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FUNCTIONAL EQUATIONS WITH INITIAL-BEOUNDARY CONDITIONS
OF THE DIRICHLET TYPE

BY

LDZISLAW KAMONT

L Introduction. Let us denote by (X, Y) the set of al funclions
defined on X taking values in Y : X, ¥ being arbitrary sets. If X and ¥ are
melric spaces then (X, ¥) denotes the set of conlinuous functions with
domain XN and range in Y. I et E=(0, alwc(—b. b, B ([ ==y, a) x| —e DN
Viowhere @ >0, w20, boqs,, ba) €= (cp ., and e by =0 for fe
=loon Iz B9 ESR s a function of the variables (x, )« (ux, Ui -0 Y1)
and there exist derivatives D,z Dy v zfor i j=1, ... nthen we denote I}, z=

=(D".:’ D,_:) and D,z = [D,.-,,,:]i”.hl, g Lol Q@ =F o R C(FEfoy
JE Ry > " R, (E‘ is the closure of E), and assume ihat [ : Q=R and

3 S are given functions, We consider ihe differential-functional
problem

0 Doz, g)=f(x. gy, =(x, v), 2(-), Dyz(x, y) Dyy2(x, y), (v, p)eE,
Xz y)=9(z, y) for (z, ne Lo,

I r=[—=. a] then we denote
Ho={(& p)=(E, v, ... ) ELYGE: E<x),

IF = C(E® |, E R) then 121 = max {|=(%, »)| : (§, p)e H. .} xe[— <, al
Assume that the differentia!-functional problem (1) is the Volterra type ie.
Tre(, a) 2, 2e €l I Ry and (g, w)= (%, +) for (& n)e I, then f(a,
bDzowor) = f(r oy, pofog ) for ge [=0. b ps R, g=(q ... q,)= R", 7=
— ol LTI PR a TS R™ We shall be using veclorial inequalities, with the

indersianding that the same inequalities hold between 1heir correspon-
ding components,

We are interested in establishing a method of approximation of a solu-
fion of | he problemn (1) by means of solutions of an associaled system of ordi-
ry differential or differential-functional equations and in estimating of the
lfereace belween the exact and approximale solutions. The systems of
Ydinary differential (or differential-functional) equations mentioned above
N be obtained by using a discretization in the spatial variable of 1he problem

and therefore {hey will be called differential-difference systems. We in-
{™duce a general class of differential-diffcrence schemes which enable us to
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get approximale solutions of (1). The wmain problem in onr invesltigalions
s 10 find such a differential-difference system which satisfies some consis-
teney conditions with respect to the problem (1) and it is sl able. We prove
that il a differential-difference method satisfies o consislencey condilion angd
it is stable then it is convergent. We give an ercor estimate of the meihng,
in particular as a function of power of he step i indicating theorderofl the
melhod, ‘The basic lool in our investigaiions are itheorems on differential or
differential-funciional inegualities.

‘There is an ample literature on the
Walter [17] conlains a large bibliegraphy. The lines method i also {req-
ted as a Lool for proving of exisience 1 heorems for the firsl boundary value
problem and for the Cauchy problem wilh respect o the parabolic differen.
lial equations {14], [13]. [17]. [18]. (see also [3]. [11]—[13]. [16]). A simple
example of the method of lines for the non-lincar parvabolic differential.
functional cqualions was considered in {3]. The method of lines for first
order hyperbolic systems in (wo independent variables was considered in
[6]. The author gives in [6] a convergence Lheorem and an existence Lheorem
based on {he method of lines for ihe Cauchy problem wilh respect to the non-
linear hyperbolic systems. For further bibliography sec the references in the
papers cited above, especially in [3]. [11], (12] and in the monograph |17),
Our results are new also in 1he case when { does nol depend on 1he functional
argument.

