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We are concerned with a Cauchy problem for the semilinear heat equation

ur = Au + uP in RN x (0,7T),

N ®)

u(z,0) =up(z) 20 inRY.
If w(z,t) = (T — )~V @=Dp((T - t)~1/2z) for x € RN and t € [0,T) with a solution
@ #0 of
1
Ap—3yVe— ——p+¢P =0 inRY,
p—1

then u is called a backward self-similar solution blowing up at ¢t = T'. Let pg and pr,
be the Sobolev and the Lepin exponents, respectively. It was shown by Mizoguchi (J.
Funct. Analysis 257 (2009), 2911-2937) that £ = (p — 1)~1/(P=1) is a unique regular
radial solution of (P) if p > pr,. We prove that it remains valid for p = pr,. We also
show the uniqueness of singular radial solution of (P) for p > pg. These imply that
the structure of radial backward self-similar blow-up solutions is quite simple for

p 2 pL-

1. Introduction
We consider a Cauchy problem for a semilinear heat equation

wy = Au—+uP  in RN x (0,T),
(1.1)

u(z,0) = ug(z) >0 in RY

with p > pg, where pg is the Sobolev exponent. A solution u of (1.1) is said to blow
up at ¢ = T if imsup, »p [u(t)|o = 00 with the norm |- o of L=(RY). Set

w(y,s) = (T — 1)/ Vu(z,1) (1.2)
with y = (T — t)~*/22 and s = — log(T — t) for a solution u of (1.1) blowing up at
t =7T. Then w satisfies

T

1
ws:Aw—%y-Vw—Ew—i—wp in RY x (sT,00),

(1.3)
w(y, sT) = TY Py (T 2y) in RY,
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where sT = —logT. If a solution u of (1.1) defined in RY x (—o00,0) satisfies
N2/ (=D (A, N2t) = u(z,t) in RN x (—00,0) for all A > 0, then u is called backward
self-similar. Tt is equivalent to wu(z,t) = (—t)~ Y@= Vp((=t)~1/2z) for a positive
solution of )

Ap = 5yVe — ot = (1.4)
in RY. Here we say that a function f is positive if f(z) > 0 for all z € RY. In the
radial case, (1.4) is represented as

N-—-1 1
" =ty 1,0 L p _ 15
e L e s (1.5)
with r = |y|.

It was shown in [5] that x = (p — 1)~Y/®=1) is a unique regular solution of (1.4)
if 1 < p < ps. On the other hand, when pg < p < pr, there exist regular solutions
of (1.5) which are spatially inhomogeneous by [2,4,6,7,15], where py, is the Lepin
exponent, i.e.

00 if N < 10,
pL =

1+ if N > 11.

N -10

In the case of p > pr,, the existence of such a solution has remained undiscovered for
many years. Recently, a numerical experiment in [13] suggested the non-existence
of a regular solution of (1.5) except & for p > pr, with N > 11. In [11], a rigorous
proof was given of the non-existence in the case of p > 1+7/(N —11) and N > 12.
The author improved the condition on p and N to the Lepin exponent in [12] as
follows: if p > pr, and N > 11, then there exists no regular solution of (1.5) which
is spatially inhomogeneous. We first extend the non-existence result to p = pr, in
the following theorem.

THEOREM 1.1. If p=pr, and N > 11, then k is a unique reqular solution of (1.5).

In the proof of [11], an identity of Pohozaev type played an important role. The
method introduced in [12] was quite different from it. However, the strict inequality
p > pr, was an essential assumption there, so we need to take a new approach in
order to solve for p = py,.

If there exists a constant C' > 0 such that

[u(t)|so < C(T —t)~YP=Y for t € [0,T)

for a solution u of (1.1) blowing up at ¢ = T', then the blow-up of u is said to be
of type I, and of type II otherwise. According to [9, 10], any radially symmetric
solution w of (1.3) corresponding to a type-I blow-up solution converges to ¢ as
s — oo for some regular positive solution ¢ of (1.5). The study of (1.5) is also
important from the viewpoint of the dynamics of radial global solutions of (1.3),
that is, the asymptotic behaviour of radial type-I blow-up solutions of (1.1).

We next obtain the uniqueness of the singular solution of (1.5) for p > ps.

