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Abstract: We discuss the following BV P
YO ()= [ (6 y(0)y (1), oy 2 (1), 5V (1)), 1€(0, 1),
y(2i+ 1] (0)2 yfzy (1): 0, 0<i<m— 1,
where (= 1)"f:[0, 1] x R [0, ) is continuous. The associated Green’s function for the above problem and some of its
properties are given. Growth conditions are imposed on f which ensure the existence of positives. By using the 5 functionals

fixed point theorem, the existence of at least 3 positive solutions for the the boundary value problem is given.
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K (0)= 0.47(0)= 0 a"V(0) = 0x(1) = Daw(E)

x7(0)= 0,i= 1,2, --on- Lx(1) = jox(s)dy(s)
[3] :
u‘"f +a(t)f(uw) =0 t€(0,1),

u(0) = 0,u(0)= 0, s /" 7(0) = 0, au(T) = u(l)

: [4] 5 ) :
{y“’”m = S(ty(0.y (0. -y (0. (1) € (0.0), .
y#0)= y*(1)= 0, 0<i<m- 1 (1
3 s 2m
{y“’"’(t) = FOLy(0).y (0, y™ P (1) 5™V (1)1 €0, 1), 2)
y#*V0) = v (1) = 0, 0<iS<m-1
(= 1)"f:[0,1] xR 7 [0, + o) : 5 : f
(2) 3 , (2) Green
; [5]- [11]
1
1 K , @K~ [0, o) , x,y €K 0<: <1,
a(tx+ (1= 1)y) 2w(x)+ (1- ay),
a K ;
B:K ~ [0, o) , x,y €K 0<:<1,
B+ (1= 1)y) <uB(x)+ (1- 1)fy),
B K
Y,B0 K ,a ¢ K , h,a,b,d e
P(Y,e)= {x EKI| ¥(x)< ¢};
P(Y,a,a,e)= {x EKla<ax) Yx) Sej;
QY. Bd e) = {x €EKI|Bx) <d, ¥(x) Se};
P(Y,0,aabe = (x EKIla<ax) 0x) <b, Yx) Sej;
Q(v,B b hde = (x EKIhSUx)Bx) <d, ¥(x) Sej
1 K Banach E ,a, ¢ K ,yB0O K
, e m x EP(T,(}), ax) SBx), e I S<my(x), A:P(T,e)_>
P(Y,e) , hd,a,b 20,0< d< a
(Cl) {x EP(Y,@,G,a,b,e)l(I(x)> al %= =, xEP(Y,@,G,a,b,e) a(Ax) > a;
(C2) {x €EQ(Y,Bd hdel Bx)< d) Z=, x €Q(YB b hde BAx)< d;
(C3) x EP(Yaae),0Ax)> b o Ax) > a;
(C4) x €OV, Bd e, WAx)< h BAx) <d;
A 3 x1,x2,x3 € P(Y,e) Bxi)< doa< ax2), d< Bx3),a(x3)< a
2
G(t, s) Green

W(t) = 0, 0<: <1,
u(0)= wl)= 0
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c t- 1,0 <s <t <1,
t =
(3= 10<i <s <1

Gi(t,s) = G(t,s), 2<j Sm,

Gi(t,s)= J;G(t, r)G-i(r,s)dr,

l<j Sm- 1, Gi(t,s) % Green
y (1) = 0, 0 <: <1,

y*V0) = ¥ (1) = 0, 0<i<j- 1

1<j <m- 1, A;:Cro,1 ~ cfo, 1
|
Ajv(t) = IOGj(l,s)U(s)ds
Aj ) 1< <Sm- 1,
{(A-fv)”“(t) = u(1), 0<: <1,

