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Abstract. In this paper, we investigate the existence of at least three positive solutions to a singular
boundary value problem of Caputo’s fractional differential equations with a boundary condition
involving values at infinite number of points. Firstly, we establish Green’s function and its
properties. Then the existence of multiple positive solutions is obtained by Avery—Peterson’s fixed
point theorem. Finally, an example is given to demonstrate the application of our main results.
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1 Introduction

In this paper, we consider the following infinite-point fractional differential equations
boundary value problem:

D u(t) + f(tu(t),u'(t) =0, 0<t<1,

> 1
u(0) =w'0) =0, W)= 3 nu(e) v
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where 2 < o < 3,1m; 20,0 < § <& << << <1@ =
,2..),0< A=1- Z;ilnjgj, f(t,x,y) may be singular at ¢ = 0, and °Dg, is
the standard Caputo derivative. The existence of multiple positive solutions is obtained
for the boundary value problem under certain conditions. To our knowledge, this is the
first attempt to investigate the boundary value problem of Caputo’s fractional differential
equations with a boundary condition involving values at infinite number of points. In this
paper, we will study the existence of positive solutions to BVP (1), where z € C?[0, 1]
is said to be a positive solution of BVP (1) if and only if x satisfies (1) and x(t) > 0,
x'(t) > 0 forany ¢ € (0, 1].

Recently, boundary value problems for nonlinear fractional differential equations have
attracted great research efforts worldwide, as they arise from the study of many important
problems in various discipline areas such as fluid flows, electrical networks, rheology,
biology and chemical physics. In practical applications, it is important to establish the
conditions for the existence of positive solutions. Hence, many authors have investigated
the existence of positive solutions for various fractional equation boundary value prob-
lems, and for details, the reader is referred to [2,3,4,5,10,11,12,14,15,16,20,21,22,24]
and the references therein. For some basic fixed point theorems, readers can refer to [6,8].
In [23], the author considered the following fractional differential equation:

D§ u(t) +g(t)f(t,u(t) =0, 0<t<1,
w(0) = w/(0) = =u"D(0) =0, w(1) =D aju(),

where 2 < o, n —1 < a < n, i € [1,n — 2] is a fixed integer, o; > 0,0 < & <
S < <1< < <1(=1,2,...), fis allowed to have singularities with
respect to both time and space variables. Various theorems were then established for the
existence and multiplicity of positive solutions. In [17], the author discussed the existence
and multiplicity of positive solutions of the following problem:

D§iu(t) = a(t)f(t,u(t)), te(0,1),
u(0) =w'(0) =0, (1) =) (&),

where 2 < a < 3,m > lisinteger, 5; > 0for1 <i<m,0< & <& < <& <1,
S Bt < 1, a(t) € L[0,1] is non-negative and not identically zero on any compact
subset of (0, 1), f: [0,1] x [0, +00) — [0, 400) is continuous and D¢, is the Riemann—
Liouville differential fractional derivative of order . Some results on the existence and
multiplicity of positive solutions were obtained by the fixed point theorem. In [9], the
authors investigated the existence of multiple positive solutions of the following fractional
differential equation boundary value problem:

Dy ut) + f(tu),d'(t),...,uD(t) =0, 0<t<]1,
w(0) = /' (0) = - = uD(0) = D (0) = - - = u* D (0) = 0,
u@(1) =0,
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wheren—1<a<nn>=22a—i>1ie N,0<i<n—1, f(t,x0,21,...,2;) may
be singular att = 0 and “Dg; is the standard Caputo derlvatlve. The authors obtained the
existence result of at least three positive solutions for a two-point boundary value problem,
in which the nonlinear terms contain derivatives up to order ¢ by using Avery—Peterson’s
fixed point theorem.

Motivated by the results above, in this paper, we investigate the existence of positive
solutions for a class of singular fractional differential equations subject to infinite-point
boundary conditions. Compared with previous work in the field, our work presented in
this paper has several new features. Firstly, values at infinite points are involved in the
boundary conditions of the boundary value problem (1). Secondly, our study is on singular
nonlinear differential boundary value problems, that is, f(¢, u, v) is allowed to be singular
att = 0. Thirdly, the nonlinear term involves the first order derivative. Fourthly, the main
tool used in this paper is Avery—Peterson’s fixed point theorem.

