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e Ko diechons of ke vedos RV cod kv, cbpepriately

Example (2 A S‘:ﬂhﬁnﬁ&}*«?ﬂ
The }aoﬂgnmwab.s X, 1:1, " Span dhe vedtor shace P, definea) in Emm}lﬂ@
Aince eacl, }:njﬂham'a!? P in P cande wonttes an
PZ Bot G+ - - - + a,x"
Whick i @ Lingar eombinabion of 1,5, %" - - -, 5

iy i
We ca olerple tus by \a».b"n_a P = sban $1,50,%5 -5 x"}




hqm&@_ Lineswy Gombinschons
Conspeder the vectos W=(),2,-1) and V= (6,4,2) in Rs. o Heak N:(S;Z?') is a\L‘mZM’
Combination of WAV and Hak W'= (4-),8) s ok o Linear combinakion of W & V.

—

Woorder for W 4o e o Linesy cmbinakion ot W wd v, Have musk be aclens Lk,
Auch Mo W ::ﬂ(\u.\.-kz_v @

}\Fb (3;217') :k(‘)zf"‘) "'kz_(éld‘!;z—)

i\el', (312)7) = (’ky‘l'&"(l 5 zk‘+¢'k1 " _..k'_.',lkz')
kl’rékz_:‘ 3
&kl"'é‘kz. = e @
“Kivdy = 9

A\lﬂwww\ea\ mabin for the Sy @ T

)
= s & | ]
-2 r
| & 9
) -8 | -6 i

]

e} g &
\ 6 9
" o ! 2 RL""(")E)RL
o | 16
l 6 9
% | e 1 2 Ry= R~ QR
o (o] O

oki+k =2
ok,+ek, = o
Sqoxfﬂa Huse -esv,m.ﬂcm) e 80.)‘ ‘\(“:—3 J\K_E?—
szcarfrwﬂ ® W= -3u+av




g.'w&mfn, W ko be o lincar combimation o U ard V, Kae vuat be acalrs
kiavel k Auch Hut B = KU+ v

l\e.’) (4,":8) -2 k‘ (0,2,-1) + \(1_(6/31;1)

> (48) = (kerek, , 2k,4 4K, ~k+2k, )
Ecv«wbl'\.% Qc-YMWha @W ‘aﬁve
ki+ek, = 4
‘°‘lkl'1"‘f‘lk‘L = = o @
-“k+2k = g

A@ww wakix for @ s

[ ) 6 4

Tﬁlb] = 2 4 -\
-2 s

- i "

o | & -9 ~q R, > R,-2R,
o S ‘l R}_, RS*R‘
) & 4
w | © ) 9 Rl—’(“jg)&?—

s

| o S 12

[ ) 6 4

- o \ % Ry~ Ry+ R,
|_ o ) 3
whick yielols

C‘)k\ ‘1"0"1 = 3

No velue ob ty and . sty —Ho fust e (ohtok =)

Aomwcfe%.(@mlhmw.
@wwuiﬂj,w'm net a RJWTCWLJ\‘M;:H of—qulv




Example (5) Tesking for Speovung
Determing hubhey V|-(\; 12, V,=(1,0,1) and Va=(2.12) S\h}\ the vecker S‘:-lcﬂ’- ]K
Sk © (g vk dekomine debar an orbibery vedr b= (b b, ba) in R can be
exprexed as o lineay combinabion <} Xhe vectors V|, V, arel Va
e =%V, +EkV,+ KWV, ®

ey (b!’E).’b:&): k\(i,\,l)-q-‘(,-(\],o;\) +‘<3(2)‘)3>)
i | (bw b, b_'s)': (k\’f‘\%‘\':’-\‘; > X +‘<3 > 1k|+kz+3\<‘_'~.)

k\+‘\<2—+1*3 = -‘Di
k\ -+ ks o -La_ - @

2k, rkt23k, = ba
Thws , oux kwblz)umaluc% o wipimina mm;%mc*q}« 5@.@5}%*501
ol valuea o by, b, ardd by .
One 1oy of domg This i o we Khe Hhecrem 1dich Atake Hhot ke Aplem of egp.
s Consiskenk iff ifs coefficiesd madsin fas o vm-zere ceterminast
%A‘Q‘b"”{e’%@, |A = \‘ll |\ 2
)

o \
\ 3

= V\(oe=-)) -\(\_o) +1(\—0)
ER b E
= 0O

Hone syl of esp. @ is Inamastesd Ae V|,V and Vi do ok Shan RS.




