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E =

f ∈ C1


[0, 1],R


 f(0) = f(1) = 0



C1 0 1

∀f ∈ E,

 1

0


f(x)

2
dx ⩽ 1

π2

 1

0


f ′(x)

2
dx

f ∈ E

cotan : ]0,π[→ R

∀x ∈ ]0,π[ , cotan(x) =
cos(x)

sin(x)


cotan(x) x 0
cotan(x) x π

f ∈ E

I =

 1

0

f(x)f ′(x) cotan(πx) dx J =

 1

0


f ′(x)− πf(x) cotan(πx)

2
dx

I

2I = π

 1

0


f(x)

2
1 + (cotan(πx))2


dx

J

J

 1

0


f(x)

2
dx ⩽ 1

π2

 1

0


f ′(x)

2
dx

∀x ∈ ]0, 1[ , y′(x) = π cotan(πx) y(x)

f ∈ E

 1

0


f(x)

2
dx =

1

π2

 1

0


f ′(x)

2
dx

Mn(R) ∥ · ∥

∀A,B ∈ Mn(R), ∥AB∥ ⩽ ∥A∥ · ∥B∥

Sn(R)
M ∈ Mn(R)

eM =

+∞

k=0

Mk

k!


A ∈ Mn(R) tr(A) A



M,N ∈ Mn(R) k ∈ N∗

Mk −Nk =

k−1

i=0

M i(M −N)Nk−1−i

M ∈ Mn(R)
∥eM∥ ⩽ e∥M∥

A,B ∈ Mn(R) k ∈ N∗

eA+B −

eA/keB/k

k
 ⩽ ke∥A∥+∥B∥

e(A+B)/k − eA/keB/k
 

∀A,B ∈ Mn(R),
e(A+B)/k − eA/keB/k

 =
k→+∞

O(1k2)

∀A,B ∈ Mn(R), lim
k→+∞


eA/keB/k

k

= eA+B 

A,B ∈ Mn(R)

tr(AB) ⩽


tr

AAT


tr

BBT




p = 2k k ∈ N∗

∀A1, A2,    , Ap ∈ Mn(R),
tr(A1A2 · · ·Ap)

 ⩽
p

i=1


tr


AiA
T
i

p/21/p



p = 2k k ∈ N∗ A B

tr

(AB)p

 ⩽ tr


A2B2
p/2



tr

(AB)p


⩽ tr


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


∀A,B ∈ Sn(R), tr

eA+B


⩽ tr


eAeB






(Ω,A,P)

Y : Ω → Sn(R)

Sn(R) λmax(Y ) : Ω → R
Y θ ∈ R MY (θ) = E


eθY


∈ Sn(R)

∀t ∈ R, ∀θ > 0, P(λmax(Y ) ⩾ t) = P

λmax(e

θY ) ⩾ eθt

⩽ e−θt tr(MY (θ))

∀t ∈ R, P(λmax(Y ) ⩾ t) ⩽ inf
θ>0


e−θt tr(MY (θ))




X1 : Ω → Sn(R) X2 : Ω → Sn(R)

∀θ ∈ R, tr

MX1+X2

(θ)

⩽ tr (MX1

(θ)MX2
(θ)) 

(Xi)i⩾1 Ω

Sn(R) k ∈ N∗ Yk =

k

i=1

Xi

∀θ ∈ R, tr

MYk

(θ)

⩽ tr


MYk−1

(θ)MXk
(θ)


⩽ λmax


MXk

(θ)

tr

MYk−1

(θ)



A B
tr(AB) ⩾ 0

∀θ ∈ R, tr

MYk

(θ)

⩽ n


λmax


MX1

(θ)
k



∀t ∈ R, P(λmax(Yk) ⩾ t) ⩽ n inf
θ>0


e−θt


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
MX1

(θ)
k



(Xi)i⩾1 Ω S2(R)

X1 =


ε1 ε2
ε2 ε1



ε1 ε2

∀i ∈ 1, 2, P(εi = 1) = P(εi = −1) = 12

k ∈ N∗ Yk =

k

i=1

Xi

ε ∈ ]0, 12[ k +∞

P

λmax(Yk) ⩾ k

1
2+ε


⩽ 2e−

k2ε

4 +o(k2ε)



k

P

λmax(Yk) ⩾ k

1
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
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k
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