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Solutions for 2n' order lidstone BVP on time scales

Erbil Cetin and S. Grilsan Topal

Abstract

In this paper, we prove the existence of solutions for nonlinear Lidstone boundary value problems by
using the monotone method on time scale and also we show the existence of at least one positive solution if

f is either superlinear or sublinear by the fixed point theorem in a Banach space.

Key Words: Lidstone boundary value problem, upper and lower solutions, fixed point theorem, positive

solution.

1. Introduction

Let T be any time scale (nonempty closed subset of R) and [0,1] is subset of T such that
[0,1]]={te T: 0<t<1}.

In this paper, we shall consider the nonlinear Lidstone boundary value problem (LBVP),

(D" = f (0,508, v (1), te[0,1] (1.1)

y270) = 2 (e(1)=0, 0<i<n-—1, (1.2)

where n > 1 and f:[0,0(1)] x R* — R is continuous. We assume that o (1) is right dense so that ¢7(1) = o (1)
for j > 1.

In this section we give some inequalities for certain Green’s function which are proved in the reference
[5]. In Section 2 we give the existence and uniqueness theorem for solution using the method of upper and
lower solutions when they are given in the well order. This method is generally used to obtain the existence of
solutions within specified bounds determined by the upper and lower solutions. Also we obtain a unique solution
within the appropriate bounds. Then we develop the monotone method which yields the solution of the LBVP
(1.1), (1.2). The method of upper and lower solutions have been applied by several authors in [4, 7, 10, 13] and
the references therein. In [9] Ehme, Eloe and Henderson applied this method to 2n*" order problems.

Cone theory techniques have been applied by several authors for ordinary differential equations and

dynamic equations on time scales including two-point, three-point and Lidstone problems in [1,5,6] and the
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references therein. Lidstone boundary value problem (LBVP) has attracted considerable attention in recent
years [12]. In Section 3 we discuss the existence of a positive solution for the LBVP (1.1), (1.2) under

fo = 0,f = 0 or fy = 00, foo = 0. Some preliminary definitions and theorems on time scales can be
found in the books [2, 3].

To obtain a solution for the LBVP (1.1), (1.2) we need the G, (t, s) which is the Green’s function of the

boundary value problem,

for 0<i<n-1.
The Green’s function for the problem y~%(t) =0, y(0) = y(o(1)) =0, is

1
G(t,s) = o) (1.3)
o(s)(t —o(1)), t>a(s).
If we let G1(t,s) := G(t,s), then for 2 < j <n we can recursively define
Gj(t,s) = /U(l) Gi_1(t,r)G(r, s)Ar. (1.4)
0
Further, it is easily seen that
(=1)"Gn(t,s) >0, (t,s) € [0,0(1)] % [0,1]. (1.5)
Lemma 1.1 [5] For (t,s) € [0,0(1)] x [0,1], we have
. _ o))" a(s)(o(D) —a(s))
(_1) Gn(tv S) - |Gn(t7 S)l < ( 4 > 0_(1) ) (16)
and also
107Gt = Gulto) < (T (1.7
Lemma 1.2 [5] Let § € (O, %) be given. For (t,s) € [6,0(1) — 4] x [0,1], we have
(F17°Gut:5) = G t,9)] = 0,(5) TN =), (1.8)
where
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Using Lemma 1.1, we get

(=D)"Gul(t,s) > 9n(5)”(‘9)(”§()1)— a(s))
4\
> 0,(0) (ﬁ) ,hax |Gu(t, 5)].
o(1) o(1) o(1) 4 \"! (o(1))>-2
For § = 4 € <07 T) , we have 0, (T) (m) = ~gBn-3 Let
1 1

then 0< v, <1 and (—1)"G,(t,s) > 55n=3 te%{%%(l)]

Yn = —2511—3 y |Gn(t7 S)|

Also in the reference [5], the positivity condition of the function w(t) is given.

