










































Duesud

All vectors in It can be written as

linear combinations of these vectors

x ̅ xieitxie.at xien






























































































image of a under ffleftarightb
at domain of f be codomain of f

Dom fR
Codom fR

Range fleft0inftyright

Consider fleftxrightleftxright

The range is a subset of the codomain

TransformationsConsider

the system 42x3y5z
67x2yz

matrix form leftbeginmatrix46endmatrixrightleftbeginmatrix235721endmatrixrightleftbeginmatrixxyzendmatrixright
the 2times3 matrix Aleftbeginmatrix235721endmatrixrightmapsvectorsin

mathbbR3 into vectors in mathbbR2
A is called a matrix transformation from

r3 to R2

A overrightharpoonxoverrightharpoonomegaTAleftoverrightharpoonxrightddownarrow2







































downarrowleftbeginmatrix312671endmatrixrightleftbeginmatrix453endmatrixrightleftbeginmatrix114endmatrixrightTAleftleftbeginmatrix453endmatrixrightrightleftbeginmatrix114endmatrixright
TAR3rightarrowR23times22times1leftbeginmatrix2x1x24x13x22x15x2endmatrixright2times33times1

Dom R2
codomain r3

Dom P
3

Codomain R2

b Don R

Codom mathbbR3
operatoraDom R4

Codom R2
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True because of properties of matrix arithmetic

True from 1 8.1

Pf E Assume i varepsilonleftiiright hold The proof
will be complete if there is an Mxn matrix
A such that TAleftoverrightharpoonxrightAoverrightharpoonx for all overrightarrowxinRn
By leftirightgleftiirightTleftk1overrightarrowu1k2overrightarrowu2ldotsknoverrightarrowunright

k1Tleftoverrightarrowu1rightk2Tleftoverrightarrowu2rightldotsknTleftoverrightarrowunright
for all scalars ki and overrightharpoonuiinRn

In particular this hotds for overrightharpoone1overrightharpoone2ldotsoverrightharpoonen
We consider scalars x1x2ldotsxn





































































































this becomes T e X Tles XnTen

Teil Teil Tien

AX
We've shown that for x ̅

T x ̅ Ax ̅

i T Itt Tle To
ii TTñ kTñ

a let in un42,43 and D Vi v2 v3 and KER
i intt Lti Uts 3

T it i IV the Utuz UH UI

UI UI Is Is 11 1
Een





































































































ii ki Kui Kui kus

so T ki KU khz Kurtkus KU

K U uz Uatu Ui
K TCI

these can be combined T kiti kT ñ TCI

a let x ̅ 4 KER

T Kx ky k X ky

k kx y KT x y x



























































of
Icean use these

interchangably

1113 104

if
Tpposweknowthatfrnectrsi.ci

a int bi If T is a linear transf
then TIE Etb at a bT E





























































































overrightharpoonvoverrightarrowu

we want a b such that aoverrightharpoonuboverrightharpoonvoverrightharpoone1
and another a b such that aoverrightharpoonuboverrightharpoonvoverrightharpoone2

aleftbeginmatrix12endmatrixrightbleftbeginmatrix35endmatrixrightleftbeginmatrix10endmatrixrightleftleftbeginmatrix01endmatrixrightrightleftbeginmatrix1325endmatrixrightleftbeginmatrixabendmatrixrightleftbeginmatrix10endmatrixrightleftleftbeginmatrix01endmatrixrightright

leftbeginmatrix1325endmatrixbeginmatrix1001endmatrixrightrightarrowleftbeginmatrix1001endmatrixbeginmatrix5321endmatrixright

overrightarrowe15overrightarrowu2overrightarrowvTleftoverrightarrowe1right5Tleftoverrightarrowuright2TleftoverrightarrowurightTleftoverrightharpoone1right5leftbeginmatrix210endmatrixright2leftbeginmatrix571endmatrixrightTleftoverrightharpoone1rightleftbeginmatrix2092endmatrixright overrightharpoone23overrightharpoonu1overrightharpoonvTleftoverrightarrowe2right3TleftoverrightarrowurightTleftoverrightarrowvrightTleftoverrightharpoone2right3leftbeginmatrix210endmatrixrightleftbeginmatrix571endmatrixrightTleftoverrightharpoone2rightleftbeginmatrix1141endmatrixright








































TAR2rightarrowR3

Aleftbeginmatrix20119421endmatrixright
Tleftleftbeginmatrix43endmatrixrightrightleftbeginmatrix20119421endmatrixrightleftbeginmatrix43endmatrixrightleftbeginmatrix47245endmatrixright

90circ
cosleftalphabetaright
costcosβ sinasin

y
coslefttheta90circright51

i 01900 leftcosthetasinthetaright o

lceilTheta Sleftright 1
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