SEC@ LINEAR INDEPENDENCE
Tn this Sechon , e 1oill commder ﬂa%uhm ot whether Ahe veckors in a 3im4d are.
derselaked 1n the Aeie that ohe oY meve e’}"kkm mb&exlarwedaaaﬂwmmb{mmefoﬁuﬁ-
Defrubon P =MV VR s o ronemly sek of vechos in o vecor shace \/, Fhen
Hhe vector eqh- v+ t+--- +kv, =0
Fuas ot Beask one pelikion , vamdy  x 20, k=0, <<+, K=o
i Rs s e only reubion (called rivial sole.) , Bhaw S s said ke de Lineady ot
B e ave polubiona in eddibion ko dyivied A, Ban S 1 raid fode um,jﬁ%m{a Sk .

NOTE  We wailk ofden aH:JAj e Jerma L&YW_R‘(’A:’ _'\’_vd.e.};%.d.wl‘ and La'hexriﬁw *o

M veckrs Hemaedves yabhor Hoa 4o %he et .
Barple O hinesy Indeberdence of Hhe Standael Giik Vecdas in g

T mesk basic Dnandyy indeprndeu nek in R 1s e sek of Sheuelard wnik vechens
e=0,00,--,0, €= (0,),0,--,0), ~~-" e, =(0.0.0, )
for vokubonal Aimplicl , 1oe 1l prove Khat Ba staclerd Wik vectors in R* e,
L=0.0,0), &:(o,l,o) and K =(0,0,)) are Q_fmr(Lj ,'mlq;u\clgu)p
W Rbrkjakek = 0 o
2 Kk0.0,0)+k (00,0) * Kk (0,6,)1) = (0,0,0)
2 (h;h,k;) = (0,0,0)
e k]to; kLZ-O 5 k?; = D
s '\'myﬂé et (1D Pow orilj-i:r‘wio\' palu . ard Fence B veckors ore .Qmmrﬂ,nj iw.
ExamBe @ Liness Trndeberdeice R
Tehimune whithay the vedors V) =0,-2,2) ,V, = (5,6,7)), V, =(3,2,1)
ave. Dineanly redependect or Lnearly depencot in R
3_;-’—“_—:' The Limeay i*\f?‘&}m«&hm ov limeay o"?.‘:u«oleuca o’f *hise veckrs me detomuned by
Whether Huve ousk non-knivial m‘oh‘m c{i Hee vedor egL..

Vv +kV, +kW = 0 _— O
oY k(-2,2)+ K, (5,6,-1) + k.(z.2,1) = (0,0,0)
o (krskrak, , —alorekvaky, shokoky ) = 6,0,0)
k+sk+23fk, = 0
—2k,+ék,+2ky, =0 A%’ — ®

f-krks =0




Fon, our freblom vesducen Jo datermining hebar Fhe ayglem @ has rom-iivied ralubions
Thore ove waviows vowips ko do Has —

M fivel yebhod s to /&WnH,ﬂ rbve Hhe W(bj Cragint= Eﬂjmnﬁ;l-,'m‘)
Auﬁmwlu\ mebin,  [Alb] = K:l_ s 3 \ o

6 2 ©
.8 - ) 0
s 3
" ) N 0 R;,"’ Rz"' ?—R1
(o]
W ® @3"’ ﬁg—BR\
-6 -2 o
S X ay
‘ 3 R,> 7 R
vy 0O \ e b R
\ D Ry (_— ‘6> =
® \ 3
\ S & o
" 1 Rs"’ Rz_ Rl—
o \ -3 la)
O o) o o

\.«b‘E\.!(.p\. \JJC.QB'A k\‘*‘gkz,‘*' 3k3 - 0
k. + ﬁks =0 — D
ket ¥,z &, Heu meU‘)‘), k., v+t =0 e =
e fom 10, Kas(t)yatz=o k= -
T, the ppslem D Paa mh;viaﬁ/mﬂ“bbm and Tevce dde veclors e ,QJnegrﬂj M&
M?ﬁod@ (Hluw\ Coefficiert malrix s Squave Mn\n‘x)
A necond metlord -geﬂ oBku

hlma Hee name vearlt ix to cam!aub. Yo dedaminant cf(oeff:dw:\
malrin l\?.-‘, |N - I_;_ i i - (g-n_)-s(—z—é) 1—‘3:(2.-!8)
= =% S+ 40 -4

=0

T, He mptem @ has nentrivial Ackbions and e vecdars are binesadyy dlebenclont:

Nt — ¥ Al o, Yhen vedors are b’mzﬂ'rbj dﬂ}eldw»l' evol
f?— |Al F 0., Hen vectars coe Lhemrﬂ;j \'hclrz%%c!ed.




