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1. Introduction

Time scales and time-scale notation are introduced well in the fundamental texts by Bohner
and Peterson [1, 2], respectively, as important corollaries. In, the recent years, many authors
have paid much attention to the study of boundary value problems on time scales (see, e.g.,
[3-17]). In particular, we would like to mention some results of Anderson et al. [3, 5, 6, 14,
16], DaCunha et al. [4], and Agarwal and O’Regan [7], which motivate us to consider our
problem.

In [3], Anderson and Karaca discussed the dynamic equation on time scales

D)"y¥" () = f(Ly° () =0, te(ab),
| o - 1.1)
aiay™ () + fray™ (@) = y*" (a), Yy () = y*" (0 (b)),

and the eigenvalue problem

(D" (1) = Af (£, y° (D) =0, te(ab), (1.2)
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with the same boundary conditions where 1 is a positive parameter. They obtained some
results for the existence of positive solutions by using the Krasnoselskii, the Schauder, and
the Avery-Henderson fixed-point theorem.

In [4], by using the Gatica-Oliker-Waltman fixed-point theorem, DaCunha, Davis, and
Singh proved the existence of a positive solution for the three-point boundary value problem
on a time scale T given by

vy B+ f(xy) =0, xe[01]y,

(1.3)
y(© =0, y(p)=y(’D),

where p € (0,1) NT is fixed, and f(x,y) is singular at y = 0 and possibly at x = 0,y = .
Anderson et al. [5] gave a detailed presentation for the following higher-order self-
adjoint boundary value problem on time scales:

n-i-1 A n—

Ly =30 (p* )0 = 0 (poy )
=0

(1.4)
_ (pn,3yA2V>VZA(t) N <pn72yAV>VA(t) _ (pnflyA>v(t) + (DY (t),

and got many excellent results.
In related papers, Sun [11] considered the following third-order two-point boundary
value problem on time scales:

ubA () 4 f(t,u(t),uM(t)) =0, telao)],
(1.5)
u(a) = A, u<0b> =B, u**(a)=C,

where a, b € T and a < b. Some existence criteria of solution and positive solution are
established by using the Leray-Schauder fixed point theorem.

In this paper, we consider the existence of positive solutions for the following higher-
order four-point singular boundary value problem (BVP) on time scales

ud" () + g(t)f(u(t),uA(t),. : .,uM_z(t)) =0, 0<t<T, (1.6)
u¥(0)=0, 0<i<n-3,
au®”(0) - put" (@) =0, n>3, (1.7)

yud (1) + 66" (1) =0, n>3,

wherea >0,>0,y>0,6>0,¢,1€(0,T),¢ <n,and g: (0,T) — [0, +o0) is rd-continuous.
In the rest of the paper, we make the following assumptions:

(Hi) f € C([0,+00)" ", [0, +00))
(H2) 0 <[] g(£) At < +oo.
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In this paper, by constructing one integral equation which is equivalent to the BVP
(1.6) and (1.7), we study the existence of positive solutions. Our main tool of this paper is the
following fixed-point index theorem.

Theorem 1.1 ([18]). Suppose E is a real Banach space, K C E is a cone, let Q, = {u € K : [[u|| < r}.
Let operator T : Q, — K be completely continuous and satisfy Tx # x,¥ x € 0Q,. Then

@) if ITx|| < |lxl, ¥V x € 0K, then i(T,Q,,K) =1
(ii) if | Tx|| > ||x|, ¥ x € R, then i(T,Q,, K) = 0.

The outline of the paper is as follows. In Section 2, for the convenience of the reader
we give some definitions and theorems which can be found in the references, and we present
some lemmas in order to prove our main results. Section 3 is developed in order to present
and prove our main results. In Section 4 we present some examples to illustrate our results.

