





















































































































AnswerkeyforthePracticeProblems

a
projux Effyu exu 3g E 61218 36

uu E E 4 16 36 56 projux 346vEfg4projux.LY visx u 3 1 2 3 6

u u 1 1 1 3 projux Gr217L
dprojux IIFv xv7 L 4 3 8 11

u u 4 4 916 25 pay 15177

ret pttd p td iHTI
withy fix b d E 3 Po 8 9 rltHttBT
d g p Eg re p td
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N d xda I x det I4 i 1 1 147127 j I D 14113
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b IN Ag z Eg X 2432 INpo 3 3 3 4 3 10

implicitegntaytzz.to
d to da N d xd 8 x det I8 if127010751

Fj DD to KID12 g f
N Eg7 13 Eg 2x y122 p Ploo b npo 3 3
2 27 16 6 AnsweriLxytz

dN d xda 3 x 3 de.IE4 ifCD 12112 j i i 127127

K Diz 127121 i 2 4 jf 1 4 K 2 4 Eg N Ey 2 3423
passingthrough

p Npo 32 87 0 Answer 2 32221theorigin

a detta Dl6 137127 6 6 0 A isnotinnertible

b Usingtheformula defA2 37137 12712 9475552 113231
c Method1 GaussianEliminationonCAIs toget13A l
Asta 32 ftp.iIEIB 184g388

4r2tBtsm 8 313 9
KRABI 84351298 3R

O 0 1 E j t srztp.IE Ét É ri ar.no

1 E
t


















































































































Method2CofactorMatrixSeeLN413Thismethodwillnotbemthfinalexambutyoumayuseit
Az 332 calculatingthecofactors

FirstRow
caI 1 det3 3 2 1 CT1123 1 2det3 CD2 3 1

CE3 11 det32 4 9 5
Determinant detAz DCEI t 2CEl2 3C4,33 DG 127117 3715 1 2 15 12

SincedetAs 0 Asisinvertible
SecondRon

c2,13 1132det3 L1 2 6 4 C12,23 1172
2
det3 1 9 8

C2,33 CD det32 CD2 6 4
ThirdRow

c131 C113 det33 2 9 7 c 3123 C133Rdet23 11 1 6 5

3,37 6133det I3 3 4 1
cofactorMatrix

c 14gg
nurse A attract kfÉE

d A4 335 isnotinnertible

Method1 Determinelineardependencebyguessing Usefulifyoucanseeit immediately
3 1212 72 ThecolumnsofAzarelindependent As isnotinvertible

Method2 Determinelineardependenceby
GaussianElimination

A4 3 72 ftp.T.BIE 18gq 2k B'Bs8g8
The3rdcolumndoes

Nothaveapivot

Axhaslinearlydependentcolumns A4isnotinvertible
NoteDoingGaussianEliminationonAaIs willyieldthesame3columns

sinceatleastoneofthefirst3columnsdoesnothaveapointAeisnotinvertible
Method3 Determineinverthilitybythedeterminant

detAz def 72 Cadet 3 CD2det3 5 3det352
1 2 127 2 3 L5 3 I 6 C103 1 4 C2 8 137147

4 16 12 0
SincedetAs 0 Azisnotinvertible

e Method1 WecanuseGaussianEliminationonAs13toget153As
As13 88,4889 Rita 88,4 8,8 hatreds8 54498
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t I INTEL
Method2BranchingfromMethod1
1As I 8884 43,111444 2413

