
Day 21

Learning God
Define eigenvectors + eigenvalues of linear
transformations

.

. Eigenvalues are roots of the characteristic
polynomial

Det Let f : V→V be a linear transformation .
A
nonzero vector u e V is an eigenvector off

with eigenvalue ke F when

f-Iv) = Xv
.

What's good about eigenvectors? Suppose
a --G

. .
. .

, un) is an ordered basis of eigenvectors
for f with eigenvalues X , , .. . . In .

The

AF tf ) = diaglx . . . . - , In ) .

) .

EE's:*
always exist!



Diagonal matrices are much easier to manipulate .=

TPS compute the powers of (Ig ) .

Does this generalize to larger diagonal matrices ?

Ege let A -

- [I ;) with associated linear
trans fa : IR'→ IE .

Since

Ea :X:) -- CH -

- est
and t.ie :X: ) -- I:) -

- 31:)
,

we know that his) and die) are eigenvectors
of fa (eve could - and will - call them eigenvectors
of A ) with eigenvalues 43 respectively .

Let L -- f th, 3) , 11,2)) .

Since

FA (2,3) = 2' (2,3) t O - (1,2)

fall ,2) = o . his) t 3 - l 42)
,

we have Ai Ha ) = (; ; ) ÷ :D



¥4 '÷÷÷÷:÷..."

Iii:¥÷÷!!
(0,11--7310,1)

the matrix for Repin
'
is Pi (3

'

a ) and the

matrix for Rupa is P
"

.
Thus

D c P
- '

AP
.

Summery Eigenvectors (3) , ( L ) are columns of

P
.
Then I - P

- '
AP is a diagonal matrix with

eigenvalues on the diagonal .

More generally suppose f:# Fn is a tin trans and

a
-

- su, .. . .vn) is a basisof eigenvectors for f of V
with eigenvalue Xi , . - -, Tn . Let P have columns

vi. . . . , un and let A be the matrix inducing f
(with cols fled

,
. . -
,
Hen) ) .

Then



D -

- P
- '

AP - diag( hi , . . . , kn) .

toute find eigenvectors and eigenvalue
For AE Nathan (Fl

,
v e Fn

,
de F
,

Av -- Xv ⇐ (A- XIN ) v -- O

⇐s v e Ker (A - tint

thus I is an eigenvalue of A iff Ker ft - III 4101 .
But Ker CA-XI) * lot⇐ rank ft -XI) en

es dit CA - T.tt -- O
.

but's work this out in our example !

*Hail - al: :D
-

-att
. in

.
)

= (- I -H (6 - X ) t 12

= 12-51 the

= (X-2711-3 )
.

Thus the eigenvalues are ki 43 .



How do we find the eigenvectors ?

Need to compute her (A - X In) for eigenvalues X .
In the above can

,

t - re
-

- the :) - c: : )

i :: :L - c :
so her LA-2¥ =/ (Ey , y) / ye IRf

-

-

span ) ( Es
,

l))
.

Similarly ,
A -th

-

- LI. :) - to ;)
-

- E: :L → c :
"

: )
so her CA - 3 In ) -- span ) (ki ) }

.

TPS Find a matrix that is not diagonalizeble .

(Think geometrically?)


