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Boundary behavior of blow-up solutions to some
weighted non-linear differential equations *

Ahmed Mohammed

Abstract

We investigate, under appropriate conditions on the weight g and the
non-linearity f, the boundary behavior of solutions to

(r(@)*7) = rg(r) f (),

0<r<R,u(0) =0, u(r) — oo as r — R. The results obtained here
generalize, and in some cases improve known results.
1 Introduction

Let « > 0,p>1, R > 0. For 0 < r < R we consider positive and increasing
solutions of the problem

w'(0)=0, u(r)—oo as r— R, (L.1)
where f(s) is assumed to satisfy
_ 1 s “1/p B
£(0)=0, f(s)>0, /O (/O F(tdt) " 7ds = oo, "

f'(s)>0 fors>0.

Solutions of (1.1) are called blow-up solutions. Note that radial solutions of the
p-Laplace equation
div(|VulP"*Vu) = g(|z]) f (u),

in the ball B := B(0,R) C RY satisfy the differential equation (1.1) with
a =N — 1. It will be convenient to rewrite (1.1) as

(@) + 2@yt = g f(w), w(0) =0, u(R)=oc. (1)
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Throughout the paper we shall assume the following condition on the non-
identically-zero weight function:

g>0, ¢geC(0,R)), and g isnon-decreasing near R. (1.4)

Whenever the monotonicity condition on g is not required, we will state it
explicitly.

A necessary and sufficient condition for the existence of a solution to (1.1),
when g(r) = C > 0, is the Keller-Osserman condition [6, 9]:

> ds °
/1 Flar < F(s):/of(t)dt. (1.5)

If this condition holds for f, then the function

W(t) = /too W ds, >0, (1.6)

is well-defined, decreasing and convex. Here ¢ := p/(p—1). Let ¢ be the inverse
function of ¢. Then limg_o@(s) = oo, lims_ ¢(s) = 0, and ¢ is known to
satisfy the 1-dimentional equation (—(—¢')P~1) = f(¢).

The case ¢ = C > 0 has been investigated extensively. For p = 2, a =
N — 1, asymptotic boundary estimates have been obtained in [8, 2]. For p >
1 such estimates were obtained in [5]. The question of existence of blow-up
solutions when ¢(r) is bounded and vanishes on a set of positive measure has
been considered in [7], when p = 2 and & = N — 1. Again for p = 2 and
a = N —1, the situation when g(r) is unbounded near r = R has recently been
discussed in [4]. In [10], equation (1.1) was investigated in the general case when
g(r) is unbounded near R.

Our purpose in this paper is to study the boundary behavior of blow-up
solutions of (1.1) when ¢ is unbounded near R and f satisfies the condition
(1.5).

For later reference, let us recall the following two results from [11] and [5].
The first is a comparison Lemma (see a proof in [11]). For notational convenience
in stating the Lemma, we let L denote the differential operator on the left hand
side of equation (1.3) above.

Lemma 1.1 (Comparison) Let 0 < a < b. Suppose u,w € C*([a,b]) with
()P~ (WPt € C1((a, b)) satisfy

Lu— g(r) () < Lw — g(r) f(w) in (a,}
u(a+) < wla+), u'(a) <w'(a).

Then v < w' in [a,b], which implies u < w in (a,b].

In this Lemma u(a+) < w(a+) means that there exists ¢ > 0 such that
u<win (a,a+ ¢).
The second result we shall need is stated below (see [5] for a proof).
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Lemma 1.2 If conditions (1.2) and (1.5) hold for some p > 1, then

li & 0
Koot Wﬁ) e

2 Existence of blow-up solutions

Let us first make a few remarks about solutions of (1.3). Starting with the
inequality (which follows from (1.3))

(@)= < g(r)f(u(r)), 0<r<R,

we multiply both sides of the inequality by «/(r) and integrate the resulting
inequality on (rg,r), to arrive at

(w'(r)" < q/rg(S)f(U(S))u/(S) ds + (u/(ro))?, o <7 <R

To

Here 0 < r9 < R is such that g is increasing on (rg, R). Since u(r) — oo as
r — R we find that

u'(r) < 2gMP(r)(gF (u(r)Y?, 1 <r <R, (2.1)

for some 19 < r; < R, depending on u.

