1. [bookmark: _GoBack]Determine if the given mapping ϕ is a homomorphism on the given groups. If so, identify its kernel and whether or not the mapping is 1-1 or onto.
(a) G is a group, ϕ : G → G is defined by ϕ(a) = a−1 for a ∈ G.
(b) G is an abelian group, n > 1 is a fixed integer, and ϕ : G → G is defined by ϕ(a) = an for a ∈ G.
(c) ϕ : C× → R× with ϕ(a) = |a|.
(d) ϕ : R → C× with ϕ(x) = cosx + isinx.

2. If G is an abelian group and ϕ : G → G0 is a homomorphism of G onto G0, prove that
G0 is abelian.
3. If N and M are normal subgroups of G, and MN = {mn|m ∈ M, n ∈ N}, prove that MN is also a normal subgroup of G.
4. An isomorphism ϕ : G → G is called an automorphism if ϕ takes a group onto itself. A subgroup M of a group G is called characteristic if ϕ(M) = M for all automorphisms ϕ of G. Prove that:
(a) M characteristic in G implies that M is normal in G.
(b) M,N characteristic in G implies that MN is characteristic in G.
(c) A normal subgroup of a group need not be characteristic. (Note: this requires that you find an example of a group G with a noncharacteristic normal subgroup.)
5. Let G be a group and H a subgroup of G. Let S = {Ha|a ∈ G} be the set of all right cosets of H in G. Define, for b ∈ G, the map Tb : S → S by Tb(Ha) = Hab−1. Also denote A(S) as the set of all one-to-one maps from S to S.
(a) Prove that TbTc = Tbc for all b,c ∈ G (therefore the mapping ψ : G → A(S) defined by ψ(b) = Tb is a homomorphism.)
(b) Describe Ker(ψ) , the kernel of ψ : G → A(S).
(c) Show that Ker(ψ) is the largest normal subgroup of G lying in H. (largest in the sense that if some subgroup N is normal in G and N ⊂ H, then N ⊂ Ker(ψ))

