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+ Definition of vector spaces: Try to think about some examples of vector spaces

- Definition of subspaces: Try to think about some examples of subspaces, why is it
important?

» What is the linear combination? What is a Spanning set? What is linearly
independent? What is the intuitive meaning of linearly dependence? How to check
linearly independence?

» What is the definition of basis? What is the meaning of dimension?

. What is the Replacement Theorem? What is the geometric picture of the theorem?

, Try to recall how we can compute RREF? How to compute inverse? How to find
the solution set of a linear system? How to determine the dimension of the
solution set? What is null-space? What is column space?




e AR A == her o oz

Lecture 1: Vector spaces
- Fieldd
DQ{“";J“M" A Lot s & set F along el R b'mm} oPQvof('{ov\S :
4+ (additien) omd s ( mulhpucaton)  Such Hoat =

. = o %
oFbyVX, @F )(—(-‘3=l3+x i X Y Y
d J X+ (y+2) and x-y)-2 =%x0g

0y geE,  (xX+y)tZ2
* for Vx,v,zeF P (g.fa) XD—I-X‘Z,

J! element 0e¢F > VXEF X+ 0 =X

S (et (lefi S XEF, x-1 =X

B, WX €F, 3 an elewmed X)EE 2 & a9

Gr U xeF (excuding x=0), I an elewent X AR o xe X

Eeww e often write XY 15 Xy
g 1( s %n-fe/ e Say (-\ is a \C\m}o_ Qdd




[':Xamples of -(:ie_[

[ F =R
o b
S Rl bt = T b, A2 |
s LU oider p (wMen pusRR prine mumber )

Define Fp= 10,1 2, - b1l andk /. ove defacd o

} MoS’{ o@’mm Consio(amo( " M ot 2/04_&

Yo fov Ux,yeFp | Xty are perfvmed  wiodalo P
That is, Xty s the rewainder of (X—%}_'))/P

C b WKy, efy, kg s e remainde of X0y /p

F" g §0’1} is the l""'“’a '&Qu ( imP"’/}a"f} -FOV i'\‘{:br'ma{'l‘m 'Hneom'es) {




¥ al

CTOWL‘
, awn OLIoS{YoLCk SP(’\UL (SP‘X °; ") 9’
ovy (i \'l’\om ovn ynvt[ PlAC ; {
"l‘\ q:l‘qrn S(’Qlec()

De ation :
'F + ) A vector
+wo OPWM_\.MS SFace
£ i) EE VSV

(Scw(”_ :
B ) bV Y

Sq.’n‘s'fg ing & PYDPWHG: :




&X—c-)o;

Smﬁar :
vector.




T, B s e fer J_\,z,-,m} wf
R <) U g = CRityy i Re e
&(X\,__./Yn) = (00(\) AXz2, -- -, AXn)

g men(F) = ?_W\xr\ M‘U\r{dg w( {w’\r\'-'u tn F;
a nd scaJar MMHPM’C«#‘M

w/ coz(%u’m& i F}
and gcefar Mulh‘l)l,icx"\‘n—\'

w/  motrix addite
P(F) = ? Polynawm'xls
Vv{ P 0\7 ytcww"\,o &O(OU'H‘V’

wa ?(X‘,XL,—~- ) : x) ¢F /j:\llr"’s
wist  odolfion owd  Scador vnuldiplicdian

)

W/ c,onMT)OV\e-ﬂ?\ -



-

nx

i ST S T
symmedyi

ZHXV\ V\’yla‘h’l'cuf\(ﬂ/ Qm’fr«‘zg |

Sy

et S be any r\on-evmp*j sef .
Thew F(S) = { s ) 2 F}

s o vachv spax owr F o under: -
S e

(§+9) (5 S g o) | (%S)(s) D
¢ F

TP )

Q ‘¢ a vechy Spae 0¥ F=(»

over F= @ 70 No

&ues-h'm’- ]_S \/:\R o wchr Space
s R SR L




2 T

Co n $i t‘l-@r "H/\Q dt'{-c(flvl‘l'\' NL 0 %\Ao\_ REZ =~—~__

(*)%—P “%—-Glog:O Qe s iy

[ C  be the get of Fwice diflerediable -(‘avnc.-h'ws on IR

Sov]—ly(‘\a}na e
T’B‘U" S s & vector Space undey nsual  adotitier. aud

Scalar yultipUeation s a vechr spad .




