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Problem 1
Let F), be a finitely generated free group and H C F,, a subgroup of finite index
j. Determine the rank of H.

Problem 2
Let f: (I, Z) — (T, x) be a covering of connected graphs. A deck transformation
is a graph automorphism ¢: I’ = T such that fo¢ = f. The covering f is called
normal if for each vertex v € V(I') and each pair of lifts ©,%' € f~!(v) there
exists a deck transformation ¢: I' = I such that ¢(7) = o'

Show that the covering f is normal if and only if f,(m (T, %)) < 71 (T, z) is

a normal subgroup.

Problem 3
Let N < F, be a nontrivial normal subgroup. Show that N is either of finite

index in Fj, or not finitely generated.



