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What is a Mixed Discriminant?

To define the mixed discriminant , let A = (A1, ...., Ag) be a collection of
d x d matrices, and consider the function

detﬁ: Rd%R, (l’l,....,l’d) — det(t1A1+....+tdAd)
which is a homogeneous polynomial of degree d. The number

ad
D(A1,..... Ag) = ———det(t1, ...t
( 1y-eeey d) oty...0ty A( 1, d)
is called the mixed discriminant of A. The mixed discriminant is
symmetric in A, and it is nonnegative whenever all the matrices in A are
positive semidefinite.
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1 00 1 00 1 00
Let A1 =10 1 0| Ao=|0 1 0f A3=1|0 1 O
0 01 0 01 0 01

r+y+z 0 0
det(zA1 + yAr + 2A3) = 0 r+y+z 0
0 0 rT+y+z

D(A1, Az, As) = 5.0 s (w+y +2)° =6
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Let P = (P1, ..., P4—2) be a collection of d x d positive semidefinite
matrices.

HR(P) : Symg x Symg — R, (11,72) — D(11,m2, P1, e, Pa_2)
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HR(P)

HR(P) can be represented by a matrix T.

T = [D(ni,nj, P1,....P4—2)]
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HR(P)

HR(P) can be represented by a matrix T.

T = [D(ni,nj, P1,....P4—2)]

Any matrix representing HR(I3) has exactly one positive eigenvalue.
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Goals

Long term: To show how the general theorem of matroids can be applied
in various different cases, and to have a few examples to show Rota’'s
unimodality conjecture: If wy(M) is the number of rank k flats of a rank d
matroid M, then the sequence wy(M), ..., wy(M) is unimodal. Welsh
conjectured more generally that the sequence is log-concave.

Right now: Prove that the determinant of a matrix representing one case

—

of HR(P) is nonpositive.
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