(Ajw) Y (0)= (Aw)™ (1) = 0, 0<i<j- 1,

Go:[0,1] x [0, 1] ~ R
c 1, 0<s <t <1,
0 =
(/=0 0<i< s <1

{yi,(t) -y (1, 0<:<1,
y(0)=y(1)= 0,

{y(t) = - ij/(s)ds,o < <,
¥y (0) = 0,
y(t) = [ 65y (9

, ” | ”
v (0= [y = [6 oy s
1<) Sm- 1
{y”f’ ()= @), 0<: <,
yTU(0) = V(1) = 0,

. 1 j
{”’”m = [y e 0<i<t

¥ 0) = 0
. l .
y(zj_z)(t) = J-OG(t,s)y(Z'”(s)ds,

YT V() = 'ro(;o(t, )y (s) ds
B:C[0,1] ~ [0, 1]

Bv(t) = LGO(t, s)o(s)ds,v(t) € C[0, 1],
c:C[0,1] - C[0, 1]  ev(t) =- J:Iv(s)ds,v(t) €cro, 1y,
(3), (2),

{v’ (1) = £ (1 Aur(@(0)), B(Awa(c(1))), Ama(a (1), -5 BOA (a0 (1)), Ar (0 (1)), Blen(t)) e (1), o(1)),
v(0),=0

(3)

v(t)= ¥y V(1), 1 €10, 1],

(4)
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Ai(1<j <m- 1) R (2, ()= V() (4)

v(t) (4) ooy(t) = Awa(ev(t)) (2)
T:C[0,1] ~ C[0,1] Tv(t) =

IOGo(t,s)f(s,Awl(a) (s)), B(Aw2(aw (s))), Am-2(w(s)), -~ B(Ai(w(s))),A(cv(s)),B(cv(s)),
w(s),v(s))ds,

(2) T v(t)= ¥y (1)
X = c/0, 1], Iy Il = pax L o(1) Lv(1) €X, X
K= {vE€XIv(0)=0(-1)"v(t) .t €/0,1])
K a:-Lba B’e’y
)| )|
afv) = [ ['ir’lz] J‘Lv(s)ds =l w(t)!,0v)= 'Erﬂfl-)f(z] J‘Lv(s)d,s‘: Lev(tr) |,
lb(z)): min J‘y(s)ds :|C’U(l)|,B(1)): max J‘v(s)ds :|C’U(0)|,
i€r0, Ly 1J r oLy 1
o) = llwll= llw(1) I,
0< n< < 1,0< rl<zz ., D= [u, 1], v €K, afv) <Bw), ol = ¥(v)
Green G(t, s)
| 2
J.OlG(t,s)lds: 1‘2‘,0<;<1, (5)
J. | G(t2,s) | ds= (1= 22)(t2— t1), (6)
JZ| G(0,s) | ds = 2"—21,ﬁ | G(0,5) | ds = %ﬁ ()
r i r
G(0.s) 1
Y cres) T 1= ¢ (8)
. G(r,s)  1- b
BT G(u,s) 1-n (%)
2 i, b2, % (= 1)"F(0)> 0,(= 1)"f:[0,1] x R* ~ [0, o)
0< h=""Hd< d< a< b= = a<e

(H1) t€7/0,1]
(lol, lwl, Lvol, I wil, lvl) E[O,e] ><[O,e]><[0,e]><[0,eJ‘O| Gi(t,s) | ds] x
I
[0.ef [, 160050 1 dsdi] € [0.e % [0.e] % [0.0] % [0. 5] x [0, 57,
1<i<m- 1L1<j <m- 2
I f(t, um1, vm-2, wm 2, -, V1, W1, vO, w0, v) | <e;

(H2) ¢ € [t1,12]
(lol, lwl, Lool, l wil, |vl) E[O,e] X [a, b] X[a,etr+ b(t2— 11)] X

t

[aJ:f| Gi(t,s) | ds, bf | Gi(t,s) | ds+ eJO] | Gi(t,s) | ds] x
[aﬁ_[f | Gi(t,s) | dsds, bLf | Gi(1,5) | dsdi+ eLL | Gi(t,s) | dsdi] C
[0,e] X [a,b] X [ati,eti+ b(t2— t1)] X [a>(1- t2)',(b+ e) %] x

