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EXISTENCE OF SOLUTIONS FOR SINGULAR FRACTIONAL
NAVIER BOUNDARY VALUE PROBLEMS

SARA ALTALHI, ABDELWAHEB DHIFLI, ABDELJABBAR GHANMI

ABSTRACT. In this paper, we are concerned with the following fractional Navier
boundary value problem:

DP(D%u)(z) = —g(u), x € (0,1),
hm+ P D%u(z) = —a, wu(l) =b,

z—0

where a, 8 € (0,1] such that a4+ 8 > 1, D® and D# stand for the standard
Riemann-Liouville fractional derivatives, the function g is continuous and non-
increasing on (0, 00) and the reals a,b € (0,00). Using Schauder’s fixed point
theorem, we prove the existence of positive continuous solutions.

1. INTRODUCTION

Fractional differential equations have extensive applications in various fields of
science and engineering. Many phenomena in electrochemistry, control theory,
porous media, electromagnetism and other fields, can be modeled by fractional
differential equations. Concerning the development of theory methods and appli-
cations of fractional calculus, we refer to [4] [7, 8, [9, 10} [T}, 13} 211, 22} 24] and the
references therein for discussions of various applications.

The theory of fractional differential equations with various boundary conditions
has been developed very quickly and the investigation for the existence, uniqueness
and asymptotic behavior of positive continuous solutions attracted a considerable
attention of researchers; see, for instance [T}, 2] [ [ 6], T2}, 141 15 16}, 17, 18, 19, 20,
23], 28], [26] and the references therein..

Recently, in [I8] the authors studied the following fractional Navier boundary
value problem

D (Do) (@) = —p(@)u”, = € (0,1), o
{ lim, o+ ' ~#D%u(z) =0, wu(l) =0, (1.1)

where «, 8 € (0,1] such that « + 8 > 1, 0 € (—1,1) and p is a nonnegative
continuous function on (0,1). Under some appropriate condition on the function p
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and using the Schauder fixed point theorem, the authors proved the existence of a
unique positive solution to problem .

Inspired by the above-mentioned works, in this paper, we consider the following
nonlinear Navier boundary value problem

DA(Du)(z) = —g(u(z)), =€ (0,1),
{ lim xl_BD“u(xg) = —a, u(l) =9, (1.2)

z—0+

where a, 3 € (0,1] such that a+3 > 1, D® and D? stand for the standard Riemann-
Liouville fractional derivatives and a,b are positive real numbers. The nonlinear
term ¢ is a nonnegative function defined on (0,00) and satisfying the following
hypotheses

(H1) g : (0,00) — (0, 00) is continuous and nonincreasing.

(H2) [i(1— ) tBF~1g(bt*1)dt < oc.

(H3) There exists ¢ > 0, such that [g(bt®~")| < et for ¢ near 0 with § < 1.

To illustrate, let us present the following example
Example 1.1. Let 0 > 0 and let g(t) =t77, t > 0. Then g satisfies (H1)-(H3).

To state our main results in this paper, we need to introduce some convenient
notations. For A € R, we put At = max(),0) and for o, 8 € (0,1], such that
a+8 > 1, we denote by G(z,t) the Green function of the operator u — —D?(D%u),
with boundary conditions limoxlfﬁDo‘u(a:) = u(l) = 0. From [I8], G(z,t) is

Tr—
explicitly given by

Gz,t) = 5 ! (1 =)t — ((x — ) T) TP (1.3)

(a+5)

where I' is the Euler gamma function.

We denote by B((0,1)) the set of Borel measurable functions in (0, 1), by B*((0,1))
the set of nonnegative ones and by C((0,1)) the space of all continuous real func-
tions on (0,1). For a positive real number r, we use C,.([0,1]) to denote the set of
continuous functions f on (0, 1] such that z — =" f(z) is continuous on [0, 1].

