547 % 2 W
2023 43 H

TLPUIRE R A2 4 ( HARBHER)

Journal of Jiangxi Normal University ( Natural Science)

Vol. 47 No.2
Mar. 2023

M AR, B e WG Gross-Pitaevskii 77 T2 B9 8 R IFUR ST EAR X [T]. VEPH IR 22 2241 ( A ARBHARR) ,2023,47(2)

194-198.

LI Yu,KONG Linghua, LUO Yiyang. The efficient mass-preserving scheme for coupled Gross-Pitaevskii equations [ J]. Journal of

Jiangxi Normal University (Natural Science) ,2023,47(2) ;:194-198.

X E4RS:1000-5862(2023)02-0194-05

24 Gross-Pitaevskii F RS NFREEFEELRRK

aq1 1,2 % 7 1z 1
F R} IAE FEH
(1. VPG IMTE R 540240, TIPS 12 ,330022 ;2. YLPE 45 W S hocs TP B E 330022)

R %SRS Gross-Pitaevskii J7 FEHR T — N7 B9 RS Sy EA% 20 F Soxd s 18] S5 500 T i i
SEEOR R B B B RO 5 SRR AR AL 1) b A TSR Crank-Nicolson ¢ 2B L, 153
2 AR AR 2, SRS SR REORFE GP T FR [EI A 1 T ~F 4, DRI s, o) A =7 81 1 (.
i A FHBER O I AE A A2 2 BT R Sy 48 i Je o BB S S 46k 1% U B AT s

DA i o <1 4.

KR G Gross-Pitaevskii J7RE ; 5275 ; i B B8k =X Bi 17 4H

FESZES:0241.8 X EkERIRES ;A

0 3

T

1924 4F|S. N. Bose il A. Einstein 733 E T 1F
WARIRE (=273, 15 CLAT) FYRCR BB S 2,
Bl Bose-Einstein % R 4 (BEC) , A o ¥l 7 B £
1995 4F- A 152 50 %8 P ol UE W 8 S8 A7 461 /8 BEC
RSN B B AE SR 2 v B S b Bl Tz
FERRTE R B It S5 P 45 oA T TR
IR ASCFEEIR S A 2 DR AR S
Gross-Pitaevskii (CGP) J5 & i) P it i 45 ¥ 3 i 4
i, CGP T HA I F HAE
0, = (=A2+V(x) +8+B, | | +

Bl2‘¢2‘2)w1 +/\lp29x € 'Q’t > 0’
0y, = (=A72 +V(x) +8B, ‘lﬂl >+ By
i, 2D, + Ay 3 € 2,050, (D

#,(x,0) = ¢, (x),,(2,0) =, (x) x € 2,
Y (x,t) =, (x,t) =0,x € 32,6 =0,

Y ¥5 B #9:2022-08-27

DOI:10. 16357/j. cnki. issn 1000-5862. 2023. 02. 12

Hipi = /-1,0CR(d R EAEE) 2% M
2SI I () R (o) SRS, A R
ROUET, V(x) RSN BREL, B, H HERT- 1) 40 71 1
P SR ER B, = By A TERE TR
SCR & 38 o $7 2 B 3F 52 BN 3 )i F Josephson
Junction(JJ) B Rabi S50 |6 JEHL 8 CAE RO BTt
WL

RAEE , BT 1) 3 ke

M) = [ 1 G P+ [ o) e = M(O),

it > 0. (2)

I JLAEE W COP R oIt 7 2l %k
HE 7 1 R AR BUE T AR I AU T
AR 55 BSR40 AR B T SR L 18T, 40 Bao
Weizhu % &1 X 0HE GP M 1S T 4 B[] 43 4
1F 5% sl A B D vk, AR O AR M T
VA% SR 5 4 £ 3 4% 30, Wang Tingchun 2650 g
s T 2 ANEFIRLAS [ 2 ok 2 B i PR e A% X BE S
AR T 2 MR 3 )2 B, R R 2

HEHEWB ERAREFH 4 (11961036) , VLVEH A SR B2 5L 4 (20224 ACB201001 ) F1YL PG Ui i JC 2= 0F 58 A= A1) 3 2k 4=

(YJ2021068) %R H .

