J. Aust. Math. Soc. 109 (2020), 193-216
doi:10.1017/S1446788719000260

POSITIVE GROUND STATES FOR A CLASS OF
SUPERLINEAR (p, 9)-LAPLACIAN COUPLED SYSTEMS
INVOLVING SCHRODINGER EQUATIONS

J. C. DE ALBUQUERQUE"™, JOAO MARCOS DO O® and EDCARLOS D. SILVA ©=
(Received 25 June 2018; accepted 1 May 2019; first published online 29 July 2019)

Communicated by J. McCoy

Abstract

We study the existence of positive ground state solutions for the following class of (p, g)-Laplacian
coupled systems

{—Apu + a(X)|ulP~u = fluw) + Al 2upff, xeRN,

—Agv + b(x)lvl"’zv =g(v) +/3/l(x)|v|ﬁ’2v|u|"‘, xeRY,

where 1 < p < g < N. Here the coefficient A(x) of the coupling term is related to the potentials by the
condition |A(x)| < Sa(x)*'?b(x)P!4, where 6 € (0, 1) and @/ p +B/q = 1. Using a variational approach based
on minimization over the Nehari manifold, we establish the existence of positive ground state solutions
for a large class of nonlinear terms and potentials.
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1. Introduction
In this work we study the class of (p, ¢)-Laplacian coupled systems given by

—Apu+ a()|ulPu = f(u) + @Al ulf, xeRY, L1
—Agv + b(X)I2y = g(v) + BAX)VE2v|ul*,  xeRV, .1y

where 1 < p < g < N. We are concerned with the existence of ground state solutions,
that is, nontrivial solutions with minimal energy. We study a general class of (p, g)-
Laplacian coupled systems, when the potentials a(x), b(x) are nonnegative, bounded
and related with the coupling term by the condition |A(x)| < da(x)*/?b(x)?/4, for some
5€(0,1)and for all x e RYN witha/p +B/g=1and 1 <a < p, 1 < < q. Notice that
this class of systems is a type of ‘(p, g)-linearly coupled system’ due to the presence
of the powers @ and S in the coupling terms. An important feature of this class of
systems is the loss of homogeneity due to the fact that we consider also the case p # ¢.
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We study the case where the functions a(x), b(x), A(x) are periodic and asymptotically
periodic, that is, a(x), b(x), A(x) are limits of periodic functions when |x| — +0co0. The
nonlinearities f(s) and g(s) are p-superlinear and g-superlinear continuous functions
respectively, but the classical Ambrosetti-Rabinowitz condition introduced in the
seminal work [4] is not imposed. Our main contribution here is to prove the existence
of positive ground state solutions for the general class of (p, g)-coupled systems (1.1),
which include several classes of nonlinear Schrédinger equations.

1.1. Motivation and related results. In order to introduce the study of the class of
(p, g)-Laplacian coupled systems (1.1), we begin by giving a survey on the related
problems motivating the present work. If 1 =0, f=g, a=5b and p =g, then
system (1.1) reduces to the following class of quasilinear Schrédinger equations:

—Apu+ a(x)ul’u = f(u), xeR". (1.2)

Equations involving the p-Laplacian operator arise in various branches of
mathematical physics, such as non-Newtonian fluids, elastic mechanics, reaction—
diffusion problems, flow through porous media, glaciology, petroleum extraction,
nonlinear optics, plasma physics and nonlinear elasticity. For an overview on
quasilinear elliptic problems driven by the p-Laplacian we refer the interested reader
to the important works [15, 19, 31]. For more physical applications we refer the reader
to [14]. When p = 2, solutions of (1.2) are related to standing wave solutions of the
nonlinear Schrédinger equation
2
n2 —h—Aw +ay - f@), xeRY 1>0, (1.3)
ot 2m

where i denotes the imaginary unit and m, 7z are positive constants. For (1.3), a solution
of the form y(x, t) = e~ "E/"y(x) is called a standing wave. Assuming that f(t£) = f(t)é
for £ € C, |£] = 1, taking /i = V2m and denoting a(x) = a(x) — E, it is well known that
¥ is a solution of (1.3) if and only if u solves Equation (1.2). For more information on
the physical background, we refer the reader to [1, 6, 14, 20] and references therein.

The class of Equations (1.2) has been extensively studied by many researchers. In
order to overcome the difficulty originating from the lack of compactness, the authors
introduced several classes of potentials. For instance, in [34], Rabinowitz studied
Schrodinger equations when the potential is coercive and bounded away from zero. In
order to improve the behavior of the potential introduced in [34], Bartsch and Wang
[7] considered a class of potentials such that the level sets {x € RY : a(x) < M} have
finite Lebesgue measure for all M > 0. Here we deal with two classes of nonnegative
bounded potentials. For more results concerning nonlinear Schrédinger equations we
refer the reader to [2, 12, 13, 18, 26, 27, 32, 41, 42] and references therein.

Quasilinear elliptic systems have been extensively studied by many researchers.
For instance, in [39], Vélin studied the existence of three nontrivial solutions for the
following class of (p, g)-gradient elliptic systems with boundary Dirichlet conditions:

—Apu= ya(x)lulpfzu + f(x,u,v), xe€Q,
—Av = b4y + g(x,u,v), x€Q,
u=v=0, X €0Q,
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where f(x,:,:) : QXRXR - f(x,u,v) = H,(x,u,v) and g(x,-,") : QXRXR
g(x,u,v) = H,(x,u,v) are weakly lower continuous functionals. In [9], Chen and Fu
considered the following class of quasilinear Schrédinger systems:

—Apu+ a(x)ulP~u = kd ' Fy(x,u,v) + Aul"2u, x€RV,
Ay + bWy = kd  F o (x, u,v) + u|v|m_2v, xeRVN,

where 1 <p<g<N, L,u>0, keR and m,d € (¢, p*). The authors proved the
existence of infinitely many nonnegative solutions. For more existence results
concerning (p, g)-Laplacian elliptic systems we refer the reader to [8, 21, 35, 38, 40,
44] and references therein.

Motivated by the above discussion, we study the class of (p, g)-Laplacian coupled
systems (1.1) when p = g or p # ¢. In order to establish a variational approach to our
problem, throughout the paper we assume that

a B ond {p<a+ﬂ<q, if p <gq,

—+==1 .
P q a+B=p=gq, ifp=gq.

