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Exerćıcio-teste 5
Determine a série de Laurent convergente em C� {1} da função

f (z) =
z + 1

z − 1
cos

(
2

z − 1

)
.

Aproveite o resultado para calcular∮
|z−1|=1

f (z) dz,

onde a circunferência |z − 1| = 1 é percorrida uma vez no sentido positivo.

Resolução

Temos cos (z) =
+∞∑
n=0

(−1)n z2n

(2n)!
para z ∈ C. Logo

f (z) =
z + 1

z − 1

+∞∑
n=0

(−1)n

(2n)!

(
2

z − 1

)2n

=

(
z − 1 + 2

z − 1

) +∞∑
n=0

(−1)n

(2n)!

(
2

z − 1

)2n

=

(
1 +

2

z − 1

) +∞∑
n=0

(−1)n 22n

(2n)!

1

(z − 1)2n

=
+∞∑
n=0

(−1)n 22n

(2n)!

1

(z − 1)2n +
+∞∑
n=0

(−1)n 22n+1

(2n)!

1

(z − 1)2n+1

A série de Laurent pretendida é 1 +
+∞∑
k=1

a−k

(z−1)k , onde

a−k =


(−1)

k
2 2k

k!
se k par (k = 2n) ,

(−1)
k−1
2 2k

(k−1)!
se k impar (k = 2n + 1) .

Pelo teorema dos reśıduos obtemos:∮
|z−1|=1

f (z) dz = 2πi (Resf (z))z=1

= 2πia−1

= 4πi.


