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Prospective Math & Math/Stats Majors Meeting

Do you want to be a math or math/stats major? Are you curious about what the different major tracks are like? Do

you have questions or want to learn more? Don't miss this event! If you come, we can promise a number of things

to happen while you're there. First, you'll learn fascinating tidbits of mathematical and statistical delight. You'll also

get information about being a major (and even a sneak peek at the courses we'll be offering next year!) and meet

other prospective majors, declared majors, and department faculty.

We'll also have treats! The event will take place from 4:00 to 5:00 p.m. on Tuesday, February 16in CMC 206, so

mark your calendars.

Individual Comps Talks

The students who chose to present their independent comps during Winter Term are about to put the finishing

touches on their presentations. They'll present in CMC 206 beginning at 2:30 on Thursday, February 18. Stop by

for a talk or two (or all of them!) and you'll be sure to learn something about fields of mathematics you've never

encountered!

Title: Chromatic Symmetric Functions of Trees

Speaker: Mara Finkelstein

Time:  2:30 - 3:00

This talk will draw on ideas from graph theory, combinatorics, and the theory of symmetric functions to explore

hidden meanings encoded in the chromatic symmetric function (CSF) of a graph.  Every (simple) graph has an

associated CSF, and this function is related to colorings of the vertices of the graph.  While it is possible to find two

non-isomorphic graphs with the same CSF, it has been conjectured (but not proven) that the CSF distinguishes

non-isomorphic graphs in the special case that these graphs are trees.  We can prove a variety of partial results on

this conjecture by showing that the CSF is indeed a complete isomorphism invariant for certain families of trees.

Title: Category Theory: A Bird's Eye View Into Mathematics

Speaker: Marielle Foster

Time:  3:00 - 3:30

Affectionately known as "Cat Theory", category theory is the study of categories, functors, monoids and more.

These  are  simple  and  elegant  mathematical  objects  which  have  far  reaching  implications  into  a  variety  of

mathematical fields such as abstract algebra or topology, as well as computer science, physics, linguistics, logic

and cognitive science. This will  be an introduction to the basic concepts, as well as a teaser of some of the



awesome powers as applied to various math problems and computer science ideas. Some cats included.

Title: The Self-Avoiding Random Walk

Speaker: Zhilu Zhang

Time:  3:30 - 4:00

A random walk is  a  mathematical  formalization of  a  path that  consists  of  a  succession of  random steps.  For

example, the path traced by a molecule as it travels in a liquid or a gas can be modeled as a random walk. In the

case of a simple random walk, the location can only jump to neighboring sites of the lattice, forming a lattice path.

However, what would happen to the overall behavior of the simple random walk and the way we analyze the model,

if we put a restriction on the walk such that it cannot visit any site that has already been visited? This problem is so

intriguing that the type of walk is given a name called self-avoiding random walk, and in my comps talk, I will talk

about how to analyze this model, and discuss the interesting properties we get from it.

Title: Constructing Integrals in Abstract Spaces

Speaker :Cameron Wright

Time:  4:00 - 4:30

In this talk, we will explore a class of functions known as measures and will observe a construction by Banach that

uses a measure to construct an integral. We begin by introducing the definition of a measure, both intuitively and

formally, and follow by defining the Lebesgue measure and the idea of metric spaces. From here, we will follow

Banach's method of constructing integrals from measures on metric spaces.

Title: Random Number Generation

Speaker: Jianxiong Yu

Time:  4:30 - 5:00

A random number generator (RNG) is a computational or physical device designed to generate a sequence of

numbers  or  symbols  that  cannot  be  reasonably  predicted  better  than  by  a  random chance.  Various  uses  of

randomness  have  led  to  the  development  of  several  different  methods  for  generating  random data.  In  this

presentation, I will first introduce to the audience the applications of random numbers, the desired properties of a

RNG, and the differences between a true RNG and a pseudo RNG. I will then move on to unpack the two most

commonly used pseudo RNGs,  the linear  congruential  generator  (LCG) and the linear  feedback shift  register

(LFSR): how they work, what mathematics underpins them, as well as their strengths and limitations. Some tests

that are widely used to assess a pseudo RNG will also be touched upon. Finally, I will explain two methods that

would allow us to use a suitable uniform pseudo RNG to simulate random variables from specified probability

distributions.