The prototypical example when p = g =2 and @ = 8 = 1 is the linearly coupled system

{—Au +a(xXu=fu)+Ax)v, xeRV,

—Av + b(x)v = g(v) + A(x)u, x€eRN, (1.4

In [16, 17], the authors studied the existence of positive ground states for (1.4) when
N =2 and f, g have exponential growth. For the case N > 2 we refer the reader to
[3, 5, 1012, 22, 28, 29] and references therein. The class of systems introduced in
(1.1) imposes some difficulties. The first is the lack of compactness due to the fact
that the system is defined in the whole Euclidean space RV. We do not assume any
coercivity assumption for the potentials a(x) and b(x). Moreover, system (1.1) involves
strongly coupled Schrodinger equations because of the coupling terms on the right-
hand side. We emphasize that we have different geometry for the energy functional
associated to system (1.1) if we consider the coupling term (p, g)-superlinear, (p, q)-
asymptotically linear or (p, g)-sublinear. On this subject we refer the reader to [8, 40].
Another difficulty is that the classical Ambrosetti—Rabinowitz condition is not imposed
on the nonlinear terms f and g. For the sake of completeness, we recall the classical
Ambrosetti—-Rabinowitz condition: there exist §; > p and 8, > ¢ such that

0<F(t) =6 f f(r)dr < tf(t),
0

0<G@®) =6, f f@ydr <tg(),
0

for all 1€ R, where F(r) = [ f(r)dr, G(t)= [, g(r)dr,t € R. Instead of the
Ambrosetti—-Rabinowitz condition, we suppose that f is p-superlinear and g is g-
superlinear and we use a variational approach based on minimization over the Nehari
manifold to get ground state solutions. Since we are also considering the case p # ¢,
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there is a lack of homogeneity of the energy functional and the standard Nehari
manifold is not suitable anymore for the problem studied here. To the best of our
knowledge, there are no results concerning the existence of ground state solutions for
quasilinear elliptic systems driven by the (p, g)-Laplacian operator with p # g.

1.2. Assumptions and main results. For s > 1, let W"*(R") be the usual Sobolev

space with norm
1/s
[ :( f Vul® dx + f lul* dx) .
RN RN

Given a function ¢ : R¥ — R, we introduce the following space and norm:

E., = {u e WH®RN) - f cluf* dx < +oo},
RN

||u||§,s=f (IVul” + c(x)lul*) dx.
RN

As already mentioned, we are interested in a class of quasilinear elliptic systems
with asymptotic periodic potentials. For this purpose, in our argument, it is crucial
to analyze the existence of ground states for a class of limit systems with periodic
potentials. Specifically, our argument is based on comparison of ground state energy
levels among this class of systems. Thus, let us establish the existence of ground states
for the following class of systems:

—Apu + ao(OulP~2u = f(u) + ado(X)ul*2upf, xeRN, 50)
—Agv + bWy = g) + BA(O)IVF2VIul®,  xeRN, ?

where 1 < p < g <N and a,(x), bo(x), A,(x) are periodic potentials. In order to
establish a variational approach to treat system (S,), we require suitable assumptions
on the potentials. Throughout the paper, these assumptions are as follows.

(V1) aq, by, Ao € C(RN) are 1-periodic in each xi, xa, ..., xy.
(V2) ao(x), bo(x) > 0, for all x € RN and

inf { f Vul? dx + f ao(Olul? dx : f ul? dx = 1} >0,
MEEuo,p RN RN RN

inf{ Vol? dx + f bo(X)V]? dx : f |v|"dx=1}>0.
VE€Ep, 4 RV RN RV

(V3) The inequality |A,(x)| < 8ao(x)*/Pby(x)*'? holds for some 6 € (0, 1) such that

1
0= ——6max{c—y,’l—g}>0.
q P q

(V3) Assumption (V3) holds and there exist R > 0,79 > 0 such that 4,(x) > 170 > 0, for
all x € Bg(0).
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In this work the main interest is to ensure existence of ground states by minimization
on the Nehari manifold. For this purpose we assume that sup,., f'(0)t/f(?) <
400, sup,o &' (H)t/g(t) < +oo. Furthermore, we make the following assumptions on the
nonlinearities.

(F1) f.g € C'(R), f(t) = o(|tl"~*1), g(t) = o(|t ?1), as |t — 0 and
[ lim 8W

|f|—+00 |t|p—2t - [t]—>+00 |l|q_2[ B

(F) There exist C;,C, >0, r € (p, p*) and s € (g, g*) such that
IFOI<Ci(1+ ™Y and  |g(0)| < Co(1 + 1Y) forall r € R.

(F3) t f(@)/I1P7t and t — g(0)/|f|" >t are strictly increasing for any 7> 0 and
decreasing for ¢ < 0.

(Fa) F(1):= [} f(r) dr < F(lf)) and G(1) := [} g(r) dt < G(|t)), for all € R.

Under our assumptions E, , and E, , are reflexive Banach spaces, and
consequently the product space E, = E, , X E; 4, when endowed with the norm
Gz, Vlo = lleella,,p + [IVIlp,.4- is a reflexive Banach space. We shall consider the energy
functional of C! class I, : E, — R given by

1 1
Lo(u,v) = —llullg, , + =Vl , - f (F() + G) + Ao(0)lul* V) dx.
p q RY

From a standard mathematical point of view, finding weak solutions to the elliptic
problem (S,) is equivalent to finding critical points for the energy functional /,. In
order to get ground state solutions it is usual to consider the Nehari method. The
standard Nehari manifold for system (S,) is defined by

Mo ={(u,v) € Eo\{(0,0)} : (I (u, v), (u,v)) = 0}.

In the present work we are interested in ensuring the existence of ground state solutions
for the elliptic problem (S,) with 1 < p < g <N. When p # ¢ the principal part in
the energy functional is not homogeneous. As a consequence the Nehari manifold
M, is not suitable for our work. The main problem is to guarantee that any Palais—
Smale sequence in M, is bounded. Another difficulty is to ensure that any nonzero
pair (u,v) € E, admits a unique projection in the standard Nehari manifold M.
Furthermore, assuming that p # ¢, it is not clear whether M, is a C ! manifold, which
is crucial in our arguments. In order to overcome these difficulties we shall introduce
the Nehari manifold

N, = {(u, v) € Eo\{(0,0)} : <1;(u, v, (Il)u év» - 0}.

Here we mention that N, is a C! manifold and any Palais—Smale sequence over N, is
bounded away from zero; see Lemma 4.1. Moreover, we have that [, is coercive over
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N,. Related to the Nehari manifold, we also need to consider fibering maps, which are
a powerful tool in the Nehari method. Due to the loss of homogeneity, we introduce
the fibering maps t — I,(t'/?u, t'/9v) which coincide with the usual one when p = q.
Thanks to the fibering maps, we can prove that any nonzero pair (&, v) € E, admits a
unique projection in the Nehari manifold N,; see Lemma 4.2. We are now in a position
to state our first result.

