Han and Yang Boundary Value Problems (2017) 2017:78 0 BOU nda ry Va | ue PrOblemS

DOI 10.1186/513661-017-0808-7

a SpringerOpen Journal

RESEARCH Open Access

CrossMark

Existence and multiplicity of positive
solutions for a system of fractional differential
equation with parameters

Xiaoling Han" and Xiaojuan Yang

"Correspondence:
hanxiaoling@nwnu.edu.cn
Department of Mathematics,
Northwest Normal University,
Lanzhou, Gansu 730070, People’s
Republic of China

@ Springer

Abstract

In this paper, we study the existence and multiplicity of positive solutions for a class of
systems of fractional differential equation with parameters. By applying the
Krasnosel'skii fixed point theorem for a cone map, we conclude to the existence of at
least one and two solutions for our considered system.
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1 Introduction
Fractional differential equations can describe some phenomena in various fields of en-
gineering and scientific, disciplines such as control theory, chemistry, physics, biology,
economics, mechanics and electromagnetic. Especially in recent years, a large number
of papers dealt with the existence of positive solutions of boundary value problems for
nonlinear differential equations of fractional order; for details, see [1-6]. In addition, the
existence of positive solutions to fractional differential equations and their systems, espe-
cially coupled systems, were well studied by many authors; for details, see [7-10].

In [10], Su studied the existence of solutions for a coupled system of fractional differential
equations

D& u(t) =f(¢,v(t), Dy, v(t), 0<t<l,
Dj.v(t) = g(t, u(t), DY, u(t), 0<t<l,
u(0) = u(1) = v(0) = v(1),

wherel<a,8<2,¥,7>0,a—n>1,8-y >1,f,g:[0,1] x R* — R? are given functions
and Dy+ is the standard Riemann-Liouville fractional derivative.

In [11], Dunninger and Wang considered the existence and multiplicity of positive radial
solutions for elliptic systems of the form

Au + Mk (|x])f (u,v) = 0,

Av+ Mk2(|x|)g(u’ V) =0,

ulpe =Vlsa =0,
© The Author(s) 2017. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, pro-

vided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.


http://dx.doi.org/10.1186/s13661-017-0808-7
http://crossmark.crossref.org/dialog/?doi=10.1186/s13661-017-0808-7&domain=pdf
mailto:hanxiaoling@nwnu.edu.cn

Han and Yang Boundary Value Problems (2017) 2017:78 Page 2 of 12

where (u,v) € C2(Q) x C*(Q2), with Q = {x € RN : R; < || < Ry, R1, Ry > 0} an annulus with
boundary 9%2.
Motivated by [10] and [11], in this paper, we consider the system of fractional differential

equations with parameters

DPx(t) + Mw(t, x(8),y()) =0, te]=[0,1],3<p <4,
Dy(t) + Mh(t, x(¢),y(t)) =0, te],3<q=<4,
D71x(0) = DP1x(0) = D"x(0) = 0, x(1) = ayx(n),
D%2y(0) = Dy(0) =D2y(0) =0,  y(1) = ay(§),

@

where D? is the standard Riemann-Liouville derivative. Moreover, in the rest of this paper
we always suppose that the following assumptions hold.
(A1) (i) w,h:[0,1] x [0, +00) x [0,+00) — [0, +00) are continuous;
(i) Aq and A, are positive parameters;
(iii) ¢; € (0,1), p; € 1,2), v €(2,3), 1, €(0,1) (i=1,2), 0 <y’ <1,
0 <&l <.
(A2) w(t,x,y),h(t,x,y)>0forx,y>0,t€].
By applying the Krasnosel’skii fixed point theorem for a cone map, we obtained the ex-
istence of at least one and two positive solutions for the system (1).

2 Preliminaries
For the sake of convenience, we introduce following notations:

. w(t,x,)
Wo = lim max
(xy)—0tel01] X +y

. . wl(t,x,y)
Woo = lim min
(xy)—ocotel0l] X+

h(t,x,
hp = lim max u,
(xy)—0tel01] X +y

h(t, x,
hoo = lim  min ( y).
(xy)—>o0te[0,1] X + y

Theorem A ([12]) Let X be a Banach space, and let K C X be a cone. Assume 2, 2y are
two open bounded subsets of X with 0 € , QCQ,andlet T:KN (2w \ Q) — K bea
completely continuous operator such that

(D) NTx|l < |lxll, x € KNy, and || Tx|| = ||x||, x € K N 32;
or

(i) |7l > l|xl, x € K N3, and | Tx|| < ||x]l, x € K N 3y.
Then T has a fixed point in K N (Qy \ Q1).