LR =P
E e R N C

[t \ be a vedto- >$%&LL ST

EyoEos;"hon:

| (&) The olement 0 CUSEY e uni gue,

Ua) V')-(J GV, +he e,\QMCn{ 7. ™ (VS4-) 1S uniﬁbuc,) Called
I lihve invert.  ((Densked as =X )

)
2

called Z2ve vedtor

z =) ? = Tj‘ ( Cancellahe Law)

l
1}
ol
«
=<\
o
<

>0

aw) = a(-x) , Yaeb, YXeV

>\

S M2

ol
M

ol
L
3

(Y
-



[ 37
Bee A e e R e T A R S oy

Definition A Subset W of & vetwr cpace V over a fid F
PN A vector  Spaa over F

(s callek a subspace o_f V)
adoitmm  and gcolov myv(ﬁpucx!-n'on inheritea

nwnder +he  came

Vo oever B A Subset E

i
I3
=3

LQ:‘ v )OQ a vecl-or sPaa

—P):Eyvsz‘kﬂw"
l'?'g the -(:ollo wing kS ¢ onelitions Liold

'S a QVLLS‘mLz

(0 Oy ¢ W
W5 Tean el SESE Al [ clostl  amsler +)

Yo et IR eW ( closeel under )

() aXx e W




Njk v 5 veV  (Lavied subspacs)
S
fr V= MuwalF),

W = 1 dieged madrias ] @V
> A ¢ Maxa (F) = deb(A)=0 e

50\/"»5‘0:« aQ

t)

W=

- %Mlosface, b

Wyz FA € M P 2 A)=8] cV




(o kel S Aot EERRARER

e b N = PB(F) | L
> M5 e R(F) : gl <n ] is asmspea

N, "L—j f e PCF) = deg(f) =n7J ic NT @

Sulospa.oe




R e G
Leger e i S IR R T i
xT

Consida [inear System:

Ay X0 Rz X2 s A Xy = L,
+ QAan Xn < 197.

e =)
ale\+ = ‘— ‘ L:—) Axcb

aml X\"— ayn; XL+

e selufier  get S cV

%iws A Hubmedt

/

3@/‘ QVVL~

? No n
Is S A Subspas h
\{&5 0 v)l7 wlﬂeﬂ b

Y
=0 .




chsara: i S —
. PRI P Wt

T‘ﬂ@orum A") in’rusecﬁm o{l : mlog‘;ac“" agﬁ_a_ vector Spece e 153

a  SubSpau of V.

@wzs\'imi (/\)l = 5“‘”?"‘"‘ ; W 5, Sotfos?a Iy
M\

@

\/

W
\/‘Jl nWa2 1S gnloqua

Ls Wi uWa a  Subspac 27

@
N

No | A 36“070‘4«







C/@m\oir;.;{‘l{m and S?an e e ; ﬁ
Definibions et Vo bl A vectwriSpace lover F ad Scv a .

Yll’Nl—QMP“'y SMbef* >
Qa _)_iﬂmr COW‘O;VUQ‘HOV' o-F V(C+°V5 O,G S

- A
¢ We $ay a veehr veVl s

B G . waeS and AR, a, €F  Suda Hat:

~ - iy B
ar = GyUy =+ QU t - 7F Al n

o S =5
C owboinahion O‘r u,,--Un

RQV'\‘WLC- s psuelly called o linear
GV‘A a\/ ol ,ﬁn Qare -H\e COQ%U:Q"'L‘ 9"" ‘H’\Q ll‘VlCAv C,bwwlm‘vw-h'm,
o The Span of S, denoted as Swm(g), s the set of all

l’mem combi natim of  vettrs o s
ol 2 o - _ e o |
SPW‘LS) é‘ { Ry W, * G2 Ut - F Qn Un © ao C:F/ UJ@S f@-'r J 1,2,-,7)

neN}

e |



R i L B S

M 0 [57 Convention SFawLCf)g#ggs,

Sl (s S?m({ £X - xti)
. S
X




Qv

Any
= 2 o - N Cyn X1+ Cuz X 4o+ Am*n=V, |
U € S?o‘" ({M‘/ Uz, /M"'S) \{;f &2\ ;(‘\ € | _-7: ~+ Q2n¥w 2V2 |

