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Q find a basis for GIB

5 525sbi Is
note 5225 Is 35 955

So any lin comb of 5 5s is infact a ler comb of 5,5 Cpivetcolumns

J ebit a bit csbj a.IT G5 do 12 at sq bites15975 t g5w w
25 3545 I c Span I Is3

Also Tsi55,55 are columnsof Ig andthus are In adep
I 5,53 basis for Gil B

A f If II B Q end a basis of GIA
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pivotcolumns
Sd A l n denudencerel among ad of A is a Sol of A I o and AI J

hassamesolutions as DIE
Se 52 25 Eira
5s E 55s Is Sait sat

a ai Is aIbribesb5 Anindep lie indep

This E I'saI3 is a basis for Col A

Thai Pivot columns of A form a basis for GIA

Warning we needpivotcolumns ofAit not of a REF of A



Dimensionandrankf

Coordinatesystems H subspace B LI ship a basisfor H
me

anyvector E E H canbe written as a Cen ee b of basisvectors izaun ay

if I c bit CpIp
I d bit dpbtp

two representationsof I 8 6 d bit Ip Ip Ipas a Cin comb

since B linindep we have a D Cp dp i e

def Let B Ii Bp a basis for H For each I C H
E c bit tcptip coordinatesof relative tothebasis B
L TB I p coordinaterector of E Corel to B or B coordinatevector off

I IE ii I I a
is Ein H

b ifyes find I B

Fibs for H Span Iii

So I E H iff eg c Tita E is consistent

is consistent C _2 G 3ausmetal g II e

ears IET I's
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Basis B determines a coordinatesystem on Hi
24200 d points a H are in IR but are determinedby I3B R
W 1

Correspondence It ITB is a one to one correspondence

I between H and R2 preserving enear combinations isomorphismXz
v H is isomorphic to IR
Ii

Generally if B LI 5p3 a basisfor It mapping 1 I 1
is a l l correspondence whichmakes H lookand act like like RP



Claim If It has a basis of p vectors then each basis a H
hes exactly p vectors

def The dimension of a nonzero subspaceH din H is the numberof
vectors in any basis in H Also dim 83 0 convention

E dim112 h every basis in IR consistsof n vectors
din Cplane in 1123 2 din line in IRB 1

through8 through8

Exe Nul A basis vectors correspond tofreevariables of A 5 5
Sei din Nal A non pivotal columns

free variables

defy The rank of a matrix A rankA is din Cola
Thus rank A pivotal columns

Ex A f If1 If Qi what is the rank ofA
I 2 2 5 7

51 An no pivot columns rank 3

Note din Niel A nonpivot 61 2

The the ranktheorem
If a matrix It has n columns then narkA id.cn VulA

The Cbasis thm
Let It be a p dimensional subspace of IR Any hi indepset of p vectors inH
is automatically a basisfor H Also anyset ofp vectors in H spanningH

is a basis for H



Invertatrixton cont'd
A run matrix Thefollowing are equivalent to A benginvertible i

Columns of A form a basisfor IR
Col A R
dem G l A n

rank A h

Nul A I
din Nul A o