2. Preliminaries and Lemmas

For convenience, we list the following definitions which can be found in [1, 2, 9, 14, 17]. A
time scale T is a nonempty closed subset of real numbers R. For t < sup T and r > inf T, define
the forward jump operator o and backward jump operator p, respectively, by

ot)=inf{freT: 7>t} €T,
(2.1)
p(r)y=sup{treT:7<r}eT,

for all t,r € T. If o(t) > t, t is said to be right scattered, and if p(r) < r, r is said to be left
scattered; if o(t) = ¢, t is said to be right dense, and if p(r) = r, r is said to be left dense. If T
has a right scattered minimum m, define T = T — {m}; otherwise set T, = T. If T has a left
scattered maximum M, define T* = T — { M }; otherwise set T* = T. In this general time-scale
setting, A represents the delta (or Hilger) derivative [13, Definition 1.10],

Z8(t) = limM = lim 27(t) —z(s)

s—t  o(t)-s s—t ot)-s (22)

where o(t) is the forward jump operator, p(t) := o(t) —t is the forward graininess function,
and zo o is abbreviated as z°. In particular, if T = R, then o(t) = t and x2 = x/, whileif T = hZ
forany h >0, then o(t) =t + h and

x(t+h) —x(t)

xA(t) = -

(2.3)

A function f : T — R is right-dense continuous provided that it is continuous at each right-
dense point f € T (a point where o(f) = t) and has a left-sided limit at each left-dense point
t € T. The set of right-dense continuous functions on T is denoted by C;q(T). It can be shown
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that any right-dense continuous function f has an antiderivative (a function ® : T — R with
the property ®*(t) = f(t) for all t € T). Then the Cauchy delta integral of f is defined by

5]

f(B)At = D(t) — D(to), (2.4)
to

where @ is an antiderivative of f on T. For example, if T = Z, then

b -1
t fBAt=D f(b), (2.5)
0 t=ty
and if T = R, then
b b
fAt=| f(t)dt. (2.6)

Throughout we assume that tj < t; are points in T, and define the time-scale interval [y, t1 ] =
{teT:t) <t<t). Inthis paper, we also need the the following theorem which can be found
in [1].

Theorem 2.1. If f € C,q and t € T, then

o(t)

f(DAT = (o(t) - 1) f(D). (2.7)

In this paper, let

E={ueCrAd"_2[O,T] :uAi(0)=O,0§i§n—3}. (2.8)

Then E is a Banach space with the norm ||u|| = max;c[o,T] |uA"’2 (t)]. Define a cone K by

K = {ueE LUt () >0, uA"(t)go,te[o,T]}. (2.9)

Obviously, K is a cone in E. Set K, = {u € K : |ju|| < r}. If u®2 <0 on [0, T], then we say u is
concave on [0, T]. We can get the following.

Lemma 2.2. Suppose condition (Hy) holds. Then there exists a constant 0 € (0,T/2) satisfies

T-6
0< g(t) At < +oo. (2.10)
0
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Furthermore, the function

A(t) = f; <£g(sl)Asl>As + fe <fjg(sl)Asl>As, e [6,T - 6]

(2.11)

is a positive continuous function on [0, T — 0], therefore A(t) has minimum on [0, T — 0]. Then there

exists L > 0 such that A(t) > L, t € [6,T - 9].

Lemma 2.3. Letu € Kand 0 € (0,T/2) in Lemma 2.2. Then

W7 () > 0|u||, tel6,T-0].

Proof. Suppose T = inf{¢ € [0,T] : supte[O’T]uA"fz(t) =ub"(@)).
We will discuss it from three perspectives.

(i) T € [0,6]. It follows from the concavity of " (t) that

uAnfz (T) - uAnfz (7)
T -

w7 () 2 ut () + (t-7), tel6,T-0],

then

Anfz A"’Z
An-2 . A2 u® (T)-u> (1)
> m —
u> (t) > te[@,%"r—le] [u (7) + . (t-7)

w7 (T) —ut" (1)

— (T-0-1)

=ut" (1) +

T—-0-T 2
-7
- u® (T)+

T ud"? (t) > Ou(T),

0
T-T1
which means 12" (t) > 0||u|, t € [6,T - 6].

(i) € [6,T - 0].1f t € [0, T], we have

W) 3w ) + ub" (1) = uh"7(0)

(t-71), telo,71],

then

An72 Anfz
A s . An-2 u® (1) -u® (0) B
u® (t) tef(%l}e] [u (T) + p- (t-71)

T— 6 A2

_ 0 w7 (0) > 0ut" (1),

Tu (t) + -

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)
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Ifte[r, T -6], we have

ut” (TT) - ;‘M (7) (t-7), te[r,T-6], (2.17)

w7 () > w7 (1) +

then

T -

An—Z . An72
t) > +
w® ()2 min [u (1)

uAn— (T) _ :An- (T) (t ) T)]

9 T (2.18)

0
= =t )+

> 0ut" (1),

and this means u®"" (t) > 0||ul|, t € [0, T - 6].