Definition 1 ([13]) We call D?w(x) = m(%)”‘ fot (t_sv)v;f)mﬂ dt,p>0, m=[p] +1is the
Riemann-Liouville fractional derivative of order p. [p] denotes the integer part of num-

ber p.

Definition 2 ([13]) We call Pw(x) = ﬁ fot(t — s lw(s)ds, t > 0, p > 0 is Riemann-
Liouville fractional integral of order p.
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Lemma 1 ([13]) Letp > 0, then, for VC; € R, i=0,1,2,...,m, m = [p] + 1, we have
PDPx(t) =x(t) + CitP L + Cot? 2 4+ -+ + Cut? ™.

Lemma 2 Suppose that ¢ € C(J) and (Al) holds, then the unique solution of the linear
boundary value problem

DPx(t)+¢(t)=0, te],3<p=<4,

2)
D1x(0) = D"'x(0) = D"x(0) =0, (1) = enx(n),
is provided by
1
50 [ Gt ds
0
where Gi(t,s) is the Green’s function defined by
—1 el
Cag g A= =l =P - G0, 0<s<t<n<l,
ot -l -l
Gl(t s) _ (1_a1,7p—11)1—(p) [(1 S)p 011(77l S) ]: 0<t<s<n<l, (3)
’ = - (t— s)p
(1_a1;;P-11)r(p)(1 syt ) 0<n=s=<t=<l],
P~ _
Cap g L= 0O<p<t<s<L

Proof Letx(t) = —IPo(t) + CitP™L + Cot?™2 + C3tP73 + Cyt?~*, then

r(p)tp—ql—l I'(p- 1)p-n-2
+ C2
Fp-q) Fp-q1-
I'(p-2)r a3 I'(p-3)rat
L Gy (p-2) LG (p-3) ’
Fp-q1-2) F'p-q1-3)
F(p)tp—pl—l I'p- 1)p—r1-2
+ C2
I'(p-p1) Fp-p1-
I'(p-2)tr7-3 I'(p-3)rr
(p-2) L C (p-3)

DTx(t) = 1P p(t) + C

DPix(t) = -PPo(t) + C

T pd Y Tepod
__pn Fpent  Dp-nen
D"x(t) = -I""(t) + C T(p-n) > Fp-y-1)

F(p—z)tp—m—B+ ['(p-3)rnt
Fp-n-2) "Tp-n-3)"°

+C3

D7x(0) = 0 implies that C, = 0. In fact, if £ = 0, we see that #7171 = 0, 12 =,
-3 =, -t = f*%% is not well defined. Similarly, D”1x(0) = 0 implies that C3 = 0
and D"x(0) = 0 implies that C, = 0. Thus x(t) = =IP¢(t) + C1P~L. Now, by using boundary

condition x(1) = ayx(n), we get C; = 1 (Pp(1) — a1 lP¢(t)). Hence, we get the solution

1-a; 111"
as follows:
2 ! 2 2
x(t) = ~Po(t) + m(l o(1) — ol ‘P(t))

t

m[/ 1 -s)P" (D(S)ds—alf (n -y (p(s)ds]
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L
L(p)

1
= /0 Gy(t,s)p(s) ds.

/ t(t - )P o(s)ds
0

Then G;(¢,s) can easily be obtained. O

Notation 1 Similarly, we can get

a1 1 3
P — [ | a=sriowds-as [ € -5l ds}
P W= ase (@) Lo > Jo
1 ¢ 1
-G [ e-9p0as
0
1
= / Gy(t,s)p(s)ds
0
and
ta-1 -1 17 _ (t=9)7!
m[(l—s)q —a(§ —9)T] - %q): 0=<s=<t=<§&<]
-1
Goltrs) - | e (1 =97 —0al€ =571, 0<t<s<f<l
T -1 1 (=s)7!
(l—az%’q’l)l_'(q) (1 - S)q - (g °’ 0 5 E S N S t E ].,
-1
W.Q;,W(I—S)q_l, 0<é=<t=<s<l1

In view of Lemma 2, the system (1) is equivalent to the Fredholm integral system of

x(t) = h [y Gt s)wls, x(s),(s)) ds,
y(t) = 1z [y Galt,s)h(s,x(s), y(s)) ds,

where G;(¢,s) is the Green’s function defined by Lemma 2.

