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nonexistence of global solutions are determined. Unlike the existing results, the
source term considered is, in general, a convolution and therefore nonlocal in time.
The class of problems we consider includes problems with sources that are
polynomials and fractional integrals of polynomials in the state as special cases.
Singular kernels illustrating interesting cases in applications are provided and
discussed. Our results are obtained by considering a weak formulation of the problem
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1 Introduction
We consider the initial value problem

(D%, x)(t) + o ( Dgﬂc () > fo —s)|x(s)|9ds, t>0,q>1, W
(I5x)(0") =co, o €R,

where Dfj, and Dg+ are the Riemann-Liouville fractional derivatives of orders o and g,
respectively, 0 < 8 <a <1 (see (8)-(10)), and ¢ = 0,1.

Problem (1) includes many interesting special cases. When « =1, o = 0 and k(¢) = §(¢)
(the Dirac delta function), the equality in (1) reduces to the initial value for the Bernoulli
differential equation

X (t) +x(t) =x1(t), t>0,q>1,
x(0) = xo,

()

for which the solution is

w(t) = (7~ 1)ele " 4 1) T
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This solution blows up in the finite time

1 _
T, = l_qln(l—x(l) q)

if and only if the initial data x( > 1 (see e.g. [1]).
The nonlinear Volterra integro-differential equation

L
x'(t)=—c+ / x1(s)ds, t>0,q>1, 3)
0

can be transformed by differentiation into the second-order ordinary differential equation

x"(t) = x1(2). (4)
When ¢ = ﬁxgﬂ, xo > 0, the solution of (4) is given by

2
1-q | 2 g\ g
x(t):<—q —t+x02) ,
2 qg+1

and it blows up in the finite time

2 +1 L4
Ty=—— a7
qg-1 2

Whenao =0 =1, 8 =0, x(0) =x9 > 0 and k(¢) is a positive and locally integrable function
with lim;_, o0 fot k(s) ds = 0o, Ma showed in [2] that the solution of

X' (t) + x(t) = /t k(t - s)f(x(s)) ds, t>0, (5)
0

blows up in finite time if and only if, for some 8 > 0,

1
©r s \Pds
/v %) . <oo foranyv>0. (6)

Here f(¢) is assumed to be continuous, nonnegative and nondecreasing for ¢ > 0, f = 0 for
t <0, and limt%oof(Tt) = 00. Clearly, if f(x(s)) = |x(s)|? in (5), condition (6) simply means
that g > 1.

Recently, Kassim et al. showed in [3] that the problem

(D2.%)(t) + (DL, 0)(®) = £/ |x(0)|4, t>0,0<B<a<],
(I3x)(0") =co, co€R,

has no global solution when ¢y > 0,1<¢g < % and 6 > —f.
The authors in [4] proved that all nontrivial solutions z € C([0, Tiax, Co(RN))) of the
initial value problem

U — Au = fot(t —8)7Y|ul?u(s)ds, in(0,T) x RN,

u(0,x) = up(x), inRY,

7)
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where g >1, 0 < y <1 and ug € Co(RN), blow up in finite time when o > 0 and g <
max{%,l + %} € (0, ¢]. See Remark 10 for the main difference of this result with
the present one. This will clarify our main contribution.

It is known from the definition of Riemann-Liouville fractional derivative that it uses in
someway all the history of the state through a convolution with a singular kernel. More-
over, in the case of fractional integro-differential equations, the source term may involve
additional singularities in the kernel. Because of all these issues, it is difficult to apply the
approaches and methods for integer order existing in the literature to the non-integer
case.

As is well known, studying the nonexistence of solutions for differential equations is as
important as studying the existence of solutions. The sufficient conditions for the nonex-
istence of solutions provide necessary conditions for the existence of solutions. Investigat-
ing the nonexistence of solutions for differential equations provides very important and
necessary information on limiting behaviors of many physical systems. It is also interest-
ing to know what could happen to these solutions in cases such as blowing up in finite
time or at infinity. In industry, knowing the blow-up in finite time can prevent accidents
and malfunction. It helps also improve the performance of machines and extend their life-
span.

There are many results in the literature on the existence of solutions for various classes of
fractional differential equations and fractional integro-differential equations (see [5-14]).
Agarwal et al. surveyed many of these results in [5]. They focused on initial and boundary
value problems for fractional differential equations with Caputo fractional derivatives of
orders between 0 and 1.

For the issue of nonexistence of local solutions and global solutions for fractional dif-
ferential equations, we refer to [15-21] and the references therein. However, to the best of
our knowledge, there are no investigations on the nonexistence of solutions for fractional
integro-differential inequalities of type (1).