Brorple®  Linear Ddependence in R
Deterrune uJ‘:zﬂ‘u He vectors V.: (\:1)1)"') ’ VL: (4173»
Sineaaly depevclet or ,anmtkj ;naz{wam .
oh

e bt KV, &V + kW, = 0

9,-4) V= (5,84,-S) in R we

—_— ©
D K022+ k4,9,9,-4) + K (5.8.9,-5) = (0,0,0,0)
2 (krderske s 2kiesk 8k, ok rakraks, -kakoska) = (0,0, )
‘k,-’-‘%kz_—rsks - 0
2ki+ik+8k, =0

P +dk +9k, =0 ==

) < o
ARl = |2 9 § | ¢
p 8 9 9 (o)
L_‘ -4 -9 o
[ 4 & o |
" o ) =2 o) R 2K
o b= <) el
(v 4 s o]
&) { -2 (0]
o o) o \ & R Ksha
| O o o O_\_
wlicl yelda +rak+sk, =0 — )
kz_—2.|<3 = 6 ()
k_l, =5 (v

Sﬁ‘”""dmvﬁl—qﬁ%)m&zl- 1(3:0) k;.-_o,k‘:.o
T, Xhe gt @ Bon ony drivial seliion cad) Rance He veckns ViV, oV, are (nesily rclberdle ).




cEme}afi@ An Impertad Linmrp,j _[M Set in B,
Shaor 4t He Hﬂm«h LR, = X —Eom a L'nznmp»j mde}wholwi’ net in Tn -
Solution Muoalwaﬁ'kkc\:nﬁjw&sm
Pﬂ:\, P‘: X, PL'-"-XL) - - - - ,‘Dh:xn
T Lineay imle_\:eaolm or Lineay ola\wwiz«w c‘f— Hesre veckns i dekamined by vohebhey
Bave st wmdriviel Adhdions of e vector eqp..

C‘O"o*“\"\“"‘l")ﬁ - B E *C{Mh‘: 0 W___(D
&, B rRX QX+ - - - ~ya,'= O, ‘{W&M X Ee,o0)
s falda FH‘QDZG,:ab: - ==-=@q, =0

Thia @i"ﬂ Ohbj k\'lv\&p Aqlu Ao e ‘vectors PQ,PHP;,— - ,Ph ere D_,nepnﬂﬂ rrd.z?hplw

Exmple ©  Lineat Indebercloice of Rlynomiala
Delerming et mwﬁWc«QA h=1-x,B= Srax-2%", b, = 423X -%x"
e Jinm'j*ﬂ A"}""“‘I“‘* or dinear \‘rdﬂ-}:%o'vu* n ?,_.
Shlion ]
—  lat ,ﬁh +\<7,P,j' “3& = 0

e, K, (-x) +k, [S+3x-2%>) + K (O+3n-n*) = 0

©

2 (keskrk) + CRr3krsk)x + E2k-ka)x™ = 0
Since s equ ruot be astisfed by all X in (e0,0) , eack cocfficiect Mok de zere
Le) ky+skrk, = 0 |
- 3k, = o — B
2k~ ky =0
Ceefident mabix cf- @ s | s \
N = l;-\ = 3}

O -2

Na- Al= 1 (-2+6) - s(1-0) +) (2-9)

—

= =g 42
=0

iviel aolidseons Ao ke \adbhmmﬂé
Bob LB, ove Sineoly debendent e




Pin Alternadive. Intespreloion of Lingst dnddperderce -

T ket Lirusaby Deendisdk v Linessly Dk ove imbesdal ko indicste Ldllor the
eckors in & %W%/}L{’ ave mterselated 1 mmﬁm{cj&u‘ma Heerem makes Huos
idea meve ‘EBYCC_ILSQ, .
THEDREM & A seh S etbh s o pore vecksis 1S

