


Ex
b- 1123

B = { ( 2,0107 , (011,07 , (0,1 , 1) } is a basis for

IR?
1) B is a spaset .

2) B is linearly independent '

1) let (a. b. c) c- 1123 . We need to show there exist t.p.VE/R

such that

(a. b. c) = ✗ (2,0/0) + PCÉ , 1,0 ) -186,1 , 1) .

= (22,8+8,8)

[
"

11%1=1 :)o l l

Imm
invertible : def (A) = 247117=21--0

1%3=1 : : :]
"

-1%1O l l

2) B is linearly independent :

CO
, 0,0 ) = ✗ ( 2,0 ,

o ) -1pct , 1,0 ) + ✗ (0/1,1)

the previous formula gives a=p=8=o- .



Exam# ( standard basis e)

1)
-

V = IRN ,
E- = {e , = Clio , -10 ) , ez = 10,1 , o,- so ) . - -

en = (0,0, - ,
0
,
1) }

n

✗ = Hi . - - inn ) c- IR
"

✗ = [Xjej
j= ,

C
,
e
,
-1 - i. + Chen = 0 ⇒ ( 9 , - - - , Cn ) = 0 ⇒ 4 = -- = Ch=o

2) v= IÑ
"

E = { [
'
o% .

-1% to ] , [ 98 ] . [ 8,0 ] }
a- Te Te Te,

[ I bd ] = ae , + beat ce > + deg

3) V=Pn¢×B = { polynomials of degreeatm-o-tnfao-aix-az~i-i.it
an X

"

C- V
E = { 1. ✗ in? - - - rx

"

/
ao (1) + at Cx ) +. - . - + an (xD

= = =

4) V={o } ,
E =P

-

EI Tt:= { AEIÑ
"

/ trcA)=o| . Find a basis for

= { [Eta ] I a. b. c c- IR }

✓

[
a b

o -

a) = [9-2]+[813+198]



=a[ 'o :D + blood ] + c[ °, :]
-
-
-

⇒ B :={ [ 'o ? , ] . [ If ] . [ 0,8] } is a spanning

set for V. To show linear uidepadae :

let ✗ [ 19]+p[%]+V[ I :] _- [ E. 9 ]

TÉ=:] ⇒

t-p-r-o-F-PYE.fi?uY-yF------tor5c--v--
1) S is a basis .

2) S is a minimal spanning set
=

3) S is a ma⇐mI linearly independent set .

-

Example : The set B we proved to be a basis for

TR
}
in one of the examples above

,

can be proved to

be a basis by only proving it is linearly indep .

(or only spanning ) bk IR
}

already has

a standard bass with three elements emerges .



Replaamenttheorem

let s be a spanning set for a vector space V.

Then any
set T with more number of elements

than 5 must be dependent

1-11 > 1st ⇒ T is dependent .

.

Corollary : If B and C are bases for V ,
then

1131 = ICI .

Proof . 1131 I KI b/c otherwise B is

dependent by Replacement theorem

since C is spannig .

by symmetry 1131--14 .
☒

DEI this common size of bases for

a vector
space ✓ is called

dimension of V : dim
-

V
.



E± . dim {0 } = 0
man

- dim Rn = n

dim R = mn

- dim ( span {uh = {
' " 1--0

0 4=0

• dim ( span {an} ) = {
2- air . tin indy .
i
, um bin . dep .

0 , U = V = o

- dim ( Prix] ) = m -11

.
dim Ex]) = no

-

Exercise Magic square

sum of each row = o

M={3x3 magic squares} : sum of a column =o

sum of diagonals = 0

T¥
Find a

basis for M → dim M = ?

a b c

d e f

g h i



Row.co/umnandNhllsPdo#
"

prank
"

Def . Let A- c- IRM? The column space of A
=

: = span { columns of A } Étp" 1pm

Row Row (A) : = span { rows of A } Éht Rn
space

subspace

null

N÷(
A) F- { ✗ c- IRT A✗=o c- IR

"

} C R
"

Space
=

tofind : [ A 10] augmented
t

column

then Find the solution set

Remand . Co / CAT) = Row (A)

Ded . Rankofamatix

rank CA ) : =
dim (Colla)

Def
. Nullity of a matrix

nullity (A) : = dim (Nalhati )



Proposition Let R be an echelon form of ¥ . Then

1) The columns of A corresponding to the leading
columns of R form a basis for Colla ) .

2) The non - zero rows of R form a basis

for Ron (A) .

A = [ § } § ] c- irks

→ R = [ to ? I ] : RREF

⇒ A basis for Ron (A) : { (1101-1) , ( o , 1,27 }

⇒ A bass for Col (A) : { ( 1,4 ) , ( 2,5 ) /
⇒ rank (A) = dim ÑA)=

Corollary :
dim ( Ronca )) = dim (Colla )) = rank (A)

* If we need to find a basis for Row (A)

that has to be from the same rows of A

just find an echelon form for AT , then



study GICAT ) ,
and then

transpose !
-

Coordinates
let ✓ be a vector space and fix

an Ied basis is@ i

D= ( bi , bz , . . . .tn/-(--Lb,,bz,.-.,bn])
=

Then given no c- V
, there is a unique representation

of ~ as a linear combination of vectors in B.

~=~nbn =w,k+--+wnbn-

Cv
,
- w

,
)b

,
-1m - + ( un -Wn )bn = 0

f- um

⇒
~ ; -Wj = 0 5=1 , -→ 2

exactly b/c b
, , - - ,bn linearly independent .



Notation In ]
,
= (v , , -- run ) C- IR

"

IE.tn
writ - B

map : it→ 112
"

V → C~h)

depends on

choice of ordered

bass - fort .


