
Lecture 12 : 07/20

• Eigenvectors
'

g Eigenvalues
• Looking at square matrices

• Line- transforms .
T : V → V

• consider V is K2
"

and all transform
are mafricier

Eigen -
"

proper
"

characteristic vector

Brig idea : E.Vec are vectors whose
direction remains unchanged
under a linear transform .
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Def : Given a L . T. A Ellman ( IR) , we
want

to find vectors v I eigenvalues X

such that

AV = Xv

Goal : find v g X .

Av - XV = 0

( A - XI ) v -
- 0

Recall

Bv = o I B is

invertible
,
then

✓ = B
- $0 =o

if A - XI is invertible
, we just get

✓ =o
,
doesn't help us .

So
, we must find XX • 7 . A -XI

is not invertible
.



• Require
: det ( A - XI ) = 0

Ex:( - I ? ) = A

A-* =/ -I'
.

? .)
det(A-iI)=(-2-s)C-l-l)-3#
Et = ( 2 + x ) ( it x ) - 30

characteristic

polynomial -

= 2 t 3 X t X
"

- 30

( poly . in X)
= +2+3×-28

= ( X t 7) (x - 4)

So X = - 7 or 4

X
,

=
- 7

,
Xz = 4



we want to find vi. ve

AV
,
= XV

, , Avz - Xvz
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Gv
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'
- vid -

-
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5. v ! + Sv ! -
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Gv ,

'

t 642 = O
L

.

vitv
Vi = I ⇒ v

,

'
= - l
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⇐ six :H 's
= - 7 V

,

v
.
-
- f: )

c : :X i.

÷: : ÷ ,
vi. :* (
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Vz = ( StG ) Vi , Vz are 6.11.

also choose
vz = ( § )

AW

¥.

"¥e ,its
' Vi
,

V

• Recall from precalculate.

Fundamental theorem of algebra ,
which says every polynomial can
be written as a product of terms

of the form ( so - a)
,
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I die x
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= IT
,

(x - Ba)
k = I

or I
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"
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( x ti ) (x - i )
= 22 tix - c- x - ( i )

"
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( A - XI ) = ( Y )
det ( A - XI) = y

'

t I

= iC
X

,
= i

, Xz = -
i

co. :X it
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-vi -- - iv
,

'
= vi.- in'

vi.. - ivi
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v
,
-
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- ( 'ig) a- Lol .

I
- 5-Oig milk ¢
- 5 too
=
- 5

•
at bi@b•µ ,,z

• a - bi ← Complex
w conjugate

3t2i ,
c. c . is 3 - Zi

(K t (3. tzi)) (act ( 3 - Zi ))
hot - ( set (3+2;) ) (Kt ( 3 - 35 ))

never get
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Fundamentally : aL

e q e¥+010 rotation defines a

9 plane be . we choose
I 00

y

an axis of rotation

O - Z
O

( 3 0 g) = A

O O

det ( A - XI )
- X - Z O

A-* = ( ; -

o

'

-9
- ×
)

- ×( - x C - I - x )) - C - 2) (3C - l - x) )
- l - l - l - l - I - I

=
- x ( x ( I + x)) - 6 ( I + x )

X t X2
= - XZ - ×3 - G - G X

= - ( X't XZ tax t 6)



X
,
= - I

, Xz = - i VI
, Xz = IVI

Ee: ( i f ) ⇒ (a ,
a) ,

a EIR

( I ,
i )

( I - 7)
Z

- I = I - 2. Xt XZ - I

xfx - z )
X
,
= 0

, X
z

= 2

②
R degenerate
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.

v.
'
= - ri ⇒ fi )

c. in :* .
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⇐ " '

free( s - xx - I - x)
+ 10

- 5 - 4 X t XZ + to

y
'
- 4 X t S5

4±Jk⇒
✓ eigenvalue

,

I
=2t
-
-

e
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= cos >c ti sink

Cosa = { (e "" + e-
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sine -

- ( e
""
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JaZtbTeiO=
Va7bT(coset isino)

Rotation in 112
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S - { Vi i Vz , Vz ,
u
# , vs }

the EV dim V >5

"

V
,
= Vz t2Vzt3VytGV5 ← sh£fE¥y
⇒ or is L. D.

it is not the case they must!xk
{ Vi cuz , Vzz , Vy 3

is Lal.

V
,
= 2Vz t 3.Vz - Zvy
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X t⑧ = O L = - B
x -1 ⑨I = o 8=-22
- 45g tbt = o - L - b. 2 = o

- LIB t Jc = o

⇒ b = - I

- a -

.
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