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1. Let Λ be a ring and let f : M → N and g : N → L be essential
epimorphisms of Λ-modules. Show that g ◦ f : M → L is an essential
epimorphism.

2. [1, Exercise III.9ab] Find the radical and the top of each of the following

representations of the quiver 1 2 3.

(a) k k k1

1

0

(b) k k k0

1

1

(c) k k k1

1

1

3. Let Λ be a left artinian ring, let f : M → N be an essential epimorphism
between finitely generated modules, and let h : M →M be a morphism
such that f ◦ h = f . Show that h is an isomorphism.

4. Let Λ be a ring. We say that Λ is local if it has a unique maximal left
ideal. Show that the following are equivalent

(a) Λ is local

(b) The top of Λ is simple;

(c) The non-invertible elements of Λ form an ideal;

(d) Λ has a unique maximal right ideal.
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