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Abstract: In this paper, we study the existence of ground state sign-changing solutions for following
p-Laplacian Kirchhoff-type problem with logarithmic nonlinearity

—(@+b [, VulPdx)Ayu = ul*ulni?, x € Q

u=0, xeoQ,
where Q c R" is a smooth bounded domain, a,b > 0 are constant, 4 < 2p < g < p* and N > p. By

using constraint variational method, topological degree theory and the quantitative deformation lemma,
we prove the existence of ground state sign-changing solutions with precisely two nodal domains.
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1. Introduction

In this article, we are consider the existence of the ground state sign-changing solution for the
following p-Laplacian Kirchhoff-type equation

{ ~(a+b [ [VulPdx)A,u = [ul'2ulnu?, x € Q an

u=0, xeoQ,

where Q c R" is a smooth bounded domain, a,b > 0,4 < 2p < g < p* and N > p, A, denote the
p-Laplacian operator defined by A u = div([VulP~% - Vu).
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Problem (1.1) stem from following Kirchhoft equations
—(a+b f \VulPdx)Au = f(x, u), (1.2)
Q

where Q ¢ R" is a bounded domain or Q = RY, a > 0, > 0 and u satisfies some boundary conditions.
Problem (1.2) is related to the following stationary analogue of the equation of Kirchhoff type

—(a+ bf IVul>dx)Au = f(x,u), (1.3)
Q

which was introduced by Kirchhoff [1] as a generalization of the well-known D’Alembert wave
equation

82
AU 2Lf|—| 974~ f, (14)

for free vibration of elastic strings.

After the pioneer work of Lions [2], where a functional analysis approach was proposed to (1.3)
with Dirichlet boundary condition, a lot of interesting results for (1.2) or similar problems are obtained
in last decades.

Recently, many authors pay their attentions to find sign-changing solutions to problem (1.2) or
similar equations, and indeed some interesting results were obtained, see for examples, [3—-28] and the
references therein.

On the other hand, the problem (1.1) derive from the following Logarithmic Schrodinger equation

—Au+V(X)u = [u|>ulnu?, x € Q
(1.5)

u € H\(Q).

Recently, there are many results about Logarithmic Schrodinger equation like (1.5), see [26,29-37]
and references therein. Moreover, some scholars considered sign-changing solutions to Logarithmic
Schrédinger equation like (1.5) [26,33].

Motivated by the works mentioned above, especially by [9,10,26], in the present paper, we consider
the existence of ground state sign-changing solutions for problem (1.1).

Denote Wé ?(Q) the usual Sobolev space equipped with the norm

lull” = [} IVulPdx.

The usual L”(€2) norm is denote by |u|1’§ = fQ |ul’dx. And we define the energy functional of problem
(1.1) as follow:

b 2 1
D(u) = = f VulPdx + —( f \VulPdx)* + = f lul?dx — — f |ul? In u?dx,
P Ja 2p Ja q- Ja qJa

for any u € Wé’p(Q).
Moreover, under our conditions, ®(u) belongs to C!, and the Fréchet derivative of @ is
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(D' (u),v) = a f IVulP~2Vu - Vvdx + b( f |VulPdx)( f IVulP~2Vu - Vvdx)
Q Q Q
- f [l 2uy In u?dx,
Q
for any u,v € Wé’p(Q).

The solution of problem (1.1) is the critical point of the functional ®(u). Furthermore, if u € W(; Q)
is a solution of problem (1.1) and u* # 0, then u is a sign-changing solution of problem (1.1), where

ut = max{u(x),0}, wu~ = min{u(x),0}.
It is noticed that
b
D) = Ow™) + O’ + —llu*|Plll)”, if u™ £0,
p

(D' (), u™y =D W"),u") + bllu”|IPllu”1)”,  ifu £0,
(D' (), u™) =D ™), u”) + bl |IPll” I, if u™ £ 0.

The main results can be stated as follows.

Theorem 1.1. The problem (1.1) has a sign-changing uy € M with precisely two nodal domains such
that ®(uy) = infp® := m, where

M=A{ue Wé’p(Q), ut # 0, and (D' (u), u*) = (D’ (u),u") = 0}.