2 Preliminaries and lemmas

For the convenience of the reader, we first present some basic definitions and lemmas,
which are to be used in the proof of our results and can also be found in the recent literature
such as [18,19]. Firstly, welet £ = C 1 [0, 1] be the Banach space with the maximum norm

lull = max{jullo, llu'llo },

where ||ullo = max;c(o,1) [u(t)], [|[u']|o = max.ep,17 |u'(t)]. We also list below a condi-
tion to be used later in the paper.

(HO) f:(0,1] x R* x RT — R™, and there exists a constant 0 < o < 1 such that
t7f (t, zo, 1) is continuous on [0, 1] x Rt x R*, in which RT = [0, +00).

Definition 1. (See [18,19].) The Riemann-Liouville fractional integral of order & > 0
of a function y : (0, 00) — R! = (—00, +00) is given by

t
1
ot = 1 [t
0

provided the right-hand side is pointwise defined on (0, c0).

Definition 2. (See [18,19].) The Riemann—Liouville fractional derivative of order o > 0
of a continuous function y : (0, 00) — R! is given by

t
D()er(t) F(TL—OZ ( ) / t_sa n+1 dS
0

where n = [a] + 1, [a] denotes the integer part of the number «, provided that the right-
hand side is pointwise defined on (0, c0).
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Definition 3. (See [18,19].) The Caputo fractional derivative of order o > 0 of a function
y : (0,00) — R is given by

t
opya 1 y"(s)
D0+y(t) = F(?’l _ a) / (t _ S)a_n+1 dS,
0

where « is fractional number, n = [a] + 1, provided that the right-hand side is pointwise
defined on (0, 00).

Lemma 1. (See [18,19].) Assume that w € C™[0, 1], then
18.°Dgu(t) = u(t) — Cp — Cot — - -+ — Cpt" 1,
where n is the least integer greater than or equal to o, C; € R (i =1,2,...,n).

Lemma 2. (See [7, Thm. 1.2.7].) Let H C C*[J, E), then H is a relatively compact set if
and only if:

(a) H' is equicontinuous and H'(t) is a relatively compact set for any t € J on E;
(b) There exists to € J such that H(ty) is a relatively compact set on E.

Lemma 3. Giveny € C(0,1) N L[0,1], then the solution of the BVP

D u(t) +yt) =0, 0<t<l,

- )
w(©0) =u"(0) =0,  w/'(1) = nul)
j=1
can be expressed by
1
ut) = [ Gt oo)ds, te o1, ®
0
where
1 tP(s)(1—8)*2 - At—s)*!, 0<s<t<1,
G(t,s) = 4
(t,) AT() {tP(s) —s)o2, o<t<s<1, P
in which
gj _s a—1 o]
P(s):a—l—an I (1-2s), A:l—an«fj,
s<E; j=1

and, obviously, G(t, s) is continuous on [0, 1] x [0, 1].
Proof. By means of Lemma 1, we can reduce (2) to an equivalent integral equation

u(t) = =I5 y(t) + C1 + Cat + Cst?
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for C1, Cs, C5 € R. Consequently, we get

(t) = =I5 ty(t) + Ca + 2C5t,
u’(t) = —I((J’Z:Qy(t) + 2C5.

/
u

From «(0) = «”(0)
and thus,

0, w(1) = 372, nju(€;) we have Cy = C3 = 0, but Cy # 0,

u(t) = Cot — I y(t).
On the other hand, u'(1) = 3272, n;u(;), and so combining with

u'(1) = Co — I§7'y(1),

s<&; j=1
Hence,
u(t) = Cot — IS y(t)
t 1
B At —s)*t (1 —8)272tP(s)
0
Therefore,
1 tP(s)(1—8)*2 - A(t—s)*"1 0<s<t<],
G(t,s) =
Al(a) | tP(s)(1 — 5)*2, 0<t<s<,
and
0G(t,s) 1 Pi)(1—5)"2—-Ala—-1)(t—5)*"2, 0<s<t<], )
ot Al(e) | P(s)(1— 5)2, 0<t<s< L.

It is easy to check that G(t,s) and OG(t, s)/0t are uniformly continuous on [0, 1] X
[0,1]. O
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640 L. Guo et al.

