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Almost orthogonal vectors
William J Martin

Worcester Polytechnic Institute

How many lines can one arrange through the origin in ten-dimensional space so that the angle between any two is at
least 89○? Of course one can do no better than ten and slightly perturbed coordinate axes provide the obvious example.
In R57, we again can �t only 57 lines, but in R58 it is possible to �t 59 lines through the origin in such a way that the
angle between any two exceeds 89○. It might then be surprising to learn that the maximum number of lines through the
origin in Rd forming pairwise angles within this one-degree tolerance of 90○ grows exponentially as a function of d.

Our problem is to consider functions ε = ε(d) (tending toward zero) and to estimate the largest size F(d , ε) of a set
X of unit vectors inRd whose pairwise dot products all lie within the interval [−ε, ε]. As indicated above, for ε a positive
constant, F(d , ε) is exponential in d. For ε(d) = c/d where c is a positive constant, F(d , ε) is roughly equal to d for
large d. So where does exponential growth begin? How about polynomially many lines? Examples will be taken from
quantum information theory, compressive sensing, association schemes and coding theory. Tools employed include the
linear programming bound of Delsarte, Goethals and Seidel and the probabilistic method.

Constructions of Q-polynomial Association Schemes
Jason Williford

University of Wyoming

An association scheme is calledQ-polynomial if, a�er suitably reordering the idempotents, the idempotent E i is a degree
i polynomial of E1, where multiplication is done using the Schur product. �e notion of Q-polynomial schemes is
formally dual to schemes generated by distance-regular graphs. However, the theory of Q-polynomial schemes is much
less understood than its dual counterpart. In this talk, we will discuss the known Q-polynomial schemes, including a
previously unknown family.
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