
Proposed comps topic(s) 2016-2017 (Mark Krusemeyer)

Each of the projects below is an opportunity to delve deeply into ma-
terial beyond the standard undergraduate curriculum, and to get sub-
stantial (weekly) experience in presenting that material at the black-
board. (Each project is limited to two people, for a total of at most four
participants.) It is conceivable that a topic will be modified, or even
changed altogether, based on participants’ interests or background.

Directed reading in elliptic functions and modular forms

We will start by looking at elliptic functions, which are functions of
a complex variable that have two independent periods - unlike trigono-
metric functions, which have only one. This will lead us to Eisenstein
series, modular forms, the “classical” proof of the formula

σ7(n) = σ3(n) + 120
n−1∑
k=1

σ3(k)σ3(n− k) ,

where σr(n) denotes the sum of the r-th powers of the divisors of n,
and more beautiful mathematics than we can possibly get through.
Sources will likely include one or more of Apostol, Modular Functions
and Dirichlet Series in Number Theory ; Koblitz, Introduction to Ellip-
tic Curves and Modular Forms ; Serre, A Course in Arithmetic.
Terms: F, W or W,S.
Prerequisites: (Required) Math 361/261/351 (complex analysis or func-
tions of a complex variable); (highly recommended) abstract algebra.
Experience with number theory may be helpful, but is not required.

Directed reading in analytic number theory

We will work through proofs of one or more of the great classical the-
orems of analytic number theory, such as the Prime Number Theorem
(which gives an asymptotic estimate for the number of primes ≤ x, as
a function of x), and/or Dirichlet’s Theorem (which states that in any
arithmetic progression a, a+ b, a+2b, . . . where a and b are positive in-
tegers with gcd(a, b) = 1, there are infinitely many primes). The main
source will likely be Apostol, Introduction to Analytic Number Theory.
Terms: F,W or W,S.
Prerequisites: (Required) Elementary theory of numbers (Math 312);
(highly recommended) real analysis. For Dirichlet’s Theorem, some
experience with abstract algebra will be helpful; for the Prime Number
Theorem, a fair amount of complex analysis will be used, so Math
361/261/351 (or equivalent knowledge) will be needed.
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