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Abstract

The existence of ground state sign-changing solutions for a class of Schrodinger-Poisson system in a
bounded smooth region is studied by using the Ekeland variational principle and the constrained
variational method. The results obtained are the supplement and extension of the previous work.

XEF F: xER. —3 Schrédinger-Poisson REFESAL S MIAAIEMED]. N AR, 2021, 10(6): 2021-2030.
DOI: 10.12677/aam.2021.106212


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2021.106212
https://doi.org/10.12677/aam.2021.106212
http://www.hanspub.org

Keywords

Schrodinger-Poisson System, Ground State Sign-Changing Solution, Variation Method

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. FIEMEELER
ASCHF SR Schrédinger-Poisson &4t

~Au-Agu=|u""u, xeQ,
—A¢:u2, XEQ,

L1

W/ NGE R SR MERIBE S, PR QeRY (N21)E - MERMEHE X, 12— KTF
EMSH, 2<p<2 .

AGU(LL) MR T L L) Schrodinger-Poisson R4, TR, 2852 e 9G0E Schrodinger-Poisson
RGVESME BT, WSCHER[1]-[10]. SATT, X L6 SCHRAS Z AR R AT I S BOR T R KA T RS
FRIAH 5K i

B, FESCHR[11]7, Qian WFFE T 40T HE/REE KT FER /N e B A 5 il

{_(a—%IVUIZdX)A“ =", xeq (L.2)

u=0, X e 0Q,

HbQcRY (N2D)2 - MEREHEXE, a>0, 1>0, 2<p<2 BHAKREDN, (EEHEELIEWT
M4 TSN RG(L2) SRS MMAEENE: HR, IEW T A SR B R A K TS MR E
B e, 1EETHE T RESESMITEITITN.
Z PR TAE, UHZSTRLME K, RCEZET IR RG(LL) S5 HIIAAENE.
B HE(Q) REFRAER Hilbert 251, 3 FEERH Ju] = jQ|vU|2dx o EEE, SMEEMueH;(Q), id
¢, J& —Ap=u? {£ D*? (]R3) HE—fE, H
1, v (%)

W(X)=70 Rlx=y|

LAY HARRZEADE NI, REQD)AHAANKT u KT, HMR IR REZ K E
SCN:

(1.3)

1 A 1
3, (v) =E||u||2 —Zj9¢uu2dx—6jﬂ|u|pdx, ueHg(Q)

BRI, eCH(H(Q),R), HRLQLMFIMRARIZ K I, 15 Hg (Q) Hhilfi 7 27

BeAh, Wue Hy (Q) R RGQADMMIFH U 20, N uRRFELLMASHE, it
u*(x)=max{u(x),0}, u(x)=min{u(x),0}.

IR B FATEM u e M, IRAEFR B —AEHC > 015

ut|>C, Hr

DOI: 10.12677/aam.2021.106212 2022 IR Esid


https://doi.org/10.12677/aam.2021.106212
http://creativecommons.org/licenses/by/4.0/

Mﬂ:{ueHé(Q)iui¢0,<J£(U),Ui>=0}o RPEX— R, SRR L g € C ([0, 400 ), R) 1 F:

g(t)=1, te[Qly
g(t)=0, te(2,+),
0<g(t)<1, te[L2],
-2<g'(t)<0, te[0,+x).

BIEREEZ PR I, NI RIZ B

a A 1
)=l =58 (@l [ fufox,

HH TAERIIT >0, G, ( ["“"J B4R, 3, (u)eCH(HL(Q)R).
4
M,y ={ueHg(Q):u" #0,(3}; (u),u*)=0f, m,  =inf{I,;(u):ueM,]
FEEE R

SEE 1L TAEA" >0, HAXTVAie(0A") RE(LDIE H (Q) T EDH —MEEE S, , Hi
u, MIREE ™R KT IR RE A

2. INEE5E

513 2.1. VueH (Q)Hu*#0, 3(t,s,)eR, xR, M t,u" +s,u” e M,; 7 H*5 2 B /NE,
3,7 (tur+s,u7)= maxJ, ; (tum+su)

WEH: FEueH (Q) Hu® =0, EXZKh: [0,+0)x[0,40) >R N
h(t,s)=1J,7 (tu" +s,u”)

+

u

——tGT(tu +su)

(2.)
+—||u || ——t G; (tu +S,U” )

x——.[ |u | dx

—EIZSZGr (tu*+su)f 4.

