
Ray 's

Leasing Goats
• define row and column spaces and rank of a matrix
° Use G -J red

'

n to compute both
° Prove row and id rank me the rank of amatrix

equal

Defy A c- Meatman (F)
.

The row space of A

is th subspace of F
"

generated by the rows
of A

,
and the column space of A is the subspace

of Fm generated by its columns .

The

row rank of A is the dimension of its row space,
the column rank of A is the dimension of
its column

space .

Read The elementary row operations :

°

are linear combos /renderings of rows
. are reversible

.

Thus the row space of A
= the rov space of its

reduced echelon form .



Given the shape of REF. we in fact have that
the nonzero rows of REHA) form a basis
of throw space of

A
.

Ez let A -
- f: I 14g ) - KENAI ! :{ To)

Thus
a basis for the row space of A is

{ Cl, 0,24 , -4) , lo , I , -73,491 , the row rank of A is 2 .

Prof let A = (c, ca . - - on ) e Matmm ft) with
Ci = column vectors in Fm .

Let I be any
matrix formed by doing row ops

to A
,
and let

5 , . - , En ke its columns .

Thru for him , Ine F,

Eik ici - O ⇐ €
,

tiE -
-O

.

He write out the first egin :

X
, Kai

'

'm) t - - - then [I:) -

u
O

.



Its solutions are thou of the system of linear eg 'm
Auk , t a ,2X, t - - - t a,nyu = 0

I

am ,I , tamale, t - - - tamakiO .

Row
ops don't change solar sets , a th weak follows.

Cos Let E -- RENA) and appose
the pivot columns

have indices ji , . . . , jr .

Then the columns of A
indexed by ji . .-→jr form a basis of the column space
of A .

Pf For simplicity , assume j ,
-

- I
,
-
,jar .

Then

E looks like I O O k k to

( O l o * * * )
in the m--5

,
nice

,
r⇒

O O l H & od
caseu

O O O O O O

O O O O O O

let Ei . .→ En denote the col 's of E, Ann , An the
co C 's of A . Need to show A

, . . .. , Ar are Lin ind

sand generate the column space .



For linear ind
, suppose

k
, Ait - -- thrAr --O .

By the prop ,
I
,
E , t

- - - t Xr Er -- O . But

Ei , . .- , Er are tin ind , X
, , . . . , fr I 0 .

To show that span {Aim . , Arf = al space of A ,
it suffices to show Aj E T for jsr . Since

Eun .
.
Er span the column space of E (check this !)

know 24, .n, tr EF s.t
.

X
,
E
,
t - - - three Ej .

Equivalently, HE , t - - - t tr Er - Ej - O
so
, by prop , I ,

A
,
t - - - thrAr - Ej -- O

⇒ HA ,
t - - - thr Ar -- Aj .

⇐ A -
- f:3 IT ) - renal ! :{ I)

so #) , (j )) is a basis for the cotspace of A

aund the column rank of A is 2.

The Row rank of A a Col rank of A .



tf let E -- RENA ). The number of nonzero runs of
A = # pivot columns .

Defy The rank of A , denoted rank CA ) , is its

row rank or column rank
.

Rand deter und
'

que sodas :

To compute so Ias of a homogeneous system
an X ,

t - - - t a
, n An

= O

i.

any X,
t r - - t

amnxn =O

wa compute RENA) for A
-

- Caij ) .

The number of
free variables is the number of non-pivot columns
= n - rank (Al

. F!solhO→iffrankIAI=nT
For a non- homogeneous system

an X ,
t - - - t a

, n An
= b

,

i
.

any X,
t v - - t

amnxn = buy



we compute REMft Ib)) for b -u 4;) .

If the system is consistent , then every so I
'

n is of the
form (particular so l'm ) t (so I 'n of correspondinghomogeneous

system ) .

soso.it/hEfatnufaig!on!stent.threisagarnauwgue