Tueorem 1.1. If (V1)—(V3) and (F1)—~(F4) hold, then there exists a ground state for
system (S,). Moreover, we have the following statements.

(i) Assume also that 1o(x) > 0 for all x € RN. Then there exists a nonnegative ground
state for system (S,).

(i) Assume also that (V) holds and A,(x) > 0 for all x € RN. Then there exists a
positive ground state for system (S,), for all ny > 0 large enough.

Based on this framework, we are able to consider the asymptotically periodic case.
More precisely, the asymptotically periodic case says that the periodic functions a,(x),
bo(x) and A,(x) are the limit as x goes to +oo of the potentials a(x), b(x) and A(x),
respectively. In other words, the potentials a(x), b(x) and A(x) satisfy the assumptions

| |lim lao(x) — a(x)| = ‘ |1im bo(x) = b(x)| = |lim |4(x) = Ao (x)] = 0. (1.5)

For our purpose we shall consider the following hypothesis:

(V4) The limits given in (1.5) hold. Assume also that a(x) < ay(x), b(x) < by(x),
Ao(x) < A(x), for all x € RN,

Under these conditions we shall consider the quasilinear elliptic problem

—Apu+ a()\ulP?u = f(u) + ad(x)ul*upf, xeRV, s
—Agv + b)WY = g(v) + BAX)VEvul®,  xeRN. &)

Furthermore, we consider the following hypotheses.

(Vs) a(x),b(x) = 0, for all x € R and

inf { f Vul” dx + f a(olul” dx - f u” dx=1}>0,
MGEa_p RN RN RN
inf { f IVV7 dx + f bW dx : f M dx =1} >0,
veEpg \JRN RV RY

(V) We assume |A(x)| < da(x)*'?b(x)?!4, for some 6 € (0, 1), such that o > 0, where o
was defined in (V3).

(V¢) We suppose (Vs) holds and there exist R > 0,7 > 0 such that A(x) > 1 > 0, for all
x € Bg(0).

We set the product space E = E, , X E,, , endowed with the norm [|(u, V|| = [[ull,,p, +
|IVllp,g- Under these assumptions we are able to state the following result.
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TueorEM 1.2. If (V1)—(Vs) and (F1)—(F4) hold, then there exists a ground state for
system (S'). Moreover, we have the following statements:

(i) assume also that A(x) > 0 for all x € RN. Then there exists a nonnegative ground
state for system (S );

(i) assume also that (V) holds and A(x) = 0 for all x € RN. Then there exists a
positive ground state for system (S ), for all n > 0 large enough.

Remark 1.3. We point out that in the coercive case, that is, when a(x) — +oco and
b(x) = +co as |x| > +oo, the embedding E = E,, X Ej; — L7 (RY) x L*(RN) is
compact for each s; € [p, p*) and ;5 € [g, ¢*); see [30, Lemma 2.2]. For related results
involving the Laplacian operator we refer the reader to [12]. We also can recover the
compactness by requiring that for any M > 0 the set {x € RY : a(x) < M, b(x) < M} has
finite Lebesgue measure. In fact, any hypothesis on the potentials a(x) and b(x) which
ensures the compact embedding, implies that System (1.1) admits at least one ground
state solution via minimization over the Nehari method. In this direction, we refer the
reader to [7, 12, 34]. Here we do not require any kind of conditions on the potentials
which ensure some kind of compactness of the associated energy functional.

Remark 1.4. Typical examples of nonlinearities satisfying (F)—(F4) are given by
f(@ = tlP2tIn(1 + |¢]) and g(r) = |/9%tIn(1 + [f|). More generally, we can consider
also f(t) = |t/P~2¢1In?(1 + |¢]) and g(r) = |/92¢In”(1 + [¢]), where y > 1 is a parameter
and p, g > 1. In these examples the functions satisfy assumptions (F'|)—(F4). However,
these functions do not satisfy the Ambrosetti—-Rabinowitz condition.

The remainder of this paper is organized as follows. In Section 2 we introduce the
variational framework for our problem. In Section 3 we prove some useful facts which
we will use throughout the paper. In Section 4 we introduce and give some properties
of the Nehari manifold associated with the energy functional. In Section 5 we use a
minimization technique over the Nehari manifold in order to get a nontrivial ground
state solution for system (S,). In this case, we make use of Lions’s lemma [25, Lemma
I.1] in the following form.

Lemma 1.5. Let 1 < p < oo and r € (p, p*), where p* = Np/(N — p). Consider a
bounded sequence (u,), € W'"P(RN) such that

lim inf( sup f Iunlpdx) =0.
1% N yeRN JBr(y)
Then u, — 0 in L' (RV).

Using Lions’s lemma together with the invariance of the energy functional, we
obtain the existence of nontrivial critical points. Then we use the known ground state
to get another one which will be nonnegative. By using the strong maximum principle
we conclude that this ground state will be strictly positive. In Section 6 we study the
case where the potentials are asymptotically periodic. For this purpose, we establish a
relation between the energy levels for ground state solutions associated to systems (S,)
and (S).
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2. The variational framework

The goal of this section is to provide the framework in which the existence of
solutions to systems (S,) and (S) may be established by a variational approach.
Associated to system (S,) we have the energy functional /, : E, — R given by

1 1
Io(u,v) = ;Ilullﬁ;,p + 5IIV|IZO,,] - f (F() + G) + Ao(0)lul* V) dx.
RN

It follows from assumptions () and (F>) that for any € > 0 there is C, > 0 such that
IFOI < et + Coltl™ and g0 < el + Cle*™" forallz e R, 2.1

which implies that
|[F()| < elt]’ + Celt|” and |g(r)| < glt]? + Cglt* forall r € R. (2.2)

Assumptions (V>) and (Vs) imply that the spaces E,, ,, E, , are continuously embedded
into L"(RN) for all r € [p, p*] and the spaces Ey,,» Ep 4 are continuously embedded into
L(RN) for all s € [q,q"]; see [18, Lemma 2.1]. By using (2.2) one sees that I, is well
defined. Moreover, I, € C'(E, R) and its derivative is given by

(Lo (u,v), (¢, 4)) =f (VulP?VuVe + ao(0)lul’>ug) dx
RN
+ | VTV + Dol v dx — f (f(w)g + W) dx
RV RN
- f Ao()(@ul*2ulvl ¢ + Blul 2 wp) dx.
RN
Hence, critical points of I, are precisely the weak solutions of system (S,).
Analogously, to analyze system (S) variationally, we introduce the C' energy
functional I : E — R related to the functions a(x), b(x) and A(x). Under our
assumptions the energy functional / is well defined and the critical points correspond

to solutions of system ().

