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Biharmonic Equation Boundary Value Problems
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Abstract: Firstly, a difference scheme with the second-order accuracy is established for the biharmonic equation,
thus proving the uniqueness of the solution of this difference scheme, with the convergence and stability further
demonstrated by using the extremum principle. The double Richardson extrapolation method is adopted to extrapolate
the difference scheme with two sequential extrapolations, resulting in the fourth and the sixth order accuracy at the inner
nodes, respectively. The research results indicate that the proposed extrapolation method exerts a significant effect on
the improvement of the accuracy of differential scheme solutions under certain conditions.
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(1/64, 1/64) 1.100e-04 2.000 2
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Table 2 Maximum error and error order of an extrapolation of

example 1 with different step sizes taken
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(1/8, 1/8) 1.112e-04 *
(1/16, 1/16) 6.906e—-06 4.009 7
(1/32, 1/32) 4.312¢-07 4.001 3
(1/64, 1/64) 2.696e-08 3.999 5
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Table 3 Maximum error and error order of quadratic

extrapolation of example 1 with different step sizes taken

(hyy hy) E Chy, ) logz(MJ
2 E(h, hy)
(1/8, 1/8) 6.738 9e—08 *
(116, 1/16) 1.052 1e-09 6.001 2
(1/64, 1/64) 9.696 7e—12 6.000 5
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Table 4 Maximum errors and error order of example 2 with

different step sizes taken

E(2h, 2h,)
(hyy hy) E (hy, hy) IOg{E(hl,hz)J
(1/8, 1/8) 6.619e-05 *
(1/16, 1/16) 1.692¢-05 1.967 8
(132, 1/32) 4.251e-06 1.9330
(1/64, 1/64) 1.064¢-06 1.9979
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Table 5 Maximum error and error order of an extrapolation of

example 2 with different step sizes taken

E(2h,, 2hy)
(hyy hy) E Chy, hy) logz[ E(h 1) J
(1/8, 1/8) 2.748e-07 *
(1/16, 1/16) 1.771e-08 3.956 0
(1/32, 1/32) 1.111e-09 3.994 7
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Table 6 Maximum error and error order of quadratic

extrapolation of example 2 with different step sizes taken

E(2h, 2h,)
Chy, hy) E Chy, hy) 1032[WJ
(1/8, 1/8) 1.891 4e-09 *
(1/16, 1/16) 1.172 8e-10 40143
(1/32, 1/32) 7.311 7e-12 4.003 6
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Fig. 3 Quadratic extrapolation error surface with

a) 1/8 different step sizes taken
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Table 7 Error at the partial nodes and the convergence order of example 2 with different step sizes taken
b B (1/4, 18) (1/4, 1/4) (1/4, 38) (1/4, 1/2)
C % et 2% esieR 2% lle&ied 2% g
(1/8, 1/8) 5.784e-10 * 6.842e-10 4.013e-10 * 2.421e-10 *

(1/16, 1/16)  8.405e-12 5.558 4 1.191e-11 6.104 8 6.344e—-12 5.9832 3.610e-12 6.067 3
(1732, 1/32) 7.827e-14 6.746 6 1.237e-13 6.576 9 2.410e-14 7.988 5 1.488e-14 7.9227

F8 BB HHKH 1/16 B LA BT FEHCHET T —UOMIERI —UeSMIERS 2, BETER T fit

Table 8 Convergence order at some nodes of example 2 with

step size 1/16 taken

y
* 1/8 1/4 3/8 12
1/8 5.5583 6.104 8 6.609 6 6.722 0
1/4 6.104 8 5.856 6 59832 6.067 3
3/8 6.608 9 59832 5.946 1 5.969 8
12 6.720 3 6.067 3 5.969 8 5.956 6
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