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Goals·Define eigenvectors a eigenvalues of linear transing
-

· Define the characteristic polynomial
· Seigenvalues) = Groots of characteristic polynomial

De Let f : V- V be
a linear transformation. A nzero vector

veV is an eigenvector of f with invalue XeF when

f(r) = Xv-

If a = (v
, ...,n) is a basis of eigenvectors of f with engenvalues

X
, ... > in ,

then

A5(f) = diaglissxe) : (ii)



Diagonal matricus are much easier to work With ,
so this is a big win !

Not every lin transn has an associated basis of eigenvectorsa

Problem Compute the powers of (10). What
about

diag(Xisn)k ?
II

Answer
diag(xh ,

X
, . . . . xhn)

E
.

g .

let A = (2) with assoc lin transi map
:" -12.

Since (g)(s) = (b) = 2 . (3)
and (b)(2) = (b) = 3 . (2)



we know (2,
3) and 11

,2) are eigenvectors of mapt with eigenvalues
2

,
3

, resp .

Let <= /(2 ,)
,
(1 ,2))· Since

may (2,3)
= 2. (2 <3)

mapa (1 ,2) = 3 . (1 ,
2),

we have
Atrap) = (o) = D.

Rh
The matrix for Repa is P = (2) Repa t /Repa
=> D = P "AP

.

# 5 R3

Summary Eigenvectors (it ,
(2) are columns of 4 .

Then

D = P"AP is diagonal witheigenvalues on the diagonal -



Egeneral, if f: F"-> F" is a lin transi and a = (vi>n) is

an ordered basis of eigenvectors with eigenvalues X1, .,in,

P = (-)
,

A = (f(e) ... fel)
,

then

A (f)
D = P"AP = diag) x, ...,n)-

How to find eigenvectors & eigenvalues :

For AtFMXn
,

veF"
,
NeF,

Av = Iv (A - >In)v = 0

# v = ker(A-XIn)
.



Thus X is an eigenvalue of A iff her (A-XIn) + 0.

But kar(A-XIn) + 0 E rank (A-xIn) <n
=) det (A- XIn) = 0

.

Eat ((: ) - x(i)) = aut)**x)
= ( - x)(6 - x) + 12

= X - 5x + 6

= (x - 2)(x -3)
.

Thus the eigenvalues of [E5) are x = 2
,
3.



How do we find eigenvectors ?

Need to compute Ker (A-XIn) for eigenvalues.

=g A- zin = (b) - (2) [-(ii)(p
Soher (A-21c) = ((5y , y) /y & /)

= spand (2 , 11) .

= <pand12 , 31]
Similarly,

A- 3In = (4) - (3)



= (3) (0)
so her (A-3In) =

spand( , 113 :

= Spand (1 , 2))

Problem Find a matrix that is not diagonalizable . (Think geometrically)

A =10 ] rotates by / cr

( Per Xa(x) = det(A-XIn) is the checteristic

↑nomial of AEFMX .



The The roofs of XA are the eigenvalues of A.↳
X(0-)(x)

= det((iv) - (2)
= det)I)

Ny
=x + 1

=x - ( - 1) = x + 1

has no roos over IR !

Does have roots over K:

x = =F = 1i



ner((% ) - (0)) =br(iii)

(ii)in y)
ker((% ) - : In) = spand(i , 1)]

(ii)(i) = (i) = : (i)
Ex check other.



A = (ji) Y(x) = de+ (1- i
=x)

"2x2 Jordan

block" = (1- x)2

EX = 1 is the
unique eigenvalue.

e
,
is an eigenvector but no others in

F2 Spande , ) ! So not diagonalizable.


