
The Mathematics Major and Minors
At Franklin & Marshall College

Catalog description—Major and Minors

A major in Mathematics requires completion of MAT 109, 110, 111, 211, and 229; MAT 330 and 331; one course from
MAT 323, 329, 337, 339, or other courses in mathematical modeling as offered by the department; one mathematics
course numbered 400 or higher, other than 490 or 491; and sufficient electives so that the total number of mathematics
courses taken beyond MAT 111 is nine. One of the electives may be chosen from PHI244, PHY 226, BOS360, CHM
321, ECO 310, PBH354, PSY 460, or, with approval of the department, other mathematically intensive courses;
100-level courses may not be used as electives for the Mathematics major.

A minor in Mathematics may be completed in one of two tracks.
The “theoretical math track” consists of MAT 110, 111 and 211, and three courses chosen from MAT 245, 325,

330, 331, 442, 445, 446, or other theoretical courses as designated by the department; at least one of the three courses
must be at the 300-level or beyond.

The “applied math track” consists of MAT 110 and 111; and four courses from MAT 215, 216, 229, 316, 323, 329,
337, 338, 339, or other applied modeling/statistics course as designated by the department; at least one of the four
courses must be at the 300-level or beyond.

Please note: MAT237 does not count towards either track of the Mathematics minor.
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Joint Majors including Mathematics

According to College policy, a Joint Major must be approved by both programs or departments and by the Associate
Dean of the Faculty. The proposed Joint Major must include eight distinct course credits representing each component
major and must be accompanied by a rationale. As the declaration/projection form specifies, the rationale ”should
explain the depth, breadth, and coherence of the proposed joint major and, if appropriate, discuss how combining
these two fields allows for the exploration of a topic or theme from the standpoint of two disciplinary lenses.”

For each Joint Major that includes Mathematics, the department discusses the rationale and list of eight courses.
With the department’s approval, the Chair will sign off on the Joint Major. Here are some guidelines about the eight
courses that represent Mathematics:

• In most cases, MAT110 is the lowest course allowed on the math side of the joint major. An exception is made
for students who started their F&M math career in MAT111: they may apply AP credit awarded for MAT109
as their lowest course.

• To ensure that students are exposed to proofs and achieve some depth in the field, the eight courses must
include MAT111, MAT211, MAT229, and at least one 300-level course.

• A proposal with only one 300-level course might raise concerns about sufficient depth, which should be addressed
in the rationale.

• A proposal that includes MAT237 (a course similar to MAT211) might raise concerns about sufficient breadth,
which should be addressed in the rationale.

• For examples of course groupings that have been approved in the past, contact the Chair of Mathematics.

International students: To take advantage of the STEM extension of Optional Practical Training (OPT), students
must earn a full major in a STEM qualifying field. Joint Majors and Special Studies majors are not eligible. For
more information, contact International Student Services.

Course Offering Schedule (subject to change)

Fall 2021

• 211 IHM [111]
• 215 Intro to statistical models (m)

[109]
• 216 Prob. & Stat. I (m) [110]
• 229 LA/DE (m) [111]
• 272 Diplomath Research Seminar

(0.5 credit)
• 27x Mathematical Problem Solv-

ing (0.5 credit)

• 330 Abstract Algebra [211]

• 338 Comp. Math (M,m) [229,
CPS111]

• 339 Math Models (M,m) [229]

• 446 Topology <330>,<331>

Spring 2022

• 211 IHM [111]

• 216 Prob. & Stat. I (m) [110]

• 229 LA/DE (m) [111]

• 272 Diplomath Research Seminar
(0.5 credit)

• 316 Prob. & Stat. II (m) [111, 216]
• 331 Intro. Analysis [211]
• 378 Mathematical Finance (M,m)

[216, 229]
• 37x Introduction to Partial Differ-

ential Equations (M,m) [229]

• 439 Nonlinear Dynamics (M,m)
[339]

• 445 Geometry [330]
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Fall 2022

• 211 IHM [111]
• 215 Intro to Statistical models (m)

[109]
• 216 Prob. & Stat. I (m) [110]
• 229 LA/DE (m) [111]
• 272 Diplomath Research Seminar

