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Ground state sign-changing solutions for a
class of generalized quasilinear Schrodinger
equations with a Kirchhoff-type
perturbation

Jianhua Chen@®, Xianhua Tang, Zu Gao and Bitao Cheng

Abstract. We investigate the existence of ground state sign-changing
solutions for the following elliptic equation of Kirchhoff type:

(1 +b/ gQ(u)IVU\Qdﬂf) [—div(g*(u)Vu) + g(u)g' (w)|Vul]
R3
+V(x)u = K(z)f(u),
where z € R* b > 0,9 € C*(R,R"),V(2), and K(z) are both positive
continuous functions. First, using some new analytical techniques and
non-Nehari manifold method, we obtain one ground state sign-changing
solution v, = Gil(ub). Moreover, we prove that the energy of v, =
G~ *(up) is strictly larger than twice that of the ground state solutions of
Nehari type. We also establish the convergence property of vy = G~ (us)

as the parameter b\, 0. Our results improve and generalize some results
in Li et al. (J Math Anal Appl 443:11-38, 2016).
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1. Introduction

In this paper, we are concerned with a class of non-linear elliptic equations:

<1+b / )|Vl dx) [ div(g?(w)Vu) + glu)g ()| Vul?]
+V(z)u= K(z)f(u), (1.1)

where x € R3,b > 0,V(z), and K(z) are both positive functions; f is a
continuous function and g € C*(R,R™).
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In recent years, there has been increasing attention to the following
generalized quasilinear Schrédinger equations:

— div(g*(u)Vu) + g(u)g'(w)|Vul® + V(z)u = h(z,u) =z RN,  (1.2)

where N > 3, see, such as [7,8,15-18,37-40] and the references therein.
Methematically, it is, indeed, a hot issue in non-linear analysis to study the
existence of solitary wave solutions for the following quasi-linear Schrédinger
equation:

10z = =Dz + W(x)z — k(x, |2]) — Al(|2|2)(]2]?)z, (1.3)

where z : R x RN — C,W : RV — R is a given potential, and [ : R — R and
k:RY xR — R are suitable functions. For various types of [, the quasilinear
equation of the form (1.1) has been derived from models of several physical
phenomenon. In particular, when I(s) = s, Eq. (1.1) was used to derive
the superfluid film [20,22] equation in fluid mechanics by Kurihara [20]. For
more physical background, please refer to literatures [5,6,9,19,23,33,35,36].
In fact, (1.3) with I(t) = ¢t for some a > 1, see [24-26,32] and the references
therein. However, in our mind, only in the recent papers [16,40], Eq. (1.3)
with a general [ has been considered.
When b = 0, then (1.1) is reduced to the following equation:

— div(¢g?(u)Vu) 4+ g(u)g' (v)|Vul> + V(z)u = K(z)f(u), =z €R> (1.4)
If g?(u) = 1+ 2u? in (1.4), then (1.4) derives the following equation:
— Au+V(x)u — A(w*)u = K(z)f(u), x€R> (1.5)

Moreover, if we choose g(t) = 1 in (1.1), then (1.1) reduces to the following
equation:

- (1 + b/ |Vu|2da:> Au+V(z)u= f(z,u), xcR> (1.6)
R3

As far as we know, this problem is related to the stationary analog of the
evolution equation of Kirchhoff type:

wyy — (1 + b/RB |Vu|2dx> A+ V(@)= f(z,u), (1.7)

where Vu denotes the spatial gradient of w, which was proposed by Kirch-
hoff [21] as an extension of the classical D’Alemberts wave equation for free
vibrations of elastic strings. Equation (1.6) appears in many fields, such as
physical, engineering and other sciences, and in those situations, model (1.6)
is considered to be a good approximation for describing non-linear vibrations
of beams or plates. There has been a great deal of attention devoted to the
existence and multiplicity of solutions for (1.6). For related work, we can refer
to [27,29,48-50] and so on.

Note that (1.2) is more general than (1.5). Therefore, it is more neces-
sary to study (1.2). For related work, we can refer to [14-18,30,37-40]. Based
on these work, in very recent years (1.2), derives two different kinds of equa-
tions. One is generalized quasilinear Schrodinger—Maxwell system, which has
been considered in [13,51]. The other is (1.1), which is considered to be a
generalization of (1.2). Therefore, it is very important for us to study (1.1).



Vol. 19 (2017) Ground state sign-changing solutions 3129

To the authors’ knowledge, there are few papers on the existence of the
ground state solution and sign-changing solution for (1.1) except for Li et al.
[28]. They called Eq. (1.1) as a Kirchhoff-type perturbation of the generalized
quasilinear Schrédinger equation (1.2) due to the appearance of the non-local
term 55 ¢%(u)|Vul*dz. After the work of [28], there are no papers concerned
with the existence of the ground state sign-changing solutions with general
non-linearity. In this paper, we will deal with the existence of the ground
state solution sign-changing solution to Eq. (1.2) with general non-linearity.
What is more, we establish an interesting result that the same conclusion can
be also derived for Eq. (1.1), which adds a perturbation in (1.2).

To guarantee the compactness, as in [10,42], we assume that g,V (z)
and K (x) satisfy
(9) g € CHR,R) is even with ¢’(t) > 0 for all t € RT and g(0) = 1.
(V) V € C(R3,R),V(x) > 0 for all z € R® and H C H'(R?), such that, for
2 < g < 6, the embedding

H — LY(R?)
is compact, where
Hoe {H} (R®) = {u € H'(R?) : u(x) = u(|z])}, if V(z) is a constant,
© | {u e DYAR?) ¢ [y (|Vul? + V(2)u?)dz < oo}, if V(z) is not a constant,

(1.8)

with the following norm:

ol = ([ 09+ viaeyar)

) — {u € L2 T )

Clearly,

with the norm

nwm:(AJWH+wmQZ.

