Lecture 9

Monday, January 27, 2020

A e on the 2-dinensimed plém can ke regarde] 23 a contruuous
Kap Q: R~ QL ’{'Lu/; K a curve 1‘{«4.4 @‘l(f fl« ewtire /}[Que ) ke roeq
o a c()aca.-wa((nj cave. Thg & an ih“c/edr'j ald‘ec/ n a feld of ﬁ?/D&ggs
A rpaafp'uwg omtve & cn ovb Coatinuous map  fom R 4 L~ Tt
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Let fr Vo W be « Ainear mep. The rank— nallily theorem says that
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. vu«ﬂffa C() = 0.
. rank(p) = AV,
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. f rs 4/0(Marplu‘c..
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. nuﬂ—c‘{"ﬂ [H = dm V=AW
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Lt ws cmsider 3 citwadions

o A NV < dim W
T Hi case, f Meps 4 maﬂ vedw

pae b o Lage vedw spaca. Tutuctivel,
me Cam ex,fw‘ that J o« not 6/7(‘/“0"/7[\@‘
This caun be proved as ,ﬁpllw;;
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< AdmV
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g Am V= pL'M,W-'
1t w= A Va bW Ej fanL—m«Mj f’/\zofeml we observe thet

Vu‘.u,t"lffj q) = 0 <::> /QKLCF) - Nn ) f e /{W/o[ut.
—y

[ 8 moononpl | 5 2praphic

Thuss i thes case, manorarphic !, 4{’0:’)\«0’{412, “ awd “ LKonL?/' are

1‘,’[; Cann e,

We funmmarize our aéovo oéﬁormﬁm as fo/{mus:

Xﬂwofw‘
Lt f: VoW k. =« Srwecr map.
. I/F dine V < dime W tlon {jrs not n«mma»/)/u“c
. I Adim V> dim W bhen s ot ~€f/‘ma'/)zu‘c.
v I/{, dim V = dim W the A Mbmmwrlu‘o 3% and Jn«é{f
it efihw/‘/:lv‘c.

Clm of fwo vedvr spacec
Constder fwo vedhr spacs U and V  (over e came F«*eﬂ F). Tt «
cugy to cleck tlat WAV & alo o vechn spaa
intor se. b

of U and |/

\/ Hoo +o check ? Obserye that ANV
o, i a Subied p\”, M, whih ¢ a vedw

fpau_ One ”‘J‘a neede s cLe_c,L <
r)ropui‘re,s .‘

O 0euav,
grectile @) UMV & dosed under addition ;
(3) uav (lofai wndes SCJMS )
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Bx. Dn R, covider tun Kina passing throwh the oregm.
Back /&M_ Can be viewed ag a
\/ U 1 - dinensioned  vectnr pa. We See
fom He pictur that
0 UNV = {5}
vohuch s & vedw spaa

E,;u. Tn def, comsidr T PZQM-S ot pess ﬂrzruai fle oviqn.
The weedim o flese pém i a b
passing ‘ﬂwa.g/l the orcgin. Thas, UMY/

i ali«o a Vecfw spals.,

\A’(’u'lt the tbarsechme UNV & a,lwags' a vedr Space, the. wum UV
g jema,uj not G vedy pace. A Qm/o{o_ axzhple s that -
W axd V are two bines o tla plase .
"i\o Uunim cr; o JZM S wd A vechw Spac bocange it I sl c(ofco(
wnder addibroon.
u The red vecr «« cutside of the

L,

A wabured quetion ¢ chat & a vedw spac that codams bith
U ébwal V1

T(w wnamm UL UV x not an answer becaumse o+ 5wt a vechr P,
TLNL are n fa.d' ("V\{lru.il'oz:, rany V‘CL{W‘ Cp o fAd‘ cotarn bo{Z\ (A
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ank . B emm‘ofg when W and V ame /€t‘he£, The /J/a.nL et
Contains  hnth Lnes 5 cuch a vedw SpacL . The Bvd('mwm«o.z P
as i The prture. s alio a veckr

J u SPQQ, Hg«.‘ll CM'{'Q("\} éOéL\ (/( Q"‘(/(V'
A\/

We dde{dm m{j»«.s{ Hv quu{'th« to mmake cF e MeqnmﬁJ:

LULLG.J( S e smalled vedw space that codams both U and I/ 7
T veehw space will bo densted a8 U4V (The um of wcfzr.r/mcz
U and  vedw space V). It & L_{.-,,\eA ay

UtV = ‘[L«.-tv - uéu, wE‘V}

(L-[—V—; d?laue, ‘(’Lc‘ll Cad‘qihs év‘(LL
\L/ . s U end v

U2 X~ p[em;
V i /&% fmiﬂaj ﬂ\mtﬁlk f"’\& orgyin_
U+V = R®

i:ﬂ‘

Az h

.
.

"

Howﬁ;@w(a basi o UtV 7
Ld’ﬂ, fe « st oju/ and 737,4'64 Léﬂ;{rf\/. We krop fhat
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U= Span B, ond V= span 3
W ale
&l = {Vl,"z_,..., \fug ,
B— Lw,wiee, Wil
T concatonatm of B ad b & ﬂzfrw! s
EI LB = {"*,,'bu s Vny Wy, w,_(..,w,,\}
//1"»&’& K a Slt’ﬁu‘ ue.tﬁuvt&_ ée:twau\ Concatenatiom and unim. I[
Yo are cCommm vechrs deween B and B, the e wnam B, UB,

’u«c(lm‘cg !;‘\JL 0‘% H@u \/aalwg m«!ﬁ onlL ) uL{e t }w_ Cmc_afehq‘f(% t’nc./w(u
ﬂwy, Ve,(,ﬁnrg‘ éwm. 'Fw e,mm/lz,,

B,=f{12,3}3

br= 13,453

B, UE = {‘,1.3,4,.(}

B, LIB = £1,03,%,4.5%.
We see that o pan of B LB melades Loth U aud V. Moreowr,
Ay Ve spote e ot codains Lot U and V  mart 2l cadem
B LB Th, span(B LB) the smallest vedw spaa thal
OWJ’WJM Iioﬂ\ (/( m«ﬁ( V We jef

UtV = gpan (B LIB)

To f\kd & basy 4 U V), we &Jj need t exfract /&n@@‘() idgpendleat
echwe fron T LB,

We &(-17 fv [93 MV‘A"LJZI«.J szlrr; u,,z,h,,,p,\,w,,w,_,,,,,wm ag QD(Auqh_:

»1_ & pabo,

[\\li\\}u&ﬂ[ ]
Cl e J

/?fvof coltemns” tell us which

vedus Aoy Dy Wy to keef,
We will comsder some -emmplag nenk time .
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