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Abstract. The paper deals with positive solutions of a nonlocal and degenerate quasilinear
parabolic system not in divergence form

ut:vp(Au+a/udm), vt:uq(Aerb/vdx)
Q Q

with null Dirichlet boundary conditions. By using the standard approximation method, we
first give a series of fine a priori estimates for the solution of the corresponding approximate
problem. Then using the diagonal method, we get the local existence and the bounds of the
solution (u,v) to this problem. Moreover, a necessary and sufficient condition for the non-
global existence of the solution is obtained. Under some further conditions on the initial
data, we get criteria for the finite time blow-up of the solution.

Keywords: strongly coupled, degenerate parabolic system, nonlocal source, global exis-
tence, blow-up

MSC 2010: 35K05, 35D55, 45K05

1. INTRODUCTION

In this paper we consider the positive solution of the following non-local and
degenerate problem not in divergence form:

uy =P (Au+a [,udz), reN, t>0,
1) vy =ul(Av+b [,vdz), €N, t>0,
’ u(zx,t) = v(z,t) =0, red, t>0,

u(x,O) = ’U,()(l'), U({E,O) = ’Uo(l'), T €1,

This work was supported by PRC Grant NSFC (10671210), the foundation of Jiangsu
Education Commission (07KJD110166) and the postdoctoral project of Jiangsu prov-
ince (0702004C).
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where (2 is a bounded domain in RY with smooth boundary 9€, the parameters a,
b, p, q are positive constants and p, ¢ > 1. The initial data up(z) and vo(x) satisfy
(H1) uo(x),vo(z) € CH(Q), up(z),vo(x) > 0 in ;
(H2) uo(z) = vo(z) =0, Oug/0v < 0, dvg/Iv < 0 on 0F2, where v is the outward
normal vector on 9f).

Such a problem can describe a variety of physical phenomena which arise, for
example, in the study of the flow of a fluid through a homogeneous isotropic rigid
porous medium or in the studies of population dynamics (see [1], [3], [5], [6], [7] and
references therein).

As for local problems, a lot of effort has been devoted in the past few years to the
study of the type

ur = f(u)(Au + au)

(see [2], [8], [9], [10], [13], [16], [17], [18]). The corresponding system

ur = fi(w)(Au+av), z€Q, t>0,
ve = fo(v)(Av+bu), €Q, t>0,

with the same initial and boundary conditions as the problem (1.1), has also been
investigated ([5], [14]). It is worth pointing out that in [15], Wang et al. investigated
the system

ug = vP(Au+au), €, t>0,
. { (Ao -+ au)

vy =ul(Av+bv), ze€Q, t>0,

with null Dirichlet boundary conditions and positive initial conditions, where
p,q = 1. It was proved that when min{a, b} < A\; then there exists a global positive
classical solution and no positive classical solution can blow up in finite time, whereas
when min{a, b} > A1, there is no global positive classical solution if in addition the
initial data satisfy some further conditions, then the positive classical solution is
unique and blows up in finite time, where \; is the first eigenvalue of —A in 2 with
homogeneous Dirichlet boundary condition.

Furthermore, for nonlocal problems, the global existence and the blowing-up be-
havior of the solution have been investigated by many researchers too, but the situ-
ation becomes more complicated. In [6], Duan et al. established the local existence
of a solution and the finite-time blowup result for the system

ut—up(Au—l—a/vrdx), e, t>0,

Q

vt:vq(Av—l—b/usdx), e, t>0,
Q
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where r,s > 1 and 0 < p,q < 1. The scalar case of (1.1), i.e.

ut:up<Au+a/udx),
Q

with the homogeneous Dirichlet boundary condition and positive initial data, has
been studied in [3], [4], where p > 0. It was proved that the solution blows up in
finite time if and only if © > 1/a, where pu is defined in (1.4) below.

Motivated by the above papers, in this paper we consider the global existence and
finite blow-up of solutions to the problem (1.1). Necessary and sufficient conditions
will be given, see Theorem 1. Note that the problem (1.1) is not only degenerate and
strongly coupled but also not in the divergence form, hence the standard comparison
principle and upper and lower solutions method do not hold. In general, we do
not know how to extend the local classical solution in time ¢ so that it becomes a
maximum defined classical solution since the uniqueness does not hold. We can only
prove the uniqueness of a positive classical solution to (1.1) by adding some further
conditions on the initial values.