Theorem 1.2. The problem (1.1) has a solutions uy € N such that ®(uy) = infy® := c, where
N ={ue Wg’p(Q), u # 0, and (¥’ (u), u) = 0}. Moreover, m > 2c.

Remark 1.1. The Kirchhoff function M(t) = a+bt"(n > 0,a > 0,b > 0) can be regarded as the special
case of the function M : R* — R* satisfying the following conditions:

(M1) M € C(R") satisfies inf,cg+ M(t) > mg > 0, where my is a constant;

(M?2) There exists 8 > 1 such that M = Hfol M(t)dt > M(t)t for any t > 0.

In this paper, we consider this problem under condition M(t) = a + bt. From details in proof of Lemma
2.1 (see later), we can not obtain result similar as Lemma 2.1 for the case of Kirchhoff equations of the
general forms. However, Lemma 2.1 play an important role in proof of main resuls. So, for the case of
Kirchhoff equations of the general forms, the methods in this paper seems not valid.

2. Technical lemmas

Lemma 2.1. For all u € W,"(Q) and s,t > 0 there holds

1 -9 1-4

(D' (), u™) + 1

B _ 1—s? —s?
D) > O(su™ + 1) + (@' (u), u™) + a( PR (1P

Mo 11— 1-g4 11— 1-4¢_
N |IP + bl( - e 117+ ( - e |177]
2p q 2p q

- 1-
q
§%P + 2P — 2sPtP

2p

+ a(

Tl 1P e 117 (2.1)
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Proof. Since (2.1) holds when u = 0, in the following, we always assume that u # 0. It is easy to see
that

2(1 =79 + qriInt* > 0,7 € (0,1) U (1, 00). (2.2)

LetQ" ={xeQ:u(x)>0}and Q™ ={x € Q: u(x) <0}. Forany u € Wé’p(Q) \ {0}, we have that
flspﬁ + tu | In(sut + tu)?dx
Q

= |su™ + tu” | In(su™ + tu)*dx + f

|su™ + tu” | In(su™ + tu)*dx
Q* Q-

= |su™ |9 In(sut)’dx + |su” |9 In(su~)2dx
ot Q-
= f [Isu™ ¥ In(sut)?] + |t |9 In(ru” ) dx
Q
= f [Isu*9(n s% + In(u™)?) + |t |?(In £ + In(u)?)]dx. (2.3)
Q
Combining (2.2) with (2.3), we obtain
b
O(u)-D(su” +tu") = ﬁ(llull" —|lsu” + tu|IP) + 2—(I|u||2” — |lsu® + tu|I*P)
P P
2 1
+— f [u|? — |su™ + tu"|%dx — — f lul? Inu® — |su™ + tu”|9 In(su™ + tu”)*dx
q Jo q Ja
a B b _
= —(lull” = sl I1” = P 11P) + —ull® = st | = 22|l [1*)
D 2p
2 1
= 25"l Pl 1P + — f |+ || = s ut|? = | dx — — f (|17 In(ut)?
q- Jo q Jo
+ [ In@)? = [sut9n s? = |sut|? In(u)? = |t |9 Ind — |t |9 In(u))dx

= L= P+ L= P+ 21— St
p p 2p
b 2 -112 b + - 2 + + - -

b (=PI + 2= PPN + 5 | @t = sut 1+ e — a9
2p p q* Jo

1 1
- f (ut1? In(u)? = |su|? In(su™)?)dx — - f (u |7 In(u™)? = |tu” | In(tu)?)dx
q Jo q Jo

I-s7 - _ -5 1-49
= (@' (u),u™) + (D" (u), u™) + a( P )I|7l
l— 1-#_ _ 1—s% 1-¢ 1—Fr 1-#_ _
+a( - M”17+ b(( - M7+ ( - w177
2p q 2p q
1—sPtP 1-s9 1-t4 _ 2(1 = s%) + gs?1n s°
+ b( - — Pl + T e
p q q
2(1 = t9) + gt?1n 1>
N ( )+ gt?1n e