(1) Winesaly Deberelonk f avd only i} akLessk ene of H veckars i S 15 expromible

ad a Lincar combmation 6f> e obduer Veddex in S
() Uma«ﬁ-\jw i and only r{mmctcr n < s ex‘m/rs{kﬁeqé o Lingar
Combmabion ot the abher vectors in S,
Emm%@ f:‘&wn]aﬂa@ Revisited
du f:)tq'mHz@, ve pors Hhal the veckar<
V=022, Y= (5,6,-1) & Vo= (3,2,1) ooe fjneamp/j d:.}:wud.u«l’
o tind Relation bvees V)V, 4 Vy

Fuihh—a B valeon U!L e L ka (cl-d'&'m}mﬂ! b\jﬁ\'lzﬂm’*.[) n fﬁ)a®)

we_
™ czwmeby ity =0
> k(4 rh%-v) = 0

P —al—lv,+i1\l_2—v3: 0

o V= §V,+-5V.1 s which confirma Theerem (1)

[ —

SETS WITH ONE 0R TWO VECTORS — e fellinsing bonic Hhosves Ts conermed Uit

; mewqwmwﬂimwda}mmdfm&smhma-hwmwm

»eks Hak eontain Ko zero vecksr |
THEOREM: (1> A fnike aet Hhat corndaina @ 1= ﬂinmlj C,[E\MM
() A ek itk exackly one veder s limesodsy frdependecct 1H fhat vedker is nat 0
('i-,J)AAe}wiﬂ«mdl?ﬂ 410 veclors &Lm&ﬂ MW *,HE heitler vecloy
s & Acalay rubthle of *he cfer




fxpmble D Linear Indlebernclonce o oo funchiona )
The fuochions 5—‘: . ond §,= S are Q:\nmrl\j frnal & vectors i FE222)
Aince. vaitier funckion s o Al rudkple of e obher |

OR Yo cthex Fard , The lwo—fuu:hw %\: S andl %L: Sinx Coak are
Uimerlyy diberdonck Jesaiuse he risgremetsic deukily  inax = 25 vevesls
Bak §, ol ﬂpo\waaﬁwmﬂﬁ}aﬂm of Ko otler.

TEOREM - Lok D= MVe, oW T 2 a sek of veddors in R
f ¥ >0, Khow K sek S s Linearly deberdont .
NOTE ﬁ{oﬂﬁﬂw‘swwﬂ,«amﬁmkmwm Rldﬂame‘ﬂw—j‘powdcrrs

= ,Q_bnemij W and a sed in R otk yore Hhan e veckors i thmfﬁgndwﬂ

LINEAR INDEPENDENCE OF FUNCTIONS —

Theve 1= 1o Gesceral mebhed Rk can e wed to detomine whadhey a pet of
anami;j hmldfw:lm} or Qmemitl &PA«M’.HWT;WO‘?CA ewxt a Kheovers Rk =
WM Pr exkallisking lincas \7&%%&“& n cevkain chreuwmaleonces m%ﬂﬁm\ha da%‘uihm

De%«mbdg SR R TORE TN TR F:00 e fuanctiona thak ave et kimes
differekicble on *he idovad (Con,00) Her He determimant

{wd:m s

o m - - - -
= |
\/\lb() Si:tlx) -}‘:—(1) - - - - -Sh('l)
59 L il
f,(") . %l(x) P fh(x)

s called he N\roh,skfm o‘f— i"*x’ - »’fh.'

'\TQEOREM ! Hlﬁ._o_.}'.,whm {'\’fn_'“"{n fove M-l conbinuona derivatives on the
kvl (o0 00) ad f He Wremgiase of Hhose functions s not idewdically zao on (eso2)
Huad MMMW a Leneavly iyde{n%dgukm of vectars in C’he—oﬁ,oﬂ) ,

m& The Converse dg*“ﬂ-isTﬁememTS {hl»&li %ﬂiww "Y’ _}‘)f}—’_ “,*P\ s
wlwhmp,&j 220 Oh (—2,00) , kheu no it con Lo yeached albod Khe Limear

relepesclence of §§i,8,,-- §,§ — s ek of veckers may Le linanlyy indepecclect or lefeud.




f:mfm ..EWT MW Using Lyendeian
Vse 'Hua Wionakian 1o Moo Kak -}':xv and i- = Sihx cve ﬂ.’mem’p»j iha’w
M- The Lhontkian c"f F&Af ™ -