Lemma 1.3 [5] Assume that u € o™ 0,0(1)]¥*" and u(t) satisfies
(=)™ (t) > 0, teo,1] (1.9)
(D27 (0) >0, (=1)u® (c(1))>0, 0<i<n-—1. (1.10)

Then u is nonnegative on [0,c(1)].

2. Existence and uniqueness

In this section, we give the existence and local uniqueness of a solution of the LBVP (1.1), (1.2)

that lies between an upper and lower solution. We will use the norm

2(n—1)
HyH = maXtE[O,U(l)]{|y(t)|u |yAA(t)|7 ceey |yA (t)|}

2(n—1)

as the norm on C2 [0, 0(1)]1@2(”*1)'

We note that, for ¢ € [0,0(1)], |y(t)] < fg ly> ()| As < o(1)]|y* |l so- Hence ||yloo < 0(1)]|y* |- Similarly we
)

get, for t € [0,0(1)], |[y2 ()| < fg ly>2(s)|As < 0(1)]|y>%||oo- By continuing this process, we get

Iylloe < o)y oo < (@) 522 oo < v < (1) D [[52" 7 (8)]| oo

(n=1) ne (n=1)
So, g2 (D)lles < llyll < (012D [y ()| oo
2n on
Definition 2.1 Letting « € C* [0,0(1)]*", we say a is an upper solution for LBVP (1.1), (1.2) if a satisfies

(—1)"a2"" (¢) F(t,a” (1), a2 (), ... a”"" @), telo,1],

Y%

(~1)'a®"(0) 0, (-1)ia®"(0(1))>0, 0<i<n-—L

Y%
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Definition 2.2 Letting 5 € o™ [0, 0(1)]¥*", we say B is a lower solution for LBVP (1.1), (1.2) if 3 satisfies

(—D)mB27() < F(L A7), 822 (), 827 (1)), te0,1],
(12" (0) < 0, (1) (0(1) <0, 0<i<n—1.

IN

The function f(¢,y1,y2,...,yn) is said to be Lip—ag if there exist positive constants ¢; such that for all
(z1,22,...,xn) and (y1,Y2,...,Yn) such that

(1" ™" (t) = (=1)'mig1 (t), (=1)'gipa(t) > (—1)'827 (1), 0<i<n—1,
it follows that

n
|f(t,$1,1'2, 7.’L'n) - f(t7y17y27 7yn)| S Zcilxi - yZl
=1

We note that if f is continuously differentiable on a suitable region, then f will be Lip—a/3.

Theorem 2.1 Assume there exist o and 3 such that « and 3 are upper and lower solutions of the LBVP

(1.1), (1.2), respectively, which satisfy

(-1 (1) < (—1)'a®"(1), 0<i<n—1 (2.11)
for all t € [0,0(1)] and assume
(1) ft,y1,92, - yn) : [0,0(1)] x R* — R is continuous;

(2) f(t7y17y277yn) is Llp_aﬁ7 and

(3) f(tvyla oo Yoo 7yn) - f(tvylu ""gk’ 7yn) > (_1)k_1(yk _Qk) (212)

fOT (_1)k—16A2(k—1)(t) S (_1)k_1gk S (_1)k—lyk S (_1)k—1aA2(k71)(t),
1<k<n, y;€R and t€[0,0(1)].
Then, if

(@)n <Z: ¢+ c0> <1, (2.13)

there exists a unique solution y(t) of the LBVP (1.1),(1.2) such that

(1B (1) < (D)™ (1) < (1) (1), 0<i<n-—1

for all t € [0,0(1)] and there exist two monotone sequences {ay} and {B,}, respectively,with oy = « and
Bo = B, which converge uniformly to the extremal solutions in [, ] of the problem LBVP (1.1), (1.2).
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Proof. For 0 <i<n—1, we define

max{ﬂA% (t), min{yA% (t), at” (t)}}, if i iseven;

A2i _ . )
P (Y= (1)) {max{aAQ’(t%min{yAQ’(t),gA%(t)}}, if i is odd,

where y is a function defined on [0,0(1)]. If yA% is continuous, then p,, is continuous. Moreover,

(- (1)

IN

(1827 (1) < (—1)'p,, (8, ™ (1))

and 0 <7 <n-—1, and each p,, is non-expansive function.

