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What's a basis good for ?

To make a coordinate system.

-

Theorem : Let V be a rector
-

space over a
field F .

Let T ,z , ... in
be a

basis

for V .
Then given any

Vector i from V there

exist unique
scalars cons

from F where

->

V =G ++int Cun
m



Ex: V = IR3, F = IR

Previously we showed that

i = (2
,
K,= 1

,
1

is a basis for IR .

We also showed that given

- = (a ,b) we can write

(a
,
b) = (5 a + 5b)(2 , 1 + (5a +3b)( 1, 1)

-
i = c ,

+ C Vz

For example,

26= ( 1)
. (2 , 1) + (-5)

: (-1)

->

-1 = c. + 22 Ve
V



If instead your basic was

Owi = 1
,
07
,
N= 0

,K =
Standard
basis

then

(3
,

- 6) = 3 . <1 , 0) + ( 6) . (0 ,k
-
= c ,

+
· Tn



: Let V be a vector space

over a field F .

Let

in ...Un be a
basis for V.

If we fix this ordering
on the

call

basis elements , then
we

ordered basis
for V .

this an-

We write

B = [ = , ..., ]
& brackets

+
that

⑳is TBe beta order
matter

to denote an ordered basis.

Given any
vector from V

We can write



= c, +G 2
... Cnr

The constants 4 (2) ... In are

called the
coordinates ofI
-

with respect to
the basis B .

--

We write

[lp = (c , Cn ,...,
(n7

ordinaterector for with

respect to B-

can also write

[i]
+
= (i



Ex: V = #, F = IR

Let
ordering S
theBECo,

o

Se Twofdand
basis

v = [<2 ,1 , 71 , 7] & trdering,t
w = [- 1

,
D
,
(2
, 1) < 2 ,17, 1 ,7

basis

Let i = (3,
-67.

.

Then

< 3 ,
- 6) = (3)(1 ,07

+ ( 6) . (0 ,1)

-
So
,
[< 3 , - 6)] p = <3 ,

- 6)



-6) = 6) . <0,1 + (3)
. <1 , 0)

-
33
,

- 673
p
=

=76
<
3 >

-

Also,

< 3
,

- 6) = (- 1) . (2,
1)+ (5) , (- 1

,
)

↑ -
"E ,

-67=
1
,
- 37

-(2,k, 1
, 1)

Also,
< 3

,
-6) = (

- 5) . ( 1
,
1 + ( 1) . (2

,
1)

& -



Ther /
[3 , -67] ,

= <- 3 , - 1

-[- 1
,
k
,
<3, 17)

Q : What if you
know

-

that [EZ =< 1
,
-17

,

What is i ? 22 ,1 , 71 , 17]

Then

i = (1) (2, 1 + (
- 1) . < - 1

,
1)

= (3, 07



Ex: Let V = P , F
= IR

.

ofdegree
Let

B = [1 , x ,x]
basis

another
basis

u = [1 , 1 + x , (+x
+x]-&Wefound

Le + = 4 + 2x + 3x2

Find [iSp and [i] .

Note

= 4 : 1 + 2 . x + 3
. x2

So,↑xxY

[i] p= 4
,
2
,
37



To find [if, We need to solve

4+ x + 3x"=ICStxtcalti-
->

W

This becomes

4 + 2x + 3x
= c + (+ 4x

+C + (x + 4x2

which gives
Z

+
( + (a+ 4)x + 33x2

- M M-

So ,
<
z
= 3

c
,
+ 2 + (

= 4 Q c= 2
- 4

U ElC+ 4
= 2 ② FR -3
3 =3 = 4 + 1 - 3



Thus
,

4 + 2x+3x =
2(1 + ( 1)(1 + x) + 3(( +x+

xY

-
x+x= 3

+x ,
+x + x2)

-
-

Let's de an example

Where we find a basis

for a subspace4



Part2
① (b) Let V = (R3, F

= IR

W = E(a ,b ,c))b = a+
c
,
a
,
b
,
ceIRY

V = 13

< 1
,
0
, 07

71
,
2
,<5

, 2
-27 <1

,
2
,
3

O- &EO

>0,00
< 4
, .,

07 < 1
,

1
,
174

O

In Hw you show
W is a

subspace of V = RR3. Let's



find a basis for W
.

Let (i) be in W
.

Then
,
b = atc .

su(q) = (ap) = (2) + (i)
= a(j) + c(i)

Thus
,
the vectors (b)(i)

span all of W .

Are (b) i (i) linearly independent ?

We need to
solve

(i) + x(i)
= (8)



for <
, 4 .

This becomes

(j) + (i) = (8)
This gives L c, = 0-

-> C
, + C = 0(citce) = (= Cz= 0

So
,
c
,
= 0
,
<= 0.

Thus , (i) , (i) are linearly independent.

Thus
,
a basis for W is (i) / (i)

Therefore
,
dim (W) = 2 .

W is a
2-dimensional space



inside a 3-dimensional space

V = IR3
.

-


