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Spring 2015 Course Descriptions

Math 236  Introduction to Mathematical Structures

Instructor: Deanna Haunsperger

Time: 2a

Prerequisite: Math 232 or permission of instructor

The great architectural wonder that is mathematics cannot be built up without mathematical clay (logic, axiomatic

systems, set theory, and algebraic structures) or without mathematical  tools (techniques of proof and problem

solving). You'll get your hands dirty with these and more while building or strengthening your own mathematical

foundation in preparation for the edifice of higher mathematics. Along the way we'll  have some fun asking and

answering many questions: Is there just one infinity? What's the biggest set possible? How many crayons does it

take to color a map?

Math 241  Ordinary Differential Equations

Instructor: Stephen Kennedy

Time: 5a

Prerequisites: Math 211 and Math 232, or permission of instructor

Differential equations could be described as the interface between mathematics and the real world (Laura Chihara

might contend that statistics is this interface; ignore her!) Most natural laws in physics, chemistry, and, increasingly,

biology are formulated as differential equations. The universe has, however, played a terrible joke on us -- it is

usually not possible to solve these equations. We will learn how to solve those equations which can be solved

(well, some of them) and, with the help of Mathematica, develop some tools for coping with the insoluble ones.

This will take us perilously close to chaos theory, but, if we're careful, we should be OK.

Math 245  Applied Regression Analysis

Instructor: Laura Chihara

Time: 2a

Prerequisites: Math 215 (AP statistics 4/5) or 275

On the night of January 27, 1986, engineers at Morton Thiokol teleconference and engineers and managers at the

Marshall Space Flight Center and  Kennedy Space Center were determining whether it was too cold (31°F) to

launch  space shuttle Challenger. Data from previous flights seemed to  suggest that temperature had an effect on

the integrity of the O-ring  seals on the booster rockets, but the final recommendation was to launch the  Challenger

on schedule. Could a statistical analysis of the pre-accident  data predicted the catastrophic failure of the shuttle?



In this class, we will investigate the Challenger data and in general, learn statistical  model building and model

checking techniques.  We will use the software package R to aid in the modeling.

Math 261   Functions of a Complex Variable

Instructor: Mark Krusemeyer

Time: 2a

Prerequisite: Math 211

What happens to calculus when you replace the real  variable  x  by the complex variable  z =  x +  iy  and the

real-valued function y = f(x) by the complex-valued function w = f(z)? Wonderful things!  The statement  €œf is

differentiable  € becomes more powerful,  while  the idea  of  integration  becomes  more flexible  --  you can now

integrate along various paths in the complex plane. Not only does this lead to much beautiful mathematics, but, and

this might surprise you, a lot of this material can be applied to  €œreal € (pun intended) mathematical and physical

problems in which nary an imaginary number occurs. For instance, we should see how to compute some useful

improper integrals of functions, such as cos(x ²), that don €™t have an antiderivative in closed form, and if time

permits we'll see how to apply complex transformations to solve problems of heat conduction in the plane. On the

other hand, we'll sketch a proof of the  €œFundamental Theorem of Algebra €, which states that any nonconstant

polynomial with complex coefficients has a (complex) root -- and thus any such polynomial factors completely into

linear factors.

A more theoretical version of this course, with real analysis as a prerequisite, will be offered next year. If you are

planning to go to graduate school in pure mathematics and you aren €™t a senior yet, you should probably wait for

the inaugural offering of Math 361 rather than taking Math 261. (We are planning to continue to offer the two

courses in alternate years.)

Math 280   Statistical Consulting

Instructor: Laura Chihara

Time: 2/3c Thursday

Prerequisite: Math 245

Students will work on data projects solicited from the local community.  We will also cover the fundamentals of

being a statistical consultant, including  matters of professionalism, ethics and communication.

Math 295.01   Differential Forms and Vector Calculus

Instructor: Sam Patterson

Time: 4a

Prerequisite: Math 236  

This course picks up where Calc III left off -- with vector calculus. In particular we will be concerned with such

notions  as  divergence,  curl,  line,  and  surface  integrals  and  with  extensions  of  Green's  theorem to  Gauss'

Divergence theorem, and ultimately to Stokes' theorem in all its  n-dimensional generality. This general Stokes'

theorem, we will see, includes the Fundamental Theorem of Calculus, Green's theorem, and Gauss' theorem as

particular cases. Our main tool for this further study of vector calculus will be differential forms -- a modern mixture

of geometric insight and algebra that will make precise what terms like  dx  and  dxdy  really mean when written

after integral signs. The prerequisites are simple -- just Calc III, Structures, and a desire to learn more about vector

calculus. The course was designed for those students who have just completed Math 236.