FIUGIZ 6 h e C2. FEHRARIZ i h A1 Gy 72 3L, 724 ](,5)| —> +oo I, h(s,t) > —e0 o FEHHIZER h 18]
VESEPE, FTRZ R h 72 [0, +90)x [0, +o0) FAFE R AR (8,5, ) -

FEESE B h R AR ATE R, <R, M FAIAS . Rk — A, B (T,0) B2 h fUBk
fE. RAURAHIOEE, Ht=T, s=0H 2 LW/ N

oh e R
Ezt "u"2 - TG, ('[U ).[Q¢u* utf e 1.[9
_ 2.2)
ﬂt4g{n;JL}?%J;V(ﬁﬁ)Vu b o[

%ﬁﬂmﬁ%Tﬁ—»o BIE, 2R h B KAEAREAEIL AL AT, B AR B K (B A

LP

u’| dx

DOI: 10.12677/aam.2021.106212 2023 IR Esid


https://doi.org/10.12677/aam.2021.106212

_oh(t,s)
s

=0,

(tusu) (t15u)

?EJH:T?%‘%J;T (tu*+s,u ).t u*>—<.];'T (t,u* +suu’),suu’>:0, BIt,u” +s,u” e M, ;o
MRS 2.1, T HEPHER AL,

R 2.1 T vueH;(Q), u* =0, 3(t,s,)eR, xR, M tu" +su e M, IFH4 A LB/,

3, (tur+s,u)= maxJ, (tu"+su”) .

FIEE 2.2, Z 6K, & T AT HAE M, BRI
UEW: RueM, UU(J;,T( ), > 0, 45 p FHUETERE, T mAiELEET 8,
1) HB2<p<4hy:

Jr(U)=3,4 (u)—%(J;VT (u),u>

1 A 1
- E||u||2 _ZGT (u)jg¢uu2dx—BJ'Q|u|pdx

( )GR xR, Wi (8‘;8)

—%["u"Z—AGT (u)[, 407 dx— 2T2 g [" [ ]f gu%dx|_ vl dx - Jul® dx] (2.3)

(3L (22 o o (nun Jnun [ g
(3 + ng["Ti}u (3- jn ==

2) H4<p<2 i
1 !
J,r(u)=3,; (u)—z<\]ﬂ,T (u),u>

1 A 1
- E||u||2 _ZGT (u)jg¢uu2dx——jg|u|pdx

_%["LJHZ_,?,GT (U)Iﬂ%uzdx 2T2 9 {" " JJ ¢u2de' |Vu| dx— .[ |u|p dx 2.4)

_ || [+ [||U|| J||U|| [ zdx+[1 1)] P dx
L+ (””" j”“” ol S 2207

Bk, H(2.3)FI(2.4) %1 3, ; & T 7547 7t Hsg il .

1
B# 23 S 1el0—— |, N
¥ 4T°CS
1) HF vueM, Wz > 05 2) e M, R

e 1) EHRIED:, W 3{u,}

{uyfeM;z» g'<0, 1§

AT

F

DOI: 10.12677/aam.2021.106212 2024 IR Esid


https://doi.org/10.12677/aam.2021.106212

a0, oo B g e s

p

i Sobolev A |, . < C,|ulf » AR [ |u
G (un)_[g¢un (uﬁ) dx—ﬁg'["_l_'l }J'Qgﬁunufde'Q(Vu;)zdx
U)o, (U )

~2C,S;G; (uy)|u, |

2
X<S p/ n

i
n

>

>

t
n
i
n

B4 1- AC,S,'G; (u, )|u, | < ;%2 [z
16(0,%], B2 55
p

0<2<1-268;6: (u, .| < o

-0, ¥TEEKN

-2

—0.