Moreover, for f € B*((0,1)) and z € (0,1), we put

1
Vi) ::/ G(z,t) f(t)dt.

0
The authors in ([I8, [19]) proved the following results,

Lemma 1.2. (i) For (z,t) € (0,1) x (0,1), the Green’s function G(z,t) satis-
fies
(a+B -1z 11 —2)(1 —t)e+h-t
CINCEe)

z* N1 — 1) TA 2 min(1 —¢,1 — z)
N (o + )

(ii) Let f € BT((0,1)), then the function x — V f(x) is in C1_,([0,1]) if and
only if f; (1 —£)*HA=1f(t)dt< oc.
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(iii) Let o, B € (0,1] such that o+ 8 > 1. Let f € C’(( )) such that the map
t — (1 —t)**tB=1f(t) is integrable and |f(t)] < t~° near 0, with § < 1.
Then V f is the unique solution in Cy_,([0,1]) of the following boundary
value problem

{ D (Du)(x) = —f(x (0

), = €(0,1),
lim z'~ 'GDO‘() 0, wu(1)=0. (1.4)

z—0*t

In the sequel, we denote by w the unique solution of the homogeneous problem
corresponding to ([1.2). We can easily verify that, for « € (0,1)
I'(B) -1 -1
w(z) = a=—"—2* (1 — 2P) + bz L. 1.5
(@)= apgg p 572" (1= 2") (15)

Our main results are the following.

Theorem 1.3. Assume (H1)-(H3), then problem (L.2)) has a positive solution u in
C1-4([0,1]) satisfying for x € (0, 1],

w(z) < u(r) <qw(z), (1.6)
where v > 1.

This paper is organized as follows. In Section 2, we give some basic preliminary
results of fractional calculus. In Section 3 we prove our main results.

2. FRACTIONAL CALCULUS

For the convenience of the reader, we recall in the following some basic definitions
and some elementary properties of fractional calculus (see [8] 22] 23]).

Definition 2.1. The Riemann-Liouville fractional integral of order v > 0 for a
measurable function f : (0,00) — R is defined as

I f(x) = %’y) /Oz(z — )7 f(t)dt, x>0,

provided that the right-hand side is pointwise defined on (0,00). Here T' is the
Euler Gamma function.

Definition 2.2. The Riemann-Liouville fractional derivative of order v > 0 of a
measurable function f : (0,00) — R is defined as

D10 = i (52) [ @m0 wa = (1) 1 o)

provided that the right-hand side is pointwise defined on (0, 00). Here n = [y] 4 1,
where [y] denotes the integer part of the number ~.

Example 2.3. Let a > 0 and A > —1 and let f(¢) = t*. Then by simple calculus,
we have for z € (0, 1]
'(A+1) o

FI® = e+
and
o _ F(A + 1) -«
DYf(x) = maf‘ .

In particular D*x*~™ =0, m = 1,2, ..., N, where N is the smallest integer greater
than or equal to a.



4 S. ALTALHI, A. DHIFLI, A. GHANMI

Lemma 2.4. (i) Let a > 0 and let v € C ((0,1)) N L(0, 1), then we have
D*I% = v.
(i) Let @ > 0 and v € C ((0,1)) N L'(0,1), then

N
D%(x) =0 if and only if v(z) = chx(x—j’
7j=1

where N is the smallest integer greater than or equal to « and (¢q, ...,cn) €
RV,

(iii) Let @ > 0 and v € C ((0,1))NL(0,1) such that D% € C ((0,1))NL(0,1),
then

N
I°D%(z) = v(z) + Z cjx®
j=1
where N is the smallest integer greater than or equal to o and (¢q, ...,cn) €
RY.
The following lemma due to [19)]

Lemma 2.5. Let 8 € (0,1] and a € (0,00). Let f € C((0,1)) such that the map
t — (1 —t)>+P=1£(t) is integrable and |f(t)| < t~9 for t near 0, with 6 < 1. Then
the function = — I8 f(x) € C((0,1))n L'((0,1)) and 1imox1*51ﬁf(x) =0.
rT—r
3. PROOFS OF MAIN RESULTS

In this section, we aim at proving Theorem [I.3] First we need the following

1

Proposition 3.1. Let ¢ be a nonnegative function that satisfies / (1—-t)* P~ Lp(t)dt <
0

0o. Then the family of functions defined in (0,1) by

1
w(x)

/ Gl f0t: 1] < so}

is uniformly bounded and equicontinuous in [0,1]. Consequently, F is relatively
compact in C([0, 1]).

