space L?™(Q) and the generalized Lebesgue-
Sobolev space W"P™(Q). In the third section, we give
the assumptions on the nonsmooth potentials F(x, t), G(x, t)
and prove the multiplicity results for problem (2).

2. Preliminary

In this section, we first review some facts on variable expo-
nent spaces LP®(Q) and W"**)(Q). For the details, see [13-
18].

Firstly, we need to give some notations, which we will use
through this paper:

C+(5)={pEC(§):p(x)>1foranyx€§},

p" =maxp(x) forany peC, (5)

p = minp (),
x€Q xeQ)
3)

Obviously, 1 < p~ < p* < +0o0.

Denote by %(Q) the set of all measurable real functions
defined on Q. Two functions in () are considered to be
one element of %(Q), when they are equal almost every-
where.

For p € C,(Q), define

P9 () = {u cUWQ): J uPPdx < +oo} )
Q

with the norm

u o = inf A0 [ 4 ax <1
uP(x)(Q)=U(x)=ln‘[ > J‘— x < },
’ ! ald 3)
WP (Q) = {u € LPY (Q) 1 [Vu| € L' ()}
with the norm
loall = letllyrcry = 18y + 1V - ©)
Denote
Np (x)
* ., O < N,
P () = {N—p(x) P
+00, p(x) 2 N>
(N-1)p(x) 7
- X
S <N,
p*(x>:{ N-pe > PO
+00, p(x)=N.

Let X be a Banach space and X its topological dual space
and we denote (-, -) as the duality bracket for pair (X*, X). A
function ¢ : X — R is said to be locally Lipschitz, if for every
x € X, we can find a neighbourhood U of x and a constant
k > 0 (depending on U), such that [¢p(y) — @(z)| < klly -
z|, for all y,z e U.

For a locally Lipschitz function ¢ : X — R, we define

! Ah _ !
@’ (x;h) = limsup(p(x ! ) (p(x)‘
x"—x; 10 A

(8)

The Scientific World Journal

It is obvious that the function h — (po(x; h) is sublinear
and continuous and so is the support function of a nonempty,
convex, and w” -compact set dp(x) € X", defined by

3¢ (x) = {x" € X";(x",h) < ¢° (x;h), Vhe X} . (9)

The multifunction d¢ : X — 2% is called the generalized
subdifferential of ¢.

If ¢ is also convex, then d¢(x) coincides with subdiffer-
ential in the sense of convex analysis, defined by

Ocp (x) ={x" € X" : (x",h) <p(x+h)—¢(x) Yhe X}.
(10)

Ifo e CY(X), then 0p(x) = {(p'(x)}.

A point x € X is a critical point of ¢ if 0 € Jdg(x). It is
easily seen that if x € X is a local minimum of ¢, then 0 €
0p(x).

A locally Lipschitz function ¢ : X +— R satisfies the
nonsmooth C-condition at level ¢ € R (the nonsmooth Cc-
condition for short), if for every sequence {x,},.; € X, such
that ¢(x,) — cand (1 + |Ix,l)m(x,) — 0,asn — +oo,
there is a strongly convergent subsequence, where m (x,,) =
inf{l|lx™||, : x™ € dp(x,)}. If this condition is satisfied at every
level ¢ € R, then we say that ¢ satisfies the nonsmooth C-
condition.

Lemma 1 (see [19]). Consider the following.

(1) The spaces L™ (Q) and WP (Q) are separable and
reflexive Banach spaces. Moreover, L™ (Q)) is uniform
convex.

(2) If g € C,(Q) and q(x) < p*(x) for any x € Q, then
the imbedding from WhPX(Q) to LIX(Q) is compact
and continuous.

(3) Ifq € C,(0Q) and gq(x) < p,(x) for any x € 0Q, then

the imbedding from WHPX () to L9 (3Q) is compact
and continuous.

Lemma 2 (see [15]). The conjugate space of LPO(Q) is
LI9(Q), where (1/p(x)) + (1/q(x)) = 1. For anyu € LF®(Q)
and v € L19(Q), one has

1 1
|1/lV| dx < <—_ + — ) |U|Lp(x) Q |V|Lq(x) Q) (11)
JQ el @0

Lemma 3 (see [15]). Set I(u) = jQ(|vu|p<x> + [P dx. If
u, uy, € WHPE(Q), then
(l)fOT'MIﬁO, "M" = /\ (=1 I(u//\) = 1;
@ lul < 1= 5> 1) & W) < 1= L> 1)
) Il > 1= Nl < 1G0) < Juls el < 1= Jul?”
< I(u) < |lull? ;