Lemma 4. Take a,b € (0,1) with a < b such that a > b*~1, (o — 1)b*~2 < 1, then we

have
0< Gt s) < (a—1)g(s), t,s€][0,1];
G(t,s) = pg(s), te€lab], s€]0,1];
0< 208D < (a-1)gs), L€ 0,1)
8G§i’ ) > pg(s), te€la,b], se€][0,1],
where
B (1 _ S)oz—?
9) = Tz
0<pr=A>@-0""") <1, 0<p=A(1-(a—1)p""?) <1,
then

0 < p=min{p1,p2} < 1.

Proof. By direct calculation, we get P'(s) > 0, s € [0, 1], and so P(s) is nondecreasing
with respect to s. For s € [0, 1], we get

P(s)=a—1- an<£1j_;)a_l(1—8)

<5

> P(0) :a—l—anE?_l > 1—27)]{]- = A,
j=1 j=1

and, obviously,

P(s)=a—1- an(@‘s)a_la—s)w—l, se 0.1,

1—s
<&
Hence, for ¢, s € [0, 1], we have
tP(s)(1—s)*"2 _ P(s)(1—s)*2
(o)A = I(a)A
aG(t,s) o P(s)(1 — s)*72
ot Ia)A
Furthermore, for 0 < s <t < 1, we get
tP(s)(1—8)* 2 — A(t —s)*7 !
Al(«)
tP(s)(1—8)*2 — A(t — 8)*2(t — s)

= >
AT () >0,

G(t,s) < < (a—1)g(s),

< (= 1)g(s)-

G(t,s) =

http://www.mii.lt/NA
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and, obviously, for 0 < ¢ < s < 1, we get
G(t,s) = 0.
On the other hand, for 0 < s <t < 1, we have

0G(t,s) P(s)(1—35)*"2 - Ala—1)(t —s)*?2

ot Al ()
S P0)(1—5)2"2 - A(a —1)(t — s)* 2
- AT (@)
(0 1= S (- 97— Ala— 1)(t - 5)°
- AT ()
(0 1= S ™) - Ala - 1)1 5)
- AT (@)
(e = 1) 2250wy — 2002 & T (L = 8)* 2 -
N AT() -
and for 0 < t < s < 1, 0G(t, s) /Ot = 0 obviously holds.
Fort € [a,b], s € [0,1], we get
Git,s) = tP(s)(1— S)Z_FQ ;)A(t —s)ot
< aP(s)(1—5)*"2 — A(b— bs)>1
- ATl («)
< (P(s)a — Ab*~1)(1 — s)*—2
- Al ()
Ala — b= 1)(1 — s)2—2 B
= AT () = p19(s),
and for t € [a,b], s € [0,1], we have
0G(t, s) _ P(s)(1—5)*"2 — A(a—1)(t —5)*2
ot Al ()
< P(s)(1 —8)*"2 — A(a — 1)(b — bs)*~2
- AT ()
L (P(s) = Ala = 1)b*72)(1 — 5)° 72
- AT ()
S (S
Therefore, the proof of Lemma 4 is completed. O
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Now we define a cone P on C''[0, 1] and an operator A : P — C*[0, 1] as follows:

P= {u € C0,1], u(t) >0, W/(t) > 0, t € [0,1], min u@ () > |lul, j =0, 1},

" t€]a,b]

where 0 < v = p/(a—1) <1(0 < p <1< a—1),aandb are the same as in Lemma 4,
and

Au(t) = /G(t,s)f(s,u(s),u’(s)) ds, weP
0

Problems (1) has a positive solution if and only if w is a fixed point of A in P.
Lemma 5. The operator A : P — C*[0, 1] is continuous.

Proof. First, for u € P, by the continuity of G(¢, s), s7f (s, u(s),u(s)), and the integra-
bility of s77,

Au(t) = /G(t,s)f(s,u(s),u'(s)) ds, wueP,
0

is well defined on P. It thus follows from the uniform continuity of G(¢, s) in [0, 1] x [0, 1]
and

|Au(tz) — Au(tr)| < / |G(ta, s) — G(t1, s)|[s~7s7 f(s,u(s),u/(s)) ds
0

that Au € C[0,1], u € P. Furthermore, by the uniform continuity of 0G(t, s)/0t for
t,s € [0,1], we get

(o) = [ 250 1 (s.uls)u(5)) ds € Clo.1)
0

Let u,,u € P, u, — wuin C0,1]. Since 'G(t,s)/0t’ (j = 0,1) is uniformly
continuous, there exists M > 0 such that
Gt s)
otJ

<M, tsel0,1],j=0,1.