What's the Math and Stats Department Offering Next

Term?

Have you checked your registration number yet? Made a list of classes you're hoping to take next term? Let the

course  descriptions  below  guide  you  into  an  adventerous  spring  term within  the  Carleton  Department  of

Mathematics and Statistics! There's something for everybody, from statistics to advanced abstract algebra and from

differential equations (which may be called ordinary but are, in fact, truly neat) to a seminar in the very foundations

of mathematics-- find out more below.

Math 236: Mathematical Structures

Instructor: Deanna Haunsperger

Time:  3a



Prerequisite: Math 232 or permission of the 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: Rob Thompson

Time:  4a

Prerequisite: Math 232 or permission of the instructor

Differential  equations  are  how mathematicians  (and  physicists,  and  chemists,  and  biologists,  and  engineers's

understand and describe physical processes. In this course we will study ordinary differential equations from both a

practical and theoretical point of view. We will see how mathematical models are developed from natural laws and

used to study physical systems, including classical examples such as falling objects, mass-spring systems, and

predator-prey models. Using ideas from calculus and linear algebra, we will  develop methods for solving these

equations when we can, and learn how this can help with equations we cannot solve. In fact, most differential

equations cannot be solved explicitly in terms of known functions, so we will  develop techniques for qualitative

analysis  and  numerical  approximation  as  well.  We  will  begin  to  see  that  mathematicians  approach  ordinary

differential equations using a combination of theory, computer computation, and computations by hand, as we will

in this course.

Math 245: Applied Regression Analysis

Instructor: Katie St. Clair

Time:  2a

Prerequisite: Math 215 or Math 275

Model building is a fundamental idea in statistics. In your intro stats class you learned some basic techniques for

modeling a response as a linear function of one explanatory variable (simple linear regression). In this second stats

course you will learn more advanced techniques for building regression models that can include many explanatory

variables (multiple regression) or a categorical response (logistic regression). We will apply these techniques to

explore how air pollutants might affect mortality, whether sex plays a role in determining a worker's salary, and how

a regression model predicted a national tragedy. This course emphasizes model building and checking techniques

and statistical writing. We will meet in a lab and use the free statistical software R. As the title suggests, this is an

applied course so you will be working with new data sets each week, and you can expect to be a seasoned R user

by the end of the term!

Math 275: Introduction to Statistical Inference

Instructor: Dave Watson

Time:  3a

Prerequisite: Math 265

Last year, in exit interviews with Carleton seniors, a common statement by math majors was "I wished I had taken

statistics." For those of you who have taken Probability, now is your chance!  Statistics can be thought of as the

science of data, and statistical inference uses the tools of calculus and probability to draw conclusions from data

about real-world problems. In statistics we start with data (samples) in order to understand an underlying uncertain,

and even unknowable, process or population. In statistics we infer results based on the available data, which are

often messy, incomplete, and ambiguous. The German poet Johann Wolfgang von Goethe once wrote: "All theory

is gray, my friend. But forever green is the tree of life." In this class, we will  explore case studies (green and

otherwise) drawn from the environment, politics, public health and biology, and other disciplines. The statistical



software language R will be introduced and used throughout.