qZ
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1—s? 1-11 1—s? 1-s7
> (@ (), "+ ——— (@ (), ") + a ps - qs ik
11— 1-1_ _ -5 1-4s4 1-7 1-t_ _
+a( - e |I” + b(( - M1+ ( - M |177)
2p q 2p q
5P + (2P — 2sPtP _
+b[ 5 Tlee 11PN 117, (2.4)
14
which implies that (2.2) holds. mi
According to Lemma 2.1, we can obtain the following corollaries.
Corollary 2.1. Forallu € Wé’p (Q) and t > 0, we have that
1-1 1- 1-1¢
DO(u) > O(tu) + (D' (u), u) + a( — )|ull?. (2.5)

q

Corollary 2.2. For any u € M, we have that

®(u) = max O(su™ + tu").
5,t>0

Corollary 2.3. For any u € N, we have that

O(u) = rr[1>%x O(tu).

Lemma 2.2. For any u € Wé’p (Q) with u* # 0, there exists an unique pair (s,, t,) of positive numbers
such that s,u™ + t,u~ € M.

Proof. Firstly, for any u € Wé’p (Q) with u* # 0, we prove the existence of (s,,,). Let
G(s, 1) = (O (sut + tu), su™) = as||u”||P + bs*?||u*|[*

+bs”tp||u+||p||u_||”—flsu+|qln(su+)2dx, (2.6)
Q

and
H(s, 1) = (V' (su™ + tu), tu”y = at’||u*||P + bt ||u”||*”

+ bsPt||lut||P||lu” )P — f |t~ |7 In(tu”)?dx. 2.7
Q
From assumptions, we have that

[714  In 2
Itlp_l

719  In 2

= 0; lime "= = 0,7 € (¢, P°).

limt—)O

Then for any € > 0, there exists C, > 0 such that

[f197 In? < et~ + Ce . (2.8)
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Since 4 < 2p < g < p*, it follows from (2.8) that

G(s,s) > 0and H(s, s) > 0 for s > 0 small enough,
G(t,t) > 0 and H(t,t) > 0 for ¢t > 0 large enough.

Thus, there exist 0 < @ < 8 such that
G(a,a) >0, Ha,a) > 0; G@B,B) <0, HB,B) <O0. (2.9)
Thanks to (2.6), (2.7) and (2.9), we have that
G(a,t) >0, G(B,1) <0, Vt € [a,p] (2.10)
and
H(s,a) >0, H(s,B8) <0, Vs € [a,f]. (2.11)

So, combining (2.10), (2.11) with Miranda’s Theorem [38], there exists some point (s,,,) with
a < §,,t, < B such that
G(Sua tu) = H(Sm tu) =0.

That is, there exists a pair (s,, t,) of positive numbers such that s,u* + r,u” € M.

Secondly, we prove that (s,, t,) iS unique.

Arguing by contradiction, we assume that there exist two pair (s;, ¢;), i = 1,2 such that s;u™ +tju” €
Mand s,ut + thu™ € M.

According to corollary 2.2, we have that

1 —(2)y 1 —(2)y

O(siu* + ryu) > O(su’ + ru™) + as)( 2 ) lt|IP, (2.12)
q

L= () 1— (e
2 s U (2.13)

O(su’ + tu") > O(sju” + 1yu) + ash

It is noticed that
h(x) = % is monotonically decreasing on (0, oo) for s > O and s # 1.
Therefore, by (2.12) and (2.13), we have that (s, ;) = (s2,%,). That is, (s, t,) is unique. O
Lemma 2.3. Forany u € Wg’p (Q) with u # 0, there exists an unique t, > 0 such that t,u € N.
Proof. Since the proof is similar to that of Lemma 2.2, we omit detail here. O
Through the standard discussions, we have following result.

Lemma 2.4. The following minimax characterization hold

c= inf max®(u), m=  inf  max O(su’ + tu").
ueW, P (@uz0 120 ueW,? (Q)uz0 5120

Lemma 2.5. m > 0 is achieved.
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Proof. For any u ¢ M, we have (®’(u), u) = 0 and then
allull” < allull” + bllull* = flulq Inu’dx
Q
< Cillull? + Collull”. (2.14)
Since g, r > p, there exists a constant p > 0 such that ||u|| > p for any u C M.

