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Chapter 5
Eigenvalues and Eigenvectors

5.1 Eigenvalues and Eigenvectors

5.2 Diagonalization

5.3 Complex Vector Spaces

5.4 Differential Equations



Eigenvalues and Eigenvectors
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• Eigenvalues/vectors are instrumental to
understanding electrical circuits, mechanical
systems, ecology and even
Google's PageRankalgorithm.

• To begin, let v be a vector (shown as a point)
and AA be a matrix with
columns a1a1 and a2a2 (shown as arrows). If we
multiply vv by AA, then AA sends vv to a new
vector AvAv.
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• If you can draw a line through the
three points (0,0) v, and Av then Av, is
just v multiplied by a number λ; that
is, Av=λv. In this case,

• call λ an eigenvalue and v an eigenvect
or. For example, here (1,2)is an
eigenvector and 5 an eigenvalue.
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• Below, change the columns of AA and drag vv to
be an eigenvector. Note three facts: First, every
point on the same line as an eigenvector is an
eigenvector. Those lines are eigenspaces, and
each has an associated eigenvalue. Second, if you
place vv on an eigenspace (either s1s1 or s2s2)
with associated eigenvalue λ<1λ<1, then AvAv is
closer to (0,0)(0,0) than vv; but when λ>1λ>1, it's
farther. Third, both eigenspaces depend on both
columns of AA: it is not as though a1a1 only
affects s1s1.
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Section 5.1
Eigenvalues and Eigenvectors



12



Computing Eigenvalues and 
Eigenvectors
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The Characteristic Equation
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Finding Eigenvectors and Bases for 
Eigenspaces
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