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Part I: Theory

1. (@) A1, A2, A3 € Ceigenvaluesof R = Jwi,vg,v3 #0: Ruj = \ju; Vi

Let v; be eigenvector of R, A\j = a + ib € C the corresponding eigenvalue:

<0j,v5 > = VU; U
= v} R Ry; (Re SOB3)=R'R=1)
= < Rvj, Rvj >
= < )\jvj,)\jvj >
= )\j;\j <0,V >

& 1 = MM =|\*  (because vj # 0)
= 1 = |} (Aj| = Va?+b >0 as a,b eR)

(b) To show:
If 3v#0:Rv=M = Jw#0:Rw=>w
AMNeC,RER>?: Ruv=>M & Ruv=MXv
& Ro=M\v

& )eigenvalue to R, with © as an eigenvector.

ReSO(3)

© 1 det(R) "X det(QAQ™1) = det(Q)det(A)det(Q~1) = det(A) = A1 - Az - A

(d) Toshow: dj: )\ =1
(o)

1= AAo)s
(:b) A A2 (Wlog we assume A3 = Aa. E.g. Ao = cosf + isinf)
= A1 | Xof? (In (a) we saw: [Aj| =1 V)
(@) A

The corresponding eigenvector is the rotation axis. (Rv = v)
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(b) neven: " (=12t 2
A n71 A
nodd: " (-1) =z w
Proof via complete induction:
1. For even numbers n:
~ 2 ~
-n=2: @*=(-1)2"1?
- Induction stepn — n + 2 :
wn-{—Q — (Dn wQ
= (=1)2t.a?%. o2 (assumption)
n ~ A
(1203w
(n+2)
(i) (_1) 3 +1 ~2



ii. For odd numbers n:
~ A 371 A~
-n=3: B=-0=(-1)20

- Induction stepn — n +2:

(:)n+2
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S

7 weWw (assumption)

IS
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A/TAA
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— — ~— ~—

(c) Weknow: w € R3. Letv = LH andt =

[lw

|w||. Hence, w = vt.
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(b) oo et t?n 5 " t2n+1 .
O I B G S S T
; (2n)! T;) 2n 1 1)
1—cos(t) sin(t)

_ R(t)™Y —R(t)7'T(t) eso@) [ R(t)T —R(@t)TT(t)
g(t)l_( 0 1 >R_3< 0 1 )

(b) g(t) - g~ 1(t) = ( R(t)é%(t)T —RR(t)Tg(t) +7(t) )