(iii) 7 € [T — 6, T]. Similarly, we have

w7 () > ut () +

u? (1) - w0 (t-1), tel6,T-0], (2.19)

then

0y T uAH O (2.20)

> 0ut" (1),

which means 12" (t) > 0||ul|, t € [0, T - 6].
From the above, we know " (t) > 0|jul|, t € [, T - 0]. The proof is complete. O

Lemma 2.4. Suppose that conditions (Hy), (Hz) hold, then u(t) is a solution of boundary value
problem (1.6), (1.7) if and only if u(t) € E is a solution of the following integral equation:

t st Sn-3
u(t)=f f j 0(5n-2) ASn 2853~ As1, (221)
0 0 0
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where
( gjjg(s)f (u(s),uA(s), e, uA"'Z(s)> As
+ft fég(r)f<u(r),uA(r), . ,uA”_Z(r)>ArAs, 0<t<6,
0/ s

wt) =1 5 (" (2.22)
yjﬁg(s)f (u(s),uA(s), e, uAH(s)> As

+f1 jsg(r)f<u(r),uA(r), .. ,uA"'Z(r)>ArAs, 6<t<T.
. t)s

Proof. Necessity. By the equation of the boundary condition, we see that " (&) > 0,u2"" (1) <
0, then there exists a constant 6 € [¢,17] C (0,T) such that ud"! (6) = 0. Firstly, by delta
integrating the equation of the problems (1.6) on (6,t), we have

t
WA = ut (6) - f (s) f(u(s),uA(s), .. .,uW(s))As, (2.23)
6
thus
t s
w7 () = ut"(6) - f5 <I6g(r)f<u(r), Wt (r), ... ut"” (r)) Ar) As. (2.24)
By 12" (6) = 0 and the boundary condition (1.7), let t = 7 on (2.23), we have
N K A An-2
u® (1) = —fﬁg(s)f(u(s),u (s),...,u (s))As. (2.25)
By the equation of the boundary condition (1.7), we get
uA(T) = —g (uA’” (71)), (2.26)
then
uA"(T) = gjz g(s)f (u(s),uA(s), " uAH(s)As>. (2.27)

Secondly, by (2.24) and let t = T on (2.24), we have

n-2 6 1 n-2
ut""(6) :?J‘&g(s)f(u(s),uA(s),...,uA (s)>As
(2.28)

+ IZ <J‘:_g(r)f<u(r), ut(r),... ,uAH(r)> Ar> As.
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Then
n-2 6 L n-2
uh" (b :;f({g(s)f(u(s),uA(s),...,uA (s))As

T/ (2.29)
* _[t (Lg(r)f@(f)/uA(r),...,uA"'Z (r)>Ar>As.

Then by delta integrating (2.29) for n — 2 times on (0, T), we have
t s Sn-3 7 )

u(t) :J‘ f J (éf g(s)f<u(5),uA(s),...,uM_ (s))As) ASpo---AsyAsy
0Jo 0 YJs

+f; fo . J‘O <J‘T <I;g(r)f<u(r),uA(r), @) Ar) As> Asy -+ AsyAsy.

(2.30)

Similarly, for t € (0, 6), by delta integrating the equation of problems (1.6) on (0, 6), we have

u(t) :f; f: e J‘Zs <$Jjg(s)f(u(s), u® (s),..., ud"? (s)> As> As, -+ AsyAsy

’ J‘; Jj h ,[;3 (IZZ (I;g(r)f<u(r),uA(r), .. .,uAH(r)>Ar) As)Asn_2 - AsyAsy.

(2.31)
Therefore, for any t € [0, T], u(t) can be expressed as the equation
t st Sn-3
at) = [ [ [ Twisia)as,ans,a et (232)
0/Jo 0
where w(t) is expressed as (2.22).
Sufficiency. Suppose that
t sy Sn-3
u) = [ [ [ ot as285,0 - a5, (239)
0o 0
then by (2.22), we have
o 2
f g(s)f(u(s),u(s),...,u""(s)) As 20, 0<t<§,
W =4"" (2.34)

—J‘tg(s)f<u(s),uA(s),...,uA"2(s)>As <0, 6<t<T,
6
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So,

u" () + g (t) f(u(t),uA(t), o ,uA"‘Z(t)) -0, 0<t<T, (2.35)
which imply that (1.6) holds. Furthermore, by letting t = 0 and t = T on (2.22) and (2.34), we
can obtain the boundary value equations of (1.7). The proof is complete. O

