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ic8-Eigenvalvesand Eigenvectors

: Let A be an nxn
matrix .

E in R" and * #T
Suppose

and
* for some

EX . x is lambda

Scalar/number

Then x is called an evalve

of A and I is called
an

eigenvector
of A corresponding
-

to x .

Given an eigenvalve

x of A ,
the espace

of A

corresponding
to x is

Ex(A) = EY(A
= xx)

sponding

[ExCA) consists
of all eigenvectors

corre Ito x and also the zeroactor !



Ex: Let A = (ii
-

E I
I 03

Le+ E = (3)
:i iThen,

A = ) , 2

-
3x3/
->°
answe = 3x

(0)(-2) + (0)(1) + ( 2)(I)

= 14-21+zl + (III)( (( - 2) + (a)(1) + (3)(1) I
= (i) = 1 .*

So
,
A =15]



So
, X
= 1 is an eigenvalve of A

and E = ) 5) is an eigenvector

responding
to x = 1

.

bowe findthe eigence
is

of an nxn

Suppose X
is an eigenvalve of A

and *** is an eigenvector

associated with
X

.

Then
,

A = x*. using
-

- T = X- nX
So
,
A* -x* = *.E

->

Then, (A-xIn) * = 0 where

In is the nxn identity matrix.



So
, (A-xIn) * = 5 where *F.

The only way this can happen

is if A-xIn has no inverse .

-

*
? Let B = A-xIn .

X 7If B existed then since

BE = 5 you
would get B'B* = Bo

which world give * =
*

.

So, 5'doesnote

Thus
,
det (A-xIn) = 0

since (A-xIn)" doesnott.



Summary The eigenvalves of-i

A satisfy the equation

det (A-XIp) = 0 .
-

called theAracteristic
polynomial of AEme

#A/ios)0 - 2

z I

Let's find the eigenvalves

of A
.

We need to solve

det JA-XFor



We have

det(A - xIz)
I ou

I ( 0 . d)
= det ))i2

-

Y - x
I 03 00 I

- -

A Is
o O

Z
= det()i (e)g

O

= det (Y . xI O

↑

expand~On



= - 0 + (2 -x)/y = - G
-

(
= (2 - x)/- s

= (2 - x)[(- x)(3 - x) - (If 2)
We

= (2 - x)(X - 3x + 2) +
will

use

this

= 2x2- 6x + 4 -x +3 2x
Ebelow

characteristicE=- x +542 - 8x + 47 polynomial
of A



The eigenvalves of A are the

X that solve

-x +5- 8x + 4
= 0

From above this becomes

(2 - x))x2- 3x + 2)
= 0

which becomes

(2 - x)(x
- 1)(X -2) = 0
-

↓ factor out (1)
- (x -2)(x

- 1(x - 2) = 0

so we get

-i
o

x= 1
,
2



Let's find the eigenvectors

of A .

Let's start with
x = 1

.

Let's find
a basis for

-(A) = &xlA
= 1 . =3

The equation
A = 1. becomes

(/
= e

This becomes
0a + Ob-2c

a + 2b + C( a + 0 +3) = (i)



This gives ( a +b2= d
This gives (a+ bic) = 100

G + 2c

- a - 2c = 0So,Ea + b + C = 0

a + 2 = 0

Solving we get

(-I&
- R + R+ R2 /bi - %- -
- R

,
+ R3+ R3 O O O



a
+ 2 c = 0 0 leading : a b·Eb - c = 0 & free :

0 = 0 ③

Solving

c = t

⑳Da = -2 =
- 2t

Thus
,
ifE = (i) is in E ,

(A)

then = (5) = ( t = t(i)
So
, (i) is a basis for E , (A)

Thus
,
dim (E , (A)) = 1



EX : When A = we get i = (vi)
-

that we used earlier .