2(n—1)

Define F : [0,0(1)] x C# [0, 0(1)]1@2("*1) LR by
Pty (1), 522 (1), oo v (1)) = (2o (0(), 47 (8)), s a1y (65> (1))

Thus,

(7 (8,2 (1), ™ (1) = Pr(t, 27 (1), 222 (1), . 227 (1)

n 2(i—1) 2(i—1) p p
< a0 - 2T W]+ el (1) - 0]
1=2

F} is also continuous. Choose ¢g > 0 such that

2(n—1)

Now define F» : [0,0(1)] x C# [0, 0(1)];62(%1) R by

Fl(tu Y1,Y2, 7yn) - CO(_l)n_l(yn - O[n), if (_1)n_1yn > (_1)n_1an;
Fz(tu Y1,Y2, 7yn) = Fl(tu Y1,Y2, "'7yn)7 if (_1)11_1671 S (_1)n_1yn S (_1)n—1an;
Fl(tu Y1, Y2, 7yn) + CO(_l)n_l(ﬂn - yn)u if (_1)n_1yn < (_1)11_16717

2(n—1) 2(n—1)
where 1 = 3% and a; = o, for n =1 and 8, = 3 and o, = a® , for n > 2.

Then F5 is continuous. By considering various cases, it can be shown that F5 satisfies
o AN N2(n—1) p AN A2(n—1)
[Fo(t,y7 (1), y= = (1), vy (t) = Fa(t, 27(t), 227 (1), ..., 2 )l
i (i-1) (i-1)
2(i—1 2(i—1
Saly(t) 2O+ aly® 1) =22 (@)
i=2

2(n—1) 2(n—1)
Hew—coly™ " () =22 (@)

This shows F5 is also Lipschitz.
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2(n—1) 2(n—1)

Define T:C2  [0,0()]*" " — 2 0,0 by

7t AN A=
Ty(t)i= [ Gt Falo (9552 () )5

2(n—1)

For y,z € C& [0, 0(1)]’“2(%1), it follows that

7t AN A1)
Ty(t) = T=(1)] S/O |Gt $)|[Fa(t 47 (1), 4= (1), oy (t)

—Fy(t, 27 (1), 222 (), .., 227V ()| A

(%) {iqny o+ eolly - z||}

i=1

- (=’ (Z*) Iy I,

This shows that T is a contraction from the choice of ¢y guarantees. Hence T has a unique fixed point y(t)
which is the solution of LBVP (1.1), (1.2).

We now demonstrate p,, (t,y2" (£)) = y>" (), for 0 <i<n—1 on t € [0,0(1)]
Suppose that (—1)iy2" (t) > (=1)'a®™(t), 0<i <n—1 for all ¢ € [0,0(1)], this implies for ¢ € [0, 1],

IN

02" () = Bty (0),5200, (1)
= Rty (0),y°2), ..y (1)
—co(~1)" A — o) ()
F(tp, (0(t), 57 (1), D, (t g2 (1)), oo Dy (892 (1))

F(t,a%(t), a2, ..., a® "V (1)

IN

IN

< (=DratT().

Hence, we have (—=1)"(y—a)2™"(t) < 0 for ¢ € [0,1] and from the boundary conditions (—1)i(y —a)2™ (0) < 0
and (—1)i(y — )2 (0(1)) <0, for 0<i<n—1.
Thus we get

) =A@ <0, te (o]

()" Hy - )™ 7(0) <0 and (~1)" "y —a)®"" " (0(1) <0.