In the sequel we will use Lhe following lemma on differential-funclional
inequalifies of the form D u(2)< F(x, i(x), 1) where n=_(U,. ..., u)and Dou(x)=

(D 1y (7)...., D_ug(x)) is the lefthand lower Dini derivative of uat the point 2.

lines method. The monograph by

Lemma 1. Suppose thal

1° fhe function F=(F,, ... F)): [0, a}= RE « C([— 0. al, RF)— RE of the
pariables (2, 7, BY, 1=(N1 s Qb E=(E oo Bp)y 18 non-decreasing with re
specet to the functional argument and satisfies the Volterra condition,

2°) F possesses the [ollowing quasi-monolone property: for each i, 1<isk,
F, is non-decreasing in n; for j=1, ..., k, j#i.

3%) there exists a function o= (31 ...,
[0. 4+ ). of the variables (x. %) such that
() for cach i. 1<igk, o 18 non-decreasing i n, j=1. .. I j#l,
(i) the maximum solulion of the problem w'(x)=o(x, u{x}) u(0) =0, is
()= 0 for xel0, al,

Fy if a=[0.a], wasCf—7o a]. B wnd u(Bsall) for f=] 70t
then FF(r, u(x). ) -F(x, a(x), i) = — s(a, |[d@ — wli, o) where [0 — ti]j=r, 1500
_ (max {[&,(0) — w, (D] (= [— e xl b, comax i) — (D] e [ —=o TPk

5°) the funclions «, B C(—=o. al. RY) salis{y the initial inequality o(x)$
<B(x) for x=|—=, 0] and the differential-functional inequa’ity

D a(v)—F(x, o(z), &)< D_G(x)—FLa. B(x), B). x={0, al.

This being essumed, we have e(r)< o(x) for r€{— 7. al.

Lemma 1 can be proved by Lhe methods wsed i {1).12] () 17]- [10]: 4

IL A {inite-dilference approximation. For y=(}. ..., Yak G="{i e Jak
y, GER, we write g =0T - Jaiey =R We define a moesh on [—6 ¢
in the following way. Let d=(dy, ..., d)=R™ and d, =0 for i==1, ..., n. Assumé i

o) & C([0, a]x BE RE) R, =

o
3 C . ARIRFRIEEE TN Y o
PA R.i\l%\')l.l(, DIFFERENTIAL — FUNCTIONAL EQUATIONS ——“‘-‘-"‘-""“")1 =

Tl P =
hat for o h=(h, ... h,)=(0. d} there exists N=(N N ’
nalural numbers such thal N*h=¢. Denole ]1\'. I r:-(()l. I] I 2
Sy er v s -0 . . o : B A AL the sei i ha-
\g:flfh‘ HIH. above properiv. Far h~=(_h,. e yE 1 we defing ih|—hm ! hJ-hl
(_‘.pg)g.sc Thn\i nﬂlnrni_nnmhcrs Ny are defined by &"‘-“h/h<(€ Ii):"'l':”\\'ht 1‘1.
. 5 0 ’ -~ . S R Ch B it
K G oatnd N 1=(N RN D) For b, we de yogtmt
WED g — (g 1 ) wehiere 4 Wo o denole g
N 4 (g ... gy Y where m—gm,. ) s omoare inlegers,
o s = N<ms N and Je i —N2me N For 1< ‘
oy~ {mi. o omZ mA-1 NEmEA L lor 1<jgn we denole
X e Ao =Ty and — jlmy == (my, ., om m;—1,m
sl 0t S Oy = Hr Sp J . . " P
i ! r],,l). [,i; ]I:{inl:];_ o g s =0 el e Bl ={(r, y™): re| rj;l
Jland E — DI P . - iy
-(Tj S ]n['ri'| ﬂ:[hl \L[’h]. : m] afunclion 20 Bii— 1 we write 200(r)
BRI A the next parts of Bhe paper we U additional conditi
e T e ity ¢ adop! additional conditious

