
Chaptwsveotwpuces
Recode : When we first mentioned 112h

• had some notion of
1) addition ( Etu)

2) ca real ¥
,
I CJ

TheÉÉÉkHmny
A 1) 8+6=0+8 ( commutative )



AZ) it @ + E) = Gtw)xÉ (associative]

A3) There is a 8 with the pryje.ly that 8+8=0

A-4) For any Jin IR
" there is some other vector ft)

such that ✓ +1-81 e 8

MM acini) = ait air

} distribution
M) (a +67.8 a aft to properties

M1 album a @b)i

MY) There is a # (1) such that Ive Ñ



Def-IA.ve#spaaV is a set with a defined

÷ÉÉs andÉÉ
,
Kat

A-ty.and.tl#yabwe
-

• we call elements of vectors .

ex) 1) Rn

2) Mmxn CIR) = the collection of all man matrices with

coefficients in IR .

Ou = ( 9 :
-

o

o -
.

o
)

3) Rn [×] : the collection of all polynomials up to degree n .



• the 0 vector in 112nA] is the # 0 !
• Need to define addition . :

f- = aot a,x t -
- t anxn define

gi both ✗ t -

. then ✗
n
⇒ ftg-olaotboltcaitbi.hr/-atCan+bn)x"

• Also need scalar multi

f- aotaixt - tant
"

Cfi Cao tax t " 1-Cant
"

There are a lot of other examples too Chase will not

be asked of
you )



1) 1RÉipñk .

2) 5-( IR) : the collection of all functions fitter

C-tg) : 112-0112 C- + g) a) a fattyG)
01

. Ou : 112-0112 such that Oval :O

19112) : f. f.IR-or : f cts }

f%R) : f. fir -ok if is differentiable f

÷
CHIR) = f f : 112-0112 : f.is infinitely differentially -

smooth '



(smooth functions )

consider the differential equation

¥gf + flat =O

%EF.ie#-nisnisV-twpace.thrm-:Vvbe
a vector space

1) OÑ = a (think about how )2) The 00 is unique to show these
3) the inverse to any veetu it is unripe .



seotims.2-spunll.in#indndme0ef-:Vbe a vector space , let vi. - un ti vectors in V
• 1) A linear combo of these vectors is

an expression A. vitaevet ask.tn tank

for Ajay . . , an
in IR

2) The set of all possible linear combinations is the spun
denoted -spuk)

3) NEV is a ←É if it is
"closed " under add/scalar milt

4) We say vectors v..vn#n a subspace WEV

if spun .lu/..,vri--W



Q: How to check if a general vector is in the
span of a

list of victors
.

ex) faltx -2×2
, g=2+x

- 3×2 in V: Rdx]

Is 2+3×-5×2 in spunlf, g) ?

If so then 2+3×-5×2 = a.f- + Aug for some ayae
2+3×-5×2=61+9×-2a.✗

'
+ Zartan-34mi

2+3×-5×-1 Caitlin)t (Gitai# (-24-392)×2

=>
Ai#the = 2
Gitai : 3 -) (

1 2 : 2

1 11 3)
-24 , -3mi - S -2 -3 ,

- s



ER (f ? , : 4)
Rs-13+122 I 2 ' z

→ ( o -11 1)ThisRMR 0 1 ! -1 o o ! 0

ext) V: Man 1112) : consider the vectors

" ( : ;) ,
w :(%) .

Is (I ;) in span/Yw)
If so then

(y g) , a. u + a.w for some ayaz .

= (29 , ta ,o o
) + (O Ga

Zai Sau)
(1 !, )= (

ra . a. +a.)Zac Zac



=) 29 =4

Ai t Ge al t )
1

" "
→ (: : : ;)

Zale -3 o -3 1 -3



lincwtndependena.tl#:A
sequence of vectors v.

- un in V are_mt
CLI) if the; solution to

CiU , + Covet
- t Chun = Ov . . .

is C , :c, : - - Icn :O

ex)V=MnnAR) : Arc the uol.ws
m:(E.) im

-
- (5) im

-

- fi :) .mil? ;)
LI ?



Check: What :S solution sit to
limit limit GM} + ↳My = (qq)"

1¥:/ + e. asax.)+(¥I¥)+l¥%;) -4%9
"

' that 34+34 241-6+44 1-44
241-34+34+24 34+26+64+34 ) = ( { 8)

,

C. +24+34+34=0
-> 24+4+44+44=0 2 1 44 0

24+34+36+2.eu :O
- > } } ? )

34+14+66+34=0 3 2 6 31 0



Finishing! Solve this system to see if they are LI !

E) V42 GA : Ari the vectors f. = 21.x
,
fi 3++7 fix -✗

2

LI ?

Chad : what is the solution set to

Gf , + Crfut ↳f} ' C)←the # o

"

2ft + 3¢+ c¥
'

+ Ex - G¥
"

= 0

"

(24+36) + G. +G)✗ + (G - G) ×
"
- O

-S 24 +34 =0

1 O l l 0 )a +↳ =0 → (}
,

?? If
G - G = 0



wnfjish.ua?agm!-Sdvethismutrnegnabwetochakrl-
they

are LI or not !

-

Thing : Suppose that v
,
- . Va are LI

.

Then
any vector win spun /Vi - .vn )€iÉ

expressive W :(wit civet n t Chun

0¥! V te vector space . Then a sequence of vectors v. - - un

for V if

1) spun Ivy . . , un) a
V

2) iv.
,
- . .

un are linearly independent .



i.

ex) 1) V : Man 1112)

8=4%1,1%1,1*11:o) , 1,1¥ ) )
2) 11231×7

( 1
, ×

,
✗3×3 )

3) V an

D-( 1.x . ×
' )



(4)
V be V5 of solutions to doff egn )d÷, + f- = 0

D= ( sink , cost) )

5.3-Dimens.io# " this requires
'

functional analysis
"

Rn

Rn Cx]
V1
5¥

Mmxn IN) 8%2)

Wh a"

J
approachable but are not something we 'll study in

this course?



Thomas 11 Every vatu span has a basis !

2) Every basis for a given vector space has the same

# of vectors
.

Det ! V vector .

space the t¥¥ in a basis tr
v is calledi. .

ex) HT : dmÑ=n
IRNGD .

din#G) =n+1

Mmxn CIR) : dinMunnar) = mn

ex) dm Mzoxioo (IR) = 2000