Define X = {x(¢) | x € C(J)}, endowed with the norm ||x|| = max;¢ |x(¢)|, further the norm
for the product space X x X, we define as [|x+y|| = [lx|| +||y||. Obviously, (X, || - ||) is a Banach
space. We define the cone K C X x X by

}

K = {(x,y) EXXxX:xy> O,I?Gi}n[x(t) +y(t)] z@”(x,y)‘

0 =min{6, = 87,0, = 577}

Define an operator 7: X x X — X x X as

1 1
T(x) J’)(t) = (Al / Gl (t¢ S)W(S, x(S),y(S)) dS, )\2 / GZ (t¢ S)h(S) x(s)’y(s)) dS)
0 0
= (Ti(x,9), Ta(x,)).
The solutions of the system (1) and the fixed points of operator T coincide with each other.

Lemma 3 The Green’s function G;(t,s) (i = 1,2) are continuous on J x ] and satisfy the
following properties:
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(1) Git,s) € CUJ xJ) and Gi(t,s) > 0,Vt,s € J;
(2) max.g Gi(t,s) = Gi(1,5);
(3) "I > hi(s), 6 € (0,1).

Proof (1)If0 <s<t<n<1,then

Gilts) = —— [P ey —sp1] - L2
1 -apP )T (p) I'(p)
(V) R L (S B (U e L (S )
= A - ()
R L it L s IV e
= A - (p)
P - 5P - (1 5
) T'(p) ‘

Since s < t, Gi(t,s) > 0.
Ifo<t<s<n<l,then

p-1
G(69) = gy [ o=
L =8P — o (1= 1)
>
- (1 - I (p)
1 - g (1 - )
T Q- )P
el )

C(p)

1 —sp! (t=sp!
S A-a ) T()
AP = Q- )t —spP!
(1 - a1 (p)
711 - s)P g pP !
1 =P ) (p)
> 0.

If0<n<t<s<l,then

711 - syt

GO ) =

Similarly, we can obtain Gy(t,s) > 0. Thus, G;(¢,s) > 0 for every ¢,s € /.

Page 5 of 12
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(2)If0<s<t<n<l,then

A-sP —am? 1= )P = A - (A - s
(1 - a1 )(p)

R e el e et

N (I - o1 )T (p)

R

n
(1 - a1 )(p)

Gl (17 S) =

and

A= a1 - S = Q- A - P
(1 - )(p)

- HIA -5y ==

<

B A= HI'(p)

_a- a A -spPt -1 -3)]

- A - )T (p)

G (t’ S) =

Therefore, Gy (t,s) < Gi(1,s).
Ifo<t<s<n<l,then

A-spPt—ay(n—sp

(11— oI (p)
_ AP —n(n s
- (1 — P I (p)
Gi(t,s).

Gl (1, S) =

If0<n<s<t<l,then

(1= = (1= ey )(1 - )]

Gi(1,s) = 1— a7 )L (p)
a1 - s
(- ()
and
Gultrs) = A - = A= 2PN (1 - P )

A= (p)
- A=-sPt=A=P1A—onn?™)
B 1 —an?)(p)
- A -3 tam™
T A=)l (p)
- A - sy lagn™
T Q- )l (p)
= G1(1,9).
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If0<n<t<s<l,then

a-spt  _ eta-spt

I-amP () ~ Q=P (p) Gi(t,5).