Since g(r), and f(u(r)) are increasing in (rq, R) it easily follows, on integrat-
ing both sides of equation (1.1) on (rg,r), that for a given € > 0 there is o that
depends on u and € such that

r(1+e)
a—+1

()P~ < g(r)flu), m<r<R. (2.2)

The use of this inequality in (1.3) gives

1— e
a+1

((W)P=1) > g(r)f(u(r)), r2<r<R. (2.3)
Note that this last inequality implies that v’ is increasing near R.

Remark 2.1 Suppose g is non-decreasing on (0,R), and u is a solution of
(1.1). Taking note of the fact that u'(0) = 0, the argument leading up to the
inequality (2.8) shows that this inequality holds for 0 < r < R with € = 0.

To restate some of the main results that were proved in [10], let us consider
the following two conditions:

g'/? € L}(0, R) (2.4)
lim inf (R — rg(r)/? > 0. (2.5)

We recall the following two results from [10].
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Theorem 2.2 Assume that (2.4) holds. Then (1.1) has a solution if and only
if condition (1.5) holds.

Theorem 2.3 Assume that (2.5) holds. Then (1.1) has a solution if and only
if condition (1.5) fails to hold.

Let us give a proof of the sufficiency of the (1.5) condition for the existence
of a blow-up solution in Theorem 2.2. For the proof of the rest of the assertions
in Theorems 2.2 and 2.3, we refer the reader to [10].

Proof. Let 0 < rg < R be such that g is increasing on (rg, R) and let us fix
a positive integer m with 1/m < R — ry. For each k > m, let wy be a blow-up
solution of (1.3) on (0,R — 1/k). Since g is bounded on this interval, such a
solution exists by the (1.5) condition. Then we must have wy.1(0) < wy(0), for
if wg+1(0) > w(0) then by the Comparison Lemma, we would have wy(r) <
wi+1(r), 0 <r < R—1/k. But this is not possible as wy, blows up at R — 1/k,
and wg41 does not. In fact we must have

1
W41 (r) <wi(r), 0<r<R-— T

To see this, suppose on the contrary wg41(r) > wg(r) for some 0 < r < R —
1/k. Then since wg4+1(0) < wi(0) the function wy41 — wy takes on a positive
maximum in the interior of [0, 71] where r; is chosen sufficiently close to R—1/k
so that wi41(r1) < wg(r1). If 0 < 7* < rp is such a maximum point, then we
have wy11(r*) > we(r*) and wj_ ,(r«) = wy(r+). But then by the Comparison
Lemma again, we would have wg11 > wy on (ry, R — 1/k) which is obviously
not possible. Therefore the claimed inequality holds.
Using this and the fact that wy and w1 satisfy equation (1.1) we obtain

(ha (M)~ =77 [ 520(6) s () s
< [ stg(s) o) ds
0
= (wp(r)*™, 0<r<R-1/k,
thus showing that
wi 1 (r) <wp(r), 0<r<R-—1/k. (2.6)

For ¢t,r € (0,R —1/k), and n > k we have

[ () — wa (1)) = |/; w,(s) ds|
<

wy, (Q)r — ¢
< Wiy (R = 1/E)|r —t],
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where ¢ = max{r,t}. Thus {w,};2, , is a bounded equicontinuous family in
C([0, R—1/k]), and hence has a convergent subsequence. Let u be the limit. We
will show that u is the desired blow-up solution of (1.3) in (0, R). To see this,
note that for r € [0, R — 1/k] and n > k the solution w, satisfies the integral
equation

wnr) = w0+ [ ( / t (2)“g<s>f<wn<s>>ds) o

Letting n — oo we see that u satisfies the same integral equation. Since k is
arbitrary we conclude that u satisfies equation (1.3) in (0, R). We now show that
u(r) — oo as r — R. Let r1 such that (2.1) holds for w,, inr <r < R—1/m.
Because of the inequality (2.6), the same 71 can be used for wy, in the interval
(r1, R—1/k) for any k > m. Thus using the inequality (2.1) for wy we see that

wy(s)