(0.5 credit)

• 330 Abstract Algebra [211]

• 337 Optimization (M,m) [229]

• 339 Math Models (M,m) [229]

• 416 Advanced Stats: Experimen-
tal Design (M,m) [316]

• 442 Complex Analysis [331]

Spring 2023

• 211 IHM [111]
• 216 Prob. & Stat. I (m) [110]
• 229 LA/DE (m) [111]
• 272 Diplomath Research Seminar

(0.5 credit)

• 316 Prob. & Stat. II (m) [111, 216]
• 323 Stochastic Proc (M,m) [111,

216]
• 331 Intro. Analysis [211]
• 37x elective (theoretical) [211]

• 47x Factorization Theory [330]

[ ] = prerequisite(s), <> = corequisite(s), (M) = modeling course (for major), (m) = counts for applied math minor

Mathematics Courses
211. Intro. to Higher Mathematics Every Semester
A course designed as a transition from calculus to advanced
mathematics courses. Emphasis on developing conjectures,
experimentation, writing proofs, and generalization. Topics
will be chosen from number theory, combinatorics and graph
theory, polynomials, sequences and series, and dynamical sys-
tems, among others. Prerequisite: MAT111.

215. Introduction to Statistical Models. Every Fall
This course is about the construction, analysis, and applica-
tion of statistical models to real data. We emphasize the use
of models to untangle and quantify variation in observed data.
Basic statistical concepts such as randomness, confidence in-
tervals, hypothesis tests, causal inference, etc., are explored
in the context of statistical models which include multivariate
regression, analysis of variance, and logistic regression. We
use a modern statistics software package (R) throughout the
course. Prerequisite: MAT 109 or permission of the depart-
ment.

216. Probability & Statistics I Every Semester
Introduction to single variable probability and statistics. Ran-
dom variables. Binomial, geometric, Poisson, exponential and
gamma distributions, among others. Counting techniques. Es-
timation and hypothesis tests on a single parameter. Prereq-
uisite: MAT110.

229. Linear Alg. & Diff. Eqns Every Semester
Systems of linear equations and matrices, vector spaces, linear
transformations, determinants, eigenvalues and eigenvectors,
nth order linear differential equations, systems of first order
differential equations. Prerequisite: MAT111.

237. Discrete Mathematics.
Basic set theory, basic proof techniques, combinatorics (the
theory of counting), and graph theory with related algorithms.
Prerequisite: MAT109. Same as CPS 237.

245. Projective Geometry.
This course deals with projective geometry as applied to per-

spective art. In particular, we will use problems from perspec-
tive art to motivate geometric concepts. Solutions to these
problems will include both simple drawings and also rigorous
mathematical proofs. Mathematical topics include projective
maps from three-space to the plane, Desargues’ theorem, and
the Fundamental Theorems of Projective Geometry. Prereq-
uisite: MAT111

272. Diplomath Research Seminar. Every Semester
A collaborative seminar on mathematical research skills, in-
cluding use of LATEX and Beamer, writing abstracts, writing
travel grants, giving mathematical talks, and reading math-
ematical articles. Students will practice these skills and will
receive regular feedback from their peers and from the direc-
tor. 0.5 credit. By permission only.

27x. Mathematical Problem Solving. Fall 2021
In this participation-based seminar students will be introduced
to facts, formulas, and techniques from several areas of math-
ematics in preparation for participation in an undergraduate
mathematics competition. Students will practice using these
tools both in and out of the classroom. Participation in the
MAA’s Putnam Exam, usually held on the first Saturday of
December, will be required. 0.5 credit. Corequisite: MAT111

316. Probability & Statistics II Every Spring
Continuation of MAT216. Multivariate distributions. Estima-
tion and hypothesis tests for multiple parameters. Regression
and correlation. Analysis of variance. Prerequisites: MAT111,
MAT216.

323. Stochastic Processes Spring 2023
Properties of stochastic processes, Markov chains, Poisson
processes, Markov processes, queueing theory. Applications
of stochastic modeling to other disciplines. Prerequisites:
MAT111, MAT216.

