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Abstract. In this paper, we investigate the nonexistence of nontrivial global solutions
for a fractional integro-differential problem in the space of absolutely continuous functions.
We provide criteria under which no nontrivial global solutions exist. It is shown that a
dissipation of order between zero and one or even a (frictional) dissipation of order one
does not help providing global nontrivial solutions. The test function method is used
with several derived estimations. Examples with numerical computations are given to

illustrate the results.
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1. INTRODUCTION

We consider the following fractional integro-differential inequality
t

(1.1) u'(t) + (D) (t) > / gt —s)f (u(s))ds, t>0,0<a<?2,
0

subject to

(1.2) u(0) = up, when 0 < a <1,

or,

(1.3) uw(0) = ug, v'(0) = uy, when 1 < a < 2,

where CD(‘)" ‘. is the Caputo fractional derivative of order a and ug,u; € R are given
initial data.

This initial value problem is a generalization of many interesting initial value
problems. When the kernel g represents the Dirac delta function, f(u) = u? (¢),
p > 1 and a = 0, the equality in represents the Bernoulli differential equation

(1.4) W) +ut)=uP(t), t >0, p>1.

IThe authors gratefully acknowledge financial support from King Fahd University of Petroleum
and Minerals through project number SB191023.
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Equation (|1.4)) with u(0) = ug has the solution

u(t) = ((ué_p — 1) (=Dt | l)ﬁ ’

that blows up in the finite time

T, =

1—
17p1n(1—uo p)

if and only if ug > 1, (see [A]).

The solution of the nonlinear Volterra integro-differential equation

(1.5) u'(t) = —c—i—/o uP(s)ds,

is given by

1-— 2 1-p\ =P
u(t):(2p Mt+u02> )

and it blows up in the finite time

2 p+1 1=
l - £ 2
b p—1 2 Yo~ >

when ¢ = p%uéﬁl and ug > 0.
When o = 0, up > 0 and the kernel ¢(t) is positive, locally integrable and

tlim fg g(s)ds = oo, it has been shown in [I1] that the solution of
— 00

(1.6) u'(t) +u(t) = /0 g(t —s)f (u(s))ds, t>0,

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

</ s \7ds
(1.7) /V <f(s)> ’ 5 <% for any v > 0.

It has been assumed that f(t) is nonnegative, continuous and nondecreasing for
t>0, f=0fort <0, and tlim @ = oo. Obviously, when f(u(s)) = |u(s)|” in
— 0

(1.6)), the condition (|1.7) is fulfilled if p > 1.
By choosing g(t) to be the Dirac delta function and f (u) = |u(t)|”,p > 1 in the

equality in (1.1]), we obtain

(1.8) /() + (CDg,u) (t) = Ju(®)P, t>0, p>1.
4
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As proven in [12], the solution of the system

(1.9)
ug 4+ Y a; (Dyiu) () jg (;(15)7:)1 (u(s),v(s))ds, t>0,0<a;,mn <1,
i=1
n
vt+z:1ai (ngrv) fO F(l 'yg) f2 ( ) ( ))dS, t>0, 0<Bi772<1a
1=
u(0) = ug, v(0) =vy , 0<ug,vy €R,

blows up in finite time for the continuously differentiable functions f; and fs

satisfying the growth conditions:
fi(u,v) >alvl’ and fo(u,v) >blul?, a,b>0 forall u,ve€R.

Although, the authors in [12], treated a system rather than an equation, the kernel
(t=s)77

INCE

The present authors studied, in [3], the nonexistence of nontrivial global solutions

there is a special case of ours, that is k(t — s) =

for the fractional integro-differential problem

(Dg+u)(t)+( ) >f0 (t—s)|u(s)|Pds, t>0, p>1,
(1.10)

(I'~*u) (07) =b, bER,
where D, and Dg , are the Riemann-Liouville fractional derivatives of orders o and
B, respectively, 0 < < o < 1 and h is a nonnegative function different from zero

almost everywhere. It has been shown that if (t_ap/ + t_Bp,) R1=P' (t) € LL [0, 00)

T T
lim T~ ( / = P (4)dt + / tﬁp’hlp'(t)dt> -
T— o0 0 0

where p’ = %, then, the problem has no nontrivial global solution when
b>0.