W < 291/17(3)7 r < s< R— 1/]{3

Integrating this on (r, R — 1/k) for any r < r < R — 1/k leads to
o0 1 R—1/k y R "
7ds§2/ g p(s)ds§2/ g'P(s)ds.
/wk(r) (qF(s))l/p r r

Now letting £ — oo we obtain the integral estimate

oo 1 R
/()stg2/ gl/p(S)dS, T1S7‘<R.

Letting 7 — R, we notice that the left hand side integral tends to zero, since by
hypothesis g € L'/?(0, R). Thus we conclude that u(r) — oo when r — R, as
desired. O

Remark 2.4 The above theorems do not cover the situation when ¢ satisfies
neither condition (2.4) nor (2.5). The following example shows that neither
theorem is true in this case. Let p > 1 and 0 < R < 1 be fixed. Then
u(r) = —log(R — r) — r/R satisfies the equations, (j =0, 1),

(W (r)P~1) = g;(r)fi(u), ' (0)=0, wu(r)—o0 asr— R,
where

gi(r)=(p—1)(rR )P (R —r)P(~log(R—r) —r/R) ™",
and f;(t) =tP=J, j=0,1. Observe that

lim (R —r)g;(r)*/? =0, and g¢/* ¢ L'(0,R), j=0,1.

r—R

Furthermore it is clear that fy satisfies (1.5), but fi does not. Both satisfy all
the hypotheses in (1.2).
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Remark 2.5 Suppose [ satisfies (1.2) and (1.5). If (1.3) admits a blow-up
solution, then it is known (Theorem 2.2 of [10]) that

lirr}%g(r)l/p(R —r)=0.

However it remains unclear whether this limit condition is also sufficient for
existence of blow-up solutions.

3 Boundary Behavior of Blow-up Solutions

The following condition, introduced in [3], will be useful in investigating some
boundary behavior of solutions to (1.3). Let the function v defined in (1.6)

satisfy
t
lim inf v(5Y)
t—oo w(t)
This condition implies the following Lemma given in [3] without proof. Since
subsequent results rely on this Lemma, we shall include the short proof for the
readers’ convenience as well as for completeness.

>1, forany 0<fg< 1. (3.1)

Lemma 3.1 Let ¢ € Cltg,00). Suppose that 1 is strictly monotone decreasing
and satisfies (3.1). Let ¢ := ~*. Given a positive number ~y there exist positive
numbers 1,0~ such that the following hold:

1. If v > 1, then ¢((1 —n)d) < v¢(8) for all n € [0,n,], 6 € [0,6,]
2. If v <1, then ¢((1 +n)8) = v¢(6) for alln € [0,n,], § € [0,6,].

Proof. We prove (1) only, as (2) is an easy consequence of (1). Let v > 1 be
given. By hypothesis,

(v
lim inf =a, for some a = a(y) > 1.
o )
Let us fix 1 < 6 < o. Then for some ¢, we have
Y(y ) > 0(t), forallt >t,. (3.2)

Now let 6, := 0v(ty), and n, := (0 —1)/6. If 0 < < 6., then ¢(6/0) > ¢,
and hence by (3.2), we obtain ¢(0/0) < v¢(d). Thus if 0 < n < n, so that
(1 —=n)d > §/6 then we conclude that ¢((1 —1)d) < ¢(§/6) < v¢(5) as desired.
U

We will also need the following consequence of the above Lemma.