325. Number Theory
Properties of the natural numbers and integers: divisibility,
primes, number theoretic functions, Diophantine equations,
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congruences, quadratic reciprocity, additive number theory,
unsolved problems. Prerequisite: MAT211.
329. Fourier Series
Fourier series, orthogonal series, boundary value problems, ap-
plications. Prerequisite: MAT229.
330. Abstract Algebra Every Fall
Algebraic systems and their morphisms including sets, func-
tions, groups, homomorphisms, factor groups, rings, and
fields. Prerequisite: MAT211.
331. Introduction to Analysis Every Spring
An introduction to the ideas and proof techniques specific
to mathematical analysis. Real numbers, sequences, limits,
derivatives, integrals, infinite series, cardinality; other topics
as chosen by instructor. Prerequisite: MAT211.
337. Math. for Optimization Fall 2022
Discrete, deterministic models of interest to the social sci-
ences. Linear programming, duality, simplex method, sen-
sitivity analysis, convex sets. Selections from: assignment,
transportation, network flow, nonlinear programming prob-
lems. Prerequisite: MAT229.
338. Computational Mathematics Fall 2021
Numerical analysis as implemented on computers. Polyno-
mial and rational approximations, numerical differentiation
and integration, systems of linear equations, matrix inversion,
eigenvalues, first and second order differential equations. Pre-
requisites: CPS 111, MAT 229. Same as CPS 338.
339. Mathematical Models Every Fall
An introduction to the art of creating and analyzing deter-
ministic mathematical models. Models of physical, biological,
and social phenomena. Topics vary with instructor; exam-
ples are predator-prey interactions, spread of epidemics, arms
races, and changes in global temperature. Mathematical tech-
niques include phase-plane analysis of systems of differential
equations, and function iteration. Prerequisite: MAT229.
378. Mathematics for Finance Spring 2022
A look at some areas of mathematics that are useful in fi-
nance. Topics might include probability, statistics, differential
equations, optimization, and brownian motion. Other math
courses treat some of these topics in more depth. The empha-
sis is on the mathematics, although we will encounter some
finance concepts such as arbitrage and option pricing formu-
las. Prerequisite: MAT 229 and MAT 216, or permission of
the instructor.
37x. Statistical Learning
The course aims to introduce students to supervised and un-
supervised methods in statistical learning. Supervised learn-
ing is examined through regression and classification methods
(e.g. multivariate regression, logistic regression, splines, tree-
based methods, random forests, etc.), model selection and reg-
ularization (LASSO and ridge regression), nonlinear models,
etc., while unsupervised learning includes principal compo-
nent analysis and clustering techniques. A statistical software
package R will be used throughout the course. Prerequisite:
MAT 229 and MAT 216, or permission of the instructor.
37x. Intro to Partial Differential Equations Spring
2022

Heat Equation, Method of Separation of Variables, Solutions
and Qualitative Properties of Laplace Equation, Wave Equa-
tion, Sturm-Liouville Eigenvalue Problems, Poisson Equation,
Green’s Function, Method of Characteristics for Linear PDE.
Prerequisite: MAT 229.

416. Experimental Design Fall 2022
The class will examine the statistical principles of designing
and analyzing of experiments. The analysis topics will include
analysis of variance techniques for hypothesis testing, pair-
wise comparisons, simultaneous confidence intervals, random
effects and mixed models, analysis of computer experiments,
etc. The design topics include factorial experiments, block
designs, split plot designs, response surface design, design of
computer experiments, etc. Prerequisite: MAT316

430. Advanced Linear Algebra
Topics in linear algebra from abstract and geometric perspec-
tives: real and complex vector spaces, eigenvalues and eigen-
vectors, inner products, canonical forms, and groups of linear
transformations (rotations and their analogues). This course
is appropriate for students wishing to expand their study of
abstract algebra beyond MAT330, those who are intrigued by
the geometry of linear transformations, and those considering
graduate study in mathematics. Prerequisites: MAT229 and
MAT330.

