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Topic Outline

▪ LTI State Space System Solution

o Laplace vs Time domain

o Matrix Exponential

▪ Jordan Canonical Form

o Change of Basis

o Matrix Diagonalization

o Degenerate case (repeated poles)
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LTI State Space Model
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LTI State Space Model – Unforced System
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State Space Unforced System Solution
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SS Unforced System Solution - Laplace
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SS Unforced System Solution – Time Domain



‘-

8
Luis Herrera, University at Buffalo, 2021

SS Unforced System Solution - Summary
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Example 1
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SS System Solution – Laplace Domain
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SS System Solution – Time Domain
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Topic Outline

▪ LTI State Space System Solution

o Laplace vs Time domain

o Matrix Exponential

▪ Jordan Canonical Form

o Change of Basis

o Matrix Diagonalization

o Degenerate case (repeated poles)
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Motivation for Change of Basis
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Motivation for Change of Basis
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What basis should we use?
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Eigenvalues and Eigenvectors
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Characteristic Polynomial of a Matrix
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Algebraic Multiplicity



‘-

19
Luis Herrera, University at Buffalo, 2021

Eigenspace and Geometric Multiplicity
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Eigenspace and Geometric Multiplicity
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Matrix Diagonalization (1) – Distinct Eigenvalues



‘-

22
Luis Herrera, University at Buffalo, 2021

Matrix Diagonalization (2) – Change of Basis
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Matrix Diagonalization (3) – Summary
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Example
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Example (cont’d)
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Eigenvalues/Eigenvectors in Matlab
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Complex Eigenvalues



‘-

28
Luis Herrera, University at Buffalo, 2021

Complex Eigenvalues (cont’d)
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Topic Outline

▪ LTI State Space System Solution

o Laplace vs Time domain

o Matrix Exponential

▪ Jordan Canonical Form

o Change of Basis

o Matrix Diagonalization

o Degenerate case (repeated poles)
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What if a Matrix is not Diagonalizable?



‘-

31
Luis Herrera, University at Buffalo, 2021

Jordan Canonical Form
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Jordan Canonical Form – Distinct Eigenvalues



‘-

33
Luis Herrera, University at Buffalo, 2021

Jordan Canonical Form – Degenerate Eigenvalues (1)
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Jordan Canonical Form – Degenerate Eigenvalues (2)
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Jordan Canonical Form – Generalized Eigenvectors
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Example Jordan Canonical Form (1)
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Example Jordan Canonical Form (2)
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Final Thoughts