Math 280: Statistical Consulting

Instructor: Laura Chihara

Time:  Thursdays only, 2/3c

Prerequisite: Math 245

Students will work on data analysis 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: Seminar in Set Theory

Instructor: Gail Nelson

Time:  4a

Prerequisite: Math 236 or permission of the instructor

Is there a set of all sets? If you allow the collection of all sets to be considered a set, the result, as you encountered

in Math 236, is Russell's paradox. So what exactly can be considered a set? We attempt to answer this by working

with a set (pun intended!) of axioms. We'll begin by building familiar number systems (the natural numbers, the

rationals and the reals) from these axioms. Then our ambitions get really grandiose, as we proceed to construct

successively  larger  infinite  numbers,  and  finally,  the  entire  mathematical  "universe."  Along  the  way,  we  will

encounter cardinal numbers, ordinal numbers, and transfinite induction. Since its inception, set theory has been a

source of beautiful and, at times, disturbing results. Attempts to reduce all of mathematics to the language of sets

have provided insight into unifying underlying structure. But set theory has also led to strange and counterintuitive

"alternate realities" for mathematics.

Math 315: Advanced Statistical Modeling

Instructor: Laura Chihara

Time:  3a

Prerequisite: Math 245 and Math 275

Many  data  sets  violate  a  central  assumption  underlying  modeling  via  multiple  regression,  namely  that  the

observations be independent. For example, longitudinal studies of test scores of children at different ages, analysis

of birthweights of pups from the same litters, and electrical activity on different parts of the brain measured on a

sample of patients all involve observations that are correlated. In this course, we will learn methods to address this

problem; we will also learn about general linear models of which logistic and Poisson regression are special cases.

We will work extensively with real data and the software package R.

Math 321: Real Analysis I

Instructor: Gail Nelson

Time:  5a

Prerequisite: Math 236

Why do the techniques we use in calculus work the way they do? In this course we will take a close look at the

theory behind those problems you did way back when. Everything in calculus is in some way based on looking at

things up close, that is, taking a limit. For the most part, in calculus you saw examples and problems where things

work out well. However, one really needs to proceed with caution. For example, there are times when interchanging

the order of operations defined by limits give different results. In order to understand why this can happen, we will

be taking a very close look at limits and these objects we call functions of a real variable. Issues surrounding these

functions appear in many different places including differential equations, complex analysis, dynamical systems,

and probability. This course is highly recommended for anyone considering grad school, whether it's in math or

statistics.



Math 341: Fourier Series and Boundary Value Problems

Instructor: Allison Tanguay

Time:  2a

Prerequisite: Math 241 or Math 232 and permission of the instructor

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 physically, how

certain equations can be solved explicitly, and how to describe the properties of solutions more generally. We will

see how 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 this  will  naturally  bring us to  questions of

convergence,  the  theory  of  infinite  dimensional  vector  spaces  and  orthogonal  sets  of  functions.  For  a  full

introduction  to  this  beautiful  and  far-reaching  subject  we  will  need  to  work  through  abstract  and  rigorous

mathematical arguments, as well as plenty of applications and examples.

Math 352: Topics in Abstract Algebra

Instructor: Mark Krusemeyer

Time:  3a

Prerequisite: Math 342 or permission of the instructor

So you liked Abstract Algebra I? Then it might well get even better, now that you have the tools to study a particular

topic or two in some depth. This year's main topic is Galois theory. (There will be essentially no overlap between

this class and last year's Math 352. We are offering Math 352 every year, but we will never have the same topic

twice in successive years, so you can take "the" course -- which will actually be two different courses -- twice in a

row.)  Galois  theory establishes an unexpected deep connection between fields and groups --  more precisely,

between field extensions and groups of automorphisms -- and is used widely elsewhere in mathematics, especially

within algebra. We will start by studying field extensions in general, and we'll soon see how the idea of dimension

from linear algebra can be used to show that it is impossible to trisect an arbitrary angle using only straightedge

and compasses (in other words, if you can only draw straight lines and circular arcs; note that some special angles,

such as right angles, can be trisected). Once we have some more "machinery", we'll be able to prove a beautiful

result about the "Galois correspondence" (the connection between fields and groups mentioned above). Using this

so-called Fundamental Theorem (have you noticed that several areas of mathematics have such a theorem?), we

should be able to show one of the earliest (mid-19th century) and most striking applications of Galois theory: the

result that quintic (degree 5) polynomial equations cannot be solved by using only arithmetic and taking radicals