(K) K € C(R?,R) N L*>®(R?,R) and K(x) > 0 for all x € R?.
To establish the existence of ground state sign-changing solutions, we
need to make the following assumptions:
(f1) f € C(R,R) and
o f(®)
lim —~? _ —
=0 g(GH)
where G(t) = fotg(s)ds for all t € R.
(f2) f has a “qu?(sti)critical” growth, namely lim;_ % =0.
(f3) limyg oo OGO = o
In fact, by applying the constraint variational method and quantitative defor-
mation lemma, Li et al. [28] proved the existence of ground state solutions
and sign-changing solutions to (1.1) when f € C*(R,R) satisfies (f1)—(f3)
and (f1) f/(g|G®|) is increasing on (—oc,0) and (0,00), respectively, and
lim|| oo F(£)/G*(t) = 0o, where F(t) = f(f f(s)ds for all t € R.
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In addition, they also assume that (V, K) € K, that is, V and K satisfy:

(V') the potential function V' is positive on R3 and belongs to L (R?)N
C*(R3) for some a € (0,1);

(K') K € L*(R3) NC*(R?) is positive;

(K1) If {S,,} € R? is a sequence of Borel sets, such that |S,,| < M, for
all n and some M > 0, then we have

lim K(z)de =0, uniformly inn €N,
R—+o00 S,,L\BR
where Br = {z € R? : |z| < R};
(K3) For some p € [2,6) and A, € R, it holds that

. K(z)
o V() e

= [1 —sgn(p — 2)]4,,

where sgn(p —2) =0if p=2and sgn(p —2) =1 if p > 2.
With these hypotheses, the space E given by
E= {u € DM(R3) : V(z)udr < oo}
R3
with the same norm as in H is compactly embedded into the weighted
Lebesgue space:

LI (R3) = {u : uis measurable on R® and K(x)|u|fdr < oo} ,

R3
for some ¢ € (2,6), see ( [1], Proposition 2.1).

Obviously, (V') implies that the potential V may vanish at infinity, and
then, Eq. (1.1) becomes a zero mass problem. Therefore, the main difficulty
lies in the lack of compactness. To overcome this difficulty, some scholars
suppose that (K'), (K1), and (K3) hold, such as [1]. However, in this paper,
we can skillfully get a compact embedding via the conditions (V') and (K).

Since the term [ g% (u)|Vu|?dz is not well defined in H, it is necessary
to propose a variable substitution as follows, in detail. For any v € H, as
[40], we make a change of variable as

u=G " (v) and G(u) :/0 g(t)dt,
then
/ g% (u)|Vul*dz :/ (G ()| VG (v)|2de = |Vv[3 < oo.
R3 R3

It is easy to see that a function u : R3 — R is called a weak solution of (1.1),
if v € H and for all ¢ € C§°(R?), it holds

(1+b|vu\§)/]Rs Vv-Vqux—i—/ V(z) G ()

e @)
[ mlCo,
= Jo K@ @)

¢dx
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Define energy functional as

1 1
Ip(v) == 3 s |Vo|?da + 3 /RS V(z)G(v)?dx

+§ ( |Vv2dx) — . K(z)F(G~(v))dz, (1.9)

where v € H and F'(u fo s)ds. Hence, the critical point of 7’ is solutions
of (1.1). The functlonal Ty is Well defined for every v € H and Z, € C'(H,R).
Moreover, if v is a critical point for Zj, then for all ¢ € C5°(RY), we have

(I{)(v),w):(l—f—va@)/W Vovide + [ V(z)— )

RS 9(G~(v))
FE )
K@) Gy v (1.10)

Thus, to obtain the solutions of (1.1), it suffices to study the existence of
solutions of the following equation:

(&

— 1}2 X v X G_l('U)
<1+b |V|d>A +V( )g(Gfl(v))
O A (€l C)) S
= K(z) Gy TER (1.11)

For convenience, we rewrite Eq. (1.9) in the following form:

- (1 + b/ |Vv|2dac> Av+ V(z)w = K(z)f(z,v), =€R> (1.12)
R3

and the corresponding energy functional is

Tp(v) = %/RS(\VUP + V(z)v?)dz + Z (/RS |V112dx)2

R3
where ( (0)) (z) (z) (v)
) G V;pv V(z) G (v
e =) T K@ K@ (@)
and

V() , Vi)

Fle,) = [ F(e,s)ds = F(G () + = ()2
(@) = [ Flao)ds = PG 0) + 3 it = 125167 0)
If b =0, then (1.12) will reduce to the following equation:

— Av+V(z)w = K(x)f(z,v), zecR> (1.13)

Clearly, if v is a critical point of J;(v), then u = G(v) is a weak solution
of (1.1). In addition, by the monotonicity of G in Lemma 2.1 below, if v is
a ground state sign-changing solution of (1.12), then u = G(v) is a ground
state sign-changing solution for (1.1). Thus, we just need to study Problem
(1.12).
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For the sake of achieving our results, we also need to make the following
assumption:
(f4) There exists a 6 € (0, 1), such that for any z € R®, ¢ > 0 and 7 # 0

T, T . T _ 42
K(z) [f(Té ) fEtT,; )] sgn(1 —t) +GOV(I)1(”)’;| > 0.

It is important to highlight that ( f4) plays a key role in establishing the
existence of the ground state sign-changing solutions. What is more, (fy) is
much weaker than the following condition:

(ﬁ) f‘(t’”lgt) is non-decreasing on R\{0}.

In fact, many functions can satisfy assumption (f3), but not (f}). Motivated
by [10], we give the following example to illustrate this point: let g(t) =
1,V=1,and 0 < K(z) < M for all x € R3:

t3¢, if |t| <o,
L e
alt]’t + 537t, i |t] > o,

o, 0> 0, and 3(1 — )M = 1. Obviously, f = f satisfies (fy) with 6y = 1/2
but does not satisfy (f}).

Furthermore, if v € H is a solution of (1.1) and v* # 0, then v is a
sign-changing solution of (1.7), where

v (z) := max{v(z),0} and v (2):=min{v(z),0}.

As we all know, various ways have been adopted to prove the existence of
sign-changing solutions for elliptic equation, such as by constructing invariant
sets and descending flow in [2], via the Ekeland’s variational principle and the
implicit function theorem in [34], applying variational method together with
the Brouwer degree theory in [3], by Morse index theory in [11], and using
diagonal principle with non-Nehari manifold method in [3,10,13,14,43-46].

Next, we give an essential decomposition which is useful in these meth-
ods to seek sign-changing solutions for (1.1), for any v € H:

T'o(v) = T'o(0") + T'o(v7), (1.14)
<j/0(’0),1}+> = <j,0(v+)7v+>7 <t7/0(v)7vi> = <j,0(1}7),’[}7>, (115)
where Jy : H — R is the energy functional of (1.4) given by the following:

To(v) = %/RS(WUF +V@pt)de = [ K@)l
and
(T'o(v), 0) = /R (Ve + Viapoe)da - [ K@) v)eda.
For the functional Jj, we have

b
Jo(v) = To(v™) + To(v7) + S VOT 5[V |3, (1.16)
(T"b(v),v™) = (T'p(v7),v™) + [V Vo |3, (1.17)
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(T'b(v),v7) = {T'p(v7),07) + b Vor 3 Ve|5. (1.18)
Motivated by the above-mentioned works, we will consider the following min-
imization problems:

my = viEI}\f/.lb Tp(v) and mg = vg}\fto Jo(v), (1.19)
where
My = {v € H :v* #0,(T'(v),07) = (T (v =0} (1.20)
and
Mo :={ve H:vF#0,(To(v),v") = (T'o( =0}, (1.21)

the minimizers correspond to the sign-changing solutlons for Problems (1.1)
and (1.2), respectively.