(4) limk_>+oo||uk|| =0 limk_,_'_oo I(Mk) = 0; ”uk” —
+00 © I(u) — +oo.
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In this paper, we denote by X = W"P®(Q); X* =
(Wl’p(")(Q))* the dual space and by (:,-) the dual pair.
Consider the following function:

J(u) = L ﬁ (IVulP® + ) dx, ueX. (12)

We know that (see [20]) ] € CY(X,R) and p(x)-Laplacian
operator —A ,yu = — div(|Vu|P®2Vy) is the derivative
operator of J in the weak sense. We denote & = | "X >
X*; then (ZL(u),v) = jQ(|Vu|P(x)_2Vu VY + [ulPP2uy)dx,
for all u,v € X.

Lemma 4 (see [19]). Set X = WP¥)(Q), % is as above, then

(1) & : X — X" is a continuous, bounded, and strictly
monotone operator;

(2) & is a mapping of type (S.); that is, if u, — u weakly
in X andlimsup,,_, . (Z£(u,),u,—u) <0, implies that
u, = uin X;

(3) & : X — X" is a homeomorphism.

The following theorem, which is used as a theoretical
basis in this paper, is a nonsmooth version of the well-known
Mountain Pass theorem (see Chang [19] or Kourogenis and
Papageorgiou [21]).

Theorem 5. Let ¢ : X — R be locally Lipschitz function and
Xg» X, € X. If there exists a bounded open neighbourhood U
of x, such that x; € X \ U, max{p(x,), p(x;)} < infy,¢
and ¢ satisfies the nonsmooth C-condition at level c, where
c = infyegmaxtg[o’l](p(y(t)), T ={y e C([0,1]; X) : y(0) =
%0 V(1) = x,}, then c is a critical value of ¢ and ¢ > infy,¢.

3. The Main Result and Proof of the Theorem

In this section, we will discuss the existence of weak solution
of (2).

Our hypotheses on nonsmooth potential F(x,t) and
G(x, t) are given as follows.

H(F) : F: QxR — Risafunction such that F(x,0) =
0 almost everywhere on Q and satisfies the following
facts:

(1) forallt € R, x — F(x,t) is measurable;

(2) for almost all x € Q,t — F(x,t) is locally
Lipschitz.

H(G) : G : 00 xR — R is a function such that
G(x,0) = 0 almost everywhere on 00 and satisfies
the following facts:

(1) for all t € R, x — G(x, t) is measurable;

(2) for almost all x € 0Q,t — G(x,t) is locally
Lipschitz.

We consider the energy function ¢ : X — R for problem
(2), defined by

9= | o [l i)

- L F (x,u) dx — LQG(x, u)do,

where do is the surface measure on 0€).

Lemma 6. Suppose that H(F), H(G), and the following con-
ditions hold:

(f,) there exist ¢, > 0, a € C(Q) with 1 < ax) < o < p~
such that

|w] < ¢t (14)

for almost all x € Q, allt € R and w € OF(x, t);

(g,) there exist c, > 0, B € C(0Q) with 1 < B(x) < B* <
P~ < p.(x) such that

lw| < ¢, [t]F! (15)

for almost all x € 0Q), allt € R and w € 0G(x, t).

Then, ¢ is locally Lipschitz in X.
Proof. By J € C'(X,R), we have J(u,) — J(u,) = J' (@) - (u, —
u,), where u = tu; + (1 —t)u,, t € (0, 1).

Let B, = {x € X: lu—-uylly <r}.

Note that B, is w-compact. Then, we obtain that there
exists a positive constant M, such that [|J'(@)|lx- < M for

sufficiently small r.
Therefore, for any u,,u, € B,, we have

|] (”1) _](”2)| = |](ﬁ) : (”1 - “2)|
< |7 @) . s - wallx (16)
< M”u1 - ”2")('

On the other hand, by (f;) and Lebourg mean value
theorem, we have

|F (1) = F(x,u5)] < ¢ 1] |ty — 1y 7)
Hence,
” F(x,u;)dx - J F(x,u,) dx|
Q Q

<q J 1@ uy - u, | dx (18)
Q

a(x)-1

<ol Uy

La'(X)(Q)|u1_ 89y

where (1/a'(x)) + (1/a(x)) = 1.



