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l7e™ M = loze™ | < lloz(e™ ! + eIl < CllA 02 (e + )| < Cr7H (7 + h),  (3.26)
X n KA1
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E(h,7) = |le(h,T)||, ratel = log, E(f(L/ )), rate2 = log2E(}(Lh7/->2)
log(|E(hL, DI/ G2, ) 1 = 8UER, 7 [/ E(R, 7))
log(h11 /ha) log(1/72) '

B 4.1 FEW T YILAE R 8

orderl =

{iut + Uge — (Ju® + [u|Yu = f(z,t)u, (z,t) € (a,b) x (0,1],
u(z,0) = ug(z) = exp(—2? +ix), z € [a,b],

Hr
fz,t) = 4(z — 2t)* — exp[—2(z — 2t)?] — exp[—4(z — 2t)?].

AR )
u(z,t) = exp(—(x — 2t)* +i(x — 3t)).

B B2 Y o T 5T K, (e, t) T 0. #1024 —a 10 BUS R0 KIS, u(a, t)
A (b, t) P 0. BRICLEFOE SRR 2 (8] 7 M R B IX A (—15,15), DLZRS R i 2
iop=AlT

FELGAIEZS 18] J7 1) (B IE) 7 1)) W8 ist, BX 7 = 0.00001 (h = 0.0001), X FE AT DL 20 i 8]
(ZZ[E) FTIPRZERE IR, 3R 1 FISR 2 43 il 45 1 2 (A RS () 7 () (RN 8By, FE3R 3 1, A
SCH 2R A% 305 SRR [20] HR ARG AR U T T AR B b B 1 R TR AR A EUE
FRAEAN A B[] 2 B AR AL

& 1 A7 S
h T E(h,T) ratel
0.4 0.00001 8.4000e-03 4.1336
0.2 0.00001 4.7858¢-04 4.0029
0.1  0.00001 2.9851e-05 4.0040
0.05 0.00001 1.8605e-06 *

2% 2: I Sy
h T E(h,T) rate2
0.0001 0.01 4.0094e-04 2.0107
0.0001  0.005  9.9281e-05 2.0044
0.0001  0.0025 2.4745e-05 2.0022
0.0001 0.00125 6.1768e-06 *
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30 Az tEg X (LCFD) 53¢ [20] HFRIAEL A% X (NCFD) 7ETHR AR ERy b

h T Scheme CPU time

0.001 0.1 NCFD 5.19s

0.001 0.1 LCFD 3.36s

0.001  0.05 NCFD 9.54s

0.001  0.05 LCFD 6.55s
0.2 0.0001 NCFD 46.27s
0.2 0.0001 LCFD 16.08s
0.1 0.0001 NCFD 98.22s
0.1 0.0001 LCFD 32.41s

The numerical solution

1: B0 4.1 fF 7 =0.01,h = 0.1 BFRRETME (&) MEEM (F)

Bl 4.2 XU ius 4w + o (2, t)u+ (B |u? + BolulH)u = f(z,t), (x,t) € (0,7)x(0,1].
W B =P =—1,0(z,t) = 322, f(z,t) = [-32° + (|e" sinz|® + |e sinz|*) — 2]e’ sinz, ¥IIh
EA uo(x) = sinx, WAEHIEA u(z, t) = e sin.
ARG (2.4)-(2.6) SEB 4.2 FEATRAME, GLL RS R
K A: AT [ BUAS [R5 K I R 15 22 A0S
h T E(h,7)  orderl
0.1 0.0001 4.0740e-05 4.0046
0.05m  0.0001 2.5381e-06 4.0082
0.0257  0.0001 1.5773e-07 4.1192
0.01257 0.0001 9.0764e-09 *

2R 5: I TAIT fi) AN [R) A IR e 58 72 1RGS2
h T E(h,7)  order2
0.00017 0.1 7.4888e-04 1.9204
0.00017  0.05  1.9784e-04 1.9621
0.00017  0.025 5.0777e-05 1.9815
0.00017 0.0125 1.2858e-05 *

B P EHUE SRR 45 TG e 2046 20 (2.4)-(2.6) 7ERT 2507 40 0 B 2 BYRl 4 ks

JZ, T A% 2UFE B AU SCT AR RES DR 1R S R AUE R~ XS T A e 2 1 512 4
gkt Britz oh, 5O AL, ASOR U AR 2 I ATIR T KRS 7 SRR,
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0 02 04 06 08 1 0 02 0.4 06 08 1
t t

B 2: 51 4.2 FEAFIN )2 2 PR () MU RER (4)

X 10 The conservation of mass X107 The conservation of energy

E"-E°

0 02 04 06 08 1 . .
t t
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A NEW COMPACT FINITE DIFFERENCE SCHEME FOR THE

QUANTIC NONLINEAR SCHRODINGER EQUATION

XUE Xiang, WANG Ting-chun

(School of Mathematics and Statistics, Nanjing University of Information Science and Technology,

Nanging 210044, China)

Abstract: In this paper, we study the nonlinear Schréodinger equation with a quintic

terma of the initial boundary value problem. By using the finite difference method to construct
a fourth-order compact finite difference scheme, we prove that the scheme preserves the total
mass and energy, respectively. By introducing the lifting technique, the optimal error estimate of
the proposed scheme is established by using the standard energy method and the mathematical
induction. It is proved that the numerical solution has accuracy of fourth-order and second-order in
space and time, respectively. Numerical experiments are given to verify the theoretical results and
compared with the existing results, which show that the proposed scheme has higher computational
efficiency under the condition of maintaining high accuracy.

Keywords: quintic nonlinear Schrédinger equation; compact finite difference scheme;
discrete conservation laws; optimal error estimate; computational efficiency
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