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Problem 1. Show that the n x n-matrices M (k) over a field k with the usual trace
is a non-commutative Frobenius algebra, i.e. that the trace is non-degenerate in the
sense that its kernel has no non-trivial left or right ideal.

Problem 2. Let G be a group and kG the associated group olgebra. Can kG be
made into a Frobenius algebra?

Problem 3. Let Spaces denote the category of topological spaces and GVect the
category of graded vector spaces.

(1) Show that homology as a functor
H,: (Spaces, X, 7) = (GVect, ®, 7)
“and also as a functor
H.: (Spaces, U, 7) = (GVect, ®, 7)
is symmetric monoidal.

(2) Can you make reduced homology into a symmetric monoidal functor between
appropriate categories?

Problem 4. Find a functor F': (2Cob, ®,0) — (Vect, ®, o) which is not symmetric
monoidal.

Problem 5. Let O be the surface operad, with O(n) the set of topological types of
connected surfaces with n + 1 boundary components. Give a concise description of
what it means to be an O-algebra.

Problem 6. For an operad O, let So be its associated prop. Show that the category
of @-algebras is isomorphic to the category of So-algebras.

Problem 7. We have seen that Frobenius algebras could be defined in terms of a
non-degenerate trace, an associative pairing, or a coproduct satisfying the Frobe-
nius identity. Prove the equivalence between some of these different definitions of
Frobenius algebras.

Problem 8. Show that the Euler characteristic defines a functor 2Cob — Z, seen
as a category with one object. Can it be made into a symmetric monoidal functor
by choosing appropriately the symmetric monoidal structures on both sides?





