On the role of degenerate kernels for the BEM/BIEM
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BEM is an acceptable approach for simulating engineering problems. It is well known that four rank-deficiency problems, degenerate scale, spurious eigenvalue, fictitious frequency and degenerate boundary, may occur by using the BEM/BIEM. All the nonuniqueness can be explained by using the degenerate kernel. We may also wonder that they can appear at the same time or not. The answer is yes.  For the same geometry, only rigid line inclusion (degenerate boundary) with a critical size (degenerate scale) may appear. Other cases for different boundaries, degenerate boundary and spurious eigenvalue, degenerate boundary and fictitious frequency, are also possible. We coin all the four cases double degeneracy. First, we introduce the objectivity of the degenerate kernel not only for different coordinates but also for the various origin and focus. Once a degenerate kernel for the fundamental solution is available, boundary integral equation is nothing more than linear algebra. In this talk, the degenerate kernel is employed to analytically explain how the degenerate mechanism appears in the boundary integral formulation. The book cover of Strang Textbook on linear algebra is easily incorporated to understand the degenerate mechanism.  Not only the RBF (radial basis function, ln(r)) but also ABF (angular basis function, theta) are both considered to expand to degenerate kernel. The ABF is used to model a screw dislocation. Besides, the degenerate kernel of bipolar coordinates is employed to derive a series of Green’s functions. More explicit expression of solution is obtained in comparison with those in the literature.
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