Let u, € M be such that ®(u,) — m, then u, is bounded in Wé’p . Thus, there exists ug, in
subsequence sense, such that

uf — uf in W,"(Q)

u, = uyin L*(Q),p < s < p*

Since u, ¢ M, one has (®’(u,), u;) = 0, that is

+ + +12 — + +\2
waameSame+mmmP+bwmmmmp=jW@wmmpdx

Q
szlu,flqu+cgf|u,f|’dxsC;;flujl’dx (2.15)
Q Q Q

By the compactness of the embedding Wé’p (Q) — L'(Q), we get

Csppsflugl’dx,
Q

which implies ug # 0.
By the Lebesgue dominated convergence theorem and the weak semicontinuity of norm, we have

+ 2 — . . + 2 —
allug” + bllug 1™ + bllug 1 llug 1” < Vi inf allu 1" + bllaa 17 + blaey 1l 117
= liminf f |7 In(u)*dx
n—o00 Q
+ +\2
= f lug|? In(ugy) dx,
Q

that is,
(D" (up), ugy < 0and (D' (up), uy) < 0.

Since ug # 0, it follows from Lemma 2.2 that there exist constants s, t > 0 such that suj + tu, € M.
From corollary 2.2, corollary 2.3 and the weak semicontinuity of norm, we have that

1
m = lim[®(u,) — —{D'(u,), u,)]
n—oo q
. a a b b 2
= lim[(= — Dluall’ + (5= = llu,|[” + — 7]
n—e D q 2p q q
a a b b 2
2 (o = Dllwoll” + (7 = Dlluol” + ol
V4 P q q
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1
= O(ug) — 5(‘1)'(”0, Uuo)

— sq , 1 — l‘q
(D' (o), ug) +

1
> O(suy + tugy) +

1
(D" (uo), uy) — a(q)'(uo’ Up)

sq ’ + tq / -
>m— —(D'(up), uy) — —{(P" (uo), uy )
q q
> m,

which asserts
(D (o), ug) = 0, D(up) = m.

Furthermore, thanks to ug # 0 and (2.1), we have that

1 1 I 1
m = Oug) > a(— = llugll” + a(= = —)llugll” > 0.
P q P 9

3. Proof main results

Proof of Theorem 1.1 :

Proof. Firstly, thanks to Lemma 2.5, we prove the minimizer i of inf 5 @ is critical point of ©.
Arguing by contradiction, we assume that ®’(u() # 0. Then there exist § > 0 and ¢ > 0 such that
[|(D'(w)|| > ¢, for all ||u — upl| <30 and u € Wé’p(Q).
Let D := (3,2) x (3, 2), by Lemma 2.1, one has

€ := max ®O(suj + tuy) < m. 3.1
(s,H)edD

For € := min(m — €)/3,5¢/8} and S5 := B(uy, 9), according to Lemma 2.3 in [39], there exists a
deformation 77 € C([0, 1] x Wy (), W, ”(€Q)) such that

(@) n(1,v) =vifv ¢ &' ([m—2e,m+2&]) N Sos;
(b) n(1,(@™* N Ss) C "¢, where ®° = {u € W(;’p(Q) : d(u) < cf;

(c) ®((1,v)) < D(v) for all v € W, P (Q).
By Lemma 2.1 and (c), we have

O(n(1, suy + tuy) < O(suf + tuy) < O(ug)
=m, Vs,t>0,]s= 17+t = 11> > 6*/|juol* (3.2)

On the other hand, by Corollary 2.3, we can obtain that ®(su + tu,) < ®(ug) = m for s,¢ > 0. Then
it follows from (b) that

D1, suy +tug) <m—g, Vst >0,]s = 1>+t = 1> < 8*/|luol*. (3.3)
So, thanks to (3.2) and (3.3), one has

max D(n(1, su; + tuy) < m. (3.4)
(s,n)eD
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Let k(s, 1) = suj + tu, we now prove that (1, k(D)) " M # @. Let y(s, t) := n(1,k(s, 1))

Wo(s, 1) := (D' (k(s, 1)), uy), (D' (k(s, 1)), )
= (@' (sug + tug), ug ), (D' (sug + tuy), uy))
= (M (s, 0), hy(s,1))

and
1 | -
lPl(sa t) = (;(@’()/(s, t))’ (Y(s’ t)) >’ ;(q)/(Y(s’ t))a (Y(S’ t)) >)

Clearly, Yyisa C ! functions and by a direct calculation, we have

ohy(s,1)
Os

o = alp = DIGIP + b = DI + b(p — Dl Pl P
—g-1) f 1 0 olx — 2 f 2 dx
Q Q

= bpllug|I*” - (g —p)f

Q

lug 1 In(uf)>dx — 2 f ug 1P dx,

Q

Ohy(s, 1)
ot

lny = bplludIIPlluglIP.

