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Todagz 85 and §6 Next Tuesday: {6 and S+

let V be o vechor Space and let
W be a subset o? V. We rec%uip ¥}
W with the eperations from V5 andl if
y this tums () into a yector space , we
call it a subspace of V.

Subspace Test A subget W of V is a subspace i and
only if (i) Cew , (i) W is closed under additon,
(i) W is closed under scalar multiplication,

W, = { (x| xeR T ¢ 2

Wz = { (x‘tj)G lR’“I xizo} Q__]Rz "surroundin
Space”

Wg = { (ny) €R? | X+y =o} c R* |

We={ G [xeRT e g

W = { defR| Wi e R
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We Saw: ), s a SubS‘aaCe 5 (JOZ anol (,Os are ot .

A ) (o0)e Ws because O+to =0, /

G Let 0,3ely; . Claim: H+Bew3_
Since a,i}ew3 , U= ("':D with
. X'Ps =0 Clhol ’-\}=(x',5‘> w.lth
X'ty =0. Now, obsesve that:

- -3 _ Y
N u;r'\r = (x+x’, 51—3’) |
! Y = ! =0,
. LN . (x+x)+(.j+ts) :(:é+x+‘j
: So,d+ve U)S - ° o
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(i) Let keR , ReWy . Claim: QelW, - Since UeWw, ,
U= (xw) 2nth xt4=0. Now, observe that:
U= h("»@ = (hx,ks} and hkx + h5
So, huewg, \/
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\\)es, Wz is a subquce,z

A @) (0,0) 3 Lo,_r é

No , Wy is not a Su’ospacez

Qec_a\\ It Su%?(ces fo show that ore F\"OPQY#&A %‘\S.
We. cowld dkm%HVQUéS have <aid:

A\

@0, (L) e, but (0,)+(1,1) = (1,2) $W,
/ So, L\)q s pot QlOSQo\ under Gdd.l.{’ioﬂ, é "

Counterexample . ‘
aoith numbers But, checki ng. \? the 2ero vedtor ig

n a Subsel ig JC.APIQQ“S veraeasg.
bo +\’\Q* ?YS* YYZ

Three move Sgbspacqs

® Su{\“ouﬂdin\q[ S}‘Dacet M, = {[:;‘2;] | al QEQR%

with  addition and Scalar mu\HF\\"m’don
intredced last Hme

Subset: f = {{t \:] l a,b,c G‘RE < |Mzz

|
Complicaled Proo'f: P-Sé o? '|'exH>ooh .
Simple proof: Lafer in this class/

Yes, I'is a subspace 7
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J s called the Space bf ngmei'n'c 2x2 matrices.
Thete 1§ a ?Qan woy Yo describe it: The franspose

o{f an mxn matvx B is the nxm mahix AT whose

fows ove the columns o? A. E,%',:

| 2 T_ {1 3
SEC U

Therefore, f:{ﬁe“v]n\ HT=H§ |

@ Surrounding seace:  F(R) =Jall Banchions from R to R}

&5 4 2 ,
2 , R*: “one ol number per entny”
3 //«\/ : per <™y ,
| ! 3 > FF(R) one real numbg( Per real number
e /
@
2
o
% Thie \S one. tuedoFY
SubSe+= E = { P(x)= q+bx+cxz I C\.b,(‘. GIR ’ZJ Cc ﬂ:’(ﬂ?)

Yes , B is a subspace ! Simple proof: Later in +his class ¥

Mouébe recall [P hewe . -However)"our theorem about Spans
o\oe.s not show fhat Pis a SubSPacé. So, we havedo go

the hard wouy and wn the Subspace fest (p.56 of dextbeok).

SKIPPEDY

@ Surrouno\in% SPO\QQ : R’-“ with S\n\'\o\a\\o\ GPQVC&HOV}.S
Subsek: () = %(X»‘g-@eﬂs \ X =2y t2=0 r% ¢ RS

Thatls similar Yo W, . Bub, we will aow 3o a
slightly oliffrent way to see that L) is Subspace..




