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Abstract

In this study, conditions for the existence of at least one positive solution to a non-
linear second-order multipoint eigenvalue problem on time scales are discussed.
Here the nonlinearity is allowed to take on negative values. The results extend pre-
vious work on the continuous case, and are based on the Guo–Krasnoselskii fixed
point theorem.
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1. Introduction

We are interested in the second-ordern-point time scale boundary value problem(
py∇

)∆
(t)− q(t)y(t) + λf(t, y(t)) = 0, t ∈ (t1, tn)T, (1.1)

αy(t1)− βp(t1)y
∇(t1) =

n−1∑
i=2

aiy(ti), γy(tn) + δp(tn)y∇(tn) =
n−1∑
i=2

biy(ti), (1.2)

wheren ≥ 3 and

p, q : [t1, tn]T → (0,∞), p ∈ C∆[t1, tn)T, q ∈ C[t1, tn]T; (1.3)

the pointsti ∈ Tκ
κ for i ∈ {1, 2, . . . , n} with t1 < t2 < · · · < tn; the real scalar

λ ∈ (0,∞);

α, γ ∈ [0,∞), β, δ ∈ (0,∞), αγ + αδ + βγ > 0,

ai, bi ∈ [0,∞), i ∈ {2, . . . , n− 1}; (1.4)
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the continuous functionf : (t1, tn)T × [0,∞) → (−∞,∞) is such that the following
hold:

lim
y→+∞

f(t, y)

y
unif
= +∞, t ∈ [t2, t3]T; −u(t) ≤ f(t, y) ≤ z(t)h(y) (1.5)

for right-dense continuous functionsu, z : (t1, tn)T → (0,∞) and continuous function
h : [0,∞) → (0,∞). Problem (1.1), (1.2) is a generalization to time scales of the prob-
lem whenT is restricted toR on the unit interval in Zhang and Liu [19], which extends
the discussion found in Ma and Thompson [15]. Therefore the results here generalize
and extend those works to the discrete and quantum calculus in particular, as well as to
arbitrary time scales. See also related time-scale boundary value problems found in An-
derson [1,2], Atici and Guseinov [4], Kaufmann [12], Kaufmann and Raffoul [13], Kong
and Kong [14], Peterson, Raffoul, and Tisdell [16], and Sun and Li [17,18]. Recent pa-
pers on singular problems on time scales include Bohner and Luo [6] and DaCunha,
Davis, and Singh [9]. For more general information concerning dynamic equations on
time scales, introduced by Aulbach and Hilger [5] and Hilger [11], see the excellent text
by Bohner and Peterson [7] and the follow-up text [8].

2. Time Scale Primer

Any arbitrary nonempty closed subset of the realsR can serve as a time scaleT; see
[7, 8]. For t ∈ T define the forward jump operatorσ : T → T by σ(t) = inf{s ∈ T :
s > t}, and the backward jump operatorρ : T → T by ρ(t) = sup{s ∈ T : s < t}.
The graininess operatorsµσ, µρ : T → [0,∞) are defined byµσ(t) = σ(t) − t and
µρ(t) = ρ(t)− t.

A function f : T → R is right-dense continuous (rd-continuous) provided it is
continuous at all right dense points ofT and its left sided limit exists (is finite) at left
dense points ofT. The set of all right dense continuous functions onT is denoted by
Crd = Crd(T) = Crd(T,R).

Define the setTκ by Tκ = T − {m} if T has a right scattered minimumm and
Tκ = T otherwise. In a similar vein,Tκ = T− {M} if T has a left scattered maximum
M andTκ = T otherwise. We takeTκ

κ = Tκ ∩ Tκ.

Definition 2.1. [Delta Derivative] Assumef : T → R is a function and lett ∈ Tκ.
Define f∆(t) to be the number (provided it exists) with the property that given any
ε > 0, there is a neighborhoodU ⊂ T of t such that

|[f(σ(t))− f(s)]− f∆(t)[σ(t)− s]| ≤ ε|σ(t)− s|, for all s ∈ U.
The functionf∆(t) is the delta derivative off at t.

Definition 2.2. [Nabla Derivative] For f : T → R and t ∈ Tκ, definef∇(t) to
be the number (provided it exists) with the property that given anyε > 0, there is a
neighborhoodU of t such that

|f(ρ(t))− f(s)− f∇(t)[ρ(t)− s]| ≤ ε|ρ(t)− s| for all s ∈ U.
The functionf∇(t) is the nabla derivative off at t.
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In the caseT = R, f∆(t) = f ′(t) = f∇(t). WhenT = Z, f∆(t) = f(t+ 1)− f(t) and
f∇(t) = f(t)− f(t− 1).