BIEEE ALSE(1977—) , T AN, o, b, TR S0, 32 BNl 77 B BUE T 5 R PSS, E-mail ;

konglh@ mail. ustc. edu. cn



%2 M Z

P EE S Gross-Pitaevskii 7R ) S 801 BT 2 ST TEAS 2 195

BB TE—E L LR AR5 AR, (EIX 2 Fiks
2ORGREA . AR PR R B (e s
AIFRE Ry GP 7 el 1 — 85U 7 k. A SCE)
TR E —BIERTEE | R R HRE AR 1 R ST 1 4L
E07, WTEE G T mBr R 280E SRR %
(45 FLALHA F B2 AR e i AR BE Al _E AR5

.
1 HEHRRAIE

o TR RE A 2, e e A A S B B
Jo = HEHRE A A% T HLRE 8 TR 42k B i
JF AR 5 SR 5 0 I a] J7 18] 5% B AT S e PR 4
HARCE R AERR N AMIE T i AT B L O T IR 4
SR T A P 5 A B A L (] ) 5 <
LA ).

B A K [ a,b] x [0,T] PEAT HE H
gy 442308 [a,b] VE 555 R0, T 1E N 445,30
ARSI DK b o WA = (b-a)/],
7 = T/NVEXI [ a,b] x [0,T] B—E K545 .

0, =1(x,1,) \x]. =a+jh,i, =n7,j=0,1,--,
J,n=0,1,--- N}.

LS (uf o) FoR (¢, (x;,0,) 4, (x,,2,))
TETT M (w;,t,) AL BEEAR , SRR 5 8, 513 LT
w5,

Sult? = (w™ - ul)/7,Bul = &ul = (), -
2ul +ul )/ = Gul —u ) /2,Au = (ul, +10u! +
uf_l)/12,it_;'+'/2 = (ZL_;'” + uf)/Z,u}”m = (u_;Hl +u)/2,
Du; = A_lBuj".

T D BRSNS
. H Taylor AxCAT A

(WP (x,0) =2 (x) +¢(x. )0 = 9" (x) +
Ry (x,)/12 + O(h*) = ¢"(x;) + O(h*),  (3)

o HAERS LIt O (h?) 0 2 B 2558

Su! = (ul,, —2u! +ul,)/h’.

W BA 2 s R, 1 RO B T 3 AT
X1, TEH T2 BB A A A G 3 1
ARFEFE , H B A XTFRE. S 78 43 F 5 s 45 BRI
R R A SR A Bk 3 15 45, 221 i
4 Brag X, AR (3) PRy 4 Bk 2 E
P () b2 /12 BRERTOR SRATANR Jr AT B

(R*/12) « &(dPY(x)/dx?)/de® = (R*/12) -
(W' (x0) = 20" () + 9" (%) ) /B + O(h*).

¥ ERXRA3) Al

(Y (%) +100"(x,) +4"(x,,) ) /12 = (P(x;,) —
2p(x;) + l,b(acj_l))/h2 +O0(h).

AW O(hY) I o BAE o (w,t,) B
PME, 5IAB e S A B, AT 3 N5
4 BrEsug e,

AP = (" (x,0) + 100" () + " (%) ) /12 =
(f(x,) =20(x;) +¢(x,_,))/h; = B, (4)
W HE T T K 2 i B X

Y’ = A"By = Dy,
Horfn
0 1 0 0
110 1
1
4°1 :

-2 1 0 0
1 -2 1 0
B:;—2 : . Lo :
0 0 1 -2 1
0 0 0 )