Af É4
Algebraically let13 44434 AsAs 13yields2413As B

Then Ast 2413

4 A z 888 Rtrims81,9 9 Bts 99 gifts
1 2 18,8 rat tired 22823,99 Rt 4kt 88821 1213At

H Htt

o3 E I E 83745 34 7 I 51125951317
b 36 Y s remark 36 isnotinvertible

AngMat 362 311,1 1112 R.tk 883 last.impipt
d1 Ye 74 remark a 1 isnotinvertible

AngMat 2374 2ktrends t Infinitelymany
solutions

sinceXzisafreevariable
Backsub X 32 7

X 32 7
solutions I 347 x2T to i and X t X

call 11 E
AngMat 3 8,44 3111,13 18 4 Ratted 8 3 6 i nosontons


















































































































134 111 11
anyhat 3489 131IE t 8I E

2RtBtB
8 a

Hot 8
Option1BackSubNow
X 2 2 33 4 3 23 3 263 3 6 31
42

21,35533 i 74 2 2 33 4 2137 3137 4 6 9 7 and.IEfzdOption2ProceedtoRREFthenBack.sub

18 33718 8,3 2 118 8,3 ans ftEt
184571 18
angmat

2

2,18 88131135,4 183,4 metre 8 4
Risked 9 2 7111,3 1 x isafreevariable

Backsub X 43 0 N
12 2 3 0 x 2x É EY 434 solution x34 x34Ry

14 I HE

itIIEI4888484,8
BackSub x 2 2 33144 5 42 52 43 31 4 54

42 10

84 10

2 2 33 44 5
63 10

5 5 5 5 0

t 34711 É
AugMat 1333,45s ftp.T 88q4g8 Ratk B 8 8 8 arett
18 E ri rats 8 8 8 x andxyarefreevariables

BackSub X 22 5
33 44 0 i

1 22 5
43 54

my ftp t.tl
















































A TieTie tie BETEL
T 8 T1 4 T9 A2 t8

e Theliney Ex isspannedbyv Letw s Tbserrthatutwand uw isabasisof1122
SinceTzisareflection TW v andTlw w

A 3 32 As 2 Ia In EL 51457L
dTheformulaisAnto 9,8 gift with0 5,1 cosE Ea isinE z i
Then

Ay F
e ThetinetspannedhyF letw 5 i observethat ut wand uw isabasisforR2
SinceTsisanorthogonalprojection Tlv VandTw 0

As55 358 As 58 353 38 at 3 441257
f UsetheformulaA Ig NN I 2NNT fornormalvectorN ForTeN
NN 3 3 1 4 9 14 2NNT 2 13 I 2 3 23464 42g

INN E 2NNT 8514,8
4 16Ty Au TyYy 145337

AlternateMethod UsechangeofbasismethodwithTN N Tdi d Tda defordirection
vedorsdifdzgt.tl

Choicesfordirectionvectorsinclude Y 82 E eq Au f 9 3 i

gUsetheformulaA ng NN Iz NNT withnormalrectorN ForTy N i

SnN b 1 49 14CDNNT CD I I 23 CD If I4Eg
MMI NN L I 4114 14 33 É Az t1z7I
AlternateMethodUsethechangeofbasismethodwithTN OTed di Tlds dzfrdirectionvectorsdidafP

Choicesfrdadainclude I E E eqA7 883,7389 i



DenotethelinindspanningsetsasWi

a det43 117137 214 3 8 540 t.ve inearlyindependent

M g g 2k trad 8 z Veepgygyangendent w2 6,63
ftp.T.tn 8 z y

2r mm 8 8
V3Blindependent

a
mage gigftp1FI1If eachcolumnhasapivot Tinearlendentiisinde

Method2 isnotascalarmultipleofÉ s.HR in.independent

e Ushas4vectorsbutisasetinIR Since4 3 1 Jsislinearlydependent

Yr IT 8TqIg arms 88138
i keepthefistsvector

iY ftp.t
g retros 88gEgg raislinindependent

Method2Frompartle Va Wshasbeenshowntobelinearlyindependent

a Method1DirectCalculationbyLaplaceExpansion

detf Ig3,0 2det8310 c1 2det12307 12deff238
2 20C24 27110 16 21183C4 247 2764 214 8 8 852

