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1. For each of the following either give an example or say that no such example is
possible.

(a) A non-abelian group,

(b) a non-cyclic finite abelian group,

(c) an infinite subgroup H of a group G of index 5,

(d) two non-isomorphic finite groups of same order,

(e) a group G with a subgroup H that is not normal,

(f) a group G with a normal subgroup such that the quotient group G/H is not
isomorphic to any subgroup of G,

(g) a group G with an index two subgroup H that is not normal in G,

(h) a group G that is the semidirect product of two groups H and K but it is
not isomorphic to the product group H ×K.

2. Let G be a group, the derived subgroup G′ of G is the group generated by the
commutators of G. Recall that, given two elements g, h in G, their commutator is
the element [g, h] = ghg−1h−1. Prove that if H is an abelian group, and ϕ : G→ H
is a homomorphism, then G′ is contained in the kernel of ϕ.

3. Let Z be the center of the dihedral group D12. Is D12 isomorphic to D6 × Z?
Motivate your answer.

4. Let G = GL2(Z/2Z) be the group of 2× 2 invertible matrices with coefficients the
integers modulo 2. Show that the permutation representation G → S3 defines an
isomorphism.

5. Classify all the finite subgroups of the group M2 of isometries of the plane.
Hint: You can use, without proving it, the fact that a discrete subgroup of R2 is
isomorphic to one of the following three groups {0}, Z, Z2.

6. Show that the alternating group A4 has no subgroup of order 6.

7. Prove that the group Aut(Z/mZ) is isomorphic to the multiplicative group (Z/mZ)×.
Compute the cardinality of Aut(Z/pZ), p prime. Give an example of an integer m
such that Aut(Z/mZ) is not cyclic.
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