OB B R o X (4) W E CGP U5 e

(1), F-AERE] J7 18] 2 FHFETF Crank-Nicolson &5 H(
SMEETT I A EI%
i = (=D/2+V, +8)u™” + (B, || +B -
DY+ Ay = 12,0 =1n =12, ~1,
iétv]’." = (— D/2 + V_,-);)}H]/Z + (,812 HL]” ‘ +B22 : (5)
D+ Ay = 12,0 =1,n = 12,00, ~1,
u;) = ¢|(xj)’1},q = lﬁz(x,-) J =0,1,---,J

Ak e 3 2 Bk =, 7 SE bR i BUE 115
BEADL R, A A I ) 20 5 R 2 AMNOE T )™ BN
KT o RS A MEAREO T R, i Tk U2 3
JZW,ANRE AR SN, BT LR HILL T 2E T Taylor JEITHI
J5 5 R BB 5 3845 (u) o))

u = u —it(-D/2 +V, +8 + B (|u | +

2B+ I Y A,
v = —it(=D/2 + V, + By ( \u]‘_’\)z +

[y [2)72 +Bo (o [+ [0 [)72) [0 [+ | Au |-
i 4 Taylor JEFF AT A1, 485X (5) FI(6) FERT[H] T
] LY EAT 2 RS BE, e A5 8 5 n] B R O2 4 B



196 TEPEI K24 (A SRR RR)

2023 4F

BT RS (4). B, % X AE = (8] J7 0] bt
4 sty k8 (5) & U, R,
SR, BeAs AOF A e R F B ~TfE A (2). BRI, X
¥ (5) FI(6) Mfif it — 20 R T80 1 R it
BB AT UFI ] Lagrange 3 T340 R il 76 i 1
SPAR R Lt 23 18] 25 a) . BARMBE A
A
o= e (7)
M, (u"" "y = M, (u’ ),

Hor A 2 Lagrange &1, (v 0"") 2 HHE(5)
F(6) 1o 2 B, E— R H 2 B By ot
wSEEA, ITESGEIE (T) s 3 .

My (u,o) = Cllu]* + [l0]*) /2.

FE(7) BT w o A R T R,
Al LS 2 (7) BET2 A PRASE 3 AT,
MR 5T A B AR TR X T8 38 I
2, AT A S Newton IR A SR IGFH AR
IR 2 AT, TS SRS R REE (w0, it
e IR FF RE M BT & M, (u,0) = (ful® +
vl ?)/2 R

n+l
u =u

2 HEXE

AR F2 BT o B S I R B R TR i Y
M RO, IF HL45 H — S UE 25 1, R A
T VLG T i e 7 v X e S5 B B 1 Jo k<
IERE:S

Bla,b] =[-7,7],CCP HHE(1) WBHB, =
B, =158, =By =051 =-0.5, H V(x) =
/2,d = 1, WHEEME R ¢, (x) = ¢,(x) = e/
S BT ICIR S DR B R T 2Rk =, BT L Oy
T30, R RS AR AR X /N i st i) 454 5 5 ) 2
KN A 20 0 B (B AR RS AR FEIG, B A =
1/32,7 = 1 x 107 B TS, il A=
r, = (In(|le(h,7,) |,/ |e(h,r,)||.))/In(T, /7)),
no= (In(|[e(h,,7) |,/ |leChy,7) || ))/In(h,/hy)
a3 BB ] T 1] 5 23 8] 5 ) B WS 8, e
le(h,7) ||, FRTESS AR b DL EZA 7 R iR
25N oo - YR X TR B B BUE 2 AT AT ] 7 1)
USSR, AT LA SBOAN [ 1) 25 [ 254 9 [ — A~