Math 295.02   Cryptography, Coding Theory, and Compression

Instructor: Tommy Occhipinti

Time: 4/5c

Prerequisites: Math 232 and Math 236 or CS 202

In this course we'll talk about two main topics. The first is cryptography, that is how to send data over an unsecured

communication channel without making that data public. For example, many of us send Amazon our credit card

numbers without worrying someone else will see them. We'll discuss computational methods needed to implement

these methods, such as generating large primes. We'll also discuss the best known methods for attacking these

cryptosystems, including the quadratic sieve.

We will also discuss coding theory, one of the most beautiful applications of linear algebra. Coding theory concerns

how to send data over noisy channels (that is, when some of the data will get corrupted). Ideally, if you send the

data correctly, the receiver will identify that an error has occurred and even be able to correct the error themselves.

We'll discuss the general theory of error correcting codes, as well as some famous examples.

Math 333   Combinatorial Theory

Instructor: Mark Krusemeyer   

Time: 5a

Prerequisite: Math 236 or permission of the instructor

Does Valentine's Day stress you out because you're not sure how you should count the ways? Maybe you're not

even sure, in situations where your intuition is not to be trusted, whether there are any ways. And given that there

are, in fact, ways, which way is the best one?

Questions of this sort also come up at other times of year, in contexts ranging from pure mathematics to the routing

of garbage trucks, the study of communication networks, the matching of medical students to residencies, and the

design of statistical experiments. Among the methods used to get answers are counting techniques, often involving

binomial coefficients and/or generating functions (we get to have all the fun of infinite series without any of the

bother about convergence!), proof techniques involving ideas such as the pigeonhole principle, and optimization

techniques involving recursive algorithms.  All  sorts  of  interesting  things will  come up as we venture into  this

material, so do join us!

Math 341   Fourier Series and Boundary Value Problems      

Instructor: Allison Tanguay

Time: 1a

Prerequisite: Math 241

Partial differential equations (PDEs) arise naturally when modeling continuous phenomena. For example, the wave

equation models vibrations of a string or a drumhead; the heat equation describes the flow of temperature in a

material; and in quantum mechanics, the Schroedinger equation models the propagation of a particle. The study of

particular examples of such equations and their solutions has been fundamental for the modern development of

Analysis.  In  this course we will  study examples of  linear  PDEs,  including how they come about,  how certain

equations can be solved explicitly, and how to describe the properties of solutions more generally. For linear PDEs,

we will  see that the space of solutions is a vector space, though often infinite dimensional, and that   we can

represent solutions as infinite sums of simple functions, such as sines or cosines with increasing frequencies. Such

a representation is called a Fourier series, and the theory of Fourier series not only plays an important role in

partial differential equations, but also has applications in other areas of mathematics.



Math 349   Methods of Teaching Mathematics

Instructor: Deanna Haunsperger

Time: 2/3c

Prerequisite: Junior or senior standing and instructor consent

How is mathematics taught? You've certainly seen mathematics taught, and if you're a tutor or have a friend in a

lower-level math class, you've probably done some teaching. Is there a best way to teach? How do students learn

mathematics? What is a lesson plan? What's important when you're in front of a class? Through many readings

and some observations and practice, we'll discuss these questions and you'll develop your own answers.

Math 352   Topics in Abstract Algebra

Instructor: Eric Egge

Time: 3a

Prerequisite: Math 342 or permission of instructor

Now that you've taken (or are taking) Abstract Algebra I, you know that we can sometimes discover interesting facts

about an object by studying its group of symmetries. In this course we will study finite groups by turning this idea

around: given a finite group, we'll ask how that group can be the set of symmetries of some object. Since this

question is hopelessly general, we'll focus on two special cases:   how a given group can permute the elements of

a finite set, and how a given group can act as linear transformations on a (finite-dimensional) vector space. By

taking our set to be the set of subgroups of the group in the first case, we'll be able to prove the Sylow theorems.