Wi = \(y,(l) %2—0() \

o 51,&1 b

_ * Shx
= | o
— X leb5M —SiNK
Tirs Junction ™ wat jdecdicalley zeo on Ko vl (o2, Aince for examble
W(E)= Feod- s
| i z):_(o>~\ = =\
T, Hee %cbm ave. ,ﬂnwltj \m:Lth«ale{’ :
ﬁ;;m)sla@ Use the Whronshian o dos Huak §=1, f= € and f= 7
neotrlj {W. L .
elu, -
P mias TK‘ZM“’“W ”{’ il’f»&'k =

o= |
5! 5—).— }l

S N

»x 2%
i e

x 20
(@) e 2L

i

- LR
© G_X 4 e

ELS 2

= 1 (4= ) Wﬁ%%ﬁ*@%

X
- 2e

.T—l“-'—'ﬁ-}:-lhcbbu ey mAﬁj
| hﬂk ‘CJ%:H eYo s
Qmepo'la ‘.@W sk ' Cﬂuj S e ’ao)’/w*n’*p.""“d '&&w &




SEC@ Co-ORDENATES  AND PASLES -

We utnally fink o‘% a Ling u&dma one -climansonal , o Hm‘cw }um-olin:um—
sional oaol the shace oy UA as Huree -dimsmsional . D Bos Sechien, we Ll
oliscuss co-ovclinates Ayatera ;nawmﬂ Vechy sShaczs Mlaﬂﬁa_amwdwm’k
?’YR ‘Efmﬁlolbfl'm'h'm—u C’FE‘W in Xhe next Seckon -

Coovelinate Syskems in Linear Alpba — Lo Tout Bovk

BASLS foR A VECTER SPACE — T faum,,,a definikion. will enahlle wa o
exterd the concept of o co-ovlinate aystem do gemeral veclor Shaces .
Definition © 4 V s any vector Shace and S={VHY, - WY 8 @ fiuike set
of veclrs in V, Bum S s called a Basrs {GVV;TMMM Comalitiona Tuald -
() e aer S s ),_\m‘r.pt\ i\—dﬁ:}udzuk. E&\&c}m VisV,,- -V, ere Lm-.'rﬁj fmlc}iu&-j
W) Te ab S abans Vv, [avong veclor i \/ G Je expressed ar a inear combsinabion.
o‘f- VI’Y'L:"”- > W ]
NOTE ﬁ-wc.&.mk o‘f-& Baris aa dmib}v? a OW&WW‘F‘(RWW
shasz in 'V, B park (i) o Bas Sefinikion uavantees Fhat Kuve is no inteyrelation-
/b Sebseon the basis vectors awl Part (i) guuarastees Kt Huve ave enaugh Laas
Veckor 1o povide. co-ovlinatea or all veclers in V.
Example © The Stascvel Rasis for R
Shao dat S=§_e,,e,_,- miky e.‘z_‘ is a baais -?::y Rn)\.)‘b_n_ e‘-:.(t,o,o,»,o) ,e,_‘:‘-(O,I,O,"uO)
Salu - NLWMMMWLM in S ave Rim’rp«j 'm:J.Li:u.c’mJ qm‘s}xn Pi"e}t
(1) T8 Mo that S im linearly indd :
L ke+ke ~ - - - +he, = 0
=) k]QJOJoJ'”;O)'\"’(L(oﬂ.-O_,-”,O) + .- SR +kh(o,o,o‘,- LR \)—__
=3 (kl)kgz*"‘aky’) '—'-(OJO,O,*-‘;O)
:> k,-a_o, \:J_-_:o, - - ,}(hzo
= \fec.l-ws in S mbw]j ,y\,‘w .
©) T6 Mo Bat S Abams g1 Eveny vechsr V=, V,,- W) in R o be
E.l.‘)rmep\ as V = (Vl’\a.r -t )VM) = Vl OJO,O‘,"',D)'\"VJ_LD/?;O," =y D)-\-----\-VH(O,O,“', l)

=2 Viérvie + - - vV, 8
= T vechrs e),¢,, - e, <han R"

n
T Khore veckors form a Rans for R that we call Ba Stwdeod Bars for R

o,o,o,--,,o)




NOTE hpq-«h‘wﬂm S:Sﬁ,ﬁi ’s Be Showolavol Bws{w R",
Loheve ?.:(\,o) c.ml:}\:(o»‘)
od S {10, %G i R Stoudad Basis §r &,
wheve T:Q,o,o),%:@,l,o) awal A\<=(Oz0;\)