Method2 simplifyusingGaussianElimination

B L J MY 3,7221133 18 I 2km1 ggg
swapMCD M l nochange M 1 nochange

detBi mdet8344 CDCDC2 4781



b Method1DirectCalculation

detBa det4 I72 3det37 CD4det47 Ddet435
3 3 C25 4F4 L57 1 6 1157 3ID C4 I I 7 3 4 7

Method2 SimplifyfirstbyGaussianElimination

Bat s
gap ErEffin 1

M 1 nochange

Option2.1ThecolumnsofBzarelindependent detBaOI
Option2.2detBa ndet f f CDLDCDloOI

aMethod1 DirectCalculation defBz det88,8 o EDadet o9 COL l I
Method2 B RMI ggg Iz detBz mdet I3 CDLDFI
ddef I 85 4 8 5 7 3235311

O
8

calm 5 i

pX detM XI det3 5y 3 x 2 4 4 9 67 7 16 5 61 25
1

Discriminantb24ac l672 4113125 36100 o Norealeigenvahest

bM2 I 18 i

px detMa XIz E detf 5Mt5712 Idet 85 435x
Is I 5714 54 1871377 2514 57 20 252 543 125252 25750 EXIT
PX X x 2 x 2 X 1 O F
Next solvethesystem Ma XIz y 8 Equivalently solve 5M2 5 12 Y 8



ForX 5M2 5DI 8 Is 8 3R.tkd x isafreevariable

Bybacksub Lex 3 2 0 X 12 2 let 2 2 Eigened.FIliFrX2 5Ma 5 2 Iz 8 4.3o Fg36 2ktrams Xzisafreevariable

Bybacksub 9 1 3 2 01 X 521Letx 3 Eigenvector f
dM 29

pX det 29 I X20 x 4111 72 204 441
20 44 1 22717 2 017721 Nextsolve Mz XI2 Y 8 foreacht

Fort 2 Ma XI 292 y 21g trims 2g 2k tray q
isfree

Bybacksub 2x 42 0 X 221Letx 2 Eigenvectrift
ForX 22Mz XI 20 212 1442 2Rtkt 1808 yoisfree

Bybacksub 2x 112 0 X 122 Let422 Eigenrectory
My 8888

iEigenvalues 7 213,47

Backsub Xisfree
5 2 0 12 0 i
2 3 0 x 0

WY d Eigennary
similarcalculationsfor y 3HI and y 4 FI

letMs
CharPoly px datMsXIs det É EY

C2 Xdet67 4 1DC1det I 4 8det 9
2 X I 6 x2 16 12 96 8 12 3667



12 2 2132 6 2 X 167 127 96 384 487
Y 4 2 64 256 X3 4 2 43X 44
C Y X 4 4311 4 11 471 6471

Eigenvalues

eigenvectors IIII 4,3 138 E Ig if I I 3114,147
H i 4313afreevariable

Backsub bx x2 83 0
2 2 43 0 I

42 23 64 X2 83 2 3 83 6 3 X X3 i
letx 1 EigenvectorFIL frx 4

For1 8 Ms813 148618Ig 1 1 Ig EgIII 88788
Ratty 808 80488 Rt Rt 8 6438 Biff
8 i x isfreeBacksub

10x x2 83 0
X2 23 0 1

Xz 23 10x Xzt83 23 8 3 103 X Xz
ChooseX3 1 Eigenvalue 7 forX8

ForX 8Ms813 44861,8 6 4814 6 1,1 7,18 88 turns
8 80 i43isfreeBacksub 61 x2 83 0

X2 23 0
Xz 23 6X X2 83 23 83 63 X Xzi
Choose43 1 EigenuatF1forX 8

fSeelecture413
gMa 88 2
CharPoly px det28 I 5 2 1det it o Ftd
Eigenvalues pX 0 2 x 0 1 2

1 XP 4 0 I X 4 Norealsolutions Eigenvalue
EigenvectorfrX 2
My213 282 7.22 89922km1 8 IIz x isfreeBack

sub x2 23 0
3 3 0

x 0 x22107 0 X2 0 ChooseX 1 Eigenvalue to4 2