3. Preliminary results

In this section we provide some basic lemmas which will be used throughout the
paper.

Lemma 3.1. Suppose (V3), (V3). Then

17
f Aol dx < o max { <, é}(ﬂuu{;,p FIE ), 3.1)
RN P q o

forall (u,v) € E,.
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Proor. In fact, it follows from assumption (V3) that

f Aol v dx < 5f a6 ()Pl bo(x) I dix.

RV RN
Since a/p + /g = 1, we can use Young’s inequality to conclude that
a8 a B P q
Ao()|u* [V dx < 6 max { —, = (ao(O)lul” + bo(0)IvI?) dx,
RY P q’) Jrv

which implies (3.1). This concludes the proof. O

REmark 3.2. It is important to point out that (3.1) remains true for the asymptotically
periodic case.

Lemma 3.3. Suppose (F3) holds. Then the functions

ft—pF@) and g0t —qG(1) (3.2)
are increasing for t > 0 and decreasing for t < 0. Furthermore, we have
FOf—(p-Df0t>0 and g —(q- glt)t >0 (3.3)

forallt+0.

Proor. Let 0 <t < t; be fixed. By using (F3) we deduce that

fon - PF(t1)<pr PF(fz)‘*'Pf f(r) dr. (3.4)

2

Moreover, we have
f f(@ dT<Pf( 2)f ol dr= f(tz)(fp —1). (3.5)

Combining (3.4) and (3.5), we conclude that

f@Dt — pFt) < f(t)t, — pF().

The same argument can be used to get the result when 7 < 0. Analogously, the
arguments can be applied for the function g(t)t — gG(2).
It follows from (F'3) that for ¢ € (0, +c0) we have

d(f® d (&)
alir)>0 ma Z(55)>o
which implies (3.3). Analogously, we get the same result when f € (—oc0,0). This

concludes the proof. O

Remark 3.4. It is important to mention that in view of the preceding lemma, the
functions f(#)t — pF(¢) and g(#)t — qG(t) are nonnegative for all 7 € R.
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4. The Nehari manifold

We begin this section considering the Nehari manifold associated to system (S,)
defined by

No = {(u, V) € EM(0,0)) : <1;,(u, W, (%u, év» - 0}.

Hence, (1,v) € N, if and only if it satisfies

1 1 1 1
—||M||Zo,p + —||v||Z 0~ f /lo(x)|u|“|v|ﬁ dx = f (—f(u)u + —g(v)v) dx. “4.1)
P q RY RV \P q

We also provide some properties for the Nehari manifold N,.

Lemma 4.1. Suppose (V3), (V3) and (F)—(F3). Then the following assertions hold.

() N, is a C'-manifold.
(i1) There exists y > 0 such that ||(u, v)||o =y, for all (u,v) € N,.

Proor. Let ¢ : E;\{(0,0)} = R be defined by ¢(u, v) = (I (u,v), (1/p)u, (1/q)v)). It
is not hard to verify that ¢ belongs to class C!. Notice that N, = ¢~!(0). Thus, it is
enough to verify that 0 is a regular value for the functional ¢. Using (3.3) and (4.1),
we can deduce that

(¢, (})u év)) <- l% fR @ = (p = D)

1
- = f (&' 0V = (g = Dgvv) <0,
q° JRrN

which implies that 0 is a regular value of ¢. Therefore, N, is a C'-manifold.
In order to prove (ii), we note by Lemma 3.1 that

1 1
p q _ p _ q9 _ 3
Ollulla,p + VI, ) < p“u”tlo,p + q||V||b0,q LN AoV dx,

where o > 0 was defined in (V3). Hence, by using (2.1) and (4.1) we can deduce that

o(llulle, , + M5, ) < elllulle, , + VI, )+ Collully, , + VIl )-

Taking € > O sufficiently small such that o — & > 0, we conclude that

1 _ _
0< (0= &) <l + IV %,
&

which implies (ii). This completes the proof. O

Now, by studying the fiber mapping, we prove that any nontrivial element of E, can
be projected over the Nehari manifold N,.

Lemma 4.2. Suppose (V»), (V3) and (F1)—(F3). For any (u,v) € E,\{(0, 0)} there exists
a unique ty > 0, depending on (u,v), such that

(t(l)/Pu, t(l)/qv) eN, and Io(t(l)/pu, t(l]/qv) = max I, Pu, t'/4y).
>
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Proor. Let (u,v) € E,\{(0,0)} be fixed. We consider the fiber mapping % : [0, +c0) —» R
defined by h(f) = I,(t"/7u, t'/9v). Note that

1 1
W= <I(')(tl/”u, tl/qv), (—tl/”u, —tl/qv)>.
P q

Thus, #o is a positive critical point of A(f) if and only if (t(l)/ Py, t(l)/ 1y) € N,. Using
Lemma 3.1, the growth conditions of the nonlinearities and Sobolev embedding, we
can deduce that

h(1) 2 tlo = Ce)llully, , + M}, ) = Cet PPl , = Cat® PNl 1.

a,.p

Taking & sufficiently small, we conclude that /(f) > O provided that # > 0 is small. On
the other hand, we can deduce that

h(H) 1 1 F(e''Pu)
R U e
t p qg fuzoy (E/Plul)P

1/q
- f GV o g - f Lol d,
RN

oy (£179[v])a

which together with (/) implies that A() < O for ¢ > 0 large. Thus, A(#) has maximum
points in (0, +00). Now, note that every critical point ¢ € (0, +00) of h(t) satisfies

1 1 1 F(Puyu
Sl + o, = [ Aot dv= [ o a
P q RV P Jr¥

A1/
1 ¢
¥ = f SN g (42
g Jev 1714
By using (3.3), we have
d ([ f{t"Puu d (g(tY vy
E(—tl_w )>0 and d—t(—tl_l/q ) 4.3)
Therefore, the right-hand side of (4.2) is increasing on ¢ > O which implies that the
critical point is unique. This concludes the proof. O

5. Proof of Theorem 1.1

In order to prove Theorem 1.1, we introduce the Nehari energy level associated with
system (S,) defined by
CN, = (u,ivr)lefNo Iy(u,v).
Let (u,, v,)n € N, be a Palais—Smale sequence to cy,, that is,
Iy(up,vy) > cn, and I (un,v,) >0 asn— +oo. (5.1)

Proposition 5.1. Suppose (V1)—(V3)and (F)—(F3). Then any sequence satisfying (5.1)
is bounded in E,.
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Proor. Arguing by contradiction, we suppose that ||(uy, vi)llo = lunlla,,p + Vallpy,g —
+00, as n — +oo. We define w, = u,/K,'? and z, = v,/K.'?, where K, := Nuallly, , +
||vn||qu. Thus,

walll, » + ||z,,||,’fo’q =1 and K, —> 400 asn— +oo.