Throughout this paper we say that (u, v) is a classical solution of the problem (1.1)
if (u,v) € [C21(Q x (0,T)) N C(Q x [0,T))]? for some T: 0 < T < oo, and (u,v)
satisfies the differential equations in © x (0,7) and the initial and boundary con-
ditions continuously. We say that a positive classical solution (u,v) of (1.1) blows
up in finite time if there exists T: 0 < T' < oo such that (u,v) exists in (0,7") and
Hmﬁax{u(-, t)+v(-,t)} = co. We say that the problem (1.1) has no global positive

t/T
classical solution if there exist 0 < To < 17 < oo and two pairs of functions

(ui,07) € [CEEPMHP2(Q % (0,T3) N C@ x (0, T3)))?

loc

satisfying tl}rg max{u;(-,t) + v;(,t)} = 0o, such that any positive classical solution

(u,v) of (1.1) fulfils
up(z,t) <u(z,t) < ug(z,t), wvi(z,t) <v(z,t) <ve(z,t) in Qx(0,7s)

provided that (u,v) exists in (0,7%). When the problem (1.1) has no global positive
classical solution, we cannot say that the positive classical solution must blow up in
finite time since, in general, it cannot be extend in time ¢.

The main purpose of this paper is to get criteria for the finite time blow-up of a
solution to the problem (1.1). Set Q7 = Qx(0,T), Sp = 9Qx(0,T) with 0 < T < oc.
We denote by ¢(x) the unique positive solution of the linear elliptic problem

(1.3) —Ap(x) =1, z € p(x) =0, = €.
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Let
(1.4) W= / o(z)dz.
Q
The following theorem is the main result of this paper.

Theorem 1. The solution (u,v) of (1.1) does not exist globally if and only if

) 1
(1.5) min{a, b} > m

The paper is organized as follows. In Section 2 we study the local existence of
a positive classical solution. Section 3 is devoted to the global existence result. In
Section 4 we study the finite time blow-up problem.

2. COMPARISON PRINCIPLE AND LOCAL EXISTENCE OF SOLUTION
First, we state a comparison principle, of which the proof is standard.
Lemma 1. Suppose that w,z € C*'(Q7) N C(Q) and satisfy

—diAw > cjiw + ciaz —|—/ cas(z, w(x,t)dz, (z,t) € Qr,
Q

—da Az > coqw + canz +/ cas(z, t)z(x, t) de, (x,t) € Qr,
Q

w(x,t) 20, z(z,t) >0, (x,t) € S,
w(x,0) >0, z(x,0) >0, x e,

where ¢;; = ¢;;(z,t) and d; = d;(x,t) are continuous functions in Qr and ¢;;(z,t) > 0
(i #j), di(x,t) >0in Qr, i=1,2, j=1,2,3. Then w(x,t) >0, z(z,t) > 0 on Q.

Since u = v = 0 on the boundary 91, the equation in (1.1) is not of strictly
parabolic type. The standard parabolic theory ([11], [12]), cannot be used directly
to prove the local existence of a solution to the problem (1.1). To overcome this
difficulty we will use the standard approximate method (see [15]). For € > 0, consider
the approximate problem

uer = £ (v2) (Aue + a/ ue do — a5|Q|), e, t>0,
Q

(2.1) vey = gtV (u )<Av€ —|—b/ vgdx—b€|Q|), x e, t>0,
Q

ue(x,t) = ve(x,t) = ¢, x e d, t>0,

ue(x,0) = up(x) + &, wv(x,0) =vp(x)+¢, z€Q,
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where || is the volume of 2, F and gt are smooth functions, f{* > (e/2)P and
gél) > (£/2)7 and they satisfy

S0 () = vP, v>e, () = ud, u > e,
: (e/2)P, wv<e/2, : (£/2)1, u<e/2.

The standard parabolic theory shows that (2.1) admits a unique maximal defined
classical solution (uc,v.) which is defined on [0,7'(g)), where 0 < T'(¢) < oo. Apply-
ing Lemma 1 it is easy to prove that u. > ¢, v. > ¢, which gives fs(l)(ve) = v? and
gél)(us) = ud. Hence (uc,v:) solves the problem

uet—v§<Au€+a/uadx—a5|Q|>, x€eQ, 0<t<T(e),
Q
(2.2) ver = ud <Av€ + b/ ve do — b€|Q|), zeN, 0<t<T(e),
Q
ue(x,t) = ve(z,t) = ¢, x e, t>0,
ue(2,0) =up(x) +&, ve(x,0) =wvg(x)+e, €.