[atis(1= )7, p(b+ e) Zl-],
1L <i Sm-, 1.1 <j Sm -2,
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I f(t, um1, vm-2, wm 2, -+, V1, W1, VO, w0, v) | >(

1- tz)(?tz— tl);

(H3) tE[O,%]
ol Lwl, Lool, Lul, | nl) E[o,e]x[h,d]x[o,;i]x[hﬁ| Gi(t,s) | ds,

dﬁ)l Gi(t,s) | ds] x [0, dfﬁ)l Gi(t,s) | dsde] C

[0.e] % [, d] < [0, ] x [h1= L)'(b) 2oy < o, ),

1<iS<m- 1,1 <j Sm- 2,

r

2'd— e(r— 1)’
22— 1)

L f(t, umi, vm2, um-2, -, v1,ul,vo, uo, v) | <
(2) 3 Y1, ¥2, )3
@Vl e i= 1,23,
ly =2 1 < d, min | ) 1> a, 1y 0l > d, min | y$" (1) 1< a
1 (H) . T:P(Ye)  P(Y, e
v €K, t €/70,1],Tv(0) = 0,
(- 1)"(Tv) ()= (- 1)"F(t.Awr(a(t)), v (t)) 20, T K
v EP(Ye), lloll= v(v)=e €701, | v(t)]| Se, | ev(t)| Se,

| B(ev(t)) =1 I;I:v(s)dsdr | e,

L Ai(aw(t)) | = jOGi(t,s)a}(s)dsl <e.[oci(t, s) ds <§,1 <i Sm- 1,

| B(Aj(cv(t))) =1 J':)Aj(w(t))dtl: | J:‘)drﬁ)(;j(r,s)cv(s)dsl <
eﬁ)drﬁ)l Gi(r,s) | ds <2"7,1 </ Sm- 2,
(HT)
Y(Tv) = IITw Il =1 j;co(l,s)f(S,Am—I(C'U(S)),B(Am—Z(Ci)(S))),Am—2((11(S)), .
B(Ai(ev(s))),A(cv(s)), B(ev(s)), aw(s),v(s))ds | <e

Tv €P(ve), T:P(Y,e) P(Xe f T , K Q,TQ
Arzela Ascoli ,T:P(Y,e)  P(Ye)
2
0< h= r—r 1d< d< a< b= 1= b, e,

1- 22
fv EP(vOaabel av>a} =,
v €EQ(NBdhde)l Bv)< d,} Z=
, (C1) 2
v €EP(Y.0aabe) €701 o) <lvll= Yo <e,la()! e C€[n,n]
| a(t) | € [a,b],

| Ai(ev(t)) 1= ‘LGi(t,s)a)(s)ds‘ > ‘J:fci(t, s)a}(s)ds‘ >aJ:)2 | Gi(t,s)lds Zat>(1- 12)',
1<i<m- 1,

| Ai(aw(t)) | = H;ci(t,s)cv(s)ds <bﬁ] | Gi(t,s) | ds+ eL‘ | Gi(t,s) | ds, S(b+ e) zl

1< Sm-_ 1,
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| Blev(1)) | = “:)w(s)ds‘ > H:)]cv(s)ds >an,
J:)cv(s)ds <H;w(s)ds‘: H:)lai(s)ds J:ch(s)ds
B 1= | [af e namar] > |[lal e nara
aJ'O'J'; | Gi(s, r) | drds Zandb(1- 12)',1 <j <m- 2,
<bﬁffl G (s, r) ldrds + eLL 165 (s.r) ldrds <

2(b+ e %,1 < <m- 2,

| B(aw (1)) | = Sai+ b(ia- 1),

+

>

Bt 1= | [asf s rarar

(H2) (5 o
aTv)= ‘detjoco(t,s)f(s,A,,H(a)(s)),B(A,H(cp(s))),Am_z(cp(s)), -

B(Ai(ew(s))),A(cv(s)), B(ev(s)), aw(s), v(s))ds
‘JOG(tZ,S)f(S,Am—](C’U(S)),B(Am—Z(a)(S))),Am—Z(CU(S)), -
B(Ai(cv(s))),A1(cv(s)), B(ev(s)), aw(s), v(s))ds >