Hence, (w,, z,), is bounded in E,. Thus, we may assume up to a subsequence that:

(Wn, 2n) — (W, 20) weakly in E,;

wy, — wq strongly in LIVOC(RN), forall p <r< p*;

2n — 2o strongly in L} (RY), forall g < s < ¢*.

Wu(x) = wo(x) and z,(x) — zo(x), almost everywhere in RY.

We split the argument into two cases.

Case 1. (wo,z0) # (0,0).
Let us assume without loss of generality that wy # 0. By using Lemma 3.1 and (5.1)
we can deduce that

on(1) = Io(up, vi) <

1 F
—+6max{g,'§}—f () dx.
K, p P q uz0)  Kn

The last inequality jointly with (¥) and Fatou’s lemma leads to

1 F(uy,
— + d max {g,'[—g} > f lim inf (u )|wn|” dx = +00,
P P q {0} "t Up|P

which is a contradiction.

Case 2. (wo,z0) = (0,0).
First, we claim that for any R > 0 we have

lim sup f (IWal? + 12,7 dx = 0. (5.2)
Br(y)

n—+oo yERN

In fact, if (5.2) does not hold, then there exist R, > 0 such that

lim sup f (Iwal? + |zl dx =1 > 0.
Br(y)

00 L gy

Hence, we can consider a sequence (y,), C ZN such that

lim (w,l? + 2,|) dx > g > 0.

=4 JBr(ya)

We define the shift sequence (W,(x), Z,(x)) = W,(x + y,), Z,(x + y,,)). Since a,(-) and
bo(+) are periodic, we have ||(Wy, z))llo = Wy, Zo)llo- Thus, up to a subsequence, we
may assume that:

o (Wy,Zy) — (Wy,Zp) weakly in E,;
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e W, — Wy strongly in L]rOC(RN), forall p <r< p*;
o 7, — Zp strongly in LfOC(RN ), forallg < s <gq".

Then we have
lim f (Wal” + 12,17 dx = lim f (Iwnl? + 1zal") dx > TS 0,
e J o) =4 J gy 2

which implies that (W, Zp) # (0, 0). Arguing as in Case 1, we get a contradiction.
Since (5.2) holds, it follows from Lemma 1.5 that

lim wyl"dx=0 and lim |zal* dx = 0. (5.3)

n—+eo Jpn n—+o0 Jpn

By using (2.2) and (5.3), we can conclude that

lim F(EYPw,) dx = lim f G(&Yz,)dx =0 forall &> 0. (5.4)
N n—+oo RN

n—+co Jp
Since (u,, v,), C N, it follows from Lemma 4.2 that
Lo vi) = Io(t" Py, '/7v,)  forall £ > 0. (5.5)
Taking ¢ = £/K,, and combining (5.4) and (5.5), we deduce that
CNy + 0n(1) = Lo(itn, Vi) 2 o€ wi, €1/92,) 2 0 + 04(1),

which is a contradiction for £ > 0 sufficiently large. Therefore, (u,, v,), is bounded
in E,. O

ReMark 5.2. One can use the same ideas discussed in the proof of Proposition 5.1 in
order to conclude that the energy functional I, is coercive over the Nehari manifold N,.

In view of Proposition 5.1 we may assume, up to a subsequence, that:

(Up, Vi) — (U, vo) weakly in E;

uy, — ug strongly in Lj, (RY), for all p < r < p*;

v, — Vo strongly in Li"OC(RN ), forall g < s < ¢*;

1, (x) — up(x) and v,(x) — vo(x), almost everywhere in RV,

By adapting some arguments discussed in [43], we have

Vi, (x) = Vup(x) and  Vv,(x) = Vyp(x) ae. xeRY,

9 d

Vit P2 6”” ~ |vu0|P*26—”°, weakly in (LP(RV))",
Xi Xi
9 P

(Vii2 2 w222 weakly in (LIRN)),

6)6,’ (9)(,‘

for all 1 <i<N. Since C(RY) x C7(R") is dense in the space E,, it follows by
standard arguments that I (1o, vo) = 0, that is, (4, Vo) is a solution of system (S,).
Thanks to the next result, we obtain a nontrivial solution for system (S,).
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Prorosition 5.3. Suppose (V1)—~(V3) and (F)—(F3). Let (uy, vy)n C Ny be the
minimizing sequence satisfying (5.1). Then there exist a sequence (y,), C RN and
constants R,n > 0 such that |y,| — oo as n — oo, and

lim inff (lual? + v, dx =n > 0. (5.6)
Br(yn)

n—+oo

Proor. Arguing by contradiction, we suppose that (5.6) does not hold. Then
lim sup f |y’ dx=0 and lim sup f [val? dx =0,
% yeRN J Bg(y) % yeRN J Br(y)
for any R > 0. Hence, applying Lemma 1.5, we conclude that
lim lu,"dx=0 and lim [val® dx = 0. 5.7
n—+oo RN n—+0o RN
Using (2.1) and Lemma 3.1, we can deduce that
, 1 1
0 = <Io(un9 Vn)’ (_un’ _v}’l)>
P q
> (0 — &)(llunlla,.p + ”Vn”qu = Ce(llnlly + [vall9)- (5.8)
Taking & > 0 sufficiently small such that o — & > 0, it follows from (5.7) and (5.8) that
0> (0 - &)(llunlls, , + IIvnIIZO‘q) +0,(1),
which implies that [|(u,, v,)llo — 0 as n — +co. However, since I,(t,, v,) = cn, > 0
and I, is continuous, the minimizing sequence (u,, v,), cannot converge to zero

strongly in E,. This is a contradiction, proving that (5.6) holds. This proves the
desired result. O

Prorosition 5.4. Suppose (Vi)—(V3) and (F1)—(F3). Then there exists a ground state
solution for system (S,).