AEXT /N B[R] 254K ok B (AR, DA sk 2 B[] 7
[r) X158 22 1Y 52 W), 580 I (8] 0 1) 1) e S I [
PRORSCHEPET =1 x 107 Fllh = 1/2.1/4 1/8 1/16
K2 B 7 ] IS, B h = 1/32 Fl 7 =
1/25.1/50 ,1/100 ,1/200 > 31 5 B[] J7 1] 1) 0 8%
B ZIRHC T = 10. AR 1 F3& 2 AT LUA Y #52C
(7) FEZSEJ7 ) AT 4 BYise iR et (el Jr ) A 2
B s8R, X 5 HELS T A A
x1 ZEWREMEIRE (T =10")

u v
h leCh,7) . h FeCh, 7). 7
172 4.1569 x 10~ 5.2552 x 107

174 1.9106 x 107 4.443 4 2.4118 x 107 4.4456
1/8 1.1520 x107° 4.0518 1.4549 x 107 4.051 1
/16 6.7399 x 107 4.0953 8.5115 x1077 4.095 4

*£2 HHEKSEMEIEE (R =1/32)

u v
T leCh,7) |l . r, leCh,7) |l . r.
1725 1.2657 x10~°

1.5542 x 107

1/50 3.0571 x10™* 2.0497 3.7707 x 10™* 2.043 3
1/100 7.527 1 x 107 2.0220 9.307 6 x 10~ 2.018 4
1/200 1.8663 x 107 2.0119 2.3118 x 10~ 2.009 4

I I 25 5% ARSI 5 B R Ge iy Jia
I PRIFIT O, [N 25 224N ) 25 Lagrange €
{18 B £50 F e B T A A G 2R BT 1 Il i T 4%
ST 2 1R G iR J5T o I B[R] A v Ak O
B2 flige T BT MR ] AR RS O 1 3 25
THEARFEIZE B Lagrange &1 A WHUE RO, K 4
ST B IEX A w A0 I IE S B |0 - u | D)
Belvr = ot

H LT Al RN, 78 R R 4% 5% T 1 22 Wi 4% =X
(5) IEAREDAF CGP T2 (1) BT (2) ~P1E , 25
BT :(7) Z 5, B AR Ge i T B A5 LU i DR 4
ML 2 A s R % IR HERR ML HL CGP i R
HIR . L 3 FE 4 1] LIS E] B AR FOR 1A%
K (5) ARELRAF T~y H , {H 2 th #5827 b Il iy
IRBERL/N , KRATE 0 ~ 2.5 x 10 Y5 Bl ] % 3, i [
T A — BN, 7E -4 x107° ~4 x 10 {97l
FEl N U 3.




%2 W Z= P FBE Gross-Pitaevskii J7 FE BB RO R SFEAE 197

,7 x107
25 x10 6
5
f— 2.0 —
S S 4
15 =
A L3
Z1.0 —
= =
0.5
1
% 1 2 3 4 5 6 7 8 910 0
' 0 1 2 3 4 5 6 7 8 9 10
' t
(a) KA R (b) i FH#
E1 BREMREERENELXR
- 0.55 ~0.7
- 0.50 _
- 045 0.6
0.6 -040 08 “0.5
0.5 -0.35
0.4 - 0.30 0.6 04
=03 -0.25 =04 <03
0.2 - 0.20 02
0.1 -0.15 ’ 0.2
10
0 -0.10 0 - o1
- 0.05 5 5 ’
0
5 ,
X
2 ERBERT 0 Ty MR ENEL %R
x107%
4
2
~ 0
-2
-4
0 1 2 3 4 5 6 7 8 9 10
B3 S rESH Lagrange & F A &
x107* %1078
-1.6
x10” Sl x10° 20
20 -1.2
15 -1.0 0.8 - 15
= -0.8 = 0.6
3 ' 0.2
10 -04 : 10
0 0 05
. 5 202 . 5
0 0
S0 0 -5 0 ! 0
X X
B4 |u f0|y |EERREEENEER
Einstein condensation in a gas of sodium atoms [ J].
= \ Physical Review Letters,1995,75(22) :3969-3973.
= Ed y
[3] ZEATIL. Sh3837 rh ko TRUGH B SR BE R AR 1Y 3 7 2
[1] ANDERSON M H,ENSHER ] R, MATTHEWA M R, et 5T [ M]. ot Bz bt 2016.
al. Observation of Bose-Einstein condensation in a dilute [4] BAO Weizhu,CAI Yongyong, Mathematical theory and nu-
atomic vapor [ J]. Science,1995,269(5221) :198-201. merical methods for Bose-Einstein condensation [ J]. Ki-

[2] DAVIS K B, MEWES M O, ANDREWS M R, et al. Bose- netic & Related Models,2013,6(1) :1-135.



