
4. (15 Points) Suppose a group G acts on a finite set X. Show that if g, h → G are conjugate,

then g and h fix the same number of elements of X, i.e, |Fix(g)| = |Fix(h)|.

5. (15 Points) Using the classification of finite subgroups of SO(3), show that A5 has no

subgroups of order 30. (Hint: A5 has no element of order 15).
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S T U D E N T I D S I G N A T U R EF U L L N A M E (write in CAPITAL letters)
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1. (20 Points) Let C ↑ R3
be the cube whose vertices are at (↓1,↓1,↓1) and let G ↔ SO(3)

be the group of rotations of C. Also, let L = {ω1, ω2, ω3} be the x, y, z axes respectively. Clearly

G acts on L. Hence we have a homomorphism ε : G ↗ S3.

(a) Show that ε is surjective.

(b) Show that the kernel of ε has 4 elements and is isomorphic to Z2 ↘ Z2.
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2. (20 pts) Let A,B → SO(3) be two rotation matrices with axes ωA, ωB and angles ϑA,ϑB

respectively. Show that AB = BA if and only if (ωA = ωB) or (ωA ≃ ωB and ϑA = ϑB = ϖ.)

Suppose AB BA

let AE P
B preserves

lengths

Then A BE BCAP BE BE XP BELIE

if BEE lA lB

7 BE w̅ and 5 5

E Clear if lA lB

if 1A lb and αA dB IT

let la en so that II kt FEET

B a AC a Ait w̅

ABI Igheefnhhebasissa.PT

A F BC F ABBA

B E Al w̅ w̅

B E BC w̅ w̅



3. (15+15=30 Points) (a) Let A → SO(3) be a rotation matrix. Show that the rotation

angle ϑ of A satisfies 1+ 2 cos(ϑ) = tr(A). (Here, tr(A) is the trace of A, you may use the fact

that conjugate matrices have the same trace without a proof.)

(b) Let A,B → SO(3). Show that A and B are conjugate if and only if tr(A) = tr(B).
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