THEOREM 1.2. Let ¢, be a singular solution of (1.5) defined by
Poolr) = Coor 2PN for >0, (1.6)
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1/(p—1)
2 2
Cm_{p—1<N_2_p—1>} ‘

If p> ps and N > 3, then v is a unique singular solution of (1.5).

with

The uniqueness of the singular solution of (1.5) was given in [8] under the addi-
tional assumption

lo(r)| < C(1+ 7’72/(]”71)) forr >0

with some constant C' > 0, while we need no assumption. The following is immediate
from theorems 1.1 and 1.2.

COROLLARY 1.3. Ifp > pr, and N > 11, then there exist exactly two backward self-
similar radial solutions (T —t)~Y®= Vg and po of (1.1) blowing up att =T < oc.

For a function f # 0 on [a,b) with 0 < a < b < oo, let 2(f : [a,b)) be the
supremum over all j such that there exist a < 7 < 712 < -+ < rj41 < b with
f(ri) - flrigz1) <0fori=1,2,...,j5. Denote z(f : [0,00)) by z(f) for simplicity. We
number zeros of a function on [a,b) with 0 < a < b < oo with sign change in order
enumerated from 0. We denote by 0 < ¢ < 1 and d > 1 a sufficiently small ¢ > 0
and a sufficiently large d, respectively.

The paper is organized as follows. In § 2 we prove theorem 1.1. When p > pg, let
©(r; a5 p) be a solution of (1.5) with ¢’(0) = 0, and with ¢(0) = a for o > 0. Set
(Figure 1)

r(a;p) =sup{r > 0: p(F;o;p) > 0 for all 7 € [0,7)}

and let
Sp={a>0:7(a;p) = o0}

Then S, is the set of a > 0 for which ¢(r; ) is a regular solution of (1.5) in (0, c0).
It was given in [12] that, for p > ps,

(i) Sp C [r,00),
(ii) r(a;p) < oo for a > Kk with o — k < 1,
(iii) z(@(r; ;) — Yoo (1) 1 [0,7(; p))) = 2 for o > Kk with o — k < 1.
Define
0a(p) = supfa > 1+ 2(p(r3 55 p) — 9oe (1) £ [0,7(G;))) = 2 for all G € (1, @)},

It is immediate that a.(p) € Sp and z(¢(7; @y (p); p) — Yoo (r)) = 2 for p > ps with
Sp \ {x} # 9. We show that, for such p, the linearized operator L,_(,(p) of (1.5)
at o(r; a.(p); p) does not have 0 as an eigenvalue in a suitable setting of function
space. On the contrary to the conclusion of theorem 1.1, assume that S, \ {«x} is
non-empty for ps < p < pr.. Then p(r; a.(p); p) can be extended to pr, < p < pr,+0
with some § > 0 by the implicit function theorem. This is a contradiction, since
Sp = {k} for p > py, from [12], which completes the proof.
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Section 3 is devoted to the proof of theorem 1.2. We first assume that there exists
a singular solution ¢ with ¢ # @s. Set h(n) = r2/®P=Yp(r) and = logr. Then h

satisfies
4
n" + (N—2— 1>h’— 1" — cE'h+hP =0 inR. (1.7)
p—
Define
E[h(n)] = (B’ (1)) + F(h(n)) forn € R,
where

1
F(r) = —%cé’o_lTQ + T 1Tp+1 for 7 > 0.
p

Multiplying (1.7) by b’ yields

4 g = {ezn _ (N P 41> }h’(n)2 forneR.  (L8)

dn p-
We divide into two cases:
(i) 2(h — e < (—00,0]) = oo
(ii) z(h = Coo : (—00,0]) < 0.

We obtain a contradiction in each case through estimates based on (1.8).

2. Proof of theorem 1.1

In this section we prove the uniqueness of the regular solution of (1.5), which is
spatially inhomogeneous for p = py, since it was solved in the case of p > pr, in [12].
Let p > ps. For a > 0, let o(r;a;p) be a solution of (1.5) with ¢'(0) = 0 and
»(0) = a. Set

r(a;p) =sup{r > 0: p(F;a;p) > 0 for all 7 € [0,7)}.

In order to avoid complicated notation, we denote ¢(r; «; p) and r(c; p) by (r; @)
and r(a), respectively, if there is no fear of confusion. We also denote simply by &
and @4, for all p > pg, though they depend on p. Let

Sy, ={a>0:7(e;p) = o0}

For g > 1, let LY be the class of Lebesgue measurable functions on [0, 00) such that
|1 o ar < o,
0
where p(r) = exp(—r?/4) for r > 0. Let

HY ={fel?: . fecl?}.

w

The following result was shown in [10].
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PROPOSITION 2.1. Let p > ps. For a € S, there exists c(a) > 0 such that
o(r;a) = c()r=2®P=V(1 —d(a)r2 + o(r~?)) asr — oo,
where d(a) = c(a)P~ — B L.
The following results were obtained in [12].

