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Strang Sections 6.1 – Introduction to Eigenvalues

Course notes adapted from N. Hammoud’s NYU lecture notes.
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Introductory Example than µ toyed
to 0

first year→
second year
third year
I

ÑO ( in to years)_depgnds◦nÑ
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Note : we can
use

this process
to predict how

the system evolves ,

and if
the number of rabbits stabilizes at some

level

However
: here .

the system does not stabilize
. We see that

n+iAÑn=②v looks like
AP = Are

eigenvalue (eventually ,
can find
eigenvector)



Eigenvalues and Eigenvectors
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Eigenvectors and Eigenvalues



Example



Example
eisenspace : space generated by the eigenvectors

to a corresponding eigenvalue

7=2 is an e- value ⇔ AÑ =
28 for some vectors] I

⇔ AI - 25=8

⇔ (A←2IJx =3

Thus , finding e-rectors Are - spam) comes down
to finding the sd .

set to the efuoh0n@t-r2IJnP_8.or Nu1(A-2I)M-
Ii

A-21--1:
- i :) -f:{ E) =p
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Example
eisenspace : space generated by the eigenvectors

to a corresponding eigenvalue

⇐ ÷ :) - E ! ;)
" " tree

° °

2×1 = ✗2- 6×3 ⇒ × , = { ✗ a - 3×3

✗2 ✗3

Solution set

G- vectors ) ( ¥;) =
-

¥ ) = ✗< (E) +%)✗2

2- eisenspace
of A is the plane generated

5 { (%) > (É )} .

Containing the orgies e- spaces
are

subspaces



Example v7 v3

Janis
✓ plane
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Example

i. e. Do ñ and P verify the equation AÑ=xx
?

(check if Añ = AT
and AÑ=µÑ)

Fear
are - vector of A

Añ =L? ⇒ [!] :[÷]≠df ,
'] Aran, añ

isnt

Añ -
_ [3-511,2]=[13--21,2]

ñ is ane -
vector

associated with

e-value
✗=2

-¥ = 2.
Ñ



Example



Example



Example



Computing Eigenvalues and Eigenvectors



Summary



How to Compute Eigenvalues and Eigenvectors



Example – Find the Characteristic Polynomial



In General



Examples



Finding the eigenvalues and associated eigenvectors



Example

•Eius : p (d)
= I A- bit = 13? £, /

= (3-d)2-1=12-66+9-1
= 12-6×+8

p( d) = 0 ⇒
( d- 2) ( d-4) = 0 →

Ñ=2 (z distinct eigenvalues)
↳ 12--4

• Eigenvectors :

4=20 AP = 2nF
(A- 22-33--8 ; Find

Nul (A-ZI)

A-22=1 ! I] ⇒ [ ; it:] ~ [011/0]×2
tree

0 0 0 ✗ I = - X2

¥;] :[ D= xzf !]
site 2-e-space

is span / [I] }
e-vector



Example

AF = I (A- 42-73--8 ; Find Nul
(A-4I)

0 0 0 ✗ I = X2

a-" " " " "

*
.

¥;] :[ ¥]=xz[ 1)
site 4-e-space

is span / [ ,

'

] }
e-vector

;:1;f:⇒ are not

always

✗ = 4 [ !] live 5- ✗ orthogonal
2. e- space



Example
•

Here
. IA - bit = /% £, / =

(3-6)%0 ¥0 ⇒ d=3_
the only e-valve

wite multiplicity②

& 3- espace

A- 3£ =L? ;] nut:[? :]
" tea

✗2=0

[¥;] = [¥] = ✗ if ;) .

So the 3- espace
is the x-axis

(shortage of
Van eigenvector e-

vectors)



More on Eigenvalues



Trace and Determinant



Elimination does not Preserve Eigenvalues



Eigenvalues of  a Triangular Matrix



Invertibility and Eigenvalues



Linear Independence of  Eigenvectors


