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Fig. 1. Variation of Q(0, ¢ ) with 0, ¢ at k. A = 0.1x.
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Fig. 3. Filter radius determined by different values of CE.
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Fig. 4. Curves of numerical dispersion error for the FDTD(2, 2), SFDTD(3, 4) and SF-SFDTD(3, 4) method: (a) FDTD(2, 2)
(CE = 1); (b) SEDTD(3, 4)(CE = 1); (c) SF-SFDTD(3, 4)(CE = 5); (d) SF-SFDTD(3, 4)(CE = 10).
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Fig. 5. Eigenfrequencies of the two-dimensional Schrodinger

equation.
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Fig. 6. Eigenstates of two-dimensional Schrédinger equation at different time steps (9 5): (a) CE = 1; (b) CE = 2; (¢) CE = 4;

(d) CE = 5.
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F 1 SFDTD(3, 4) il SF-SFDTD(3, 4) 77 =%l 5K it

T HEREE 1 7 R A TN (]
Table 1.  Execution time(s) for SFDTD(3, 4) and SF-SF-
DTD(3, 4) methods for solving two-dimensional Schrod-

inger equation.

W CE LAV B FAFTE] /s
SFDTD(3, 4) 1 40000 7.78
SF-SFDTD(3, 4) 2 20000 16.18
SF-SFDTD(3, 4) 4 10000 7.98
SF-SFDTD(3, 4) 5 8000 451
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Fig. 7. Eigenfrequencies of the three-dimensional Schrod-
inger equation.
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Fig. 8. Eigenstates of three -dimensional Schrodinger equation at different time steps (g, 9 5): (a) CE = 1; (b) CE = 2; (¢) CE = 4;

(d) CE = 6.
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Table 2.  Execution time(s) for SFDTD(3, 4) and

SF-SFDTD(3, 4) methods for solving three-dimen-

sional Schrodinger equation.

Ik CE HRWE BATIE /s
SFDTD(3, 4) 1 30000 117.37
SF-SFDTD(3, 4) 2 15000 231.15
SF-SFDTD(3,4) 4 7500 121.20
SF-SFDTD(3, 4) 6 5000 79.40
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Abstract

The traditional finite-difference time-domain (FDTD (2, 2)) method with second-order numerical accuracy
in time and space has been extensively employed in the field of quantum mechanics to solve the Schrodinger
equation. Nevertheless, the presence of the Courant-Friedrichs-Lewy (CFL) condition imposes limitations on the
grid size in the computational space, thereby constraining the admissible range of time steps. Accordingly, the
efficiency of the FDTD(2, 2) method significantly decreases. In addition, the second-order numerical accuracy of
the FDTD(2, 2) method both in time domain and in space domain often results in significant error
accumulation during calculations, thereby undermining the fidelity of the simulation results. To surmount the
constraints imposed by the CFL stability conditions and enhance the accuracy of computations, a novel
approach termed SF-SFDTD(3, 4) method has been proposed, with 3 and 4 referring to the accuracy in space
and time, respectively. This method combines spatial filtering (SF) with the high-order symplectic finite-
difference time-domain (SFDTD) method. Its primary objective is to solve the time-dependent Schrédinger
equation while ensuring time stability and scalability. The SF-SFDTD(3, 4) method obviates the need for
further deriving the iterative formula employed in the conventional SFDTD(3, 4) method. Therefore, the
method under consideration exhibits a remarkable degree of compatibility with its traditional counterpart. It is
merely necessary to include a spatial filtering operation during each numerical iteration to eliminate spatial
high-frequency components arising from the utilization of time step sizes that fail to satisfy the CFL stability
condition, thereby ensuring the stability of the numerical scheme. Moreover, when the time step value satisfies
the CFL stability condition, the amplitude of the high-frequency component approaches zero, thereby exerting a
minimal influence on the accuracy of the computational results. The adoption of time steps that do not meet
the CFL stability conditions leads to an amplification in the amplitude of the high-frequency component.
However, this finding solely affects the stability of the computational results, and the elimination of these
unstable high-frequency components scarcely affect the accuracy of the computational results. The SF-
SFDTD(3, 4) retains the simplicity and efficacy inherent in the traditional SFDTD(3, 4) methods, while
enhancing computational efficiency. Additionally, the numerical stability and dispersion error of the SF-
SFDTD(3, 4) method are analyzed theoretically. Finally, the validity and efficacy of the proposed method are
corroborated through numerical illustrations.