This shows, from Lemma 1.3, v(t) = (=1)""}(y — a)AQ(nil)(t) < 0 for ¢t € [0,0(1)], which is a
contradiction.

It follows that (—1)iy2” () < (=1)'a®™ (t) on t € [0, 0(1)].
Similarly, (—1)18%7(t) < (=1)"y2"(t) on t € [0,0(1)]. Thus y(t) is a local unique solution of LBVP
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(1.1), (1.2) which lies between an upper and lower solution.

Consider the associated problem

(“D)™A () = fEn @) B8 (@)™ (@), t e [0,1] (2.14)
27 0) = 27 (e(1) =0, 0<i<n-—1 (2.15)
2(n—1) ne i
with n € C& [0, 0(1)]k2( " Since the conditions on the function f are satisfied for 2 (t), 0<i<n-—1,

2(n—1) 2(n—1)

the problem (2.14)—(2.15) has a unique solution y. Define T : C* 0,0(1))"" " = 2 [0, 0(1))F"
by Tn=y.
Now, we divide the proof into three steps.

Step 1. We show

TD C D. (2.16)

1 -
[0, 0(1)]k2( v (—1)’“6A% < (—1)’“77A% < (—1)’“0[&%, 0 <k <n-—1} is a nonempty

(n-1) n—
bounded closed subset in C& [0, 0(1)]k2( Y
In fact, for £ € D, set w = T¢. By the definition of «, 8 and D, and by (2.12), we have that for ¢ € [0, 1]

(n—
Here, D ={n € s’

(D)™ a—w)2" (1) = f(ta(t),a® (), .., (1)
—F(, €7 (), 6858, €27 (1) 2 0, (2.17)

and
(—1)*(a—w)2™(0) >0, (~D)F(@—w)2"(c(1))>0, 0<k<n-—1. (2.18)
By the technique of the proof of Lemma 1.3, combining (2.17) and (2.18), we have that
(-D*a-w)2 () >0
for t € [0,0(1)], k=0,1,...,n—1. Thus

(—1)Fw® () < (=1)Fa®™ (1), for te[0,0(1)], 0<k<n-—1.

IN

Analogously,
(—1)Fw?™ () > (=1)F 827 (1), for te[0,0(1)], 0<k<n—1.

Thus, (2.16) holds.

Step 2. Let vy =T, vo = Tna, where v1,v2 € D satisfy (—1)’“771A%(t) > (—1)’“772A%(t), 0<k<
n — 1. We show that
(~1D*Fu0 2™ () = (~1)F ™ (1), 0<k<n-1. (2.19)
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In fact, by (2.12) and the definition of vi, wa, for ¢ € [0, 1]

O I O B (3 A ON - (ANl ()
_f(tv 77? (t)a nlAA(t), vy nlAQ(ylil)(t)) > O,

2k

(—1)F (w2 —01)® (0) = (=1)F(v2 —v1)® (0(1)), k=0,1,...,n—1.
With the use of Lemma 1.3, similar to Step 1, for ¢ € [0,0(1)] we can easily prove
(—1)Fu 2™ (1) > (~1)F 0™ (1), 0<k<n-—1.

Thus, (2.19) holds.
Step3. The sequences {a,} and {f,} are obtained by recurrence

Qo = «, ﬁo = 67
ap = Tan—lu ﬁn = Tﬁn—lu n= 17 27
From the result of Step 1 and Step 2, we have that

bSO <...<Gph<..fap<. a1 L

(1R85 < (—1)Fan®™", (—1)F8,27 < (-1)Fa®™

k=1,2,...,n—1.

Moreover, from the definition of T', we get
()" (8) = f(taf_py a1 a2,
(—1)*a, 2 (0) = (=1 * 0,2 (0(1)) =0, k=0,1,2,....,n— 1.
Analogously,

(1) 8,27 (8) = F(t 871, B ™2, ooy B ™7,

(—1)k 8,27 0) = (=1)%8,2" (6(1)) =0, k=0,1,2,....n— 1.