Proor. Let (1, vy) be the critical point of the energy functional 7. We split the proof
into two cases.

Case 1. (ug,vo) # (0,0).

If (ug, vo) # (0,0), then we have a nontrivial solution for system (S,). It remains
to prove that (up, vo) is in fact a ground state. Notice that (g, vo) € N,. Thus,
cn, < Io(up, vo). On the other hand, using (3.2), (5.1) and Fatou’s lemma, we can
deduce that

, 11
cn + 0n(1) = Io(it, va) — <Io(un, V), (;un, ;Ivn)>

1 1
- f [—(f(unmn — PE(U)) + ~(g(va)V —qG(vn»] dx
RV LD q

1 1
> f [—(f(uo>uo — pF(uo)) + ~(g(vo)vo - qG(vo))] dx + 0,(1)
RV LD q

= Io(uo,v0) = { Iy, o), (%MO év()» +0,(1)

= Io(up, vy) + 0,(1),
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which implies that cy;, > I,(uo, vo). Therefore, I,(ug, vo) = cp;,, that is, (ug, vo) is a
ground state solution for system (S,).
Case 2. (ug,vo) = (0,0).

In light of Proposition 5.3, there exist a sequence (y,), € R and constants R, > 0
such that

n—+00

liminff (lttl? + [val?) dx = 1 > 0. (5.9)
Br(yn)

Without loss of generality we assume that (y,), C ZV. Let us define the shift sequence
(Tn(X), P,(x)) = (Un(X + V), vu(x + yp)). Since ao(+), bo(-) and A,(-) are periodic, we can
use the invariance of the energy functional /,, to deduce that

@, vidllo = 1@, Pllo and — Io(uy, vy) = 1o(ily, ) — CN,-

Moreover, arguing as before, we can conclude that (ii,, ¥,), is a bounded sequence in
E,. Thus, up to a subsequence, we may assume that:

o (ity, V,) — (iig, V) weakly in E,;
e i, — iy strongly in LI’OC(RN), forall p <r< p*;

e ¥, - o strongly in L} (RY), forall g <s<g".

Moreover, (ii, V) is a critical point of 1,. By using (5.9) one sees that

lim inff (|ft,|? + 9,7 dx = lim inff (Il + VD) dx =1 > 0.
Br(0) =0 JBr(yn)

n—oo

Therefore, (i, v) # (0,0) is a solution for system (S,). The conclusion follows by
arguing as in the proof of Case 1. This concludes the proof. O

ProrosiTion 5.5. Suppose (V1)—~(V3) and (F)—(F3). Assume also that (F4) holds and
Ao(x) > 0 for all x € RN. Then there exists a nonnegative ground state for system (S.,).

Proor. Let (i, vo) be the ground state solution obtained in Prog)osition 5.4. Then
from Lemma 4.2 there exists a unique fy > 0 such that (té/ Plug|, to/ 9vol) € N,. Since
Ao(x) = 0, it follows from (F.) that Io(t)"luol, 1/ “vol) < Io(2y/"uo, 15 “vo). Thus, since
(ug,vp) € N, we have

1 1/ 1 1
Io(ty P luol, 15" vol) < max Lt ug, 1119v0) = Io(ug, vo) = cn, -

Therefore, (té/ Plu|, té/ “vol) € N, is a ground state solution for system (S,,). O

At this point, we have obtained a nonnegative ground state solution (u, v) € E, for
system (S,). However, this solution could be semitrivial, that is, of type (u, 0) or (0, v).
The next step is to prove that if (V) holds, then for some 779 > 0 the ground state cannot
be semitrivial.

ProposiTioN 5.6. Suppose (V1), (V) and (Fy)~(F4). Assume also that (V) holds and
Ao(x) > 0 for all x € RN. Then any ground state solution (u,v) € E, for system (S,)
satisfies u # 0 and v # 0 for all ny > 0 large enough.
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Proor. If we consider 1,(x) = 0, for all x € RV, then we have the uncoupled equation
—Apu + ao()ulP2u = f(u), xeRM. (Sa,)

Let I, : E, , — R be the energy functional associated to (S, ), defined by

1
Lo, ) = —|lull?, , —f F(u) dx.
V4 RN

The Nehari manifold associated to (S,,) is given by
Na, = {u € Eq, p)\0} : (I (), u) = 0}

The minimal energy level for Problem (S, ) is denoted by cy, . Note that the same
arguments used in this work holds true for (S, ). Thus, let up € N, be a positive
ground state solution for (S, ). By similar arguments used in the proof of Lemma 4.2
we can deduce that:

e [, (tup) is increasing for 0 <z < 1;
e [, (tup) is decreasing for ¢ > 1;
o [, (tug) = —oo,ast — +oo.

Therefore, max;»q I, (tuo) = 1,,(1p). Analogously, we can introduce I, and N, and
conclude that there exists a positive ground state solution vy € N, for the uncoupled
equation

—Agut + bo(x)V"?v = g(v), xeRM. (S»,)

The minimal energy level for problem (S, ) is denoted by cy, . Moreover,
maxso Ip, (tvo) = Ip,(vo). It follows from Lemma 4.2 that there exists #y > 0 such that

(té/ Pup, t(l)/ 990) € N,. In fact, we observe that z; € (0, 1] and

. _gsmax(@/p.plq) Sl (wo)uo + g(vo)vol dx
PT T T gomax(a/p.Bla) [ o Aol voP dx

Moreover, using (V7), we deduce that

1\/1 1
1 1
ex. < 10y 0,1y ) < 101 - 5)(;||uo||50,p * Z]||Vo||go,q)

holds true for some 6 > 1. Taking into account hypothesis (V3) and Lemma 3.1, it
follows that

f() 1 1 V4 1 q
cN, < —(1 - —)(1_7”140“(10,]7 + gllv()“ho,q)’

10 0
In particular, for 70 > 0 large enough we have cy, < min{cy,_,cn, }. Therefore, in this
case, if I,(u,v) = cy;,, then we have u # 0 and v # 0. This concludes the proof. O

ProposiTion 5.7. Suppose (V1), (V) and (F1)~(F4). Assume also that (V) holds. Then
there exists a positive ground state for system (S,), for all ny > 0 large enough.
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Proor. According to Proposition 5.5, we obtain a nonnegative ground state solution
(u,v) for the problem (S,). By using standard arguments on regularity for elliptic
equations of quasilinear elliptic type we mention that the functions u, v belong to C'®
for some «a € (0, 1), that is, we know that u, v are Holder continuous functions; see
[23, 24]. The main point here is to prove that u,v belong to the C'*(Bg(0)) class
for any R > 0. It follows from Proposition 5.4 that (&, v) is not trivial. In view of
Proposition 5.6 we mention also that the pair (u, v) is not semitrivial, that is, the sets
{x € RN : u(x) = 0} and {x € RV : v(x) = 0} are different from the whole space R". Thus,
we see that
—Apu + ap()uP~t >0, xeRVN,
{u €EqpN clhe y+0,

and
—Agv +bo(x)vP71 >0, xeRV,
veE, ,NC", v£0.

