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freylekh = 788
" 75

to be happy = tsufridin = 1370-13
gliklekh =

posp 'S 'd

Yddihexpssinofthday
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Zd men trinkets

af sinkhes
" = 1%76 µ ☒

shave ptk
"

my you live.to drink
±

at parties
"



chapkr3-Matrixtlgewn-QviuklyRuallftbae.ru?..Jniof
Ri are a list of vectors that

1) are linerally independent
2) they span pi . ( & ? :o)←non -example

Rudi . The stuudardbasis fu N" was the following
⇐

f;) ,
E--1 :) , - -

,
⇐

( : ):

0 I

Remember that any J in IR
"

can be expressed as



I :( !:)
-

.ee?+v=eit-ie?+-.+vnIeVnRecull2-:
A subspace WEIR

"
is a subset that is

1) closed under addition
2) Closed under scalar multiplication

ex) A :(§
- '

%) be this nxk matrix

nxk

Then the column space
of A. denoted cont)

is spanCJ.ir?,-.,Vr.#



seetrm3.l-hini.ir Transformations . ① -É ①÷;÷÷::÷:÷÷÷::-±
←ÉwtÉtpH

Ti DT→ IRM is a function swh thatin A i¥¥¥i= to; + Too) for all vetwsyw
2) tccv ) = etch



exit :Ñ→Ñ by Tl ;) = 1¥;)
• Is T a linear transf?

1) Is Tcñ.tv.) --1T¥) +1T¥) ? Yes !
TCF;) (✗ a-%)

✗ ,
-Y,

IT = 1¥:)

f-(
✗ 1++1 ) = (

✗Harty , #yo

7.+72 ✗ith - CY.tk))
= >1T¥,)tT(E) = (✗ 1+7++2+72*Yitxz -y)

= IT I;) I

4)Is tail -- ath ? -1T¥.
)=(¥.IE?.)=c(IEY.)=oT(5.) I



a) T.IR' -412
'

by 1T¥ ) :-( F) Is this knew?

HTC'¥) +1T¥.)=?TC¥¥*)
" " "

(E) + (I:| = (✗"☒a) I4.*Yu

↳ THE)=?ct( ¥ )
11 IN

E) = cc# I



3) T: Ñ→R
. by 1T¥ )=xty*2

"

TCI:) +1T¥ ) =?TE¥¥%)
" "

111

✗ Ay,+2
+ ✗Hyatt -4 ✗

itxctpniyztZNH-alimwtrunsfannut.inI

NoteTC¥)=IE
ENT : R'→ IN by T(¥, ) =/ ¥1 )



Is this linear
.

1T¥:') 4T¥)
"'

H

E) =/ 4¥ ) No
!

itW

¥r* Show T(¥w
.

) + T /
'

¥
.
) + I /¥¥. )27T€

WitUN



Note : If T is a linear transformation
.

then 1- ( It -
. + Fn) = TATI +17×81 +- - + This]

Now let G. , et be the standard basis of Rn
then I

:(
= v. Et vceit . . ivnen

Then 1- (B) = T(vi. +viii. t - i t vnén )
= TIME ) +THE ) + . - + Tlvnén )

=v,TViTT



Thetis: A linear transf is uniquely defined ↳ what
* "does" to the standard basis !

a) Suppose T ! 1123 -0117 and

to:) :c:) , TC :) :( d) Ii:)
-

-1 ? )

§: what is TITI;)
(11--48)+3181+41 :)

TL ?) = 1- (2%+3%+4%1 = Tae . )tTl3ev7tTCYe3
)

= 21-9,7+31-1 lil + Ytles]



1T¥) = 2 (3) + 3(f) + * f;)
a (1++8+-5) . 1¥)



0¥: Again let É
.
. .

,
én be the standard basis tu IR

"

and
y : Rin→ IRM

the standard matrix associated to T is the mxn

matrix
A, , (

Toei) Tais -
- - ten

)t.tt
mxn

edit (g) :( ¥;) AT:ñ→Ñ)
•Too) -- ( i ) Tl :) = (d)



→A*=(
i)T( ¥ ) :( ;) T.IR?-aR'

To:) - (d) TC :) -491 Tl :D -

- (8)

A+:[oi⇒



Again consider the transf T where I just told you what
T does to a basis

III. (3) , 1-181=(61,1-1%17)
→ At :(; :?)2×5

Dedi . Let ¥ be a vector in IRN
,
I :(

×

:')
in

let T.IR
"
- ARM be linear → A, = (

T" " -
' ten))f b

mm

Atf :# x.TK?J+xutieu)+--*xnTlEn )



a) Let A- be as in example 3

?⃝ What is A- (3,7%213)+341+441 :)
' (f) + %) + (F)
= G-¥)
= -1111 ! !

1) Defining matrix mutt with a veetw this way
"

works"

because for any vector 8

=A*J_



2) Consider the following system of equations
✗ it 2×2 - Xzi 4

* a -2*+3*8 ¥9
"

( ;) - ( Y)✗ , -2×2+373
✗ i + 6×2 - ✗3=1

-
>
✗if;) + ✗if;) + ⇒ ( I, ) = 1¥ )
a-

2

f. : 11¥
"

:) -1¥ )
✗3



! !

• That ÉÉw system * is the same

as finding some I swh AE=Bh→as¥t*n

We have the following .
The 3 ideas are equivalent

• A linear system with coefficient matrix (Aif)
is consistent

# ( last week)

therefor I is in spun ( columns of AD = Col (A)
'

II [front?
As saying the matrix egn AE:B has a sittin



*That is , this equivalence tells us that solving systems of equations
- is really the same thing as understanding tcx )
-

lot Tim> IRM be linear transformation .

1) The range of T RCT) :{ Ñ in IRM :#here is some JinIRHitbttvt.ir

2) The null space of the associated standard matrix At
no" IA) = { F-innit

'.AE :B } conceptual
• by the above connection the collection d-

all vectors I. such thut.AE is the

sÉtttÉÉ



* way;÷i÷i÷iii
solve ; ; ;y*¥( 6¥

: :
' ↳→R,-312,

0 - t -s f o)
Rs§ (123 to88¥ ;)
=> null A-= 88 }



ex) A. (; -4 f.) Find null CA )

→ (;
-

; ; ; ;D?F+R
'

( i -
i 3 ; o

0 2 -3 ! o )
(¥
,
)= """

1) = (¥ ) . span /%)

Chad: 111%1=411+11411+11-1
= (-2-7)=1:)I



Infirmary : The following an equivalent
1) the columns of A arc

LI ) last week2) then 's a pivot in .eu#oinn
3) null IA ):-# ) new characterization

.



Marginally
We saw that the linear system

(A) B) has
an answer precisely when

AÉÉti

Ie
, a

vcutw to is all of the columns of matrix A

praising when AE :B for some 8 in

"

TCH



Hence
,
the following an equivalent

1) [A IED is consistent for
any vector B

2) the columns of A SPX
3) A has a pivot ;r_

old

4) there :* an I svh that AE:B for any B) new

let Tim >it 1- (¥) = (¥;)
Is the vector (3-2) in the RCT) ?

Ie doesTE.(})
"



C :¥¥¥l=t :$
=> ( ; ; ; ;D

" H 's ; } )

* = -112 Xi - 412=-2 so ✗• = SIR

1T¥.) -4¥:*:) .int




