
Chapter 5
Eigenvalues and Eigenvectors

Based on Dr. Yasser Mohammad Seddiq slides, modifed as needed
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How to determine whether a given 

scalar λ is an eigenvalue of matrix A

• Determine if the equation 

( A – λI ) x = 0

has a nontrivial solution

• If a nontrivial solution exists, then λ is an 

eigenvalue of matrix A

How to determine whether a given 

vector u is an eigenvector of matrix A

• Calculate Au = b

• If vector b is a multiple of u, then u is an 

eigenvector of matrix A

Given an eigenvalue λ, how to find an 

eigenvector u of a matrix A

• Find the general solution in parametric 

vector form of the equation:  

( A – λI ) x = 0

• Each vector in the general solution 

(assuming any nonzero parameter) is a valid 

eigenvector of matrix A

How to find the eigenvalues of a 

matrix A

Find the solution set of the characteristic 

equation      det( A – λI ) = 0

Special case: if A is triangular, then the

eigenvalues are the entries on the main diagonal.  



This vector is a multiple of u. 
Thus, this is an eigenvector

This vector is not a multiple of v. 
Thus, this is not an eigenvector



𝐴 − 𝜆𝐼 𝟎 =
−6 6 0
5 −5 0

~
1 −1 0
0 0 0

Solving the homogeneous system   ➔

A free variable exists. 
Therefore, the nontrivial 

solution exists   

Write solution in 
parametric vector 

form ➔

𝑥1 = 𝑥2

𝑥2 𝑖𝑠 𝑓𝑟𝑒𝑒

𝐱 =
𝑥1

𝑥2
=

𝑥2

𝑥2
= 𝑥2

1
1



~
2 −1 6 0
0 0 0 0
0 0 0 0

~
1 −.5 3 0
0 0 0 0
0 0 0 0

𝑥1 − .5𝑥2 + 3𝑥3 = 0

𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = ቐ

𝑥1 = .5𝑥2 − 3𝑥3

𝑥2 𝑖𝑠 𝑓𝑟𝑒𝑒
𝑥3 𝑖𝑠 𝑓𝑟𝑒𝑒

𝐱 =

𝑥1

𝑥2

𝑥3

=
.5𝑥2 − 3𝑥3

𝑥2

𝑥3

=
.5𝑥2

𝑥2

0
+

−3𝑥3

0
𝑥3

= 𝑥2

.5
1
0

+ 𝑥3

−3
0
1

Chose x2 = 2 and x3 = 1

Why do we choose this values for x2 and x3?

Because you can choose any nonzero value  



Eigenvalues of triangular matrix 
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Example:
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