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-Bases
This topic

is about creating
for

coordinate systems

vector spaces.

-

Hef: Let V
be a vector

over
a
field F .

space

Let isto ... in
be vectors

in V .

① We say
that a

vector

->

is in
the stan

of
-

W
can
write

->

vi ,
Ve ..., in

if we



- = it + ... Cn
-
this is called

a linear
->

combination ofis Ve : Un

where c , , . n
are scalars

from F
.

② The s of Viste, ..,Un is

the set E
span(drunsinin

et

IFertitanie
of i Yz, in

③ If W = Span (5 , sWas in, n3)

then we say thatisagis En



Span W.
--

-use--

Ex: Let V
=R
,
F = R .

Let Y =
<1 , 07 .

Q: Is
E = <7, 0)

in the

spar
of i.

④

That is ,
can we

write

c,
< 1
,
0)

->

w
= c,

Yes
,
< 7 , 02 =

7 < 1
,
03



That is , Eo = 7 ,

Fris in the span
of i

&: Is E
= <6,-4)

in the

span of i =
< 1 ,07O

That is , can
we
write

G
< 6
,
4) = c<,

0) +E
=C

No , because
you

would need

< 6
,
4) = ( ,

d)

-&
no way

since
-4 F0 !

-

Q : What is the
-

span of i = <1 ,0) &



span (5) = Ec , /4 elR]
- Ec ,
<
, 07/ < ER3

So
,
the spFd <30 <C

all vectors of the
form < , 07 .

V = 12

·



Ex : Let V = IR , F
= IR

-

Let i = <1 , 07, 2
= <0, 17. .

&: Is E = (2 ,
-17 in the

span of Five

Yes,
because

[2 , - 1)=
+()(0,)

-
4+-> - 2

-

-
- z .i- 1 .Va

so -

Q : What is the spae
of

--

- = < , 03 , i= 0
,
1 &

.



span (E,3)

= 244 , 0 + c(0 , 1/4 ,Gt(R)
-

-

c , , + CzVz

= Ex ,) + (0,c))4 ,
Gt(R3

= E(4 , (7)4 ,
GelR3

=12

Another way
to see

that any

Vector (a ,
by is

in the
span

of i ,
in is with

the formula

Lab
b -

Lo
,
k

<a
,
b =

a. + b .Y



Thus
,
i= < 1

,
07
,
2
= Co , 1

span all of
#

.

picture of
< 2 ,

- 17 I zi - 1 .Vz

M

-*& -I z-

= zπ - Vz



EX : Let V = R3 , F = IR
-

Let i (2 ,), 2=<- 1,
-

An example vector
in the spar

of Vist is

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

= <0,
37

... ...
---=

/Firee

&-- - F- -
& ->

Un -
I I

VI
↳

> I I

--↑iaxis
- raxis



-
: Every Vector in IRSain the span

of- <2, 1

and - = <- 1, 1.
That is ,

-

vi ,
Ve span all of R-
: Let <a ,

b) be some

Vector from
IR? Let's

write
show that

can

< a ,b)
=C

e

This equation becomes

< a ,b) = (24 ,
4) + 7 ( , 4)

which gives



Ca
,

1

↳

This gives

2c,
-C = aa= 3)

Let's solve :

(15) / (a)
- 21 ,

+ R2+R(6 -3)a- 23)-

nic (' i a +3b)



This gives :

c + c
= bCo2 =
- 5 a +3b

①c =
- 5a + Eb3-c= b -55a + zb)

= 5a + b

Plugging back
into

< a ,b)
= 42 , 1 +(

1
,k

gives

(5a+5b)(, 1 + ( 54 +3b))
- 1
,
)

rector <9 ,b)
is in the

Thus , every

span of i = < 2 ,1,
= 2 1
,D



-

Ex; (4 , k)
= (0

,
z)

[0, 2)
= (5 . 0 + 5 . 2). 2 ,k

+ ( - 5 . 0 +3 .2) : 71 ,1

)
= 35(, 1 + 5 . (- 1

,
k



Theorem : Let V be a vector
-

space over a field F .

Let iVasi in be in V .

Then, span (5 /Va ... i n3)

is a subspace
of V.

Whenn

Span(E, Bl
->

-
= 1 .Eit Ozt 0

- Va
VI
⑳&

Tz o . ,tEnt
OVs

I ->↳C↑ · -

+ 0
-
2
+ 0 · Va

8 = 0 . V , Es
O +EstTo
Ov EnO