Obviously, it is verified that

a(x)-1\¢ ) —
[, (ot D= | ra
Q Q

3 {W@ <clal®, [y > 1,
Ul < clal®, [ulyy <1
(19)
is bounded, since u € B,.
So,
” F(x,u;)dx - J F(x,uz)dx|
o ) (20)

< Gluy = oy < cflur —

since W™ (Q) — L¥¥(Q) is a compact imbedding.
As above, there is a positive constant ¢,, such that

J G(x,ul)do—J G (x,u,)do
30 30

(21)
< gluy ~ ”2|Lﬁ<x1(an) < clluy —u,,
since WP (Q) — LF®(5Q) is a compact imbedding.
Therefore, ¢ is locally Lipschitz. O

Remark 7. If assumptions (f;) and (g;) in Lemma 6 are
replaced, respectively, by the following:

(f,) there exist ¢;,¢, > 0, a € C(Q) with 1 < a(x) < a* <
P~ < p*(x) such that

x)—1

[w] < ¢ [t1*®7! + ¢, (22)

for almost all x € O, allt € R and w € 0F(x,1);
(9,) thereexistc,, ¢, > 0, € C(0Q) with 1 < B(x) < ' <
P~ < p.(x), such that

lw| < 6 [t/F97 +¢, (23)

for almost all x € 0Q, allt € R and w € 0G(x, t), then
the result of Lemma 6 is also correct.

Theorem 8. Let H(F), H(G), (f;), (g,), and the following
conditions (f,)-(f3), (g,) hold:

(f,) thereexistc; > 0, x, € Qand 0 < r < 1, such that

w2alt-8P, VxeB, (x), d<t<1, (24)

where1 < B, < p~, w € OF(x,1t);
(f3) wt <0, forall x € Q, weoF(x,t)and0 < |t| < &;
(g,) vt <0, for all x € 0Q, v € 0G(x,t) and0 < |t| < 6,
where
0<6

o - 1/(p™po)
.16 ' pa

<minq-|—=> — - S

{2 [ﬁo 2N*Bo [ (1P +2P )+2€1PTP]] 2}

(25)

Then, the problem (2) has at least two nontrivial solutions.
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Proof. The proof is divided into four steps as follows.

Step 1. We will show that ¢ is coercive in this step.
Firstly, for almost all x € Q, by H(F) (2),t — F(x,t) is
differentiable almost everywhere on R and we have

d
EF (x,t) € OF (x,1). (26)

Moreover, from ( f;), we have

td
F(x,t) = F(x,0) + J L (e, s)ds < — 2 1¢1°0,  (27)
o0 ds o (x)
for almost all x € Q and t € R.
Note that 1 < a(x) < a” < p~ < p*(x)and 1 < B(x) <
B" < p~ < p.(x); then by Lemma 1, we have W"P®)(Q) —
LY9(Q) and WHPX)(Q) — 1F¥(30) (compact imbedding).
Furthermore, there exist ¢, ¢ such that
|u|Loz(x)(Q) <G ||u|| 5 |M|Lﬁ(x)(ag) < Es "“” . (28)

So, for any [u|rewqy > 1, [tlzpe0 0y > 1and [ul > 1, we
have

() * T
L ul"Pdx < [l < &l

(29)
() B —B* "
LQ ¥t < fulf o < 2 Tl
Hence,
1 (x) x)
(u) = J —— (VP + P ) dx
4 Q p(x) ( )
- j F (x,u)dx — J G (x,u)do
Q 20
. (30)
— C + +
> —[ul” - ¢ lul®
p «
G _p*

.
~ 28l — co, as full — oo.

Step 2. We will show that the ¢ is weakly lower semicontinu-
ous.

Let u, — u weakly in W"?*)(Q); by Lemma 1, we obtain
the following results:

W () < 129 (.,
W () o 129 50
u, — u in L’ (Q),
u, — u in L’ (0Q);

(31)

u, (x) — u(x) aa xe€Q,

u,(y) —u(y) aa yeoQ;
F(x,u,(x)) — F(x,u(x))

G (%1, (y)) — G (xu(y))

aa. x €,

a.a. y € oQ.
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By Fatou’s lemma, we have

lim sup J F(x,u,(x))dx < J F (x,u(x))dx,
n— oo Q Q

(32)
lim sup LQ G (x,u, (x))do < LQ G (x,u(x))do.

n—oo

Thus,

lim infe (u,,) = liminf] (u,) — lim sup J F(x,u,)dx
n— 00 n— 0o nooo Ja

- lim supJ- G (x,u,)do > ] (u)
20

n—00

—J F(x,u)dx—J G(x,u)do = ¢ (u).
Q 20
(33)

Hence, by Weierstrass theorem, we deduce that there
exists a global minimizer v, € whp (X)(Q) such that

9(up) = min @). (34)

Step 3. In this step, we prove that ¢(u,) < 0.
By (f,), we have

F(x,t)> %ﬂt —ofo - L5 ™ yxeB, (x,), d<t<l.
0

(35)

