
HomAlg, Homework Assignment 3

Due Thursday February 26

(1) Let k be a field and let R = k[x, y, z, w]/(xy − zw). Construct
a free resolution of the R-module Rx+Rz.

(2) Consider a commutative diagram of complexes with exact rows

0 // K•
κ //

α

��

L•
λ //

β

��

M• //

γ

��

0

0 // K ′•
κ′

// L′•
λ′

// M ′
•

// 0

Show that if two out of α, β, γ are quasi-isomorphisms, then so
is the third.

(3) Let R be a ring and let M and N be R-modules. An extension
of M by N is a short exact sequence of R-modules

E : 0 // N // E // M // 0

Two extensions E and E ′ of M by N are called equivalent if
there is a homomorphism φ : E → E ′ such that the diagram

E : 0 // N // E //

φ

��

M // 0

E ′ : 0 // N // E ′ // M // 0

commutes. Let ExtR(M,N) denote the set of equivalence classes
of extensions of M by N .
(a) Show that equivalence between extensions is indeed an

equivalence relation.
(b) Show that ExtZ(Z/n,Z) contains exactly n elements.
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