In this paper, we prove the nonexistence of (nontrivial) global solutions for the initial
value problem (1) under some integral conditions on the kernel k(¢). The proof is based on
the test function method due to Mitidieri and Pohozaev [22] adopted here to the fractional
case, see also [15, 18, 21]. For the purpose of studying the effect of considering one or two
fractional derivatives, we choose o to be either 0 or 1.

Our results could be utilized to identify the limitations of many physical systems and
to analyze the behavior of solutions of some nonlinear fractional differential equations
and inequalities for which the explicit solution may not be available. Also, our results will
extend the abundant results on integer-order problems to the (limited results available for)
fractional-order problems.

The rest of this paper is organized as follows. In the next section we briefly recall some
necessary material from fractional calculus that we use in this paper. Section 3 is devoted
to the statements and proofs of our results. Some applications and special cases are given

in Section 4.

2 Preliminaries
In this section we introduce some notation, definitions and preliminary results from frac-

tional calculus.
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Let [a, b] be a finite interval of the real line R. The Riemann-Liouville left-sided and
right-sided fractional derivatives of order 0 <« <1 are defined by

(D) (8) = D(I;Io‘x)(t), (8)
(D%)(8) = D) 0), (9)

respectively, where D = %. I%, and I} are the Riemann-Liouville left-sided and right-sided

fractional integrals of order « > 0 defined by

(1§+x)(t) = ﬁ /ﬂt(t -8 x(s)ds, t>a,

(10)
1

(52O = 75

b
/ (s—0)*x(s)ds, t<b,
t

respectively, provided the right-hand sides exist. We define I, x = I} x = x. The function
I" is the Euler gamma function. In particular, when o = 0 and « = 1, it follows from the
definition that

DY.x=Dj).x=x and D..x=-Dj x=Dx.

For more details about fractional integrals and fractional derivatives, the reader is referred
to the books [23-26].

We denote by L?(a, b), 1 < p < 00, the set of Lebesgue real-valued measurable functions
f on [a, b] for which ||f||» < 00, where

b 1/p
|lf||w=<f V(t)’pdt> , l<p<oo.

We denote by C,[a,b] and C/[a, b] the following two weighted spaces of continuous func-
tions:

Cyla,b] = {f: (a,b] > R | (t—a)'f(t) e C[a,b]},
Clla,b] = {f:(a,bl > R|f,Dy.f € C,la,bl},

respectively, where 0 < y <1, u > 0 and Cla, b] is the space of continuous functions.

The next lemma shows that the Riemann-Liouville fractional integral and derivative of
the power functions yield power functions multiplied by certain coefficients and with the
order of the fractional derivative added or subtracted from the power.

Lemmal ([23]) Ifa >0, 8>0, then

)

o _ )81 _ p\Bta-1
(5690 = g G=0"
P 0o LB
(D5 b=9")(0) = (5 =y b= 0"

Now we consider a useful property of the Riemann-Liouville fractional integral I, in
the space C, [a, b] defined in (11).
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Lemma 2 ([27]) Let0 <y <landa>y.Ifue C,la,b], then
(I%,u)(a*) = lim (I, u)(t) = 0.
t—a*
A formula for the fractional integration by parts is given in the next lemma.

Lemma 3 ([26]) Leta > 0, m; > 1, my zlbmdml1 + m% <1+ (m #1and my #1 in the
case when le + m% =1+a). If ¢ € L"(a,b) and ¢, € L' (a,b), then

b b
/wﬂW&mWWﬁ/nmm@ﬁMﬂﬂ

In this paper, we use the test function

T™MT-¢t)} 0<t=<T,
p(t):= (12)
0, t>T.

This test function has the following property.
Lemma 4 Let ¢ be asin (12) and p > 1, then for . >p -1,

P

S — s T N
A-p+1)

T
fo " P()|¢' )| dt =

Proof

T
A SO O de

T
— / T—A+Ap(T _ t))\—)\p|_)\ T—)L(T _ t)k—l |p dt
0

2P

S
-p+1) =

T
= \PT™ / (T - Pdt=
0
3 The nonexistence results
In this section we study the nonexistence of a global solution for the initial value prob-

lem (1). We start with the following lemma.

