
Mathematical Background:
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Eigenvalues/Eigenvectors (Summary)
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Eigenvalues/Eigenvectors (Summary)
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MNA Equations
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Homework:
Find the relationship between the eigenvalues of 
A and the poles of the circuit



Mathematical Background:

P d ’A i iPade’ Approximation



Henri Eugène Padé

Born: 17 Dec 1863 in Abbeville, Picardy, France,Born: 17 Dec 1863 in Abbeville, Picardy, France, 
Died: 9 July 1953 in Aix-en-Provence, France
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Padé Approximation
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Th P dé i ti t h th fi t L M 1• The Padé approximation matches the first L+M+1 
moments

• The Padé approximation is more accurate than the pp
original Taylor expansion!

• The “poles” are the roots of the denominator.



Padé Approximation
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Padé Approximation
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Padé Approximation
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Padé Approximation
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Padé Approximation
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Example

L=4, M=5
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Animated examplesAnimated examples

http://math.fullerton.edu/mathews/numerical.html



Poles/Residues
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Frequency Response
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100 frequency points  100 LU decompositions



Asymptotic Waveform Evaluation
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Moment Calculation
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Moment Calculation
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Moment Calculation
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Padé Approximation
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Direct (Explicit) Moment MatchingDirect (Explicit) Moment Matching
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Pade’ Approximation in the 
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ill di i d i l ill-conditioned numerical 
process !!
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Moment Calculation
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Direct (Explicit) Moment MatchingDirect (Explicit) Moment Matching

• The moments of x are M0=b, M1=Ab,  M2=A2b . . . . Mn=Anb

• The sequence {b, Ab, A2b, . . . Anb} converges to an 
i t di t th l t i l f Aeigenvector corresponding to the largest eigenvalue of A

(WHY ?) 

no more useful information is 
obtained by adding new moments !!
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