



































































































































Last time
Def Thecolumnspace of a matrix is the spanof
the columns of thematrix
Col A beam A x b is consistent

9Ax xelR column pictured
This is a subspace of BRM Cme rows

EE c if f Span E B
Q Do new operations change CollAI
Yes Coll's 1 Span 14

Ra Ri

Gl f o o span lol

Def The null space of a matrix A as the solution
set of Ax

Nul A kepi Ax 03 new picture
Thos B a subspace of IR n ads

Q Do new operations change NalCAS
No Solutions ofAx 0 unchanged by new operations






We know every subspace is a span What is NalCA
a span of

Es A I's II EEE I I
us xt2y z o

FEI TI EE I y
solution set Nalla span I t

Eg If A has full column rank NalCA Eo7 Span
Procedure To write NalCA as a span
4 Findthe parametric vector form of the solutions
of Ax O

2 NalCA span vectors attached to free variables

Think
NulCA implicit form ColCAIlSpansparaneleriad

hEETEEEna.nsm.fiqbgaeuM
x y x ey al Z 1 cos 0 sin a s O eLoras



The Four Fundamental Subspaces
Def The row space of a matrix is the spanof the
news Row A CalCAT Thos B a subspace of
R new picture

Ei Rowlf 8 span 3 E
Q Do new operations change RowAt
No Say A hag nous nous v A IIE

R 1 2Rz

R 29
Arak 43Espana r v

rsmr14okis3ESpansu.rv
IIE

Span k ro v Espan In u r IIF
Def The leftnull space of a matrixA is NullAt
This is a subspace of IR column picture
NB Atx 0 Atx To xTA O
left null space is 4

AE xtA o Ii 22 IFI
Q Do new operations change the left null space



Yes LL null 3 Spank43
Ra 2R

I b nail 8 spank B
Q Relationship to pictures of cot space

Name Subfface
Rowlool changed by
picture new ops

Colla Rm Col yes

Nal CA HR row no

RowlA Rn row no

NalfAt Mm col yes

Important To do computations on subspaces step 05
write it as Col pens 3 or NullA g

parameterizedform 5 Complicit from

Eg f Cx y z xtyt2z O

Malli I 2