In the present paper, we intend to prove that the energy of any sign-
changing solutions of (1.1) is larger than twice that of the ground state solu-
tions of (1.1), and establish the convergence property of a least energy sign-
changing solution for Problem (1.1) as b N\, 0. Define the following Nehari
manifolds:

Ny ={veH:v#0,(T(),v) =0)} (1.22)

and
No={ve H:v#0,(T o(v),v) =0)} (1.23)

with
cp = Ug}\f/ Tp(v) and c¢p:= 1)16%0 Jo(v), (1.24)

which play an active role to seek the ground state solutions of Nehari type
for (1.1) and (1.4).
Now, we state our main results by the following theorems.

Theorem 1.1. Suppose that (g),(V),(K), (f1)-(f3), and (f1) are satisfied.
Then, problem (1.12) has a sign-changing solution vy, € My, such that
Tp(vp) = inf pq, Tp > 0, which has precisely two nodal domains.

Theorem 1.2. Suppose that (g),(V),(K), (f1)-(fs), and (fi) are satisfied.
Then, problem (1.12) has a solution v € Ny, such that Jp(v) = infn, Jp,
moreover, my > 2Cp.

Theorem 1.3. Suppose that (g),(V),(K), (f1)-(fs), and (fi) are satisfied.
Then, problem (1.13) has a sign-changing solution wy € My, such that
Jo(wo) = infpq, Jo > 0, which has precisely two nodal domains. Further-
more, for any sequence {b,} with b, \, 0 as n — oo, there exists a sub-
sequence which we label in the same way, such that vy, — vo in H, where
vg € My is a sign-changing solution of (1.13) with Jo(vo) = infpq, Jo > 0.

Remark 1.4. (I) In this paper, the problem (1.1) possesses the non-local term

fR3 9% (u)|Vu|?dz)Au, as we mentioned above, Jj, no longer has the proper-
ties (1. 14) and (1.15), and it is rather difficult to show that M, # (). To seek
sign-changing solutions, we introduce a condition (f;) much weaker than (f}).
With ( f4), we use a new ideas, i.e., non-Nehari manifold method to prove the
existence of ground state sign-changing solutions for (1.1).
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(IT) Note that f € C*(R3) is a key point in seeking ground state energy
sign-changing solutions in [28]. However, in this paper, we only assume that

feC(R3).

The paper is organized as follows. In Sect. 2, some preliminary lemmas
are presented. In Sect. 3, we prove a solution of (1.1) with two nodal domains
using critical point obtained in Sect. 2 as a component. Sections 4 and 5 are
devoted to the proof of Theorems 1.2 and 1.3, respectively.

2. Some preliminary lemmas

In this section, we present some fundamental lemmas and corollaries. Now,
let us review the following lemma which has been proved in [30].

Lemma 2.1 [30]. For the functions g,G, and G=', the following properties
hold:

1. the functions G(-) and G=1(-) are strictly increasing and odd.

2. G(s) < g(s)s for all s > 0; G(s) > g(s)s for all s <0.
3. g(G7Y(s)) > g(0) =1 for all s € R.
—1
4. Gf(s) is decreasing on (0,400) and increasing on (—o0,0).
5. |G1(s)| <ﬁ| s| = |s] for all s € R.
G (s
G'M*g |s| = |s| for all s € R.
G s)s
7. m tl|G ( )|2 fOT’ all s € R.
8. hm| |—0 Gi(s) = g(O) =1 and

lim G~ 1(s) _ ﬁ, if g is bounded,
Islmoe T 0, if g is unbounded.

Lemma 2.2. Assume that (g) and (f1)-(fs) hold. Then, the function f(z,s)
has the following properties:

(f1) f € C(R? x R, R) and lim, o L&) = 0;
(f2) f has a “quasicritical” growth, that is,

lim =0.
\s|l~>oo s°

(f3) [ is superquadratic at infinity, that is,
lim @ 5) = oo.

|s]— o0 s3
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Proof. Using (8) in Lemma 2.1, one has

fla,s) . f(G7H(s) | V(=

lim = lim

)l (1 G )
M = I G T K@) 2 o (1 (G- (5)))

=0.

Since f € C(R® x R,R), then (f;) holds. Moreover, we have

o fxs) o LAGETHs) V(@ 11 G(s)
Jm D5 = i S R (5 - )
Let t = G~1(s), then the above equality can deduce that

o flays) f(t) Vi(z)1 1 1 G'(s)

Jim FE2 S ks (5 )

L V@11 1167 ) )
N (z) 2 |sl\—>oo (54 st sg(Gl(s))) 0.

then (f2) holds. Next, by (f3), we have

o fl@s) f(@) Vi)l I 1 G'(s) \_
dm T T A SR K@) 2 <52 N 8239(6'1(5))) -
and thus, (f3) holds. O

Lemma 2.3. Suppose that (V),(K), and (f1)-(fs) are satisfied. Then

— st 11—t
(o) = Fufsot +t07) + = (T(0),0%) + (T (0),07)
1—6)(1 — s2)? 1—6p)(1—1t3)?2 _
= SR
2 42\2
+MHVD+H§HV’U*H§, Vo=v"+v" € H, s,t>0.

(2.1)
Proof. With (fy), for any z € R3¢t > 0,7 € R\{0}, we have

ot . -
K(x) [1 4t Tf(l‘,T)+F($,tT)—F(Z‘,T):| +

! ~x,7 ~x,ST
- { K@) lf(T?’ ) e

90‘1(93) (1- 752)27_2

+ 00V (z) (1(87_)822) } s37t4ds > 0.