Lemma 3.2 Let ¢ and ¢ be as in Lemma 3.1, and let v > 0, C' > 0 be given.
Then there is a positive constant 69 = 60(C,7) and a positive integer m =
m(C,v) such that the following hold:

1. If v > 1, then ¢(Cd) < Ay™p(d) for all 0 < 6 < &y
2. If v < 1, then ¢(C6) > 4™ ¢(5) for all 0 < § < dp.
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Proof. We prove (1) only, as (2) is an immediate consequence of (1). If C > 1,
then there is nothing to prove. So assume that 0 < C < 1. Corresponding to
v > 1, let ny and 6, be the positive constants given in Lemma 3.1. Choose
0 <n < ny such that 0 < C < 1—n, and let g = (1 —n)™d,/C, where m is the
smallest positive integer such that (1 — 7)™ < C. With such a choice of §y we
clearly see that 0 < C§/(1 —n)? < 6, for all j =1,---m whenever 0 < § < .
Thus if 0 < § < dg, we apply Lemma 3.1 repeatedly to obtain

C

—).

(1 —mm )

Recalling that ¢ is decreasing we obtain the claimed inequality. O
Note that if condition (1.5) holds for f, and equation (1.1) admits a solution,

then g'/?(r)(R—r) — 0 as r — R (see Remark 2.5). Thus ¢(¢'/?(r)(R—r)) —

coasr — R.

B(CH) <™ ¢(

Theorem 3.3 Suppose that f satifies (1.2), and (1.5) condition together with
condition (3.1). If u is a solution of (1.1), then

1. limsup ulr) <
k& (g/P(r)(R 1))
2. If, moreover, g satisfies (2.4), then liminf = ulr) Z
r—R d)(fr gl/P(s) ds)

Proof. (1) Let k be the smallest positive integer such that 1/k < R, and
for each positive integer j > k let g(M;) := max{g(r) : 0 < r < R—1/j}.
Furthermore, let w; be a solution of

o

— ()P = (a+1g(M)) f(w), w'(0)=0, w(R-1/j)= o0,

(@)t +2

in (0, R —1/j). Since for j > m we have

(=Y + S @iy > (a4 Dg(M)fluwy). on (0.8 1/m),
by the Comparison Lemma we conclude that w;(0) < w,,(0). In particular we
have w;(0) < wg(0) for all j > k. On using Remark 2.1 we get

wy(r) > (gg(M;)"/? (F(w;(r)) — F(w;(0)))"/*

_ 1/p . 1/p F(w;(0))\1/»
= (o) " s () (1= )

Rewriting this expression, and using the inequality w;(0) < wy(0) for all j > k
we find that

E(u(0)y 7

W\ (g(Mj))l/p(l -~ F(w;(r))
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Integrating this on (r, R — 1/j) we obtain

/ Ty
w; (1) (qF(t))l/p

R—1/j w 1/p
> (g(My)/"(R—=1/j =) ﬁ/ (1- —?EJESSE ) / ds|.

Note that the expression in the bracket on the right tends to one as r approaches
R —1/j. Thus we have obtained

D(w;(r)) = (9(M;)P(R =1/ = r)(1 = n;(r)),

1 REVT L F(wi(0) 1
U= e A e

so that n;(r) - 0asr — R—1/j.
Hence we obtain, by Lemma 3.1, that for any e > 0 there is ro(¢,j) such
that (recall that g(M;) > g(r), 0 <r < R—1/j)

w;(r) < ¢((g(M;)P(R = 1/5 —r)(1 = n;(r))
<(1+ed (gl/p(r)(R 1/ - r)) . role,f) <r<R—1/j.

where

But then given any j > k, the inequality u(r) < w;(r) holds for r sufficiently
close to R —1/j so that

u(r) < (146 (67 () (R =1/ =)

Therefore, we conclude that

imsu u(r)
S @R 1))

Since j can be taken arbitrarily large, the claim follows.

