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-Eigenvalves& Eigenvectors

: Let A be annxn matrix .

Suppose that * is
in IR" and

I. If for some

call x

Scalar X , then
we

->

an egenvalve of
A and *

eigenvector of
A corresponding

an
- X

to x . I
Given an eigenvalve X

of A
,

lambda

the egenspace corresponding to x is

Ex(A) =EE/ < eR" and Ax =x]

[Ex(A) consists of all eigenvectors
corresponding

to x and also the zero vector]



# Le + A = (00
- 2

I121
103

Le + x = (i)
Then,

A = (ii)i l
Ex
-
answer = 3 x/

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

413-21 + Calli + CarlI ((( -2 + (b)(1) + (3)(1)
(

= (iy = 1 . Y

so, A
= 1 :)



So
,
X = 1 is an eigenvalve of A

and < = (, ) is an eigenvector

associated to x = 1
.

-

owe find the eigenvalves

of an nxn
matrix A ?

Suppose x
is an eigenvalve of A

and *** and A = x*.

That is , * is an eigenvector of A .

Then
,
A- = O .

->

So
, (A-x In)

* = 0 where

In is the nxn identity matrix
.

][Recall In* = *



+Thus
, -
E

(A -xIn) * = 0

The only this can happen

is if A-xIn has

no inverse.

Why ? Let B = A-xIn-
- existed then

if↳If B B'BY = 15
BE=* then ->

↳dget**Be
not exist.

Thus
,
det (A-xIn) = O

since (A-xIn)" does not exist .



Summary-

The eigenvalves of A satisfy

det (A-xIn) = 0.the equation-
called the

characterists A.
--

-----

I

#x: Le + A = (ii
-

103)
Let's find the eigenvalves of A

.

We need to solve

det(A - xI0) = 0
Ais 3x3



We have

det(A - xIz) =

= det)(i-2) - x (000
- L

A Is

0 0-2 (= det)(!: el

I
= det ( Y ⑭

-

10sx
E Eexpand on

/ column 2



↳
= - 0 + (2-x/i
-

-d U - Z

(
& I

I · (i) (iiiI 2-x

= (2 - x)/ Y x

= (2 - x)[( - x)(3 - x) - (1) - 2)
thisE= ( -x)(x2 - 3x + 2]tht

below

= 2x- 6x + 4
- 4 + 3X - 2x

characteristicE=
- Y +5- 8x +47 polynomial

of A



We want to solve

- I +S - 8x + 4 = 0 .

From above we have
that this

factors like this :

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

which becomes

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

-

ord factor out (1)

- (x -2)(x
-2)(x - 1)

= 0

which gives

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

-

The eigenvalves are
the roots

which are
x



Let's find eigenvectors

for the eigenvalves +
= 2
,
1
.

Let's start with x=I ,

We will find a basis for the

eigenspace
E

,
(A)
,
where

E
,
(A) = Ex)A = 1 . <Y
n-

A = xx

x= 1

We have A = 1 .* becomes

( Ii



This gives
0 . a + 0

- b -2 : C

( 1 . a + 2 . 3 + 1 . c = (3)
1 . a + 0 .

b + 3 . c

This gives
- 2C(5) = 10

This gives

(afsic) = (8)
a + 2C

This gives

- 2C
- aEa + b + C = 0

a + 2C = O

Solving we get :



(
-10

- > 0 A (10210-I (I C O

& O 20

- R , + Rc
+ Re

(di - (8)-->- R
,
+ Rs - Rs o O G O

This gives leading : a b

Lo EEr + 2c
= 0

③ free :
↳ - C = O

o = 0 ③

Solving :

cit

② b = c = tUQ a = - 2
=
-2t

Thus
,

i = (3) is in E , (A)



i + i = (i) = (- ) = t(i
So
, (i) is a basis for E . (A).

And , din (E ,
(All = 1