In this paper, we prove nonexistence of nontrivial global solutions for Problems
— and — under some conditions on the functions g and f . The
test function method introduced in [I3] is adopted to the fractional case and used

here, see also [5], @ [10] [15].

loc

and

It is well known that lower order derivatives usually represent damping terms and
therefore help stabilizing the system in addition to the existence of solutions for all
time. On the contrary, polynomial sources destabilize the system and they can even
force solutions to blow up in finite time. In fact they are sometimes called blowing
up terms. When they are both present in the system we will have a competition
between these two terms. When 0 < « < 1, the fractional derivative acts as a

damping term, while when 1 < « < 2, it is the first derivative which plays this role.
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Many results on the existence of solutions for fractional differential equations are
available in the literature, ( see e.g. [T}, 2L §]). The most important recent results
on fractional differential equations with Caputo fractional derivatives are surveyed
in [I]. The study of the nonexistence of solutions for differential equations is as
important as the study of the existence of solutions. It is particularly capital for
the nonlinear differential equations where solutions cannot be found explicitly. We
refer the reader to [5] 6 12} [9, 10, [15] and the references therein.

The rest of this paper is structured as follows. Section 2 is devoted to the required
notions and notations from fractional calculus that will be used throughout this
paper. Also, we present the test function and some of its properties we use. The
statements and proofs of our results are presented in Section 3. In the last section,
we provide some examples of special types of kernels with the numerical treatment

at various values of the parameters.

2. PRELIMINARIES

In this section, we begin with some fractional-order operators relevant to our
study and recall some of their properties. We introduce our selected test function
with some of its characteristics.

The Riemann-Liouville left-sided and right-sided fractional derivatives of order

a > 0, are defined by

(2.1) (D) () = D" (I'%u) (1),
(2.2 (DEw)(t) = (—1)"D" (I2=) (o),
respectively, where D™ = ;Tr;, n = [a] + 1 and [o] is the integral part of a. I,

and ;' are the Riemann-Liouville left-sided and right-sided fractional integrals of

order o > 0 defined by

fe% _ 1 K a—1

(Ia+u) (t) = @/@ (t - S) U(S)ds, t> a,
« 1 ’ a—1

(I-u) (t) = @/t (s —t)* “u(s)ds, t<b,

respectively, provided the right-hand sides exist. The function I' is the Euler Gamma
function. We define Ig+u = Il?_u = u. In particular, when a = m € Ny, it follows

from the definitions that

Diu=D™u, Di u=(—1)"D"u.
6



NON-EXISTENCE OF GLOBAL SOLUTIONS FOR A ...

The Caputo left-sided and right-sided fractional derivatives of order o« > 0, are

defined by
n=1 ) (g _
Dsu) () = ( . <u<s>2 | )<sa>1>> ),

1=0

e |
(D) (1) = (Ds <u<s>—2 e (b—s>1>><t>,

=0

respectively, where n = [a] + 1 for @ ¢ Ny and n = « for o € Ny.
In particular, when o = n € Ny, it follows from the definitions that
“DOu =D u=u, D" u = D"u, D} u = (—1)"D"u.
Notice that if u(¥(a) = 0 for all ¢ = 0,1,...,n — 1, then D% u = D u, and if
u® () = 0 for all i = 0,1,...,n — 1, then CD?,u = D;* u. For more details about
fractional operators, we refer to the books |7} [14].

The space of absolutely continuous functions on [a, b] is denoted by AC [a,b]. In

general, for n € N,
AC"[a,b] = {u: [a,b] — R such that D" 'u € AC[a,b]}.

If u € AC™[a,b], then CDg‘Jru and CDZ“,U exist almost everywhere on the interval

[a, b] and
(2.3) (“Dgiu) (t) = (I}7D"u) (1),
(2.4) (“Dyu) (t) = (=)™ (I}7*D™u) (t).

Lemma 2.1. [7] If a« > 0, 8 > 0, then

- F(/B) B—a—1
DY (b—s) ) ()= —L_(b— .
(25 6-9"") )= 55 ¢ -9
Lemma 2.2. [14]Leta20,p21,q21and%—i—%gl—i—a(p;ﬁlandq#lin
the case when%—l—l:l—ka). If feLP(a,b) and g € L7 (a,b), then

b
/f (12, 9) (1) dt / o (t) (I2f) (1) dt.

Lemma 2.3. Let o > 0 and n = [a] + 1 for o ¢ Ny and n = « for oo € Ny. For
feCla,b] and g, I}'"* f € AC"[a,b], we have

n—1

/ £ () (CD%g) (1) dt = / g(t) (D3 F) () i+ [(DE"£) (1) (D) (1)]".