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)

(2.25)

From (2.20)—(2.22) and the continuity of f, we have that there exists M, g > 0 depending only on « and 3

(but not on n or t) such that

|anA2n ()] < My g, for all te0,0(1)].

(2.26)

From the mean value theorem on Time scale, using the boundary condition (2.23), we get that for each n € N,

there exists ¢,,&, € (0,0(1)) such that
anA27l71 (é_n) S O S anA27l71 (gn)'

366

(2.27)



CETIN, TOPAL

This, together with (2.26), implies

t
" ()] = e (&) + / an® " (s)As| < 0(1)Ma p. (2.28)

5’71/

By combining (2.21) and (2.23), we can get that there is C, g3 > 0 depending only on « and S (but not on n
and t), such that for k=1,2,...,n—1

A27172k

()] < Cup, for all te]0,0(1)], (2.29)

A27172k71

|an

()] < Cap, for all te0,0(1)]. (2.30)

|an

Thus from (2.20) and (2.28)-(2.30), we know that {«,} is bounded in o™ 0,0(1)]*". Similarly, 8, is
bounded in €2 [0, (1))

2n n
Now, by using the fact that «,, and f3, is bounded in C* [0, 0(1)]’€2 , we can conclude that ay,, B,

converge uniformly to the extremal solutions in [0, 0(1)] of the solution (1.1), (1.2). O

3. Existence of positive solutions

We assume throughout this section that
f:[0,0(1)] x (RT)™ = RT,

and

t ey Yn . £ Y1, Y20 s Yn
Jo = lim Ity v, Yn). foi= lim Ity v, 9m).

Yn—0 Yn Yn—00 Yn

exist uniformly in the extended reals. The case

f():O, foo:OO

is called the superlinear case and the case
fO =00, foo =0

is called the sublinear case. To prove our result, we will use the following theorem which can be found in

Krasnoselskii’s book [11] and in Deimling’s book [8].

Theorem 3.1 (Guo-Krasnosel’skii Fized Point Theorem) Let B be a Banach space, P C B a cone, and
suppose that 1, are open subsets of P with 0 € Qy and Q1 C Qq. Suppose further that T : PN(Q22\Qy) — P

is a completely continuous operator such that
OITu|l <||ull, we PN and |Tul > ||lull, uwe PN, or
@) Tull > ||, we PNot and ||Tul| <|ull, we PnNo
holds. Then T has a fived point in P N (Q2\Q1).
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Theorem 3.2 If either the superlinear case fo =0, foo =00 or sublinear case fy = 00, foo =0 holds, then
the LBVP (1.1),(1.2) has a positive solution.

Proof. We consider the Banach space

2(n—1)

B={y:yeC® (0,01}

equipped with a norm ||.|| defined by

2(n—1)
Iyl += maxeeio, ooy (O 125 O, o [12O)1.
Let
. 4 \" .
- mm{%, (—)> wmin <—1>"Gn<o<w>,s>},

o(1 sefé,w]

where 7, is the constant defined in Lemma 1.2. Then define a cone P in B by

P:={yeB: mi ) >0 and in 27 @) >~ Iyl
{y te%gir(ll)]y( ) >0 an te[lglljl(lw)]y ) = mllyl}

2(n—1)

It is easy to check that P is a cone of nonnegative functions in C* [0, 0(1)]’“2@71). Define an operator 1" as:

U(l) 2(n—1)
Tyt = [ GG 7 (555 ) )
0
for t € [0,0(1)]. We now show that
T:P— P.