198 TEPEI K24 (A SRR RR)

2023 4F

[5] WANG Tingchun, ZHAO Xiaofei. Optimal [* error esti-
mates of finite difference methods for the coupled Gross-
Pitaevskii equations in high dimensions [ J]. Science Chi-
na: Mathematics ,2014,57(10) :2189-2214.

(6] 73575, B & 2%, 2 4§ Gross-Pitaevskii J7 F2 1Y 7 #% 3

LI VPG R A2 i ( F AR B2 ,2016,40(6)

599-602.

B LA K555, 2 UE Gross-Pitaevskii 7 FE15

S B e R (1], TLVHIE R4 ( A 4R

220) ,2020,44(6) :599-603.

[8] 959y ,fLA1E, F 22 45 —4E Gross-Pitaevskii J7 F2 1)
RN BB 2 (1], 7153 ,2018,35(6)
657-667.

[9] WANG Lan,CAI Wenjun, WANG Yushun. An energy-pre-

serving scheme for the coupled Gross-Pitaevskii equations

(7

[

[J]. Advances in Applied Mathematics and Mechanics,
2021,13(1) :203-231.
[10] KONG Linghua, HONG Jialin, ZHANG Jingjing. LOD-MS

for Gross-Pitaevskii equation in Bose-Einstein condensates
[J]. Communications in Computational Physics, 2013,
14(1) :219-241.

[11] LELE S K. Compact finite difference schemes with spec-
tral-like resolution [ J]. Journal of Computational Physics,
1992,103(1) ;16-42.

[12] BEHH, LA, £ 2%, Burgers FRERYBE S K&K [J].
TEPEUI i R = 22 4l ( AR BE 2 i), 2017, 41 (5)
526-530.

[13] #2405, B 5 IRIEZ Y Schrodinger 77 2 A9 —
ANEAEAL 4 JZEEE ML [T ] TEPH I R 2 4l
( ASKFI#AR) ,2019,43(1) :35-38,51.

[14] HLiE, F R0, ZBEK B Neumann 5 sine-Gor-
don J5 B (i AR RE BB VE (0], P R BRA B,
2022,52(6) .709-728.

[15] HAIRER E,LUBICH C,WANNER G. Geometric numerical
integration ; structure-preserving algorithms for ordinary dif-

ferential equations [ M ]. Berlin-Heidelberg : Springer ,2006.

The Efficient Mass-Preserving Scheme for Coupled Gross-Pitaevskii Equations

LI Yu',KONG Linghua'** ,LUO Yiyang'
(1. School of Mathematics and Statistic, Jiangxi Normal University , Nanchang Jiangxi 330022, China;

2. Jiangxi Provincial Center for Applied Mathematics , Nanchang Jiangxi 330022, China)

Abstract; In this paper, the new mass-preserving scheme is proposed for the coupled Gross-Pitaevskii equation.

Firstly ,the spatial derivative is approximated by high order compact scheme and a semi-discrete scheme is ob-

tained. The temporal derivative is approximated by Crank-Nicolson based extrapolation. Thus, a semi-implicit

scheme is obtained. Unforunately this scheme is not mass-preserving. To make up for this, a projection method is

used to pull solution back the mass-preserving space. Finaly,some numerical experiments are presented to illustrate

high accuracy and mass-presering of the new scheme.

Keywords : coupled Gross-Pitaevskii equation ;projection method ;high order compact scheme ;mass conservation law.