Suppose that x, € Q and B,,(x,) € Q with 2r < 1. Let
1 € Cy°(By,(x,)) such that 7 = 1,x € B,(x,); 0 < 5(x) <1
and |Vy| < 2/r. Denote s = 26; then

sv(sn)—J G Tl 4 7

_ JQ F (x,s1)dx — LQ G (x,sn)do

) plx (x) p(x
JB x)p(x) (| ;7|Px p(x) |;1|szp( )>dx

- J- F(x,sn)dx
BZr(x())

) (x)
L ) P(x) = (VPP [yl )

- [J‘ F(x,sn)dx
By, (x)n{xl0<n<(1/2)}

+ J F(x,sn) dx]
By (o)nfxl(1/2)<n<1)

1 [/2\
S—_[<—) +1]J PP dx
p r B, (xg)

¢
Lo

J P
™ JB,, (x))n{xl0<n<(1/2)}

G

+_

J 5% gy
& JB,, (xo)n{x|(1/2)<n(x)<1}

5
Bo
- S sho - ) dx
JBz,<xo>n{x|(1/z><n<1} /30 <’7 2>
P - . ;
< {i[<%> +1]sp ;A +C—15°‘}
p r o o
Bo
x meas (B,, (x;)) - J )/635 ﬁ"( ) dx
- (xo 0
P - . .
< {l_[<2> +1]s“ +C—1_s”‘ +C—1_8”‘ ]»
p r o o
G 1 ﬁo
meas (By (x0)) = () meas (B, (x0)
0
— meas (B, (x,)
P - . .
x{[i_ [(E) +1]s“ +C—1_s“ +C—1_8“ ]21\’
p r « «
Bo
% Bo
/30( ) }
~ meas (B, (x))
P’ - i} a
x«{[%[(z) +1]s“ +C—1_s“ +C—1_S—:|2N
p r « o2«
(0]
B2
< 5P meas (B, (x,))
P .
LGS ez
p r O«
Bo
5
/30( ) }<O.
(36)

Step 4. We will show that there exists another nontrivial weak
solution of problem (2).

Let p € C(Q)and p* < p~ < p* < p,(x).
For u € X with |lu]| < 1, by Lemma 1, we have

L P dx < ¢l LQ ulPPdx < & Jul?, (37)

where ¢, and ¢, are two positive constants.
By (f3), we have
0 € OF (x,0), Vx e Q. (38)

From Lebourg’s mean value theorem and ( f;), we obtain

F(x,t) - F(x,0) € (3F (x, At) , £)

) (39)
= 5 (OF (A1), A1) <0,

where A € (0,1), 0 < |t] <6.



Thus,
F(x,t) <F(x,0)=0, VxeQ, 0<|t| <6. (40)
Set

"”0" =To
d= mm{ro L.
272 26,

a B

_ 1/(p~=p)
(2P+ [ae B +ea7] 8@ ") ) '

(41)

Divide Q into two parts: Q; = {x € Q: 0 < |u(x)| < 8}
and Q, = {x € Q : lu(x)| > 6}.
For any u € X such that [ul| = d, we have

LF(x,u)dx=J F(x,u)dx + L F (x,u)dx

1

< J F(x,u)dx < C—l_ J u|“™ dx
Q a Ja,

C _
_a j P a0 (42)
2
< C_l(s(f’f—lfr) J |u|P(x)dx
o Q,

< c_li(g(ff*PJr) J |u|P(x)dx
o Q
As above, we have
J G (x,u) do < 25 ) j Wf9dx.  (43)
00 B 20
Hence,

o) = j—)(w +[ul?) dx

- LF(x, u) dx - LQG(%U) do

1

q -t -
—lul” —;@6(“ P )P

"U

G @ p )y e
— 25,8 P |ul)f

1 - C _
> —[lull? (1_[071-0”267]8(“ " pHlul” ")

(44)

Note that ¢ is coercive; hence, it satisfies the nonsmooth
C-condition. So by the nonsmooth Mountain Pass theorem
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(consequence of Theorem 5), there exists a u; € Whr ()
such that

¢ (u)=c>0, m(uy) =0, (45)
which means that ¢, is another nontrivial critical point of ¢.

Using the similar and simpler arguments, we can prove
the following theorems. O

Theorem 9. Let H(F), H(G), (f1),(f,), (g,), and the follow-
ing conditions (f;), (g,) hold:

(f3') F(x,t) =0, forall x € Q,0< [t| <6;

(g3) G(x,t) =0, for all x € 9Q,0 < |t| <,
where
1 crf p e —hy 1
0<d&< minAq = el 12 . =
2| By2N*ho (rP" +20") 2

(46)

Then, the problem (2) has at least two nontrivial solutions.

