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1 Introduction
In this paper, we are concerned with the existence of symmetric positive solutions of the
following fourth-order boundary-value problem with integral boundary conditions:

(dp (")) (6) = Aw(O)f (t, u(e), u/ (), te(0,1), (11)

1
u(0) = u(l) = / a(s)uls) ds,
0
1
¢p(1"(0)) = ¢ (u"(1)) = /0 h(s)gy, (u(s)) ds, (1.2)

where 1 > 0, ¢, is the p-Laplacian operator, i.e., ¢,(s) = |s|P™%s, p > 1 and (¢,) ™! = ¢, with
S+g=L
Now, let us list the following conditions which are to be used in our theorems:
(H1) weC([0,1], [0, +00)) is symmetric on [0,1] and w(£) # 0 on any subinterval of
[0,1];

(H2) f eC([0,1] x [0,+00) x R, [0, +00)) and for (¢, u,v) € [0,1] x [0,+00) X R,
f(t,u,v) is symmetric in ¢ and even v, i.e., f satisfies f(1 — ¢, u, v) =f(t,u,v) and
ft,u,v) =f(t,u,-v);

(H3) g,k €C([0,1], [0, +00)) are symmetric functions on [0,1] and u € (0, %], ve(0,1),
where

1 1
" =/ g(s)ds, v :/ h(s) ds.
0 0
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Boundary-value problems with integral boundary conditions for ordinary differential
equations represent a very interesting and important class of problems. They include
two-, three-, multi-point and nonlocal boundary-value problems as special cases. For an
overview of the literature on integral boundary-value problems and symmetric solutions,
see [1-7] and the references therein.

We would like to mention the results of Zhang and Liu [8], Zhang and Ge [9], Ma [10].

In [8], Zhang and Liu considered the following fourth-order boundary-value problems

with p-Laplacian operator:

(6o (" (1) =f(t,u(r)), O<t<l,
u(0) =0, u(l) = au(§),

u"(0) =0, u"(1) = bu”(n),

where ¢,(t) = [tP2t,p>1,0<&,n<1,f € C((0,1) x (0, +00), [0, +00)) may be singular at
t=0and/orland u =0.

In [9], Zhang and Ge considered the existence and nonexistence of positive solutions of
the following fourth-order boundary-value problems with integral boundary conditions:

&) = w@)f (tx(0), ")), 0<t<l,

1
#(0) = /0 dox(s)ds,  x(1)=0,
1
x"(0) :] h(s)x”(s)ds, x"(1) =0,
0

where w may be singular at £ = 0 and (or) t =1, f € C([0,1] x [0, +00) x (—00,0], [0, +00)),
and g, h e L'10,1] are nonnegative.

In [10], Ma considered the existence of a symmetric positive solution for the fourth-
order nonlocal boundary-value problem (BVP). The author obtained at least one sym-

metric positive solution by using the fixed-point index in cones. We have
u”(t) = h@)f(t,u), O0<t<l,

1
0) = u(l) = ds,
u(0) = u(l) /0 p()uls) ds
1
W'(0) = (1) = /0 a(S)u(s) ds,

where p,q € L1[0,1], & : (0,1) — [0, +00) is continuous, symmetric on (0,1), and maybe
singularat £ =0 and £ = 1. f : [0,1] X [0, +00) — [0, +00) is continuous and f (-, «) is sym-
metric on [0,1], for all u € [0, +00).

Motivated by the above works, we consider the existence of one and multiple symmetric
positive solutions for the BVP (1.1)-(1.2).

The organization of the paper is as follows. In Section 2, we present some necessary lem-
mas that will be used to prove our main results. In Section 3, we use the Leray-Schauder
nonlinear alternative to get the existence of at least one symmetric positive solution for the
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nonlinear BVP (1.1)-(1.2). In Section 4, we use the Krasnoselkii fixed-point theorem to get
the existence of multiple symmetric positive solutions for the nonlinear BVP (1.1)-(1.2).

In this paper, a symmetric positive solution u of (1.1)-(1.2) means a solution of (1.1)-(1.2)
satisfying u > 0 and u(¢) = u(1 - t), t € [0,1].

2 Preliminaries

To state and prove the main results of this paper, we will make use of the following lemmas.

