My Favorite MAA Articles
for Linear Algebra

January 11, 2015

Jeremy Case
Taylor University
jrcase@taylor.edu

Applications of Linear Algebra in Calculus

Jack W. Rogers, Jr.

1. INTRODUCTION. The concepts of basis, matrix for a linear transformation
relative to bases, and change-of-basis matrix are fundamental in linear algebra, but
students in an introductory class often have trouble understanding the point of
applying these concepts for bases other than the standard basis for R*. Our object
is to illustrate some applications of these concepts in solving problems with which
students who have recently completed the calculus sequence should be familiar.
The spaces arc abstract vector spaces—finite subspaces of function spaces—not
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Assumptions

Not all great applications can be included in a
textbook.

Linear Algebra services a variety of disciplines.
Journal articles are a good thing.

Incorporating journal arficles is not automatically easy.

PITFALLS IN COMPUTATION, OR WHY
A MATH BOOK ISN'T ENOUGH
GEORGE E. FORSYTHE, Computer Science Dept., Stanford University

1. Introduction. Why does a student take mathematics in college «
sity? [ see two reasons: (i) To learn the structure of mathematics its
se he (or she) finds it interesting. (i) To prepare to apply mathem:
solution of problems he expects to encounter in his own field, wheth
ineering, physics, economics, or whatever.

Surely (i) motivates far more students than (i). Moreover, most so
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i the first variable, x, from the second equation. Here this is done by
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Visualization of Matrix Singular Value Decomposition

.Tomakeus be...

oy
ved, For e in undertanding. wel marict our o o el marices and ufr the
sosier 025 (4} 19, and (1] o i proots.

Visualization of

Matrix Singular Value \
Decomposition 7 ‘-‘»’}?l

Cliff Long

Mathematics Magazine

...One happy family.
3 (May, @s @ w We would not be who we are without
1-16 » A s '/I Fappy Mother’s Day

Why Have Students Read Articles?

* Enhance Analytic Abilities
) + Gain confidence in reading the literature
 Failure « Provide insight into the research process
+ Facilitate the fransition to graduate school

Lacking Success: Reading articles

* Expected too much
. WhGT dO YOU dOe « “Itis wellrecognized that the use of primary

literature improves undergraduate teaching...”
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Turning Ligh&s Out
with Linear Algebra
Marlow Anderson and

Todd Feil

Mathematics Magazine
Vol. 71, No. 4 (Oct.,
1998), pp. 300-303

Prepare and Set Expectations

Questions to answer on the article:

1. What does the vector b represent?

2. What does the vector x represent?

3. By definition, when is a configuration b winnable. By the
theorem, when is a configuration winnable?

4. What does the matrix R represent? (Remember that these matrices
are in mod 2.)

5. What does 223/2"25 equal? How does this show that 1/4 of the
configurations are winnable?

6. What is the rank(E)?

There are two main parts to the article.

In Linear Algebra terms, when is a configuration winnable?In
Linear Algebra terms, given a winnable configuration, what
calculation can be made to determine a winning strategy?
Given a winning strategy for a particular winnable configuration,

how many other winning strategies are there? How can they be

. found? .

Provide Choices

Projects (Select one of the four options.) Each of these
are in two parts.

1. Analyzing student errors from the NAEP. (Designed
for education majors)

2. Error Correcting codes and the hat problem

3. Democracy and the SVD. How many judges or
senators do we really need?

4. The Linear Algebra behind search engines

Provide Context

« lights out 2\lights out 2.mp4

www.whitman.edu/mathematics/lights_out/

Additional Articles

Two Reflected
Analyses of Lights
Out
Oscar Martin-Sanchez
and Cristobal Pareja-

An Easy Solution to
Mini Lights Out
Jennie Missigman and
Richard Weida
Mathematics
Magazine
Vol. 74, No. 1 (Feb.,
2001), pp- 57-59

Flores
Mathematics
Magazine
Vol. 74, No. 4 (Oct.,
2001), pp. 295-304

Error Correcting codes and
the Hat Problem

A Dozen Hat

Problems

Ezra Brown and James
Tanton
Math Horizons
Vol. 16, No. 4 (April
2009), pp- 22-25
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Error Correcting codes and

the Hat problem

The Hat Problem and Hamming Codes ‘;ldc st ofotrucions oe each player:
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Write something a brief summary including a) Whether you
read all three articles. b) how you could get your friends
to win at the hat game. (Fill in the blank with the optimal
number, and then go through the strategy.) ¢) Some remark on

2001

Option 4: Loci Article “The Linear
Algebra Behind Search Engipqgf”

whether you enjoyed this result and why. ;ﬁ““',‘;_‘z\‘"';”' atrlentianming

Membsrship  Publications  Meetings  Gompatitions

Publications
Pertodicals The Linear Algebra Behind Search Engines - Introduction

Authors): Amy Langville
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Annotated Reading

Print out the article. You will turn in a copy of the article with

annotations.

o Highlight all of the terms we used in the class.
« Suggested color: yellow.

o Highlight all of the terms you do not know.
« Suggested color: red

« Reflect on your experiences in studying Linear Algebra and
the connections between Linear Alge%ro and your earlier
mathematical or anticipated quanfitative experiences.

« Afterreflecting, write a short response describing your
impressions of the article and describing your experiences in
Linear Algebra. How has this class been helpful in developing
your Thinkm%2 What connections do you see?2 What is so
important about Linear Algebra?
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Option 3: Singular Vectors’ Subtle

Singular Vectors’
Subtle Secrets

Secrets

1. Write a one page summary of the
article including the methodology,
the other applications of the SVD and
how many judges we actually need
according fo the article examining
the 2008 court.) What judges vote like
each other? As in part 1, list the
current judges and divide them into
conservative, moderate and liberal.

David James, Michael

Lachance and Joan

Remski The College
athematics Journal
ol. 42, No. 2 (March

11), pp. 86-95 .

2. Find your own set of data and do
an SVD analysis as done in the article.
Ask and answer an interesting
question regarding the data.

Why MAA Articles?

+ Accessibility
+ Accessibility
+ Narrowing the topic
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The Growing Importance of Linear Algebra
in Undergraduate Mathematics

Alan Tucker

Alan Tucker is SUNY Distinguished Teaching Profassor of
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Linear algebra stands today as the epitome of accessible, yet powerful mathemati-
cal theory. Linear algebra has many appealing facets which radiate in different
directions. In the 1960s, lincar algebra was positioned to be the first real mathe-
matics course in the undergraduate mathematics curriculum in part because its
theory is so well structured and comprehensive, yet requires limited mathematical
prerequisites. A mastery of finite vector spaces, linear transformations, and their
extensions to function spaces is cssential for a practitioner or rescarcher in most
areas of pure and spplicd mathematics. Linear algebra is the mathematics of our

mrdern tachnnlneical weld of comnley multivariahls ademe snd comoutarg
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Suggestions for Reading

» Provide Context and Guidance
» Provide Choice
* Assign Annotated Reading

Kaitlin Russ quote

Linear Algebra is the most powerful thing | have held
in my hand.
Kaitlin Russ
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operations research, and computational applied mathematics. For example, of

these ground rules is that it su; stand the action of a linear transfor-
it @ sct of basis functions and then let linearity do (the Test

Linear algebra really is a model for what a mathematical theory should be!

4 THE COLLEGE MATHEMATICS JOURNAL

Contact Information
Jeremy Case, jrcase@taylor.edu

faculty.taylor.edu/jrcase/Favorites1 5.docx

[To appear Thursday, January 15, 2015]


mailto:jrcase@taylor.edu

