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Proposition.

Let n and p be two non-zero natural numbers, E and F two finite-dimensional vector
spaces over R such that dim(E) = p and dim(F ) = n.

Let B = (e1, . . . , ep) be a basis of E and B′ = (ε1, . . . , εn) a basis of F .

Consider f ∈ L(E, F ) and A = MatB,B′(f) = (ai,j).

For all u ∈ E, let X denote the column matrix containing the coordinates of u in basis
B and Y the coordinates of f(u) in basis B′.

Then,
Y = AX

Remarks :
1. Note that Y = AX ⇐⇒ MatB′

(
f(u)

)
= MatB,B′(f)×MatB(u)

2. A = MatB,B′(f) = (ai,j). The columns of A contain the coordinates of the vectors f(ej) in basis
B′ :

f(e1) f(ep)
↓ ↓ a1,1 . . . a1,p
...

...
an,1 . . . an,p

 ← coefficient of ε1

← coefficient of εn

that is, ∀ j ∈ J1, pK, f(ej) = a1,jε1 + . . . + an,jεn.

3. A ∈Mn,p (R), X ∈Mp,1 (R) and Y ∈Mn,1 (R).

Proof :
Let u ∈ E.
• Since B is a basis of E :

∃ ! (λ1, . . . , λp) ∈ Rp, u = λ1e1 + . . . + λpep

Then X =

 λ1
...

λp

.

• Using the linearity of f , we get :
f(u) = λ1f(e1) + . . . + λpf(ep)

= λ1 (a1,1ε1 + . . . + an,1εn) + . . . + λp (a1,pε1 + . . . + an,pεn)

= (λ1a1,1 + . . . + λpa1,p) ε1 + . . . + (λ1an,1 + . . . + λpan,p) εn

It follows that Y =

 λ1a1,1 + . . . + λpa1,p
...

λ1an,1 + . . . + λpan,p

 =

 a1,1 . . . a1,p
... . . .

...
an,1 . . . an,p


 λ1

...
λp

 = AX
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