LEMMA 2.2. Let p > ps. For a € S,, it holds that o > k and ¢(r;a) is non-
increasing with respect to r.

LEMMA 2.3. Let p > ps. If a > & is sufficiently close to k, then r(a) < oo and

2(p(r;a) = oo(r) : [0,7(a))) = 2.

For p > pg, define

ax(p) = sup{a > K : z(@(r;@;p) — poo(r) : [0,7(&;p))) =2 for all & € (k, o)}
(2.1)

As stated in § 1, if ps < p < pr,, then S, \ {«x} is non-empty and hence
K < ax(p) < oo.

It is immediate that . (p) € S,. Since k is a unique element of S, to which the
corresponding solution intersects o exactly once by [1], we have

2(p(r; ()i p) — $oo(r)) 2 2 for p > ps
with S, \ {k} # @. For a € S, let Lo(p) be the linearized operator at ¢(-; a;p),

i.e.
Lo(p)p = ¢ Gty % — %cﬁ + pp(r; a; p)P 1.

For j =0,1,2,..., denote by /\a(p) and qb"‘( ) the jth eigenvalue of

oz(p)¢ = )‘¢ in H;;

and the jth eigenfunction with ¢'(0) = 0 and ¢(0) = 1, respectively. For simplicity,
we denote Lq(p), Af(p) and ¢§(p) by La, A} and ¢, respectively, if there is no
fear of confusion.

LEMMA 2.4. Forp > ps with S, \ {k} # &, let a..(p) be defined in (2.1). Then 0 is
not an eigenvalue of Lo, (5)(p).

Proof. Differentiating (1.5) in « yields
N-—-1 1 _
(pa)” + 7(9004) 7"(90“)/ - Zi‘pa +pp(r; )’ e = 0, (2:2)

where ¢ (r;a) = dp(r;a)/da. It is trivial that (¢,) (0;«) = 0 and also that
¢a(0;a) = 1.

Write . = au(p) for simplicity. Let o € (k, o). Since p(r; ) > poo(r) for r in
some interval, it is immediate that

2(pa(r;a) : [0,r(a))) > 1. (2.3)
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Figure 1. Rough sketch of r(a).

0 rf(%) r

Figure 2. ¢(r;a0) is not non-increasing.
Since (r(a);a) = 0, we have

' (a) = _‘pa(r(a); @) (2.4)

pr(r(a);a)’
where ¢, (r; o) = 9/0rp(r; ). We first consider the case where r(a) is decreasing
for @« > k with @ — k < 1 and increasing for a < a, with a, — a < 1. It follows
from (2.4) that ¢, (r(a);a) <0 for a > k with o — k < 1 and @, (r(a); @) > 0 for
a < oy with o, —a < 1.

We show that ¢(r;a) is non-increasing in r € [0,7(a)] for any a € (k, ay).
Assume that this is not valid for some «g € (&, a,). Then we have z(p(r;ap) — K :
[0,7(ap))) = 3. Let 7#(«) be the ith zero of ¢(r;a) — & for a positive integer 4.

If some of the zeros of ¢(r;a) — k in [0,r(c)) vanish as « varies from «g to
., then there exist ay € (ap, o) and 7 € (0,7(c)) such that ¢(7; 1) = K and
¢'(#; 1) = 0. This is a contradiction by the uniqueness of solutions for (1.5) with
the same initial condition at r = 7. Consequently, z(¢(r;a) — k : [0,r(a))) > 3 for
each a € [ag, ayl.

Suppose that there exists {a,} with a,, 7 @, as n — oo such that r5(a,) — oo
as n — oo. By the definition of o, = a.(p), ¢(r;a,) does not intersect woo(r)
between the first zero of ¢(r;a,) — poo(r) and r5(ay,). Letting n — oo yields
2(p(r; ax) — Yoo (r)) = 1. This is a contradiction, since & is a unique regular solution
which intersects ¢, exactly once [1]. Hence, there exists C' > 0 such that r§(«) < C
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Oy (r;0)

/
R

Figure 3. Rough sketch of . (r(a); ).

r(®)

for o with 0 < . — @ < 1. Then we have z(¢(r; ax) — k) > 2 and hence p(7; o)
is not monotone. This contradicts lemma 2.2. Thus ¢(r;«) is non-increasing in
r € [0,7(a)] for any « € (k, a,) (Figure 2).

