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1�Ü©: ¦
n−1∏
k=1

sin
kπ

2n

�n ∈ N, n ≥ 2. -Qn =

n−1∏
k=1

sin
kπ

2n
, Rn =

2n−1∏
k=1

sin
kπ

2n
.

1. y²:

1a. Qn =

2n−1∏
p=n+1

sin
pπ

2n
;

1b. Rn = Q2
n.

2. 3C ¥¦)�§(z + 1)2n − 1 = 0.

3. Pz0 = 0, z1, z2, · · · , z2n−1 L«Ù¦2n− 1 �). �Ñz1, z2, · · · , z2n−1 �n�/ª.

4. -Pn =

2n−1∏
k=1

zk. y²: Rn = − Pn

22n−1
.

5. 5a. y²: ∀z ∈ C∗,
2n−1∑
l=0

(
2n
l + 1

)
zl =

2n−1∏
k=1

(z − zk).

5b. |^E¼ê�ëY5y²: z = 0 �, 5a ¥��ª�¤á.

5c. y²: Pn = −2n.

5d. y²: Qn =

√
n

2n−1
.

1�Ü©: ¦ lim
n→+∞

n∑
k=1

(−1)k−1

k

1. �n ∈ N, n ≥ 1, -Hn =

n∑
k=1

1

k
. ®�∀x ∈]− 1,+∞[, ln(x+ 1) ≤ x.

1a. y²: ∀n ≥ 1, ln(n+ 1)− lnn ≤ 1
n ; ∀n ≥ 2, 1

n ≤ lnn− ln(n− 1).

1b. y²: ∀n ≥ 1, ln(n+ 1) ≤ Hn ≤ lnn+ 1.

1c. ¦ lim
n→+∞

Hn.

1d. ½Âê�(un)n∈N �: ∀n ≥ 1, un = Hn − ln(n+ 1). y²: (un)n∈N Âñ.

2. �∀n ≥ 1, Sn =

n∑
k=1

(−1)k−1

k
.

2a. y²: (S2n)n∈N∗ Ú(S2n+1)n∈N∗ ´5�ê�.

2b. y²: (Sn)n∈N∗ Âñ.

2c. y²: ∀n ≥ 1, S2n = H2n −Hn.

2d. ¦ lim
n→+∞

Sn.
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1nÜ©

�E = {f ∈ C([0, 1])|f(0) = f(1)}.

1. �n ∈ N∗, f ∈ E. ½Â

fn : [0, 1− 1
n ] −→ R

x 7−→ f(x+ 1
n )− f(x)

.

1a. O�
n−1∑
k=0

fn(
k

n
).

1b. y²: �3x ∈ [0, 1− 1
n ], ¦�f(x+ 1

n ) = f(x).

2. �c ∈]0, 1], f ∈ E.

2a. òf �1 ±Ïòÿ, =½Âg : R → R �: ∀x ∈ R, g(x) = f(x − k), Ù¥k ∈ Z, ¦
�x− k ∈ [0, 1]. y²: g 3R þëY.

2b. ½Â¼êh �:
h : R −→ R

x 7−→ g(x+ c) .

y²: g − h 3R þk���Ú���.

2c. b�∀x ∈ R, h(x) 6= g(x).

1) y²: min
x∈R

(g(x)− h(x)) > 0 ½max
x∈R

(g(x)− h(x)) < 0.

2) e-e = min
x∈R

(g(x)− h(x)) > 0, y²: max
x∈R

g(x) ≥ e+max
x∈R

h(x).

3) �Ñgñ, ¿�Ñ(Ø: �3x0 ∈ R, ¦�g(x0) = h(x0).

2d. |^g Úh �½Â, ÏL?Øx0 ���y²: ∃x ∈ [0, 1 − c], ¦�f(x + c) = f(x); ½
ö∃x ∈ [0, c], ¦�f(x+ 1− c) = f(x).

2