Proof. The steps are similar to those of Theorem 8. In fact,
we only need to modify Step 3 as follows: (3') show that the
¢(uy) < 0 under the assumptions of Theorem 9. Then, from
Steps 1, 2, 3', and 4 above, the problem (2) has at least two
nontrivial solutions.

Step 3'. By (f,), we have

F(x,t)z;—su—&ﬁo, Vx € By, (x,), 0<t<1. (47)

0

Suppose that x, € Q and B,,(x,) < Q with 2r < L.
Let 7 € C°(B,,(x,)) such thaty = 1, x € B,(x); 0 <
n(x) < 1and |Vy| < (2/r). Denote s = 26; then

¢ (sn) = J @ (I V[P

- L F(x,sn)dx — LQ G (x,sn)do

_ p(x) _p(x)
J( P o (il

- J F(x,sn)dx
B, (%)

p(x) _p(
J( p<x><| s

) 4 |r]|P(X)sP(x)>dx
+ |’7|P(X)Sp(x)) dx

) 4 |,7|P(x)sp(x)>dx

- [J F(x,sn)dx
By, (x)N{x|0<7=(1/2)}

g Fleme]
By, (x0)N{x|(1/2)<n<1}
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+

P
Si_[<%> +1]J P dx
p r BZr(x())

C 1 Bo
_ J _55180 <11 _ _> dx
By, (x0)N{x|(1/2)<n<1} Bo 2

_ 1 [(E)f N 1] & meas (B, (x,))

p [ \r
~ S p(1YP
JB,(xo) /305 (2> o
P -
=I%|i<%> +1]sp meas (B,, (x,))
_C_5<l>ﬁ0 meas (B, (x,))
ﬁo 5 T 0
= meas (Br (Xo))
1 /2\* - N Cslﬁoﬁo
S| EYE R EEE T
= P meas (B, (x,))
1 2 p+ 77[30 N C 1 ﬂo
A |G ] ()} <o
(48)
This is the end. =

Corollary 10. Let H(F), H(G), (f,), (71), and (g,) hold; then
the problem (2) has at least a nontrivial solution.

Proof. From Remark 7 and Steps 1-3, by Weierstrass theo-
rem, the functional ¢ has a critical point, which is just the
solution of problem (2). O

Remark 11. Let p~ > max{a’, 7,0} and consider the
following two nonsmooth locally Lipschitz functions:

0, 0<lt <6,
F(x,t) = {max{|t - ™, |t - 5]*}, t>,

max {|¢ + 8%, ¢+ 8]°}, + < -9,

0, 0<|t <6,
G (x,1) = {max {|t - 8", |t - 5/FP}, 25,

max {[t + 8", [t + 8P}, £ < -,

(49)

where 0 < § < I, inf, q(a(x) — 0(x)) > 0, inf, 54(B(x) -
0(x)) > 0 and 6~ > 1. In the following, we will show that
F(x,t) satisfies hypotheses H(F) and (f;) - (f;), and G(x, t)
satisfies hypotheses H(G) and (g,)-(g,)-

Note that t — |t — 8/ and t — |t — 8|**) are convex
functions; thus, F(x, t) is also convex. Since ¢ +— |t — 8/°®,
t — |t -8 are locally Lipschitz, so t — F(x,t) is locally
Lipschitz. Thus, t — F(x,t) is regular. Then

OF (x,t)
(0, 0<|t| <4,
0 (x) (t - 8)"™7, S<t<1+,
MO(x)+(1-Na(x):Ae[0,1]}, t=1+6,
= Ja () (t-8) @7, t>1+0,
-0 (x) (=t — 8)7®)1, ~1-8<t< -9,
(A (x)—(1=N)O(x): Ae[0,1]}, t=-1-0,
[ o (x) (=t = 8)*7, t<—1-0.
(50)
Hence, for any w € 0F(x, t), we have
0, 0< |t <9,
0t (t - &)1 < o
1\(@-D
<0 = ¢, S<t<1+0,
lw < {6% (-t - 8" <6
1 (a*-1)
< 9*(5) |21 -1-8<t<-8
"+ 0" < (af +07) Mt =1+,
[ o [t57, [t >1+38.
(51)

Thus, we have

1N DY
les((x++9++<g> )|t|()1, Yw € OF (x,t),

w=00) -0 T20 -8, Vte(s1].
(52)

Therefore, conditions H(F) and (f;) — (f;) hold. In a
similar fashion, we have that conditions H(G) and (g,)-(g,)
hold.
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