To discuss the convergence of (ue, ve), we should give some estimates of their lower
and upper bounds. Set M = max{maxuo(z), maxvo(z)} and let (f(t),g(t)) be the
Q Q

unique solution of the ODE

"=al|Q|fg?, ¢ =0bQgfl, t>0,
23) {f Qfg?, ¢ =0bQyf

F(0) = g(0) = M + 1.

Then f(t),g(t) > M + 1. Denote by T, 0 < T* < oo, its maximal existence time
(note that T* < co must hold because f(t), g(t) blow up in finite time).
Applying Lemma 1, it is easy to prove the following lemma (cf. Lemma 1 in [15]).

Lemma 2. Let e < 1, and let (uc,v.) be the solution of (2.2). Then for any fixed
T: 0<T <min{T(g), T*} we have

ue(z,t) < f(1), ve(z,t) <g(t), ¥(w,t) €Qx[0,T],

which implies that T'(e) > T* for all e < 1.

In the following we denote T, = T* /2. Now we give lower bounds for (uc,v.). Let
A1 and ¢(z) > 0 (z € Q) be the first eigenvalue and the corresponding eigenfunction
of the eigenvalue problem

“AY =X\, 2€Q; =0, x €99,
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and assume that max(z) = 1. Then Ay > 0 and 9v/0v < 0 on 9. By the
Q
assumptions on (ug,vg) we see that there exists a positive constant k such that

(2.4) uo(x) = ky(x), wvo(xr) = ky(z), =€
Lemma 3. Let € <1 and let (u.,v:) be the solution of (2.2). Then we have
ue(z,t),ve(2,t) = ke ®p(z) +¢, V(z,t) € Qx[0,T.],

where o = max{\; f9(T%), \1g*(Tx)}.

Proof. Setw(z,t) =uc(z,t)— (ke”2)(x)+e), z(a:,t)zvg(a:,t)—(ki_gtw(x)—i—
g). Since u.(x,t) < f(t) < f(Ty), ve(z,t) < g(t) < g(Ty) for all (x,t) € Q x [0, T%],
it follows that

wy = v (Aue + a/ﬂue dz — a5|Q|) + koe %)
=r (Aw +a wdx) + P (ake Qt/ Ydr — kMe” 9t1/1> + koe %4y
> vt (Aw +a wdx) + ke (o — A\P)

> of (Aw—i—a wdm), (x,t) € Q x (0,T4],

zt>ug<Az+b/zdx), (x,t) € Q x (0,T],
Q
w(z,0) >0, z(z,0)>0, x€Q,
w(x,t) =0, z(z,t) =0, (z,f)€Qx(0,T].
In view of Lemma 1 we have that w, z > 0. The proof is completed. O

In view of Lemma 2 and Lemma 3, applying the standard local Schauder estimates
(Theorem 7.1 of Chap. 7 of [11]) and the diagonal method we obtain that there exist
a subsequence {&'} of {¢} and u,v € CT® 1+a/2(Q x (0,T%]) such that

loc
(tUer,ver) — (w,v) in  [CEFOMH2(Q, < [1,T.])]? as ¢ — 0F

for any Q. CcC Q and 0 < 7 < T.. Hence (u,v) satisfies the differential equations of
the problem (1.1).
Fix g9: 0 <egp < 1. For any Q¢ CcC Q and 0 < ¢’ < g¢, thanks to Lemma 2 and

uE’(xvt) < f(t)v ’Uy(i[:,t) < g(t) on ﬁ0 X [07 T*]v
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the LP theory and the imbedding theorem show that the C*®/2(Qy x [0, T%]) norms
of u.s and v, are uniformly bounded for all &’ < 9. And hence

(ter, ver) — (u,v) in [CPP/2(Qy x [0,T.]))2 (0< B <a) as e — 07,

which implies that u,v € C(£2 x [0,T%]). Similarly to the arguments of [9], [15] we
can prove that (u,v) is continuous on 9 x (0,7T,]. Using the initial and boundary
conditions of (2.2) we see that (u,v) satisfies the initial and boundary conditions
of (1.1), i.e.

(u,v) € [CZFPITP2(Q % (0, T.)) N C@ x [0, T.]))?

loc

is a classical solution of (1.1). Thus we have

Theorem 2. The problem (1.1) has a positive classical solution (u,v) €
[C2HAIBI2(0 % (0, T)) N C(Q x [0, T%]))? for some B: 0 < B < 1.

loc

However, we cannot get the uniqueness result in the general case.