Lemma 2.1 Assume that (H3) holds. Then for any v € C*[0,1], the BVP
bp(u' (@) =v(0), t€(0,1), 2.1)

1
u(0) = u(1) = /0 g(s)u(s)ds, (2.2)

has a unique solution u and u can be expressed in the form

1
u(t) = —/0 H(t,8)¢q(v(s)) ds, (2.3)

where

1
H(t,s) = G(t,s) + / G(s,1)g(t)dr,
0

1-u

t(l-s), 0<t<s<l,
G(t,s) = (-s) O=t<s=< (2.4)
s1-¢), 0<s<t<l

Proof First suppose that u € C1[0,1] is a solution of the BVP (2.1)-(2.2). We have

u'(£) = ¢ (v(2)).

It is easy to see by integration of both sides of (2.1) on [0, ¢] that

u'(t) -/ (0) = fo bq(v(s)) ds.

Integrating again, we get

u(t) = u(0) + ' (0)t + /t(t - s)¢>q(v(s)) ds. (2.5)

0
Letting ¢ =1 in (2.5), we find
1
u'(0) = —/ a- s)qbq(v(s)) ds. (2.6)
0
Substituting u(0) = fol g(s)u(s) ds, we obtain
1 1 t
u(t) = /0 g(s)u(s)ds — /0 t(1- s)¢q(u(s)) ds + /0 (t—8)py (U(s)) ds

1 1
= —/ G(t,s)qbq(v(s)) ds + / g(s)u(s)ds, (2.7)
0 0

Page 3 of 12
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where

/Olg(s)u(s) ds = Alg(s)[— /01 G(s,r)¢q(v(r)) dt + folg(r)u(r)dt] ds,

and so

1 -1 1 1
/0 g(s)u(s)ds = W/o g(s)[/() G(s,r)¢q(v(r)) dr:| ds. (2.8)

Substituting (2.8) into (2.7) we have

u(t) = / G(t, s)qbq ds — —/ (s) |:/ (s,7 ¢q(U(‘L’)) dl’]

= fo H(t,8)pq(v(s)) ds, (2.9)

where H(t, s) is defined in (2.4).
Next let u be as in (2.9), then

t 1
u(t) = _/0 s(L—t)pg(v(s)) ds - /[ H(1 - 8)gpg(v(s)) ds
1 1 1
- g/o g(s) |:/0 G(s,r)¢>q(v(t)) d‘L':| ds. (2.10)
Taking the derivative of (2.10), we get
t 1
u'(t) = /0 spq (V(s)) ds — / a- s)¢q(v(s)) ds,

and

W' = gy (v(1)),
and it is easy to verify that #(0) = u(1) = fol g(s)u(s) ds. The proof is complete. O
Lemma 2.2 Assume that (H3) is satisfied. Then for any u € C'[0,1], the BVP

V'(8) = aw(o)f (6, u(t),u'(s)), t€(0,1), (2.11)

1
v(0)=v() = / h(s)v(s)ds (2.12)
0

has a unique solution v

1
v(t) = —A/ H(t, S)w(s)f(s, u(s), u’(s)) ds, (2.13)
0

where

Hi(t,s) = G(t,s) + 1

1
! / G(s,t)h(r)dr. (2.14)
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Lemma 2.3 [9] If(H3) holds, then, for all t,s € [0,1], the following results are true.
(i) G(£,5) =0, H(t,s) = 0, Hi(t,5) = 0;
(i) GA-¢t1-5)=G(ts), Hl-¢t1-5)=H(ts), Hi(1-¢t,1-s) = Hi(t,s);
(iii) pe(s) < H(t,s) < ye(s), pre(s) < Hi(t,s) < yre(s)

where
1 1
, €s)g(s)ds , €(8)h(s)ds
e(s) =s(1-s), o= f‘, o1= f—,
1-p 1-v
-_— 1 p— 1 .
Tiow Mty

(iv) e(t)e(s) < G(t,5) < G(t,£) = t(1 - t) = e(t) < €* = maxse(o, e(t) = 1,
where H(t,s), G(t,s), Hi(t,s) are defined by (2.4) and (2.14), respectively.

Lemma 2.4 Ifu >0 and v > 0 then

¢p(u) + ¢p(U)1 l<p<2;

Pplutv)= {zﬂwp(u) *opW), P22

To obtain the existence of symmetric positive solutions of the BVP (1.1)-(1.2), the follow-
ing Leray-Schauder nonlinear alternative and Krasnoselkii fixed-point theorem are useful.