Definition 2.3. [Delta Integral] Let f : T → R be a function, anda, b ∈ T. If there
exists a functionF : T → R such thatF∆(t) = f(t) for all t ∈ Tκ, thenF is a delta
antiderivative off . In this case the integral is given by the formula∫ b

a

f(t)∆t = F (b)− F (a) for a, b ∈ T.

All right-dense continuous functions are delta integrable; see [7, Theorem 1.74].

3. Linear Preliminaries

We first construct Green’s function for the second-order boundary value problem(
py∇

)∆
(t)− q(t)y(t) + λu(t) = 0, t1 < t < tn, (3.1)

αy(t1)− βp(t1)y
∇(t1) = 0, γy(tn) + δp(tn)y∇(tn) = 0, (3.2)

whereα, β, γ, δ are real numbers such that|α| + |β| 6= 0, |γ| + |δ| 6= 0, andu is as
in (1.5). The techniques here are similar to those found in [3, 4] for time scales, and
in [15,19] for the continuous case.

Denote byφ andψ the solutions of the corresponding homogeneous equation(
py∇

)∆
(t)− q(t)y(t) = 0, t ∈ [t1, tn), (3.3)

under the initial conditions

ψ(t1) = β, p(t1)ψ
∇(t1) = α, (3.4)

φ(tn) = δ, p(tn)φ∇(tn) = −γ, (3.5)

so thatψ andφ satisfy the first and second boundary conditions in (3.2), respectively.
Set

d = −Wt(ψ, φ) = p(t)ψ∇(t)φ(t)− ψ(t)p(t)φ∇(t). (3.6)

Since the Wronskian of any two solutions is independent oft, evaluating att = t1,
t = tn, and using the boundary conditions (3.4), (3.5) yields

d = αφ(t1)− βp(t1)φ
∇(t1) = γψ(tn) + δp(tn)ψ∇(tn).

In additiond 6= 0 if and only if the homogeneous equation (3.3) has only the trivial
solution satisfying the boundary conditions (3.2).

Lemma 3.1. [4, Theorem 4.2]Assume (1.3), (1.4), and (1.5). Ifd 6= 0, then the
nonhomogeneous boundary value problem (3.1), (3.2), has a unique solutiony for which
the formula

y(t) = λ

∫ tn

t1

G(t, s)u(s)∆s, t ∈ [ρ(t1), tn]
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holds, where the functionG(t, s) is given by

G(t, s) =
1

d

{
ψ(t)φ(s), ρ(t1) ≤ t ≤ s ≤ tn

ψ(s)φ(t), ρ(t1) ≤ s ≤ t ≤ tn,
(3.7)

andG(t, s) is Green’s function of the boundary value problem (3.1), (3.2).

Lemma 3.2. [4, Lemma 5.1]Assume (1.3) and (1.4). Then the functionsψ andφ
satisfy

ψ(t) > 0, t ∈ [ρ(t1), tn], p(t)ψ∇(t) ≥ 0, t ∈ (ρ(t1), tn],

φ(t) > 0, t ∈ [ρ(t1), tn], p(t)φ∇(t) ≤ 0, t ∈ (ρ(t1), tn].

Lemma 3.3. Let (1.3) and (1.4) hold. For anys, t ∈ [ρ(t1), tn]T, Green’s function
satisfies

0 ≤ ΓG(s, s) ≤ G(t, s) ≤ G(s, s), (3.8)

where

Γ := min

{
β

ψ(tn)
,

δ

φ(ρ(t1))

}
< 1. (3.9)

Proof. Recall from (1.4) thatβ, δ > 0. By (3.7) and the previous lemma,

1 ≥ G(t, s)

G(s, s)
=


ψ(t)

ψ(s)
, ρ(t1) ≤ t ≤ s ≤ tn,

φ(s)

φ(t)
, ρ(t1) ≤ s ≤ t ≤ tn,

≥


β

ψ(tn)
, ρ(t1) ≤ t ≤ s ≤ tn,

δ

φ(ρ(t1))
, ρ(t1) ≤ s ≤ t ≤ tn.