Similarly, we have

Ohy(s,1)
26 lony = bpllugl?? — (g - p)f lug |9 In(uy ) *dx — 2f |ug|Pdx,

O0hy(s,1) _

26 . = bpllug P llug 17
Let
am (s,0) Bt 8h2(s ) Bhatet))

M = [ 6h1(st)| ahz(m) ],

Erami ((R)) i

then we have that
ohy(s, 1) 0hy(s, 1) ohy(s, 1) ohy(s,t
detM = 1( 1. X 2{; la.y — la(t 1. X 2(; )|(1 1 # 0.

Therefore, by topological degree theory [40—42], we conclude that (s, #p) = O for some (s, ty) €

D, so that (1, k(s¢, ty)) = y(so, 1) € M, which is contradicted to (3.4).
Next, we prove uy has two nodal domains.
We assume that
Uy =U; + Uy + U3

where
up 20, u <0, Q1 NQy =0, u; lo\o,ue,= U lowe,ue,= Us lo,ue,= 0,
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Q={xeQ,u;(x)>0}and Q, := {x € Q, ur(x) < 0}

are two connected open subsets of €.
Setting v := u; + up, we see that v¥ = u; and v~ = up, i.e., v* # 0. According to (@’ (up), v*) = 0, we
have that

(D' (), v*) = =blvFIIPllus]|”. (3.5

Thanks to (2.1) and (3.5), we have that

1
m = Q(ug) = D(uo) — 5@'(%0), o)

b 1
= OV) + D(uz) + ;IIMII”IIVII” - 5(<<D’(V), V) + (D' (u3), uz) + 2bllus||”|vII”)
1 — s 1-

> sup(@(sv™ +1v7) + (D' (v), vy +
5,1>0 q q

1 1
+ O(uz) = —(Q'(v), v) = —(D'(u3), u3)
q q

lq
(D' (v),v7))

b b
> sup(Q(sv™ + 1v7) + s IV IPllusl|” + =PIV 117 lus]”)
q q

5,20

11 1 2
+a(= = usll” + b(5= = sl + lusl
P q 2p 4 q

11
2 m+a(— = —)llus|l”,
P q

which implies u; = 0. That is, uy has two nodal domains. O
Proof of Theorem 1.2 :

Proof. Similar as the proof of Lemma 2.5, there exists vy € N such that ®(vy) = ¢ > 0. By arguments
similar to that of Theorem 1.1, the critical points of the functional ® on N are critical points of ©
in Wé’p (Q) and we obtain (®)'(vg) = 0. It follows from definitions of ¢ = infy® and N = {u €
WS”’(Q), u # 0, and (®’(u), u) = 0} that v, is a ground state solution of (1.1).

According to Theorem 1.1, there exists a uy € M such that ®(uy) = m, ®'(uy) = 0. Therefore, by
Corollary 2.2 and Lemma 2.4, we have that

m = ®(up) = sup P(suy + tug)
5,1>0

b

= sup(P(suy) + D(tuy) + — "1 ||ug |17 |ug |17)
5,1>0 p

> sup O(suy) + sup O(tuy) > 2¢ > 0.

>0 >0

The proof of Theorem 2.2 is completed. O
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4. Conclusions

In this paper, by using constraint variational method, topological degree theory and the quantitative
deformation lemma, we prove the existence of ground state sign-changing solutions with precisely
two nodal domains for a class of p-Laplacian Kirchhoff-type problem (special form) with logarithmic
nonlinearity. However, for the case of Kirchhoff equations of the general forms, the methods in this
paper seems not valid. So, we will continuous discuss sign-changing solutions for general Kirchhoff
equations with logarithmic nonlinearity in the follow-up work.

Acknowledgments

This research was supported by the Natural Science Foundation of China (No.11561043,
11961043). Authors are grateful to the reviewers and editors for their suggestions and comments
to improve the manuscript.

