
MTH 461 18. Review: Eigenvalues and eigenvectors

Recall:

Definition
Let A be an � × � matrix. If v ∈ R� is a non-zero vector and λ is a scalar
such that

Av = λv

then we say that
• λ is an eigenvalue of A
• v is an eigenvector of A corresponding to λ.

Example.

A =
�

2 1
1 2

�

Note. Eigenvectors corresponding to a given eigenvalue λ form a subspace of
R� which is called the eigenspace corresponding to the eigenvalue λ.
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v =[i] a.v =13,2) =1.p] +1(2) =15) =3.5i7 =3v

Thus is an eigenvector of A corresponding
to the eigenvalue 1 = 3.

w =[-] A.n =12,i].[ 2] =
- 2. [?] +2.53) =Fs) =1w

so w is an eigenvector ofA corresponding
to the eigenvalue x

=1.



Computation of eigenvalues

Notation. I� := the � × � identity matrix.

Definition
If A is an � × � matrix then

P(λ) = det(A − λI�)

is a polynomial of degree �. P(λ) is called the characteristic polynomial of
the matrix A.

Proposition

If A is a square matrix then

eigenvalues of A = roots of P(λ)

Example.

A =




2 2 1
1 3 1
1 2 2




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Plan aet / I :{ it - 18¥81/ = aet /? !
,;)I 3-7 I

0 0 A

=
- 13+712-11×+5

(Eigenvalues of A) = ( roots of Fla)) = ( a , =L , 72=5)



Computation of eigenvectors

Proposition

If λ is an eigenvalue of an � × � matrix A then
�

eigenvectors of A
corresponding to λ

�
=

�
vectors in

Nul(A − λI�)

�

Example.

A =




2 2 1
1 3 1
1 2 2




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From the previous example eigenvalues of

are 1,=1 and42= 5

Seigenspace ofXF1) =Nul(A - 1.2) =Nu)(28] - 1588%)
=Nu();22()) =(solutions of1,23)():(1)

Xi X2X3

T
1 2

I
7

12loloi
eine ---1F)-52.ie

=

xz(-2) +x(0)
#obtain

(<[5],TJ3 =(0,p0s- 1.2) =( spite ofA
corresponding toX,1


