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• You have an hour and twenty minutes for this exam.
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1.
Consider the permutations (123) and (23)(45) in S6

(a) (4 points) Show that the conjugate of (123) by (23)(45) is (132).

(b) (2 points) Show that the subgroup generated by (123) and (23)(45) has 6 elements.

(c) (4 points) Show that it is isomorphic to S3.

(You can use any convention of multiplication of permutations.)

2



2. Consider the matrix  3/5 0 4/5
3/5 1 −6/5
−1/5 0 7/5


a) (5 points) Compute its characteristic polynomial.

b) (5 points) Compute its minimal polynomial.
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Extra space for work:
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3.

a) (6 points) Let φ : V → V be a linear transformation, so that φ2 = φ. Prove that V = kerφ⊕ imφ.

b) (4 points) Let V be a finite dimensional vector space and U be a subspace. Find a φ : V → V linear
transformation, so that φ2 = φ and kerφ = U .
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Extra space for work:
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4.

a) (5 points) Let H be a subgroup of G. Show that two cosets of H are either the same or distinct.

b) (5 points) State and prove Lagrange’s Theorem.
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Extra space for work:

8



5. Consider the regular n-gon in the plane, and enumerate the vertices by 1, 2, ..., n. In this way we get an
embedding of Dn into Sn (every rotation or reflection can be thought of as a permutation on the vertices). Let
us denote the set Dn ∩An inside Sn by ADn.

a) (2 points) Show that ADn is a subgroup of Dn.

b) (4 points) Show that |Dn : ADn| ≤ 2.

b) (2 points) Compute the size of AD4.

c) (2 points) Compute the size of AD5.
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Extra space for work:

10