Conflict of interest

The authors declare no conflict of interest in this paper.

References

1. G. Kirchhoft, Mechanik, Teubner, Leipzig, 1883.

2. J. L. Lions, On some questions in boundary value problems of mathematical physics, In:
Contemporary Developments in Continuum Mechanics and Partial Differential Equations, North-
Holland Math. Stud., North-Holland, Amsterdam, New York, (1978), 284-346.

3. D. Cassani, Z. Liu, C. Tarsi, Multiplicity of sign-changing solutions for Kirchhoff-type equations,
Nonlinear Anal., 186 (2019), 145-161.

4. B. T. Cheng, X. H. Tang, Ground state sign-changing solutions for asymptotically 3-linear
Kirchhoff-type problems, Complex Var. Elliptic, 62 (2017), 1093—-1116.

5. Y. B. Deng, S. J. Peng, W. Shuai, Existence and asymptotic behavior of nodal solutions for the
Kirchhoff-type problems in R?, J. Funct. Anal., 269 (2015), 3500-3527.

6. Y. B. Deng, W. Shuai, Sign-changing multi-bump solutions for Kirchhoff-type equations in R>,
Discrete Contin. Dyn. Syst. Ser. A, 38 (2018), 3139-3168.

7. G. M. Figueiredo, R. G. Nascimento, Existence of a nodal solution with minimal energy for a
Kirchhoff equation, Math. Nachr., 288 (2015), 48—60.

8. G. M. Figueiredo, J. R. Santos Junior, Existence of a least energy nodal solution for a Schrodinger-
Kirchhoff equation with potential vanishing at infinity, J. Math. Phys., 56 (2015), 051506.

9. X. Han, X. Ma, X. M. He, Existence of sign-changing solutions for a class of p-Laplacian
Kirchhoff-type equations, Complex Var. Elliptic, 64 (2019), 181-203.

10. W. Han, J. Yao, The sign-changing solutions for a class of p-Laplacian Kirchhoff type problem in
bounded domains, Comput. Math. Appl., 76 (2018), 1779—-1790.

AIMS Mathematics Volume 5, Issue 3, 2100-2112.



2111

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

F. Y. Li, C. Gao, X. Zhu, Existence and concentration of sign-changing solutions to Kirchhoff-type
system with Hartree-type nonlinearity, J. Math. Anal. Appl., 448 (2017), 60-80.

Q. Li, X. Du, Z. Zhao, Existence of sign-changing solutions for nonlocal Kirchhoff-Schrodinger-
type equations in R, J. Math. Anal. Appl., 477 (2019), 174-186.

S. Lu, Signed and sign-changing solutions for a Kirchhoff-type equation in bounded domains, J.
Math. Anal. Appl., 432 (2015), 965-982.

A. M. Mao, Z. T. Zhang, Sign-changing and multiple solutions of Kirchhoff type problems without
the P.S. condition, Nonlinear Anal., 70 (2009), 1275-1287.

A. Mao, S. Luan, Sign-changing solutions of a class of nonlocal quasilinear elliptic boundary
value problems, J. Math. Anal. Appl., 383 (2011), 239-243.

M. Shao, A. Mao, M. Shao, Signed and sign-changing solutions of Kirchhoff type problems, J.
Fixed Point Theory Appl., 20 (2018), 2.

W. Shuai, Sign-changing solutions for a class of Kirchhoff-type problem in bounded domains, J.
Differential Equations, 259 (2015), 1256-1274.

J. Sun, L. Li, M. Cencelj, Infinitely many sign-changing solutions for Kirchhoff type problems in
R3, Nonlinear Anal., 186 (2019), 33-54.

X. H. Tang, B. Cheng, Ground state sign-changing solutions for Kirchhoff type problems in
bounded domains, J. Differential Equations, 261 (2016), 2384-2402.

D. B. Wang, Least energy sign-changing solutions of Kirchhoff-type equation with critical growth,
J. Math. Phys., 61 (2020), 011501. Available from: https://doi.org/10.1063/1.5074163.

D. B. Wang, T. Li, X. Hao, Least-energy sign-changing solutions for Kirchhoff-
Schrodinger-Poisson  systems in R3, Bound. Value Probl., 75 (2019). Available from:
https://doi.org/10.1186/s13661-019-1183-3.