Now, we define a mapping T : K — C4"'[0,T] given by
t A5 Sn-3
@@= [ [ o asans a0, (2.36)
0o 0

where w(t) is given by (2.22).
Lemma 2.5. Suppose that conditions (Hy), (Hz) hold, the solution u(t) of problem (1.6), (1.7)
satisfies

ut) <Tub(t) <--- <T" 32 (1), tel0,T], (2.37)
and for 6 € (0,T/2) in Lemma 2.2, one has

(1) < guA“(t), te[6,T-0]. (2.38)

Proof. If u(t) is the solution of (1.6), (1.7), then 12" (t) is a concave function, and ui(t) >0, i=
0,1,...,n-2, t € [0,T], thus we have

u® () = J w7 (s)As <t (1) < Tut" (), i=0,1,...,n-4, (2.39)
0
that is,
u(t) <Tub(t) <--- <T3u®7(t), te[0,T). (2.40)

By Lemma 2.3, for ¢ € [0, T — 6], we have

ud () > Olull, (2.41)

then 2" (t) = (t]uAH(s)As <t (1) < Tlu|l < (T/0)u"” (t).The proof is complete. O
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Lemma 2.6. T : K — K is completely continuous.

Proof. Because

I3}
f g(s)f (u(s),u(s),...,u¥""(s))As 20, 0<t<5§,
t

(Tu)™" (t) = w (b) = (2.42)

—Itg(s)f<u(s),uA(s),...,uA"_z(s)>As <0, 6<t<T
6

is continuous, decreasing on [0, T'], and satisfies (Tu)An_1 (6) =0.Then, Tu € K foreachu € K

and (Tu)AH((S) = maxe(o,1] (Tu)Ani2 (t). This shows that TK C K. Furthermore, it is easy to
check that T : K — K is completely continuous by Arzela-ascoli Theorem.
For convenience, we set

2 1
0" =—, 0, = - , (2.43)
L (1+ (p/a)) (Jog(nar)
where L is the constant from Lemma 2.2. By Lemma 2.5, we can also set
fo — hm max f(ull uZ/ cecy un—l) i
Up-1—= 0 0<uy <Tup < <T" 21, 5 <(T/ ) 1ty Up-1 (2 44)
fo= tim flyrar: o tas) |
Up-1— 0 0<uy <Tup<-<T"2u, »<(T/0) 1ty Up-1 O
3. The Existence of Positive Solution
Theorem 3.1. Suppose that conditions (H,), (H») hold. Assume that f also satisfies
(A1) f(ur,uz, ... upq) > mr, for Or < upq < 1,0 < ug < Tup < -0 < T2y, <
(T/G)un—lr
(A2) f(ur,uz, ..., up1) < MR, for 0 <ty < R 0 < g < Tup < -0 < T2, <
(T/e)un—lr

where m € (0*,+00), M € (0,6,).
Then, the boundary value problem (1.6), (1.7) has a solution u such that ||u|| lies between r
and R.
Theorem 3.2. Suppose that conditions (H1), (H>) hold. Assume that f also satisfies
(A3) fo=¢ €[0,0./4)
(A4) foo =L €(20%/60,+0).

Then, the boundary value problem (1.6), (1.7) has a solution u such that ||u|| lies between r and R.
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Theorem 3.3. Suppose that conditions (Hy), (Hy) hold. Assume that f also satisfies

(AS) foo =1€ [0,9*/4)

(As) fo=¢ € (20*/6,+c0).

Then, the boundary value problem (1.6), (1.7) has a solution u such that ||u|| lies between r and R.

Proof of Theorem 3.1. Without loss of generality, we suppose that r < R. For any u € K, by
Lemma 2.3, we have

u () > 0lull, te[6,T-6]. (3.1)

We define two open subsets ; and €, of E:
Qi ={ueK:|ul|<r}, Qo ={ueK:|ul| <R} (3.2)
For any u € 0Q, by (3.1) we have
r=lull >ud" () > 0|lul| =0r, tel[O,T-0]. (3.3)
Fort e [0,T — 0] and u € 02;, we will discuss it from three perspectives.