Bxarple @ The Stawdard Basis for T,

h\: ‘xk

We muk slosr Bt PO’R’E"“"’“ oore ng;v.uﬂ i"d-ﬁ.FuAuJ‘ M—S‘Qﬁh R\ .
(D T2 Ao Hoat PooBub,.- o, e Linearly indebesclet
Lek k°h>+k\‘>|+k’-h.+ - +k"\Phn 0

o ketkn+ kx4 - - --1—’5,98": 0, x—t’re«ml € (=e2,00)
Ty folds |'H- kbz‘}(‘:k&_: ----:-.kh:-_o
A0 R vedors Bobub, - s By e Dnearly hutcbencdaak

[ o Mwéﬁ,h,\o&,---.m show T,
Eack Polynonuad P in Py com ke ovitten an
b= otk +k X - - vkt
= kb b v oo,
wiack = ahm'rcmkiub'cmcﬂ‘ \?D;P,""'a\’h-
= TRese Veckng A*:w‘ F -

i, B veckors by b b << b, a Bass for ), ok we el Sandond
(émsfw E . b {“ "

NOTE & 3 arbiodar , M atpnskoc] boats for P 05 1%
amal Ko nkardanel l:nm's-fw W 7s {\,\,1‘,133.




Emm&@ Anather Basis for R>

Shas that Bhe vectors V2 (12,1) , V.2 (2,9,0) awd V3=(3,3,4) form a Basis for R
é‘i“‘_' We vunt shas Buk Hese veclors ave ﬂimv% ihin‘:ebdsol‘ M\JSPMR&-
() To Mas Hhat Vechors oye L‘mrﬂtj ihdxwuui'

Lek K+kV, + kv, = 0
W, KD+ k9, 0) +Ka(3.3,4) = (0,0,0)
o (krakorsky, o+ akr 3,, krak) = (0,050)

©

= krada sk, =0
A +rdk, +3k, =0 I‘X — &
\(‘ -f‘lk;:o
I & B
Nor  |Al= |9 3§ 3
1o 4
=133 _,|r 2 %8
‘04 o *3\' :

= 1(36-0) ~2(8-3) + 3(0-3)

o
— -

e TB\LW ' ‘
' W@-&M Q-Jﬂ-h-hnm'l\m[u- e, k,:o,1<,_:o, k;s:.o
v the vector v, >V, oamd V4 ave L‘mwlﬂ Me\amhui :
) T phor Brak vechors spon R
Wwwﬁd\k vy vechor b"—'- ()a,b;.-b:s) in R'BCRA.LQ_QXW aA
v+l 1k, v, = b LA

K20 +4, 2,9,0) + Ky 6.3,9) = (b1, by, by )

\
I".-s)

= k]"l"*z-\- 3k_& =2 Ll
2k, +5k, + 3k b, —®
\(] """Yk‘-s:—.l'hl
PN W ) 2
Aﬁ” |AY = % 1%' = =1 (As Lefoe)

Thia | K M—WMWBMM{«J]W#J%%M%-
P T vedors Vv, v shan RO

Hunce, Hae vechrs VISV, Vv, fvm a Bﬂm‘sjcw RS.




COORDPINATES RELATIVE To A BASLS

THESREM  Uniquenerm of Baais Represewtuhion

H‘S = &vap‘“avrl% s a Mﬁn‘j‘!ﬂ&\feﬂ-b" S-‘f’ncev)ﬂm every vector ¥V )hVCAM.
Laa.}nmul n :'du.-fovm V2 oY)+ @V * - - - -+ GV, in emklﬁ one WBy .

De{im'h'm B S= %_V,,V“---,V,.,i is a Ms'fw a ‘vechor S"Gﬂev:w
V=2V +aV, + - - - -+ GV

s the expremion for o vectr V' in derma of Khe banis S, ftheu the acalars ¢, ¢, G,
ave called dhe Co-cvdingden of V veliive 1o Hhe basis ST yector (c

Cmbfuchd’]':m‘l:lua co-ovchinatea 1% called the
iy olewaked by

12€2y = =+, Cn) in R"
Coovdinale Veckor of v veladive ko S aud
Wk = (a5, - St G)
DOTE. . Sometimea ik i dasivable 4o Lovils o Co-ovdinake

vecler aa aca'umumdﬁn,
ihwbd.m,we.d-motiikwnﬂ ajuare bvackets aa

~T

Chn

We will vefer 10V as & Goovlinale Marix ane rserve H derminogy Gontinade
Veckor Jor He orona olelimited form. (V) .

