



































































































































LASTTIME

BIT stub is abase for a subspace S in IR
if 1 S span B
27 B is lin indep

basisfor row A nonzero nous of REF of A

II p 1 I
I o l o 13 o I 2 o 3 o o o 1 433 basisfor row A

basis for al A pivotal columns of A

I f f basis for aca

null A solutionsofAx o s tf spank t
Solve
by now
reduction tf I

I I basis for null A

To find abasis for null A solveRt É for leading vars in terms of
free vars Write the generalsol as a lion comb of vectors vi Fu withparameters

freevars free vars
These Vi tu form a basis for null A



Remand Anotherway to construct a basis for 61 A construct a

basis for row At and transpose row basis vectorsback into columns

AI
I 0100

I

t 0013 to too
o o I 3

O O o o basis for roo At
o o o o

Ig I basis for a A differentfromthe one we
constructed before

Dimension

Basistherem Let S be a subspace of IR Thenany twobasesfor S
have the same number of vectors

def If S is a subspace of IR thenumber of vectors in a basis forS
is called the dimension of S Notation dims

Ex IR has a basis ftp 1dimlRn n

For A man matrix in Example above

rank Aq 1 j.fi f.I.F rivets rank
a nauseadim null A freevars

in A7 8

defnullityof A is the dimension of null A

Im For any matrix A dim row A din al A
rank A



so rank A ein indep reusinA
ftpgg y.indep

columns in A

Grollary rank A rank At
rank A dim row A dim Gl At rank At

Rakha Lafayette
pieta

columns non pivotal
columns

E for 4 5 matrix A above dim row A 3 dim ol A

3 2 5

rate Iullity columns if REF of A has apivot in every row
i

i

a A is invertible
b A D has a unique solutionfor any5 in IR
c AI O has onlythe trivial solution
d RREF of A is In
e A is a productofelementarymatrices we didn'tdiscuss this

f rank A n

g nullity A o

h column vectors of A are tin indep
i column vectors of A span IR
j columnvectors of A form a basis for IR
k row vectors of A are lin dep
d row vectors of A span R

m new vectors of A form a basis for IR



E showthat vectors I I É form abasis for IR

t t T

A tut i
z I g Cf G implies iii o is aban

if rank A 3

I
REF

k A y
o o 7

Thy Let A bean man matrix then

a rank ATA rank A
b the non matrix ATA is invertible ilf rank A n

to hell A C null ATAin matin.mn

and ATAR I XTATA F O

Thus nullityCATA nullity A

railnullityth
rank ATA rank A

S ATA invertible E rankAta n rate A n
p

a Cf

E É I 2
rank s

ATA I I 23 I rank s
non invertible

Extra j it's what are the possible valuesof nullity A

Sof rank A can be O 1,2 nullity A 5 rank A can be



Ex find a basis for fspan Cavitt i f if I1 pro

s ceca 4 1 41 718 4
I I E

it I basis for S
REF

pivotal
columns of A

EfYEthf.mn be air and is ive a set of vectors

in spanCui th Then if late the set in ite is lidependent

T we have Ji aight tartu i l l Let a ITomealficients
Matrix A ta de has columns rows columns of A are lin dep

C lait Cede to some tin dep rel

C wit t cette d a lie den rel on Its 1

Argumentfor basis theorem Let B tut Fu Lai ie toobasestors
Assume l k Then byLemma C is lin dep contradiction J