Lemma 2.5 [11] Let E be a Banach space with P C E closed and convex. Assume U is an
open subset of Pwith 0 € U and T : U — P is a continuous and compact map. Then either
(i) T has a fixed point in U, or
(ii) there exist u € dU and A € (0,1) such that u = L Tu.

Lemma 2.6 [11] Let P be a cone of a real Banach space E, Q0 and 2 be two bounded open
sets in E such that 0 € Q; € Q; € Q. Let operator T : PN (Q,\Q,) — P be completely
continuous. Suppose that one of the two conditions

(@) I Tull < llull for uw e PN 32, | Tull = llull for u € PN 0Ky,

(i) 17wl = llull for w e PN OS2, | Tull < ||ull for u € PN 9Qy,
is satisfied. Then T has at least one fixed point in P N (Q,\ Q).

Let the space E = C'[0,1] equipped with the norm ||u|o = ||u|| + ||/']| = max;e[o1; |u(¢)] +
maxye(o,] |#'(£)| be our Banach space. Define P to be cone in E by

P= {u € E: u(t) > 0,u concave, symmetric on [0,1] }
Assume that u is a solution of the BVP (1.1)-(1.2). Then from Lemma 2.1, we get
1
u(t) = —/ Hi(t, s)¢q(v(s)) ds.
0

From Lemma 2.2, we have

1 1
u(t) = —/ H(t,s)¢pq (—A/ Hi (s, T)w(r)f(r, u(t), u’(t)) dt) ds.
0 0
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3 The existence of one symmetric positive solution
In order to state the following results we need to introduce the notation:

1 1
A:¢q</o W(f)r(f)dr>, B=¢>q</0 W(f)(p(r)+q(f))d1>,

gq-1 gq-1 q-1 q-1

4 +4

A~ (u) max{1,272)4, B - <u) max {1,292} B.
44 44

Theorem 3.1 Assume that (H1)-(H3) are satisfied and f : [0,1] x [0, +o0) x R — [0, +00)
is continuous, f(t,0,0) # 0, t € [0,1] and there exist nonnegative functions qi,q»,q3 € L*
such that
-1 -1
fEuwv) <q@|u@®)|” + @0 v@)|" +q3),  ae (Lu,v)€[0,1] x [0,+00) x R,
and there exist t, € [0,1] such that q,(t,) # 0 or q2(t,) # 0. Then there exists a constant

A* > 0 such that for any 0 < & < 1*, the BVP (1.1)-(1.2) has at least one nontrivial symmetric
positive solution u € P.

Proof 1t is easy to see that the BVP (1.1)-(1.2) has a solution u = u(¢) if and only if u is a
fixed point of the operator equation

1 1
Tu(t)=/ H(t,s)%()»/ Hl(s,t)w(r)f(r,u(r),u’(r))dr) ds. (3.1)
0 0
For all u € P, we have by
1 1
100~ [ a-90,(x [ tts, ey (r (o) o) e ) s
t 0
t 1
—/ sd)q(k/ Hl(s,r)w(t)f(r,u(t),u/(r))dr) ds,
0 0

1
(Tw)"(t) = ¢y (A/ Hi(s, ‘L’)W(‘L’)f(‘[,u(‘[), u/(r)) dr) ds,
0
<0,

which implies Tu is concave on [0, 1].
On the other hand, using (H1)-(H3) and Lemma 2.3 we have

1 1
(Tu)(0) = / H(0,s)¢, <)L/ Hi (s, T)W(T)f(‘[, u(7), u’(f)) dt> ds >0,
0 0

for all £ € [0,1]. In a similar way (Tu)(1) > 0.
It follows that Tu(t) > O for ¢ € [0,1]. Noticing that w(¢) is symmetric on [0,1], u(t) is
symmetric on [0,1] and f(¢, 4, u’) is symmetric on [0,1] and even in v we have

