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A New Fast Compact Time Integrator Method for

Solving Klein-Gordon Equations

Huang Jianguo,Wu Bo
(School of Mathematical Sciences,Shanghai Jiao Tong University , Shanghai 200240, China)

Abstract: This paper is intended to devise a fast compact time integration method based on Hermite interpolation for
solving Klein-Gordon equations. The spatial discretization is carried out using the fourth-order compact difference
scheme, leading to a semi-discrete problem. Then the solution is expressed explicitly by means of the discrete sine trans-
form and the constant variation formula. Finally,the Hermite interpolation is used to approximate the nonlinear source
term, yielding a fully discrete scheme. In particular, if the function values and the derivative function values at two latest
historic instants are used for interpolation,we can derive a fourth-order scheme in space and time together. The numerical
results verify the effectiveness of the method.
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Table 1 Numerical errors,convergence rates and the CPU times at 7=1

m? m=19

U \4
(N, XN, )X,
L, Error CR L, Error CR L, Error CR L, Error CR CPU
2 [va) B IO B2 X
42x1 024 2.1613e-02 — 5.8036e-03 — 5.8434e-02 — 1.5296e-02 — 0.90
82x1 024 1.3554e-03 4.00 4.4258e—-04 3.71 3.5547e-03 4.04 1.1517e-03 3.73 0.94
162x1 024 8.4687e-05 4.00 2.7608e-05 4.00 2.2083e-04 4.01 7.1746e-05 4.00 1.03
322x1 024 5.2867e-06 4.00 1.7632e-06 3.97 1.3767e-05 4.00 4.5649¢-06 3.97 2.25
64>x1 024 3.3030e-07 4.00 1.1007e-07 4.00 8.5988e-07 4.00 2.8498e-07 4.00 6.22
1282x1 024 2.0642e-08 4.00 6.8780e-09 4.00 5.3734e-08 4.00 1.7806e-08 4.00 15.81
2562x1 024 1.2904e-09 4.00 4.3071e-10 4.00 3.3582e-09 4.00 1.1276e-09 3.98 79.16
P[] 28 H5OHE B 3K
51228 6.4931e-05 — 2.1414e-04 2.6551e-03 — 9.4541e-03 — 4.19
512%x16 4.9810e-06 3.70 1.9299¢-05 3.47 2.9187e-04 3.19 1.0484e-03 3.17 8.24
512232 3.6095e-07 3.79 1.4138e-06 3.77 2.7199¢-05 3.42 8.4010e-05 3.64 16.47
5122x64 2.4085e-08 3.91 9.2117e-08 3.94 2.0038e-06 3.76 5.6418e-06 3.90 32.98
5122x128 1.5739¢-09 3.94 5.5840e-09 4.04 1.3079e-07 3.94 3.7520e-07 3.91 64.42
5122x256 1.4894e-10 3.40 3.7756e-10 3.89 8.3482e¢-09 3.97 2.3937e-08 3.97 126.74
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