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ROBERT LIPSHITZ

Problems roughly in order of increasing difficulty. Solutions available on request;
(partial) solutions can also be found in the references. (None are intended to be
terribly hard.)

(1) Let

Verify that d(x) · y = y · x. Conclude that for F the split genus 2 matching
shown on the left above, the differential algebra A(F ) has no Z-grading.

(2) Give a completely algebraic description of A(n, k). (Available in [1, Section
3.1.1].)

(3) Compute the homology of A(n, k). (Available in [2, Section 4], along with a
computation of the additive structure of H∗(A(Z)).)

(4) Let F be a closed, orientable surface. Fix a nonvanishing section v0 of TF⊕R.
Let V denote the set of vector fields v on [0, 1]×F such that v|0×F = v|1×F =
v0. The set V is a group under concatenation in the [0, 1]-factor. Prove that
this group G is a Z-central extension of H1(F ).

(5) Fix a complex structure j on a surface Σ. The induced complex structure
j×g on Σ×g descends to a complex structure Symg(j) on Symg(Σ). Prove:
with respect to the complex structure Symg(j), there is a canonical bijection
between holomorphic maps u : D2 → Symg(Σ) (not contained in the diagonal)
and diagrams

S

D2

Σ
uD

uΣ
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where S is a Riemann surface, uD and uΣ are holomorphic and uD is a g-fold
branched cover. (Smith [4] calls this the tautological correspondence. This
fact will be used extensively in Lecture 2. See for instance [3, Lemma 3.6] for
help.)

(6) Verify that, in general, A(Z) is not formal.
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