(i) If 6 € [6,T — 0], thus for u € 0Q1, by (A1) and Lemma 2.4, we have

2||Tull = 2(Tw)*"" (6)

> JZ (JGg(r)f<u(r), (), ... ut" (r)> Ar> As
+ JZ <f;g(r)f<u(r), Wt (r), ... ut" (r)) Ar) As
> J: (Jﬁg(r)f<u(r), ud(r),..., ud" (r)> Ar> As

+ J:_e <f2g(r)f<u(r), ut(r), ... ut" (r)) Ar> As

> mrA(6) > mrL > 2r = 2|jul|.

(3.4)
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(ii) If 6 € (T - 0, T], thus for u € 0Q2;, by (A1) and Lemma 2.4, we have
ITull = (Tw)*"" (6)

> gfzg(s) f<u(s), ub(s), ... ut"" (s))As
65 6
+f f g()f (u(s),u(s),...,u"" (s)) ArAs (35)
0Js

T-6 / +T-0
2.[9 <I g(r)f(u(r),uAr,...,uAn1(r)>Ar>As

s

>mrA(T —0) >mrL>2r>r = |u.

(iii) If 6 € (0, 0), thus for u € 0Q, by (A1) and Lemma 2.4, we have
ITull = (Tw)*" (5)

> gIZg(s)f<u(s),uAs, cut (s)> As

+ f fsg(r)f (u(r),uAr,. o ut (r)Ar) As (3.6)
6/ 6

T-6
0

> f q;g(r) f<u(r),uAr, b (r))Ar) As

>mrA(©) >mrL>2r >r = ||ul.

Therefore, no matter under which condition, we all have

(ITull > Jlull, Vu € 0. (3.7)

Then by Theorem 2.1, we have

i(T,Q,K) = 0. (3.8)



Advances in Difference Equations 13

On the other hand, for u € 0£2;, we have u(t) < ||ul| = R; by (A;) we know

ITull = (Tw)*"" (6)

< gfzg(s)f<u(s),uA(s), ot (s)>As

1 46 (3.9)
+ «[0 Lg(r)f(u(r), ut(r),..., ud™ (r)Ar) As
B 1
< (1 + E)MR<IOg(r)Ar> <R =ul.
thus

ITull < ljull, Vu € 0Q;. (3.10)

Then, by Theorem 2.1, we get
i(T,Q,K) = 1. (3.11)

Therefore, by (3.8), (3.11), r < R, we have

i<T, Q, \ﬁl,K> - 1. (3.12)

Then operator T has a fixed point u € (Q; \ Q,), and r < ||| < R. Then the proof of

Theorem 3.1 is complete . O

Proof of Theorem 3.2. First, by fo = ¢ € [0,60,/4), for € = (0./4) — ¢, there exists an adequately
small positive number p, as 0 < u,_1 < p, u,-1 #0, we have

0. 0.
flur,ua, .. un1) < (@ +€)(up) < <Z>p =P (3.13)
Thenlet R = p, M = 0,/4 € (0, 6,), thus by (3.13)
f(ul,uz, ce Up1) MR, 0<u, 1 <R (3.14)

So condition (Az) holds. Next, by condition (A4), fo, = A € ((20*/60),+0o0), then for e =
A —(207/0), there exists an appropriately big positive number r # R, as u,_1 > 0r, we have

*

f(ulluZI--'run—l) > (./\—6)(1/["_1) > <26

5 )(Gr) = (20%7). (3.15)



14 Advances in Difference Equations

Let m = 20* > 07, thus by (3.15), condition (A;) holds. Therefore by Theorem 3.1 we know
that the results of Theorem 3.2 hold. The proof of Theorem 3.2 is complete. O

Proof of Theorem 3.3. Firstly, by condition (As), fo = ¢ € ((20*/0),+0), then for € = ¢ -
(20%/0), there exists an adequately small positive number 7, as 0 < u,—1 < 7,u,-1 #0, we
have

20*
flur,uz, .. up) > (= €)tty = 5 s (3.16)
thus when 0r < u,,_1 < r, we have

*

23 Or = 20"r. (3.17)

flu,u, ... ) >

Let m = 20* > 0%, so by (3.17), condition (A;) holds.
Secondly, by condition (As), foo = A € [0,0./4), then for e = (6,/4) — \, there exists a
suitably big positive number p #7, as u,-1 > p, we have

0.
fui,up, ... up—1) < (A +€)(up1) < Zun,l. (3.18)

