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Goal

Goal: encode linear transformations in matrices

Example.

L: F3— F?
(x,y,z) — (2x + 3y + z,4x + Ty + 52)

X (231 N 2x+3y+z
ﬁ 4 75 Z | ax+7y+52
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Dot product

Dot product: -: F" x F" — F
u:(317""317)"/:(bl,---,bn)EF”

n
u-vi=Y aibj=aib +
i1

...+anbn‘



Matrix — linear mapping

Definition. Linear mapping associated with A € My, ,(F):

La: F" — F"
X — Ax



Matrix — linear mapping

Definition. Linear mapping associated with A € My, ,(F):

where
aii
Ax — a1
am1

= (a11x1 + apxo - - -

ar1xy + axpxp - - -

a2
a2

am2

La: F" — F"
X — Ax
ain X1 a11x1 + aeXxe +
an X2 arix1 + axnxe +
amn Xn am1X1 + am2X2 +
+ alnxna

+ anXn, ..y @miX1 + amaXx2 - - - + aman)-

v+ a1pXp
-+ apXp

st dmnXn



Matrix — linear mapping

a1 ayp ... ain X1 a11x1 + aiexe + -+ + ainXn

a1 ax ... axp X2 ag1X1 + axnx2 + -+ + apXp
Ax = . . . =

dmi dm2 --- dmn Xn am1X1 + ameX2 + -+ + amnXn

= (a11x1 + a12x2 - - - + a1nXn,

a1x1 + axnxo -+ @nXn, - -, Am1X1 + Am2X2 -+ + AmnXn)-



Matrix — linear mapping

all a2

ani a2
Ax =

dml  am2

= (a11x1 + apxo - - -

ax1X1 + axnxp - -

ail

asy
= Xl

amil

-+ a1nXn
-+ anXn

“oo+ amnXn

ain X1 aiixy + aipxe +
an X2 a1X1 + axnxe +
amn Xn amiX1 + amax2 +
+ ainXn,
+ anXp, -, am1X1 + am2X2 -+ + amnXn)-
dai12 din
azo azn
+ x2 ) + -+ X
am?2 amn



Linear mapping — matrix

Definition. The matrix associated with the linear
function L: F" — F™ is the element A € Mp,«n(F) whose j-th
column is L(ej) where ¢; is the j-th standard basis vector for F".



Linear mapping — matrix

Definition. The matrix associated with the linear
function L: F" — F™ is the element A € Mp,«n(F) whose j-th
column is L(ej) where ¢; is the j-th standard basis vector for F".

Example. What is the matrix associated with L: F? — F3 given
by
L(x,y) = (3x + 4y, 6y,4x +2y)?



Matrix — linear mapping, general case
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Matrix — linear mapping, general case

f:v-w

ordered basis for V: B = (vq,..., )
ordered basis for W: D = (w1, ..., wn)

Take coordinates:

v o w

¢Bl2 {(ﬁp

Fn Fm
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Matrix — linear mapping, general case

f:v—-w

ordered basis for V: B = (vq,..., )
ordered basis for W: D = (wy,..., wn)

L )
vj f(v))
! v o w
d’BlZ | oD take coords. wrt. D

D
pr e pm,

j-th col. of [f]E