Let S={s=:(y, sy is;E -1 0011 i
L o $n) 15, S -1 1Y for je=1,on) and 8§ 40!
Xhut. ((:=((), el We define the Tollowing npur:ltjm's A, 5-_\: 5(_3 ()
b AP =[AG) o, Wz BT and med, rell, a] then o
;l:("ij(lr)__: E ”\‘:("’-i"J(_]-)
YEN '

1
A (ryes 2 PPy, f== L,

hjsEd
1
(ivd} - =5 . S0
h;!l'J .\Eﬁ r’I”‘(’"' )(:1')~ Li=l..n
where a,, by, f"" &R, For z: Bih]-R we wrile
) Ay (A "), L Az (),
A @Y= A 2D |11 s
where € [0, «]. me.J. We will approxi
: RS : approxinaie 2 (x), DUy and D, 2™ (2
{;\ ‘1111:1‘.1::: ()r[ '.!-}J”’(.zz).. A:"’"(.E).' A Ay res])m:ii\'él\'. et 7 (I?Th] (]:;
: (:).l of all funclions 1o defined on B[] taking values in R such that
i -,]__ul )E(,(I—T..; af. Y Tor meJ. We denote l?[h]:{(.r. yy s re]0, af
noa O ! o o .t
h”E]dj\\'(l‘.n?l‘l\-':‘h;l—)!"“{‘r - “l{ Fo B[R] By BB TS Assome that Tor cach
the problem (1) w2 a—=1 We consider the following method of lines for
D0 (1) = (e g™, A0t (), wf ). A (2), Al ()
re |0, ul, me.J.
iy (e ytYy for (e, gty e [0 h).

|1.f I‘E[—:.‘n._ a] then we denoie [ M ={Z g™y eDBik]: <], The fune-
ulnj],[-;;:;l)(’:}:' (—};I—;I“ Il;) s‘:::ill t(? 'S’R‘IIS['_\' L he \"iviit:rr:\ condgition if for (1. )<= E{h)].
R : R voihat wly py= @y we have Oy, g, potw, o) =
A g poto, r,r..r) where pe R geR* re R Hwe F(BIAL R) and vs
| \{ ‘a‘]Hmn we define ], p=max (I gyt (5 ;""’)EH [A]}
i .,[(";1:;;:“}\:]1‘:1[:-:“'.(1h(i""? (‘X.IS’S @ sn!v}iun uI: (1. We ili\"’sligu:(: Iul-. (ue-
when 1he siog gi'/cj ie(il)[;ln: 'l“”_":"”m sulutions of () tend to a solutton of ()
slep size lends to zero,

{2)

At (1) =

EETP T

{1
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1. The comergence of the mwethad ol lines. Our basic assumptions
are the following.

Assumplione 1,

19y the funcltion @, X, — R, A=, of the variables (v, oy poow, 4, 1)
is non-decreasing witlh vespeel o the Tooetiond argument and satisfies the
Vollerra condilion,

2 for cach hef,, med vhe function B, g™, <)
10, a] = W rF LB Ry - R RS T is con'inuous,

3 the derivalives )b, D, (D)0 e s Dy ). DD, =

[]),u(l),,],-, mte vees e =L exist on X0 Che matrix Dby, s symmelric

and for cach (v, yow)= f;‘[!r[ 78Ty the funelions DD (a0 g, w00,
DO, g o ) A (e g, ey -00) wre continuous and bounded on
[ L

%) for P=(r. . pow, g NEX,

Suppose 1hai

. hel, and Tor s€8 we have
() a 1) 0, (1) - lz’;‘mh;’l),ﬁ(h,f(l’) | 1.,‘21 l_,-llz', r,"“"’l),ulh,,(I’}:_-H,
3°) there exisls LR, such thal we have on X, hel,
() Dy, g pow, g 1y—=0 (e g p g, 1Y < Lin—1| e o
[ 13, (x, g, pown g, ryl<f.,

6y for s 8§ we have w20 and

a1 YA = Y a0 i =1

»ED sES T ES

Now we slale a resull on the stability of the method ().

