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Linear Differential Equations

Transition Matrix Takes the state from t0 to t
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Linear Differential Equations

Eigenvectors

Eigenvalue associated 
with Eigenvector v

Determinant

Sort Eigenvalues from largest to smallest (largest index is 1)

Normalize Eigenvectors by dividing each element
by the Euclidean norm of the corresponding vector

Matrix form after normalization
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Linear Differential Equations

Eigenvectors are linearly independent, so the
Eigenvector matrix has an inverse†

In case V can be made unitary (for example for
Symmetric Matrices).

†We are assuming that we have distinct Eigenvalues.  If       repeats, then there will be a generalized 
Eigenvector     associated with the rth repeated Eigenvalue, where Λ will have a Jordan
block form. A repeated Eigenvalue is also known as a multiple Eigenvalue or a degenerate
Eigenvalue – see Beigi-2011 for more information.
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Transformations
Generalized Eigenvalue Problem

With special case where                and 

If       has full rank, 

Generalized Eigenvalue and Generalized Eigenvector
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Transformations
Generalized Eigenvalue Problem

If       and       have full rank,

However, if , then there are p Eigenvectors associated with p Eigenvalues where
p is the rank of      and the rest of the Eigenvalues will be infinite.

In this case, the rest of the Eigenvalues (with index greater than p), will be zero.

The Simple Eigenvalue Problem

If             
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Transformations
Generalized Eigenvalue Problem

Repeated Eigenvalues result in a Jordan block for as follows,
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Linear Differential Equations
Ignoring Input

Copyright:Homayoon Beigi

28

Intro. to Continuous Control
homayoon.beigi@columbia.edu

https://www.recotechnologies.com/beigi
mailto:homayoon.beigi@columbia.edu


Oct 22, 2025

Linear Differential Equations
Including Input
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Linear Differential Equations
Solution of Forced Systems
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Transfer Function Matrix

Resolvent Matrix:
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Copyright:Homayoon Beigi

33

Intro. to Continuous Control
homayoon.beigi@columbia.edu

Please see Courseworks

https://www.recotechnologies.com/beigi
mailto:homayoon.beigi@columbia.edu

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