=0
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Proof. Since g € AC"|a, b], then we have from the definition (2.3)),

b
/ £0) (Dag) (0t = [ f10) (12D"9) ().
Because f € L™ (a,b) for any my > 1 and D"g € L' (a,b), we deduce from Lemma
2.2
/ f @) (I'7*D"g) (t)dt = / D"g (t) (1]~ f) (t)dt.
As I'"“f € AC™[a,b] and D""'g € AC [a,b], then integrating by parts n times
yields

n—1

[ 10€0z0) @ar =3 (D) 0 (079 02+
1=0
b
+(—1)”/ g(t)D™ (I~ f) (t) dt.
Owing to , the proof is complete. O

In this paper, we use the following test function

(1_%)0’ OStSTa
(2.5) 6 (1) :=
0, t>T.

The function ¢ has the following properties.

Lemma 2.4. Let ¢ be the function defined in (2.5), then for 8 > nr — 1, r > 1,

n=0,1,2,..., we have

T
/ ¢ (1) |D"¢ (1" dt = C,, T, T >0,
0

where
oo r7(6+1)
@ —nr+1)TT(0 —n+1)
Proof. Since
D" (t) = (-1)"00-1)(0-2)...0—n+1)T (T —1)""
_ =)'+, 0—n
B r(a—n+1)T9(T_t) ’

it follows that
’ - F(0+1) " — r 0—nr
1-r n r _ I S 0 B
[ o aieora = () o0 [ a0

= C,, T .
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Lemma 2.5. Let a« > 0 and ¢ be as in (2.5) with 0 > o — 1, then we have for all
0<t<T,

F(9 + 1) -0 0—a
. T =——>"T""(T-t

T
(2.7) / t" (DF-¢) (t)dt = EmoT™ 7 m=0,1,2,...n—1, n=[a] +1,
0

where &mo = Sy

Proof. We have from Lemma [2.1
r@e+1)

(D-9) (1) = (Dg-T (T~ 9)") (1) = Fo—agn! @0
An integration m times by parts yields
T m=1 ) oo r
[ s a@a = X [0 I (1) 0
0 o (m Z)- 0
T
(2.8) +(=1)™ m! / (17 DS ) (¢) dt.
0

Using (2.6) and Lemma we find

i+1 o _ r@+1) 0 p\O—atitl
re+1)

(I Dg-¢) (t) = T (T — )"

r—a+m+1)

Therefore
(2.9) [t (I Dg_¢) (1)) = 0 forall i =0,1,2,...,m — 1,
and
(2.10) / Y e gy di= — FOTD s

' g T T —a+m+2) '
Now, by substituting (2.9) and (2.10) in (2.8)) we obtain (2.7)) . O
Lemma 2.6. Let « >0, n=[a] +1 and ¢ be as in (2.5) with § > a — 1, then

o re+1 _ n—a
(13720) () = 0D oo pyene

S T@+n—a+1)
for all 0 <t <T. Moreover, I.-%¢ € AC™[0,T).

Proof. From an application of Lemma [2.1] we deduce that
- _ _ re+1)

e = (= (T70(T - 9)")) (t) =

(1720) (0 = (5= (17T =9") ) O = 54— D)

It is clear that I7:-%¢ is in the space AC™[0,T] for 6 > o — 1. O
9
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Lemma 2.7. Let o > 0 and ¢ be as in (2.5) with > max {0, — 1}. Suppose that
g€ AC™0,T], n=[a]+ 1 for a ¢ Ny and n = « for o € Ng. Then

T T n—1
/0 6 (1) (°DS. g) (1) dt = / 6(t) (DE_6) (1) dt — 3" & o T (D"1~7g) (0)
1=0
where ELQ = %

Proof. As a consequence of (2.6]) in Lemma we get for i =0,1,2,....n — 1,
re+1)
O@+1—-—a—i+n)

(DS ") (T) = 0.

(quitzfnqﬁ) (0) —_ - Tn—cv—'i’

Since ¢ € C[0,T] for & > 0 and I7-“¢ € AC™[0,T7], then the conclusion follows in
the light of Lemma [2.3 (]

3. THE MAIN RESULTS

In this section we prove the nonexistence of a nontrivial global solution for the

initial value problems (L.1) — (1.2) and (1.1)) — (1.3)).

Definition 3.1. By a nontrivial global solution of Problem (|1.1)) — (1.2)) or Problem
(1.1)) — (1.3]), we mean a nonzero function u defined on [0, 00) such that u € AC'[0,T]
or u € AC%[0,T] for all T > 0, for which the inequality (1.1]) holds for all ¢ > 0,

and satisfying (|1.2)) or (1.3)), respectively.
Firstly, we need to prove the following auxiliary lemma.