Lemma 5 Let 0 <v <1land p>1. Let ¢ be as in (12) with A > p — 1. Suppose that k is

a nonnegative function which is different from zero almost everywhere and t"Pk*P(t) €

L} .[0,+00). Then, for any T > 0,
T T 1-p T
/ (=o' @ < / k(s — £)o(s) ds) dt <A, ,T"? / £UPIP(8) dt,
0 t 0
here A, = 4
WHEre Bvp = G ra—p
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Proof Since

1
-v)
1

T TA-v)

T
(10 = g [ =07l 0] ds

T 1 1 _1 _1
/ (s= )"k (s = Dp? (k7 (s =) ¥ (9)|¢/(5)| ds

for all 0 <t < T. Using Holder’s inequality with }7 + 1% =1, we find

1
7

1 r »
Ty (fz k(s —t)p(s) ds)

T r r »
X (/ (s=8)"Pk ¥ (s—t)p 7 (s)|¢/(s) }p ds) . (13)

(I le')® <

Therefore,

T T 1-p
f (=) @ (/ k(s —t)p(s) ds) dt
0 t

T T » »
= m/; / (s—t)Pk P (s—t)p ¥ (S)\w'(S)\pdsdt

_ 1
(-

1 T s
= Ta-wy /0 0P (s)|¢' ()] ( fo (s— )Pk P (s — t) dt) ds. (14)

T s
f / (s— )Pk P (s — )" P (s) | (s) | dt ds
0 0

Let T = s — ¢ in the inner integral, then we obtain the uniform bound

s T
/ TP kP (1) dr 5/ TPl (1) dr.
0 0

Now the result follows from Lemma 4. O

Definition 6 By a global nontrivial solution to problem (1), we mean a nonzero function
x(t) defined for all ¢ > 0 such that x € Cy [0, T] for all T > 0 that satisfies the inequality

and initial conditions in (1).

In what follows we provide the conditions under which problem (1) cannot have global

nontrivial solutions.

Theorem 7 Let0 < f <« <1and k be a nonnegative function which is different from zero

almost everywhere. Assume that (7 + o9t P7)k~7 (t) € L} [0,00) and

T T
tim 7' ( / 24 K4 (1) dt + o7 / t’gq/qu/(t)dt) _o, (15)

0 0

where q' = %. Then problem (1) does not admit any global nontrivial solution when ¢y > 0.
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Proof Assume, on the contrary, that a solution x € Cy [0, T] exists for all T’ > 0. Multiply-
ing both sides of the inequality in (1) by the test function ¢ defined in (12) with A > 24" -1
and integrating, we obtain

T T
J< / o(t)(Dg.x) ) dt + o f o(t)(D}.x)(t) dt, (16)
0 0
where

T t
. _ q
J: /0 w(t)(/o k(t s)|x(s)| ds) dt.

An integration by parts for each integral on the right-hand side of (16) gives

T T
/ (p(t)(D‘(’,‘w)(t)dt:/ go(t)(DI(l)I“x)(t)dt
0 0
T T
- [eO @0 0], - /0 o () (15 %) (0 dt a7)
and
T T T
/0 () (D) (O dt = [0 (I %) (D], - /0 @' (6) (g x) (¢) dt. (18)

As ¢(T) =0, ¢(0) =1and (I(I)I“x)(O*) = ¢p, we can write (17) as

T

T
/ o(t)(Dgx)(8) dt = —co — / @' () (I5-%x) (t) d.
0 0

Also, since Iéiﬂx = Igfﬁléi"‘x, x € C14[0,T] and B < a, we see from Lemma 2 that
(1};’%)(0*) = 0. Hence (18) reduces to

T T 1
| eowi@d=- [ oo
0 0

and (16) becomes

T T
J<-—cy- /0 ¢ (O (I *x) @) dt - o /0 go/(t)(l(l):ﬂx)(t)dt. (19)

Having in mind that ¢y > 0 and ¢’ is negative, we entail that

T T
J< / (~¢'()) (I *x) (D) dt + o / (—¢' () Iy ) (1) it
0 0
T

T
< / (=0 (0) (15 1x]) 0) i + o f (= (0) (157 121) 1) . (20)
0 0

Applying Lemma 3 to each integral on the right-hand side of (20), we obtain

T T
J< / w0 (154 (=) (D) dit + / 0| (1 (~¢)) 0) d. 1)
0 0
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To obtain a bound for the expression J, we rewrite J as

T T T
= g k - d )d = q1< d1 22
] fo 1x(9) (/ (- s)p(e)dt ) ds fo 50| K (s) ds (22)
where
T
K(s)::/ k(t—s)p(t)dt, 0<s<t=<T. (23)

Next, we insert K i (H)K X (¢) inside each integral on the right-hand side of (21) and apply
Holder’s inequality

|~
|~

1 T / / q r ¢ / q
]§]q( /0 K@) (-¢'))! (t)dt) +o< / 1(7(t)(11Tif’(_<p/))q (t)dt)

0

or
/ T / ! / T —q/ !
J<217! (/ K1 () (172 (-¢')) " (t) dt + o / K 07 (-¢)" () dt).
0 0
Using Lemma 5, we get

T T
J< AT ( f 71 () dt + o7 / Mq’qu’(t)dt), (24)

0 0

where A; =291 max{Ae,q, Ay ). Assumption (15) leads to a contradiction since the so-
lution is supposed to be nontrivial. g

Our Theorem 7 shows that the fractional damping is not able to remove the effect of
nonlinearity. It provides sufficient conditions on the exponent g and on the family of ker-
nels, which leads to the nonexistence of global solutions.