3. GLOBAL EXISTENCE RESULTS
In the next two sections we always assume that a > b. In this section we will prove

the global existence of a positive classical solution. Applying (H1) and (H2) we see
that there exists a large positive constant K such that

(3.1) ug(r) < Ko(x), vo(r) < Ko(x), z€9Q,
where ¢(z) is defined in (1.3).

Theorem 3. If b < 1/u, then the problem (1.1) has at least one global positive
classical solution (u,v). Moreover, all positive classical solutions must satisfy the
following estimates.

(i) Ifa < 1/p then
u(z,t),v(z,t) < Ko(r) on Q x [0,00);
(if) ifb<1/p < a then
u(z,t) < Ko(z), v(z, t) < KMe? on Q x [0, 00),

where the positive constant K satisfies (3.1), and o = b|Q|(KM)?, M = max ¢(z).
Q
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Proof. For any givene: 0 <e < 1, let (u,v:) be the unique positive classical
solution of (2.2) which is defined on Q x [0, T(¢)) with T'(¢) < oo, and let the positive
constant K satisfy (3.1).

Step 1: Upper bounds of (u.,ve).

(i) If a < 1/p, let w(z,t) = Kp(z) + € —us(x,t), z(x,t) = Kp(z) + € — ve(z,
Similarly to the proof of Lemma 3 we can prove that w(z,t),z(z, t) > 0 on Q
0.7()).

(ii) If b < 1/p < a, similarly to the proof of Lemma 3 we obtain that wu.(z,t) <
Kp(z) +eonQx[0,T(e)). Let 2 = KMe? + ¢ —v., o = b|Q(KM +¢)?. In view
of us(z,t) < Ko(x) + e < KM + € we have that

t).
X

2 = KMge? — vy = ul (Az + b/ zda:) + K Me® (g — b|Qud)
Q

> ul (Az—i—b/ zda:), (x,t) € Q x (0, T(2)),
Q
2(x,t) = KMe® >0, (x,t) €0 x (0,T(e)),
z2(x,0) = KM —vp(z) 20, z€q.

By Lemma 1 we get that v.(x,t) < KMe? + ¢ on Q x [0,T(¢)).
Step 2: Lower bounds of (ue,v.).
We can prove

ue(z,t),ve (2, 1) = kyp(z)e ™ 4+, V(z,t) € Qx[0,T(e)),

where r = max{\ (KM + )%, \i(KM + )P} if a < 1/p, and r = max{\ (KM +
£)9, M(KMe? +e)P}ifb<1/u < a.
In fact, if @ < 1/u, by Step 1 (i) we have u.,v. < Ko(z) +¢ on Q x [0,T(g)). Set
w(z,t) = ue(z,t) — (ke "(z) + €), 2(x,t) = ve(x,t) — (ke ")(x) + €); it follows
that

wy = VP <Au6 + a/ ue d — a6|Q|> + kre "ty
Q
=P <Aw + a/ w dx> + P <al<;e_”/ Yda — k)\le_”w> + kre ")
Q Q
> (Aw + a/ wda:), (x,t) € Q% (0,T(¢g)),
Q

2z > ul (Az—f—b/ﬂzdx), (z,t) € Q x (0,T(g)),
w(z,0) 20, 2(z,0)020, z€Q,
w(z,t) =0, z(z,1)=0, (z,t)€dNx(0,T(e)).
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In view of Lemma 1 we have that w,z > 0. The proof of the case b < 1/u < a is
similar.

Step 3: The upper bounds of (u.,v.) obtained by Step 1 show that (u.,v.) exists
globally, i.e. T'(¢) = 0o for all 0 < e < 1. For any Q,, CCQand 0 <7 < T, < 00, it
follows from the results of Steps 1 and 2 that there exist positive constants o(n, 7)
and M (n,7) such that

o(n,7) <ue,ve < M(n,7) on Q,, x [7,T,)

for all 0 < e < 1. Applying the standard local Schauder estimates ([11]) and the
diagonal method we conclude that there exist a subsequence {€'} of {¢} and u,v €
02+a’1+a/2(§2 x (0, 00)) such that

loc
(Uer, ver) — (u,v)  in [C2HIF2(@Q, x [7,Ty)))? as & — 0F

for any Q, CC Q and 0 < 7 < Ty < co. And hence (u,v) satisfies the differential
equations of (1.1) in © x (0, c0).
Similarly to the arguments of Section 2 we see that

(u,0) € [CE 2@ % (0, 00)) N C(Q x [0, 00))]?

loc

is a classical solution of (1.1).
Estimates (i) and (ii) can be proved in a way similar to that of Step 1. The proof
is completed. O

4. BLOW-UP RESULTS

Theorem 4. Assume that b > 1/u. Then the problem (1.1) has no global
positive classical solution. If in addition the initial data satisfy (ug,vo) € [C?(2)]?
and Aug + a [ updz > 0, Avg + b [vodz > 0 in Q, then the positive classical
solution of (1.1) is unique and blows up in finite time.

