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(a)10

fls(2.17− 2) = fls(0.17) = 0.170

fls(0.170× 2.17) = fls(0.3689) = 0.369

fls(0.369 + 1) = fls(1.369) = 1.37

fls(1.37× 2.17) = fls(2.9729) = 2.97

p̃(2.17) = fls(2.97− 3) = fls(−0.03) = −0.0300

δp̃(2.17) =
p(2.17)− p̃(2.17)

p(2.17)
=

0.513× 10−3

−0.029487
= −0.174× 10−1

(b)10

p(x) = (x× x)× x+ a0
z1 = x× x

z2 = z1 × x

p(x) = z = z2 + a0

δz̃1 = δ1

δz̃2 = δz̃1 + δ2 = δ1 + δ2

δz̃ =
z2
z
δz̃2 + δ3 =

z2
z
(δ1 + δ2) + δ3

|δi| ≤ U, i = 1, 2, 3
Erros de arredondamento das operações aritméticas

z̃ = z(1− δz̃)

= z(1− δ3)− z2(δ1 + δ2)

= (a0 + x3)(1− δ3)− x3(δ1 + δ2)

= a0(1− δ3) + x3(1− δ1 − δ2 − δ3)
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A0 = (1− δ3)a0, A3 = 1− δ1 − δ2 − δ3

δA0 = 1− A0

a0
= δ3, |δA0| ≤ U

δA3 = 1− A3 = δ1 + δ2 + δ3, |δA3 | ≤ 3U

[2]
(a)10

p(x) = x3 − 2x2 + x− 3

p′(x) = 3x2 − 4x+ 1 = 3

(
x− 1

3

)
(x− 1)

p′′(x) = 6

(
x− 2

3

)
Condições suficientes de convergência do método da secante para z
para ∀x0, x1 ∈ I :

(0) p ∈ C2(I)

(i)

{
p(2.1) = −0.459

p(2.2) = 0.168
⇒ p(2.1)p(2.2) < 0

(ii) p′(x) > 0, ∀x ∈ I

(iii) p′′(x) > 0, ∀x ∈ I

(iv)

∣∣∣∣ p(2.1)p′(2.1)

∣∣∣∣ = 0.0787 < 0.1,

∣∣∣∣ p(2.2)p′(2.2)

∣∣∣∣ = 0.025 < 0.1

(b)10

Método da secante:

xm+1 = g(xm−1, xm−2), m ≥ 2, g(x, y) =
xp(y)− yp(x)

p(y)− p(x)

x2 = 2.17321, x3 = 2.17454
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(c)15

(i) |z − xm| ≤ K|z − xm−1||z − xm−2|, m ≥ 2

|z − x3| ≤ K|z − x2||z − x1|

|z − x3| ≤ K2|z − x1||z − x0||z − x1|

|z − x0| ≤ |x1 − x0|, |z − x0| ≤ |x1 − x0|

|z − x3| ≤ K2|x1 − x0|3

(ii) p(z)− p(x3) = p′(ξ)(z − x3), ξ ∈]x3; z[

z − x3 = −p(x3)

p′(ξ)

|z − x3| ≤
|p(x3)|
M1

M1 = p′(2.1) = 5.83, M2 = p′′(2.2) = 9.2, K =
M2

2M1

= 0.789

(i) |z − x3| ≤ 0.7892 × 0.13 = 0.623× 10−3

(ii) |z − x3| ≤
0.154× 10−3

5.83
= 0.264× 10−4

(d)15

O método do ponto fixo com função iteradora g1 não converge para z
pois z não é ponto fixo de g1. Com efeito:

x = g1(x) ⇐⇒ p(x) + x2 = 0, x > 0

O método do ponto fixo com função iteradora g3 converge para o ponto fixo
z ∈ I para x0 suficientemente próximo de z pois z é ponto fixo atractor
de g3, isto é, |g′3(z)| < 1. Com efeito:

x = g3(x) ⇐⇒ p(x) = 0, x > 0

g′3(x) = −
√
3

2
x−3/2, g′′3(x) =

3
√
3

4
x−5/2

max
x∈I

|g′3(x)| = |g′3(2.1)| = 0.285 < 1 =⇒ |g′3(z)| < 1



4

[3]10

Fórmula de Taylor de g em torno do ponto z:

g(xm) = g(z) +

p−1∑
i=1

g(i)(z)
(xm − z)i

i!
+ g(p)(ξm)

(xm − z)p

p!
, ξm ∈]z; xm[

Atendendo às hipóteses sobre as derivadas de g:

g(xm) = g(z) + g(p)(ξm)
(xm − z)p

p!

Atendendo à definição de ponto fixo e à expressão do método:

z − xm+1 = (−1)p+1g(p)(ξm)
(z − xm)

p

p!

Estimativa de erro:

|z − xm+1| ≤ Kp|z − xm|p, m ≥ 0, Kp =
1

p!
max
x∈I

∣∣g(p)(x)∣∣
Estimativa de erro à priori:

wm+1 ≤ wp
m, wm := K

1
p−1
p |z − xm|, m ≥ 0

w1 ≤ wp
0, w2 ≤ wp

1 ≤ wp2

0 , . . . wm ≤ wpm

0

|z − xm| ≤ K
1

1−p
p

(
K

1
p−1
p |z − x0|

)pm

16.JUN.2011