As a corollary of Theorem 7, we have the following result.

Corollary 8 Let0 < 8 <« <1and k be a nonnegative function which is different from zero
almost everywhere with =7 k', P4 k14 (£) € L. [0, +00). Suppose that, for any T > 0,

loc
there are some positive constants cy, ¢y, 01, 0, with

1
0< 91, 92 < — (25)
q-1
such that
T ! / T / !
/ Uk () dt <o T and / PR () dt < e, T, (26)
0 0

whereq' = %. Then problem (1) does not admit any global nontrivial solution when ¢y > 0.
Proof To prove this corollary, it suffices to notice that conditions (25) and (26) imply that

hypothesis (15) is fulfilled. Indeed, in virtue of (26), we have

T T
0<T+ ( / £ 1 (£) dt + o7 / P4 1 (1) dt) <Y1+ 4 64 ¢, TV 402,
0 0
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We find from (25) that 1 — ¢’ + 6; and 1 — ¢’ + 6, are both negative and condition (15)
follows. O

4 Applications
Our results can be applied to a variety of kernels that appear in the literature. The following
corollary of Theorem 7 is concerned with the Riemann-Liouville fractional integral kernel.

Corollary 9 Let0 < B <o <1and g > 1. Suppose that k(t) > at™, t > 0, for some constant
a>0,wherel —q(l-a)<y<2+q(B—1). Then problem (1) does not admit a global
nontrivial solution when cy > 0.

Proof It suffices to show that the function k satisfies (15). Indeed, since k(t) > at™;a > 0,
then k17 (¢) < a7 ¢"7 Y, ¢’ = 7 and

T ’ ’ ’ T / ’ ﬂl_q/ / /
/ YR () dt < a1 / Y -N-oq gy TV -D-nq+1
0 0 (@ -1)-npg +1
T ’ ’ (ll_q/ ’ ’
/ P () dr < vi@'-D)-pq'+1
0 v(@-1)-Bq +1
Hence,
! T ! / / T ! /
T4 ( / YT () dt + o1 / Pk (1) dt)
0 0
ﬂliq/ 7 ﬂliq/o'q/ 7
< 2-y+q (y—a-1) 2-y+q (y=p-1)
Ty(@-D-aq'+1 y(@-1)-Bq +1
It follows from 1 — g(1 — a) < y < 2 + g(B — 1) that (15) is satisfied. a
q 14 q

Remark 10 Notice that the kernel treated in Problem 7 fits into the special case consid-
ered in Corollary 9. Treating a more general kernel is not the main difference with the
work in [4]. The problems, the results and the arguments are different. Indeed, we treated
a fractional equation (or inequality) and proved a ‘nonexistence’ result, whereas in [4] they
studied the heat equation (order one) and proved a ‘blow-up’ result. Even in the fractional
context, introducing a fractional damping presents a challenge as it is known that damping
competes with the nonlinear force. It tends to annihilate (or at least reduce) the destabi-
lizing effect produced by the nonlinear source.

Remark 11 Corollary 9 can be considered also as a consequence of Corollary 8 with

/

a1 a7 s
a=—7m—"—"""—7 GO=——""-"-"-",
y(@-1)-aq +1 y(@ -1)-Bq +1
l-a)+y -1
R I L LS S
q_
1- -1
92:y(q/—1)—ﬂq/+1:%, 0<f<a<l
q—

Itis clear from1-g(l1-a) <y <2 +¢q(B —1) that 0 < 6,6, < ﬁ.

Page 9 of 11
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Remark 12 Observe that the upper bound of the exponent y is controlled by the order

of the lower derivative.

As an example of the kernels in Corollary 9, we have the following case when the right-

hand side of (1) is the Riemann-Liouville fractional integral of |x(¢)|4.

Example 13 The problem

(D%, %)) + (Dh,2)(8) = (I |x©)|)©), t>0,4>1, o
27
(I(I)I“x) (O*) =cy, ¢ €R,

is a special case of problem (1) with

kt)=t7, 1-gQ-a)<y<2+q(B-1), 0<B<a<l

Therefore, as a consequence of Corollary 9, problem (27) does not admit a global nontriv-

ial solution when ¢y > 0.
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