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TITLE OF PROJECT:
Combinatorics of Coxeter groups

SUPERVISOR:

Ivan Dimitrov
OUTLINE OF PROPOSED RESEARCH PROJECT: The project is to study certain combinatorial properties of some Coxeter groups, e.g. the Symmetric group.  The problem we are interested in can be formulated elementary and there are small examples on which one can experiment and form reasonable conjectures. The ultimate goal is to discover and prove some new properties of (a class) of Coxeter groups. This problem is deeply related to important geometric and representation theoretic  questions about algebraic groups and homogeneous spaces. As the project evolves, I will try to explain as much as possible the background and the bigger picture into which the particular problem falls. 

STUDENT'S ROLE:  Experiment with some examples using mathematical software. Participate in forming a conjecture about the general case and, ultimately, in proving such a conjecture. 

QUALIFICATIONS: Completed Math 210 and Math 310 or equivalent.  Reasonable computer skills - use of available software and ability to write some new code.
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TITLE OF PROJECT:
The Planar Combinatorics of Random Matrices and Free Probability

SUPERVISORS:

Jamie Mingo and Roland Speicher
OUTLINE OF PROPOSED RESEARCH PROJECT:  In recent years an interesting connection has been found between the theory of random matrices (which are used in statistics, engineering, and pure and applied mathematics) and a new kind of probability theory designed for random variables that do not commute i.e. matrix valued random variables. The connection between the two subjects is the study of planar combinatorics, i.e. the combinatorics of graphs that can be drawn in a plane.

STUDENT'S ROLE:  The student will meet weekly with the supervisors to discuss progress. S/he will also be required to seek out references, to make computer calculations when necessary and participate in the research, finally producing a document of the work for possible submission to a journal.

QUALIFICATIONS:  The only necessary background is calculus and linear algebra. Elementary probability and programming ability in maple are useful but not essential. 
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TITLE OF PROJECT:
Modular Forms And Elliptic Curves

SUPERVISOR:

M. Ram Murty
OUTLINE OF PROPOSED RESEARCH PROJECT:  There are many conjectures connecting modular forms and elliptic curves. The famous Taniyama conjecture says that every elliptic curve is modular, and this was proved by Wiles in 1995.  Since then, mathematicians have been looking for generalizations of such a result to the number field context.  We will examine this for certain number fields.  In addition to this, we will also investigate several analytic questions related to L-functions of modular form suggested by the arithmetic of elliptic curves.  For this purpose, some computations need to be done using PARI or other programs.

STUDENT'S ROLE:  The student will meet the supervisor on a weekly basis to measure progress on this project.  He/she will also be required to seek out references, to make computer calculations when necessary and participate in the research, finally producing a latex document of the work for possible submission to a journal.

QUALIFICATIONS:  Some background in number theory as well as knowledge of PARI and latex will be useful.
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TITLE OF PROJECT:
Eduction of Turbulent Structures
SUPERVISOR:

Andrew Pollard
Department of Mechanical and Materials Engineering

{Cross-appointed to:} Dep. of Mathematics and Statistics

OUTLINE OF PROPOSED RESEARCH PROJECT:  See attached.
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TITLE OF PROJECT:
Ehrhart polynomials and smooth Fano toric varieties
SUPERVISOR:

Gregory G. Smith
OUTLINE OF PROPOSED RESEARCH PROJECT: This project will investigate Ehrhart polynomials of smooth Fano toric varieties.  After learning some of the relevant background material, we'll examine the Ehrhart polynomials for various low dimensional smooth Fano toric varieties.  We will use computational tools, such as Macaulay2, to collect examples and look for properties like real rootedness and unimodality.  Depending on the discoveries, we may explore the connections to stringy cohomology, h-vector of simplicial polytopes or Koszul rings.
STUDENT'S ROLE:  The student will be involved in all parts of this research project.  The problem solving aspects will require a willingness to try multiple approaches, persist in the face of difficulties, assess the correctness of solutions, explore examples, pose questions, and devise and test conjectures.  Communicating mathematical ideas with clarity and coherence through writing and speaking will also be important.
QUALIFICATIONS:  Necessary background includes a course in or experience with computational algebraic geometry (i.e. something at the level of the textbook by Cox, Little and O'Shea).
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TITLE OF PROJECT:
Queen's Solar Radio Telescope
SUPERVISOR: 

David J. Thomson 

OUTLINE OF PROPOSED RESEARCH PROJECT:  Listed below are several possible projects depending on student interest.
1.  Integration of optical tracking. The basic system has been designed and parts are here, but they need to be mounted, sighted, calibrated and integrated into tracking system.
2. Noise cancelling. Find optimum direction for noise—cancelling antennas relative to the main focus, write code, integrate into system.
3. Improve some of the mechanical systems, install new local oscillator, extend bandwidth. 
4. Various statistical problems in data compression, screening, and robustness.
STUDENT'S ROLE:  Design/build/test/program/integrate then analyze data and write paper.
QUALIFICATIONS:  Electrical and mechanical lab skills useful. Knowledge of C and Linux, possibly Fortran, desirable.
