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Abstract

We provide a perspective on the degenerate problems, including degenerate boundary,
degenerate scale, spurious eigensolution, fictitious frequency and corner problems, in the
boundary integral formulation. All the degenerate problems are found to originate from the rank
deficiency in the influence matrix. Both the Fredholm alternative theorem and singular value
decomposition (SVD) technique are employed to study the degenerate problems. Updating terms
and updating documents of the SVD technique are utilized. The roles of right and left unitary
matrices of SVD in BEM and their relations to true, spurious and fictitious modes are examined
by using the Fredholm alternative theorem. A unified method for dealing with the degenerate
problems in BEM is proposed. Several examples are given to show the validity of the unified
formulation. In the first year, of Wu Ta-You Award Project, degenerate boundary and degenerate
scale problems were studied. For the second year, we focused on the spurious eigenvalues for
both simply-connected and multiply-connected problems. Finally, the fictitious frequencies were
revisited in the third year. The published papers are summarized in the references.
Key Words: boundary element method; degenerate scale; degenerate boundary; spurious
eigenvalue; fictitious frequency; Fredholm alternative theorem; SVD updating term and
document; fictitious mode.
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Table 1 Pitfalls of BEM and its treatment

Pitfalls in BEM

Treatment

Degenerate boundary [1~21]

Dual BEM (hypersingularity)
Multi-domain BEM
Conventional BEM + SVD

Degenerate scale [22~25]

Addition of rigid body term
Hypersingular formulation
CHEEF method
SVD updating technique
Pseudo-inverse

Fictitious frequency [26~32]

Burton and Miller approach
CHIEF method
SVD updating technique
GSVD

Spurious eigenfrequency [33~48]

Burton and Miller method
SVD updating technique
Dual BEM
Subdomain method
GSVD
CHEEF method (simply-connected)
CHIEF method (multiply-connected)

Corner singularity [49~51]

Double node technique
Hypersingular formulation




Table 2 Null fields in the nonuniqueness problem using BEM and BIE
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Degenerate scale

(potential problem)

Spurious eigenvalues

(interior acoustics)

Fictitious frequencies

(multiply-connected acoustics and plate)

Spurious eigenvalues

(exterior acoustics)
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