(that is, square roots, cube roots, fifth roots, etc.). Incidentally, a different proof had been found by Abel in 1823

after Ruffini had announced the result  in 1799. Mathematicians had been searching for a way to solve quintic

equations using radicals since the Renaissance, at first confidently because, starting from the well-known quadratic

formula, they had also found such formulas to solve cubic and quartic equations, then more and more dubiously as

they came to realize that quintic equations seemed to be essentially more difficult somehow . . .

Math 361: Complex Analysis

Instructor: Steve Kennedy

Time:  2a

Prerequisite: Math 311 or permission of the instructor

The complex plane is mathematical heaven: all polynomials factor completely into linear terms; if a function has one

derivative, it has infinitely many; integration is nearly trivially easy; every open set looks just like a disc. We will

completely understand the algebra and calculus of complex numbers. The payoff is big, as Jacques Hadamard



observed, "The shortest path between two truths in the real domain very often goes through the complex plane":

we'll  see the truth of  this as we prove the fundamental  theorem of  arithmetic and (maybe) the prime number

theorem. This is the theoretical version of complex analysis and is recommended, in particular, for the graduate-

school bound and epsilon-delta aficionados.

Math 395: Advanced Topics in Combinatorics

Instructor: Eric Egge

Time:  2a

Prerequisite: Math 333 or a course in Enumerative Combinatorics in Hungary or permission of the instructor

If  you enjoyed your first  combinatorics course, especially the counting problems, binomial  coefficients, Catalan

numbers, lattice paths, generating functions, and partitions, then this might be just the right course for you. We'll

find new (and sometimes more refined) ways of looking at familiar objects like permutations, which will lead to

interesting new combinatorial objects and counting results. In particular, we will study a couple of number triangles

that  are  similar  to  Pascal's  triangle,  but  arise  in  connection  with  other  combinatorial  objects.  In  your  first

combinatorics course you probably saw how to express the generating function for the sequence giving the number

of integer partitions of n as a simple infinite product. In this course we will review that construction, and then we'll

generalize this result to partitions whose pictures are three-dimensional, rather than two-dimensional. Our proof of

this  generalization  will  involve  families  of  nonintersecting  lattice  paths,  and  it  will  point  us  to  several  other

interesting results and families of objects. And for those of you who like the algebraic side of the subject, we'll

spend  some  time  developing  some  new  algebraic  methods  of  proving  combinatorial  identities,  including

hypergeometric series and Wilf's Snake Oil method. This course may differ from some other upper level courses

you've taken in a couple of significant ways: there will be no textbook (though we will sometimes use material from

various texts), we will encounter a few more open problems than usual, several class meetings will be devoted to

students presenting solutions to homework problems or new material to the class, and we will have a couple of

research visitors.

Job & Internship Opportunities

Hardwick Day:Data Analyst

Our data analysts are an integral part of a small team focused on finding data-based insights to help optimize

enrollment outcomes for college clients.Analysts work in tandem with the principals of the firm and each other to

interpret for clients the real-world implications of enrollment data. Analysis often expands beyond the questions

associated with a particular enrollment cycle to considerations of long-term financial aid, tuition, and admission

policy for a terrific, diverse, and compelling portfolio of colleges nationally. A bachelor's degree in mathematics,

economics, or a related field is required, and experience in mathematical  modeling is strongly preferred. Apply

online athttp://advisorycareers.force.com/openings/ts2__JobDetails?jobId=a0KF000000DzOXWMA3&tSource=.

Problems of the Fortnight

This is a special edition of the Goodsell Gazette, so there are no problems this week! However, if you're interested,

take a peek at last week's problems or even some from further back-- there are several back issues out near the

whiteboard on the second floor of the CMC.
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