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Abstract

In this paper, the barycentric interpolation collocation method combined with Crank-Nicolson
difference scheme is used to solve the linear Schriédinger equation. Firstly, the space direction is
discretized by the Chebyshev collocation method of barycentric interpolation, and the time di-
rection is discretized by the Crank-Nicolson difference scheme. Finally, numerical examples
show that the numerical scheme has high precision and satisfies the conservation of mass and
energy.
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Table 1. The time convergence order of one-dimensional Schrédinger equation

2 1. —4E Schrodinger 7372 BB (E] YT/

T E, Rate
1/10 4.61E-05 \
1/20 1.14E-05 2.02
1/40 2.82E-06 2.00
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1/160 1.75E-07 2.00
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Table 2. Maximum absolute error and maximum relative error of second-order finite difference scheme and barycentric in-
terpolation collocation scheme (7 =107)
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ZI A BRZE A .0 Lagrange i 1E g A k%
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16 8.1000E—-03 6.1000E-03 4 5.1238E-01 5.0878E—-03
32 2.0000E-03 1.5000E-03 6 3.5897E-03 2.9133E-05
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Figure 1. Analytical solution of example one
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Figure 2. Example one numerical solution of barycentric interpolation collocation scheme
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Figure 3. Example one absolute error figure of second-order finite
difference scheme
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Figure 4. Example one absolute error figure of barycentric inter-
polation collocation scheme
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Table 3. Maximum absolute error and maximum relative error of second-order finite difference scheme and barycentric in-
terpolation collocation scheme (7=10"")

%3 M BEREMRRNEOFRER SERNSAETREMSAERE(r=107)

T AR ZE R .0 Lagrange T 1E g A k%
M N E, Er, M N E, Er,
7 7 0.0093 0.0181 7 7 6.27E-04 0.001354
10 10 0.0054 0.0101 8 8 1.18E-04 2.50E-04
20 20 0.0015 0.0027 9 9 9.54E-06 1.77E-05
30 30 6.69E-04 0.0012 10 10 2.63E-06 5.26E-06
40 40 3.78E-04 7.00E-04 15 15 1.92E-07 3.55E-07

] 5 I [A] 39 0, oA 2 (A]3T 0, % 3 44 T 4k Schrodinger J5 R K A M A PR 22 43 4% 200 O i
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AN AT LUR B 107 (RSB, (B B PR 22 204 305 BN 40 A AU IR BIIX MRS

A HL, YT 4k Schrodinger A2, HEF A H AR [A] 2 IR BRI .

Table 4. The time convergence order of two-dimensional Schrodinger equation
%% 4. ZH Schrodinger 73 T2 RO BISTEL A

T E, Rate
1/16 4.61E-05 \
1/32 1.14E-05 2.02
1/64 2.82E-06 2.00
1/128 7.02E-07 2.01

T 7 R S BATTAT LAE H B e T AU 3R B AR AT AR AT R ) S AR R R A
Xt — 0 U B A% SRS E
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) P AR R S xR 22 B . P O FNPE 10 WA, 4 TEDE] r —E, O E AT e A )
B 16 AN AR, 4R 2R RuEE] 107, 0 B R 208 0 23 0] EE 31 AN st i, g R
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Figure 7. Analytical solution of example three

7. BHIZERRIE

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15

0.1

0.05

Figure 8. Example three numerical solution of barycentric
interpolation collocation scheme
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Figure 9. Example three absolute error figure of second-order finite
difference scheme
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Figure 10. Example three absolute error figure of barycentric inter-
polation collocation scheme
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Figure 11. Example four mass conservation
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Figure 12. Example four energy conservation
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