© Vector Spaces and 5ubs,pqoe5

R'= all column vectors with 1 Creal) componencts
:{(VI,VLI--.’V,‘)i V’Q’R, ,':|’2,...’n}

[i]eﬁf C1,1,0,1,1)€ R’
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© vector space : ( Vi et of yectors )

© two opem'f'ﬁons :

vector addj€ion: L & V , wel = v+w eV
scalar multiplication: L €V = cV eV

© eight rules:
HLtWw=wWw+V
@Y+ (y+w) =—(s+ v)+w
(3) There s & un lL “zero vector” O such #at Y+02=Y fral Vel
4 For eqoh V., there js o wnigue vector =V such that Y + (%) =

V

—

ONK
0 (¢ cz)L= C, (Ca V)
M C(L+wW)=cY+clW
® C+tl)v=CV+ il
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¥ Example
L R" % a yetor space

oll real 2¥2 matrices }

Jtlsvl=[3s]en
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2 F-= { all  real functions HX)}
fo + }Cx) € F
cfw € F
=Z F 15 a wvecfor space.

is

4 z=1f0f}
0+0=0¢2
C-9 =0 ¢33
7 £ 15 o vector space.
Remark. (O'fl) = |-V =V

I 2 0-V=0D
O:V+ IV =0V + V

Remark. 0= 0-v=(l+(-N)L =V +t(-1)¥Y 2 (—-1)V=-V

Vc_]t A subset W of & vector space V' Is o subs[gaoe, if W itself is a vector space.

Def A subset W of o vector space V is a subspace if
MDYeW, wewW =5 Vv+uWweéew

G)rew =5 cvelw for any .

Claim Everg subspace containg the zero veLtor.

fraf O-¥ =0 € W.

¥ Example

LU=$(x,4): xz2 0, 42 0}
Is U a SubSPaoe? //////

No sine -1 C1,0) = (-, O)A'gu
even if C1,0) € U
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o U s oa Suloquoe, of M.

© Column Space
Def The column space G (A) of a matrix A consists of all linear combinations of the columns of A

¥ Example

& 7 [&] +7(2[&]"'"""an:.“_"_]=.[?.

‘e The sg/s’fem AZ=b 1 solvable iff L€ G (A).

¥ Example

What are +he column spaces of

O1-['7] oa=[.5]) ®e=[,,5]"

Ang:
On (L] +n[1]=[r]er
H G(I)= R?

Ox[i]ra[4]= [ o [L]=nraa[ ] = #[]
wam={x[}]xeR]



Ox[p]+n[5) r5 (4]
= (X'”X")(U‘L Xs[;]

LR
(') ;’; [;‘:] = [:'z] Is onaye sofvable for any br, ba
L G(B)= R
= All of them are subspaces of R

Claim  Tf A ts mxn, then G (A) & a sulosPaoc of R"

S = set of vectors in a vector space V (probablj not a SubsFaa)
55 = the set of all linear combinations of vectors in 5

We call 55 4he " 5 pan " of 5.

Then 62 15 a subspace of V., called +he Subsyaoe “SPanneJ ! b, S.

¥ Example
5 = the se of columns of A

I 2

A=[z 3
S5 = the column space of A= G(A)
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