For the remainder of the paper set

D :=

∣∣∣∣∣∣∣∣∣∣∣
−

n−1∑
i=2

aiψ(ti) d−
n−1∑
i=2

aiφ(ti)

d−
n−1∑
i=2

biψ(ti) −
n−1∑
i=2

biφ(ti)

∣∣∣∣∣∣∣∣∣∣∣
. (3.10)

�

Lemma 3.4. [3, Lemma 2.3]Assume (1.3), (1.4), and (1.5). If

D 6= 0 and
∫ tn

t1

G(s, s)u(s)∆s <∞,

then the nonhomogeneous dynamic equation (3.1) with boundary conditions (1.2) has a
unique solutionw for which the formula

w(t) = λ

(∫ tn

t1

G(t, s)u(s)∆s+ A(u)ψ(t) +B(u)φ(t)

)
, t ∈ [ρ(t1), tn] (3.11)
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holds, where the functionG(t, s) is Green’s function (3.7) of the boundary value prob-
lem (3.1), (3.2), and the functionalsA andB are defined by

A(u) :=
1

D

∣∣∣∣∣∣∣∣∣∣∣

n−1∑
i=2

ai

∫ tn

t1

G(ti, s)u(s)∆s d−
n−1∑
i=2

aiφ(ti)

n−1∑
i=2

bi

∫ tn

t1

G(ti, s)u(s)∆s −
n−1∑
i=2

biφ(ti)

∣∣∣∣∣∣∣∣∣∣∣
, (3.12)

B(u) :=
1

D

∣∣∣∣∣∣∣∣∣∣∣
−

n−1∑
i=2

aiψ(ti)
n−1∑
i=2

ai

∫ tn

t1

G(ti, s)u(s)∆s

d−
n−1∑
i=2

biψ(ti)
n−1∑
i=2

bi

∫ tn

t1

G(ti, s)u(s)∆s

∣∣∣∣∣∣∣∣∣∣∣
. (3.13)

Lemma 3.5. Let (1.3), (1.4), and (1.5) hold, and assume

D < 0, d−
n−1∑
i=2

aiφ(ti) > 0, d−
n−1∑
i=2

biψ(ti) > 0 (3.14)

for d andD given in (3.6) and (3.10), respectively. Then the unique solutionw as in
(3.11) of the problem (3.1), (1.2) satisfies

Γ‖w‖ ≤ w(t) ≤ λΓξ, t ∈ [ρ(t1), tn], ‖w‖ := max
t∈[ρ(t1),tn]

w(t),

whereΓ is given in (3.9), and

ξ :=
1

Γ
(1 + Aψ(tn) +Bφ(ρ(t1)))

∫ tn

t1

G(s, s)u(s)∆s (3.15)

for

A :=
1

D

∣∣∣∣∣∣∣∣∣∣∣

n−1∑
i=2

ai d−
n−1∑
i=2

aiφ(ti)

n−1∑
i=2

bi −
n−1∑
i=2

biφ(ti)

∣∣∣∣∣∣∣∣∣∣∣
, B :=

1

D

∣∣∣∣∣∣∣∣∣∣∣
−

n−1∑
i=2

aiψ(ti)
n−1∑
i=2

ai

d−
n−1∑
i=2

biψ(ti)
n−1∑
i=2

bi

∣∣∣∣∣∣∣∣∣∣∣
.

Proof. From Lemma 3.3, Green’s function (3.7) satisfies0 ≤ G(t, s) ≤ G(s, s) for
t ∈ [ρ(t1), tn], so that for allt ∈ [ρ(t1), tn],

w(t) ≤ λ

(∫ tn

t1

G(s, s)u(s)∆s+ Aψ(t)

∫ tn

t1

G(s, s)u(s)∆s

+Bφ(t)

∫ tn

t1

G(s, s)u(s)∆s

)
≤ λ (1 + Aψ(tn) +Bφ(ρ(t1)))

∫ tn

t1

G(s, s)u(s)∆s = λΓξ
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for Γ as in (3.9) andξ as in (3.15). For allt ∈ [ρ(t1), tn],

w(t) = λ

(∫ tn

t1

G(t, s)

G(s, s)
G(s, s)u(s)∆s+ A(u)ψ(t) +B(u)φ(t)

)
≥ λ

(∫ tn

t1

ΓG(s, s)u(s)∆s+ βA(u) + δB(u)

)
≥ Γλ

(∫ tn

t1

G(s, s)u(s)∆s+ A(u)ψ(tn) +B(u)φ(ρ(t1))

)
≥ Γ‖w‖.

