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"

=

proof



Lecture 3- Linear Independence
Read : Let A=¢¥__%)n×nmwtn#

Then we saw last class that the vectors
it
,
- -

,
VI spay IR

" if and only if the

the matrix -

- ¥ ; § ) has a solution for every vector
to in IR?

• Note : We don't
require the solution to be unique .

Re¥n"YdÉ the leafing variable is

•the first montero variable .



- A frievariuble in a system of equations is
a variable that is If a Hedding variable in any of

•

the equations .

3 0⇐) (
'

: g g)← kadnyvks : ×;✗,

Freeva-wablei.ir



Linewtndependincen (want some
"

sense
" of uniqueness of )

solutions

Det: Let it , - . Jr be vectors in IR? Then we

say I - - Jr
.
an linefeed if

the only
'

solution to the equation
Cait Gui t.it Critic 8 is c. = c. = . - =Cn=O

• if they are . NI LI
'

we say wthey are ÉÉdnt .
2questims_
1) How to tell if any given victors are yidphnt,
2) Who cares ? What's the utility if they are?



ex) Determine if the vectors it :( %)
,
vii. EH

,
vi. f :')

an LI ?

Chad: Fond all possible constants ci such tuhwt

Grit Civutcsvsao
= E) + C-%) +1¥;) . (E)
=

(÷: t.ec:-C: : : ; :)2C, +Cz +3C}

R§R(
I -2 -1 : o
o 3 g , o )

these vectors arL_
O O l l 0

-



Anthemius fÉj,(ÉJ , ) , LI ?

Find ciitcivitlsvitcyvu.co

→ (I ? § ! ;)"⇒¥f: ;
- to :O
so -0 )

O o l l l 0

In this case Cy is a free variable and the vectors.

are lnewlydependuntin



a) Are the vectors (Ij) , ( and (TH) LI ?
Agamohiuk:(! ! ! g) "¥

"

( : ; ! :')



↳ is a free variable so they an nut LII

ApatternEmerges.to
answer Q 1- Ctu to tell) we do the following
m Put our vwtws.ascullumnsof.IM

- PutM✗ into
- Check if there anm

-If then our IÉ

=They our IF LI[If there areno-free-vwrnlt-es-thenthey-ARt.LI!



-Thus if vectors are LI then their matrix has a
-

piÉemn
!

othisreo.FI?!sIzhenfufggng-:Ifv?--.vIaroLIK--
at-Home ?

Suppose that it - . Jr
.
our LI vectors is Ri

• Now let 8in spun City - y VI ) # in IR

(that is É€Éf-?r 1

Then if BiddtÉfw same other d. . - da



thendÉ=d
Proud ! We have

GÑtGÑt -
. + critic d. Ñ+ . - +devi

=) cÑ - divitcivu
- divot - + crate - davis :B

⇒ Ca- d.) Ñitcr-divot - - + (ca -dal vii. 8

Since it
,
c. ,

Pro an LI we have

0=4 - d, = G- de i
- i = Cri - da

=> Crack
,
Cody . . 's credit

a



svbspuas.am/Basis5ubspuce.--AsubpuceW-1Rr.isas-settR
¥ÉiÑ viii. is mw

• If c.any real ¥
,
and it in W then

CJ is also in W

EI! Consider spanGil - Ju ) for Ji in 1N

Claim . Spunk . . Ja) is
'

u subspace
• Suppose: I:-C.ir?t--tCnVr.bz--deviet-tdevr. then 4+6" catch Ñt - . Kathy

is in spun Cvi,. . ,
¥7

• Also fie
, :@☒Writ - +Hiro is also in span Cui- Ja

)
.



AAW = § ( Y ) : ay are real # 's} c- 1123

=
"

set of vectors (1) such that I,y on any real #
"'

2-

#i-ThREAR
§: Is this a subspace?



1)Ctosedondwaddtrmi
Check (E) + (¥;) = ( 1¥;) is in W Y

¥ ¥ ¥ñ

2) Closed under multiplication by a # .

'
1

Let it :(%) in W
,
C a real # .

Q:IscnW? Yes ! ai :( § )



A) W : § (E) : ay are real # 's }
2-

← -

=/
'

,

✗
'

E. Is W a sub
.

space?

NI. ex : !) il m w
.



but CJ -- is not in W it 41 .

a) Wi f (¥¥ ) : Hyun real # 's} £1B
"

*¥;÷¥÷"Y⇒ u:(;)ye 0



NH-iv.tv. :(§) Q:Isñ+uinW?-
It isnt true that ✗

"

+y
? City)

" Cm general)

a) W=f(¥;) : nyan real # 's}
VentythatWisusubspu



•Closcdmdwadditrme

Exercises (spiting ?)



Notcareotway :

thowitfwjusttagpecifnexample



Basij - Combine the ideas of LI and spanning .

0¥ .

Let WEIR
" be a subspace of IR

" (could be R "¥soH )

then the vectors it - . vine of W are called ¥5s
fur W if

1) the vertus an LI

2) if they spun W
.

G- : What's the meaning
of this?

• 2=7 Every vci.tw in :W is a Hot Is . -

,
%

( • I => Tho U fr every
vector in W is unique !



ex ! W : . Suppose I - . v1 is u bass for 112
"

• then since 8 . - . Fri spun 112h
,
we must have

• Also since it . In an LI we must have

→thvsanybasi>fwÑ-thm
AlsonoK_ : As mentioned before

,
if it . - . in is a basis for Don

the linear system

(
ii.

-

vi. i

t it )
has sv¥imt É



thm-i.EverysubspaaWHRihusubac.is?ex-:An
the voters it :(

'

;) ,

is :( %) , E- (f)
a
basis fw 1123 ?

.

whuttudo-icherk.fp.int in any row + every column .

( & % 91K¥
" ( 100%:)

-



ex) Consider the subspace Wi § ( ¥;) : ✗Antis __of
fhypiiplun

n¥n¥;÷÷!÷!÷Ha↳*
SKIP



2) Now we show that any vector in W can be expressed
as a linear combo of these

.

two vectors .

SKIP




