










































Due Sun

mathbbRn

All vectors in mathbbRn can be expressed
aslinearcombinations of these

overrightharpoonXleftbeginmatrixx1x2vdotsxnendmatrixrightx1overrightharpoone1x2overrightharpoone2ldotsxnoverrightharpoonen

fleftarightb is the image of a under f

bin codomain of fain domain of f






























































































Consider f x X1 Domain R
Codomain R

Range o o

The range is a subset of the codomain

Traatisthesystem 4 2 32 52
6 2y Z

In matrix form this is

3 35
The 2 3 matrix A 2 5 maps
vectors in R into vectors in R

A is a transformation matrix from
R to R







































Dom R Dom R

Codon R Codom 123

a Dom R b Dom R

Codon R2 codon R operator
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These follow from matrixarithmetica

Pfi By Them 1.8.1 b C

Assume i ii hold The proof will

be complete if there is an Mxn matrix

A such that Talk AI for all x ̅ R

By i ii T knit killat knin

Kit Ii katie knT in

for all vectors Ti ER and all scalars ki
In particular this holds for it E
which gives k T Ei ketles knten





































































































where E is a standard basis vector
for R This is

A x ̅ Tei Ties Ten

so Ax ̅ T keit kzes knen T x ̅

by linearity of T

Ex A 138 Aei 3 8 8 3
Aéz 3 3 s

we need to show that i T ñ T TATE
ii T kñ Ktla

A Let ñ Ui uz uz J Vi v2 V3

Then It w̅ U 4 42 02 Us V3

T ñ J U tv 42 02 Uztv2 UstUs Uity

U Uz UztUz Ui V V2 Vatus Vi
T t TIE





































































































ii Let overrightharpoonu be as in pan tleftaright and k a scalar
Then koverrightharpoonuleftku1ku2ku3right
and Tleftkoverrightharpoonurightleftku1ku2ku2ku3ku1right

kleftu1u2u2u3u1right
kTleftoverrightarrowuright

So T is a matrix

transformation.a
Let kinR

Then TleftkleftxyrightrightTleftkxkyrightleftk2x2kyright
kleftkx2yright

But kTleftxyrightkleftx2yrightneqTleftkleftxyrightright

We saw in E of proof of Them 1.8.2

That the standardmatrix for a
transformatdenotedleftTArightAleftTleftoverrightharpoone1rightleftTleftoverrightharpoone2rightrightldotsTleftoverrightharpoonenrightright



























































C can be used

interchangablyAside

Note

Aoverrightharpoone1leftbeginmatrix231110302endmatrixrightleftbeginmatrix100endmatrixrightleftbeginmatrix213endmatrixrightAleftbeginmatrix231110302endmatrixright

AoverrightarrowXleftbeginmatrix231110302endmatrixrightleftbeginmatrix201endmatrixrightAoverrightarrowxleftbeginmatrix528endmatrixrightTAleftoverrightarrowxright

Given overrightharpoonuaoverrightharpoone1boverrightharpoone2 Clin Comb of Std
basis vectors

TleftoverrightarrowurightaTleftoverrightarrowe1rightbTleftoverrightarrowe2right
Likewise if overrightharpoone1aoverrightharpoonuboverrightharpoonv then Tleftoverrightharpoone1rightaTleftoverrightarrowurightbTleftoverrightarrowvright





























































































Coverrightharpoonuelloverrightarrowu
suchthat

downarrow

Want abnioverrightharpoone1aoverrightharpoonuboverrightharpoonv
and another abnioverrightharpoone2aoverrightharpoonuboverrightharpoonv

aoverrightharpoonuboverrightharpoonvoverrightharpoone1leftbeginmatrix12endmatrixrightaleftbeginmatrix35endmatrixrightbleftbeginmatrix10endmatrixrightleftleftbeginmatrix01endmatrixrightright
leftbeginmatrix1325endmatrixrightleftbeginmatrixabendmatrixrightleftbeginmatrix10endmatrixrightleftleftbeginmatrix01endmatrixrightrightoverrightarrowv ab for

overrightharpoone1
overrightharpoone1overrightharpoone2

overrightarrowuleftbeginmatrix1325endmatrixbeginmatrix1001endmatrixrightrightarrowleftbeginmatrix1001endmatrixbeginmatrix5321endmatrixright
abferoverrightharpoone2

overrightharpoone15overrightharpoonu2overrightharpoonvoverrightharpoone23overrightharpoonu1overrightharpoonv

Tleftoverrightarrowe1right5Tleftoverrightarrowuright2TleftoverrightarrowvrightTleftoverrightharpoone1right5leftbeginmatrix210endmatrixright2leftbeginmatrix571endmatrixrightleftbeginmatrix209zendmatrixright Tleftoverrightarrowe2right3TleftoverrightarrowurightTleftoverrightarrowvrightTleftoverrightharpoone2right3leftbeginmatrix210endmatrixrightleftbeginmatrix571endmatrixrightleftbeginmatrix1141endmatrixright








































TAR2rightarrowR3

Aleftbeginmatrix20119421endmatrixright
3times2Tleftbeginmatrix43endmatrixrightleftbeginmatrix20119421endmatrixrightleftbeginmatrix43endmatrixrightleftbeginmatrix47245endmatrixright

H

cosleftalphabetarightcoslefttheta90circrightsinlefttheta90circright leftcosthetasinthetaright
Theta

overrightharpoone1left10right
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