If o > & is sufficiently close to x, then z(pq;[0,7(c))) = 1. In fact, assume that
this is not true. Then there exist r;(a) € (0,7()) for ¢ = 1,2,3, where r;(«) is
the ith zero of ¢, (r; «) for positive integer i, since @, (r(a); ) < 0 for a > x with
a — k < 1. It was shown in [3] that Aj < 0 = Af < X§ < ---. Therefore, ¢ is an
eigenfunction associated with Af = 0, that is, ¢f satisfies

N -1
r
We take ¢ again so that ¢4 (0) = 1, which is denoted by ¢%. Denote by R; the first
zero of ¢F. For any 0 < € < 1 there exists d; > 0 such that if K < o < K+ 7, then

p(r;a) < k for r € [Ry + ¢,r(a)]. For each 0 < ¢ < 1, R > 0, there exists d2 > 0
such that if kK < a < Kk + J2, then

[0a(r) = ¢ (r)] + |l (r) — (¢5) ()] <& for r €0, R].

Therefore, we have ra(a), r3(a) > 1 for o > k with o — k < 1. Since p(r;a) < &
for r € [Ry + ¢,r(a)] for @ > Kk with & — k < 1, this is a contradiction by the
standard comparison theorem on oscillation for elliptic equations [14].

We see that if @ > & is sufficiently close to &, then r1(a) < r(a) < r(a), where
r(a) is the local minimizer of ¢, (r; a) closest to r(«).

In fact, suppose that r(a) < r(a) for some a > k with a — k < 1. If r(@) = (&)
for some @ € (k,ay), then substituting & = & and r = r(&) = r(&) into (2.2)
yields a contradiction. This implies that r(«) < r(a) for all a € (k, o). On the
other hand, if & < «, is sufficiently close to ., then ¢, (r(a); @) > 0 and hence
z2(pa(r;a) 1 [0,7(a))) = 0 (Figure 3). This contradicts (2.3), which implies that
r(a) < r(a) for a > Kk with o — k < 1.

We similarly obtain that r(«) cannot pass positive local maximizers of ¢q (r; @)
as « varies from & to .

Take

1 _
Ok T - T e =0

1 1
k - -
>
and set (r; @) = q(r; @) exp(—kr?) for r € [0,7(a)]. A straightforward calculation
yields

w"+{ (4k_;)T_i_]v;l}qp/_,_{p(pp—l_pil—|—21<:N—|—k(4k;—1)r2}¢ —0. (2.5)
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There exists & € (k, ) with r(@) = rqo(@) such that r(a) > ra(a) for all a > a.
Then 9 (r; @) is non-decreasing for r € (rz2(a),r(a)) for any o € (@, o). In fact,
it is immediate that i (r; «) is increasing for r € (ra(«),r(«)) for any o € (@, o)
with @ — & < 1. Assume that 9(r; o) is not non-decreasing for r € (r2(ao), (o))
with some ag € (@, ). Then there exist a1 € (&, ap) and R € (ro(an),r(ay)) such
that ¥/ (R; a1) = " (R; 1) = 0. However, it is impossible from (2.5) and the choice
of k. This contradiction implies that ¥ (r; «) is non-decreasing for r € (ro(a),r(a))
for any a € (@, o).

Consequently, ¥(r; a,) is non-decreasing for r € (ro(ay ), 00). Taking 7. > ro(as),
we see that

ol o) exp(—kr?) = 0o (74; o) exp(—kr?) for r > r,
and hence
Oal(r; o) = 0a(ry; ay) exp(—kr?) exp(kr?)  for r > r,.

This implies that ¢ (r;a.) & HY.
When r(«) oscillates for a > k with @« — k < 1 or for a < a, with a,, —a < 1
we can modify the above argument to obtain the same conclusion. O

We are ready to prove theorem 1.1.

Proof of theorem 1.1. Arguing by contradiction, we assume that S, \ {«} is non-
empty.

