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Spurious eignesolutions in BEM
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What happens in MFS ?
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Governing equation

Governing equation
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Fundamental solution

Plate vibration
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Simply-connected problem
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Multiply-connected problem
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Two MFS for membrane problem

Single-layer potential approach Double-layer potential approach
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Kernel functions of plate vibration
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Matrix form
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Degenerate kernel
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Singular Value Decomposition
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Methods of extracting true and 
spurious eigenvalues
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Clamped-clamped problem (membrane)

Single-layer potential approach Double-layer potential approach
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Single-layer potential approach

+ SVD updating document 

Single-layer potential approach

+ Burton & Miller method 
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Single-layer potential approach

+ SVD updating term
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Clamped-clamped plate (U-Θ formulation)
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Burton & Miller method
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Conclusions

We have verified that  the true eigenequation depends on the boundary 
condition while spurious eigenequation is embedded in each formulation.

1.

2. The spurious eigenvalues occurring in the multiply-connected eigenproblem
for membrane and plate are the true eigenvalues of the associated problem 
bounded by the inner fictitious boundary where the sources are distributed.

Three remedies, the SVD updating document, the SVD updating term and the 
Burton & Miller method,were successfully employed to suppress the 
appearance of the spurious eigenvalues

3.
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Thanks for your kind attention

The End

http://ind.ntou.edu.tw/~msvlab/
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Dirichlet problem (Complex-valued MFS)

Single-layer potential approach Double-layer potential approach
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Dirichlet problem (Imaginary-part MFS)
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Dirichlet problem (Real-part MFS)

Single-layer potential approach Double-layer potential approach
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Dirichlet problem (Real-part MFS)

Single-layer potential approach 
+SVD updating document 

Single-layer potential approach 
+Burton & Miller method 

1 2 3 4 5 6 7
wave number k

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

L
og

[d
et

[C
R
]

T

T: True eigenvalue

<2.405>

<3.830>

<5.135>

<5.520>
<6.380>

T T

T
T

a
a'

1 2 3 4 5 6 7
wave number k

6

7

8

9

10

11

12

13

14

15

16

17

18

19

L
og

[d
et

[[
U

R
]+

i[T
R
]]

]

T

T: True eigenvalue

<2.405>

<3.830>

<5.135>

<5.520>
<6.380>

T T

T
T

a
a'



MM
SS VV

34ECCOMAS Thematic Conference on Meshless Methods 2005 ~
Department of Harbor and River Engineering, Nation Taiwan Ocean University

Dirichlet problem (Real-part MFS)

Single-layer potential approach 
+SVD updating term
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Mode 1 (k1=2.045)
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Mode 2 (k2=3.083)
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Mode 3 (k3=5.135)
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Mode 1 (k1=2.05)
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Mode 2 (k2=2.23)
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Mode 3 (k3=2.66)
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Clamped plate
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Clamped plate
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Clamped plate
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Multiply-connected plate
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Method of solution

For the clamped boundary condition ( u=0,           )
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For the Dirichlet problem (u=0) (Single-layer)

}{][}0{ jijU φ= det[Uij]=0
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aMembrane

Plate



MM
SS VV

46ECCOMAS Thematic Conference on Meshless Methods 2005 ~
Department of Harbor and River Engineering, Nation Taiwan Ocean University

Degenerate kernels
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