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callfrom Tuesday last week

A is an nxn
matrix

X

A =X where 0

[X eigenvalve
* - eigenvector

F

You can find the eigenvalves

of A by solving[det (A-XIn) = 0
E* ) A * = x*)
eigenspace

for X



Facts/Defs
Let A be an men

matrix with

eigenvalue X.

① The eigenspace
Ex(A) is a

subspace of
RP.

② The dimension
of Ex(A) is

called the eometricmultiplicity of X

③ The Algebraicmultiplicity of t

is the
multiplicity of ↓ as

a roof of the
characteristic

polynomial of
A.

algebraic
1121geometric S ( multip T(④ ( multiplicity of X



Examplewe started last time

00
- 2

A = (1 21 I
I 03

%det(A -x[s)
=
- (x - 2)(x-19

=alaschin
multiple

Z

A basis for eigenspace E ,
(A) for x=1

is (2) · So , dim(E , (A))
= 1.

Thus , the geometric
multiplicity

of X = 1 is I.



Let's now get a basis for Ez(A).

We need to solve A* = 2.

So ,
need to so

00
- 2

121(·I
Fil = (i)
A + C

Need to
solve

- 2a⑮a + c = 0

E + c = 0



Let's solve it !6

S
- 2 0 - 2

I I
RiffRz

I
I j

illI O &

%

- - 2 0 - 2

I O 10 I 8

2R , + Rz
+ R2

+Rs(
We get

O + c = 0 leading ; a

0 = 0 free : b , c[8 = 0

lution
:

= t[c = u
a
=- c =

- U



Thus
,
if solves A =2 then

i = (i) = ( )
= () + ()
= u(-) + t()

Thus , (i) , (i) can make any

* that solves A = 2*.

So, (i) , ( % ) some
the eiyenspace En(A)

You can verify that (ii) : ( %)
are linearly independent.

So
, (i) , (8) is a basis for Ec(A).



So
,
dim(Ez(All = z.

Thus , the geometric multiplicity

of X = 2 is 2 .

#



#: (HW8 #1(b)

Let A = (i
=

2)

Find eigenvalues , basis
for each

eigenspace, aly
& geometric mult.

of each eigenvalue .

-
characteristicWEigenvalvetime polynomial

det (A-AIz) =

= det ((i
=

2) - x(vi))
= det ((i =) + ( -x))

= det (i
*

-

- x)



= (10 - x)) - 2 - x) - ( 9)(4)

= - 20 - 10x + 2x +
x + 36

= ( - 8x+ 16

= (x - 4)(x - 4)
S

= (x - 4)2

-The only eigenvalue is X = 4.

The algebraic multiplicity
Of x = 4 is

g

Let's find a basis for the

eiyenspace Ey(A) = E * /A = 4 *]



Let's solve !

(i
=2)(3) = 4(5)
(i = ) = (b)

(5) = (8)
Need to solve

:

Ga - 9b =
0

[4a - 6b = 0
Solving we get

:

(4 = 5): (4 *31 % )
R (b

-

321
%

)



This gives :

a
- Eb = 0

leading : a

[ Free : b
0 = 0

Thus ,

b = t[a = =b = t
Ergo, any

solution to A = 4 * is

of the form

* = (5) = (E) = t(" )

This
,
a basis for Ey(A)

is

(3) .

So the geometric multiplicity

of x = 4 is dim([y(All = 1



=