1 1
Tu(l-1t) = /0 H(l-t,5)¢, <A/O Hy(s, D)w(T)f (t, u(z), u/ (7)) dr) ds

1 1
= / H(l—t,l—s)qbq(k/ H1(1—S,T)W(T)f(r,u(T),u’(r)) d‘[) ds
0 0
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1 1
= / H(t,s)p4 (A f Hi(1-s, T)w(r)f(r, u(t), u/(r)) dr) ds
0 0
1 0
= / H(t,s)%(k/ Hi(l-s1-t)w(l-1)
0 1
Xf(l -t,u(l-1),u'(1- r))d(l - r)) ds
1 1
= / H(t,s)¢q(A/ Hl(s,r)w(r)f(r,u(r),u/(f)) dr) ds
0 0
= (Tu)(2),
ie, (Tu)1 —t) = (Tu)(t), t € [0,1]. Therefore, (Tu)(t) is symmetric on [0,1]. So Tu € P
and T'(P) C P. By applying the Arzela-Ascoli theorem, we can see that T'(P) is relatively
compact. In view of Lebesgue convergence theorem, it is obvious that T is a continuous
operator. Hence, T : P+ P is completely continuous operator. By a similar argument in
[9] we may proceed; we omit the details here.

f(t,0,0) <gs(¢), forall £ € [0,1], and w(£) #£ 0, £ € [0,1], we know that A > 0, B > 0. Thus
A'>0,B >0.Let

A
r=g Q={ueP:|ul<r}

Suppose u € 92, 0 < u < 1 such that u = uTu. Then
r =l Tullo = (| Tl + | (Tw)| ).

By Lemma 2.3

| Tul| = tgl[gf]!Tu(t)!
1 1
5/ ye(s)qﬁq(A/ yle(r)w(t)f(t,u(t),u/(t))dt) ds
0 0
q-1 1
<3 (3) ([ wola@lueop”
+ @O @O + g3(2)] dr)
q-1 1\’ ! p-1
=y (3) 2(* | WU @) + a:0) + as(2)] de
q 1 1
syy;f‘l(%) %(A[nun'g‘l /0 WD) (@1 (1) + 4a(0)) i + /0 w(r)qg(r)dr])

q-1 !
S(m:q )maX{L24—2}¢q(x)||u||0¢q</0 w(r)(ql(r)+qz(r))df)

yr '
+ <4—Iq> max{1, 2q_2}¢q()t)¢q(/0 W(T)CIS(T)dT>

q-1 1\ ! p-1 re_y|p-1
n <—> ¢q(k/0 w(@) [ (0)|[u() " + qa2(7) | (7)) +q3(r)]dr)

Page 7 of 12
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1
( ) max {1, 2 }¢q()»)||u||o¢q</0 w(r)(q1<r>+q2<r>)dr)

a

%) max|1,24" 2}¢q(k)¢q(/olw(t)qg(t)dr>.
So,
[ Tullo < ¢g(M)llulloB + ¢g(R)A’
Choose 1* = (3 L )71, Then when 0 < A < A*, we have

Nl = i Tullo < o =By + 2
r=ltllo= Kl LU]llo = 1 >B Mo+2B, ’
- 1 1

r —r+ —r).

=K 5 5

Consequently, i > 1. This contradicts 0 < < 1 period, by (i) of Lemma 2.5, T has a fixed
point u € , since f(t,0,0) # 0, then when 0 < A < A*, the BVP (1.1)-(1.2) has a nontrivial
symmetric positive solution # € P. The proof is complete. g

Theorem 3.2 Assume that (H1)-(H3) are satisfied and f : [0,1] x [0, +00) x R — [0, +00)
is continuous, f(t,0,0) £ 0, t € [0,1] and

t,u,
0<L= limsup max M < +00. (3.2)
|u|+|v]|—+oo LE[0,1] |u|p Ly |U|p !

Then there exists a constant 1* > 0 such that for any 0 < & < A*, the BVP (1.1)-(1.2) has
at least one nontrivial symmetric positive solution u € P.

Proof Let € >0 such that L + € > 0. By (3.2), there exists H > 0 such that
fEuv) <@ +e)(ul™ + v, Jul+|v|=H,0<t<L

Let K = maXe[o1],ju+|v<k.f (£ 4, v). Then for any (¢, u,v) € [0,1] x R* x R, we have
ftuwv) <@L +e)(luf™ + v +K.

