
F invertible ?



square ,
nxn

matrix A

e
think about linear transformations

from R
-> R

(non-zero)
eigenvector

:

-

At = Xi

when multiplied by A ,
's direction

didn't change ;
it was just

scaled
by

a factor
o
X

eigenvalue
-



ifv
is an eigenvector ofA,

A =

(,) so
is CV

, for any 20

Let v = (i] Al=?] = [= 33]

Au= (3)
=3[i]

= 3[i]

=>
= [i] eigenvector of A

=> so v
=

[ii]
is

also
with X

=
3

eigrec of
A

with X = 3



↓
[i]

: [i]
: (i)

= (1)[i]
so
,

= ( ,17 is an eigenvector

corresponding
to Xz = -1



v2
=

[]eigenvalu



Here
,

X. = 3
.
45

Xz =
- 1 . 45



8

* cols are
the

O
-

Vi

z

↓
eigue

s

observe : X, +x
= 2
,

which is sum of diagonal
!

True in general
: sum of Xi's

= sum of
diagonal



A= [si2] Exy[s2][
*

] = lis]
x + 4y

=

13x
notice : rank(A) = 1 3x + 12y

= By

X, = 13 , 7
=& ? Y

both same
,

=(5) since anyvea

works !

pasts
for nullsp(A)!



A has an

eigenvalue of
O

#
A is

Not
invertible



A = [2 ,]
had A = [27(4]

x , =
3 with v

=[i] =

[i]
x2 =

-1 with
: [i]

what are the

eigenvalues of

A??

what eigenvectors ?



if V is an eigues
with eigual &

of A ,
then

Av = AA = A(x) = X (AV)

direction
.

= x(x)Sonly one =X

~

then
,

i is an eigrec
of A2 with eigual X"



possible
for
Al to

have an

eigenvector
that A doesn't have

think : rotations
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characteristic

polynomial

degreen
p(x)

=
det (A - x])

polynomial

eigenvalues
are

solutions to

p(x) = def(A
- x]) = 0



A = [c 2 ]

det (A - xz) = det)['ciz])
= (1 - x)2 - 4 x

=
-

y= 3
= x2- 2x + 1 - 4 y

= x2 - 2x
- 3 = (x+1)(x-3) =0



A =

[ %]
P(x) = det (A

-

x=) = det((4--

+0)
= (4

- x)(1-x)(0 - x)(4
- x)

= x(x - 1)(x
-42



p(x)
= x(x- 1)(x

- 4)2

- 4 is an eigenvalue
with algebraic

multiplicity
2

·
double root



A = -4) =  ,
stretch5ei0 je-iO

O = cos"(15)
p(x) = (3

- x)2 + 16 = 0

Wis



0 .

8

A 0 . 3 P
0 .7

⑭-⑳u
-

0 .2

in the long run ,
what %

win ?

of games
does Michigan



·
0 .7

-

0 .2

A =

[0
.0 0

.

3

&
-> UM

0 . 2
0 .7

+ OSU

UM- OSU-



A= [00
*
=

[prichigan

simulate:0 = [b]
& = Axo

= [*][0]
: [0:2

2 = AX,

=

[:] = A2xo



"in general,

=
A Yo

multiplying by
A steps

one
iteration

into the future
!



.... big idea
(see notes for

code) :

*↳ -

an eigen
vec

of A

↑ (corresponding

-
to X = D



Are

-[ x
=c(2]

,0 .Ox

,O add
cond at

0
.
2x

,

X ,+Xz
= 1
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