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, |Fiz(g)| = |Fixz(h)]|.
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5. (15 Points) Using the classification of finite subgroups of SO(3), show that As has no
subgroups of order 30. (Hint: A5 has no element of order 15).
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1. (20 Points) Let C' C R3 be the cube whose vertices are at (F1,F1,F1) and let G < SO(3)
be the group of rotations of C'. Also, let L = {¢1, 5,3} be the z,y, z axes respectively. Clearly
G acts on L. Hence we have a homomorphism ¢ : G — Ss.

(a) Show that ¢ is surjective.
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(b) Show that the kernel of ¢ has 4 elements and is isomorphic to Zs X Zo.
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2. (20 pts) Let A, B € SO(3) be two rotation matrices with axes €4, and angles a4, ap
respectively. Show that AB = BA if and only if ({4 = {p) or ({4 L {5 and oy = ap = 7.)
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3. (15+15=30 Points) (a) Let A € SO(3) be a rotation matrix. Show that the rotation
angle o of A satisfies 14 2 cos(a) = 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.)
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(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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