KEATRER]. FAIR 1) Moz,
2) 4u eMﬂ, u, = U o TE?EU,]GM“, i

n—o0

[ ol 16, 0 oo 12 ]Ig%nudeIg(W:)de]

2
Rl e o | B gt o o

ESY: <J£,T (uo),ug> =<J£,T (uo),u5> .

B4 1) s, T Vie|o—m— |, masiimu] <|uf > 40, W0, Hit,
AT’CS; o
1 \
UO GMﬂTo FﬁU\, Xﬁ{F‘VﬂE O,ﬁ , %éMAT%IﬂEG"
’ aT’CS, '

SI# 2.4, fF(EA, >0 TS {u,} =M, (X FAEREM 2 e (0,A,) FH
Jor(uy)—>m, A1, (u,) >0

B RS 22 A1 23, W Vie[o,ﬁ], 7 Ekeland 45 45 FE 15 B AL 51
U} M W M, <30 () <+ BRHERIY € My 3, (V)2 3,7 (0,)— o, -]« 248,

{u, } 7E Hg (Q) i {u, } e
WARIATER T 3,1 (u,) >0, WEIH 2.4 IEHILEHR. AT SMGEN, X TERREER ¢ eC” (Q)
FEERIneN, FATHERWTFCZK " RP 5> R,

fni(r,k,|)=<Jé,T (uy +ro+kuy +1uy ) (U, + ro+kuy *'”“_)i>'

DOI: 10.12677/aam.2021.106212 2025 IR Esid


https://doi.org/10.12677/aam.2021.106212

v, =u, +ro+kul +lu;, N

f:<r,k,n>=f( i)z ool ) x4 ()t () o

) (uv i ]j .l

F (3 (u).(4,) ) =0 Tl 1 i(ooo)—o sk, A
f

&, (0,0,0) _ [”u i J
ok T?

 (07) dx-24Gx (u,) [, (u;) o

. (25)
_ﬂg{"ﬁg" |—2} Juidc-(p-2)] Ju
o, (0.0,0) ol o [
n \MY | U n
2000 iy B -6 ), 0 o
: (2.6)
s : :
-19" "l::-nz" ][|T_2] J-Q¢unundx_(p_2) aln
(2.7)
—24G, (un)J'Q¢un( ) dx—Ag" {" 2" ] = KA Zdx,
o, (0,0,0) _ {Hu IIJ () dx-22 [” ||J ’
)2 5 > g 2 2 ( ) dx
ol T T
(2.8)
21, (o) g, oo ] } T Lo
2
513 2.3 1 1), xﬁﬂi%ﬂ@umin{ﬂzé s-“sﬂf: s-l}’ ECE
1~p 1%p
@ ) ) o2 i o
(u) ], (u2) dx (2.9)

