
Lecture 21:

#ordanCanoniseFo in operator on a fin-dim V over F(

T :V- V is diagonalizable()

① Char poly splits.

② dim(Exil = Mix alsmultiplicitadesi
(In general , dim(Exi) -> Mi

Remark : "Diagonalizable" #) eigenspaces are BIG enough

(asalinea



Examples :

① I eigenvale
A = (Y ) = [dim(Ex) = 1

B=)eisen-

=(i)is-



Theorem : Any AEMuxn(C) is similar to a matrix of the

following form :

/to
O

--- Fl
X1

,
X2
,
--

,
Xx are eigenvalue of A

( not necessarily distinct)

((22)(i)(s)



Remark : Jordan canonical consists of blocks in this form :

A = ( x ( - Mcxk(G)g

It is called Jordan block of size to with eigenvalue a.

Erop: (1) A has only 1 eigenvalue & (multiplicity is fe
(2) dim(Ex) = 1 ( => A is not diagonalizable if tF1)

(3) . The smallest positive integer p s .
t.

(A-12) P = 0 is equel to the dimension b.

( = N((A - X()P) = (k)
(4) If Se1, .., En3 is the standard basis for D,

then (A-12)ii = 0 for each i = 1
, 2 ,
....



e . g
.(*) ·

Then : (A-x = (
%

l
(A -x2)2 = (08)
(A-12)3 = 0

Definition: Leta be an eigenvalue of He Muxn() .
* EC" is a generalized eigenrector of A corresponding to

the eigenvale & if (i) *5

and (ii) (A-12)P * = 0 for some positive

We denote the generalized eigenspace by :
integer p.

kx = E* &" : (A-1I)P E = 5 for some pol]



#inTheorem
: (Jordan Decomposition Theorem)

Let At Muxn(() with eigenvalues 11 ,
12 ,.., Xk (distinct) with

corresponding multiplicities M1
,
Mr
,
--

,
MK. Then :

(1) dim (Kxi) = Mi

(2) (" = kx, k+20 ..- kx
(3) Each KX : has a basis Bi = Visi

... Ve
,
:
where

every Sm
, i
is a cycle :

( -
x mAxm ..ximwhere : &

gives rice to (id



Remark : For a Jordan block
, Kx = D

(*)



Consider U = &(A-X : 2)***, (A-Xi** . . . .· W2
PW

,
= (A-1 : I (2 = Ac = Yo+ Tit

[AwIG (Awn]g
Cla]p =

I
1 ;

I I

II
I S)r



Example: A
=3S (

Step1 : Compute eigenvalues. alg .

f(t) = - (t - 13 = ONLY 1 eigenvale X = 1 ,
mult = 3.

Step2 : Find eigenspace

Ei = N(A - 11) = N(,) = Span?)) , (3)3
dim(E) =><3 (EA is NOT diagonalizable

Step3: Decide the Jordan Canonical Form

)a D,p) + j=(,)



5ept : Find basis Ky consisting of cycles.

B = 0 , v8z = Gu , 3 uS( - x2)vz,]

A y " "Ou
Need EzeN(A-X2(2) eigenvectors2 N(A-12)

= El

(A - 12) = (%)
Choose E = (0)
Then 02 = &(A-DE)E , vi] =(( _1) - ( : )
Take EEE

,
-> Er

, is not parallel to (i)
Choos v = (2)



=> a
+

Ad = (1 ,x/) wha =(i)