Theorem 1. Suppose Hrat

19) Assumption [, is salisfied and < CE™, R),

2}y the function vy F (B[], B) satisfies the initial-boundary condilion
@ ta(a. g™y = a(e gy on E9(h]
and there ecxists -0 LR such thal
(8) [0, o () =@ (s g™ (), ey Arm(a), A <

=-(h) vl a, me ]/,

3wy [0, a]l=R, is defined by
0 (1) = (RY2LY ) (e 1) if L
()= (x if L=0

Under these assumplions there evisls a solulion wy s
(-1} and

((J) _IUh—-'UI-,“k, .:'Ewh(‘n)s IEI_U’ a]'

(7 (B[h]. R} of the problem
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Proaf. 1 Tollows from Lhe conditjons 3. 5% of Assumplion /1) 1hat | he
problem (1) has the solution m, on | —xz,. al. We prove that

(1) ol g e ) e (), oS0, al. me.J.

We apply Lenna D Tor the proof of (1), Lo

lfl) J’h(? rlm') i Ual r”])“1 (I)"'( ') for ae I” ”I meJ,
o, gty for v —cn 0] meld,

and

o g™ Do ey — e g0 o™ ). o ™ o) A (),
Ry (v g™ y= Dy tes ™0 Ao 0e) vp 3o () AT M) —
Dy e g™, AL B AEPC) AP, e |0, af, me.J.
Then we have

Dol (xy= Ry o(e '™y 4 Ry (. g o (a) +
(12) Aty g ARNE). D ARP(), A M),
re]0, af. mE.?.

sinee Ry o(x "))z —(h) Tor x =0, ). me.d and

Ry Nz —2La{e). v € |0 al. ne .,
we gel, using (12). the incquality
(13) Do sz @ (e, g™, ABmea). oy Abp (0. ARG (0), 2 <[0, al.me.J.

Il follows from the condition 1° of Assumption H, that 1he right hand sides
of {13) are non-decreasing with respeel lo the fupctional argument and sa-
tisfy the Volterra condilion. Now we prove That they possess the quasi-
monotone properiy. Suppose thal w* €7 (B[h]. ). w, &< F(B{h], R). Assu-
me that x€[0. ¢}, m=J, are lixed and w™(x) = '™ (), (X)) ™ (x)
for meJ. Then we have vsing the mean value theorem

A (o, g™ chet )yt Aw'™ ), AR )

(Dh(.l’. u|m|‘ .1(?)["”(.1'), lU‘;{, Ai}(m)(m). A _':‘.'I';I,l":(.l-))___

D0 () w0 ey —Ap™ ()] -

- Z Dy () [A0™ () — A0 ()] +
r—1

+ E Dy DDA 0" () — A, i " 2) ]| =
=1

¥ ot —1?)‘"‘“’(.1‘))[:13.!‘),,(!) W)+

FEL
+ BpHno@+ 3 iman, o)
l h' fj=1 hih; Lo
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where 0 is an ntermaediaie poiat. This completes The prcmf of ihe quasi-
moaolene property of the vight-hand sides of (F3) Sinee 12, is a solulion of
(1Y then we have o Hm" (7). (11 and Lennma 1 the estimation (1), In a similar
vanvowe prove fhat

(n R s P R TP B ) Nl (LA mes .

Hewer, by (M) (B we Bave () which compleles Hie proof,
ftemard 1.0 Tel us consider fwo problems, the problem () and the
[otlowing one

D™ i) =B (o, g AT w0 A,
(h A ),

Wy o, gty on SR,
where B, =R oand AL AL AE are operalors given by (2), (3) with ;;,,,
BB instead of ag e Suppose that Lhere s a solution D& (F (B[]
R) of (1) and that there exists +: I,—T, such {hal

re | al mC.T_.