NOE  pecall Hak 40 aels

are comaidered o be the same. i they Rave Hhe dame membos
even !1' Kose membos ave umikken in ao\fﬁm oveler . Hovewer, Tf S {V;,V;,--';th 3

Examble  Coomlindia Reluakive 4o 410 Shavokoel Basis Lor 1

e Spuciel e hise Vo R ad S 5 the Stossboed G, e coondi
Veckor (V)Sm\dﬂw.\&dwv a.weﬂ\.tm;'k!\gkrs, V:(V)S

For example., in R He. vebresesdation . & eekor V= (4,1,¢) an o Linear combiradin,
of Hhe veckrs in Ko Almddard dass S ={LJ %Y

V= a?.a—l-,a'\ +cq<

A Khe coordinale vector velative # Kas Jayis 1 V= (be) i s h,
Nme an Khe veckr




Elﬁm& Mmﬁ Veclns Relakive 1o Stamdard Basep

(D fma) Yo coomdinate vecor fov Ha pelgromiad  pro= ot cpreate - -+t
velattie 40 the Atmolrd basts for Hhe vector space P
W find Be coondinals veckr o = [% J;} velabie 4o Atovdad baots v M, .
._Sf;t..“.' G e tahvmfwmﬂ;-i:w P(x) ex‘armu‘kl.ﬂ ):J.gmanj ar a linear cowdimation a-f-
“he Alavolard bans vector S = {h],\", -— ,)L“i.
hia , Khe m—avdimhmh':fw?vdnﬁuko S (\’)S= (C01),Cs-- ) |

D) T&RW%M crf-aw-dw B:Io‘c ':] wr a Jinear combinabion Of

He Abmclend Sams vechr i

a b | o o | © o a9 &
L olJ :‘“[o q o[ °]+°[* o] *db J
Ao Hhe coovdinde vedor of B weladve Yo S ix
(B)g= (@ 5c,d)
M kCo—d\'rJJMnbA in R
h We slowzed in Examble © Kt te veclons Vi =0,21) , V,=(2,9,0) A vy=(3,3,4)
f«m o (3aets rgvr Rs-
“ find K Co-molin:i'n.vu.&m af V= (5,-1,9) velakive o Ho Baors S=Mwvy).
1) Fval He vechns in R Whose coovdinade veclor velative 4» Sia (V)S-.-_ Ch3,a.),
o (i 75 fnd (V)s, we vt finol valies o €156 and €y Auch Hhat
V=:.V,+qv,,+c3v3 0)
e, (5;-*1,3) = € (L2,)) + (23,04 ¢(3,3,4)

- <
) (‘+2C,,+3C_3 R 2C|+‘3CJ_+3C_3, ('_|+-4,C3): (S,-l, 3)

w"a mwna CW'M rea Q+2G+3¢ = &

LG HAC, B 7] —&
S H4g=9
Sy
rna e patem "f-‘?-v«@;\-&ae)' =1, G=- Cy=2

M{f"ﬂ (V)S:: (V=1,2).
) Us\»-a Ho defi. of (V) > we obbin
V= )V 43y, + 2V,
=0 (ha,)+23 (1,9,0) + 2(3,3,4)

= (y-2,4) ¥ (6,27,0)+ (¢,¢, %)
= (146+6, —2423 46, ~1+o+8) = (V1,31,7)
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We shased i Hhe proviows Sechion thak B Abaackrd Sasis for R as n vecns
amd hoice Bt Ba Awdand doets Jor R as Hhree vechns , Mhe tandend baws for R
Taa b vechrs aal fhe Alswdwol bass Jor R (= R) Pws one vector.

Since we Huank s‘:oczmﬁdamdimmw,a};ﬂanzmmd:m@ww
a line aa ene dmuwn ,MM&pL&an\xWhm.ﬂ-@an s
w\a\ﬁ\c_d:'mum'ouof'umbvs};m.bh uﬁﬂﬁdwda}:-ﬂasidm\nm&cbd«'
Nuh%zyﬂ-_\fecm:‘na&bis
HeorgeM O AR M—S« a-&iﬁh-&imbnﬂmbf#mﬂmﬂamho.o}m.
WEOK&M @ LQ!.' v |\$ Q %ﬂh-&m{ﬂmy m}w 5\3‘152- Q‘AD‘ M{V‘,V_v-')v”i I|$ qnam

W # a stk haa more Ban n vechors ,Hhew it 13 Lineardy
() 4 a sek has furer than N vechrs ;o ik does nak spam V.

