. Consider the category Top, of pointed topological spaces and the category Grp
of groups. Then, for 1 < n € N, the fundamental groups 7,, act functorially on
pointed spaces and continuous functions. In other words, the fundamental groups
are functors

m, : Top, = Grp

. Consider the categories: (a) Top of topological spaces, (b) Ch of chain complexes
and chain maps and (c) Ab of abelian groups and homomorphisms. Then, for any
n € N, the homology functors H,, : Top — Ab can actually be considered to be the
composite H, = H, o C, of two functors:

(a) The functor C, : Top — Ch taking a space X to the chain complexes generated
by simplices A" — X and continuous functions to chain maps defined by
composition,

(b) The algebraic functor H,, : Ch — Ab taking a chain complex to the associated
homology group and chain maps to the associated group hom.

. For the category Man? of pointed class C” manifolds and class C’ maps preserving
the points, there is a functor d : Man? — Vecty taking a manifold to the tangent
space at its dedicated point and a differentiable map to its derivative:

d(M, Xo) = TMXO
d(f : (M: xO) - (N, .yO)) = dfx0 : TMXO - TNyO

Note that one needs to do more work to see the functoriality, but the whole reason
thisis a functor is because the Chain Rule provides well-definedness for composition!
. Let f : A — B be a function between sets. The (covariant) power-set functor
P . Set — Set takes sets A to their powersets Z A, and takes functions f : A— B
to direct image functions

Pf.PA—>PB UCA
ZfU)={f(w)|ueU}cB

. For any (locally-small) category C and any object ¢ € C, the hom-functors
Hom(c,—) : C — Set takes objects and morphisms to

Hom(c,a):={f :c—a|f €C}
Hom(c,g:a—b):=g(f:c—>a)=gof:c—>a—b



