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Eigenthings 

Eigenvectors and eigenvalues 
 
Reveal action and geometry 
 
Lots of applications 
 
Engineering design 

make sure your bridge won’t 
spontaneously fall down 
 

Data analysis  
 Google and PageRank 



Eigenvectors 



Finding Eigenvalues by Hand 



Finding Eigenvalues by Hand 



Finding Eigenvalues by Hand 



Finding Eigenvalues by Hand 



The Geometry of Eigenvectors 



Three Ways to Say the Same Thing 

𝐴𝑥=𝜆𝑥 �
(𝐴−𝜆𝐼)𝑥=0�
𝑥  𝜖  𝑁(𝐴−𝜆𝐼) 
 



Matrices with Easily Found Eigenthings 

¤  Triangular Matrices 
 
¤  Eigenvalues are the diagonal entries 

 

¤  To find eigenvectors, find 𝑁(𝐴−𝜆𝐼) 



Example 



Finding Eigenvalues for Larger n 



Eigenvalues and Changes to A 



Similarity Transform 



Does every Square Matrix have n 
Linearly Independent Eigenvectors 



Rayleigh Quotient 



The Power Method 

¤  A is an n x n diagonalizable matrix, x an eigenavector 

¤  It follows that 

¤  This can be used to find the eigenvector x 

  

Aix = λ i x



The Power Method 

Given A, and n x n diagonalizable matrix 
Pick an arbitrary vector x1 
 
xk=Axk-1 
 
 
 
Keep going until the ratio                  stops changing much 
 
 
 
 

xk
xk−1



Why does this work? 



Why does this work? 



The Power Method 

What does                  converge to? 
 
 

xk
xk−1



The Power Method 

¤  If λis large or small there could be numerical problems 
¤  What kinds? 

 

¤  Can it converge if first guess is perpendicular to the eigenvector? 
¤  Yes…round off error means it will converge slowly… 

 

¤  If |λ1| ≈|λ2| method may not converge 

¤  Method limited to symmetric matrices with a dominant eigenvalue 

 

 





Normalized Power Iteration 

What does this converge to? 
 
 
 
 
Why would anyone do that? 



Inverse Iteration 

What does this converge to? 
 
 
 
 
Why would anyone do that? 



Inverse Iteration with Shift 

What does this converge to? 
 
 
 
 
Why would anyone do that? 



Rayleigh Quotient Iteration 