D. B. Wang, Y. Ma, W. Guan, Least energy sign-changing solutions for the fractional
Schrodinger-Poisson systems in R3, Bound. Value Probl, 25 (2019). Available from:
https://doi.org/10.1186/s13661-019-1128-x.

D. B. Wang, H. Zhang, W. Guan, Existence of least-energy sign-changing solutions for
Schrodinger-Poisson system with critical growth, J. Math. Anal. Appl., 479 (2019), 2284-2301.

D. B. Wang, H. Zhang, Y. Ma, et al, Ground state sign-changing solutions for a class of nonlinear
fractional Schrodinger-Poisson system with potential vanishing at infinity, J. Appl. Math. Comput.,
61 (2019), 611-634.

L. Wang, B. L. Zhang, K. Cheng, Ground state sign-changing solutions for the Schrodinger-
Kirchhoff equation in R3, J. Math. Anal. Appl., 466 (2018), 1545-1569.

L. Wen, X. H. Tang, S. Chen, Ground state sign-changing solutions for Kirchhoff equations with
logarithmic nonlinearity, Electron. J. Qual. Theo., 47 (2019), 1-13.

H. Ye, The existence of least energy nodal solutions for some class of Kirchhoff equations and
Choquard equations in RY, J. Math. Anal. Appl., 431 (2015), 935-954.

Z. T. Zhang, K. Perera, Sign changing solutions of Kirchhoff type problems via invariant sets of
descentow, J. Math. Anal. Appl., 317 (2006), 456—463.

AIMS Mathematics Volume 5, Issue 3, 2100-2112.



2112

29

30.
31.
32.
33.
34.
35.
36.
37.

38.
39.
40.
41.
42.

@ AIMS Press

. C. O. Alves, D. C. de Morais Filho, Existence and concentration of positive solutions for a
Schrodinger logarithmic equation, Z. Angew. Math. Phys., 69 (2018), 144.

P. d’Avenia, E. Montefusco, M. Squassina, On the logarithmic Schrodinger equation, Commun.
Contemp. Math., 16 (2014), 313-402.

P. d’Avenia, M. Squassina, M. Zenari, Fractional logarithmic Schrodinger equations, Math.
Methods Appl. Sci., 38 (2015), 5207-5216.

C. Ji, A. Szulkin, A logarithmic Schrodinger equation with asymptotic conditions on the potential,
J. Math. Anal. Appl., 437 (2016), 241-254.

W. Shuai, Multiple solutions for logarithmic Schrodinger equations, Nonlinearity, 32 (2019),
2201-2225.

M. Squassina, A. Szulkin, Multiple solutions to logarithmic Schrodinger equations with periodic
potential, Calc. Var. Partial Differential Equations, 54 (2015), 585-597.

K. Tanaka, C. Zhang, Multi-bump solutions for logarithmic Schrodinger equations, Calc. Var.
Partial Differential Equations, 56 (2017), 33.

S. Tian, Multiple solutions for the semilinear elliptic equations with the sign-changing logarithmic
nonlinearity, J. Math. Anal. Appl., 454 (2017), 816-228.

W. C. Troy, Uniqueness of positive ground state solutions of the logarithmic Schrodinger equation,
Arch. Ration. Mech. Anal., 222 (2016), 1581-1600.

C. Miranda, Un’osservazione su un teorema di Brouwer, Bol. Un. Mat. Ital., 3 (1940), 5-7.
M. Willem, Minimax Theorems, Birkhduser, Bosten, 1996.

Klaus Deimling, Nonlinear Functional Analysis, Springer-Verlag, Berlin, 1985.

D. J. Guo, Nonlinear Functional Analysis, Higher Education Press, Beijing, 2015.

E. Zeidler, Nonlinear functional analysis and its applications. 1. Fixed point theorems, Springer-
Verlag, New York, 1986.

©2020 the Author(s), licensee AIMS Press. This
is an open access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

AIMS Mathematics Volume 5, Issue 3, 2100-2112.


http://creativecommons.org/licenses/by/4.0

	Introduction
	Technical lemmas
	Proof main results
	Conclusions