�

Remark 3.6. Suppose (3.14) does not hold. For example, letn = 3, p(t) ≡ 1 = α = γ,
q(t) ≡ 0 = β = δ = a2, andt1 = 0. Then (3.1), (1.2) becomes

y∇∆(t) + u(t) = 0, t1 < t < t3, y(t1) = 0, y(t3) = b2y(t2).

Note thatψ(t) = t, d = t3, andD = t3(b2t2 − t3). If D > 0, thenb2t2 > t3, and there
is no positive solution; see [12, Lemma 4].

4. Existence Result

LetB denote the Banach spaceC[ρ(t1), tn] with the norm‖y‖ = sup
t∈[ρ(t1),tn]

|y(t)|. Define

the coneP ⊂ B by

P = {y ∈ B : y(t) ≥ Γ‖y‖ on [ρ(t1), tn]},

whereΓ is given in (3.9). The following is a generalization of the discussion found
in [19] to arbitrary time scales. Consider the related boundary value problem(

py∇
)∆

(t)− q(t)y(t) + fw(t, y(t)) = 0, t1 < t < tn,

αy(t1)− βp(t1)y
∇(t1) =

n−1∑
i=2

aiy(ti), γy(tn) + δp(tn)y∇(tn) =
n−1∑
i=2

biy(ti),

where

fw(t, y(t)) := f(t, yw(t)) + u(t), yw(t) := max{y(t)− w(t), 0} (4.1)

such thatw given in (3.11) is the solution of (3.1), (1.2).
For any fixedy ∈ P, yw ≤ y ≤ ‖y‖ and by (1.5),∫ tn

t1

G(t, s)fw(s, y(s))∆s ≤
∫ tn

t1

G(s, s) (z(s)h(yw(s)) + u(s)) ∆s

≤
(

max
0≤τ≤‖y‖

h(τ) + 1

) ∫ tn

t1

G(s, s) (z(s) + u(s)) ∆s <∞.
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Additionally, using the properties of Green’s function (3.8), fori = 2, · · · , n − 1 we
have ∫ tn

t1

G(ti, s)(z(s) + u(s))∆s ≤
∫ tn

t1

G(s, s)(z(s) + u(s))∆s.

Thus it follows that, forA andB as in (3.12) and (3.13), respectively,

A(z + u) =
1

D

∣∣∣∣∣∣∣∣∣∣∣

n−1∑
i=2

ai

∫ tn

t1

G(ti, s)(z(s) + u(s))∆s d−
n−1∑
i=2

aiφ(ti)

n−1∑
i=2

bi

∫ tn

t1

G(ti, s)(z(s) + u(s))∆s −
n−1∑
i=2

biφ(ti)

∣∣∣∣∣∣∣∣∣∣∣

≤ 1

D

∣∣∣∣∣∣∣∣∣∣∣

n−1∑
i=2

ai d−
n−1∑
i=2

aiφ(ti)

n−1∑
i=2

bi −
n−1∑
i=2

biφ(ti)

∣∣∣∣∣∣∣∣∣∣∣
∫ tn

t1

G(s, s)(z(s) + u(s))∆s

= A

∫ tn

t1

G(s, s)(z(s) + u(s))∆s <∞

and

B(z + u) =
1

D

∣∣∣∣∣∣∣∣∣∣∣
−

n−1∑
i=2

aiψ(ti)
n−1∑
i=2

ai

∫ tn

t1

G(ti, s)(z(s) + u(s))∆s

d−
n−1∑
i=2

biψ(ti)
n−1∑
i=2

bi

∫ tn

t1

G(ti, s)(z(s) + u(s))∆s

∣∣∣∣∣∣∣∣∣∣∣

≤ 1

D

∣∣∣∣∣∣∣∣∣∣∣
−

n−1∑
i=2

aiψ(ti)
n−1∑
i=2

ai

d−
n−1∑
i=2

biψ(ti)
n−1∑
i=2

bi

∣∣∣∣∣∣∣∣∣∣∣
∫ tn

t1

G(s, s)(z(s) + u(s))∆s

= B

∫ tn

t1

G(s, s)(z(s) + u(s))∆s <∞.

In the rest of the discussion we make the additional assumption that∫ tn

t1

G(s, s)(z(s) + u(s))∆s <∞. (4.2)
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This allows us to define fory ∈ P the operatorT : P → B by

(Ty)(t) := λ

(∫ tn

t1

G(t, s)fw(s, y(s))∆s+ A(fw)ψ(t) +B(fw)φ(t)

)
(4.3)

using (3.12), (3.13), and (4.1).

