Linear Algebra MAT313 Spring 2023
Professor Sormani

Lesson 11
Eigenvectors and Eigenvalues

Part I: Eigenvectors and Eigenvalues
Part Il: Power Method for finding Eigenvalues

Before you start, find your team’s project part 2 document and submit a step for the
project.

If you work with any classmates on this lesson, 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 in a googledoc
entitled:

MAT313S23-lesson11-lastname-firstname

and share editing of that document with me sormanic@gmail.com. You will also include
your homework and any corrections to your homework in this doc.

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. | will answer your
question by inserting a photo into your googledoc or making an extra video.
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This lesson has two parts:

Part I: Eigenvectors and Eigenvalues
Part Il: Power Method

There are ten homework problems.
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Part I: Eigenvectors and Eigenvalues
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Begin by reading what an eigenvalue and an eigenvector is right here:


https://sites.google.com/site/professorsormani/home/teaching/linalg-s23
https://sites.google.com/site/professorsormani/home
mailto:sormanic@gmail.com
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An eigenvector can never be the zero vector, but an eigenvalue can be zero.
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Below we see this example in a three blue one brown video:

Eigenvectors and eigenvalues |
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Please watch only the first five minutes of the Three Blue One Brown video on

eigenvalues and eigenvectors where the above images are animated. Do not watch the
whole video as it covers more advanced topics we will learn next month.


https://youtu.be/PFDu9oVAE-g
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Do not ask a tutor for help with this. The tutor will show you extra complicated things you
do not need yet. You will learn them later. Just practice multiplying the matrix times
each eigenvector.
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Now try the following classwork:
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We can do something similar if we know the eigenvectors of a matrix:
First recall this theorem from Lesson 9:
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If you think about the three blue one brown video you watched, you will remember that
eigenvectors describe directions that are not changed under the linear transformation. If
the linear transformation is a rotation by 90 degrees, then all directions are changed.

This is why the eigenvalues and eigenvectors are not real.

If you wish, watch the first five minutes of the Three Blue One Brown video a second
time. There are many many applications of eigenvectors and eigenvalues and it is good
to have an understanding how they describe linear transformations. We will learn the
material covered in the rest of the video later.


https://youtu.be/PFDu9oVAE-g

Extra Credit: Prove that if v is an eigenvector for a matrix A, and you rescale v by a real
number r, then rv is also an eigenvector of A with the same eigenvalue.
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Part Il: Methods to find Eigenvalues and Eigenvectors

*kkkkkkk

There are various techniques for finding the eigenvalues and eigenvectors of matrices.
For large matrices, algorithms have been developed and coded into computers. See for

example the wikipedia article about eigenvalue algorithms which you may consult if one
comes up in a future course or in the workplace.

We will learn Power lteration today.

Another method is to use the Characteristic Polynomial which we will learn next month.

A third is the Jacobi Eigenvalue Algorithm. We will have a guest speaker, Dr. Urschel,
present this method:


https://en.wikipedia.org/wiki/Eigenvalue_algorithm
https://en.wikipedia.org/wiki/Power_iteration
https://en.wikipedia.org/wiki/Jacobi_eigenvalue_algorithm

Jacobi's Eigenvalue Algorithm. An undergrad talk for Lehman College.
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His talk is a little too advanced for the class to follow yet, so we will wait until later in the
semester to include it in the course.

So let’s learn power iteration now from Dr. Panagos:



Eigenvalue Power Linear Algehra
Method Example #1 Example Problems

Dr. Adam Panagos
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o

Linear Algebra Example Problems

The Eigenvalue Power Method Example #1 - Linear Algebra Example Problems

28,869 views.. iy 363 GJ DISLIKE > SHARE 3¢ CLIP =+ SAVE

Watch Dr. Panagos on youtube: https://youtu.be/yBiQh1vsCLU


https://youtu.be/yBiQh1vsCLU
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In fact we can adapt the power method iteratively to find all the eigenvalues of a good
matrix, but we will learn this later.
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Once you have completed this lesson,
you can contribute again to the group project,
and then start preparing for Quiz 4.