On the other hand, since u,, — u in C*[0, 1], there exists A > 0 such that |ju,| < A
(n=1,2,...), and then ||u|| < A. Furthermore, s°f (s, zo, 1) is continuous on [0, 1] X
RT x RT, so s°f (s, xg,x1) is uniformly continuous on [0, 1] x [0, 4] x [0, A]. Hence,
for any € > 0, there exists § > 0 such that, for any s1, 52 € [0,1], 2}, 23, 21,23 € [0, A],
|s1 — 82| < 6, |xg — 23| < 4, |[#1 — 23| < &, we have

‘s‘l’f(sl,zé,x%) 7ng(52,:17(2),1:%)| <e. (6)

http://www.mii.lt/NA
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By ||un, — u|| — 0, for the above § > 0, there exists N such that, for all n > N, we have

|un () = w(t)], [up, (t) — ' ()] < flup —ull <&Vt €[0,1].

Hence, for any ¢ € [0,1], n > N, by (6), we have
[t7 F(t, un(t),ul, (t)) — 7 f (t,u(t), ' (t)] <e. @)

Thus, forn > N, t € [0, 1], by (7), we have

| (Aun)(t) — (Au)(t)]

1

/G(t,s)f(s,un(s),u;(s)) ds — /G(t,s)f(s,u(s),u’(s)) ds

0

1

/G(t, 5)s~7 (87 f(s,un(s),ul,(s)) — s7 f(s,u(s),v'(s))) ds

M/ - ”f 3 un(s),u’n(s)) —s”f(s,u(s),u'(s)))ds
0

ng/s*"ds
and

| (Aun)' () — (Au)'(t)]

1

/8G (s,un(s),us(s)) ds—/aG{g )f(s,u(s),u’(s)) ds

il

M/s ” "f S un(s),u;(s)) —s"f(s,u(s),u’(s)))ds
0

“0(s7f (s, un(s), un(s)) — 57 f(s,u(s),u'(s))) ds

1
< Mg/s*"ds,
0

and hence, we get ||Au, — Aullp — 0, ||(Au,)" — (Au)|lo — 0 (n — o0). That is,
| Aw,, — Aul| = 0(n — o0), namely, A is continuous in the space C'*[0, 1]. O

Nonlinear Anal. Model. Control, 21(5):635-650
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Lemma 6. A : P — P is completely continuous.
Proof. From Lemma 4 we have (Au))(t) >0 (j = 0,1),t € [0,1] and

| DIG(t, )
@ () = ’ /
trél[gﬁ](Au) ®) tgl[(?)%]/ o7 f(s,uls) w'(5)) ds

1

Gt )

/te[o 1 ot S)f(sa“(s),u (s)) ds
1

/ a—1)g(s)f(s,u(s),u'(s))ds, j=0,1,

0

so ||Au (Auw)'||o < fol(oz —1D)g(s)f(s,u(s),u'(s))ds. Consequently,

0>
HAUH::HMX{HAuHm|KAUYHO}<‘/ka4*Ug(ﬁf(&U($7U($)d&
0

On the other hand, for all uw € P, ¢ € [a, b], by Lemma 4, we have

(Au)9) (1) :/%S’S)f(s,u(s),u’(s)) ds

pre10(s) f (s, u(s), o/ (5)) ds

WV
o —__°

f(s,u(s),u'(s)) ds

2 Pj+1

1 .
/ OWG(t, s)
oI
0

1

> L2 o= 1)g(5)f (s, u(s),0/(5) ds
0

Pj+1 :
> | Auf > ——wmw—wmw j=0,1

Thus, A(P) C P.

Next, we will prove that AV is relatively compact in C*[0, 1] for bounded V' C P.
Since V' is bounded, there exists D > 0 such that, for any v € V, ||u]| < D, and by
the continuity of ¢7 f (¢, zg,z1) on [0, 1] x [0, D] x [0, D], there exists C' > 0 such that

http://www.mii.lt/NA
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|s7f (s, u(s),u'(s))| < Cfors € [0,1],u € V. Hence, for t € [0,1], u € V, we have

|Au(t)| = /G(t $)f (s, u(s),u/(s))ds = /G(t, s)s 757 f(s,u(s), v (s)) ds
0

1
CB;
—1Dg(s)s 7ds = ———
C/a T Tla_1nA’
0
where B; = fo —25-79(s. Similarly, we can derive
CB;
Aw) ()] « =———— 0,1 V.
(A0 ()] < o=y e ueV.