Keywords: symplectic finite-difference time-domain method, spatial filtering, time stability condition,

Schrodinger equation

PACS: 02.70.Bf, 42.50.Nn DOI: 10.7498 /aps.73.20230771

* Project supported by the National Natural Science Foundation of China (Grant Nos. 62201003, 2022YFA1404003, 62101002,
U20A20164, 61901001).

1 Corresponding author. E-mail: zxhuang@ahu.edu.cn

030201-10


http://doi.org/10.7498/aps.73.20230771
mailto:zxhuang@ahu.edu.cn
mailto:zxhuang@ahu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BT SF-SFDTDJ7 ¥k 78 15 I B 52 15 5 R SR AR F T L BF 2

WEAX R EER BHE HW Fik FEHF

Application of high—order SF-~SFDTD scheme to solving a time—dependent Schrdinger equation

Xie Guo-Da PanPan Ren Xin-Gang Feng Nai-Xing Fang Ming  LiYing-Song  Huang Zhi-Xiang

5] Fi{# B Citation: Acta Physica Sinica, 73, 030201 (2024) DOI: 10.7498/aps.73.20230771
TEZE[R]1E View online: https:/doi.org/10.7498/aps.73.20230771
I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

TR AL BE G s R R e =25 I e 75 07
Numerical solution of three—dimensional time—dependent Schrdinger equation based on graphic processing unit acceleration

WAL 2020, 69(23): 234202 https://doi.org/10.7498/aps.69.20200700

B2 e e Ly T A S Bl g AR DAL S RS

Numerical study of nonlinear Schrdinger equation with high—order split—step corrected smoothed particle hydrodynamics method

YIFIEH. 2019, 68(9): 090203 https://doi.org/10.7498/aps.68.20190169

LTI BR 25 710A A 52 X S A AU ISR B e T oA

Reversal behavior of optical absorption rate of himetallic core—shell nanoparticles based on finite—difference time—domain method

PyFEEEAR. 2021, 70(20): 207801 hitps:/doi.ore/10.7498/aps.70.20210602

— I 2 T B2 70 T ik /N R A LR B RE R Tt A DI LR

Optical and electrical properties of short—pitch solar cells with finite—difference frequency—domain method

PyFEEEAR. 2018, 67(17): 178102 https:/doi.org/10.7498/aps.67.20180821

RIS IR B T S e e o S PR 22 7 B A

Seabed seismic wave simulation by finite difference time domain scheme in marine environment with complex seafloor topography

PIFRZEAR. 2021, 70(22): 224303 https://doi.org/10.7498/aps.70.20210634

VU B (0 B2 P S 1 07 e ) W 5 IS e AR O S Ll

Study on the generation mechanism of bright and dark solitary waves and rogue wave for a fourth—order dispersive nonlinear

Schrdinger equation

YFRE2R. 2020, 69(1): 010502  https://doi.org/10.7498/aps.69.20191384


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20230771
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200700
https://doi.org/10.7498/aps.68.20190169
https://doi.org/10.7498/aps.70.20210602
https://doi.org/10.7498/aps.67.20180821
https://doi.org/10.7498/aps.70.20210634
https://doi.org/10.7498/aps.69.20191384

	1 引　言
	2 方　法
	2.1 SFDTD方法求解薛定谔方程的迭代公式
	2.2 SFDTD(3, 4)方法稳定性条件的扩展

	3 色散分析
	4 数值计算
	4.1 二维量子阱
	4.2 三维量子阱

	5 结　论
	参考文献

