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Abstract

The finite difference formula plays an important role in solving the numerical solution of differen-
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tial equations by the meshless method. In this paper, the finite difference formula is created by
polynomial interpolation for the scattering problem of acoustic hard scatterers of the Helmholtz
equation. We use a simple and practical node distribution, which not only ensures the unique sol-
vability of multivariate polynomial interpolation, but also makes the matrix a triangular matrix,
so that the basic polynomial constructed can be transformed into Lagrange basis polynomial. Fi-
nally, we give the numerical example of the Neumann problem of the Helmholtz equation.
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Figure 1. Maximum absolute error
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Figure 2. Mean absolute error
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Figure 4. Interpolation node set

B 4. fRETRE

I PR Z o A% SR 7 R BB AR, 1) 5 R BUE R =24 EIE

N5 5 LB 55 AT A ) B R e e i 22 P R e iR 22, BRA T MR & 9 EoR, LK 6.
HZL ORI RRE, 3 RSO BUE AR A

TR KRR ZE Err0 4% 0.05268, “T-H44%1 1% % Errl J2& 0.016468.

DOI: 10.12677/aam.2021.108274 2645 IR Esid


https://doi.org/10.12677/aam.2021.108274

0.5 0 0.5

y 0-1 <

Figure 5. Numerical solution of transmission eigenvalue

5. IESHHEERER

1+
LG e

0.6+ iﬁ{
04+
027
N 0+ ;
02
04
206
0.8

-1

0 0.5 1
X

y 0-1 -0.5

Figure 6. Numerical solution and analytical solution

& 6. B ST

5. IREST
51. FHM

T A SO T4 75 SRR SO IR 50, B S0 A 8, SRR (A
TSI 240 A RIS R AR A S LR, T SO IR 240 A e RS R LS,
5.2. MANERIRE

HRAR SCHR L] 35225 4

A A=1, AL py, p, € Q BIK N [T < | py — p, | MIATREIE #2k T #452.

O R? i LIRS E0, T R0 RS R — A, SEneN, peQ,
20 (P)= (0, ), BRI, (1,), 0 2 70 (p) ERIOELRE I 2. X

y=(n.7,)€Ng.ly|<n, # peRect(y,(p)nQ, feC™(Q), A

DOI: 10.12677/aam.2021.108274 2646 IR Esid


https://doi.org/10.12677/aam.2021.108274

LR
5 0(r ) =g e G )
1(p)= 3, (@)1 ()< (rim ) 1], 4™,
aelg

Hrp C, (T, K, }/) = (ZK)M (‘L’n +:|_)‘|"2‘_1 z T‘a‘_zTi(]ll)(l)Tj(ff) (1) i

a=(i,i)e1f

t(p)- X, f(q,)D7,(p)

ozeln2

o

SRR ZE

6. BHEEAR

XTET Z e Z WS E I SCERZE N, A TR DX mi oA A2 e feg 8, BB {E T ri 4R
Ja I XA RZE D s ESAAFAE T FAE R, | A PRZE D A P BCR B v S esE Bt S/, T
PAREF 313547 Helmholtz 7572 Neumann il 28 0B SR %

BETT A — S 7R B B TURI TS . JE RS TR A R AT B R BB MR R R A R . 31T
A B AT DR X3 B B B s Kt LA 3 ARy s PR P AT LR R A

Sk

[1]1  RIRAE, XUTE, 48y, L TCMIRIE AT S R[] HUAR L RE 544k, 2002, 38(5): 7-12.

[2] gk, B, WY, BRI INBUER D TIRTCIMARIALI]. 15k, 2003, 35(4): 425-431.

[3] gk, XA, k. TCMIARIEI RS N [I]. SRR, 2009, 39(1): 1-36.

[4] Huang, X.W. and Wu, C.S. (2019) A Meshless Finite Difference Method Based on Polynomial Interpolation. Journal
of Scientific Computing, 80, 667-691. https://doi.org/10.1007/s10915-019-00952-z

[5] Gasca, M. and Sauer, T. (2000) Polynomial Interpolation in Several Variables. Advances in Computational Mathemat-
ics, 12, 377-410. https://doi.org/10.1023/A:1018981505752

[6] XUFeFe. A ICHE ALt b H b A P R B A RO B U7 A [D]: [ 220 3], KA FH AR A%, 2020.

[7] Borden, B. (2002) Mathematical Problems in Radar Inverse Scattering. Inverse Problems, 18, R1-R29.
https://doi.org/10.1088/0266-5611/18/1/201

[8] Poplavskii, 1.V. (1973) Inverse Problem in the Complex A-Plane in the Case of a Coulomb Interaction. Russian Physics
Journal, 13, 1216-1219. https://doi.org/10.1007/BF01100557

[9] Micheli, D., Pastore, R., Gradoni, G., Primiani, V.M. and Marchetti, M. (2013) Reduction of Satellite Electromagnetic
Scattering by Carbon Nanostructured Multilayers. Acta Astronautica, 88, 61-73.
https://doi.org/10.1016/j.actaastro.2013.03.003

[10] Safonov, M. and Athans, M. (1977) Gain and Phase Margin for Multiloop LQG Regulators. IEEE Transactions on
Automatic Control, 22, 173-179. https://doi.org/10.1109/TAC.1977.1101470

[11] ZA&HR, WEoCig. BT 2 TIUE(E WA BR 2 4023k Helmholtz 5 #2357 S RRIEE [0 BR[J]. RL RS, 2020,
9(12): 2236-2243.

DOI: 10.12677/aam.2021.108274 2647 IR Esid


https://doi.org/10.12677/aam.2021.108274
https://doi.org/10.1007/s10915-019-00952-z
https://doi.org/10.1023/A:1018981505752
https://doi.org/10.1088/0266-5611/18/1/201
https://doi.org/10.1007/BF01100557
https://doi.org/10.1016/j.actaastro.2013.03.003
https://doi.org/10.1109/TAC.1977.1101470

	基于多项式插值的有限差分法求解Helmholtz方程声硬散射体散射问题
	摘  要
	关键词
	Finite Difference Method Based on Polynomial Interpolation for Solving Hard Acoustic Scattering Problems of the Helmholtz Equation
	Abstract
	Keywords
	1. 引言
	2. 节点分布和插值节点集
	2.1. 节点分布
	2.2. 插值节点集

	3. 有限差分公式
	4. 数值实验
	4.1. 确定参数值
	4.2. 确定数值解

	5. 误差分析
	5.1. 奇异性
	5.2. 点态逼近误差

	6. 总结与发展
	参考文献