i

> 12 = 2C,S5Gy (u, )|lu [ Juz [ = 42 - 44C,s,T4 = £

855 (2.5)~(2.9)M {u, } KA FE, BFEA/MIA, >0, N TAEER

. 1 1
Ae(0,A)| A, <min , H
< 1)[ 1 {4Tzclsr,1 8T2C18P1}J

DOI: 10.12677/aam.2021.106212 2026 IR Esid


https://doi.org/10.12677/aam.2021.106212

o (0,0,0) f," (0,0,0)
ok ol 2( f -2)’ u "o
of7(0,0,0) of,(0,0,0) 8
ok al
itk HEREESCEEER L >0 BRI HIZE K, (-, 1) >R, 3k, (0)=1,(0)=0Fl
£ (r.k,(r).1,(r))=0, Vre(—rn,rn). (2.10)
Blu, +ro+k, (r)us +1,(rju; e M, -, Vre(-r,r).
2w, =u, +ro+k (ruy +1 (rju,, W
Jor(uy+w,)=J,1 (u,)= —%"Wn”, vre(-r,r,). (2.11)
ARSI, <J“ >: PR
Tor (U 4w ) =3, (Uy) = (3r (U)o Wo ) +0(Iwa ) = (357 (U ) 2) +0( [y ).
RAEE.11), W
w |
(317 (0 S 2y 2], M) ] e
Zi:(25), (QOM (u,} M S, RATESHBEEEEC, >0 A TAEEM A (0,A,), A
of*)/(er)(0,0,0
|k (o)|=|( )/( ") )|sc||¢||sclo Fefoldth, FATATAF BN TAERH C, > 04 I} (0)| < C,
|(¢f,7)/(2K)(0.,0,0)
FHIEE 0, 4Q@12FT >0, THI(IL; (1,).0)> o=
Bk, 305 (u, )] < 74 FTLA D, — 0. SRERRATSEM T 315 2.4 HHE.
FRAESI3E 2.2 FI3I2E 2.3, FAVEHIm,, >0.
1
S P TR s
5|3 2.5, ﬁn%ﬂe(o, 4Tzclsplj’ W, mag,%(Ps)WT & AF
ES: 4 {u,} < H3(Q) AL, 1(PS), /78, B
limJ, . (u,)=m,, limJ;;(u,)=0. (2.13)

MR 513 2.2 WA E {u, } 7E Ho (Q) A 7, Bk, F7EueHg (Q) e
u, =~u, inHg(Q)
u, >u, inl'(Q), 2<r<2", (2.14)
u, >u, aeinQ
RE(2.13)F1(2.14), X T 2% KM n, FATH
0(1):<J;,T(un),un —u>

= [ VU,V (u, —u)dx—2G; (u,) [ 4, u, (u, —u)dx (2.15)
A
e

DOI: 10.12677/aam.2021.106212 2027 IR Esid

Jj ¢, uzdx| Vu,V(u, —u)dx+o(1).



https://doi.org/10.12677/aam.2021.106212

" 1 .
M TERAe [O’Wlspl] , A7

2
[ V.V (u, —u)dx—2G (u, )] 4, U, (u, —u)dx- 2;12 g'{"i”zn ]jﬂ¢unu§deQVunV(un —u)dx

> [ VU,V (u, —u)dx—AC,G; (u,)|u, I [ uq (u, —u)dx
={_vu,V(u, -u)dx+o(1).
Q

I, AR 215) AT [ VU,V (u, —u)dx— 0, B Ju |- Ju] .« X {u,} 22 HE(Q) Hissiics, o
U, > U,

BIBE2.6. WAIFL24 5 A, WX FAERI A e(0,A,), FHEU e HE(Q) M/ m, , fEu kbl H
WRZE D, MBI

UER: MRAESIHE 2.4, FEAENMEFSI{u,} c M, (X T 2€(0,A,), A
Jor(u)—>m, A1 (u,) >0

MRAESIH 25, FF7E U e Hg (Q) EARE Hy (Q) ', u, > u . 45851H 23, W/ lueM,, ,
sw)=my, 30 (u)=0, BluJ, MESIHAREI,(u)=m, .

BIE 27, AU R3IH 26 T I, ARSI, WM T R KN, f27E A, = A, (T) /3% T4E
#ifAe(0.A) Hu.

EB: G UZH 0, €CF (Q) @5 #0. HUESIEL21, fF1EA, >0 H(t, (1),
P =t, (1) g5 +5,, (z)wgeMﬂﬁEj, Jktume(o,/\%)o T 755

J,

Sp (i))eR+xR+{i?§}

M < i1 () II%II 461 (@) () 0= ] J o
t2 1 b (4
< t/)og "(96"2 _tqoo( ) i : de_s,,,o_()J-g|¢6|de 2.16)

p
ﬁ”L%X{% p } {éllwallz—%fglwal"dx}ﬂ

WOLF A, To R p 4 BIRHOLEEAT I 6
Wil —: 2<p<aif, EMHUT, S35 22 MIEWIZL ), (u)=07%

1 1 2 SﬂC 4
3,0 (w)2] 2= [Juff 25T 2.17
o 0)2(3- 2 -& @17

>T, WRHE2.16), (2.17)FF

LEAL 0 72— H L,

=424

U.

