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1. LetR be a ring,M a rightR-module andN a leftR-module. Let(P, f) and(Q, g) be tensor products
of M andN overR.

Show that there is a unique group isomorphismφ : P → Q such thatg = φ ◦ f .

2. LetR be a commutative ring , andM , N R-modules. Show thatM⊗RN andN⊗RM are isomorphic.

3. LetR andS be rings. LetM be a rightR-module,P a left S-module,N a rightS-module and a left
R-module such that(rn)s = r(ns) for all r ∈ R, all s ∈ S and alln ∈ N .

Show the following statements.

(a) M ⊗R N is a rightS-module via(m ⊗ n).s = m ⊗ (ns).

(b) N ⊗S P is a leftR-module viar(n ⊗ p) = (rn) ⊗ p.

(c) There is an isomorphism

(M ⊗R N) ⊗S P ∼= M ⊗R (N ⊗S P ).

4. LetR be a ring,M a rightR-module,N a leftR-module andP aZ-module.

Show the following statements.

(a) HomZ(N, P ) is a rightR-module via(ϕ.r)(n) := ϕ(rn) for r ∈ R, n ∈ N , ϕ ∈ HomZ(N, P )

(you can skip this if you feel sure about it).

(b) The map
{Balanced mapsf : M × N → P} −→ HomR(M, HomZ(N, P )),

which is given by
f 7→

(

m 7→ (n 7→ f(m, n))
)

is a bijection with inverse
ϕ 7→

(

(m, n) 7→ (ϕ(m))(n)
)

.

(c) There is an isomorphism of abelian groups:

HomR(M, HomZ(N, P )) ∼= HomZ(M ⊗R N, P ).