(2.2)
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Hence, combining (1.17) and (1.18), for any s,¢ > 0, we imply that
Tp(v) — Tp(svt +tv7)
1 b
= 5 (l* = Iso™ + 271" + 7 (IVollz = sVor + V07 3)
+/ K(z) {F(w,sv"‘ +tvT) — ﬁ‘(x,v)} dz
R3
1—st 11—t _ _
= 2 (I BT + e (eI + 8T )
1 — s2)? 1—t%)?% b(1 — s2t? _
T Tt i LS VAT
+/ K(x) {F(m,sv"‘) + F(z,tv™) — F(z,v%) — F(z,v )} dz
R3
1—st 11—t 1—s%)?
= L) + R )y + B e
].—t2 2 -~ b 82 _ t2 2 B
+ O e g v
4 ~ ~ ~
+/ K(x) { 48 fla, oMt + F(x, sv™) — F(x,vﬂ} dz
R3
11—t L= _ ~ _
+ [ K(x) 1 flx,o )™ + F(z,tv™) — F(z,v7)| da
R3
By (2.2) and the above inequality, we get
Tp(v) — Tp(svt +tv7)
1—s? 1—tt 1—6p)(1 —s?)?
> Lo g )) + S w0y + L e
1—6p)(1—t%)?
L)

b(s? — 12)? B
—— Vv T I3IVeT 3

2

o [ e [ faet + Pty - )
_1_90‘;;(33) (1— 32)2|v+2} da

s {w [1 vy + Fa o)~ F W‘)]

+T(1 —t2)2|v_2}dx
—4 (Ta(0), ) + 1;t4(j’b(v),v_>+ (1 —0)(1 — s%)?
L))

e
2 b(52 —t2)2 -
L+ 2 et B e

L)+

which implies that (2.1) holds.
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Corollary 2.4. Suppose that (V), (K), and (f1)-(fs) are satisfied. If v = vt +
vo € My, then

_ _ §2)2 0 (1—#2)2

Vot |3l Vo |5, Vst >0. (2.3)

Tp(v) > Tp(svt +tv7) +

b(s? — 12)2

A

Corollary 2.5. Suppose that (V), (K), and (f1)-(f1) are satisfied. If v = v +
vo € My, then
Folw* +v7) = max (sv* + 1), (2.4)

s,t>0

Lemma 2.6. Suppose that (V),(K), and (f1)-(f1) are satisfied. If v € H
with vt # 0, then there exists a unique pair (s,,t,) of positive numbers, such
that s,vT 4+ t,0~ € My.

Proof. We will first prove the existence of (s,,t,). Set
gi(s,t) = %[0T ||? + bs*|VuT |13 + bs?? [ Vo 3] Vo~ |3

- K(z)f(z, svt)svTda (2.5)
RS

and
g2(s,t) = |lo™ >+ bt* Vo~ |3+ bs** [ Vot 13| Vo~ |5

- K(z)f(z, tv” )tv™dz. (2.6)

For any fixed t > 0, it follows from (f1) and (f3) that g(s,s) > 0,91(s,s) > 0
for s > 0 small enough and g¢;(¢,¢) < 0 and g2(¢,t) < 0 for ¢ large. Thus,
there exist 0 < a1 < asg, such that

g1(a1,a1) >0, ga2(a1,a1) >0, g1(az,a2) <0, ga(ag,az) <0. (2.7)
From (2.5)—(2.7), we have
g1(as,t) >0, gi(as,t) <0 Vi€ [ar,as] (2.8)
and
g2(s,a1) >0, ga(s,a2) <0 Vs € a,as) (2.9)

By Miranda’s Theorem [31], there exists a pair (s,,t,) with a1 < s,,t, < ag,
such that g1(sy,ty) = g2(sy,t,) = 0. Hence, s v + t,0~ € M.

Next, we prove the uniqueness. Let (s1,t1) and (s2,t2) be such that
sivT 4+t~ € My, where i = 1,2. Taking the advantage of Corollary 2.4, we
have

Tp(s10T +t107) > Ty(savt +tov7) +

(1 — 00)(2&% — t%) ||1}7||2
4¢2

( )(% )2” +||2
4s]

+
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and
2
Fisav™ + t207) 2 Gosse + o) + LI e
(1—00)(t3 —t3)%, _
+ 4t21 : ||U ||27
2
which implies that (s1,t1) = (s2,t2). O

Lemma 2.7. Suppose that (V),(K) and (fi)-(f1) are satisfied. Then

inf = f tv).
R R R s M

Proof. By Corollary 2.5, we obtain

inf  max Jy(svt +tv7) < inf max Jp(svT +tv7)
u€H,vt#£0 s,t>0 vEM, 8,t>0

b Jo(v) =my (2.10)
Moreover, for any v € H with v # 0, it follows from Lemma 2.6 that:

+ - + - - _
t > t > f =
Srfg)éjb(sv +tv7) > Tp(sv™ +tv7) > vg/l\/tb Tp(v) = my,

which implies

> i = M. .
et po ER SOV H )2 B S = (24D

Hence, combining (2.10) and (2.11), we have that the conclusion holds. [

Lemma 2.8. Suppose that (f4) is satisfied. Then, for any T € R,

~ 90V(:L‘)

K(x) in(x,T)—F(x,T) + = 7% > 0. (2.12)

Proof. Taking ¢t =0 in (2.2), we can easily get the conclusion. 0

Lemma 2.9. Suppose that (V), (K), and (f1)-(f1) are satisfied. Then, my > 0
can be achieved.

Proof. Let {v,} C M, be such that J(v,) — myp. According to (1.17), (1.18)
and (2.12), for large n € N, one has

1+myp
1
Z jb(’l)n) - Z<\7/b(vn>7vn>

o[ e [Lw R ]« 20 e

l|vn]|?. (2.13)

- 4
1— 6y

- 4
It shows that {v,} is bounded in H due to 0 < 6y < 1, and then, there exists
a v, € H, such that vf — v in H. Since (J',(v),v) = 0,Yv € My, then by
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(f1)~(f3) and Sobolev embedding theorem, for any ¢ > 0, we have

2
Hv||2 §/ (VU|2+V(x)U2)dx+b</ |Vv|2dx>
R3 R3

= K(x)f(z,v)vdx
R3

Se/ K(x)|v\2dx+C’6/ K (2)[v]de
R3 R3
< eCh|v|* + Callv|°,

where C and Cy are positive constants. We can choose € = 2(1; , so there

exists a constant o > 0, such that ||v]|? > . Moreover, by (V), (K), (f1)-(f3),
(1.18), and ( [47], A.1), one can conclude that