Lemma 4.1. Assume that (1.3), (1.4), (1.5), (3.14), and (4.2) hold. ThenT : P → P is
completely continuous.

Proof. For anyy ∈ P, (3.8) and Lemma 3.2 imply that

(Ty)(t) ≤ λ

(∫ tn

t1

G(s, s)fw(s, y(s))∆s+ A(fw)ψ(tn) +B(fw)φ(ρ(t1))

)
.

On the other hand, from Lemma 3.2 and Lemma 3.3,

(Ty)(t) ≥ Γλ

∫ tn

t1

G(s, s)fw(s, y(s))∆s+ λ (βA(fw) + δB(fw))

≥ Γλ

(∫ tn

t1

G(s, s)fw(s, y(s))∆s+ A(fw)ψ(tn) +B(fw)φ(ρ(t1))

)
.

Therefore(Ty)(t) ≥ Γ‖Ty‖ on [ρ(t1), tn], so thatT (P) ⊆ P. By a standard application
of the Arzela–Ascoli theorem,T is completely continuous. �

To establish an existence result we will employ the following fixed point theorem due
to Krasnoselskii [10], and seek a fixed point ofT in P.

Theorem 4.2. Let E be a Banach space,P ⊆ E be a cone, and suppose thatS1, S2

are bounded open balls ofE centered at the origin withS1 ⊂ S2. Suppose further that
L : P ∩ (S2 \ S1) → P is a completely continuous operator such that either

(i) ‖Ly‖ ≤ ‖y‖, y ∈ P ∩ ∂S1 and‖Ly‖ ≥ ‖y‖, y ∈ P ∩ ∂S2, or

(ii) ‖Ly‖ ≥ ‖y‖, y ∈ P ∩ ∂S1 and‖Ly‖ ≤ ‖y‖, y ∈ P ∩ ∂S2

holds. ThenL has a fixed point inP ∩ (S2 \ S1).

Theorem 4.3. Assume that (1.3), (1.4), (1.5), (3.14), and (4.2) hold. Then there exists
λ∗ > 0 such that the second-ordern-point time scale boundary value problem (1.1),
(1.2) has at least one positive solution inP for anyλ ∈ (0, λ∗).

Proof. By Lemma 4.1,T : P → P given by (4.3) is completely continuous. Take
S1 := {y ∈ B : ‖y‖ < ξ}, for ξ given (3.15). ForΓ as in (3.9), let

λ∗ := min

1,

∫ tn
t1
G(s, s)u(s)∆s

Γ

(
max
0≤τ≤ξ

h(τ) + 1

) ∫ tn
t1
G(s, s)(z(s) + u(s))∆s

 .
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Then for anyy ∈ P ∩ ∂S1,

0 ≤ yw(s) ≤ y(s) ≤ ‖y‖ = ξ, s ∈ [ρ(t1), tn],

and, forA andB as in the statement of Lemma 3.5,

(Ty)(t) ≤ λ

∫ tn

t1

G(s, s)(z(s)h(yw(s)) + u(s))∆s

+ λ (Aψ(tn) +Bφ(ρ(t1)))

∫ tn

t1

G(s, s)(z(s)h(yw(s)) + u(s))∆s

≤ λ (1 + Aψ(tn) +Bφ(ρ(t1)))

(
max
0≤τ≤ξ

h(τ) + 1

)
×

∫ tn

t1

G(s, s)(z(s) + u(s))∆s

≤ ξ = ‖y‖.

Hence‖Ty‖ ≤ ‖y‖ for y ∈ P ∩ ∂S1. PickK ∈ R such thatK > 0 and

1 ≤ λKΓ

ξ + 1
min

t2≤t≤t3

∫ t3

t2

G(t, s)∆s.

By (1.5), for anyt ∈ [t2, t3]T, there exists a constantN > 0 such thatf(t, y) > Ky for

y > N . PickQ := max

{
λ(ξ + 1), ξ + 1,

N(ξ + 1)

Γ

}
. If S2 := {y ∈ B : ‖y‖ < Q},

then for anyy ∈ P ∩ ∂S2 andt ∈ [ρ(t1), tn]T,

y(t)− w(t) ≥ y(t)− λΓξ ≥ y(t)− λξ

Q
y(t) ≥

(
1− λξ

Q

)
y(t)

≥
(

1− λξ

λ(ξ + 1)

)
y(t) =

y(t)

ξ + 1
≥ 0.