We now introduce a standard formulation to apply the implicit function theorem.
Define an operator F from (ps, o0) x (HLNL>) to H. by F(p, f) = f—g(f), where
g(f) is a solution of

PURSE Bk A Py e w2
r p—1
with ¢’(0) = 0 and ¢g(0) = f(0). It is trivial that F(p,¢(;5p)) = 0 for a € S,
and ps < p < pr. Let Fy be the Fréchet derivative of F' with respect to f. It is
immediate that Fy(p, ¢(; o;p))h = 0 with h # 0 if and only if h # 0 satisfies

N-1 1
n" + — B —3rh' — —1 h + pp(r;a;p)P'h =0,

that is, h is an eigenfunction of L, (p) associated with 0. By lemma 2.4, 0 is not
an eigenvalue of L, () (p) for ps < p < pr. This implies that Fr(p, o(-; a«(p); p))
is invertible for ps < p < pr. Therefore, there exists 6 > 0 such that p(r; . (p); p)
can be extended to pr, < p < pr, + ¢ by the implicit function theorem.

On the other hand, S, = {x} for p > pr, from [12]. This contradiction completes
the proof. O

REMARK 2.5. The proof of theorem 1.1 implies that ¢(0; a.(p);p) = ax(p) — o©
as p /' pL.

3. Proof of theorem 1.2

This section is devoted to the proof of the uniqueness of the singular solution of
(1.5). The following result was proved by lemma 2.5 of [12].
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Figure 4. h in case (i).

PROPOSITION 3.1. Letp > ps. For 0 < e <1 and K, M > 1 there exist Cy, g > 0
such that if o > «ag, then

|(r; @) = poo| < Coer™?/ =D forr € [a~P~D/2K, M.
We now prove theorem 1.2.

Proof of theorem 1.2. Arguing by contradiction, we assume that there exists a sin-
gular solution ¢ of (1.5) which is different from ¢o. Set

h(n) = r2/(p_1)g0(7“) and 71 =logr. (3.1)
Then h satisfies
" 4 / 1.2 / —1 :
h+ N_Q_Ifl h—§e"h—cgo h+hp:O IDR. (32)
Define
E[h(n)] = 3(0'(n))> + F(h(n)) forn € R, (3.3)
where 1
F(r) = -1 + o 17"’+1 for 7 > 0.

Multiplying (3.2) by h’ yields
d 4
—F =1l (N—2- — "(n)?  f R. A4
St = {3 - (Vo2 S P R @)
We divide into two cases:
(i) z(h — coo : (—00,0]) = o0
(il) z(h — Coo : (—00,0]) < 0.

In case (i), there exists a sequence {n,} with n,, = —oo as n — oo such that {72, }
and {7241} are sequences of consecutive local maximizers and minimizers of h,
respectively, with 72,41 < 72, for n =1,2,... (see Figure 4).

It follows from (3.4) that

E[h(n2(n-1))] < E[h(n2n-1] < E[h(12,)] < E[h(n2n11] < E[0] for all n,

which implies that {h(n2,)} is bounded and increasing. Therefore, h(n2,) — ag as
n — oo for some ag with ag > coo. Taking 7, € (Mpt1,1n) With A(7,) = oo, we
have

Elh(f2n)] = E[h(n2,)] for all n. (3.5)
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Since h(n2,) — ag as n — 00, for 0 < € < 1 there exists ne > 1 such that h(ng,) >
ag — € 2 Coo + € for n > n.. Then there exists dy > 0 such that h'(72,) = 2dg
for n > n. from (3.5). Thus, there exists 0 < dp < 1 such that h'(n) > dy for
N € [fan — 0, N2n + do] and n > n.. It follows from (3.4) that

Elh(n2(n+1))] — E[h(n2,)] = ;(N —2- 41) /772("“) W (n)?dn
n

2n

1 4 f2n~+d0
>g(v-2- 2 [T e an
)

p—1 2n—00
4

for n > n.. Since E[h(n2(n41))] — E[h(n2n)] — 0 as n — oo, this is a contradiction.
In case (ii), h(n) is monotone for 1 near —oo. Indeed, if not, there exist infinitely
many local maximizers and local minimizers of h(7n). From (3.2), any local maximum
is larger than c., and any local minimum is smaller than c... Therefore, we have
z(h — oo : (—00,0]) = oo, which is case (i).
Consequently, the following two cases are possible:

(a) h(n) — a1 > 0 as n — —oo for some a; > 0;
(b) h(n) — 0 as n — —oo.
In fact, suppose that limsup, ,_ . h(n) = co. Set h(n) = h(—n) for n € R. Then h
satisfies
- 4 \- - -
B (NQ 1>h’+ Lo=21f/ — 2 h 4 hP =0 in R. (3.6)
p—

