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POLYNOMIAL PARTICULAR SOLUTIONS FOR SOLVING EIGENVALUE
PROBLEM OF A CLASS OF HIGHER ORDER ELLIPTIC EQUATIONS

ZHANG Zi-tong, *CAO Yan-hua, ZHU Ting-xin

(School of Sciences, East China Jiaotong University, Nanchang, Jiangxi 330013, China)

Abstract: The paper presents a method of polynomial particular solutions (MPPS) for eigenvalue problem of

higher order elliptic partial differential equations. The second, fourth, sixth and eighth order elliptic partial

differential equations are solved by using the polynomial particular solutions as the basis function, while the

condition number of the coefficient matrix is reduced by using the multiscale technique, and a stable numerical

solution is obtained. Numerical examples show that the algorithm has the advantages of high accuracy and good

effect in solving eigenvalue problems of high-order partial differential equations, it is further proved that the

polynomial particular solutions have high accuracy and good stability.
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Table 1 RMSE comparison of different A for second order
elliptic equations under

polynomial basis functions of different orders

Polynomial RMSE RMSE RMSE
Order (A=100) (A=200) (1=300)
3 2.08¢—03 1.59¢—03 1.52e—03
6 1.49¢—06 3.15e—07 1.40e—07
9 1.80e—08 4.53¢—09 1.59e—09
12 8.86e— 14 8.78¢—14 5.16e— 14
15 4.8le—15 2.05e—15 1.68e—15
18 1.6le—14 9.06e—15 1.72e—15
21 1.13e—14 4.62e—15 2.76e—15
24 428e—15 3.42¢—14 8.82e—15
27 496e— 15 774€ — 15 273e— 14
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Table 2 RMSE comparison of different A for fourth order

elliptic equations under

polynomial basis functions of different orders

Polynomia RMSE RMSE RMSE

1 Order (A=100) (1=200) (A =300)
3 3.73e—02 1.87e—02 1.25¢—02
6 1.93e—03 6.48e—04 2.76e—04
9 2.78e—05 3.49e—05 1.84¢—05
12 7.25¢—12 1.99¢—11 7.03e—1
15 8.76e—15 1.15¢—14 2.22¢—14
18 3.18e—15 4.63e—15 234e—15
21 1.53e—15 8.71e—16 2.16e—15
24 435e—15 34le—15 2.06e—15
27 3.09e—15 2.09e—15 1.32e—15
30 5.96e—15 2.15e—15 3.64e—15
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Table 3 RMSE comparison of different 4 for elliptic
equations of order 6 under

polynomial basis functions of different orders

Polynomial RMSE RMSE RMSE
Order (A=100) (1 =200) (1 =300)
3 3.35e—02 2.13e—02 1.78e—02
6 2.89¢—02 1.46e—02 9.77e—03
9 9.57¢—04 5.35¢—04 4.81e—04
12 6.10e—08 3.06e—08 2.23e—08
15 1.82e—10 9.02e—11 5.96e—11
18 6.87¢—15 1.17e—14 2.0le—14
21 7.38¢e—15 8.09¢—15 1.28e—14
24 9.93e—15 7.53e—15 227e—14
27 8.42e—15 5.53e—15 1.47e—14
30 8.40e—15 53le—15 2.03e—14
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Table4 RMSE comparison of different A for elliptic

equations of order 8 under
polynomial basis functions of different orders

Polynomial RMSE RMSE RMSE
Order (2=100) (A1 =200) (A =300)
3 5.81e—02 3.04¢—02 2.20e—02
6 5.79¢—02 2.92e—02 1.95e—02
9 5.79¢—02 2.92e—02 1.95e—02
12 2.36e—05 1.19e—05 8.55¢—06
15 1.28¢—07 6.33¢—08 4.15e—08
18 55le—13 2.73e—13 1.80e—13
21 2.26e—14 2.70e—14 2.30e—15
24 2.28e—14 2.65e—14 6.49¢—15
27 2.30e—14 2.64e—14 4.97e—15
30 2.29¢—14 2.64e—14 5.36e—15
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