
MA1213 Quiz 09 ANSWERS 5/12/17
Rules and procedures.

1. Open notes quiz. Collaboration is o.k. 2. Answer sheets will be collected at the end of
each tutorial. 3. Answer sheets will not be accepted at any other time or in any other way. 4.
Show all your work. 5. All quizzes will be marked out of 60 and will contribute 20% to your
overall mark.

Attempt 3 questions. Only the first 3 attempted will be marked.

(1). D8, being (isomorphic to) a group of orthogonal 2× 2 matrices, acts on the unit circle
S1. Let x = (cos θ, sin θ) where θ 6= ±π/4,±3π/4. What is the orbit of x under the action of
D8?

Answer.

(cos θ, sin θ), (cos(θ + π/2), sin(θ + π/2)), (cos(−θ), sin(−θ)), (cos(θ − π/2), sin(θ − π/2)),

(sin θ, cos θ), (− cos θ, sin θ), (− sin θ,− cos θ), (cos θ,− sin θ)

(2). Study the rotation group of a regular tetrahedron (circumscribed by S2)) by counting
its elements, the axes of rotation, the number of nontrivial rotations around each axis, the
poles, and the orbits, as introduced in lectures.

Answer. A rotation takes one face to another in 3 ways, giving 12 in all.
There are 4 axes joining vertices to the centres of opposite faces. There are 2 nontrivial

rotations around each of these axes, giving 8 in all. This contributes 8 poles. The vertices form
one orbit, and the poles opposite them form another. Two orbits of 4 poles each.

There are 3 axes joining the midpoints of opposite edges (sides). There are 2 rotations
around each axis, one nontrivial. This contributes 6 poles, 3 nontrivial rotations, and one
orbit.

(3). Let G be the group of rotations around the z-axis by the six angles kπ/3, 0 ≤ k < 6.
G acts on S2. Count the elements of G, the axes of rotation, the poles, the nontrivial rotations,
and the orbits, as introduced in lectures.

Answer.
|G| = 6. There is one axis of rotation, two poles, five nontrivial rotations around each pole,

and two orbits of size 1.

(4). Let S be the set of subgroups of a (finite) group G. (i) Given g ∈ G,H ∈ S, show
that the map H → G; y 7→ gyg−1 is a homomorphism from H to G. (ii) Show that the map
H 7→ gHg−1 is a left action on S.



Proof. (i) gxg−1gyg−1 = gxyg−1, as required.
(ii) Since the maps are a homomorphism, for each g, gHg−1 is a subgroup of G. Also,

g1(g2Hg−1

2
)g−1

1
= (g1g2)H(g1g2)

−1

so this is a left action.

(5). Let h : G → G′ be a homomorphism. Prove that (i) h(1) = 1 (the identity in G′) and
(ii) h(x−1) = (h(x))−1.

Answer. (i) h(1) = h(1 × 1) = h(1)h(1), so (h(1))−1h(1) = h(1)−1h(1)h(1), so 1 = h(1), as
required.

(ii) h(x)h(x−1) = h(xx−1) = h(1) = 1, so h(x)−1 is a right inverse for h(x). Since the
inverse is unique, h(x−1) = (h(x))−1.