To prove (2), suppose that g is non-decreasing on (rg, R) for some 0 < ¢ <
R. On multiplying both sides of the inequality ((u’)P~!)" < g(r)f(u) by v’ and
integrating the resulting inequality on (rg,r), we obtain

o' (r) e W)\
@7 <90 (0 L Ey) 33)

Integrating this inequality on (r, R) for r > rg,
o 1 u'(ro)? 1/p /R L
——_at< (14 —Y g(t)MP at
~/u(r) (qF (t)'/» ( qg(T’)F(U(T))) r

R
= (1+0() / o)/ dt,

T
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where ¥(r) — 0 as r — R. Therefore,

u(r) > qi)((l +9(r)) /Rg(t)l/P dt).

s

By Lemma 3.1, we see that for any ¢ > 0 we can find 71 (€) > rg such that

u(r) > (1— e)¢(/Rg(t)1/” dt), r(e) <r < R.

r

Since € is arbitrary, this proves the desired inequality. O

Remark 3.4 (a) For the conclusion in (1) of the above theorem to hold, g need
not be non-decreasing near R.

(b) If g is assumed to be non-decreasing on (0, R), then by taking ¢ to be 0 in
(3.3) it immediately follows that

u(r) > ¢(LR9(C)1/pdC), 0<r<R.

Remark 3.5 Without further condition on the weight g the limits in the above
Theorem may not be 1. In fact the limit supremum in (1) of Theorem 3.3 could
be zero, while the limit infimum in (2) of the same Theorem could be infinity.
See [4] for such examples.

Let us now introduce a condition on g that will ensure that the limits in
Theorem 3.3 are unity for any blow-up solution.

. 1 R 9(8)\1/p _
lim /T (M) ds =1. (3.4)

Theorem 3.6 Let f satisfy (1.2), (1.5), and (3.1). Suppose also that g satisfies
(3.4). Then for any blow-up solution u of (1.1) the following limits hold.

u(r) —1  lm u(r)

M o([Fgir(syds) =R e(gUP(r)(R =)

~1. (3.5)

Proof. Let ¢ > 0 be given. Then by Lemma 3.1 we pick 7. and . such that

P((1=m)8) < (1+€)p(d), and ¢((1+n)d) = (1—€)e(d), (3.6)

for all n € [0,n, 0 € [0,6]. By (3.4), we choose r. > 0 such that for all
re <r < R we have

R
5109 PR =) < [ g'(s)ds < (14 n)g () (R ).

T

(1-
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That is

R
o((1+ g )R =) <o [ o) as)

1

<o((1- 5776)91/”(7’)(}3 - ).

From these last inequalities and (3.6), we conclude that

R
(1= (470) R =) <o [ gr(5)ds) < (1+90 (/7R - 1))
for r, < r < R. Thus we have shown that
L PR ~ )
=R ([T gl/p(s)ds)

This limit and (1) from Theorem 3.3, then show that

lim sup u(r)

r—R (ZS(f gl/P )ds) o

This last inequality with (2) of Theorem 3.3 would then give the desired limit.
The second limit in (3.5) follows on similar lines. This concludes the proof of
the Theorem. O

—1. (3.7)

Remark 3.7 The proof of Theorem 3.6 shows that the weight g need not be
non-decreasing near R for (3.7) to hold. Consequently the first limit in (3.5)
holds for any non-negative continuous weight g. (See Remark (3.4)).

Now, we show a class of weights g that satisfy the condition (3.4). For this
let h € C([0, R]) be a non-decreasing positive function. Given 0 < 3 < p, let

g(s) == h(s)log”(1/(R = s)), 0<s<R.

Then g is non-decreasing near R, and for r sufficiently close to R

1% g(s) e
SR—T/T (g—r)) ds

L h(R)yi/p [T (log(1/(R —5))\O/P s
—R—r(h(T)) / <log(1/(R T))) !