Gl(l,S) =

Similarly, we can obtain G,(t,s) < Gy(1,s).
(3)If0 <s<t=<n<l,then

(1-s)Pt

G3) = G D)

and

A= s —on(n— s = 7 (1L — a1 - 2P
(1 =) (p)
. A =P =P A= P - (- o)1 - 2]
- 1 =PI (p)
e () e ()
(1 - a1 (p)

Gl (t7 S) 2

Let 07 be a positive number such that min;c(s1-5) G1(¢,5) > 01G1(1,5). Then we can obtain

p-1(1 _ W1 _ (+_ -1 _ p-1
11 -s) (t-ys) :tP—l_(t s) o

o1 <
1-s

- (1-spt
Ifo<t<s<n<l,then

(1-spt

N )

and

11— st

Gl (t) S) = T ([9)

Let o, be a positive number such that min(s,1-5) G1(t, ) > 02Gi(1,s). Then we can obtain
oy <71 —aqnt™).
If0<n<s<t<l,then

a-syt

Gs) = G D)

and

#7111 = )P Lo pP1
Giltys) > LAV e
A=) (p)

Let o3 be a positive number such that minse[s1-5) G1(Z,5) > 03Gi(1,5). Then we can obtain

o3 < P Lol
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If0<n<t<s<l,then

(1-spt
G = e e
and
Giltys) = 0=

1 - ) (p)

Let o4 be a positive number such that minse[s1-5) G1(t,5) > 04Gi(1,5). Then we can obtain

o4 < tp_l.
i Gi(t, ..
WBG‘;(%W > 61(s), 8 € (0,1). Similarly, we can

prove mmte[g;—f]s)cm > 05(s), 8§ € (0,1). O

Define 6; = min{o1,09,03,04}. Then

Lemma 4 If(Al) holds, then T(K) C K and T : K — K is a completely continuous opera-
tor.

Proof The continuity of T is obvious. To prove T(K) C K, let us choose (x,y) € K. Since
Gi(t,s) < G;(1,s) for 0 <s <1, and G;(t,s) > 0G;(1,s) for § <t <1-8, we have

1
min_T(x,y)(t) > 8" / Gi(1, 5)w(s, x(s), y(s)) ds
te[8,1-8] 0

1
Zap—l)q/ Gl(l,s)w(S,x(s),y(S)) ds
0

= 87| Ti(x.)-
Similarly,

tef[gl’ilfjg] Ty (x,p)(t) > 897! ” To(x,y) ||

Thus,

ter[glllga](Tl (%,)(8) + T(x,)(2)) = Jnin Ti(x,y)(@) + min Ta(x,9)(t)

> 0] (Tyw9), Tax.9) |

Since G;(¢,s) > 0, Vt,s € ] and (Al) holds, we conclude that T(K) C K. It is not difficult to
show that T is uniformly bounded. Combining this with the Arzela-Ascoli Theorem, we

see that T: K — K is a completely continuous operator. g

3 Main results and proofs
Theorem 1 Assume that (Al) holds, then, for all A; > 0, i = 1,2, the system (1) has at least
one positive solution in the following cases:

() wo =ho =0, and either weoo = 00 or hy, = 00 (superlinear).

(b) Weo = oo = 0, and either wg = 00 or hg = 00 (sublinear).
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Proof (a) Since wy = hp = 0, we may choose H; > 0 such that w(¢,x,y) < e(x + y) and
h(t,x,y) <e(x+y) for 0 <x+y < Hj, t €], where the constant ¢ > 0 satisfies

1 1
2eM / Gi(1,8)ds <1, 2&)ly / Gy(1,8)ds <1.
0 0

Set Q1 ={(x,9): (x,y) € X x X, [|(x, p)|| < Ha}. If (x,9) € KN 0Ly, ||(x, )]l = Hy, we have

1
Ti(x% () < M /O Gi(t, 5)w(s, x(s), y(s)) ds
1
< 8A1/ Gi(t,5)(%(s) + y(s)) ds
0

1
< e (%l + 1) f Gi(1,5)ds
0

1 2l

=< .

2

Similarly, Ty (%, y)(£) < M Hence,
[ 7@ = [T y), Ta@ )| = [ TiGen) | + [ Ta )] < [ )]

for (x,7) € K N 9L2;. If we further assume that w., = 00, then there exists H > 0 such that
w(t,x,y) > B(x+y) for (x +y) > H,teJ, where B > 01is chosen so that 1,8 fol Gi(1,s)ds > 1.
Let H, = max{2H1,51‘pﬁ} and set Q2 = {(x,7) : (x,y) € X X X, ||(x, )| < Ha}. If (x,9) e K N
92, we have minc(s1_s)(x(t) + y(t)) > 8771 (x,9)|| > H and for Vt[§,1 - 48],

1
teI[Ial,llr—lrS] T1(x, y)(£) > ter[{sl,llr—lrﬂ M /0 Gi(t, s)w(s,x(s), y(s)) ds

1-6
> 0P /5 Gult5)(x(s) + () ds

1
> B8 (xy) | / Gi(1,5)ds
0

= @yl

Therefore, | T(x,y)|| = I T1(x,), Ta(x, p) | = IT1(x, )1 + 1 T2 (%, 9) | > [1(x, )| for (x,5) € KN
9$2,. An analogous estimate holds for /15, = co.

