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Outline: 

• Elastic Wave Propagation Problems 
 

• The Classical Method of Fundamental Solutions (MFS) 
– Motivation and numerical formulation.  
– Theoretical and numerical results 

 

• Extending the MFS to Non Homogeneous BVPs 
 

• Numerical Examples 
– PDE with constant frequency 
– Interior wave scattering problem 
– A more general PDE (variable coefficients) 

 



• Elastic Wave Propagation Problems 

• Cauchy-Navier equations of elastodynamics: 

• Search for a time-harmonic solution: 

• Continuous, isotropic elastic medium 

Kupradze tensor (FS) 



• Motivation for the Method of Fundamental Solutions (MFS) 

• Consider the single layer potential (s.l.p.) for the solution of the Dirichlet BVP 

• Consider the s.l.p of      on an auxiliary boundary                 with                

• Approximate the integral by a quadrature rule with weights       and knots 

• The approximate solution of the BIE                   is reduced to the problem: 

Find coefficients                     , such that      satisfies (approximately) the BC 

• Define a Fredholm BIE of the first kind for the density 



• The Classical Method of Fundamental Solutions 

Linear System 



• Theoretical Results (homogeneous BVP) 

MFS approximation space 

Proof: 



• Typical Numerical Behavior of the MFS (circular domain) 

R 



Non Homogeneous PDE 



• The MFS for nonhomogeneous PDEs 

DOF 

collocation 
points 

Linear system 



• Theoretical Results (density result and error bound) 

such that 

satisfies 

well posedness classical MFS 



• Numerical Example #1 (known exact solution) 

RMS error 



• Numerical Example #1 (cont.) – Convergence 

Like in MFS 



• Numerical Example #1 (cont.) – Higher Accuracy 

PDE residuals 

BC residuals 

Least squares functional α - penalty coefficient 

α - relative weight of the boundary residuals with respect to the interior residuals 

Least squares 
+ 
Regularization 



• Numerical Example #2 (interior wave scattering) 

RMS error 



• Numerical Example #3 (more general PDEs) 

RMS error 



• Publications 
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