Here we mention that s — B(s) := ao(x)s?™! and s — Br(x) := bo(x)s?! are
nondecreasing functions for each s > 0 and x € RV, By applying the strong maximum
principle [33] we infer that u > 0 and v > 0 in R". This concludes the proof. O

Proor oF THEorREM 1.1. It follows from Propositions 5.4, 5.5, 5.6 and 5.7. |

6. Proof of Theorem 1.2

In this section we are concerned with the existence of ground states for system (S),
when the potentials are asymptotically periodic. Analogously to the periodic case, we
introduce the Nehari manifold associated to system (S ) defined by

N = {(u, v) € E\(0,0)} : <I'(u, W, (%u, év)> - 0},

and the ground state energy level

cy = Inf I(u,v).
N (uv)eN ( )

We point out that all results obtained in Section 4 remains true in the asymptotically
periodic case. Thus, N is a C'-manifold and for any (u,v) € E\{(0,0)} there exists a
unique #y > 0, depending only on (u, v), such that

(t)Pu, )y e N and 1G5y u, 1) ") = max [P u, 1'/v). (6.1)
120

In order to get a ground state solution for System (S) we establish a relation between
the energy levels cy, and cp.

Lemma 6.1. Under the assumptions (V)—(Vs) and (F)—(F3),

CN < CN,-
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Proor. Let (u,v) € N, be the nonnegative ground state solution for system (S,)
obtained in the previous section. In light of assumption (V,), we can deduce that

f [(a(x) = ag(x))u” + (b(x) = bo(X)V! + (Ao(x) — A(x))uv] dx < 0, (6.2)
RN

By using (6.1) we get a fo > 0 such that () "u, 1,/%v) € N. Thus, it follows from (6.2)
that
1ty u, 1) *v) = 1,1 Pu, 13 7v) < 0.

Therefore, since (u,v) € N, we conclude that

cy < I(t(l)/pu, t(l)/qv) < Io(t(l)/pu, t(l)/qv) < max Lo(t"Pu, t"9v) = Io(u,v) = cp,,

which concludes the proof. O

Let us consider a Palais—Smale sequence (u,, v,), C N to cy, that is,
I(u,,v,) > cny and I'(u,,v,) >0 asn— +oo. (6.3)

ProrosiTION 6.2. Suppose that assumptions (V)—(Vs) and (F1)—(F3) hold. Then any
sequence (Uy, vy), satisfying (6.3) is bounded in E.

Proor. Here we just give a sketch since the proof is similar to that of Proposition 5.1.
Arguing by contradiction, we suppose that ||(i,, Vi)l = lalla,p + [Vallp,g — +00 as n —
+c0. We define w, = u,/K,'" and z, = v,/K,'?, where K, := |lu,|l%, + Vallf- Thus,
(Wns Zn)n 1s bounded in E. We may assume up to a subsequence that (w,, z,,) — (wo, 20)
weakly in E. If (wg, z9) # (0,0), then we get a contradiction in the same way as in
Case 1 of Proposition 5.1. If (wg, vo) = (0, 0), then we claim that for any R > 0 we have

lim sup f (IWal? + 12,7 dx = 0. (6.4)
Br(y)

n—+oo YERN

If (6.4) does not hold, then there exist a sequence (y,), € Z" and R,7 > 0 such that

lim (wul? + |za?) dx =1 > 0. (6.5)
n2r0 J Br(ya)

We define the shift sequence (W,(x), Z,(x)) = Wn(x + yu), Z,(x + y,)). Since E, —
WhP(RN) and Ej, — WY(RY), we deduce that (W, Z,), is bounded in E due the fact
that (w,, z,), is bounded, and thus up to a subsequence that (Ww,,Z,) — (Wo, Zo). By
using (6.5) we conclude that (W, Zp) # (0, 0) and we get a contradiction as in Case 1
of Proposition 5.1. Therefore, (6.4) holds and the conclusion follows as in Case 2 of
Proposition 5.1. O

In view of the preceding proposition, we may assume, up to a subsequence, that
(uy, vy) — (ug, vo) weakly in E. By a standard density argument we can conclude that
(up, vp) is a critical point of /. The main difficulty here is to prove that (1, vg) is a
nontrivial solution, since we do not have the invariance by translations of the energy
functional in this case.
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Prorosition 6.3. Suppose that (V)—~(Vs) and (F1)—~(F3) hold. Then the weak limit
(ug, vo) is nontrivial.

Proor. We suppose by contradiction that (ug, vo) = (0, 0). Thus, we have:

e u, > ugstrongly in L7 (RY), forall p <r < p*;
e v, > vstrongly in L} (RV), forall g < s < ¢*;
o u,(x) — up(x) and v,(x) — vo(x), almost everywhere in RV,

It follows by Assumption (V) that for any € > 0 there exists R > 0 such that
lao(x) —a()| <&, |bo(x) —b(x)| <&, [Ax) = A(x)| <e, (6.6)

for all x € Bg(0)°. Using (6.6) and the local convergence, we deduce that

< f lao(x) — a(x)||u,|P dx + Csf |u,|? dx
Br(0) Br(0)
< (llaolleo + llallco)e + Ce, (6.7)

f (ao(x) = a(x))lu,|” dx
RN

for all n > ny. Analogously we get

‘f (bo(x) = b(NIV,l" dx| < (1ol + [1Bllec) + Ce. (6.8)
RN
Moreover, using the Holder inequality with a/p + 8/g = 1, we deduce that

< ([l + lolleo)e + Ce. (6.9)

fR (A = Al Iyl dx
Combining (6.7), (6.8) and (6.9), we conclude that

Lo (utn, vi) = Ity vi) = 0,(1)
and

1 1
<I(/)(un’ Vn) - I/(un, Vn)’ (_um _Vn)> = On(1)>
p q

which jointly with (6.3) imply that

1 1
Toltns ) = x + 0() - and (a1t =12 )) = (1) (6.10)
p q
In light of Lemma 3.1, we get a sequence (t,), (0, +00) such that (r./7u,, t./4
No.