These include a partial converse to Lagrange's theorem, and are powerful tools in the study of the structure a

group of a given order can have. Meanwhile, the second case will lead us into representation theory, which has a

beautiful structure of its own. Along the way I'll explain why 612 is my least favorite number, and I'll tell you about

the time I took a class in which just one homework problem was assigned -- a problem with 1000 parts.

Math 365   Stochastic Processes

Instructor: Bob Dobrow

Time: 4a

Prerequisite: Math 265 and Math 232 or consent of instructor

A stochastic, or random, process is a collection of random variables defined on a common probability space. An

independent sequence is the simplest -- and most boring -- example. Things get interesting when you allow some

dependency among the random variables giving rise to a rich class of objects like Markov chains, random walk,

Poisson processes, and Brownian motion. Stochastic processes describe systems that evolve in time and/or space

and for which there is inherent uncertainty. They are used to model applications as diverse as the evolution of DNA

sequences, the spread of infectious diseases, the vicissitudes of the stock market, the diffusion of gases, tomorrow

€™s weather, and your best stopping strategy in Las Vegas.

This course is for those who like probability. Important tools include conditioning and conditional expectation, with

doses of graph theory, combinatorics, and analysis. Markov chains, a central topic of the course, bring together

probability and linear algebra. Some fun topics you will explore include: how long, on average, it takes to play

Chutes and Ladders, how randomization can be used to decode messages, how continuous nowhere-differentiable

functions are used to model stock prices, and what the eigenvalues of a  Markov matrix  reveal about how many

shuffles it takes to mix up a deck of cards.

The course is preparation for students interested in the use of probability in scientific applications, as well  as

statistics, actuarial studies, and advanced probability. There will be some use of technology, in particular working

simulations in R, but no prior computing knowledge is assumed. Students will write up many assignments in LaTeX.

They will also have the opportunity to test drive  a new application -- a simulation-based textbook.

The  instructor  is  currently  on  sabbatical.  If  you  have  questions  about  the  class,  feel  free  to  email  him at

rdobrow@carleton.edu.



Summer Statistical Consulting Opportunity

Are you interested in using your statistical skills to tackle real-world problems? Professor Bob Dobrow is looking for

several students to work on statistical projects brought to him by local community members.

You will get to work on a variety of projects, improve your R skills, and maybe even learn new statistical methods.

This job will run for 8 weeks over the summer. Prerequisites are Math 245 and Math 275. If interested, email your

answers to the following questions to Bob (who is on sabbatical this term) at  rdobrow@carleton.edu. Deadline is

February 21.

Name1. 

Class Year2. 

Major(s)3. 

Describe all statistics and probability-related course work. Include term taken and course grade.4. 

Have you taken any courses in computer science, or other relevant disciplines? Describe your experience

and comfort level using statistical software.

5. 

Name one professor who can serve as a reference.6. 

Describe why you are interested in this summer opportunity and why you would be a good choice.7. 

Job & Summer Opportunities

SCRiM Summer Scholars  

SCRiM  Summer  Scholars  is  a  competitive  summer  research  experience  sponsored  by  the  National  Science

Foundation through the Network for Sustainable Climate Risk Management (SCRiM). Hosted on the University

Park campus of Penn State University,  the program offers  students the chance to  participate in cutting-edge,

transdisciplinary  research  at  the  intersection  of  climate  science,  economics,  risk  analysis,  ethics,  and

decisionmaking.  Housing, travel support, and a stipend of $4500 is provided for all participants in the 9-week

program. For more information, visit  http://scrimhub.org/undergrad-research/.

Reasoning Mind Knowledge Engineer Position

Love math? Looking for a job? You could help make online math curricula for children!   Reasoning Mind is a

 non-profit that makes online math curricula for elementary and middle school students. They are currently  looking

to hire folks with a math background to join their curriculum development team. As a Knowledge Engineer, you will

 create  adaptive  online  educational  materials  to  simulate  the  practices  of  expert  math  teachers.  For  more

information, visit

www.reasoningmind.org/careers/?nl=1&jvi=oRNa0fwy,Job&jvs=KEEmail_Campaign_Admins_2015.  
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