We divide the proof of Theorem 4 into two lemmas: Lemma 4 and Lemma 6.
Lemma 4. Assume that b > 1/u and the initial data satisfy (ug,vo) € [C?(Q)]%.

If Aug+a fQ ugdx >0, Avg+b fQ vodz > 0 in §, then the positive classical solution
of (1.1) is unique and blows up in finite time.

To prove Lemma 4, we need the following lemma. A similar proof can be found
in [3].
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Lemma 5. Let p > 0, and let u be the unique positive (local) solution of the
problem
Ut :Au”(Au—l—B/ udx), e, t>0,
Q
(4.1) u(z,t) = C, z e, t>0,
u(z,0) = C, x € Q,
where A and C' are positive constants. Then u blows up in finite time if B > 1/p.

Proof of Lemma4. Step 1: Monotonicity of (u,v) in ¢.
Let € € (0,1) and let (ue,v:) be the solution of (2.1). Then

(e, v:) € [C(Q % [0,T(e))) N Ot 2 (Q x (0, T(e))))?

loc

(see Theorem 7.1 of Chap. 7 of [11]). Therefore, (u.,v.) satisfies (2.2). Let w = uy,

z = ve¢. Then we have, in the *

wt:pvg—lz(AuE—l—a/ ugdx—a|Q|€> —l—vé’(Aw—l—a/wdx)
Q Q

=P (Aw + a/ wda:) + (p/ve)z0? (Aue + a/ ue do — a|Q|5)
Q Q

‘weak” sense,

—vg(Aw—i—a/wdx)—i—(pz/vE)w, reQ, 0<t<T(e),
Q
zt—ug<Az—|—b/zdx>+(qw/u€)z, re, 0<t<T(e),
Q
w(z,0) = (vo(z) + )P (Auo(a:) +a/ uo(x) da:) >0, ze€Q,
Q

z(x,0) = (ug(x) + €)? (Avo(x) + b/Qvo(x) dx) >0, z€Q,
w(x,t) =z(x,t) =0, €0, 0<t<T(e).

In view of u. > €, v. > e and w, z € C(Qx[0,T(¢))), the LP-theory and the Schauder
Theory imply that (w, 2) is a classical solution of (4.2), i.e. w,z € C(2 x [0,T(£))) N
C*Y(Q x (0,T(¢))). Lemma 1 shows that w > 0, 2 > 0, i.e. ug > 0, vey > 0. Since

(e, ve) — (w,v) in [Coe®™ (@ x (0, 7)) as e — 0F,

loc

we know that u; > 0, vy > 0 and hence u > up(x), v = vo(x) in Q x (0,T).

Step 2: The uniqueness.

Let (u,v) be the solution of (1.1) obtained by Theorem 2, then u; > 0, v; > 0 by
Step 1, which implies Au +a [, udz > 0, Av+b [,vdz > 0. Let (a,0), which is
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defined on Q x [0,T), be another positive classical solution of (1.1) with the same
initial data (ug,v0). Set £ =@ — u, n = ¥ — v, then for any 0 < Ty < min{7, T} we
have

§t:ﬂt—ut:6”<A&+a/Qddx) —v”(Au—l—a/ﬂudx)
—ﬁp(Af—f—a/5dx)+(@p—vp)<Au+a/udx)
Q Q
—T)”(Af—i—a/fdx)
Q

+ <p/01[v+s(@—v)]i’1ds[Au+a/ﬂuden, (z,1) € Q% (0,To),

nt—ﬁt—vt—ﬁq<An+b/ndx>
Q

+ (q/ol[u—l-s(&—u)]q_lds[Av—l—b/gzvdm])f, (z,t) € Q x (0,Tp),
E=n=0, (x,t)€dNx(0,Tp) U x {0}.

Since Au + afﬂudx >0, Av + bevdx > 0, Lemma 1 implies that £ > 0, n > 0,
u

ie. 4 > u, ¥ > v. Similarly, we have & < u, ¥ < v. Hence, & = u, ¥ = v. The

uniqueness is proved.

