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Goal

Goal: encode linear transformations in matrices

Example.

L : F 3 → F 2

(x , y , z) 7→ (2x + 3y + z , 4x + 7y + 5z)

 x
y
z

 7→ (
2 3 1
4 7 5

) x
y
z

 =
(

2x + 3y + z
4x + 7y + 5z

)
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Dot product

Dot product: · : F n × F n → F

u = (a1, . . . , an), v = (b1, . . . , bn) ∈ F n

u · v :=
n∑

i=1
aibi = a1b1 + · · ·+ anbn.
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Matrix → linear mapping

Definition. Linear mapping associated with A ∈ Mm×n(F ):

LA : F n → F n

x 7→ Ax

where

Ax =


a11 a12 . . . a1n
a21 a22 . . . a2n
...

... . . . ...
am1 am2 . . . amn




x1
x2
...

xn

 :=


a11x1 + a12x2 + · · ·+ a1nxn
a21x1 + a22x2 + · · ·+ a2nxn

...
am1x1 + am2x2 + · · ·+ amnxn


= (a11x1 + a12x2 · · ·+ a1nxn,

a21x1 + a22x2 · · ·+ a2nxn, . . . , am1x1 + am2x2 · · ·+ amnxn).
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Linear mapping → matrix

Definition. The matrix associated with the linear
function L : F n → F m is the element A ∈ Mm×n(F ) whose j-th
column is L(ej) where ej is the j-th standard basis vector for F n.

A =


...

... . . . ...
L(e1) L(e2) . . . L(en)

...
... . . . ...



Example. What is the matrix associated with L : F 2 → F 3 given
by

L(x , y) = (3x + 4y , 6y , 4x + 2y)?
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Matrix → linear mapping, general case

f : V →W

ordered basis for V : B = 〈v1, . . . , vn〉
ordered basis for W : D = 〈w1, . . . , wm〉

Take coordinates:

V W

F n F m

φB ∼

f

φD∼
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