0 < a <liminf ([[vE ]2 + b [os [Von*dz [5s [VoE|?de)
zliminffRsK ) f(z, vE)vEde

= [os K(2) f(z, v )vifdz + o(1), (2.14)

which yields that Ugt #£0.In fact, if vb = 0, then we have 0 < o < 0, which is
contradiction. Furthermore, by (2.14), the weak semicontinuity of norm and
Fatou’s Lemma, we get

i o [ e [ v e
3 R3
< lim inf [||vf|2+b/ |an|2dz/ |V1}f|2dx]
n— oo 3 R3

=/ K(z)f(z, v viF da. (2.15)

This shows that

(T'b(w),vif) < 0. (2.16)
Thus, by (1.17), (1.18), (2.1), (2.12), and (2.16), the weak semicontinuity of
norm, Fatou’s Lemma, and Lemma 2.5, we obtain

= i [0 = (o))

n—oo

n

1
> — liminf [/ \an|2dx +(1- 90)/ V(m)ﬂn|2d$}
4 R3 R3

n—oo

_ 1L%{i||un||2+43 K(z) Bf(x,vn)vn—ﬁ(x,vn)] dx}

—Himinf/Rs {K(m) Bf(x,vn)vn —F(x,vn)] + 9°V( ) n2}dx

n—oo

21{/ \va|2da:+(1—00)/ V(x)ubﬁdx]
4. ]RS RS

+ [ K@ (e mn - Few)] + 2V fa
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= Ll + [ K@) |37 oo - Fam)| ao

4
1 !
= To(v) — Z(J b(Vp), Vb)
n 1=t o 1=t _
> sup To(svy + 10y ) + ——(T's(w), v7) + ——(Tb(w0), vy )
s,t>
1
- i<j/b('vb)»vb>
> sup Jp(sv; +tvy ) > my,
s,t>0
which implies that
lim |V, |[2dz = / |Vp|?da (2.17)
n—oo RB ]R3
and
im [ V(@) [2de = / V(@)[u 2. (2.18)
n—oo RS R3
Hence, v, — vy in H, then we know that J,(vp) = myp and vy € M. O

Lemma 2.10. Suppose that (V), (K), and (f1)-(fs) are satisfied. If vy € M,
and Jy(vo) = my, then vy is a critical point of Jp.

Proof. By contradiction, let vg = v +v5 € My, Jp(vo) = mp and J'y(vo) #
0. Then, there exist § > 0 and o > 0, such that

veEH, |[v—uv <35 = | T(v)] > 0. (2.19)
By Corollary 2.4, one has
(1—00)(1— )

2 1—6p)(1 —t2)2
Tolsug +tvy) < (o) — g2 = LGB = e

¢ L0 og
(1—6)(1—s%)? (1—60)(1—1t*)?>
=mp = log |1 = ——— g I
4 4
(2.20)
Let D = (0.5,1.5) x (0.5,1.5). It follows from (2.20) that:
k= max Jy(svl +tvy) < my. (2.21)

(s,t)edD

For e := min{(mp — k)/3,1,00/8},S := B(up,9), ([47], Lemma 2.3) yields a
deformation n € C([0,1] x H, H), such that

(i) n(1,v) = v if v ¢ Jy H([mp — 2¢,mp + 2€]) N Sas.

(i) n(1, 7% N B(vo,0)) € ™ °.

(iil) Jp(n(l,v)) < Tp(v), Yv € H.
By Corollary 2.5, Jy(svg + tvy ) < Jp(vg) = my, for s,t > 0, then it follows
from iii) that:

To(n(1, svd +tvy)) <mp—e, Vs,t>0, |[s—12+[t—1]* < 6%/|vo]?
(2.22)
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On the other hand, by (iii) and (2.20), for any s,t >0, |[s — 1|> + |t — 1| >
62 /|lvol|?, one has

T (1, sv5 +tvg)) < Jo(svg +tvg)
1 —06)(1 — s2)? 1—0p)(1—t3)?% _
<y~ LML=y L OAZ T e
(1 — 90)(52 . +112 — 112
< mp — ——5— minq ||y, S v . 2.23
>~ b 8||’UOH2 {H 0 || || 0 H } ( )

Combining (2.22) with (2.23), we get

max_ Jp(n(1, svg + tvg)) < mp. (2.24)
(s,t)eD

Moreover, g(s,t) := svo+ + tvg . By an argument similar as [4,41,42], we can
get n(1,g(D)) N My # 0. Since myp, := inf,e g, Jp(v), this is a contradiction.
The proof is completed. O

3. Sign-changing solutions

Proof of Theorem 1.1. By (f1)-(fs), we know that (f1)-(fs) hold. In view
of Lemmas 2.9 and 2.10, there exists v, € My, such that J,(vy) = my and
J'v(vp) = 0. Thus, vy is a sign-changing solution of (1.1). Next, we prove
that v, has exactly two nodal domains. Let v, = vy + vo + v3, where

v1 >0, v2<0, LN =0, vilo,uo, = V2]l0,n0s = V3la,n0, =0,
(3.1)
Q) ={xe R? : vy (z) > 0}, Q:={zxc R3 : vy(z) < 0},

Q3 := R3\(Q, U Qy), (32)

where ; and Qs are connected open subsets of R3.
Setting w = vy + vo, we see that w™ = vy and w™ = v, ie., w # 0.
By (1.17), (1.18), (2.1), (2.12), and (3.1), we have

my = Tp(vp) = Tp(vp) — i<jlb(vb)>vb>

[(T'b(w), w) + (T "s(ws), ws) + 2b]| Vw|3[|Vvs]|3]

[ n _ 1—s* n 1—t*, B
> sup | Jp(sw™ +tw™) + (J'p(w), w™) + 1 (T (w),w™)

5,620 | 4

—ZU'b(w),w) + Jb(vs)

[ . bst bt _
> sup |(su + )+ [Vt Vel + O [V B9l
S7 - L

— T (o))

#qlall + [ K@) |3 - Flo)| ds
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[lvs]|?

> sup Jp(swt +tw™) +

s,t>0
(1—16b)
4

(1—0o)
4

> myp +

[vs]|?,

which implies that v3 = 0. Therefore, v, has exactly two nodal domains. [J

4. Ground state solutions of Nehari type

In this section, we will use non-Nehari manifold method to seek ground state
solutions of Nehari type for (1.1). Before stating our results, we need to state
the following lemmas and corollaries.

Lemma 4.1. Suppose that (V),(K), and (fi)-(f1) are satisfied. Then

_ 44 _ _42)2
) = Tt (7o), ot M e vy e iz 0

(4.1)

Corollary 4.2. Suppose that (V),(K), and (fi)-(fs) are satisfied. Then, for
any v € Nb

(1—00)(1 —t?)

