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R1[X]

a b (X − a,X − b)
R1[X] X

E R R a ∈ R

fa R

∀x ∈ R, fa(x) = (a+ x).

(a, b) ∈ R2 (fa, fb)
b− a �∈ {kπ ; k ∈ Z}

( , )

(a, b, c) ∈ R3 (fa, fb, fc)

�

E C n (e1, . . . , en) E

k ∈ �1, n� ϕk : E → C

∀i ∈ �1, n� , ϕk(ei) =

{
1 i = k

0 .

(ϕ1, . . . , ϕn) L (E,C)

ψ ∈ L (E,C) ψ (ϕ1, . . . , ϕn)

� R

E R R λ ∈ R

fλ R fλ(x) = eλx

(fλ)λ∈R E

p ∈ N∗ fp R fp(x) = (px)

p q I(p, q) =

∫ π

0

fp(x)fq(x) x.(
fp)p∈N∗ R

R R



R3

u = (1, 2, 3) v = (4, 5, 6) w = (5, 7, 9)

F = (u, v, w)

R3

F

M2(R)

A =

(
0 1
0 0

)
Δ = {M ∈ M2(R) ; AM = MA}.

Δ R

Δ

Δ M2(R)

M2(R)

F =

{(
a b
b −a

)
; (a, b) ∈ R2

}
G =

{(
c −d
d c

)
; (c, d) ∈ R2

}
F G M2(R)

F G M2(R)

p F G p
(E11, E12, E21, E22) M2(R)

n ∈ N n � 2 E n
H H ′ E H �= H ′

(H +H ′) = n

H ∩H ′

k ∈ N∗ F = {P ∈ Rk[X] ; P (0) = 0, P ′(1) = 0}
F

E =
{
(xn) ∈ RN ; ∀n ∈ N, xn+3 − xn+2 − xn+1 + xn = 0

}
E1 =

{
(xn) ∈ RN ; ∀n ∈ N, xn+1 + xn = 0

}
E2 =

{
(xn) ∈ RN ; ∀n ∈ N, xn+2 − 2xn+1 + xn = 0

}
E E1 E2



E1 E2 E

E1 E2 E

E

E E

E K u ∈ L (E)

(u) ⊂ (u2) (u2) ⊂ (u)

(u) = (u2) ⇐⇒ (u) ∩ (u) = {0}
(u) = (u2) ⇐⇒ (u) + (u) = E

E R f ∈ L (E) f3 = E

(f − E) ⊂ (f2 + f + E)

E = (f − E)⊕ (f2 + f + E)

E
E = (f − E)⊕ (f − E)

� T

T ∈ R∗
+ E R R C∞

T ϕ E ϕ(f) = f ′

ϕ E

ϕ

(ϕ) =

{
f ∈ E ;

∫ T

0

f(t) t = 0

}
ϕ

(ϕ) (ϕ) E

R3[X]

F = {P ∈ R3[X] ; P (1) = 0} G = (X2 +X).

F G
R3[X]

f F G f
(1, X,X2, X3)

g F G
g (1, X,X2, X3)



n ∈ N∗ E R n
f g E

f + g = E (f) + (g) � n.

(g) ⊂ (f) g ◦ f
f g

�

f g R E (λ, μ) ∈ R2

f

f ◦ g − g ◦ f = λ f + μ g. (�)

λ �∈ {0, 1}
(f ◦ g) ⊂ (g) (f) ⊂ (g)

g ◦ f = f

λ+ μ = 0

f ◦ g = g λ = −1

E C f E

(f) (f) f

g E f ◦ g = g ◦ f
(f) (f) g

λ ∈ C (f − λ E) g

Mn(R)

n ∈ N∗ A ∈ Mn(R) ϕ Mn(R)

ϕ(X) = X + (X)A.

ϕ Mn(R)

(A) �= −1 ϕ

ϕ (A) = −1
n = 2



A ∈M3,2(R) B ∈ M2,3(R)

AB =

⎛
⎝ 0 −1 −1
−1 0 −1
1 1 2

⎞
⎠ .

AB R3

A B

BA = I2.

n ∈ N∗

(i, j) ∈ [[1, n]]2 Ei,j

i j
(i, j, k, �) ∈ [[1, n]]4

Ei,j Ek,� =

{
Ei,� j = k
0

.

ϕ Mn(R)

∀(A,B) ∈ (Mn(R))
2
, ϕ(AB) = ϕ(BA).

ϕ λ ∈ R

∀M ∈ Mn(R), ϕ(M) = λ (M).

�

f C2 (f) = 0

f ◦ f λ

λ �= 0

α s C2 f = α s

C2 f

(
0 α
α 0

)
λ = 0 f �= 0

C2 f

(
0 1
0 0

)



n ∈ N∗ f R2n n f2 = 0
A f R2n

(f) = (f)

M ∈ Mn(R) A(
0 M
0 0

)
.

f

n ∈ N a0, . . . , an

ϕ P ∈ Rn[X]

ϕ(P ) = (P (a0), . . . , P (an)) .

ϕ Rn[X] Rn+1

(b0, . . . , bn) ∈ Rn+1

P ∈ Rn[X] i ∈ [[0, n]] P (ai) = bi

i ∈ [[0, n]] Li =
n∏

j=0
j �=i

X − aj
ai − aj

(i, k) ∈ [[0, n]]2 k �= i Li(ak) = 0 Li(ai) = 1

(L0, . . . , Ln) Rn[X]

P ∈ Rn[X] P =
n∑

i=0

P (ai)Li

�

E C n � 2 f E
p up =

(
(fp)

)
k uk+1 = uk

r ur+1 = ur

f

(fr) = (fr+1)

p � r (fp) = (fp+1)

r (fr+1) = (fr)

(fr) (fr) E


