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where 71, ro, r3 are the row vectorsof R: R= | —ry —
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2. Let M := (M; — M) =: | ma1 ma22 mas
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’?:”:
We show that M is skew-symmetric by distinguishing diagonal and off-diagonal elements of
M:

(a) Vi: 0= eZTM e; = My; where e; = i-th unit vector
(b) Vi#37:0=(e;+ej) Mei+e;) where e; = j-th unit vector
=My + My + My; + My = Mij = —Myj;

hence, m;; = 0 and m;; = —mj;, i.e. M is skew-symmetric.


https://live.rbg.tum.de/?year=2025&term=S&slug=SoSe25CVIMVGCV&view=3
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using M = —M ", we directly calculate

Ve:z Mz =(z'Mz)' =2" Mz = —(z" Mz)
=z Mz=0
Alternative for 7<=
Ve:o "Mz =2 (M xz)=0

Because M is skew-symmetric, M x can be interpreted as a cross product. The result of any
cross product with z is orthogonal to x.

0 —Ww3 w2
3. We know: w = (wj wo ws) ' with ||w|]|=1 and & = w3 0 —w
—Ww9 w1 0
(@)
— (w2 + w?) Wiws wiws
o = wWiws —(w? + wg) Wows
wiws wows —(w? 4 w3)
Wi — (W] +wh + w3) wiws wiws
1
B wiws w? — (W3 +w? 4+ w?) wows
a 1
wiws waws w? — (W3 + w4+ W)
1
w% Wiwo  Wiws 1 0 0
= WiWo w% wws | —1 0 1 0
Wiws waows w% 0 0 1
= ww' -1
W = Lot
= &(ww' =1
= Oww')—al
= (Wxww —&
= —w (asw x w =0)



Alternative solution for &°:
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(b) The formulas for n even and odd can be found by writing down the solutions for n =
1,...,6:

w
o2
o= -0
ot = —o? as: & =30 = -0 = —&?
O = @ as: O° =0 = - =-3=—(-0) =
O = 2 as: O% =0 = o = &
For even numbers: o2
ot = o2
6 o2
For odd numbers: w
» o= -
o= @
even: 2" = (=1)"t1@? forn>1
odd: @l = (—1)"@ forn >0
Proof via complete induction:
1. For even numbers 2n where n > 1:
-n=1: &= (-1)%?
- Induction stepn - n+1:
G2+l a2n a2
= (=1)"t.o%. 0 (assumption)
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ii. For odd numbers 2n + 1 where n > 0:
-n=0: ot=(-1)%

- Induction stepn - n+1:
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(c) Weknow: w € R3. Let v = H%H and t = ||w||. Hence, w = vt, & = it.
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