2
Tb(v) > To(tv) + [o]?, vt =>o0. (42)

4
Corollary 4.3. Suppose that (V),(K), and (f1)-(fs) are satisfied. Then, for
any v € Ny
Tb(v) = max Tb(tv). (4.3)

Lemma 4.4. Suppose that (V),(K), and (fi)-(fs) are satisfied. If v €
H\{0}, then there exists a unique t, > 0, such that t,v € Np.
Lemma 4.5. Suppose that (V),(K), and (f1)-(fs) are satisfied. Then

inf =¢,= inf tv).
vler.lf\/b jb(/U) “ Ueg}v;éo 1’{1238( jb( U)

Lemma 4.6. Suppose that (V), (K), and (fi)-(f) are satisfied. Then, there
exist a constant ¢, € (0,¢p] and a sequence {v,} C H satisfying
To(0n) = o, [T o(vn) (1 + [|vnll) — 0. (4.4)
Proof. Since (f1), (f2), and (1.18) hold, then there exist 6y > 0 and py > 0,
such that
veEH, |v]l=0d = Tb(v) = po (4.5)
Choose wy € Ny, such that

1
e < Tp(wi) < cp+ o kel (4.6)

Since Jp(wy) < 0 for large ¢ > 0, then according to [12] and Mountain Pass
Lemma, we can derive that there exists a sequence {vi n }neny C H satisfying

To(Wkn) = &y [T b(kn)II(1+ [lvknll) = 0, k€N, (4.7)
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where ¢ € [po,sup,>o Jp(twy)]. By Corollary 4.5, one has
To(wi) > Tp(twg), YVt >0,

which implies that Jj(wy) = sup;~q Jp(twy). Hence, by (4.6) and (4.9), we
have

1
To(rn) <o+ 2 T b(0n) |1+ [lognll) = 0, ke N. (4.8)
Now, we can choose a sequence {n;} C N, such that
1 1
Jo(Wrn) < et 20 1T 0@kl + ognell) < 20 keN.(4.9)

Let vy, = v n,, k € N. Then, up to a subsequence, we have

To(0n) = cx € [po,cpl, 1T 0(vn) (1 + [|vnll) — 0.
This completes the proof. O
Proof of Theorem 1.2. By (f1)-(fs), we know that (fi)-(fs) hold. From

Lemma 4.8, we can deduce that there exists a sequence {v,} C H satisfying
(4.4), such that

To(vn) = cs, (T b(vn),vn) — 0. (4.10)
From (1.17), (1.18), (2.12), and (4.10), one has for large n € N
1—6o

Cy + 1 2 jb(vn) ||Un||2

T 0n), ) 2

This implies that {v,} is bounded in H. By a standard argument, we can
prove that there exists a vg € H\{0}, such that J';(vg) = 0. This shows that
vo € Ny is a non-trivial solution of (1.1) and J,(vg) > ¢,. On the other hand,
using (1.17), (1.18), (2.12), the weak semicontinuity of norm, and Fatou’s
Lemma, we have

=

n—00

e > ¢ = lim (jb(vn) — <jlb(Un)7vn>>

lim. annn? +/Rs K (2) (if(mn)vn _ F(an))]

1liminf( |an|2d:17+(1*90)/ V(a:)lvnQd:c)
4 R3 R3

n—oo

+ lim inf /]R {K(x) <if(x,vn)vn - F(x,vn)> 4 BV (@) m?} dz

n—o0 4

Y]

>1 (/R Vo |2dz + (1 — 90)/RS V(m)|vo|2dx>

+ /R {K(x) <if(x,uo)vo _ F(x,v0)> + Wvoﬁ} dz

ool + [ #@) (7 00— Flow) ) da

= Fy(w0) = 11T'4(40), 00) = Tile).

Hence, we have J,(vg) < ¢4, and so, Jp(vg) = ¢, = infp,, Jp > 0.
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From Theorem 1.1, there exists a v, € My, such that Jp(vy) = my.
Thus, by (1.16), Corollary 2.5, and Lemma 4.7, one has

my = TJp(vp) = sup Jp(sv) + tv,)
s,t>0

242

bs“t _
= swtu>p0 To(sv;) + Tp(tvy, ) + THVUZFH%HV% I3

> sup Jb(svb )+ Sup Jb(tvb )
s>0

Z 261).

The proof is completed. O

5. The convergence property

Now, we are in a situation to give the proof of Theorem 1.3.

Proof of Theorem 1.3. By (f1)~(fs), we know that (f1)~(f3) hold. In Sect. 2,
b = 0 is allowed in the argument. Therefore, under the assumptions of Theo-
rem 1.3, there exists a wg € M, such that J'qg(wgp) = 0 and Jy(wg) = mg =
infyen, Jo(v), that is (1.4), has a least energy sign-changing solution, which
changes sign only once.

For any b > 0, let v, € M}, be a sign-changing solution of (1.1) obtained
in Theorem 1.2, which changes sign only once and satisfies J,(vp) = 1.

Choose 9y € C5°(R?), such that ¥ # 0. From (K) and (f1)—(f3), there
exist 31 > 0 and Bo > max{||VI{ |3, [V |3}, such that for any s,¢ € R

K(z)F(x,s98)dz > Ba|s|* — b1,
R3 (5.1)

K(2)F (2,195 )dx > Bolt|* —
R3

For any b € [0,1], it follows from (1.17) and Lemma 2.5 that:
Tp(vp) = myp < max jb(sﬁa' +tdy)

_ max{||19+|2—|— bt ot 4 — / K (2)F(z, 597 )de

s,t>

bt
fuﬁ I+ 2 IV 1 - /K F(z, t97)dz

bsgt
199 131995 |2}
s e, bst +114 4, Poe
< max { S i1 + IV 1S + 26— st + 1051
bt _ bs?t? _ _
20 1~ ot + 31wy 13}
<

otz = vt s
2 Yo o VYo ll2
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Fmax | S0 12 = L vy 1] + 28
ma | 5105 1 = S IV9g 13| + 261
= Ag > 0.
y (1.17), (1.18), and (2.12), we get
om, |2

which implies that {vp, } is bounded in H. Then, there exists a subsequence
of {b,}, still denoted by {b,}, and vy € H, such that v,, — vy in H. Similar
to Lemma 2.9, we conclude that vg: — v #0in H. Note that

1 1-6
Rot 12 Ji(0,) — H(T, (0n,),) > L0

o)) = [ (TeaVe+ Vapoop)da — [ K@) Few)pds
= nh—>Holo {/RS(V% Vo +V(z)m,p)d / f(x, v, )pda
= lim (J's, (), ) =0 Vg € CF(R?).

