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Fig. 1. The change curve of |¢| along y = 0.5n at different time: (a) Uniform mode; (b) non-uniform mode.
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Fig. 2. Two kinds of particle distribution: (a) Uniform mode; (b) non-uniform mode.
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Fig. 3. The change curve of real part at two positions with
different times: (a) Along the diagonal; (b) along y = x.
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® 3 EMORFEINETE t = 2 WAEU RIS
Table 3. The rate of convergence obtained using

three different particle methods at ¢t = 2.

IV WHE/x 100 WY

o = /32 75.530
SS-ICPSPH Ao = m/64 18.280 2.046
Ao =m/128 4.316 2.082

Ao = /32 24.670
SS-FDM Ao =m/64 6.634 1.895
o =m/128 1.725 1.943

Ao = /32 67.840
SS-FPM Ao = m/64 16.790 2.015
Ao =m/128 4.128 2.024
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¥ [z, y,0] = [1 +sin ()] [2 + sin (y)],
Hrp g =1.
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Fig. 4. The 3D graphs and contour of |¢| at two different times: (al), (a2) ¢ = 0; (b1), (b2) ¢ = 0.0108.
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Fig. 5. The change curve of [¢| along z-axis (y = 0) at two different times: (a) ¢t = 0.05; (b) ¢ = 0.25.
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Fig. 6. Three-dimensional numerical results of Re (¢0) ,Im (1), |¢| at two different times: (al), (a2), (a3) t= 0; (b1), (b2), (b3) ¢ = 0.25.
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Simulation of two-dimensional nonlinear problem with
solitary wave based on split-step finite pointset method”

Ren Jin-Lian  Ren Heng-Fei  Lu Wei-Gang’ Jiang Tao*

(School of Mathematical Sciences, School of Hydraulic, Energy and Power Engineering, Yangzhou University, Yangzhou 225002, China)
( Received 11 March 2019; revised manuscript received 5 May 2019 )

Abstract

In this paper, a split-step finite pointset method (SS-FPM) is proposed and applied to the simulation of the
nonlinear Schrédinger/Gross-Pitaevskii equation (NLSE/GPE) with solitary wave solution. The motivation and
main idea of SS-FPMisas follows. 1) The nonlinear Schrédinger equation is first divided into the linear
derivative term and the nonlinear term based on the time-splitting method. 2) The finite pointset method
(FPM) based on Taylor expansion and weighted least square method is adopted, and the linear derivative term
is numerically discretized with the help of Wendland weight function. Then the two-dimensional (2D) nonlinear
Schrodinger equation with Dirichlet and periodic boundary conditions is simulated, and the numerical solution
is compared with the analytical one. The numerical results show that the presented SS-FPM has second-order
accuracy even if in the case of non-uniform particle distribution, and is easily implemented compared with the
FDM, and its computational error is smaller than those in the existed corrected SPH methods. Finally, the 2D
NLS equation with periodic boundary and the two-component GP equation with Dirichlet boundary and outer
rotation BEC, neither of which has an analytical solution, are numerically predicted by the proposed SS-FPM.
Compared with other numerical results, our numerical results show that the SS-FPM can accurately display the

nonlinear solitary wave singularity phenomenon and quantized vortex process.

Keywords: nonlinear solitary wave, finite pointset method, splitting scheme, Gross-Pitaevskii equation

PACS: 02.60.—x, 02.70.—, 03.65.Ge DOI: 10.7498/aps.68.20190340

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11501495, 51779215), the Postdoctoral
Science Foundation of China (Grant Nos. 2015M581869, 2015T80589), the Natural Science Foundation of Jiangsu Province,
China (Grant No. BK20150436), the Sub-project of National Key Technology Research and Development Program of the
Ministry of Science and Technology of China (Grant No. 2015BAD24B02-02), and the Top-notch Academic Programs
Project of Jiangsu Higher Education Institutions, China (Grant No. PPZY2015B109).

1 Corresponding author. E-mail: wglu@Qyzu.edu.cn

1 Corresponding author. E-mail: jtrjl 2007@126.com

140203-10


http://dx.doi.org/10.7498/aps.68.20190340
mailto:wglu@yzu.edu.cn
mailto:jtrjl_2007@126.com
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

