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Existence of Large Solutions for Quasilinear Elliptic Equation

Xiao Li and Zuodong Yang

Abstract. In this paper, we consider the problem

—div(|]VulP2Vu) = Au — b(x)h(w), x €N

u =400, on 99Q.
where Q is a smooth bounded domain in RN. The weight function b(x) is a non-
negative continuous function in the domain, h(u) is locally Lipschitz continuous,
h(u)/uP~! is increasing on (0,0c0) and h(u) ~ Hu™?=1 for sufficiently large u
with H > 0 and m > 1. We establish conditions sufficient to ensure the existence
of positive large solutions of the equation.

1. Introduction

In this paper, we are concerned with the existence of positive solution of
quasilinear elliptic equations with singular boundary value condition in the
following form

—div(|VulP~2Vu) = Au — b(x)h(u), x €

1.1
u=-+oo, on 90 (.1

where Q € RN is a smooth bounded domain, p > 2. The boundary condition
in (1.1) is understood as u(x) — oo when d(x) = dist(x, ) — 0". The
non-negative solutions of (1.1) are called large (or blow-up).

For the following singular boundary value problem

Au(x)=f(u(x)) xe€Q, (1.2)
Ulgg =00

where Q is a bounded domain in RN (N > 1) arises naturally from a number
of different areas and has a long history, see [1, 8, 9, 15]. A problem with
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f(u) = e and N = 2 was first considered by Bieberbach [1] in 1916.
Rademacher [7], using the idea of Bieberbach, extended the above result
to a smooth bounded domain in R3. In this case the problem plays an
important role, when N = 2, in the theory of Riemann surfaces of constant
negative curvature and in the theory of automorphic functions, and when
N = 3, in the study of the electric potential in a glowing hollow metal
body. Lazer and McKenna [6] extended the results for a bounded domain
Q in RVY(N > 1) satisfying a uniform external sphere condition and the
non-linearity f = f(x,u) = p(x)e", where p(x) is continuous and strictly
positive on Q. Lazer and McKenna [15] obtained similar results when A is
replaced by the Monge-Ampere operator and (2 is a smooth, strictly convex,
bounded domain. Similar results were also obtained for f = p(x)u® with
a>1.
For the following singular boundary value problem

{—Au =Au—b(x)h(u), x€

u=+oo, on 9f

have been extensively studied, for example, see [13, 16, 17, 18] and the
references therein.
Quasilinear elliptic problems with boundary blow-up

{div(|w|m—2w) = f(u(x)), xen

(1.3)
ulpq = oo.

have been studied, see [10, 11, 12] and the references therein. Diaz and
Letelier proved the existence and uniqueness of large solutions to the
problem (1.3) both for f(u) = u’, y > m — 1 (super-linear case) and
29 being of the class C2. Recently, Lu, Yang and E.H. Twizell [10] proved
the existence of Large solutions to the problem (1.3) both for f(u) = u”,
y>m—1,0= RN or Q being a bounded domain (super-linear case) and
y<m-1,0Q= RN (sub-linear case) respectively.

Equations of the above form are mathematical models occurring in
studies of the p-Laplace equation, generalized reaction-diffusion theory,
non-Newtonian fluid theory ([2]-[3]), non-Newtonian filtration ([4])
and the turbulent flow of a gas in porous medium ([5]). In the non-
Newtonian fluid theory, the quantity p is characteristic of the medium.
Media with p > 2 are called dilatant fluids and those with p < 2 are called
pseudoplastics. If p = 2, they are Newtonian fluids.

Motivated by the results of the above cited papers, we shall attempt
to treat such equation (1.1), the results of the semilinear equations are
extended to the quasilinear ones. We can find the related existence results
for p=2in [13].
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2. Preliminaries

Consider the singular boundary value problem (1.1), where A € Rt, Q is
a smooth bounded domain in RN, and the weight function b(x) > 0 in £,
the nonlinear function h(u) satisfies:

(./) h(u) > 0 is locally Lipschitz continuous on [0,00) and h(u)/uP~? is
increasing on (0, 00); and, for some m > 1,

. h(w)
H = lim >0.
u—o0 ym(p—1)

2.1

Note that (2.1) implies that h satisfies Keller-Osserman condition. Indeed,
according to (2.1), there exists { > 0 such that

H me-1)
h(u)>5ump , u=/(.

Therefore

J [g(6)]7 dt
1

[0 t _71
= [J h(u)du} dt
J 0

1

r-( t —7 00 t —71
= |:j h(u)du} dt+J |:j h(u)du} dt
Ji LJo ¢ 0
r¢ t *71 00 ¢ t *71
[J h(u)du} dt+f [f h(u)du+J h(u)du} dt
J1 0 4 0 4

®ryg um(p—1)+1 H gm(p—l)-i—l
[Em(p—l) S 2mp-1)

SM;(5—1)+J }pdt<oo

¢

because m(p—1)>1land 0 <M = fol h(u)du < fot h(u)du for t > 1, so the
existence of large solutions of (1.1) is guaranteed.
Consider the problem

—div(|VulP72Vu) = Au— b(x)h(u), x €N
u=qo, on 99

where Q is a bounded smooth domain, ¢ € C(9), h satisfies (.e/) and
beC(Q,RY).