Now by Theorem A, T has a fixed point (x,y) € K N 3(22 \ ;) such that H; < ||(x,y)|| <
H, and the system (1) has a positive solution.

(b) If wy = 0o, we choose H; > 0 so that w(t,x,y) > E(x +y)forO<x+y<Hj,te],
where ﬁsatisﬁes AIESP’I fol Gi(1,s)ds > 1. Let Q1 ={(%,9): (x,9) € X x X, ||(x, y)|| < H1}, if
(x,y) € KN Ay, ||(x,y)|l = H1, and for V¢ € [§,1 - 8],

1
nin_ T1 (%, y)(2) > Join, M /0 Gi (6, 5)w(s, x(s), y(s)) ds

te[5,1

- 1-§
> Mp fa Gi(t,s)(x(s) + ¥(s)) ds
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~ 1
> 21887 | (x,9) | / Gi(1,5)ds
0
> @)

Therefore, || T(x, y)Il = | T1(x, %), T2(x, P = I T1(x p) || + [ T2(x, )| > (| (%, )] for (x,5) € KN
02, An analogous estimate holds for /1y = oco.
Set w*(t) = maXo<ysy<, W(L,%,y) and #*(t) = maXo<ysy< h(t,%, ). Then w* and i* are
nondecreasing in their respective arguments. Moreover, from wo, = s = 0, we see that
wie) _ HE ()

limy_, oo == =0, limy_s oo - =0. Therefore, there is an Hy > 2H; such that w*(¢) < et,

h*(t) < et for t > H,, where the constant ¢ > 0 satisfies

1 1
28A1/ Gi(1,s)ds <1, 28)»2/ Gy(1,s)ds <1.
0 0
Set Q5 ={(x,9) : (x,¥) € X X X, ||(x,9)|| < Ha}. If (x,9) € K N 32, ||(x,y)|| = Ha, we have
1
Tiwy)(0) < / Gyt )w(5,%(5), () di
0
1
<1 [ Gttt ds
0
1
< 8)\,1H2/ Gl(l,S) ds
0

I, )l

=< .

2

Similarly, T>(x,y)(¢) < ”(’;—y)" Hence,

1T = | Ti@p), Ta@9)| = | Tiey) | + | T2 )] < || 9) |

for (x,y) € K N 9.
Applying Theorem A, we conclude to the existence of a positive solution (x,y) € KN
(82, \ ©) for the system (1). |

Theorem 2 Assume that (Al) and (A2) hold.
(@) Ifwo =ho = Weo = hoo = 0, then there is a positive constant o1 such that (1) has at
least two positive solutions for all i,y > o71.
(b) If wo = 00 or hy = 00, and either wy, = 0 or hoo = 0, then there is a positive constant
09 such that the system (1) has at least two positive solutions for all Ay, Ay > 0.

Proof (a) For (x,y) € K and ||(x, )|l =/, let

1-8 1-8
m(l) = min{)q / Gl(l,s)w(s,x(s),y(s)) ds, Ay / Gg(l,s)h(s,x(s),y(s)) ds}‘
s s

By assumption m(/) > 0 for / > 0. Choose two numbers 0 < H3 < Hy, and let

H; H,
2m(Hs)" 2m(Hy) }

o] = max{

Qi ={(xy):(xy) €X x X,and |(x,9)|| <H;} (i=3,4).
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Then, for 11,13 > o1, (x,9) € KN 3; (i = 3,4), and ||(x,y)|| = H;, we have

H;

-5
min  Ti(x, y)(£) > Alﬁﬂl Gl(t,s)w(s,x(s),y(s)) ds > AMm(H;) > ) (i=3,4).

te[5,1-6]

Similarly, minses1-) To (%, y)(£) > % (i = 3,4). This implies that || T(x,y)|| = H; = ||(x, %)
for (x,y) € KN a; (i =3,4). Since wy = hy = Weo = heo = 0, it follows from the proof
of Theorem 1(a) and (b), respectively, we can choose H; < % and H, > 2H, such that
1T G ) < 1166 9)]l for (x,5) € K N3 (i =1,2), where ;= {(x,9) : (%,9) € X x X, [ )]l <
Hj} (i=1,2).