Thus

min
t∈[t2,t3]T

(y(t)− w(t)) ≥ min
t∈[t2,t3]T

y(t)

ξ + 1
≥ ΓQ

ξ + 1
≥ N,
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so that

min
t∈[t2,t3]T

(Ty)(t) = min
t∈[t2,t3]T

λ

(∫ tn

t1

G(t, s)fw(s, y(s))∆s+ A(fw)ψ(t) +B(fw)φ(t)

)

≥ λ min
t∈[t2,t3]T

∫ tn

t1

G(t, s)fw(s, y(s))∆s

≥ λ min
t∈[t2,t3]T

∫ t3

t2

G(t, s)fw(s, y(s))∆s

≥ λK min
t∈[t2,t3]T

∫ t3

t2

G(t, s)(y(s)− w(s))∆s

≥ λKΓQ

ξ + 1
min

t∈[t2,t3]T

∫ t3

t2

G(t, s)∆s

=
λKΓ‖y‖
ξ + 1

min
t∈[t2,t3]T

∫ t3

t2

G(t, s)∆s ≥ ‖y‖.

Hence fory ∈ P ∩ ∂S2 we have‖Ty‖ ≥ ‖y‖. By Theorem 4.2,T has a fixed pointy
such thatξ ≤ ‖y‖ ≤ Q. But then

y(t)− w(t) ≥ Γξ − λΓξ ≥ (1− λ)Γξ ≥ 0.

As a consequence, thisy solves the boundary value problem(
py∇

)∆
(t)− q(t)y(t) + λ(f(t, y(t)− w(t)) + u(t)) = 0, t ∈ (t1, tn)T,

αy(t1)− βp(t1)y
∇(t1) =

n−1∑
i=2

aiy(ti), γy(tn) + δp(tn)y∇(tn) =
n−1∑
i=2

biy(ti).

Now setx(t) := y(t)−w(t) for w given in (3.11). Theny∇ = x∇+w∇ and
(
py∇

)∆
=(

px∇
)∆

+
(
pw∇

)∆
. Asw is the solution of (3.1), (1.2), we see that(

px∇
)∆

(t)− q(t)x(t) + λf(t, x(t)) = 0, t ∈ (t1, tn)T,

αx(t1)− βp(t1)x
∇(t1) =

n−1∑
i=2

aix(ti), γx(tn) + δp(tn)x∇(tn) =
n−1∑
i=2

bix(ti),

in other words,x is a positive solution of the second-ordern-point time scale boundary
value problem (1.1), (1.2). �
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[8] M. Bohner and A. Peterson, editors,Advances in Dynamic Equations on Time
Scales, Birkhäuser, Boston, 2003.

[9] J.J. DaCunha, J.M. Davis, and P.K. Singh. Existence results for singular three-
point boundary value problems on time scales,J. Math. Anal. Appl., 295:378–391,
2004.

[10] D.J. Guo and V. Lakshmikantham.Nonlinear Problems in Abstract Cones, Aca-
demic Press, New York, 1988.

[11] S. Hilger. Analysis on measure chains – a unified approach to continuous and
discrete calculus,Results Math.18:18–56, 1990.

[12] E.R. Kaufmann. Positive solutions of a three-point boundary value problem on a
time scale,Elec. J. Diff. Eqn., 82:1–11, 2003.

[13] E.R. Kaufmann and Y. Raffoul. Eigenvalue problems for a three-point boundary-
value problem on a time scale,Elec. J. Qual. Theory Diff. Eqn., 2:1–10, 2004.

[14] L. Kong and Q. Kong. Positive solutions of nonlinearm-point boundary value
problems on a measure chain,J. Differ. Eq. Appl., 9(1):121–133, 2003.

[15] R. Ma and B. Thompson. Positive solutions for nonlinearm-point eigenvalue prob-
lems,J. Math. Anal. Appl., 297:24–37, 2004.

[16] A.C. Peterson, Y.N. Raffoul, and C.C. Tisdell. Three point boundary value prob-
lems on time scales,J. Differ. Eq. Appl., 10(9-10):843–849, 2004.

[17] H.R. Sun and W.T. Li. Positive solutions of nonlinear three-point boundary value
problems on time scales,J. Math. Anal. Appl., 299:508–524, 2004.

[18] H.R. Sun and W.T. Li. Positive solutions for nonlinearm-point boundary value
problems on time scales,Acta Math. Sinica, 49(2):369–380, 2006.

[19] X.G. Zhang and L.S. Liu. Positive solutions of second orderm-point boundary
value problems with changing sign singular nonlinearity,Appl. Math. Lett., (2006)
in press.