439. Nonlinear Dynamics Spring 2022
Analysis of nonlinear systems of differential equations with a
focus on trajectories of solutions in the phase plane. Topics
include bifurcations, limit cycles, and transition to chaos. Ap-
plications to physics, biology, and other fields will be explored.
Prerequisite: MAT339.

442. Complex Analysis Fall 2022
Functions of one complex variable: analytic functions; map-
pings; integrals; power series; residues; conformal mappings.
Prerequisite: MAT331.

445. Geometry Spring 2022
Selections from: advanced synthetic geometry; groups of
transformations; affine geometry; metric geometry; projective
geometry; inversive geometry. Prerequisite: MAT330.

446. Topology Fall 2021
An introduction to topological spaces and continuous func-
tions.
Pre- or Co-requisites: MAT330, MAT331.

47w. Analytic Number Theory
In this course, we use methods from real analysis to solve prob-
lems in number theory. Topics include arithmetic functions,
asymptotic analysis, the distribution of primes, and partitions.
Prerequisite: MAT331

47z. Factorization Theory Spring 2023
In this course, we use methods from abstract algebra, ele-
mentary number theory, and combinatorics to study how ele-
ments in semigroups factor, uniquely or non-uniquely. Exam-
ples studied will include semigroups of positive integers, ma-
trix semigroups, semigroups of certain sequences over abelian
groups, and related structures. Prerequisite: MAT330
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Advice for planning your math major

From the faculty:
You should consult frequently with your advisor, and keep
these guidelines in mind.

• You should take MAT211 as soon as possible, no later
than the first semester of your junior year. If you plan
to study abroad, you should take MAT211 before you
go.

• While we do not require that you take a computer sci-
ence course, it would be a good idea to take one if you
can.

• If you are planning to go to graduate school for theoret-
ical mathematics, you should try to take MAT442, 446,
47X, and CPS 111.

• If you are planning to go to graduate school for applied
mathematics or statistics, take as many modeling and
statistics courses as possible, plus CPS 111.

• If you are interested in teaching secondary school math-
ematics, you should try to take MAT216, 316, 325, 445,
and CPS111.

• If you are interested in actuarial science or statistics,
you should try to take MAT216, 316, 323, and CPS
111.

• If you are interested in graduate school, consider
a summer Research Experience for Undergraduates
(REU). Learn more about many such programs at
http://www.mathprograms.org. Most deadlines are in
January and February.

From recent graduates (exit interview quotes):
• “Take intro courses (Calc 2 & 3, LADE & IHM) asap.”
• “Pay extra amount of attentions and efforts to those

fundamental courses because they are really the key-
stone for further study in the area of mathematics.”

• “I would encourage students to take a course load they
are comfortable with, be diligent with assignments,

and be patient with their mathematical understanding.
Though higher level courses will seem intimidating at
first, and concepts will seem impossible to comprehend,
skills in mathematical understanding will develop with
time.”

• “Enjoy your math classes, but also take some other fun
courses that interest you.”

• “My advice would be not to give up quickly on problems
or ask for help right away. Especially in the upper-level
classes, you have to walk away from the material for a
bit and come back to try again, because you might see
things in a new way. It’s gratifying, sense of accom-
plishment when I figure it out. It’s one of the things I
like about math.”

• “Only do it if you like math. Otherwise, the proofs
aren’t going to be worth it. Seriously, you really have
to love the subject.”

• “Decide as fast as possible because some classes are not
always offered. Work in groups. Don’t be afraid to
go to office hours. Don’t be afraid to be wrong. It will
get difficult and frustrating, but trust yourself and push
through.”

• “ Learn to like coffee.”
• “Math builds on itself, so stay on top of your work. Do

the homework problems. My biggest mistake in college
was falling behind and letting textbook problems pile
up. If you’re struggling, take advantage of office hours.
If you’re really struggling, read the textbook before class
to familiarize yourself with the material beforehand.
Of course, this is all easier said than done. There’s not
always enough time in a day to be a perfect student,
but if I had all the time and energy in the world, that’s
what I would have done.”

• “Talk to your professors if there are any problems. The
new major students should know how helpful, patient
and inspiring the math faculty is.”
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