If f is unbounded, by the continuity of f on [0,T] x [0, +c0)"", then there exist a constant
R (#7)>p,and a point (i1, Uy, ..., U,-1) € [0,T] x [O,+oo)"_1 such that

P S a1’1*1 S R/
(3.19)
f(ull u2/~ .. /un—l) S f(il\l,ﬁ2, .. '/izn—l)/ O S un—l S R
Thus, by p < upp-1 < R, we know
PO _ 0, . 0.
f(ull Uz, ... /un—l) S f(uli U, ... /un—l) S Zun—l S ZR (320)
Choose M = 6./4 € (0,60,). Then, we have
f(ul,uz, .. .,un,l) < MR, 0 < Uy < R. (321)

If f is bounded, we suppose f(u1,uy, ..., Uy-1) < M, U,1 € [0,+00), M e R,, there exists an
appropriately big positive number R > 4/60, M, then choose M = 6,./4 € (0,0.), we have

D

flur,ug, ..., up) <M< =“R=MR, 0<u, <R (3.22)

|

Therefore, condition (A;) holds. Thus, by Theorem 3.1, we know that the result of
Theorem 3.3 holds. The proof of Theorem 3.3 is complete. O
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4. Application
In this section, in order to illustrate our results, we consider the following examples.

Example 4.1. Consider the following boundary value problem on the specific time scale T =
[0,1/3] U {1/2,2/3,1}:

888 (py 4 o [ (A6/L) + De2” — (16/L)
u + 5et* + g2

] :O, fE [0,1]']1*,

u(0) =0, (4.1)

u®(0) _”AACI) =0, u”(1) +5uAA<%> =0,

where
1 1
“=Y=1/ ﬁ=1r 6201 §=Z/ 7‘l=§/ 0= s T=1I (42)

and L is the constant defined in Lemma 2.2,

sh=t,  fluut)= uA[((16/L) +1)e?” - (16/L)]_ 13)

u + Set” + g2

Then obviously

R fluu®) 1
o=y = ulA1r_r)10+ otuent  ub 6
N (4.4)
I - fwut) 16
foo =h= uilgloo osTslzﬂA ub - f 1
By Theorem 2.1, we have
1 1/3 0(1/3) o(1/2) 0(2/3) 5
f g(t) At = g(t)dt + ’[ g(t) At + J g(t) At + f g(At = —, (4.5)
0 0 1/3 1/2 2/3 12
so conditions (H1), (H;) hold.
By simple calculations, we have
! -0 (4.6)

6. = =2,
(1+ (B/a)) (fog(r)ar)

then 6, /4 = 3/10, that is, ¢ € [0,60,/4), so condition (A3) holds.



16 Advances in Difference Equations

For 0 = 1/4, it is easy to see that

Ae <£,+oo>, (4.7)
0
so condition (A4) holds. Then by Theorem 3.2, BVP (4.1) has at least one positive solution.

Example 4.2. Consider the following boundary value problem on the specific time scale T =
[0,1/3]uU[1/2,1].

=0, tel0,1]g,

ubBA (1) + tu® [(1/4)8”A +sinu® + 16/L]

u+e

u(0) =0, (4.8)

u®(0) - uAA<}L> =0, ut(1) + 6uM<%> =0,

where
1 1 1
=y=1 =1 > = - = — = — T=1 4.
a=y=1 p=1 620, ¢=,, n=5 0= , (4.9)
and L is the constant from Lemma 2.2,
u® : A
gW=t,  fluu®)=u [(1/4)6 Temu T 16/L]. (4.10)
u+et
Then obviously
o f(wu®) 16 1
fomg= fim e T L
A (4.11)
o o fuwut) 1
fm_i_ull?ooogr]?glﬂA udb Ty
By Theorem 2.1, we have
1 1/3 o(1/3) 1 35
J g(t)At = g(t)dt + f g(t) At + f g(t)dt = —, (4.12)
0 0 1/3 1/2 72
so conditions (Hi), (Hz) hold. By simple calculations, we have
1
= 36 (4.13)

0, = ,
(1+ (/) (fog(ndr)

then 6,/4 = 9/35, thatis, A € [0,0./4), so condition (As) holds.
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For 0 = 1/4, it is easy to see that
2 *
pE (%, +oo), (4.14)
then condition (Ag) holds. Thus by Theorem 3.3, BVP (4.8) has at least one positive solution.
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