P <3, (u)+ P o, 4 82070 <, B0
p p p

T RERMA < ——— I, fRFHT)E.
8T* clsp

W= 4<p<2' B, 5515 22 WA, HR4E I, (1)=0, m%%(u*)z%uf

o

2

e, xR T, éu/1<8 s i, HESEL-HANGL. X5REEFER. el 2

DOI: 10.12677/aam.2021.106212 2028


https://doi.org/10.12677/aam.2021.106212

2
% : w i DA
A1=m|n{Al,A%}, élAl<8T4C ST I} 2530 AT
19p

3. ERLRAVIER

SEHE 1154 S5 R AT

§ob: (P75 AL > O LRI 2 (0A,), REQLEREE SR

W27 T, A, BRI 2.6 F1 2.7 RATATAE U R I, B S R AU I, (u)=m,,
R <T o B&E I, (W)=d, (W) B u I, SRS BRI, () =m,, . N TIEWNRITIGLE,

w5 EHE T AR M T . 4
m, =inf{J, (u):ueM,}, LM, ={U€ Ho (Q):u” ¢0,J,’I(u)=0} .

B, M, R REQLDWFTAES . Bk, 3,78 M, RN T2 RG(LLY)INEEE SR,
HTueM,, JibAM, 2@ . Bk, FERMUFIIU, MWL, (u,)>m,, J)(u,)—>0. il

5518 2.2 Be, 5433, 76 M, TR sE AT U5 A . HEREIEERTAR {u, ) 7E Ho (Q) A

. B, fFERSBIC, > 0 AR THEEN ne NA|u, | <C. lor. KIAT5I8 2.5 KMitit, i

ﬁﬁ%z%@§§§7) U} HUT A, AU TR ISR {u, ) kdem. B, ARG
19

WAE Ho(Q) ', FTEu,eH(Q) /3 u,>u, , WNTHR I, (u)=m,, JI;(u)=0. Rk
<J;(un),u§>=0, |

_p
pdszp2 P

+
un

+
un

2 _/IJ.Q¢UH (u: )2 dx = IQ

+
un

Eiajfze(o j CIEGES

1
'2C,CS;’

+]|P~2
un

0 <%s1—/1c*cls;1 <1-4[ ¢, (uni)2 dx<S 7

p

B #0. D, AR, M, B, (u,)=m,, Bu, RREQIOEEESM. 41, W

A* = mln{ﬁ’[il} ’ %[ ﬂ' € (O!A*) Eﬁgéﬁ(ll)ﬁﬁﬁﬁﬁ%%o
*71%p

Bk RGEQUDAFIERSM. 5B T AR/ e 7
¢, =inf{J, (u):ue N, }, BEAL N, ={ueHg(Q)\{0}:(J} (u),u)=0} .

XTI H (QV(0}, FHHEFEM—t(u) A1)y N, . BIh REHHE, (1) E N,
R T S L TR u e N, B uff 2C, >0,

HE—BHREEL, FATAEMAAEY, e N ER I, (v,)=c,, J)(v;)=0, Hlv, B RG(1L1HK
AR

=L ¢ <m . WRIEHE L, IRIARFANFEESL S, ﬁ‘ﬁﬂ;@ﬁu&#mwuz) 7
t(uf)u; e N, o MITTHRIEHER 21 T35

c, :Jl(v,l)sJl(t(u;)u;):.]l(t(u;)u;+0)<Jl(u;+u;):rﬁ,I .

DOI: 10.12677/aam.2021.106212 2029 IR Esid


https://doi.org/10.12677/aam.2021.106212

HEE

&E 3k

(1]

[2]

(3]

(4]

(5]

(6]

[7]

(8]

[°]

[10]

[11]

Alves, C.O. and Souto, M.A.S. (2014) Existence of Least Energy Nodal Solution for a Schrédinger-Poisson System in
Bounded Domains. Zeitschrift fur Angewandte Mathematik und Physik, 65, 1153-1166.
https://doi.org/10.1007/s00033-013-0376-3