F={a— s()a) =

1
Proof. Let ¢ be a nonnegative function that satisfies / (1 — )P Lp(t)dt < oo

0
and let f be a measurable function such that |f| < ¢. By Lemma (L.2)) (i) and
(1.5)), we have

1 1
S < —— [ (1 -t)* P 1p(t)dt.
SO < g [ =07 e
Hence, F is uniformly bounded.
Now, let’s show that the family F is equicontinuous in [0, 1]. For z,2’ € (0,1),

we have
[, G - Do

w(a’)

L G(x,t) Gt
< [ 155 ) e

1S(f)(x) = S(f) (")
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Using the fact that w is continuous on (0,1] and the Green function G(z,t) is
continuous with respect to the first variable, then

t ,1)
|G(x,)7G(x |*>0 as |z — 2’| — 0.
w(x) w(m
On the other hand, by using ([1.3)) and (| for t € (0,1), we have
|G(x7t) B G(:v’,t)| < 2

w(x) w(z) '~ M a+p)
So, by the dominated convergence theorem, we deduce that |S(f)(z) — S(f)(z')]
tends to zero as ’:E — x’} — 0, uniformly with respect to f € F. This implies
that, the family F is equicontinuous in (0,1). Finally, we need to verify that the
function S(f) has a limits at # = 0 and 2 = 1. From Lemma (1.2) (i) and (1.5]) for

€ (0,1), we have

( o t)oHrﬁ*l.

1
SU)@)] < gy | (=07 min = 11— a)e(t)i

Hence, we deduce that lim,_,;- S(f)(z) = 0, uniformly with respect to f € F.
Moreover, by ([L.3) and (1.5)), we have

S - FarT ;F( 5 | a=oer
(1 —t)athf-t
_|/ @ a8 + s g O
and
|G(:L‘,t) B (1— t)a+,3 1 B (1-— t)a+ﬁ71 _ xl—a((x _ t)+)°‘+5*1
w(@)  al'(B) + bl (a+B) = | al'(B)(1 — 28) + bI' (o + B)
(1 _ t)a+571
al'(8) + bI'(a + )
< bI‘( — ﬁ)( _ t)oz+ﬁ71'

It follows from the dominated convergence theorem that | S(f)(z)— m /i 01 (1
)AL f(t)dt| tend to zero as @ —s 0T, uniformly with respect to f € F.

Hence, we conclude the family F is equicontinuous in [0, 1] and by Ascoli’s the-
orem F is relatively compact in C([0, 1]). This ends the proof. O

Proof of Theorem[I.3 Let a, € (0,1] such that & + 8 > 1 and let a,b € (0,00).
We shall use a fixed point argument to construct a solution to problem . For
this end, put v = 1 + m fol(l — 1)@t =1g(bt*1)dt and consider the closed
convex set

A={veC(0,1]) : 1 <wv(z) <~}
We define the operator 7" on A by

1 1
To(z) =1+ w(x)/o Gz, g(w(t)v(t))dt, =€ (0,1). (3.1)

We shall prove that T has a fixed point in A. First, we have clearly that for v € A
1 < Tw < . By same arguments as in the Proof of Proposition (3.1)), we show that
TA is relatively compact in C([0, 1]). So, we deduce that TA C A.
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Next, let us prove the continuity of the operator T' in A. Consider a sequence (vy)
in A which converges uniformly to a function v € A and let = € [0,1]. We have

‘Tvk(x) — Tv(:c)| < L/ G(m,t)|g(w(t)vk(t)) — g(w(t)v(t))‘dt
w(z) Jo
and using the hypothesis (H1), we get

|9(w(®)or(t)) — g(w(t)o(t)] < 29(w(t)) < 29(bt> 7).
Now, since g is continuous, we deduce by the dominated convergence theorem that

for z € [0,1], Tvg(x) — Tw(z) as k — oo. Since T'A is relatively compact family
in C([0,1]), we have the uniform convergence, namely

[ Tvr — Tv|leo — 0 ask — 0.

Thus we have proved that T' is a compact mapping from A to itself. So, by the
Schéuder fixed point theorem, T" has a fixed point v € A. Put u(x) = w(z)v(x), for
€ (0,1]. Then u € C1_4([0,1]) and satisfies for = € (0, 1]

u(z) = V(g(u))(z) + w()
and
w(z) < u(z) < yw(x). (3.2)
It remains to prove that w is a positive solution of problem . Indeed, by
u(x) > w(x) > bz~ ! and since the function g is nonnegative and nonincreasing, we
have obviously g(u(z)) < g(bx*~1). We deduce from (H2),(H3) and Lemma
(ii) that V(g(u)) is a positive continuous solution of the following boundary value

problem
DF(Du)(x) = —g(u(z)), =€ (0,1),
lim z'~?D%(z) =0, wu(l)=0.
z—0t
In addition, since w is the unique solution of the homogeneous problem associated

to (1.2)), then u is a positive solution of problem (|1.2). This completes the proof. O
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