This shows that J’¢(vp) = 0, and then, vy € My and Jy(vo) > me. Next,
we claim that Jy(vo) = mo. Let b, € [0, 1], then it follows from (K) and (f3)
that there exists Ky > 0, such that for all s > Ky or t > K,

T, (swg + fw&)

82
= 2 g | + wi | - / K(2)F(z, s} )dx+—||w0 2
b t4 b, s N
LIV IS - [ K@)F. ) HNE
8
S;H wy [ + *||V +||2 / K(2)F(z, swg )dx
L 12 + I - / K (2)F(a, twg )da

By Lemma 2.6, there exists (s,,ty,), such that s,wg + t,wy € M,, which,
together with (5.2), implies 0 < s,,t, < K. Hence, from (1.17), (1.18), and
(2.1), we have

mo = Jo(wo)
by,
= i, (o) ~ 22| wol

. 1-st 11—t}
> T, (Snw(—)Ir +tawy ) + 4 (I'b,, (wo), wq ) + 4 <~7 b, (Wo), Wy ')
bn
_ZHVU}OH%
1+ K¢ 1+ K}
> My, — 4 O‘<~7/n(w0) Wy ‘_ 4 0| wo),w0>’

R
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(14 K§)by, (14 K§)by, _
= my, — Vo3[V 15 — == Vw3 Ve |13
bn
T
which implies that
lim sup my,,, < my. (5.3)

n—o0

By (1.17) and (5.3), one has

mo < Jo(vo) = limsup Jp, (vp,, ) = limsupmy, < my.

n—oo n—o0

This shows that Jy(vg) = mo. O

Acknowledgements

The authors thank the editor and the referees for their valuable comments
and suggestions. This work was supported by National Natural Science Foun-
dation of China (Grant Nos. 11461043, 11571370, and 11601525), and sup-
ported partly by the Provincial Natural Science Foundation of Jiangxi, China
(20161BAB201009), the Science and Technology Project of Educational Com-
mission of Jiangxi Province, China (150013), and Hunan Provincial Innova-
tion Foundation For Postgraduate (Grant No. CX2016B037).

References

[1] Alves, C.O., Souto, M.: Existence of solutions for a class of nonlinear
Schrédinger equations with potential vanishing at infinity. J. Differ. Equ. 254,
1977-1991 (2013)

[2] Bartsch, T., Liu, Z., Weth, T.: Sign-changing solutions of superlinear
Schrédinger equations. Commun. Partial Differ. Equ. 29, 25-42 (2004)

[3] Bartsch, T., Weth, T.: Three nodal solutions of singularly perturbed elliptic
equations on domains without topology. Ann. Inst. H. Poincaré Anal. Non
Linéaire 22, 259-281 (2005)

[4] Bartsch, T., Weth, T., Willem, M.: Partial symmetry of least energy nodal
solutions to some variational problems. J. D’Anal. Math. 1, 1-18 (2005)

[5] Bouard, A.D., Hayashi, N., Saut, J.: Global existence of small solutions to a
relativistic nonlinear Schrodinger equation. Commun. Math. Phys. 189, 73-105
(1997)

[6] Bass, F.G., Nasanov, N.N.: Nonlinear electromagnetic-spin waves. Phys. Rep.
189, 165-223 (1990)

[7] Cheng, Y., Yang, J.: Positive solution to a class of relativistic nonlinear
Schrodinger equation. J. Math. Anal. Appl. 411, 665-674 (2014)

[8] Cheng, Y., Yang, J.: Soliton solutions to a class of relativistic nonlinear
Schrédinger equations. Appl. Math. Comput. 260, 342-350 (2015)

[9] Chen, X.L., Sudan, R.N.: Necessary and sufficient conditions for self-focusing

of short ultraintense laser pulse in underdense plasma. Phys. Rev. Lett. 70,
20822085 (1993)



Vol. 19 (2017) Ground state sign-changing solutions 3147

[10] Chen, S.T., Tang, X.H.: Ground state sign-changing solutions for a class of
Schridinger—Poisson type problems in R3®. Z. Angew. Math. Phys. 67, 102
(2016)

[11] Castro, A., Cossio, J., Neuberger, J.M.: A sign-changing solution for a super-
linear Dirichlet problem. Rock. Mountain J. Math. 27, 1041-1053 (1997)

[12] Cerami, G.: Un criterio di esistenza per i punti critici su varieta illimitate.
Rend. Acad. Sci. Lett. Inst. Lomb. 112, 332-336 (1978)

[13] Chen, J.H., Tang, X.H., Cheng, B.T.: Existence of ground state sign-changing
solutions for a class of generalized quasilinear Schrodinger—-Maxwell system in
R®. Comput. Math. Appl. 74, 466-481 (2017)

[14] Chen, J.H., Tang, X.H., Cheng, B.T.: Non-Nehari manifold method for a class
of generalized quasilinear Schrodinger equations. Appl. Math. Lett. 74, 20-26
(2017)

[15] Deng, Y., Peng, S., Yan, S.: Critical exponents and solitary wave solutions for
generalized quasilinear Schrédinger equations. J. Differ. Equ. 260, 1228-1262
(2016)

[16] Deng, Y., Peng, S., Yan, S.: Positive solition solutions for generalized quasi-
linear Schrédinger equations with critical growth. J. Differ. Equ. 260, 115-147
(2015)

[17] Deng, Y., Peng, S., Wang, J.: Nodal soliton solutions for generalized quasilinear
Schrodinger equations. J. Math. Phys. 55, 051501 (2014)

[18] Deng, Y., Peng, S., Wang, J.: Nodal soliton solutions for quasilinear
Schrodinger equations with critical exponent. J. Math. Phys. 54, 011504 (2013)

[19] Hasse, R.W.: A general method for the solution of nonlinear soliton and kink
Schrédinger equations. Z. Phys. B 37, 83-87 (1980)

[20] Kurihara, S.: Large-amplitude quasi-solitons in superfluid films. J. Phys. Soc.
Jpn. 50, 3262-3267 (1981)

[21] Kirchhoff, G.: Mechanik. Teubner, Leipzig (1883)