Alves, C.0., Souto, M.A.S. and Soares, S.H.M. (2017) A Sign-Changing Solution for the Schrédinger-Poisson Equa-
tionin R®. Rocky Mountain Journal of Mathematics, 47, 1-25. https:/doi.org/10.1216/RMJ-2017-47-1-1

Chen, S. and Tang, X. (2016) Ground State Sign-Changing Solutions for a Class of Schrédinger-Poisson Type Prob-

lemsin R?. Zeitschrift fiir Angewandte Mathematik und Physik, 67, Article No. 102, 18 p.
https://doi.org/10.1007/s00033-016-0695-2

Huang, L., Rocha, E.M. and Chen, J. (2013) Positive and Sign-Changing Solutions of a Schrédinger-Poisson System
Involving a Critical Nonlinearity. Journal of Mathematical Analysis and Applications, 408, 55-69.
https://doi.org/10.1016/j.jmaa.2013.05.071

Liu, Z., Wang, Z. and Zhang, J. (2016) Infinitely Many Sign-Changing Solutions for the Nonlinear Schrédinger-Pois-
son System. Annali di Matematica Pura ed Applicata, 195, 775-794.
https://doi.org/10.1007/s10231-015-0489-8

Shuai, W. and Wang, Q. (2015) Existence and Asymptotic Behavior of Sign-Changing Solutions for the Nonlinear Schro-
dinger-Poisson System in  R®. Zeitschrift fiir Angewandte Mathematik und Physik, 66, 3267-3282.
https://doi.org/10.1007/s00033-015-0571-5

Wang, D.B., Zhang, H. and Guan, W. (2019) Existence of Least-Energy Sign-Changing Solutions for Schrddinger-
Poisson System with Critical Growth. Journal of Mathematical Analysis and Applications, 479, 2284-2301.
https://doi.org/10.1016/j.jmaa.2019.07.052

Wang, D.B., Zhang. H., Ma, Y., et al. (2019) Ground State Sign-Changing Solutions for a Class of Nonlinear Fraction-
al Schrédinger-Poisson System with Potential Vanishing at Infinity. International Journal of Applied Mathematics and
Computer Science, 61, 611-634. https://doi.org/10.1007/s12190-019-01265-y

Wang, Z. and Zhou, H. (2015) Sign-Changing Solutions for the Nonlinear Schrédinger-Poisson System in R®. Cal-
culus of Variations and Partial Differential Equations, 52, 927-943. https://doi.org/10.1007/s00526-014-0738-5

Zhong, X.J. and Tang, C.L. (2018) Ground State Sign-Changing Solutions for a Schrédinger-Poisson System with a
Critical Nonlinearity in  R®. Nonlinear Analysis: Real World Applications, 39, 166-184.
https://doi.org/10.1016/j.nonrwa.2017.06.014

Qian, X.T. (2021) Ground State Sign-Changing Solutions for a Class of Nonlocal Problem. Journal of Mathematical
Analysis and Applications, 495, Article ID: 124753. https://doi.org/10.1016/j.jmaa.2020.124753

DOI: 10.12677/aam.2021.106212 2030 AR A

il


https://doi.org/10.12677/aam.2021.106212
https://doi.org/10.1007/s00033-013-0376-3
https://doi.org/10.1216/RMJ-2017-47-1-1
https://doi.org/10.1007/s00033-016-0695-2
https://doi.org/10.1016/j.jmaa.2013.05.071
https://doi.org/10.1007/s10231-015-0489-8
https://doi.org/10.1007/s00033-015-0571-5
https://doi.org/10.1016/j.jmaa.2019.07.052
https://doi.org/10.1007/s12190-019-01265-y
https://doi.org/10.1007/s00526-014-0738-5
https://doi.org/10.1016/j.nonrwa.2017.06.014
https://doi.org/10.1016/j.jmaa.2020.124753

	一类Schrödinger-Poisson系统基态变号解的存在性
	摘  要
	关键词
	The Existence of Ground Statesign-Changing Solutions for a Class of Schrödinger-Poisson System
	Abstract
	Keywords
	1. 前言和主要结果
	2. 几个重要引理
	3. 主要结果的证明
	参考文献