L W(R) e [* log(L/(R — 5)
G | reim =)

1

1/p 1
) )

Therefore, it follows that g satisfies (3.4).
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For convenience we will use the following notation in our subsequent consid-

erations.
" 9(5) 1/p
[ ()

gl\r

A= liminf
r—R -

R
9(s)\1/p . 1
— d A:=1
[ G At

For our next result, we consider the following condition on f:

L sf(s)
r—R F(S)

(3.8)

where E is an extended real number.
In the following two Theorems, we do not require g to be non-decreasing.
The first theorem provides a converse to Theorem 3.6 under some conditions on

f.

Theorem 3.8 Suppose f satisfies (1.2), (1.5), and (3.8). Assume also that
(2.4) holds for the weight g. If u is a solution of (1.3) such that the limits in
(3.5) hold, then the weight g satisfies (3.4), or the limit E in (3.8) is cc.

Proof. Suppose that ¢ fails to satisfy condition (3.4). Using the notation
given above, we then have A < 1 or A > 1. Let § > 0 such that A <1 —6 or
149 < A. Then we pick some sequence r,, that converges to R so that

R
(1+5)gl/p(rm)(R—rm)</ g'/P(s)ds, ifA>1

m

or

R
(1= 8)g P (rm)(R— 1) > / g /P (s)ds, if X< 1.

m

If the limits in (3.5) hold, then clearly we have the limit

L @) (R=1m)) _
m=oe g fri g1/7(s) ds)

By the mean value theorem, and using that —¢’ is decreasing, we have

‘fb (g7 (rm) (R = i) _1’
([ g7 (s)ds)
—¢'(0(rm))| J,2 97 () ds = g7 (rin) (R = 1)
o([ g7 (s) ds)
=0 (" 9"/ (s)ds) - (J," g/7(s) ds) ‘1 g (rm) (R — 1)
(frm gl/r(s) ds) fri gi/r(s)ds
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From (3.9) and the above limit, we conclude that

O o R A L TP TG R

li
fTIZ gt/P(s)ds

m—>o0 s( [T gt/e(s)ds)

Since

1/p _
‘1 g }irm)(R ’I”m)‘ > 0 S
. g'/7(s)ds 1+0

we conclude that the limit of the other factor must be zero. Recalling that

—¢'(t) = (aF (6(1)))"/7,

0,

and hence letting s = ¢(¢) so that s — oo if and only if ¢ — 0, we have the
following chain of equalities.

o0t aFO)

0 o) 0 o)
= lim ¥(s)
s—=o0 5/(qF (s))1/P
= lim ! =1/(E/p—1).

s—o0 1= (sf(s))/(pF(s))

In computing the above limit, we have used L’Hopital’s rule which is justified
by Lemma 1.2. Going back to (3.9), since the first term on the right side of this
inequality tends to zero as m — oo we thus conclude that the limit in (3.8) is
F = . g

Theorem 3.9 Suppose f satisfies (1.2), (1.5), (3.1), (3.8) and g satisfies (2.4).
If for any solution u of (1.3), we have either

u(r) u(r)

lim sup =0, or liminf———"—— =00,

r—r o(gP(r)(R— 7)) TR ([F g/e(s) ds)

then either A\ =0 or A = oco.

Proof. We will prove the case when the limit superior is zero, the other case
being similar. Suppose contrary to our conclusion we have A > 0 and A < co.
Let us fix A\g and Ag with 0 < Mg < XA and Ay > A. Then for some ry we have

R
/ g /P(s)ds > Xog'/P(r)(R—7), 1o <7 <R.

T

By Lemma 3.2, we know that ¢(Aog'/P(r)(R — 1)) > (1/2)™¢(g"/?(r)(R — 7))
for r sufficiently close to R. Consequently, by hypothesis and by (2) of Theorem
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3.3 we conclude that

Lo @0g /() (R = 1)
R
([T g e(s) ds)

liminf — )
SRR (R () ds) TR u(r)

By the mean value theorem, and since —¢’ is decreasing, for rog < r < R, we
have

BLug R )

o( [T g7 (s)ds)
()] [T g P (s) ds — Aog7 (r) (R — )]
— d)(fTRgl/p(S) ds) (3.10)
_ =9 Qg ()R 1)) - (g"/7(r) (R — 1)) | L gt (s)ds
0
o( [ g'/7(s) ds) g /P (r) (R —r)