U Glt2$)f (5. Aw1((5) ). B(An2(@ () Awa(ev(s)). -

B(Ai(cev(s))),Ai(cv(s)), B(ev(s)), w(s), v(s))ds| 2
(1= 02)(t2— t1)* (1= [2)6;[2_ o) = a
(C2) 2
v €Q(Y,Bdhde), t€/[01]
o) | < o ll = ¥(v) e, | ev(t) | <d,
t € /0, rl] ,Lev(t) | €[h,d],
| Ai(en(1)) | = H;(;f(t, s)a(s) ds >hﬁ| Gi(ts) 1 ds 2h(1- L) (1)

1<i<m- 1,
| Ai(w (1)) | = H.;Gi(t,s)cv(s)ds <dﬁ| Gi(t,s) | ds <§,1 <i<m- 1,

<[Jacon| <

| B(Ai(ev(t))) | = U:)dsjocj(s, r)e(r)dr <dJ:dsj0| Gi(s, t) | dt <2,~%,
1<j Sm- 2,

| B(e(t)) | = Uocv(s)ds

(H3) (HI) (7)
BTy ) = H‘OdtJ‘OGo(t, (5 Amr(@(5)), B(Amr(@(s)) ) Amo(ct(s)), s
B(Ai(cv(s))), B(cv(s)), w(s),v(s))ds

‘LG(O, $)f(s,Am1(cv(s)), B(Am2(cv(s))),Am2(cw(s)), -
B(Ai(cv(s))),A1(cv(s)), B(cev(s)), a(s), v(s))ds

H:G(O, s)f (s An-1(a(s)), B(An2(a(s))), Am2(cv(s)), s
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B(Ai(w(s))),A(aw(s)),B(cv(s)),w(s),v(s))ds
LG(O’ s)f (s An-i(a(s)), B(An2(a(s))), Ama(cv(s)), -

B(Al(cv(s))),Al(cv(s)),B(cv(s)),cu(s),v(s))ds‘<

-1, 20d= ¢fr=1)°, (r=1)°
r’ 2(2r-1) 2r?

e= d

(C3)
v €EP(Y,a,a,e) OTv)> b

a(Tv) = U:)G(tz, s)f (s, Am1(a(s)), B(An-2(w(s))),Am2(cv(s)), -
B(Ai(cv(s))),A1(cv(s)), B(ev(s)), w(s), v(s))ds‘:

=

J:) %(%ﬁ)l(;(tl, $)f(s,Am1(cv(s)),B(Aum2(cv(s))),Am2(cv(s)), -

B(Ai(ew(s))),Ar(cv(s)), B(ev(s)), w(s), v(s))ds‘ >

1- o, 1-
P OTv) > 1

12
b= a
11

(C4
v €0Q(v,Bd,e) O(Tv) < h,

B(Tv) = ‘J‘;G(O,S)f(s,Am—l(CU(s)),B(Am—Z(CU(S))),Am—Z(ﬂ)(S)), .
B(Ai(cv(s))),A1(cv(s)), B(cev(s)), a(s), v(s))ds
ﬁﬁ%’&(;(}, SIf (5. A (@ (). B(Awz(@(s)), Awa(@(s)), -
G(T’ s)
B(Ai(w(s))), Aiv(aw(s),B(w(s)),w(s),v(s))ds
e %Tv) < k= d
1 , T 3 1)1,1)2,1)3€P(Y,6) Bvi)< d,a<

av2), d< Bv3),av3)< a yi(t) = Am-1(@i(t)) = J‘OGWI(I, s)ai(s)ds, €0, 1] i= 1,2,
3 (2 , '

<

y PVl e, i= 1, 2,3,

(2m—

ly 2 1< d, minl y& 7 (1)1 > q,

(2m—

Iy 11> d, minl & 7 (1)1 < a
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