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1. Suppose that A and B are two groups. In class we discussed the ab-
stract notion of the product of two groups. That is, D together with
two group homomorphisms ρA:D → A and ρB:D → B is a product of
A and B if whenever C is a group and f and g are group homomor-
phisms are as pictured:
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then there is a unique group homomorphism h:C → D such that ρA ◦
h = f and ρB ◦ h = g. Show that if D′, ρ′A and ρ′B is also a product
of A and B then there is a unique isomorphism i:D → D′ such that
ρA = ρ′A ◦ i and ρB = ρ′B ◦ i.

2. Show that if we have groups Gi for i ≤ n and normal subgroups Ni of
Gi for i ≤ n then

G1/N1 ×G2/N2 × . . . Gn/Nn
∼= (G1 × . . .×Gn)/(N1 × . . .×Nn).

3. Prove that there is only one free abelian group up to isomorphism on n
generators. That is, if F is a free abelian group on generators x1, . . . , xn
and G is a free abelian group on generators y1, . . . , yn then there is a
unique isomorphism f :F → G such that f(xi) = yi for i ≤ n.

4. Show that if A and B are abelian groups, ϕi:A→ B are group homo-
morphisms for i ≤ n and m1, . . . ,mn ∈ Z then

m1ϕ1 + . . .+mnϕn

is a group homomorphism from A to B.


