
1 Polinómio caracteŕıstico:

p(λ) =

∣∣∣∣∣∣
(2− λ) 1 1

2 3− λ 4
−1 −1 −(2 + λ)

∣∣∣∣∣∣ = (2− λ)
(
(λ− 3)(λ + 2) + 4

)
−

(
−2(λ + 2) + 4

)
+

(
−2 + 3− λ

)
= (2− λ)(λ2 − λ− 2) + 2λ + 1− λ

= (2− λ)(λ− 2)(λ + 1) + λ + 1

= −(λ + 1)
(
(λ− 2)2 − 1

)
= −(λ + 1)(λ− 1)(λ− 3)

Valores próprios: λ1 = −1, λ2 = 1, λ3 = 3.
Vectores próprios:

(A+I)u1 = 0 ⇔

 3 1 1
2 4 4
−1 −1 −1

 u1 = 0 ⇒ u1 = α(0, 1,−1), α ∈ R; dimE(λ1) = 1

(A−I)u2 = 0 ⇔

 1 1 1
2 2 4
−1 −1 −3

 u2 = 0 ⇒ u2 = β(1,−1, 0), β ∈ R; dimE(λ2) = 1

(A−3I)u3 = 0 ⇔

 −1 1 1
2 0 4
−1 −1 −5

 u3 = 0 ⇒ u3 = γ(2, 3,−1), γ ∈ R; dimE(λ3) = 1

2 Polinómio caracteŕıstico:

p(λ) =

∣∣∣∣∣∣
(2− λ) 1 1

2 3− λ 2
3 3 −(4− λ)

∣∣∣∣∣∣ = (2− λ)
(
(λ− 3)(λ− 4)− 6

)
−

(
2(4− λ)− 6

)
+

(
6− 3(3− λ)

)
= (2− λ)(λ2 − 7λ + 6) + 2(λ− 1) + 3(λ− 1)

= (2− λ)(λ− 1)(λ− 6) + 5(λ− 1)

= −(λ− 1)
(
(λ− 2)(λ− 6)− 5

)
= −(λ− 1)(λ2 − 8λ + 7) = −(λ− 1)2(λ− 7)

Valores próprios: λ1 = λ2 = 1, λ3 = 7.
Vectores próprios:

(A−I)u = 0 ⇔

 1 1 1
2 2 2
3 3 3

 u = 0 ⇒
2 soluções linearmente independentes, por exemplo:
u1 = α(1, 0,−1), α ∈ R,
u2 = β(0, 1,−1), β ∈ R, dimE(λ1) = 2

;

(A−7I)u3 = 0 ⇔

 −5 1 1
2 −4 2
3 3 −3

 u3 = 0 ⇒ u3 = γ(1, 2, 3), γ ∈ R; dimE(λ3) = 1
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3 Polinómio caracteŕıstico:

p(λ) =

∣∣∣∣∣∣
(2− λ) −1 1

0 3− λ −1
2 1 3− λ

∣∣∣∣∣∣ = (2− λ)
(
(3− λ)2 + 1

)
+ 2

(
1 + λ− 3

)
)

= (2− λ)(λ2 − 6λ + 10) + 2(λ− 2)

= −(λ− 2)(λ2 − 6λ + 8)

= −(λ− 2)2(λ− 4)

Valores próprios: λ1 = λ2 = 2, λ3 = 4.
Vectores próprios:

(A−I)u1 = 0 ⇔

 0 −1 1
0 1 −1
2 1 1

 u1 = 0 ⇒ u1 = α(1,−1,−1), α ∈ R; dimE(λ1) = 1

(A−4I)u3 = 0 ⇔

 −2 −1 1
0 −1 −1
2 1 −1

 u3 = 0 ⇒ u3 = γ(−1, 1,−1), γ ∈ R; dimE(λ3) = 1

4 Polinómio caracteŕıstico:

p(λ) =

∣∣∣∣∣∣
(4− λ) 1 −1

0 3− λ 1
2 1 5− λ

∣∣∣∣∣∣ = (4− λ)
(
(3− λ)(5− λ)− 1

)
+ 2

(
1 + 3− λ

)
)

= (4− λ)(λ2 − 8λ + 14)− 2(λ− 4)

= −(λ− 4)(λ2 − 8λ + 16)

= −(λ− 4)3

Valores próprios: λ1 = λ2 = λ3 = 4.
Vectores próprios:

(A−4I)u1 = 0 ⇔

 0 1 −1
0 −1 1
2 1 1

 u1 = 0 ⇒ u1 = α(1,−1,−1), α ∈ R; dimE(λ1) = 1

Nota: No cálculo dos determinantes usou-se sempre a fórmula de Laplace. Nos casos
1 e 2 expandiu-se o determinante segundo a primeira linha da matriz, enquanto que

nos casos 3 e 4 se usou a primeira coluna para efectuar a expansão.
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