Lemma 2.1 ([13]). Let u,ii € WHP(Q) such that

—div(|VulP~?>Vu) < Au - b(x)h(w), x €Q
—div(|Vi|P~2Vii) > Al — b(x)h(i1), x €.

Ifu< ¢ <iion 39, then u(x) <i(x) on Q.

(2.2)
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Lemma 2.2 ([14]). Let ¢ = oo in (2.1), let u, it € WYP(Q) such that ii = oo
on 0Q and u=oo on Q. If

—div(|VulP7?Vu) < Au— b(x)h(w), x€Q

—div(|Val|P~2va) > At — b(x)h(@), x €Q

and u < i in , then there exists at least one solution u such that u <u < i
and u(x) —» oo as x — 9.

Definition. A function @ € WP is a subsolution to problem (1.1) ifu = +o0
on 99 and

—div(|VulP~2Vu) < Au — b(x)h(w), x €.
Similarly, @ is a supersolution to problem (1.1) if & = 400 on dQ2 and
—div(|ValP~2via) > Al — b(x)h(d), x €Q.
Lemma 2.3. Let b(r) : [0,R] — [0,00) be continuous function such that
b(r) > 0 for r € [O,R). Define B(r) = er b(s)ds, b*(r) = ffB(s)ds. If

g(r)= % is differentiable in [0,R] and lin}zg(r) =0, lir%g/(r) < 0, then
we have
. B(r) . b*(r) . (B(r)y?
}1_r)r}1z b(r) 0, forall u=>1, ;1_r)r}1z B(r) 0 and }1_1‘)1}12 b (b () co=>1.
: BY(r) _ B(r) u—=1 q: B(r) _ ;
Proof. Since 5 = B0 (B(r))»—, ll_l’)rllz ) = 0 for all u > 1 follows easily.

By the CHospital rule, we have
lim b*(r)/B(r) = lim(b"(r)/B(r))(B(r)/B(r))
= lim B(r)/b(r) lim B(r)/B(r) =0

and
i (B(r)?* lim (B(r)/b(r))B(r)
r—R b(r)b*(r)  r-R b*(r)
_ 1 (B(r)/b(r))'B(r) —B(r)
= lim
r—R —B(T)
=1- }i_r%(B(r)/b(r))’

=C021. |:|

3. Main results

Theorem 3.1. Suppose that Q = By(x,) is a ball in RN of radius R
centered at x, and h(u) satisfies (./), m(p — 1) is odd, A € R" and
b(x) = b(|lx — xl]) is a radially symmetric function on the ball, b €
C([0,R]; [0, 00)) satisfies b > 0 in [0,R), ll_r)% b(r) =0, }i_r)I}zB(r)/b(r) =0,



Existence of Large Solutions for Quasilinear Elliptic Equation 91
and ¢y = lin}{(B(r))Z/(b*(r)b(r)) > 1, where B(r) = ff b(s)ds and b*(r) =
r—
f fB(s)ds. Then the problem (1.1) has a positive solution u.
Proof. We consider the corresponding singular problem (1.1) in radial form

—(|/IP~2p") — NT_1|1/)/|p_2¢/ =AY — b(r)h(+)) in (O,R)
}i_r)r}lzxp(r) =00 3.1)
Y'(0)=0

We claim that for each ¢ > 0, the problem (3.1) possesses a large solution
1y, where we denoted

1 R r~R
B=—— ©b(r) =J J b(t)dtds.
p— 1 r s

Therefore, for each x, € RY, the function

u(x) = (r), r=|x—xoll

provides us with a radially symmetric positive large solution of (1.1) with
the assumption in Theorem 3.1.
To prove the claim, we first construct a supersolution of (3.1) for each
€>0. Let
J— r 2 " —ﬁ
V(1) =A+B, (}3) (6*(r))
where A> 0 and B, > 0. Then
2
= " o« - r * —B-1r1,* /
i.bg(r)=23+1§b (r)" — BB, (1_1) ()P (r)),
- 1 * -B r * —B—1(1,% /
1Pg(r)=213+1@(b (r) —4/3’B+}§(b (r)=P(b"(r))
r 2 * —B-2 * /72
+ BB+LB, (= | (B (PR ()]
1\ 2
— BB, (1—{) (" ()P (r))”

Eg(r) — 00 as r — R because b*(r) — 0 asr — R and § > 0. Also
E/s(r) — 0 asr — 0. Then Eg(r) is a supersolution if

— — N-1 —
= (1 (P24, (1)) = —— (1 (P2, (1)
> M, (r) — b(rh(,(r)). (3.2)
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By the assumption (.&) on h, it is easy to see that for the same ¢ > 0

1 - HP TV <h@, () < A+ eHP T ()

for all r € [0,R), by choosing A sufficiently large, say A > A,. The inequality
(3.2) holds if