From Theorem 3.1, we know that the BVP (1.1)-(1.2) has at least one nontrivial symmetric

positive solution u# € P. The proof is complete. d

Corollary 3.1 Assume that (H1)-(H3) are satisfied and f : [0,1] x [0, +00) x R — [0, +00)
is continuous, f(t,0,0) £ 0, ¢ € [0,1] and

t,u,v
0<L= limsup max oA 1)< 00, or
|u]+|v]—+00 tE[0,1] |2elP~
t,u,v
0<L= limsup maxf( 1) < 400
[]+|v]—+00 £E[01] |U|p

Page 8 of 12
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Then there exists a constant \* > 0, such that for any 0 < . < 1*, the BVP (1.1)-(1.2) has at
least one nontrivial solution u € P.

Example 3.1 We consider the following fourth-order BVP.
Let p =4, w(¢) =1in (1.1) and h(t) = g(t) = % Then

(¢a(u")) @) = Af (£, u(0),u/(£)), t€(0,0), (3.3)
1
u(0) = u(1) = %/(; u(s) ds,
1 1
040/ 0)) = 9 (') = 5 / 0, (1'(9)) s, (3.4)
0
where
1 2
ft,u,v)=u’+ <t— 5) Isinv]® +t1—-£) +1
for (¢,u,v) € [0,1] x [0, +00) X (—00, +00).

It is obvious that f : [0,1] x [0, +00) x (=00, +00) — [0, +00) is continuous, symmetric on

the interval [0,1] and even v, we have

1 2
e <t’§> [sinvf + 61— + 1< |uf + (2 + 1)l +£+1 and
f(t0,0)£0, te[0,1].

It follows from a direct calculation that

1
B=¢q(/ (52+2)d5>:\?/2 and V=V1=2;
0

q-1 q-1
B/ = (—1 L ) max{l, 2q_2 }B

44
B 2«3/§+4\3/§ \3/7
Y Vs
~1,1905.

So,
N 1
A= — >~0.074.
2B

Then by Theorem 3.1 we know that the BVP (3.3)-(3.4) has a nontrivial symmetric positive
solution u € P for any A € (0,A*].

4 The existence of multiple symmetric positive solutions
In this section, we impose growth conditions on f which allows us to apply Lemma 2.6 to
establish the existence of two symmetric positive solutions of the BVP (1.1)-(1.2), and we

Page 9 of 12
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begin by introducing some notation:

1 1
o* :ppf&/o e(s)ds¢>q(/0 e(r)w(r)dt),
1
= yf_lqbq(/o e(r)w(t)dr).

Theorem 4.1 Assume that (H1)-(H3) are satisfied and f satisfies the following conditions
forte[0,1].

(i) There exist numbers O <r < R < +00 such that f(t,u,v) < A(j)ly(”"“)for
0<|u|l+|v|<randR < |u|+|v|.

(ii) There exist numbers 0 <r < p1 < R < +00 such that f(t, u, v /\q’)p( %) for
0 <lul+v| <p1.

Then the BVP (1.1)-(1.2) has at least two nontrivial symmetric positive solution u € P.

Proof Let the operator T be defined by (3.1).
Q={ueP:|ulo<r} and Q={uecP:llullo<pi}.
We first show that
| Tullo < llullo foruePNIy.

For u € PN 3£, we obtain |u| + |¢/| € [0,r], which implies f(¢, u,u’) < A¢>p(’”“) Hence
for t € [0,1], by Lemma 2.3,

1
Tu(t) < )/)/1 ¢q(/0 (T)W(‘E)f('(,u(‘l,’),u/(t))dt)

1
”1 ¢q( / e(x)w(t)~ @(”:’)dr)

Note that 1 <y <4. Thus, u € PN 9; implies

llullo
Tu|l| < ——, 4.1
I Tul| < 5 (4.1)

and

1
(Tu) () < ¢>,,(A/O ne(@)w(z)f (v, u(r),w' (1)) dr)

1
< yf_lgbq(A/O e(t)w(t)%q)p(uzt;}) dt)

llzllo
>

=

Thus, u € PN 0L2; implies

“(T y H ”u”0 (4.2)

Page 10 of 12
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By (4.1) and (4.2), we obtain

u u
I Tullo = | Tuel) + || (Twe)' | < I 2”0 l 2”0 =llullo foruePnag,. (4.3)

Next we show that

I Tullo = llullo forue PN oK2y,.