[y g™y, AGI). B, AwM(E). A () —
APy, @y, Aw ), A (o0 =v(h), x=]0, a). me.J,

— |5 cLw,(T),

Tl 4

Assume Lhal condilions 1°, 37 of Theorem 1 hold. Then |jw,
[0 al. Fhis estimation follows [rom

Sdssumplion f1, \l.])})c;st‘ {hal

) fe= 0, W), o= CEM, R) and there exists a solulion o of (1) such
ihat oz is of class (1 !

27 there exists a funeiion - [,—TR, such tha! for x=[0. ], meJ
we have

(13 Gy, g™, Ap™{(x). AP {x), A ™)) —
[a)

o 1!('17‘ y“'”. A '"}(.l'). n, AH”’“(.!'), .lr'-"n""’(-l‘)ﬂ < ‘,-’n(h)v

where oy, — 0|npg and
{106) lim ~o(hy=1
1h]-+0
Assamplion ;o Suppose that the operalors A, A, A satisly  the

condilions
i“ for . j=1....n we have

pY s =384,
SEN
where 8&;; is lho Ixronceker q_\'mhol.
2 for @ j0 L =1, n we have

Yosuci P =0, Y, 5.l

sEN SEN

sES

8418, for f#],
28,8, for ],
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3 Lhere exisls e, =0 such Vhal & A7'sco dor sl 0 =10,
Now owe prove that if the el hod el lines is m.lhh' and silistieg | e
consistencey condilion deseribed by (153 (16) fher i is converden| .

Theorewm 2. Suppose ihat

VY Assumplions H — 1 are salisjiod.

2w, = FABIE. l{) denotes the solulion of (A).

Then e wy—ull,. —0 witiformly awilh respect o reli, aj
LARSt]

| Proof. Tt tolows frowm econdition 1°
>0 sneh 1 hai

{17) o i |, [, v(eo . Dy oy rieo gl

of Assumplion {7, thai here exisis

I)y‘y_y‘u(.t'. )=t
wheve £ joT1, o (x el Now. using Assumpiions /7, /7, we obtain

) — i) = (‘,:|h R

no_ L
Ay — D, () < ey - 5 € max ¥y 1y,

Ik sEN

(18)
Ay (”')(1)-—1)*“ (1)|<{h . ((un) T,

F= max Y, |ef=7

7,750 oSN
where a [0, o], meJ, i, j=1.....n. We deline
'”h “(l U("’)} _1(1 U('") ‘l”("')(l) m, ,u_\."f?l'l(l) A2y ey (?))
_(Dﬂ(] ”[ulj 11'?”")(1) oy Anfﬂll( L) ._\( )U“"’(]))

H,,.1(1 Oy ={{a, g™, et (), p LDyt ), T, n )
— e g AR (), Apt (), Aleiptn Nors{0a|. me.J.
Ii Tollows that there exists o Tunelion ey I,—R, such that [T pa (e, y™)| <
<vi(h). x=]0. ¢). me.J. and lim vi{hy=10.

et ‘
(20) +(h)
Then

(19)

oy Fr (1),
WL () — @ (e y ™ AR (). vy A, A (2))| <

< | Rpeol @4 |4 (| s, y™) (). v [0, a). me 7,
and 1 (hy=0. By Theorem 1 we obtain onr asserlion,
B |0

Theorem 2 guarantees thai o consisient and stable meihod ol fines is
comvergent. The next remark states Uhal if some additional conditions hold
then the error of the line melhod is of the 3-th order,

Remark 2. Suppose llml all the assumptions of Theorem 2 are satisfied
and thal there exisls 30, ¢,0 such {hat (= C([h]P. hE!,, where -+
Is given by {20). Then t]leu' eNists Gz O such that flw, —v,)|,.,< C A%, xe
€10, aj.
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Remark 3. We assinue Lhat the consistencey condition (13), (16) 1s satis-
fied along a given solulion » of (1), Ti is obvious Lhat "l'lu-m'(_:m 208 true if
we asswme (15), (16) along an arbilrary function v C(F9 g 15, W) such {hat
pois ol class (3

