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Throughout all rings have an identity and modules are unitary.

1)

2)

3)

4)

5)

Let G be a finite group of order n, and let H be a normal subgorup of G of prime order
p. Suppose that n is relatively prime to p — 1. Prove H C Z(G), where Z(G) is the

center of G.

Let f be an irreducible polynomial of degree d over the finite field of order prime p. Let

F be a field with p™ elements. Prove that f has a root in F' if and only if d divides n.
Let F be a field and A, B € M, (F). Show that

i) det(A ® B) = (det Adet B)™.
ii) rank (A ® B) = (rank A)(rank B)

anB e alnB
(If A =a;j], then A® B is defined as the matrix A ® B = : : )
anpB ... ap,B

Let R be a ring and J(R) be the Jacobson radical of R. If I(R) is the intersection of
all maximal two sided ideals of R show that J(R) C I(R). Also prove that if R is a left

Artinian ring, then J(R) = I(R).

Let M, N be two right R-modules, and L a left R-module.

Is the natural mapping,
(M XN) ®RL—> (M®RL) X (N®RL)

surjective? What if L is finitely generated?



6) a) Let o # e # 1 be a central idempotent (e = €?) of R. Show that Re is a projective

left R-module but not free.

b) If D is a ring such that every simple left D-module is free, prove that D is a division

ring.



