


Chapter 5

Eigenvalues and Eigenvectors



Section 5.1

Eigenvectors and Eigenvalues





















Eigenvalues

Triangular matrices

Fact. The eigenvalues of a triangular matrix are the diagonal entries.

Why?







Eigenvectors and di↵erence equations

Say we want to solve xk+1 = Axk. In other words, we need a sequence
x0, x1, x2, . . . with x1 = Ax0, x2 = Ax1, etc.
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What if we find an eigenvector of A? We claim our solution is

x0 = v, x1 = �v, x2 = �
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v, . . . xk = �
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Why? Axk = A(�
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eigenvalues?

detA� �I = det

✓
�� 1

1 1� �

◆
= �

2 � �� 1

The eigenvalues are 1±
p

5
2 (the positive root is the golden ratio).



Structural engineering

Column buckling

Say we have a column with a compressive force. How will the column buckle?

Approximate column with finite number of points, say

(0, 0), (0, 1), (0, 2), . . . (0, 5), (0, 6)

Buckling leads to (roughly)

(0, 0), (x1, 1), (x2, 2), . . . (x5, 5), (0, 6)

Engineers use a di↵erence equation to model this

xi�1 � 2xi + xi+1 + �xi = 0



Structural engineering

Column buckling

Di↵erence equation for column buckling:

xi�1 � 2xi + xi+1 + �xi = 0

We solve this di↵erence equation as above. We need the eigenvector of
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For most �, the only eigenvector is 0, which corresponds to no buckling. This
matrix has three eigenvalues, 1, 2, and 3.