Step 8: (u,v) blows up in finite time.

For any smooth subdomain 2, CC 2, denote by 1 (x) the unique positive solution
of the linear elliptic problem

(4.3) —Api(x) =1, z€ Qs @1(z) =0, = € 0N..

Since b > 1/u, by the continuity of the solution of (4.3) on the domain 2, we can
choose Q. such that b > 1/pu1, where 3 = [, @i(x)dz. Applying u > ug > 0,
v > v > 0 in Q we know that

u(z,t),v(z, t) =0 on Q. x (0,T)
for some positive constant o. It follows that

uy :M’(Au—i—a/ uda:) > oP™ % (Au—i—a/ udx) on Q, x (0,7T),
Q Q

(4.4) v = ul (Av + b/ vdx) > ol %u” <Av + b/ vdx) on Q, x (0,7),
Q Q

u(z,0) =wuo(z) 2 0, v(z,0) =vo(x) 20 in Q.,

u(z,t) = 0, v(z,t) =0 on 9N x (0,T).
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Choose
a: 0<a<l, c:b>c>1/u, l=min{c?™ %, g7},
and let w be the unique positive solution of the problem

wt:lw(’(Aw—l—c/wdx), €Ny, t>0,
Q

(4.5) w(z,0) = wo(x) = o, x € Qy,

w(z,t) = o, x € 00y, t>0.

Applying ¢ > 1/p1, we know that w blows up in finite time 7* (see Lemma 5). Since
the initial data wq satisfies Awgy + cfQ wodz = ¢l > 0, it follows that w; > 0,
Le. Aw+c [ywdz > 0.

On the contrary, let us assume that (u,v) exists globally, i.e. T = co. Let

U=u—w, U=v—w.

Then we have, by (4.4), (4.5), and ¢ < b < a,

U = Up — Wy >apava<Au+a/udx> —le‘(Aw—i—c/wdx)
Q Q

>lva(Au+a/udx) —lw"(Aw—l—a/wdm)

Q Q
:lva(Aa—l—a/adx) —l—l(v(’—wa)(Aw—l—a/wdx)

Q Q

1

—ZUO‘(Aﬂ—i—a/ﬂdx) + (la/ [w—i—s(v—w)]alds{Aw—i—a/wdx})@,

Q 0 Q

e, 0<t<Tr,

1
on 21u“<A@+b/@dx> + <la/ [w—l—s(u—w)]alds{Aw—i—a/wdx})ﬂ,
Q 0 Q

e, 0<t<Tr,
W(x,t) 20, Oz, t) 20, (x,t)€ 0 x(0,T")UQ, x {0}.

Lemma 1 shows that 4,9 > 0, i.e. u > w, v > w in Q, x (0, 7*). It is a contradiction.

Therefore, (u,v) blows up in finite time since the uniqueness holds. The proof is
completed. 0O
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Lemma 6. Assume that b > 1/u. Then the problem (1.1) does not have any
global positive classical solution.

Proof. Applying (H1) and (H2) we see that there exists a small constant x
such that

uo(x) = ke(x), wvo(x) 2 Kke(x), x € Q,

where ¢(x) is defined in (1.3). Now let the positive constant K satisfy (3.1), and let
(w,v) and (u,v) be the positive classical solutions of (1.1) with initial data (@, 7o) =
(Ko, Kp) and (ug, ) = (K¢, kp), respectively. Since

Aﬂo+a/ﬂodx:K(au—1)>0, AUo+b/5odx:K(bu—1)>0 in Q,
Q Q

Ay0+a/y0dx:k(au—1)>0, Ayo+b/yodx:k(bu—1)>0 in €,
Q Q

in view of Lemma 4 we see that (7,7) and (u,v) blow up in finite times 7' and T,
respectively. Moreover,

Aﬂ+a/adx>0, Aﬁ+b/ﬁdx>0 in Qx (0,7),
Q Q

Ag+a/gdx>0, Ay+b/ydx>0 in Qx (0,7).
Q Q

Since

uy(z) = rep(r) < < Kop(x) = (),
vy(2) = rp(x) < vo(x) < Kop(x) = Do (),

by the same arguments as those at the end of Step 3 of Lemma 4 we can prove that

T <T and
w(x,t) <u(z, t) <u(z, t), wvlxt) <olxt) <o(x,t) in Qx(0,T).

This shows that (u,v) cannot exist globally. Lemma 6 is proved. O
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