— (. (P2, ()Y ——(|¢ (P2, (1)
> 2, (r) = b(r)(1 - €)H1/J5 o

That is
~(= 1) 2B 5 (0°0) P — B, 7 ) O R (r))} "~
X {2B+I§(b*(r))_ﬁ - 4/53+—2(b*(r))‘f”‘1(b*(r))’
+p(p+ 18, 1 ) 5 (Y
-~ (5) v ooy )
-

N1 2B L(b*(r))_ﬁ—ﬁB - z(b*(r))_ﬁ_lb*(r))/
r *R2 "\R

N\ 2
> A(b*(r)) P [A(b*(r))ﬁ+B+ (}_{) ]

m(p—1)
—b(r)(l—s)H[A+B+( ) (b*(r))~ /3} .

(B (oD

o) and taking into

Multiplying both sides of this inequality by
consideration that mf3 = f8 4+ 1,

0> 220 e ryympo-2 [A(b (1)) +B (rﬂ
b() R

m(p—1)
—(1—£)H|: —I—B+( ) (b*(r))~ i| .

b( [CHG)] [(b*(r))'1
b(r) =0 b 0, b rb(r) <0 > 1 and

— 1, by Lemma 2.3, then the above inequality becomes into

Since when r — R,

(b (r))”
b(r)

0> —(1-¢e)HB)"P D asr—R.

2
So, Eg(r) =A+B, (}%) (b*(r))~P is a supersolution of (3.1).
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Next, we construct a subsolution of (3.1). Due to the assumption (.</) on
h, for u > A, large, (1 — &)Hu™ P~V < h(u) < (1 + &)Hu™P~ D,
For each Ay > 0, and 0 < R, < R, we consider the auxiliary problem

—(|y/ P72y = B2 |’ [P~2p’ = Ap — b(r)h(x)), in (0,Ro)

Y(Ro) = Ao, (3.3)
Y’(0)=0.
By the assumption on b and h, we have
: h(u)
min b(r)>0, h(0)=0, and —= — 00, as u —
re[0,Rp] u

Then it is easy to know that
EAO = 01 /L/JAO :AO

provides us with an ordered sub-supersolution pair of (3.3). Thus (3.3)
possesses a solution 1), such that Y, (1) € [0,A(] for all r € [0,R,]. For
each ¢ > O sufficiently small, we claim that there exists 0 < Aj < C for
which the function

oy [P0 r € [0,Ro]
7 | maxfAg, C +B_(r/RA(b* (1) P} 1€ (Ry,R]
provides a subsolution, where B_ < 0.
In fact, denoting f.(r) = C 4+ B_(r/R)*(b*(r))~# we have
r 2 ,
fc/(r)=ZBfR—(b*(r))_ﬁ —BB_ (E) B NP )
— r * - r 2 * —B-1 N
—2B_}?(b (r) P+ BB_ (I_{) (b*(r)) r b(s)ds
which is strictly smaller than zero in (O,R). It follows that f.(r) is

decreasing and

hn},\fc(r) = —00, hn(l)fc(r) =C>A
r— r—

By the continuity of f.(r) and the intermediate-value theorem, there
exists a unique Z = Z(C) € (0,R) such that

C +B_(r/R*(b*(r)) P >A, when r €[0,2Z(C))

C +B_(r/R*(b*(r)) P <A, when r€[0,2Z(C))
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Let Ry = Z(C), from the definition of ﬂg(r) and Ry, Y.(r) = Y, (r) in
[0,Z(C)], and then the inequality

(LI — S (P < Aaper) = BORC ()
(3.4)

holds in [0,Z(C)]. So ¢ .(r) is a subsolution if the (3.4) is satisfied in
[Z(C),R].
By direct computation and by using the fact h(%(r)) < 1+
e)Hyp, " D(r) in [Z(C),R]. (3.4) holds of
/ -2/ / N-—-1 / -2
= (P2 = —— (I (P24 ()
< Ap(r) = b(r)(1 — e)Hy, "~ I(r).

That is
r r\? p=2

e R ORI R EYFONERO]

1 * - r * —B—1(1%* /
X 23_1?(17 (r) —4/33—1?(13 (r) P (b7(r)

r 2

+B(B+1)B_ (}_{) (" (NP2 ()17

r 2
- BB_ (1_{) (b*(r))_ﬁ_l(b*(r))”}

_(_1)pN—1

LAPTEV RN r 2 #r N\—B—11%r.\\/7p—1
|:ZB_R (b*(r)) BB_ (R) (b*(r)) b*(r)) 1P
r 2
< Ab*(r)7F [A(b*(r))f" +B_ (ﬁ) }
r\ 27mp-1)
— b(r)(1+ &)H(b*(r)) ™FP-D [A(b*(r))ﬁ +B_ (1—{) } :

*(r))mBe=1)
% by the inequality, we get

0<—(1+&)HB_)"P VD asr-R.

Multiply

So, ¢ .(r) is a supersolution of (3.1). By Lemma 2.2, that completes the
theorem. O
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