
Introduction to Eigenspaces

Recall: Let A be a n × n matrix. Then a vector x in Rn is an eigenvector of A with

corresponding eigenvalue λ (a scalar) if and only if

(A− λI)x = 0, x 6= 0 (1)

Definition: Let A be a n× n matrix and let λ be an eigenvalue of A. The set Eλ defined

Eλ = null(A− λI) (2)

is called the eigenspace of A corresponding to the eigenvalue λ.

Note 1: Since Eλ is the null space of A− λI, the eigenspace Eλ is a subpsace of Rn.

Note 2: Eλ contains the zero vector and all eigenvectors of A with eigenvalue λ.

Example: Consider the matrix A =

[
1 2

2 1

]
.

1. Find the eigenvalues of A.
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2. One eigenvalue of A =

[
1 2

2 1

]
is λ1 = 3. Find a basis for Eλ1 and calculate dim(Eλ1).

Sketch the eigenspace Eλ1 .

3. The other eigenvalue of A =

[
1 2

2 1

]
is λ2 = −1. Find a basis for Eλ2 and calculate

dim(Eλ2). Sketch the eigenspace Eλ2 .
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Example: The matrix A =


2 1 1

1 2 1

1 1 2

 has eigenvalue λ1 = 1. Find a basis for Eλ1 and

calculate dim(Eλ1). Give a geometric description of the eigenspace Eλ1 .
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