
EI L : 1123 → pis : 90° rotation around the

z-axis

followed by the orthogonal

projection to the Yz - plane .

L
,

: 90° rotation
, Lz : orthogonal project'm

around z-axis to the yz
-plane

L
, ,
Lz : IR

>
→ IR

> linear.

L = [20L , =
Lzl , linear

[ L] = [HE = ④ (elite [ Heal ]E [ HEHE)
> × ,

L le
, ) = L ( 1,0 ,o )

( 1,0101 ( 0,1101

( o , 1,0 ) -4s (-1,0 , o ) -4 ( 0 , 0,0 )

( 0,0 , 1) Is (0,0/1)-4 ( 0,0 , 1)

A- ch = [1%9]
Lla

. b. c) = [ ? & F) [{ / =/%) = co , a. c)

ran 1L ) = Col (A) = Span { (0.1.0) , 10,40 ) , 10,0 , 1) }
-

- span { l¥E¥ }

=y-2 - plane



her LL ) = Null (A) = { ca ,
b. c) c- 1123 / Alain) =p }

= { (a. b. c) I let , a. c) = (o, o , o ) }

= { ( o , b, o ) / b EIR } = span { Co, 1,011

= y-axis

tank ( L) = dim (yet - plane ) = 2

nullityCL-dimly-a-is7-n.LI
2+1--3 = dim ( doin (4) = dim CRS )

dimensimtheorem€

☒ L : Pz → IÑ Llpcxi ) = (plz ) + p%3p% , )

L ( p-197 = ( plz ) + gin + pts ) -19437 , p"( 1) + g "a , )

= Lip ) + Llqr ){
Lc xp ) __ slips

(G) = (1+0,0)=11,07
L is linear . ?⃝ 1×1=(2+1,07--13,0)

E = ( Imax) :
standard ban

' for 113
Llx} = (4+6,2)

= ( 10,2 )

7- = ( eyez ) : x x x 1122

2×3

[ LIEF = [(Lcn )
,
[Lexi]

,
[4×3]-1. ] E IR

leading
,

= [ [ ⑦ If ] atreadyecheknform

free

61 ( [ LJÉ ) -- span { 11,01 , ( Ion ) } ⇒rankl4#



ran ( L ) = Span { 11,0 ) , (10/2) }

Null ( CHEF ) = { cnn.mil CHEF 1¥;] -181 }

= { 1×11×4×3 ) / X , -13×02+10×3=0 ¢ 2 ✗3=0 }
Lee

= { C-3xz.xz.us/XzE1R } = Span { CILLO }

⇒ Nau ( L ) = Span {→ + x } ⇒ nukitylL)=

É=+== -

☒ L : R
'

→ IÑ : reflection of the plane

y=zx
with respect to the line

• if = 2X

¥,¥÷ vain -- "¥0 " '
C2

,
-11 standard bani

select a
basis B = (( 1,21 , (2 ,

-11 )
b
, b

,

[ L ]
,? is easy to write :

L 11,21 = ( 1,2) ,
L ( 2

,
- 1) = - ( 2

,

- 1) = (-2,1 )

[ LJBB = [ L]
,
= [ to -9 ]



[ L ]É = TBE EL]? TEB
→ [ L Z

, ]
- 1- ÷
,
[ IT ]

L d

[ [ bite [bite]
[ to -9 )

= f. [ { ?
, ]

=L ! 7)

[
'
o 9) [ I -3] = [ tz ? ]

[
'

z
?
, ] [

'

→ 3) =L? I ]

(1) É = ÷ [ I, Y ]

Lla , b) = f- [I, 4) (g) = ¥ [
-39+4 's

4 a -13 b)

= ( →Y , 4a+÷ )

RI
tranÉ× U with two bases B , E

1
VE U (e) , , -7hm )

[v3
,
= TEB [VIE

D= Cbi , - - , bm ) - ✓

[ [e ,]
☐

-- - -- [ em ]
☐ ]

m

n = [ die; @ JE = ( dis -→ am )
j=,

m

[v3
,
= [ dj [G) ☐

= TEB the
5=1

[~ ]
,

= E)
"

[v3
E



A- Transition matrix is a

particnlarmatrixrepre.su/-atinI:
U- U IN -_ no

c.th with
£ basis

ban's

Identity E B

[ I ] BE [ v3 , = [ IWI ]E = EVIE

1-
E
←

B

[ I ] EB [ u ]E = [ Icu ]B = [~ ]B

TEB
←

-

IV.B)
-> (ye ,

LiU⇒
D

1-
☐ =[IB e) t.CI#=T-fE

(wit)- (YF )
ME

Iv L = LIU

let u c- U :
L Iu (a) = ( Cu )

Iv L (a) = Lcu )

( L )
C
TB E

,
F

E
= TI [ L]

F

B
E and

⇐
1 then

inverse is /
I ¥7

some
easy are easier

[ L ]
'

to find .

B



[ L ]
,} CTBE )

"
=

"

[ LJÉ

[L]E=()①[L]ÉTsEÑ_t✗ I /
"

difficult " easy

[L]É=_-[L]☐T☐Ej'hh
Similarity

L : U- u linear

B. C : otrdered bases for U

[ LIES = ( pi )
"

CHE TE

Thismotirates:

Tho matrices A. B c- IR
" "
are called similar

if A =P
-'
BP for some invertible

matrix P . A-B_

EL ]
,? ~ [ L]i (with P= ) .



similarity is an eoÉm .

1) reflexive A - A ✓ ( P=I )

2) symmetric : A- B ⇒ B- A

✓

A- =P"BP ⇒ PAF :-B
⇒ LP-5'APY=B- ~

3) transitive A -B ,
B- C → A - C

A-=P"BP B = CÉCQ
-

A- = F' ( a-
'

ca) P

= (Pti ) CCQP )

= (QPJ'c ( IP )
=-

Eigenvector
L : ✓- v linear operator

{ B = Cb , , -→ bm ) ordered bases
'

M : = [ L ]p? = [ L]☐

Recall [ Lcbrl ]
,
-- [ Llbml ]

,
]



Deth If for

some v -1-1 in V and some ✗ c- IR ,
=

then 7 is called an eigenvalue of L
~ is a corresponding eigenvector -

L : lÑ→1Ñ:÷±:÷÷:÷
.

up
,

•

✗
Liam = 1 ( a. b)

{
4) = -v ,Tye ¥-4 ✗ 1=-1

② L ( 1,21 = ( 1,2 ) {
Luz) =~z

us

c)2=1

Nz -1-1

infinitely many times

☒ ✓ = { twice differentiable functions } = C-CIR )
f. IR-1112

Vector space

#=f linear operator :

L (f) = f
'

=

?

I f



L ( e'0×1 = toe
104

Lce
"
) = te

"

d
t

{ any
real number is an eigenvalue of

L (f) =P, (f- =e" eigenvector) .

Y' = ay ,
y
'

g-
-7

.

Any,
' I

=x buy = ax , y=Ce
"

L (f) =f
"

=

( (Gsx ) = - Gsx 7=-1 , v = Gsx

or sinx
L Csinx ) = - Sinx

sin faxy"=7y . 7<0 { as Fxx

7 > o eh ✗

, e-
Fix

= =