which shows that AV is bounded in C'[0, 1]. Next, we will verify that (AV)’ is equicon-
tinuous. Let ¢1,12 € [0,1],¢1 < t2,u € V, we get

1 e
|(Au)'(t2) /P 1 f(s,u(s),u/(s)) ds.
0
(a—1)(ty — 5)*2 .
_ / () f(s,u(s),d/(s)) ds
0
—/Wf(57u($),u’(s)) ds
0
Fla—1)(ts — )2 ,
+b/ T(a) f(s u(s),u (s)) ds
= F(ail)A /(tz —s5)“ 257 "f(s u(s) u'(s)) ds
o1 A/ t1—s “7s7 f(s,u(s), u/(s)) ds
¢ — S 7 ds — / — s 28 7 ds
T(a—1)A 0/“? ) d O/(h ) d}
Furthermore,

Nonlinear Anal. Model. Control, 21(5):635-650
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Thus, we obtain

|(Au)'(t2) — (Au)'(t1)] < —o _a=10)

T@a®

for all u € V. From above and the uniform continuity of t*~1= on [0, 1] and together
with Lemma 2, we can derive that AV is relatively compact in C' 1 [0, 1], and so we get
that A : P — P is completely continuous. O

Definition 4. The map « is said to be a non-negative continuous concave functional on P,
provided o : P — R™ is continuous and

a(tr+ (1 —t)y) = a(z) + (1 — t)a(y)
forallz,y € P,t € [0,1].

Definition 5. The map £ is said to be a non-negative continuous convex functional on P,
provided 3 : P — R is continuous and

Btz + (1 —t)y) < Blz) + (1 —1)B(y)
forallz,y € P,t € [0,1].

3 Main result

Let ¢, 8 be non-negative continuous convex functionals on P, ¢ be a non-negative con-
tinuous concave functional on P, and i) be a non-negative continuous functional on P.
Then, for non-negative numbers e, ¢, d, h, we define the following convex sets:

P(p,h) :{xEP|g0(x)<h}

P(p,¢,¢c,h) = {x ceP | o(x o(z) < h},
P(p,0,¢,c,d,h) = {m€P|c< ) 0(x) < d, p(z )gh},
R(p,h,e,h) ={z € P|e<v(x), p(x) < h}.

We will apply the following fixed point theorem of Avery and Peterson to solve
problem (1).

Lemma 7. (See [1,13].) Let P be a cone of E, ¢ and 6 be non-negative continuous
convex functionals on P, ¢ be a non-negative continuous concave functional on P, and
¥ be a non-negative continuous functional on P, p(ux) < p(z) for 0 < p < 1 such
that, for some positive numbers L and h,

¢(x) <p(x) and ||| < Lo(x)
forall x € P(p,h). Let

A: P(p,h) — P(p,h)

is completely continuous, and there exist positive numbers e, ¢, d with e < c such that the
following conditions are satisfied:

http://www.mii.lt/NA
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S {z € P(p,0,0,c,d,h): (z) > c} £ ¢ and p(Az) > e for x € P(p,0,0,
¢, d, h);

(S2) ¢(Ax) > cforx € P(p,¢,c, h) and 0(Ax) > d;

(S3) 0 & R(p,v,e,h) and p(Azx) < eforx € R(p, 1, e, h) with(x) =

Then A has at least three fixed points 1, T2, x3 such that

o(r)) <h, i=1,2,3,
and

¢ < o(xq), e < ¥(xq), d(x2) < ¢, Y(x3) < e.

Let the convex functions ¢(u) = 0(u) = ¢(u) = |lu|| on P, and define a concave
function ¢(u) = min{minge(q ) [u(t)], minge(q 3 [u'(t)|}, where a, b are the same as in
Lemma 4.

Theorem 1. Assume that there exist positive numbers e, ¢, d, hwith ¢ > e, d > max{1/p,
e'=%2}e, h > rc/(pQ) and h > d such that:

(H3) 17 f(t,z,y)) < h/r for (t,2,y) € [0,1] x [0, ]%;
(H4) f(t,2,y) = ¢/(pQ) for (t,x,y) € [a,b] x [c, d]*;
(HS) t°f(t,z,y) < e/rfor(t,z,y) € [0,1]x[0, €], wherer = (a—l)folg(s)s’”ds,

b
Q=J, 9(s)ds
Then problem (1) has at least three fixed points w1, us, us satisfying

||UZH < h7 i= 17233a

and
c< mln{ min_|uy(t)|, min |uf (¢ |}, e < |luzl,
t€la,b] t€la,b]
mm{trer[ltllr})] lua (1)), te[lr})] |u (t |} <, lus|| < e.