We cam now Aee wethey ew.@-_\ dﬁ%@“m}%’f} S’—'{Vsz-""V"}
S on avbijery bams for V, Hus e Linear i*d-t]?unlwcz o S i*ﬂMMW ““ﬂ”‘*ihv
With more Hhan n vectors s Linearly deparclesct omal oy sk in V/ withe fesser Lam n Vecrs
doer wak symv.ma,w&mm;nvtum;uﬂnm,um}kq Jars.
Definilion . TR, Dimession of o Jirike-dimensional veckr space V/ is defined 1o be the
ne. of veckns in a basis Jor \/ ool is daseled by clim(\V) -
hadplibm,ﬁ:_zoo\mc.}ws}a«e & d&{a‘hd‘bin»eahmmm:cm-

NOTE | Some. Lonkers 70 R ompby sk o be o bests Jov the 2030 veddor shace s 1s
conatstest Witk ouy d?#&m%m,&mhmﬁﬂhmwm oamd Ha 2090
Veckr shace ay olimemrion zevo -

E_m-n&@ Dimemaiona 01- Some ffwm'p-iqr Vector Shacea
dim (R)= n The Abwderd bams Ras n vechrs |
A (P) = nel TR atmcdsrd Sams has nat veckrs
Am (M) = M e Abmnsharel bass oy wmn vechrs
Example®  Dimgprion of Shan(S)
ﬁ. S= {pry_ “:ij s a Lm‘ﬂﬁ iha'-l*u«a\u.t Ak in a \ze.cbr*ﬁ-\/, B S s
adornatically a barts for Shan(S) anel s implies Kot olim {span(S)] = v .
%M,m&mmaf'ﬁas)huw by a Lineady iolaperdosct sek of

mMBWbﬁLm.o%mbsihﬂdm.
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gaﬁw._a Ji,.,, He Qu.l_mo veriakles , we oBmin

RN TS O o 2

Ry = S N

Xq = 0

H- we Wwa%'ﬂu—g'm \Mria);lu % & X oubi\'rqv\jww s dt M}-:

Heu we CMOWWAJHMMM

W==S=k ,%=25,%=-k, =0, =t
Whick cam de writkem veckor form. as

(g, %y%,%g ) = sk, s, -k, 0, &)
= (-s-t, svok, os-t , es+of os+t)

= s(-L,1,0,0,0)+%(-1,0,-1,0,1)
This shars Bk e veckors V= [—1,\,0,0,0) amal Vz_':—(-l,o,—l,o, !) S}nu *he
Mmsk«u.&im weiBay Veckr s a Aa&arm%lalz of Ko oklar, Hay are
hmﬂﬂvdﬂ-‘mda«k M‘ﬁwufo«mam*wmwﬁn#m'
Tﬁuc,tLe.mLJ:ims\:aca of He aysten haa dimermon 2.

Seme Fundamenkal Thearems, © We will Ak wibh & Puoem Ktk is comemed with He
effeck mﬁimv\ndc\;wnlww:.knwna ff-awcbr is colded to mmmdfvm a
givem womembly sek of veckns  Anformally Atated , it you Ak Witk @ Lineady indeporclonk
Mk S omel adoin ko ik a vector thak is ot o linear combinakion of Huse in S, Bote K
enlorgeal sek ALl B be Umaarly inclepesclont . Alse , 7 you skark wikh a set S of b o
wave vechns in whick one o He vechrs 15 & Lingar Mnghmafﬂ*am,ﬁuﬂml
veckoy Cmub—mmdfm S wilad aﬁed:ina shan(S) .
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O ¥ S s a dinesdy indepordack sk ad i} v 5 @ vecky in V dhat s oukside of
Shan(S) » then the aek SULVY Khat veaults by praerking v into S 15 abill Linearly inclejerdlent
M ¥ v Eavecr inS Kt s WimMaﬁmvww&mﬁmm%a&uwdminSJ
omal i} S-ivi dluwkes Khe ek oladnined by removing vfm S, P S-1v3 sham e
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