First note that y € P implies that Ty(¢t) > 0 on [0,0(1)] and

U(l) n—
min Ty(t) = / min (—1)"Go(t, 5) f(5, 57 (), y>2(8), o ™ (5)) s
telé,w] 0 telé,w]

o(1) 2(n—1)
> %/ max |Gp,(t, s)|f(s,y"(s),yAA(s), eyt (s))As
0 t€[0,0(1)]

by Lemma 1.2. It follows that
min Ty(t) > [Tyl = v, [Tyl
tef¢,w]

Also, using Lemma 1.1 we have

o) AN A2—1)
Ty(o(w)) =/0 (=1)"Gn(o(w),s)f(s,47 (s), y=7(5), -y (s)As

\
2
~
<
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Hence Ty € P and so T : P — P which is what we want to prove. Therefore T is completely continuous.

Assume now that we are in the superlinear case
fO = 07 foo = Q.

Since
h f( 7y17y27 7yn)

y—0+ Yn

=0

uniformly on [0,0(1)], we may choose an r > 0 such that

f(t7y17y27 7yn) S NYn, 0 S Yn S T, 0 S t S 0(1)7

v (am)

Then if € is the ball in B centered at the origin with radius r and if y, € P N 0§, then we have

where

7t AN A=
Ty(t) = / (1)l 5) F(5, 47 (8,525 (), ooy () A8

"D M\ o(s) (o) =) . L A A2

< [T (4 s (2 0] ) 00
a\" 7V a(s)(0(1) ~a(s) pre-

< (%) o) )8
oW\ W a(s)(o(1) — a(s))

<) om

= ”(#) r=r =y e < Iyl

and so || Ty|| < |ly|| forall y € PNy .

Next we use the assumption

li f(t7y17y27"'7yn) _
1m =0

uniformly on [0,0(1)]. Let ¢ € [, w] and let
w -1
= (7:;/ (—1)"Gn(t0,s)As> .
1

f(t7y17y27 7yn) 2 HYn, Yn Z E

R := max {27", 5}
'7*

n

Then there is an R such that

If we define
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and Q2 ={ye€ B: |y|| <R}, y€ PNy, we have

. 2(n—1) _
min _y~ ) = llyl =R >R.
tefe,o(w)]

Therefore, for all ¢t € [£, 0(w)],
o 2(n—1) 2(n—1) *
FEy 0,520y ) 2y () 2 pm R

Hence,

o) AN A2—1)
Ty(to) — / (=1)"Clto, 8) (5,47 (), 42 (5), mn ™" (8)) 28

Y%

/gw<—1>"Gn<to, (5. 97 (), "2 (5), oo y™ " () 8

Y%

izl /£ (—1)"Clto, 5)As
— lyl=R

and so ||Ty|| > |ly|| for all y € PN IQs. Consequently, by Part (i) of Theorem 3.1, it is follows that T has a
fixed point in P N (Q2\Q) and this implies that our given LBVP (1.1), (1.2) has a positive solution.

Next, assume we are in the sublinear case

f():OO, foo:O

Choose r1 > 0 such that
Fyi,y2s o Yn) = My,
for 0 <y <ry, t €[0,0(1)], where
nzp

where p is given in the first part of proof. Then for y € P and ||y|| = r1, we have
7 n o AN AZ—D
Ty(to) = (=1)"Gnlto, 5) f(5,97(5), 4= (5), -y (s)As
0

> / (1) G0, 8) (5,57 (5), 722 (5), ey (5)) s
3

Y%

ﬁ/ (=1)"Gulto, )™ (5) 18
:

Y%

e /£ (—1)"Gin(to, ) lyll A

= |lylm,
lyll Ly

n
= lwl= =yl = .
I
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1Tyl = [lyll-

Next, since fo, = 0, there exists 73 > 0 such that

f(t7y17y27 7yn) S NYn,

for y, > 73, t €]0,0(1)], where 7 is defined by

We consider two cases.

