
Linear Algebra MAT313 Spring 2024 
Professor Sormani 
Lesson 23 
Eigenspaces and the Characteristic Polynomial 
 
Please be sure to mark down the date and time that you start this lesson.  Carefully take 
notes on pencil and paper while watching the lesson videos.  Pause the lesson to try 
classwork before watching the video going over that classwork.   If you work with any 
classmates, be sure to write their names on the problems you completed together.   
 
You will cut and paste the photos of your notes and completed classwork and a selfie 
taken holding up the first page of your work in a googledoc entitled:    
 
MAT313S24-lesson23-lastname-firstname 
 
and share editing of that document with me sormanic@gmail.com and with our graders.   
If you have a question, type QUESTION in your googledoc next to the point in your notes 
that has a question and email me with the subject MAT313 QUESTION.  I will answer your 
question by inserting a photo into your googledoc or making an extra video. 
 
Before starting, check if your Lesson 17 and Lesson 18 are both complete and corrected.   
Finish fixing these lessons if they are not yet fixed and email me to check them.  You will 
be using determinants in this lesson.    
 
 
This lesson has two parts:  (take a break between parts!) 
 
Part I  Finding eigenvalues using the characteristic polynomial 

●​ Review the definition of eigenvalue and eigenvector 
●​ Learn how Determinants can be used to find eigenvalues of matrices. 
●​ Review 2x2, 3x3, and nxn determinants without row reduction 

Part II Finding eigenspaces and eigenvectors for each eigenvalue 
●​ Each eigenvalue has many eigenvectors which we will see can be found by 

solving a homogeneous system.    
●​ The collection of eigenvectors in the solution set is called the eigenspace for that 

eigenvalue.  
 
 
 
Part I  Finding eigenvalues using the characteristic polynomial 
Watch Playlist 313F22-23-1-1to9 

https://sites.google.com/site/professorsormani/home/teaching/linalg-s24
https://sites.google.com/site/professorsormani/home
mailto:sormanic@gmail.com
https://youtube.com/playlist?list=PLRHpZu30FKOVaM6s-J97DzSm4zCNcSXDK


























 
 



 



 
 
 
 

 
Do Part I HW1-HW3 above before Part II. 
Be sure to check your eigenvalues. 
 
 
 
Part II Finding eigenspaces and eigenvectors for each eigenvalue 
 
You may wish to do this on a different day. 
Watch Playlist 313F22-23-2-1to3 
 

https://youtube.com/playlist?list=PLRHpZu30FKOW5CyMCm1dYRlm3s4Z_f1iO






 



HW4 





 
HW5 and HW6 above 



 
HW7 above is very long.  So it counts as HW7 and HW8.   Here’s the solution for 
eigenvalue=1 

 
Note that if an eigenspace has two directions, you can use Gram-Schmidt to find an 
orthonormal basis to get perpendicular eigenvectors. 
 
 
HW9:    
Check the four eigenvectors you found in HW7 are perpendicular by taking dot products.   
Hint for HW9: Quickly review Lesson 4 for the definition of dot product.    
Hint for HW9: Check all combinations so that is 12 dot products to check.    



 
HW10: 

 
 
The next few homework problems have you practice finding eigenvectors and 
eigenvalues from beginning to end: find the characteristic polynomial, factor it to find the 
eigenvalues, then find the eigenspaces by solving the homogeneous systems: 
 
HW11: 



 
 
 
HW12:   Needs complex numbers! 



 
 
 
 
 
 
 
 
 
 
 
 
 
 