Proof. Letu € P(p,h). By condition (H3), we get

1
[[Auflo = max |Au(t)| < (o — 1) /g 57757 f(s,u(s),u'(s)) ds < h,
te0,1]

0
1

' a—l/g 57 £ (s, u(s), u/(s)) ds < .

0

O(Au)(t)

(4w o = mmacx | =

te[0,1]

Consequently, we obtain @(Au) = ||Au|| < h. This, together with Lemmas 5 and 6,
means that A : P(p, h) — P(p, h) is completely continuous.

Nonlinear Anal. Model. Control, 21(5):635-650
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Take u(t) = ce!=%%¢ ¢ € [0, 1]. By simple calculation, we have that u € P, ||u|| < d,
and ¢(u) > c and so

{ue P(p,0,¢,c,d,h): c < p(u)} #0.
Foru € P(p,0,¢,c,d, h), by (H4), we get

d(Au) = mm{ min |Au )|, min | (Au) ()|}

t€la,b] t€la,b]
1 b
, oo
> / 95 (svuls)ol (9) ds > [ pats) 5 ds =,

a

which shows that condition (S1) is satisfied.
Take u € P(p, ¢,c, h) and ||Au|| > d. Since Au € P, we obtain

d(Au) = mln{ min_|Au(t)|, min_ |(Au) ()|} pllAul| = pd > ¢,
t€la,b] tela,b]
which implies that condition (S2) holds.
Next, we will verify that condition (S3) holds. For 1)(0) = 0, we have 0 € R(p, 9, e, h).
Letu € R(p, 1, e, h) and p(u) = ||u|| = e, by (H5), we get

[ Aullo
te[0,1]

max_|Au(t) / (o —1)g(s)s™7s" f (s, u(s),u'(s)) ds
0

1

—1
< —"r e(a /g s %ds<e

(=)

and

[(Au)'||, = max

Consequently, we have 1)(Au) = ||Aul|| < e. Thus, condition (S3) holds.
By Lemma 7, we get that (1) has at least three positive solutions w1, us, us satisfying

lu;|| <h, i=1,2,3,

and
c< mm{ min_|uy(t)|, Inm |u1 |} e < |luzl,
t€la,b] te(a,
mln{ min |u2 | min ’ug |} <ec, lug]| < e. O
t€la,b] tela,b]
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4 An example
Consider the following infinite-point boundary value problem:

DYPu(t) + f(tu(t),d' (t)) =0, 0<t<1,

w(©) = (0) =0, W)=Y 2]12u<]12) ®
where
(22 +y*)/(2V/xt), (t,z,y) € (0,1] x [0,1/2] x [0,1/2],
fltz,y) = 499(y/x + ¢/y)/(2Vwt), (t,z,y) € (0,1] x [1,20] x [1,20],
499/(2v/71), (t,2,y) € (0,1] x [100, 00) x [100, 00).

Obviously, v/t f(t, z,y) is continuous in [0, 1] x Rt x R*, and v/ f (¢, z,y) < 499-3//7
for (t,z,y) € [0,1] x RT x R,

For Theorem 1, we take a = 2.5, 0 = 0.5,a = 0.3,b = 0.4, n; = 1/(25%), & =
/52, A=1- ¥321m;€; ~ 0.4589, g(s) = (1 — 5)272/(T(a)A) = 2(1 — 5)Y/2/ /T,
r= fol g(s)s77ds = /m, L= f;g(s) ds = 2(0.73/2 — 0.6%/2)/3,

p1 = A(a—b*"") ~ 0.0216,
p2 = A(1— (a—1)b*"?) ~ 0.0235,
and as p; < p2, p = p1.

Lete = 0.5, f =1, g = 20, d = 500. By direct calculation, we get that the conditions
of Theorem 1 are satisfied. So, the BVP (8) has at least three positive solutions u1, uo, us3
satisfying

u; <500, 1=1,2,3,

and 1 < @(uq), 0.5 < |Juz|l, p(uz) < 1, |lug| < 0.5.

Acknowledgment. The authors would like to thank the referee for his/her valuable
comments and suggestions.
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