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Introduction

Let A be an abelian variety over a fietd D a symmetric divisor om, s andd the
sum and difference maps framx A into A, andp; andp, the projections onto the
first and second factors. The theorem of the square and the seesaw principle [M1,
Secs. 5, 6] guarantee that there exists a funcfi@n v) on A x A (determined up
to constant multiples) with divisor*D +d*D — 2p;D — 2p3 D. Since this func-
tion encodes all the information about the group morphisnioit is useful to
know f(u, v) explicitly. Indeed, ifa, b, c € A and if D, is the image oD under
the translation-by-map, then the divisor of (u — 452, —432) / f(u — 4$2, =4tb)
isD,.,+ D — D, — Dy, which is the theorem of the square fbr If k is the com-
plex numbers, then the construction pfis classical. One merely takes a theta
functioné with divisor D (see e.g. [La]); then

Fu,v) =0 +v)0u — v)/0w)%0(v)?,

for u, v in the universal cover ofl, has the desired property.

When A is the Jacobiad of a curveC, it is useful to determing’ in terms of
symmetric functions oit. If k is the complex numbers amd is a theta divisor
of J, then Riemann’s theta identities (see [Mu, p. 212]) expfgsst v)0 (u — v)
in terms of sums of products of theta functions with characteristics evaluated at
andv. When( is hyperelliptic, Baker [Ba2] described how the resulting functions
of u andv can be expressed as explicit symmetric functions in the coordinates of
the points in the support of the divisors corresponding émdv; he found a way
to expressf(u, v) as a polynomial in the second logarithmic derivatives of a theta
function evaluated at andv. In genus 1, Baker’s formula was well known and is
a cornerstone of the analytic theory of elliptic curves. In genus 2, this formula was
recently used to understand the group law/d&1], the derivatives of theta func-
tions [G3], and the arithmetic of certain points on intersections of divisors [G2].
In genus 3, some of these same applications were carried out in [O]; in [A], a ver-
sion of this formula was needed that worked over any fiefdorder to understand
the arithmetic of certain torsion points.

In this paper we prove a version of Baker’s formula for hyperelliptic curves of
any genug over any fieldk, generalizing the argument in [A]. Our formula takes
a different shape than Baker’s, but it must agree with his whenthe complex
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