(2"

S|

Case I. Suppose f(t,y1,¥y2,-..,Yn) is bounded on [0,0(1)] X (0,00). In this case, there is an N > 0 such

that

f(t7y17y27 7yn) S N7

for t € [0,0(1)], yn € (0,00). In this case, choose

Then for y € P

Ty(t)

IN

IN

<

{on )
ro = max-s 2ri, — o .
n

with ||y|| = r2, we have for all ¢ € [0,0(1)],

o(1) S
/O (1)l 5) F(s5, 7 (5,522 (), ooy () A8

o(1)
v [
0

¥ (0

4

_§T27

so that [[Ty|| < [lyll.

Case II. Assume f(t,y1,¥2, ..., Yn) is unbounded on [0, (1)] x (0,00). In this case

satisfies

We can therefore choose

such that

—1)"Gp(t,s)As

v

g(r) :=max{f(t,y1,y2, -, Yn) : t € [0,0(1)],0 <y, <7}

lim g(r) = 0.

T—00

ro > max{2r, 73}

g(r2) = g(r)
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for 0 <r <7y and hence, for y € P and ||y|| = r2, we have

7t AN A=
Ty(t) = / (1) Gt )£ (5,57 ()2 (), o™ () A8

IN

o(1)
/0 (=1)"Gn(t, s)g(ra)As

IN

o(1)
777“2/ (=1D)"Gn(t,s)As
0

()

< ra=lyll;

and again we hence ||Ty| < |ly|| for y € PN INs, where Qy = {y € B : |ly|| < ro} in both cases. It follows

from part (ii) of Theorem 3.1 that T has a fixed point in P N (Q2\) and this implies that our given LBVP
(1.1), (1.2) has a positive solution. O

Acknowledgment

2l

3l

(7l

(8]

372

The authors express their gratitude to the referee for valuable comments and suggestions.

References

Atici, F.M. and Topal, S.G.: Nonlinear three point boundary value problems on time scales, Dynamic Systems and
Appl., 13, 327-337 (2004).

Bohner, M. and Peterson, A.: Dynamic Equations on time scales, An Introduction with Applications, Birkh&user,
2001.

Bohner, M. and Peterson, A.: Advances in Dynamic Equations on Time Scales, Birkh&user, Boston, 2003.

Cabada, A.: The method of lower and upper solutions for second, third, fourth and higher order boundary value
problems, J. Math. Anal. Appl. 248, 195-202 (2000).

Cetin, E. and Topal, S.G.: Higher Order Boundary Value Problems on Time Scales, J. Math. Anal. Appl., 334,
876-888 (2007).

Davis, J. M., Eloe, P. W. and Henderson, J.: Triple Positive Solutions and Dependence on Higher Order Derivatives,
J. Math. Anal. Appl., 237, 710-720 (1999).

Davis, J. M. and Henderson, J.: Monotone methods applied to some higher order boundary value problems,
J.Inequal. Pure Appl.Math., No:2-1, 2-9 (2001).

Demling, K.: Nonlinear Functional Anaysis, Springer, New York, 1985.



CETIN, TOPAL

[9] Ehme, J., Eloe, P.W. and Henderson, J.: Existence of solutions for 2nth order fully nonlinear generalized Sturm-
Liouville boundary value problems, Math. Inequal. Appl. 4 , No:2, 247-255 (2001).

[10] Henderson, J. and Prasad, K. R.: Comparison of eigenvalues for Lidstone boundary value problems on a measure
chain, Comput. Math. Appl., 38, 55-62 (1999).

[11] Krasnosel’skii, M.: Positive Solutions of Operator Equations, Noordhoff, Groningen, 1964.
[12] Yao, Q.: On the positive solutions of Lidstone boundary value problems, Appl. Math. Comput., 137, 477-485 (2003).
[13] Yao, Q.: Monotone iterative technique and positive solutions of Lidstone boundary value problems,Appl. Math.

Comput., 138, 1-9 (2003).

Erbil CETIN, S. Giilsan TOPAL Received 30.05.2008
Department of Mathematics

Ege University,

35100 Bornova, Izmir-TURKEY

e-mail: erbilcetin@gmail.com, f.serap.topal@ege.edu.tr

373