Applying Theorem A to Q, Q3 and 2, 24 we get a positive solution (x;,y;) such that
H; < ||(x1,y1)|| < H3 and another positive solution (xy,y,) such that Hy < ||(x1, y1)|| < Ha.
Since H3 < Hy, these two solutions are distinct.

(b) For (x,y) € K and ||(x,y)|| = L, let

1 1
M(L) = max{kl / Gi(1,8)w(s, %(s), ¥(s)) ds, A / Ga(L, 9)h(s, (), ¥(s)) ds}.
0 0

Then M(L) > 0 for L > 0. Choose two numbers 0 < H3 < Hy, let oy = min{zz‘zzg), 21;{}*{4)}

and set Q; = {(x,9) : (x,y) € X x X, |(x,9)|| < H;} (i =3,4). Then, for A;,A; < 0, and
(%,9) € K N3 (i = 3,4), l(x,9)]| = H;, we have Ti(x,9)(t) < mM(H;) < % (i = 3,4),
and, Th(x,9)(¢) < % (i = 3,4), which implies || T(x, )|l < H; = ||(x,9)| for (x,y) € KN 3L2;
(i = 3,4). Since either wy = 00 or hy = 00, and either wy, = 00 or sy = 00, it follows
from the proof of Theorem 1(a) and (b), we can choose H; < % and H, > 2H, such that
TG, = [1(x, )|l for (x,7) € KNI, (i =1,2), where Q; = {(x,9) : (x,5) € X x X, [|(x,9)]| <
H) (i=1,2).

Once again, we conclude to the existence of two distinct positive solutions. O

Theorem 3 Assume (Al) and (A2) hold.
(@) If wo =ho =0 or Weo = hoo = 0, then there is a positive constant o3 such that (1) has at
least two positive solutions for all 11,y > 03.
(b) If wo = 00 or hg = 00, or if Weo = 00 0 hoo = 00, then there is a positive constant oy
such that the system (1) has at least two positive solutions for all A1, Ay < 0.

Example 1 Consider the system of fractional differential equation provided by

DFx(t) + [x(t) +y(©)]* =0, £e[0,1],
DR y(t) + 2[x(0) + y1)]° =0, t€[0,1],

; . ; _ @)
D3x(0) =D3x(0) =D2x(0) =0, x(1) = 5%(3),
D3x(0) =D?x(0) = D3x(0)= 0, (1) = 1y(}),
where for Y,y > 0, w(t, x(£), 5(£)) = [x(t) + ¥(O)]* > 0, (£, x(£), y(2)) = [x() +¥(D)]° > 0,41 = 3,
©2=3€0)ip=5m=5el2in=71n=5€@3)hh=Li=2m=50m=]

n=3,&=3 and o’ = 3, €' = 3 €(0,1). By direct calculation we obtain w, =

ho =0 and Wy, = K5 = 00. Then, by Theorem 1(a), the system (4) has at least one positive

solution.
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Example 2 Consider the system of fractional differential equation provided by

Dix(t) + Yx(t) +y(£) =0, te[0,1],
DFy(t) + Ix®) +yO) =0, tel0,1],
D3x(0) =D?x(0) = Dix(0) =0, (1) =x(}),
D3x(0) = D3x(0) =Dix(0) =0,  y(1) =y(),

where Vux,y > 0, w(t, x(2), y(2)) = /x(£) + y(t) > 0, h(t,x(t), y(£)) = Jx(t) +y(t) >0, 1 = q1 =
1e(O)ip=p=3elL2in=rn=3€@3)kh=rh=Lau=0=1n=£=1,and
Pl = Pl = # € (0,1). By direct calculation we see that wy = /1y = 00 and Wy, =
hs = 0. Then, by Theorem 1(b), the system (5) has at least one positive solution.

4 Conclusions

In this research, by using the Krasnosel’skii fixed point theorem for a cone map, we stud-
ied the existence and multiplicity of positive solutions for a class of systems of fractional
differential equations with parameters, and we obtained the existence of at least one and
two solutions for our considered system.
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