Since h(n) is monotone for 7 near —oo, there exists 79 > 1 such that h(n) > 1 and
h'(n) > 0 for n > no. We show that h”(n) > 0 for n > n9. On the contrary, assume
that h”(n1) < 0 for some n; > ng. Let

0" = sup{n > : k" (7)) < 0 for all ) € [n1,m)}.
If n* < oo, then 2 (n*) = 0. Differentiating (3.6) in r yields
- 4 \- - - - -
R — (N — 92— o1 1>h” + e —e?h — ETIW + phPT'R =0 in R
Then we have 1" () < 0 for n € [n,n*] and hence h"(n*) < B (1) < 0. This
contradiction implies that n* = oo, that is, h”(n) < 0 for n > n;. Since h'(n)

r
is decreasing for 7 > ny, there exists by > 0 such that h'(n) — by as n — oo.
Then h"(n) — 0 as n — oo. Letting 7 — oo in (3.6) yields a contradiction. Thus,
h"(n) = 0 for n = ng. It then follows from (3.6) that
4\ - .
(N—2— 1>h’ > LhP forp>1,

which implies that & blows up at some finite 7. This is a contradiction. Consequently,
we obtain limsup, _, . h(n) < oc.
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In the case of (a), we have

p—1 D _
—cba; +ay =0,

letting n — —oo in (3.2) since h'(n) — 0 and h”(n) — 0 as n — —oo. This is
a contradiction since a; # cs by (3.4). In the case of (b), there exist a > 1,
R > 0, such that ¢(R;a) = ¢(R) and p(r;a) < ¢(r) < @u(r) for r € (0,R) by
proposition 3.1. This is a contradiction by the standard comparison theorem on
oscillation for elliptic equations. This completes the proof. O

Acknowledgements

The author is supported by the JST PRESTO programme.

References
1 J. Bebernes and D. Eberly. A description of self-similar blow-up for dimensions n > 3.
Annales Inst. H. Poincaré 5 (1988), 1-21.
2 C. J. Budd and Y.-W. Qi. The existence of bounded solutions of a semilinear elliptic
equation. J. Diff. Eqns 82 (1989), 207-218.
3 S. Fillippas and R. V. Kohn. Refined asymptotics for the blowup of us —Au = u?. Commun.
Pure Appl. Math. 45 (1992), 821-869.
4 V. A. Galaktionov and J. L. Vazquez. Continuation of blowup solutions of non-linear heat
equations in several dimensions. Commun. Pure Appl. Math. 50 (1997), 1-67.
5 Y. Giga and R. V. Kohn. Asymptotically self-similar blowup of semilinear heat equations.
Commun. Pure Appl. Math. 38 (1985), 297-319.
6 L. A. Lepin. Countable spectrum of the eigenfunctions of the non-linear heat equation with
distributed parameters. Diff. Uravn. 24 (1988), 1226-1234. (In Russian.)
7 L. A. Lepin. Self-similar solutions of a semilinear heat equation. Mat. Model. 2 (1990),
63-74. (In Russian.)
8 H. Matano and F. Merle. On non-existence of type II blow-up for a supercritical non-linear
heat equation. Commun. Pure Appl. Math. 57 (2004), 1494-1541.
9 H. Matano and F. Merle. Classification of type I and type II behaviors for a supercritical
non-linear heat equation. J. Funct. Analysis 256 (2009), 992-1064.
10 J. Matos. Convergence of blow-up solutions of non-linear heat equations in the supercritical
case. Proc. R. Soc. Edinb. A 129 (1999), 1197-1227.
11 N. Mizoguchi. Blowup behavior of solutions for a semilinear heat equation with supercritical
non-linearity. J. Diff. Eqns 205 (2004), 298-328.
12 N. Mizoguchi. Nonexistence of backward self-similar blowup solutions to a supercritical
semilinear heat equation. J. Funct. Analysis 257 (2009), 2911-2937.
13 P. Plech4¢ and V. Sversk. Singular and regular solutions of a non-linear parabolic system.
Nonlinearity 16 (2003), 2083-2097.
14 M. H. Protter and H. F. Weinberger. Mazimum principles in differential equations
(Springer, 1984).
15 W. C. Troy. The existence of bounded solutions of a semilinear heat equations. SIAM J.

Math. Analysis 18 (1987), 332-336.
(Issued 6 August 2010)

https://doi.org/10.1017/50308210509000444 Published online by Cambridge University Press


https://doi.org/10.1017/S0308210509000444