For u € PN 92,, we obtain |u| + || € [0, p1], which implies f (¢, u, u’) > %(i)p(f:—i). Hence for
t € [0,1], by Lemma 2.3,

1 1
Tu(t) Zp,of_l/o e(s) ds¢q(A/0 e(t)w(z)f (v, u(r), u' (1)) dr)

1 1
>ppf71/0 e(s)ds%(k/o e(t)w(r)%sz(%) dr)

> p1 = |lullo. (4.4)
By (4.4), we obtain
I Tullo = I Tull + ||(Tw)'|| > lullo for u e PN 3. (4.5)

Applying Lemma 2.6 to (4.3) and (4.5) shows that T has a fixed point z; € PN (Q,\ ;) with
0 <7 <|uillo < p1.Also, let R* = 1% R and note that 0 < pipgj <1.Sou(t) > J’Z;jqj u(s) for

T et ny 1

s€[0,1].Then Q3 = {u € P: ||u|lo < R*} and u € PN 33, and we obtain u(t) > %R* =R.
Applying Theorem 4.1(i) for |u| + |u'| € [R, +00), we have || Tullo < ||ullo for u € PN 3Q;3.
From Lemma 2.6, T has a fixed point #} € PN (Q23\22) with p1 < |lug|| <R*.

Then the BVP (1.1)-(1.2) has two nontrivial symmetric positive solutions u;, u; € P with

0 < |lurl < p1 < |lu2]l < R*. The proof is complete. O

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors contributed equally to the writing of this paper. All authors read and approved the final manuscript.

Acknowledgements
The authors would like to thank the referees for their useful comments and suggestions.

Received: 1 October 2013 Accepted: 7 February 2014 Published: 20 Feb 2014

References

1.

2.

3.

Lomtatidze, A, Malaguti, L: On a nonlocal boundary value problems for second order nonlinear singular differential
equations. Georgian Math. J. 7, 133-154 (2000)

Gallardo, JM: Second order differential operators with integral boundary conditions and generation of semigroups.
Rocky Mt. J. Math. 30, 1265-1292 (2000)

Zhanga, X, Feng, M, Ge, W: Symmetric positive solutions for p-Laplacian fourth-order differential equations with
integral boundary conditions. J. Comput. Appl. Math. 222, 561-573 (2008)

Zhang, X, Liu, L: Eigenvalue of fourth-order m-point boundary value problem with derivatives. Comput. Math. Appl.
56, 172-185 (2008)

Ma, R, Xu, L: Existence of positive solutions of nonlinear fourth-order boundary value problem. Appl. Math. Lett. 23,
537-543 (2010)

. Avery, R, Henderson, J: Three symmetric positive solutions for a second-order boundary value problem. Appl. Math.

Lett. 13, 1-7 (2000)


http://www.boundaryvalueproblems.com/content/2014/1/44

Senlik and Hamal Boundary Value Problems 2014, 2014:44 Page 12 of 12
http://www.boundaryvalueproblems.com/content/2014/1/44

7. Feng, H, Pang, H, Ge, W: Multiplicity of symmetric positive solutions for a multipoint boundary value problem with a
one-dimensional p-Laplacian. Nonlinear Anal. 69, 3050-3059 (2008)
8. Zhang, X, Liu, L: Positive solutions of fourth-order four-point boundary value problems with ¢-Laplacian operator.
J.Math. Anal. Appl. 336, 1414-1423 (2007)
9. Zhang, X, Ge, W: Positive solutions for a class of boundary-value problems with integral boundary conditions.
Comput. Math. Appl. 58, 203-215 (2009)
10. Ma, H: Symmetric positive solutions for nonlocal boundary value problems of fourth order. Nonlinear Anal. 68,
645-651 (2008)
11. Guo, D, Lashmikanthan, V: Nonlinear Problems in Abstract Cones. Academic Press, San Diego (1988)

10.1186/1687-2770-2014-44
Cite this article as: Senlik and Hamal: Existence and multiplicity of symmetric positive solutions for nonlinear
boundary-value problems with p-Laplacian operator. Boundary Value Problems 2014, 2014:44

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.boundaryvalueproblems.com/content/2014/1/44

	Existence and multiplicity of symmetric positive solutions for nonlinear boundary-value problems with p-Laplacian operator
	Abstract
	MSC
	Keywords

	Introduction
	Preliminaries
	The existence of one symmetric positive solution
	The existence of multiple symmetric positive solutions
	Competing interests
	Authors' contributions
	Acknowledgements
	References