Lemma 3.1. Let § > 0, n = [8] + 1 and r > 1. Let ¢ be as in (2.5) with 6 >
nr — 1. Suppose that g is a nonnegative function that is different from zero almost
everywhere and t""=F=Ygl=" (t) € L} [0, +00). Then, for any T >0

1—r

/O ! (2-6) ) ( /t " s = D6 (s) ds> dt < Gy, T /0 " a0 i ()

where éﬁ,r = %, Chr 1s given in Lemma .

Proof. Since ¢)(T) = 0 for all i = 0,1,...,n — 1, then DJ_¢ = DI _¢. Also,
since ¢ € AC™[0,T] for § > n — 1, then DS_¢ = (=1)"1}'"" D" and

1

(P7-0) (0= (5= 1D"l) (0 = 7= N0 |(06) (9)] ds

_ 1 Byt (s
= w0
10
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Using Holder inequality with % + %, =1, we find

(pio) ) < F(;_B)Ufg(s—tw(s)ds)'

Therefore
T , T 1—7r
/0 (Ds-0) (1) ( /t o(s — ) () ds> dt
Tt r(n—p—1) = _r n r 1
< b o ), (s—1) g 7 (s=t)¢" 7 (s)[(D"9) ()| dsdt, bl:m
T S
_— / (s — £)""PD gl=r (s — )81 (5) (D) (s)]" dtds
0 0

n | Lo () 1(070) (5] ( [ =0t g - t)dt) s

Let 7 = s — t, then the following uniform bound is obtained

s T
/ Tr(n—ﬁ—l)gl—r(T)dT < / 7_7‘(71—[3—1)91—'r(7_)d7_7
0 0

and the result follows from Lemma 2.4l O
Now, we are able to prove the nonexistence of solutions for the problem (1.1 —
(1.2) when 0 < v < 1.

Theorem 3.1. Let 0 < a < land f be C! (R, R) function satisfies
f(x)>alx? for all z € R for some positive constant a and p > 1.

Suppose that g is a nonnegative function different from zero almost everywhere with
g P o g (1) e L [0, +00) and

loc

T—o00

T T
(3.1) lim T (T"’/ / g (t)dt + / t_‘”’,gl_p/(t)dt> =0,
0 0

where p' = 1%, Then the problem (1.1]) — (1.2) does not admit any global nontrivial

solution when ug > 0.

Proof. Assume, on the contrary, that a solution v € AC|0, T] exists for all T > 0.

Multiplying both sides of (1.1]) by the test function ¢ defined in (2.5)) with § > 2p’—1
11
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and integrating, we obtain

(32)
/ oWt + / " o) (°Dgyu) ()it > / o) ( / gt — ) () ds) it

By Lemma [2.7] we have,

T T B
B3 [ 00 @) Odi= [ ) (DF-0) ()it — o

T T
3.4 t)u' (t)dt = — t)¢' (t) dt — uo,
(3.4) | owuma=— [ uwe @i —uw
where & , = %.
Substituting and in yields
T T
(3.5) W+ ug (1+ &,aT" %) g/ u(—¢’)dt+/ uD$ dt
0 0
where
T t
3.6 W= t t— ds | dt.
(36) [ow ([ ote-9rwenas)

To have a bound for the integrall¥V, we rewrite it as

T T T
W= / £ (u(s) (/ g(t—s>¢<t>dt) ds = / £ (u () G(s)ds,

where .
G(s) ::/ glt—s)p(t)dt, 0<s<t<T.

Applying Holder inequality with % + L =1 for the two integrals in right hand side

p/
of (3.5)), we obtain

T T
/u(—qﬁ’)dtg(/ |qudt>
0 0
T T 5 T o , v’ N
/ uDg_¢dt < (/ |u|”Gdt> (/ G~ 7 (Dg_¢)" dt) <W Vo,
0 0 0

where

1
7

T , , P . 1
(/ G (—¢') dt) <W v U7,
0

1

=

’ ’
y2

T o , T o ,
(3.7) U= a—%/ G % (=¢)" dt and V.= a_7/ G~ 7 (DS_¢)" dt.
0 0

Therefore ([3.5) can be rewritten as
(3.8) W tug (1+&aT" ") SW 3 (U7 + V7).
From the positivity of W, ug and &y o, we get from
wosw (U V),
12
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which implies that

(3.9) W <2 LU +V).

