
 

Eigenvalues Eigenvectors
Core conceptin linear algebra

Difference equations Markov chairs
Differential equations SVD later

Motivating Problem

In a populationof rabbits
44 survive their 1st gear

iii iii tie 3 Agnes
1,2 yr old rabbits have 13,12 babies

Q What's the long term behavior of the system
Xue ft babies in 2020 Xson I3yz.at2ZzozoyzozoII I year in 2020 Yzoa X zero

Zz 2nd
year on 2020 Zou I Yuzo

Encode the three quantities stateof the system in a

state changeredar r III A Tg E E matrix
Then You AVase Von Athou ATLso

boss ABooz AThou A ao etc
This is called a difference equation the next starters
matrix x previousstate

that Avn



Q what's the long term behavior of the system
rn A v butdon't want to compute A
gives no qualitative information

Observation

we F Aw GI w

wa F Aase Iz Ew

o are
I

Say we started with u 416,6 1 rabbits
Solve no R w txzwztxs.ws 2 X I bet Xs l

Vo Z W1 TW W

ve Aro A w es w Aw Aws Aws we IwatEu
vs A Aku IwaIus 2AM IAuntEAwi2wct.IEgzwdominates a
un Ahr Aya tu of Anu AnnaAnu 2 f tha f the
The Iwc term dominates

Vuk 2
eventually un scalarmultiple of w L32 4,1
ratios 32 4 I eventually un doubles each year

Key ingredient A acts on wi w w by scaling



Def Aa eigenvector of a square matrix A is a nonzero
vector v Sst Av is a scalar multiple of r

Av Xv X eigenvalue

ei.fi E E MY HE
eigenvector5 eigenvalue

Geometrically an eigenvector is a rector in st Av lies
on the line thru r

How to compute
V is an eigenvector of A feigenvalue X

Av Xv neo
Au XIN 0 veto

IA tin v 0 uto
v cNullA XIN v 40

Def Let 7 be an eigenvalue of A The A eigenspace
is NalCAXIN fuelRn Ar Xv all aInedigenorector

Eg A fog g E 7 2 A 2 Is IE II E
II EE k 1 Esl



I
so 2 eigenspace B Span Y

NB If X is an eigenvalue eigenvectors and 0 form
a nonzero subspace Cos eigenvectors

NB If A II is invertible or ECB or Not 2103
no T eigenvectors X is not an eigenvalue

Egs A a I A XI FI I E
EEL I E E x I ix

so C D eigenspace is Span f

Eg A III 2 0 A XI _A

O eigenspace Nat AOI Nul A Span tf
0 is an eigenvalue

NullAt A is notinvertible
in which case the O ergenspace is Nat A



Eg Let U be a subspace of IR Pv projection matrix
Q what are all eigenvectors
O eigenspace Nal Pv Vt
1 eigenspace Prx 1x xeV so it's V

Es A gigof EYE 0 30 rotation

Q what are all eigenvectors
None no real eigenvectors
Rotate by 384 not on same line

Es A L shear A g Ff
Q what are all eigenvectors
Only the x axis eigenvalue L