W\
V2 ; |
K'Uv\ -9\0\5 A S{( Tt Gz




S
B i

T_'B\‘w"“" Gefi 'S =N & . o Vet spaa \/ e o
T’B\“l, SP&M(S) s "H/w. Smallesd SM(oSJ)acQ 0(: V c,omsiyh'n; e

(]_-F S s A 5“%[’““& Con"ou‘m‘né S) +hen SP""‘LS)C[/\)>

(ool




Linear i nolependence

—

-DQ'G'\M‘\\‘»\‘. l_2+ V be & vector Spaa over .
Said 4o be “V\U\rly olepeno(errl’ |{ E‘ d"S’H"C(— U\,az/__/T‘AV, eS

A subset S cV s

and  scadars v, Rz , ---) R € £ 3 n0+ all 2er0, s.t-

al_t:\. + a;az“’ g anan b —8
O+14€/fwfy, it 18 gand to be ’M(Ar(y indefe'/"’(?w"‘-
25 o The e.vvvp'}y 2et 95 @, 4R linewly
SRR . S i fineady

5 1t Sz UL and o | Hhay

5 e liheaﬂ/ iV\Ae,Pqud(“-} ,




e e e e g e o (4 (T

L L o be a sk ek
the Hllowing are QBMV-\/L{J".

o Jeetow Space V

GRS s linearly ;no(epcno(en‘l'

(2) Each ;(\ & $Pom(§) C A The UCPYL%“‘ in A W‘;?W' Lyl

a |inear Combinah o o'f veetws 0'€ S

'_\ r r .
() The only r&frzsen’ra%‘ws of 0 as linear combinafios of

vechws of S are  drivial  represedadios, i, if

— i) hg
B U« G, T

L AY —
Dok U",ﬁz,.-.,umeSj 0\,, aL,--/O\neF/ ’H"e“‘ e

wmusd  hae 0= O = - = An=0




T T TR TR S R S T T e T

Example: . B 0 i o, et s i
Ud ba ) : | Neay
—lje\{nl S = z ‘[:o) 5 Uhy =se ,‘Fn U(l} G- Pn LF) RS % l 4 l7

i no\q)wdmi cabset .

Exud‘.&~




- ——
A e SRS

Theorsm' [of S be a lintvly independest Subsel of o vechr spuce VU,
Let o eVas The: Sulnd is [ivealy deperdert off

7\-; € g?ﬁm(S).




“ —Fov ;\ ved-m;__éFo\a V is o

I v GMA
5 F s linearly inolepe ol evrd T
F Sipanis Vo IR SP“"'((Q— :

144
\ L o
) : €}=(°/--/°,';°-' i:
4 . O) CZ:(O,I/O--.,O iy
=(l,0,._,
Q3 .F {e‘_( s Yy )

s én: (ol o, ___/')‘}
(s abasis Lo F’\‘_ N basis )
& ° ©
aMzm.U:)‘-{((oc\a)/(L o)/ (lo—z,))(?z)}CM?_m(f—]
(s a basis fo Mo (F)
s, xS, ,x' is s basis for Pn CF)

] ?‘,X,)(z,-___j (S o\L‘(st—Fur ?QF)



— B ——

Tﬁeofﬂm g Le.+ V be a vech~ Sip A A ﬁ= f’M,,Uz, Ay Tenrane

— A i ) —_ (u""@U&)
(hens i basis 'por V I‘F and only (f - \/fu \/) E‘ !
4 (5 = / Core Q) (.H,‘ue)

@ 4, Gn € F Swch thed Rk
K = — 4'-/\'
TO o Y s AP S Gy,




e — s

L&wvma: et (;( a llv\fmyly olcpcno(awi gmlaSe:k a{’ 7 VCL‘{'U» Sr“a --.V
e dveS sucn tad  Span (SN Tol) = Spaals),

[heovem: Suppse S 15« finde <panning set for a vector space V,
et lgcs o s o i o .

(A 'rln('\e $Pannmj set Can Le V(OIMCCA 4o 2 100\31‘5)