W = {(x,a,%}e@sl ><—-23+%=O§ (-xv
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BUT STUDENTS HOMOS@EouS [inear Sﬁskm:
SEEM To PREFER ': \ O] RREF
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THE AD-HoC WAYY © h

[(as-t,5.6) ) seer]
{s.(z,\)o‘>+t~(-“o,\> \ S.{:eR}

Po

m

% = span { (2,\,0))(-\,0,\)3 (%%)

& r

L RAdvantages

c ~ ‘

é (*) Eas:& 1o check i-s(> some. vector ig in L) :

z (43,23, -1) €W becomse 43-2.93-|=0
@«

% | () Finile list of wectors o\esanin% W:

bz < "ligear combination”
0 ot (2.,0) angl

a / °/ (“>°>')Z

8: (-l,m%y

< (2,1,0

0 / ) W

Definiton ot B, e, Uy, be wectors of o wechor Space V.
The get o?— all linear combinatons 0? - ,...,73,,, IS called

=)

-\'\“e SE\'\ c*g— 'IA);,...)'\}M . n O‘HLQ(‘ wofds:

~ pry —»
SPQU ?'U. >...,?>m’% = {a,'u, oot Qm Vy l A, .o sOm efR }



BG THEOREM  (past V)

W=span 5\"3,3,,.)7\},,,75 is O\\wm%)a a Su()quce o? V.

M Let's tun the subspace tesk.

(D) 3= OB +..+O0v el V

(i) Let 0. %eld. Claim: T+v el . Sine &, del,
betam B and V=bT 4. tbm V. Therfoe,

= (Q.+BDQ-;~' +...+(om+\:m)'l_;m G_UJ ‘/
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G) ) ey ke, Rel). Claim: kield. Since uew,

U= a®, +tan®, . Theehwe, ki- (Ra) B+ 4 (Ra) B €04, v/

i

. \ o [I
Coo\ , \Qeep w mind % /

W SPans are. Su.éSFQQQS!” Y

e\ about *‘;\?5'
. {
eac\? o our emmp\es nom.hon.

® W= {(x‘\ﬁ&\)eiRi \ ><~25+%=o§ =

= span S('(z,\,o),(ﬂ)O,t)g 2> 10 subspace..
O IR [ omeer T
= {el] e b e eefs] | aneer]
= span {122] 1], 187]0 5 5 suspace.
@ B = {prbxrext] al\:a.‘celP}

Span { 1, x, xzié = fPa suloSPqCQ.
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Exercise ldenﬁﬁé W, and W; o» spans , and
conclude that Jrheg‘ ate Suéquceg, ®

. N END OF CLASS Uvy
Questions ()= span{(1,0), (0,1} ee

° How many elements does L) have 2
° Con wou iotenh‘?% W ¢
W = span {(5,4)§
W= SPQn {(|o,‘q)}

} Same. c?,ugsh'ons n

Outlook

BlG THEOREM  (part 2)

. N ¢ 3 P
I? l&) 1S qns Sut‘.srace 'b.)"'nc_\j COﬂ"‘QinS 'U,)..-)"U‘m 5 'Ehe_ﬁ

W containg s\mn {i}n ‘_,,'\_‘Jm} . That means Span§§ ,’3,&
o

is +he smallest subspace containi [
P “& >

g\:om gfl_}. s ...,6"\?3

W V

2 3
This will allows ws bo cheraclerize all Subspaces Of» ™ and K

® SoluwboEs W, = 5'\ (2%, -x) | xele = {x-(s,-l) \ xeRg =5Pqnf(§,-|)}
Wy = { (x)3§ \x+3=o} = § (-s,s) ‘ SGR’S

= gs.(-m)\ Se RP(S = Span g\("x')}