IV, Examples. Vor =], we define T FF (B[], M— C(EW gL I
in the following way [1]. Suppose that we F (B[hL W) and ys{—¢ ¢].
Then there exists meJ sueh that yt™ < y< gpt™ev) mri-1 (m-+1o.., m,+1),
and m4-1eJ, We define S, [so (s, o800 i=1, ... n,

H...y(""] N y__y(m) 1-
(e = 3w (") (12 12

SEN,

where re{—-=,, 0] and

y_y(m)).- 5 v — y[imll)\-l
- — 1 = 1i .
I Pk hi
q_u(m) 1= » yi— ygm.,l -
L {1 — o .
(l h ) 1 | 1 h'-

and we lake 0°=1 in (21). Thus we have 7T,u: E®y =R Theoperator T,
has the Tollowing properties 1],
Lemma 2. /f wesog (B[R] Ry then Thows CIEYUE R, If

(21)

1) we (B ER). the derivatives (D, . ... Dy, w)=D o exist on
EyE and Dan(x, Y= (0 b RY Tor ref—s-,. dl. ] o
2) there exists Cyz O such that (D w(x, yP< Cy (1, pyE EYEi=1, .0,

then || T w,—wl = Cilhl ae[—<o a). where w,=mw|pu;

We will eonsider the problem (1} with O, (2. g, p.ow. 4. r).=[(.1'. D, 'I',,u'J,
q. 7). We list below a few examples of the method of lines which can be -d('art-
ved from (1) by specializing the operators A, A, AR Let M={{.)): 0=
lo..on, i#f5 Suppose that we have defined MO, Mt< Al such that
MU MW =M and MU0 M+ e @ (in particular it may be M= @ or
M = 7). Assume ihat (j, f=MOY if (i He M), Suppose Lhat A, A, A‘i’
are operators defined in the Tollowing wav. Let w: B{#]-+R, 2= a]. meJ,
then

1 L
' 3 A W iefm A {~=i(m))fp
(22) Au™ () - ;}1 [u ™Iy b u ()
and
(23) A" (2= (2hH) M uU Yy — Uiy, i=1, ..., n

For (i, fye M) we define

ARy =20hh ) — a0 ) — gt O (1) — T () —
— a2 0 () - U0 ) g it (2],

Tf (i, =M then

Qg u () = (2hh ) a0 () ) () 4
+uf itm})(l:)._'_gutm.-(_v)_“:-( J(mm(r)_”(-i(i(mm(;r)],

214

(25)

3 ————
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and
(26) At ™ )=l 2y

20 ) S I

Under these assumptions concerning { he nperators A0 AL A2

] consider  Lhe
method of lines

D™ (xy=f{x, y'™ Aw™ (), T . A, ALTom oy,
(27) meJ. rs(0. al.
WY =y on FOR.

Assumplion I, Suppose tha

") the function Je (O, B of 1he variables (v oy poog. ) is  non-
decreasing with respect 1o the functional argument and satisfies the Vol(erra
condition,

2°) the derivatives D, f, Dof=(Dgf. ..., Dy | I),]=]I),.“[],-. P2 oo g
exist on L) and for each (&, y. DS KX CUM Y I, R the funclions Dy, - -

o) Dl g oz, Do vo -0z 0 are continous and bounded on
R R > R,

3% the matrix D,f is svmmetric on Q and there exists ce>0 such 1hat
hhitsegfor i, j-1, .. n, hel,
4%) there exisls L€ R such | hat
[C8 gopeo gy f(e g p 2o i< LP—3),
Dy pozog. < oon Q.

