
 
Chp1IntrotoVectors

EESE.IEYaddtov E I
Scalarmultiplication If8 andcisascalarthenco

IfYing If ifp 40 doTheLesdiddI fillthexyplaneTheLCsc dEfillsaplaneinxyzspace
Thedotproductof8andw̅isJw̅ vw v.ws

IfamatrixAhasacolumnvectorsv vninmdimensionalspace iii iiiinna
IfinfffstiffIfflyingthingyexactlyone

solutionaidThentheLCsofitandw̅exactlyfillthexyplaneInthiscasew̅andw̅arelinearlyindependentLI

IfPandelieonthesamelinethrough0,07andD isn'tonthatlinethenthesystemhasnosolutionThentheLCsofiandw̅fillthelinethey'reonbutnottheplane
Inthiscaseiandw̅arelinearlydependentLD

ICsoftheLIvectors andw̅in2dimspacecanproduceanyvectorBinthatplaneSocode5hasasolution
LCsoftwoLIvectors andw̅in3dimspacedonotfillthewhole3Dspacetheyonlyfilla20plane
LCsofthreeLIvectorsin3Dspacefillthewhole3Dspace
Thestandardunitbasisvectorsin3Dspaceare8 bp I andD AnyvectorPERisaLCofEpandI 811v.etv.pt k
The33identitymatrixis I EJE MultiplyingbyIleaveseveryvectorunchanged

imiiiiii iii iiiiiiii
CosineformulaIf110111andHill1thentheangle bweandihascostw̅w̅
CosineformulaIf i w̅arenonzerovectorsthentheangle bwthemhascos Either
SchwarzInequalityIew̅ 1181111811

TriangleInequalityHew̅IHell11811
IfñeRisaunitvectorthenthevectorsw̅oRsitw̅ñ0filla20planeinIR

1.3MatricesandtheirColumnSpaces
TherowpictureofAIcomesfromdotproductsofx ̅wtherowsofA
ThecolumnpictureofAxc̅omesfromaLCofthecolumnsofAAE columna xncolumnan
ThecolumnsofamatrixAareindependentiftheonlycombinationofcolumnsst.AE8is8 8Otherwisethecolumnsaredependent
ThecolumnspaceCAcontainsallrectorsAiallcombosofthecolumns
ThespanofasetofvectorsdescribesalltheLCsofthosevectorsSothenftp.tffhsfaepAths faffin goingthroughco0,0ifAhas2indepcolumnsalinein 3Thepossibilitiesforcolumnspacesofa33matrixAare Ithewholes
goingthrough100,0ifAhas1indexcolumnor 4thepointco0,07ifAisamatrixofzeros

E in hIip htiiwiiiiiiiiiiitiiialineinnospacethenowsinceisasinglelineinnonce
Forallmatricestherowrankequalsthecolumnrank

14MatrixMultiplicationABandCR
TomultiplymatricesAandB b bpwetakeABAb AbpTherowlengthofAmustequalthecolumnlengthofB IfAismanandBisupthenABismap
MatrixmultiplicationisnotcommutativeIngeneralABBA
Matrixmultiplicationisassociative IfAismanBisupandCispxqthenABCACBCismxqIt'salsodistributiveABC ABAC
IfAisaarankonematrixthenallcolumnsofAlieonthesamelineandthatlineisthecolumnspaceofATherowsalsolieonalineandthatlineistherowspaceofA
IfthecolumnspaceofAisalinethentherowspaceofAisalsoaline
IfrankA 1foranmxnmatrixAthenwecanfactorAintoACRwhereCismx1andRis1xn
IfrankA rforanmxnmatrixAwecanstillfactorACRWegofromlefttorightifcolumn1ofAisnotallzeroputitintoCThenifcolumn2isn'tamultipleofcolumn
putitintoCThenifcolumn3isn'taLCofcolumns1and2putitintoCContinueAttheendCwillhaverrankA rankc columnstakenfromAWhilethencolumn
ofAmightbedependentthercolumnsofCwillbeindependentThismeansthatnocolumnofCisaLCofpreviouscolumnsandnocombinationofcolumnsgives x0exceptwhe
x0TherindependentcolumnsinCcombinetogiveallncolumnsinA

RistherxnmatrixthattellsushowtoproducethecolumnsofAfromthecolumnsofCRcontainsthecolumnsoftherxridentitymatrixinthecolumnscorrespondingto



thecolumnsofAthatarealsoinC
ChasthesamecolumnspaceasARhasthesamerowspaceasA
Column ofAisequaltoCtimescolumn ofRRowiofAisequaltonowiofCtimesR
IfallcolumnsofAareindependentthenCAandR I
WefindRthrougheliminationWeperformGaussianeliminationonAthenremoveanyrowsofallzerostoobtainR
ThencolumnsofCareabasisforthecolumnspaceofATherrowsofBareabasisfortherowspaceofA
WecanalsomultiplymatricesbytakingAD d If abitasb anbutwherethematricesambitareouterproductsofrank1

RistherowreducedechelonformofA