[22] Laedke, E., Spatschek, K., Stenflo, L.: Evolution theorem for a class of per-
turbed envelope soliton solutions. J. Math. Phys. 24, 2764-2769 (1983)

[23] Lange, H., Poppenberg, M., Teismann, H.: Nash-Moser methods for the solu-
tion of quasilinear Schrodinger equations. Commun. Partial Differ. Equ. 24,
1399-1418 (1999)

[24] Liu, J., Wang, Z.Q.: Soliton solutions for quasilinear Schrodinger equations. I.
Proc. Am. Math. Soc. 131, 441-448 (2003)

[25] Liu, J., Wang, Y., Wang, Z.Q.: Soliton solutions for quasilinear Schrédinger
equations. II. J. Differ. Equ. 187, 473-493 (2003)

[26] Liu, J., Wang, Y., Wang, Z.Q.: Solutions for quasilinear Schrodinger equations
via the Nehari method. Commun. Partial Differ. Equ. 29, 879-901 (2004)

[27] Li, Q., Wu, X.: A new result on high energy solutions for Schrodinger—Kirchhoff
type equations in RY. Appl. Math. Lett. 30, 24-27 (2014)

[28] Li, F., Zhu, X., Liang, Z.: Multiple solutions to a class of generalized quasilin-
ear Schrodinger equations with a Kirchhoff-type perturbation. J. Math. Anal.
Appl. 443, 11-38 (2016)

[29] Li, L., Zhong, X.: Infinitely many small solutions for the Kirchhoff equation
with local sublinear nonlinearities. J. Math. Anal. Appl. 435, 955-967 (2016)



3148 J. Chen et al. JFPTA

[30] Li, Q., Wu, X.: Mutiple solutions for genearalized quasilinear Schrodinger equa-
tions. Math. Methods Appl. Sci. 40, 1359-1366 (2017)

[31] Miranda, C.: Un’osservazione su un teorema di Brouwer. Boll. Unione Mat.
TItal. 3, 5-7 (1940)

[32] Moameni, A.: Existence of soliton solutions for a quasilinear Schrodinger equa-
tion involving critical exponent in RY. J. Differ. Equ. 229, 570-587 (2006)

[33] Makhankov, V.G., Fedyanin, V.K.: Nonlinear effects in quasi-one-dimensional
models and condensed matter theory. Phys. Rep. 104, 1-86 (1984)

[34] Noussair, E.S., Wei, J.: On the effect of the domain geometry on the existence
and profile of nodal solution of some singularly perturbed semilinear Dirichlet
problem. Indiana Univ. Math. J. 46, 1321-1332 (1997)

[35] Poppenberg, M., Schmitt, K., Wang, Z.: On the existence of soliton solutons to
quasilinear Schrodinger equations. Calc. Var. Partial. Differ. Equ. 14, 329-344
(2002)

[36] Ritchie, B.: Relativistic self-focusing and channel formation in laser-plasma
interaction. Phys. Rev. E 50, 687-689 (1994)

[37] Shi, H., Chen, H.: Positive solutions for generalized quasilinear Schrodinger
equations with potential vanishing at infinity. Appl. Math. Lett. 61, 137-142
(2016)

[38] Shen, Y., Wang, Y.: Standing waves for a class of quasilinear Schrédinger
equations. Complex Var. Elliptic Equ. 61, 817-842 (2016)

[39] Shen, Y., Wang, Y.: Two types of quasilinear elliptic equations with degener-
ate coerciveness and slightly superlinear growth. Appl. Math. Lett. 47, 21-25
(2015)

[40] Shen, Y., Wang, Y.: Soliton solutions for generalized quasilinear Schrédinger
equations. Nonlinear Anal. Theory Methods Appl. 80, 194-201 (2013)

[41] Shuai, W.: Sign-changing solutions for a class of Kirchhoff-type problem in
bounded domains. J. Differ. Equ. 259, 1256-1274 (2015)

[42] Shuai, W., Wang, Q.F.: Existence and asymptotic behavior of sign-changing
solutions for the nonlinear Schrédinger—Poisson system in R®. Z. Angew. Math.
Phys. 66, 3267-3282 (2015)

[43] Tang, X.H.: Non-Nehari manifold method for superlinear Schrodinger equation.
Taiwan. J. Math. 18, 1957-1979 (2014)

[44] Tang, X.H.: New super-quadratic conditions on ground state solutions for
superlinear Schrédinger equation. Adv. Nonlinear Stud. 14, 349-361 (2014)

[45] Tang, X.H.: Non-Nehari manifold method for asymptotically Schrodinger equa-
tion. J. Aust. Math. Soc. 98, 104-116 (2015)

[46] Tang, X.H., Cheng, B.T.: Ground state sign-changing solutions for Kirchhoff
type problems in bounded domains. J. Differ. Equ. 261, 23842402 (2016)

[47] Willem, M.: Minimax Theorems. Birkhauser, Boston (1996)

[48] Wu, X.. Existence of nontrivial solutions and high energy solutions for
Schrodinger—Kirchhoff-type equations in RY. Nonlinear Anal. RWA 12, 1278
1287 (2011)

[49] Wang, L.L., Han, Z.Q.: Multiple small solutions for Kirchhoff equation with
local sublinear nonlinearities. Appl. Math. Lett. 59, 31-37 (2016)

[50] Ye, Y., Tang, C.L.: Multiple solutions for Kirchhoff-type equations in RY. J.
Math. Phys. 54, 081508 (2013)



Vol. 19 (2017) Ground state sign-changing solutions 3149

[61] Zhu, X., Li, F., Liang, Z.: Existence of ground state solutions to a generalized
quasilinear Schrodinger—-Maxwell system. J. Math. Phys. 57, 101505 (2016)

Jianhua Chen, Xianhua Tang, Zu Gao and Bitao Cheng
School of Mathematics and Statistics

Central South University

Changsha

410083 Hunan

People’s Republic of China

e-mail: tangxh@mail.csu.edu.cn

Jianhua Chen
e-mail: ¢jh19881129@163.com

Zu Gao
e-mail: gaozu7@163.com

Bitao Cheng

School of Mathematics and Statistics
Qujing Normal University

Qujing

655011 Yunnan

People’s Republic of China

e-mail: chengbitao2006@126.com



	Ground state sign-changing solutions for a class of generalized quasilinear Schrödinger equations with a Kirchhoff-type perturbation
	Abstract
	1. Introduction
	2. Some preliminary lemmas
	3. Sign-changing solutions
	4. Ground state solutions of Nehari type
	5. The convergence property
	Acknowledgements
	References