Theorem 3. Suppose that
1) Assumplion I, is salisfied and for P—(x, y. p, = q. 1y=0) we have

1 "
@) o Dpf(P) = I D (Y 282D, [(P)—2 B (bl )| D, S0,
} = i

J=1, .,
il
(24 D, [(PY>0 for (i, jyeAli), D, [(P)<0 for (i, jyedc),

2°) wy, denoles a solulion of (27) and there exisls « solufion v of (1) such
thal v is of class C' on EWY | and the funclion vz is of class

Lt vy=vlany. Under these assumptions we have lim) wy, — 0l =0
uniformly with respeet to we [0, aj. heo

Proof. The method (22) --(27) satisfies afl {he asstmplions of Theorem 2,

“The conditions (28)., (20 for (22) —(27) are equivalent with (3). The consis-

teney condition (15), (16) follows from Lemina 2 and from (22) —(26). This
cmpletes the prool,
Remark 4. Consider the method of lines

Daot™ (@ ={(x. g™, ™ (2), T, Awt™ (), A w™ ()}, re)0, a), meJ,
W™ () =z(x, y'"™) on Eivp,

Where A and A are given by (23)—(20). Then 1he assu mption (d} is equi-

 Valenl with (29) and
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)X

| I 1
5 Ih, {(h W D, [ IT l)ri__;(i’; =0, j=1,....1m

Remark 5. Suppoxe Lhat The Tunciion | dees nol depend onory for 24,
Consider the meliod (27) where A=A o0 A0 Assume thal Tor a:
s BIAl—=T we have Awtady=u'™(e). Ay =hoa ) — a2,
Pl and Ay are given by (26). Then Lhe assumplion (9} is equivalent
wilh

D, 200 0D, (YD, ()20, i=10n PeQ.

Remark 6, The resulis obiained in this paper can be extended Lo weakly

conpled svstems of differentiad-funetional equations,
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INFINITELY MANY SOLUTIONS FOR'A SINGGLAR SEMILINEAT:
STURM-LIOUVILLE PROBIEM o
~BY

LIVIU I NICOLAESCU

). Introduction. This paper i
- . S paper 18 develed (o the s = { } i
tvpe of boundary-value problem e following

1
— (e{a)u’y -F 1 (2)f(u) =0,

(%) re=(0, L),

1.0,

0.1
o4 1, (0) =0,

att (L) Hbi{ L) =0,

where we allow funelions ~ and £ 1o have o singularity in r=0. Using an
‘ r=0. Using :

0 =

idea of A, Castro-A. Kur : i i
S Il-‘ai.‘l 0‘_\: Kure pa [1]. 2] and imposing certain  condilions
oI '1: SN (he existence of infinilelv ‘many solutions to (0.1)
1 p.lnpu partially extends the previous work of A, Castro-A, Kur e i) 1
[!l>[‘)\\lww l!m'y. considered a similar problem for which ela)==an? nel\;
17_, (‘!‘)-1 Their pl’ub‘ic'ml was molivaied by 1he search of radially ,‘;\'mme:
tric solutions for a semilinear elliplic problem in a hall c
. Our 'rcsnl[ 15 aimed to deal with P.DUE, 100 but includes some degenc-
rate clliplic semilinear problems as well. T
. 'l.he !)aper is dl\'ldc'(! into two sections. In seclion 1 we state -and prove
ur main ‘ICSII]I _nzuncl_\' Iheorem 1. Seelion 2 is devoted to applications
. The Main Result, We consider 1he problem ‘

1

el

>0,

)(p(:r)u'}'+I\-'(:c)[(u)=0, xe(), L), 15

ttz(0) =0,
@y (L) bu(L) =0, a*:-}b*£0.
Concerning (1.1) we make Lhe following assumplions.
#=C[0, L), p(0)20, p'=0 on (0, L),
ke (0, L), inf{l{x)/z=(0, 1)} = 4-

(1.2)
(1.2) .
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