
 

EigenvalueProblem

Many problems on physics can be reduced to

Linear Vector in some 2111bestspace71
operatorA it A J
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scalar ink or 6known unknown

Goal Given Ah determine

eigenvalues a

eigenvectors J aka eigenfunctions if
His a functionspace

Eigen means its own in German

A eats eigenvector E produces RT in same direction

Ex Resonant waves on a string or drumhead

normal modes
Ahn 4hm theforce displacement
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MatrixEigenvalueProblearI
Can always pick a basis of vectorspace 71
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Matrix columnvector

If 24 has finite dimension n 5 Matrix eigenproblem

Lots of numerical techniques Gee Hw
We will develop techniques by example

Exe Particle Sliding cu Ellipsoidal Basca in ZD
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on a straight line throughorigin
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want force toward origin Ed F xd t yay

Typically not Search for special positions where this holds.es
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Observe can rearrange
Air _DE

LA XI F 0

If A XI is nonsurgular invertible then
CA AI CA XI F CA AI 0 0

F D is only solution

Need to find a St A XI is singular for non zero solutions

detCA AI 0 characteristic equation
secular equation

def Pala detCA AI is the characteristic polynomial ofAoCaka secular poly
for n 2 detCA RI
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quadratic polynomial and w coefs functionsofmatrixelementsAy

The roots of palm are the eigenvaluesofA
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find corresponding eigenvectors

for 4 1

CA c intr ft I fol
x try o

r5 5y o
Both solved by of

So X l F C 5,5 for any constantC

for Xz 7

Fir s 55

Xi
ro 48
5 1 By o

Ext ly o
y rs

E offs
check Ari_fifers cfpj cf.rs EDri diriV

Normalization The eigenvalue equation doesn't care about
the magnitude of the eigenvectors

Ari dir Acari Kari
That's why C C were free above
Conventional to normalize
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Observations

of eigenvalues dimension n of 71

PA has degree n
w nGroots by fundamental theorem

ofalgebra
Eigenvalues were real Ciaexample even though
quadratic ega can have roots

Eigenvectors are orthogonal Ciaexamples

Directions define principal axes of potential

can rotate coordinates by projecting ontoprincipalaxes
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Yaffa E t.IE Edfy1
RKdfxyR fxfy RTfYy

In these words

V x2 f5 y 3y2
Fk x't y'T Fs x Floyd Flex Floy

3 flax Floyd

f Sx t 255 yr 55 55 12 sx'y y f yr
3412 2554 Syr

Ig 3 12 2142 Ex t 7zyR

simpledecoupled x y springs