Now, we estimate the integral U defined in ,

T
p’ p’ !

U = avr | G (t) (—¢' (1) dt

/

-5 / (/ g(s—t>¢<s>ds> (DL (1)" dt

! A ’ T ’
(3.10) < af%CLp/Tl_Qp / g' P (t)dt, (Lemma[3.1] with 8 = 1).
0

Il
S
3

Similarly, we see that

!’ T ’/ ’
Vo= o F [ et owie oa
T

/ T 1—p’ /
JL/O (/t g(s—t)¢(8)d$> (D2 )" (¢) dt

/7 T
3.11 < a T Cy TV [ o g P (1)at,
sP
0

I
S
B

(Lemma 3.1 with 0 < f = < 1).
Substituting (3.10)) and (3.11)) in (3.9) we end up with

T T
(3.12) W <M (T”p’ / g P (t)dt + T / t—ap’gl—P'(t)dt>,
0 0

where M = 2"~ max {a—p?éﬁ,p/, a” v Copr } Eventually, we deduce from Condition
(3.1) that u = 0 and the proof is complete. O

The following result is a corollary of Theorem [3.1

Corollary 3.1. Let a and f be as in the assumptions of Theorem [3.1] Suppose

that, for any T > 0, there exist positive constants ki, ks,

+1
(3.13) w1<z_1and w2<ﬁ
such that
T ’ T ’ /
. g P ()dt < kBT, an t™ P g TP (t)dt < kT2,
3.14 =P(tydt < kyT¢ d P gl=P () dt < koT®
0 0

where p’ = I% and g is a nonnegative function that is different from zero almost

everywhere with g' %", t=°? g1~ (t) € L} [0, +00). Then the problem (L.1)) — (1.2)
has no nontrivial global solution when ug > 0.
13
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Proof. It suffices to show that the assumptions (3.13) and (3.14]) imply that
(3.1) is fulfilled. We deduce from the hypothesis (3.14)), that

T T
o< " (TP' / g P (t)dt + / B (t)dt) <y TV A, TP e
0 0

We find from (3.13) that 1 —2p’ + w; <0, 1 —p' + wy < 0 and consequently (3.1)
follows. 0
The following corollary considers an important type of kernels appear in numerous

applications.

Corollary 3.2. Let a and f be as in the assumptions of Theorem[3.1]. Suppose that
g(t) > bt ", t > 0, for some constant b > 0, where 1 —p (1 —a) <n < 2+p(a—1).
Then the problem (L.1)) — (1.2) has no nontrivial global solution when ug > 0.

Proof. It suffices to show that Hypothesis (3.1) is satisfied with the function g.
Indeed, since g(t) > bt~"; b, > 0, then g' 7 (t) < b= (' =1) and

T T 1—p/
/ g P (t)dt < bl—P’/ (' =1) gt = /bipT"(P’—l)+1
0 0 np' —1)+1

T / / / T ’ /
/ o 1= (1)dt < pLP / (P =)= gy
0 0

17
_ b Tn(p'fl)fap#l.

np —1)—ap’ +1

’

Therefore

/ !/ T / T / !/

TP (TP / gt P (t)dt +/ tmop gl=p (t)dt)
0 0
1—-p' 1-p'
S L ™,

np —1)+1 np —1)—ap +1

where

o1=2-n+p (n-2), 2=2-n+p (n—a-1).
It follows from 1 —p (1 —a) <1 < 2+ p (o — 1) that both o7 and o3 are negative
and so (3.1)) is satisfied. d

Remark 3.1. Corollary [B:2] can be considered also as a consequence of Corollary

3.1 with

’

bl—p’ pl—p
ki = —F———— k2= )
np'—1)+1 n(p'—1) —ap’ +1
+n-1
= ) p1=PTNT 2
w1 n(p'—1)+ b1
1-— -1
wy = n(p/fl)fap'Jrl:p( )+ , 0<a< 1.

p—1
14
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Itisclear from 1 —p(l—a)<n<2-p(l—a) that0<w1<;%,0<w2<zﬁ.

The next theorem deals with the case 1 < a < 2.
Theorem 3.2. Let 1 < a < 2 and f be as in the assumptions of Theorem

[53 Assume that g is a nonnegative function that is different from zero almost

everywhere with gt=?" | t1=% g1=0"(t) € L1 [0, +00). Suppose that

loc

T T
(3.15) lim T'~2 < / g P (t)dt + / t““)p’glp'(t)dt) =0,
0

T—o0 0

where p' = —E=. Then (1.1) subject to (1.3) has no nontrivial global solution when
p—1

ug, u1 > 0.