Claim 1. limsup,_, .t < 1.
We suppose by contradiction that the claim does not hold, that is, there exists gy > 0
such that, up to a subsequence, we have t, > 1 + &, for all n € N. By using (6.10) and

the fact that (r./Puy, /%), € N, we obtain

1/p 1/q
1 f (Mun - f(un)un) dx + 1 f (g(t” v")vn - g(vn)vn) dx = o0,(1).
RY RY

p o\ g Ju\ T

Vin C
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Since 1, > 1 + &, it follows from (4.3) that

1 1+ &9)/Pu, 1 1+ &)y,
(B~ ) + = [ (B v < on(1),
pJrv\ (1 +g)l-lp q Jrv \ (1 +&p)t-1Va

Arguing as in Proposition 6.2, we introduce the sequence (@i,(x), ¥,(x)) = (u,(x +

V), V(X + ¥,,)), which is bounded in E and, up to a subsequence, (i, ¥,) — (iio, Vo)
weakly in E. Moreover, (fig, ¥9) # (0, 0). Thus, using (4.3) and Fatou’s lemma, we get

1/
0 < lf (f((l+8o)_puo)uo_f(u0)u0)
P Jrvy

(1 +g)!-1/P

1 f (g((l + £0)"/1vo)
q (1+&9)! 174

which is not possible and concludes the proof of Claim 1.

0— g(Vo)Vo) < on(1),

We suppose by contradiction that 7, < 1 for all n € N. Thus, ¢,

using Lemma 3.3 and the fact that (tl/ Pu, 2799, © N, we obtain

f (Ftn P un)ty P — pF (5" 1,)) dx

Claim 2. There exists ng € N such that 7, > 1, for all n > ny.

VP < 419 < 1. Hence,

f (vt 1, — gG(Yv,)) dix
q

1 1

< - f (f )ty = pF(up)) dx + — f (@Wn)vn = qG(v)) dx
P JrV q Jrv¥

= CN + Ol’l(l)’

which implies that cy;, < cy. This is absurd due the fact that cx < cp;,; see Lemma 6.1.
As a consequence, Claims 1 and 2 hold.
By using Claims 1 and 2 we can deduce that

trll/p

f (F(t,"uy) — F(u,)) dx = f f f@up)u, dx = 0,(1), (6.11)
1 RN

t,l,/"
f (Gt v,) = G(vy)) dx = f f STV dx = 0,(1). (6.12)
RV 1 RY
Moreover, since d,, b, € L°(RY) and (u,, v,)), is bounded in E, we also have
1
(1 - 1)( el + Il = f Aol dx) = 00D, (6.13)
RN
Combining (6.11), (6.12) and (6.13), we conclude that
I (tl/pum :z/qvn) Io(um Vn) = On(l)'
In view of (6.10), we mention also that
ey < ot s 15 v0) = Loty vi) + 04(1) = e + 0,(1),

which contradlcts Lemma 6.1. Therefore, (ug,vy) # (0,0). This concludes the
proof. O
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Proor oF THEOREM 1.2 comPLETED. Since (ug, Vo) is a nontrivial critical point of I, we
have that (ug, vg) € N. Hence, cn < I(ugp, vo). On the other hand, it follows from (6.3)
and Fatou’s lemma that

1 1
CN + On(l) = f (f(”n)un - pF(”n)) dx + — f (g(vn)vn - qG(Vn)) dx
P JrV q JrN

1 1

> — f (fuo)ug — pF(ug)) dx + ~ f (8(o)vo = gG(vp)) dx + 0, (1)
P Jry q Jrvy

= I(ug, vo) + 0,4(1),

which implies that ¢y > I(ug, vo). Therefore, (ug, vo) is a ground state for system (S ).
By a similar argument used in the proof of Propositions 5.5, 5.6 and 5.7, we obtain
to > 0 such that (t(l)/ Plug|, t(l)/ 7vol) € N is a positive ground state solution for system (S5)
for all > 0 large enough. o

7. Final conclusions

Here we indicate some interesting questions related to this class of quasilinear
Schrodinger systems.

QuesTion 1. In the present paper we make use of the differential structure of the Nehari
manifold N, which allows us to look for a minimizer of the constrained functional
I| 5. This was possible since we are considering differentiable nonlinearities. It should
be an interesting question to consider system (1.1) when the nonlinearities f and g
are just continuous functions. In this case, the Nehari manifold associated with the
problem may not be smooth. In [36, 37], Szulkin and Weth introduced a method to
overcome this difficulty, by proving that the Nehari manifold A and the unit sphere S
are homeomorphic. Thus, one can try to adapt the ideas introduced in [36, 37] in order
to use the differential structure of the unit sphere to look for ground state solutions.

QuesTion 2. We understand that one can try to use the same approach as in this work to
prove the existence of ground states for the following more general class of quasilinear
elliptic systems:

—Apu + a(x)ulPu = f(u) + c(x)H,(u,v), x€RN,
—Agv + b(x)|v|?~2y = gv) + c(x)H,(u,v), xeRV,

where a(x), b(x) are periodic or asymptotically periodic and f, g are continuous
functions. For instance, we could assume ¢ € L*(R") and H : R x R — R satisfying
the following assumptions.

(i) The function H is in C! class which satisfies a subcritical growth in the sense that
|H,(u,v)| < ey (1 + "™ + 271 forall (u,v) e R xR,
|H,(u, )| < co(1 + Jul"~" + v>™")  forall (u,v) e RXR,

for some constants ¢y, ¢, > 0 and ry € (p, p*), 12 € (¢,97).
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(i) H(t'Pu,t"/9v) = tH(u,v), for any ¢ > 0 and for all (1,v) € R x R.
(iii) |H(u,v)| < k(|lul? + [v|?), for all (4, v) € R X R, where k > 0 is small enough.

Typical examples for H are H(u, v) = |u|*|v} for (u,v) € R x R, where 1 < @ < p and
1 <8 < g. We mention that one can try to consider more general assumptions over the
coupling function than used in this paper.

Question 3. By making some modifications to the arguments employed in the proof
of our main results one can also consider the following more general class of elliptic
systems:
—Ayu + a(x)ulP2u = R,(u,v) + c(x)H,(u,v), xeRN,
{—Aqv + b))%y = R,(u,v) + c(x)H,(u,v), xeRN,

where R : R X R — R is subcritical and belongs to the C! class. The coupling term H
is also of the C! class which satisfies the assumptions mentioned above.
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