
 

Basis 1hm let V be a subspace of dimensional and
let u VdEV Then Su vids is a basis of of
c Eu vis n LI OR 2 f Spank nd

If you have the correct vectors don't need to
check both

Eg two vectors yw form a basis for a plane if
LD not collinear CLI on 125span the plane

See week 5 supplement

Orthogonal Complements
Recall v B orthogonal to w v I w if v w O

NB v w rt w bk la b c def debetof

Eg And all vedas I v C
Want to solve v X O ie vTx 0 ie Nal ft
vT I 1 c vs xtyez

OE.EE's lid foil
check I I I g



Eg And all vectors 1 to v I redo
Nowwe're trying to solve vfx 0 VIX 0
ie f Ix I Is 0

So wantto compute Nul III Null e o

1 EEE E us yao
z O

E EE Yes t.es To
checks 1 III 0 to III

NB if Iv Xtra then
laritbud x an brief 0

so Iv x 1k XL Spanky ve

the Nail
Deft Two subspaces V W of IR are orthogonal
if v w 0 for all EV all WEW
The orthogonal complement of is

Vf fueRn r w 0 for all reV



Uperp U Yt At
this is also a subspace of IR

Eg Span t Null i e i

span f f Nai f i f
before

NB 9pm91 spin To are orthogonal

but spank D Span I ft Span III

Facts let V be a subspace of R
i Wtf V 2 dim Vt dmVt n

Orthogonality of the Four Subspaces
Say A has columns vis gun
ColIAH SpanEv vn3t Nul III Nal IA'T

Take l H of both sides Nwl At t Colla
Take transposes RawAH Nul ft MICAH Rao A

Orthogonality of the Four Subspaces
CollA Nul At are orthogonal complements
NullA Row A are orthogonal complements



Es A l 3 Nalla Span T
Nal IA'T pan T

Now Picture Column Picture
RowCA Colla

Nalla NallAt

BIG PICTURE
Row picture.IR Column Picture Rm

dimr Ronca is Ax dimr

Ax

din n r Nalla
d

x NAKA'T drmm r

Now you can do computations with orthogonal complements



Eg Ve X g z x 12g 3 xtytz o

Find a basis for Vt
F Nail T H Raul I
it span all nothing

Recall the Li j entry of ATA B litho Ij cod

iii iris
symmetric

Important fact NollATA e Nal A Hoars
proof Always NallA is contained in NukBA d
So want NallATA to be contained on NalCA

Nat ATA means ATA x 0

Ax in CalCA in Nwl AT ble ATA x 0
so AxtAx Ax o x c Nul A

Implicit Equations pre
Null space span1cal space

nYVTaEEEpammetnyfomcomplements



Eh.Et um
c L

Eg Rmd implicit equations f Span l
Torok Vt Null 1 i Spank E fColffo
v Colt If Nutt o 9
V Ix y z x 15 0 xtz o