Proof. Assume, on the contrary, that a solution u € AC?[0,T] exists for all
T > 0. Then as in the proof of Theorem we have

Wtuo (1+EaT' ™) +uboaT? W5 (U + V),

where W, U and V are as in (3.6) and (3.7)). Accordingly, for 1 < a < 2, from
Lemma [3.1] with 1 < 8 = a < 2, we obtain the following estimates

/A ’ T /
U < a‘%cl,p/TPZP/ g P (t)dt,
0

1—p’

v o= / (/ g<s—t>¢<s>ds> (D3 o) (1) dt
0 t

4 Py ’ T ’ ’
< a*%Ca,p,Tl_Q” / (=P g 1=p" (1)t (Lemma 3.1 with 1 < 8 = a < 2).
0

By the assumptions (3.15)), we get u = 0 and the proof is complete. O
Applying Theoremfor kernels of the type g(t) > bt~", we obtain the following

result.

Corollary 3.3. Let a and f be as in the assumptions of Theorem [3.3 Suppose
that g(t) > bt=", t > 0, for some constant b > 0, where 1 —p (2 — a) <n < 2. Then
(1.1) subject to (1.3)) has no nontrivial global solution when wg,u; > 0.

Proof. The hypotheses of Theorem are satisfied with the given kernel g. In
fact,

T T
/ g' P (t)dt < b7 / (' =) gt = by
0 0

T T
/ t=ap’ g 1= (1) g < '+’ / (r' 1) +(=)p’ gy — p e
0 0
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where
blfp' blfp'
b2 = ) b3 = )
n(p'—1)+1 np—-1)+0-a)p +1
/ ptn—1
m = n@E-D+l=—"——2>0,
p—1
/ ’ p (2 - a) +n—1
n o=@ -D+0-a)p +1= b1 > 0.
It is easy to check that 71,72 > 0and 1 —2p" + 11,1 —2p" + 13 < 0. O

Remark 3.2. The same results of Theorem [3.2] and Corollary [3:3] can be obtained
with more relaxed conditions on the initial data. It is enough to have aqug+aju; >
0, for some positive constants ag and aj, instead of ug > 0 and u; > 0. Indeed, ag

and a; can be given in terms of the constants T, éo,a and fﬁl,a.

4. APPLICATIONS

In this section, we provide a special case of the kernel ¢(t) in Corollaries and
[3:3] when the source term is the Riemann-Liouville fractional integral of a power of
the state. We show here by computing the solutions numerically that the solutions

can not exist globally.

Example 4.1. Consider the fractional integro-differential inequality

(4.1) «mw+(b&ﬂﬂwz(@qmgﬁyw,t>0,5>ap>L

subject to (1.2) when 0 < o < 1,0r, (1.3) when 1 < o < 2. The problem consists of
(4.1) subject to (1.2) is a special case of (L.1)) — (1.2]) when

gt)y=t""1, 0<B<p(l-a), 0<a<l.

Therefore, we deduce from Comllary when g(t) =t~", n =1—, that Problem
(4.1) has no nontrivial global solutions when ug > 0. Similarly, (4.1) subject to (|1.3))

has no nontrivial global solution when ug,uy > 0. This result is a special case of
Corollary[3-3 when

gt)=t",n=1-5, 0<B<p(2-a), 1<a<2.

For treating the two problems in Example numerically, we consider the case

of equality and write

u(t) = ug —/0 (“Dgyu) (s)ds + (Igfl |u(s)|p> (t).
16
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Using the iterative schemes

¢
u™ () = ug —/ Dy, (u("*l) (1) — uo) (s)ds + (Igjl ‘u(”*l)(s)
0

).

u™ (t) =ug — /Ot (D3+u(”*1) (1) —up — ”u,lT) (s)ds + ([gjl ‘u(nfl)(s) p) (t),

n =1,2,... with u(9(t) = ug, for {@1)) subject to (T.2) and (T.3), respectively, the

curves of the fourth iteration u(* show, for different values of the parameters, that

the solutions can not be extended for all ¢.

1,750t 1,750
1 540!t 1_smp0'?
12540 1250
10!t 10t
7.5040"" 7.5:40"
5400 500
2_sanl? 2_smpnll
z P 3 ] 10 2 a € 8 10

I
N[ —=
S

I
N
<
<)

I
<
[

I
—

Figure l: a = g = %,p:2,u0 =1. Figure2: a = %,ﬁ
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