From the definition of A, we can choose 1 such that

R
/gl/p(s)dsgAogl/p(r)(R—r)7 r1 <r <R,

s
Then by Lemma 3.2, there is some positive integer m, such that for some 79
and all ro < r < R, we have

1

R
qS(/ g"/7(s)ds) = 6(Rog"(r) (R = 7)) = (5)"6(Nog (1) (R = 7).

Applying this inequality to the last inequality in (3.10), we find

’¢ (Mog"/P(r)(R—1)) 1’
o( [ '/ (s) ds)

o =2 (Qog!P(r) (R = 1)) - (6" (1) (R — 1)) | S g (s) ds

- ¢ (hag!/7(r) (R — ) gt/r(r)(R )

for all max{rg,r1,m72} < r < R. Recall from the computations in the proof of
the above theorem that

lim AL = lim -1

t=0 ¢(t)  s—ool—(sf(s))/(pF(s))
where we have used the condition (and the notation) in (3.8) to write the last
limit. This shows that the limit inferior of the right hand side of (3.11) is finite

which contradicts our earlier conclusion that the left hand side has infinite limit.
O

— o, (3.11)

=1/(E/p—1),



14

Boundary behavior of blow-up solutions EJDE-2002/78

Acknowledgements. The author would like to express his gratitude to Pro-
fessor Giovanni Porru for introducing him to the subject of blow up solutions
and for his constant encouragement. The author also thanks the referee for the
useful comments that helped improve the presentation of the paper.

References

1]

C. Bandle, M. Marcus, Large solutions of semilinear elliptic equations: ez-
istence, uniqueness and asymptotic behaviour, J. d’Anal. Math., 58 (1992),
9-24.

C. Bandle, M. Marcus, On second order effects in the boundary behaviour
of large solutions of semilinear elliptic problems, Differential and Integral
Equations. 11, (1998), 23-34.

C. Bandle, M. Marcus, Asymptotic behavour of solutions and their deriva-
tives for semilinear elliptic problems with blow-up on the boundary, Ann.
Inst. H. Poincare 12, (1995), 155-171.

C. Bandle, Y. Cheng, G. Porru, Boundary blow-up in semilinear elliptic
problems with singular weights at the boundary, Institut Mittag-Leffler, Re-
port No. 39, (1999/2000),1-14.

F. Gladiali, G. Porru, Estimates for explosive solutions to p-Laplace equa-
tions, Progress in Partial Differential Equations, (Pont-4-Mousson 1997),
Vol. 1, Pitman Res. Notes Math. Series, Longman 383 (1998), 117-127.

J.B. Keller, On solutions of Au = f(u), Comm. Pure Appl. Math., 10
(1957), 503-510.

A.V. Lair, A Necessary and Sufficient Condition for Existence of Large
Solutions to semilinear FElliptic Fquations, J. Math. Anal. Appl. 240
(1999),205-218.

A.C. Lazer, P.J. McKenna, Asymptotic behaviour of solutions of boundary
blow up problems, Differential and Integral Equations, 7 (1994), 1001-1019.

R. Osserman, On the inequality Au > f(u), Pacific J. Math. 7 (1957),
1641-1647.

A. Mohammed, G. Porcu, G. Porru, Large solutions to some non-linear
O.D.E. with singular coefficients, Non-linear Analysis, TMA. 47(1) (2001)
513-524

W. Reichel, W. Walter, Radial solutions of equations and inequalities in-
volving the p-Laplacian, J. Ineq. Appl. 1 (1997), 47-71



EJDE-2002/78 Ahmed Mohammed

AHMED MOHAMMED

Department of Mathematical Sciences
Ball State University,

Muncie, IN 47306, USA

e-mail: amohammed@bsu.edu

15



