
Intro. to ODEs
Quiz 10 Solutions

Instructions: For the following matrices, find all eigenvalues. For each eigenvalue
λ, find the corresponding family of eigenvectors Eλ.

1) M1 =

[
4 −1
−2 5

]
Eigenvalues:∣∣∣∣4− λ −1

−2 5− λ

∣∣∣∣ = (4− λ)(5− λ)− 2 = λ2 − 9λ+ 18 = 0

(λ− 3)(λ− 6) = 0

λ = 3, 6

Eigenvectors:

E3: [
1 −1 0
−2 2 0

]
∼

[
1 −1 0
0 0 0

]
E3 =

{
c

[
1
1

]}
E6: [

−2 −1 0
−2 −1 0

]
∼

[
2 1 0
0 0 0

]
E6 =

{
c

[
1
−2

]}

2) M2 =

[
11 −30
3 −7

]
Eigenvalues: ∣∣∣∣11− λ −30

3 −7− λ

∣∣∣∣ = λ2 − 4λ+ 13 = 0

(λ− 2)2 = −9

λ = 2± 3i

Eigenvectors:

E2+3i: [
9− 3i −30 0

3 −9− 3i 0

]
∼

[
1 −(3 + i) 0
0 0 0

]
E2+3i =

{
c

[
3 + i
1

]}

E2−3i:

E2−3i =

{
c

[
3− i
1

]}



3) M3 =

1 0 1
0 1 1
2 −1 1


Eigenvalues:∣∣∣∣∣∣

1− λ 0 1
0 1− λ 1
2 −1 1− λ

∣∣∣∣∣∣ = (1− λ)
[
(1− λ)2 + 1

]
− 2(1− λ)

= (1− λ)
[
λ2 − 2λ

]
= λ(1− λ)(λ− 2) = 0

λ = 0, 1, 2

Eigenvectors:

E0:  1 0 1 0
0 1 1 0
2 −1 1 0

 ∼

 1 0 1 0
0 1 1 0
0 0 0 0


E0 =

c

 1
1
−1


E1:  0 0 1 0

0 0 1 0
2 −1 0 0

 ∼

 2 −1 0 0
0 0 1 0
0 0 0 0


E1 =

c

12
0


E2:  −1 0 1 0

0 −1 1 0
2 −1 −1 0

 ∼

 1 0 −1 0
0 1 −1 0
0 0 0 0


E2 =

c

11
1




