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Exercise 6-1

Ae0(3.1)

Problem )

Let & B <
% 1 0 % coshwu sinhw 0] 0]
d 1 0 1 sinhu coshu 0 0]

4= © 0 1 0 B = 0 0 cosv —sinw |’
—_% -1 0 % 0] 0] sin v COS v

where u and v are real numbers.

1. Verify that A and B are elenents of SO4(3,1).
@ When A is conjugate to B? (Hint: Compute the eigenvalues.)
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Exercise 6-1 SD.‘. (3.1) = { Aem_l_)_;

Coluwn % dstA>0 Gp70]
Fact /[/ /

A 4 x 4-matrix A = (ag, a1, az,as3) is an element of O(3,1) if and

onlyif " =% = ==
{—1 (1=0)
(ai,a;) =
Cm— 1 (Z :w
and (a;,a;) =0 when i # j. i 2 3

Aya=y (7))
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1 1 0 sinhuw coshu 0] 0]
A= 0 0 1 15 5= 0 0 Ccosv —sinw
-1 -1 0

3 0 0 sin v COoS v
Eigenvalues: 1 Mﬂb-t .1' Eigenvalues: et et
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Exercise 6-1
Fact 'Q/ o -~
A matrix A € SO(4) is conjugate to a matrix Q/ -
S
[
cosu —sinu Q" 0
sinu cosu (V] .
0] 0] cosv —sinv "\"D
0] 0] sinv COS v ,e"'

2025/08/01 5/ 10



—U

§" = {z Rz x =1}, wwit sphare
« TpS"™ := the tangent space of S™ at @ € S",
o UgS™ :={v eTyS"; |v| =1}.
) e

1. TwS”:@:{veR"H; x-v=0}
2. Show that the curve

Ye,w(t) = (cost)x + (sint)v (x € S™,v € UgS™)

in R"*1 is a curve on S™ with vz v(t) = @ and v}, ,(t)

=9,
3. Letx, y € S" (x # +y): Findv € UgS™ and ty € (—m,m)
such that vz v (to) = y. (Hint: orthogonalization)
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Exercise 6-2

Sti={x cR"; z.x =1},

1. TpS" =t ={veR"; z.v=0}.

Y&) @ a uwve_m " ¥[0)
? '{(o)bﬂlf

X ('f(i:) 'ftﬁ)) = 9.7 (%)- Y ct) =200
Ve KT Tl.g 4 gt




S":={x cR""; z.x =1},
T,S™ := the tangent space of S™ at x € S".

2. Show that the curve

vi=1
’ﬁ )g Ya,v(t) := (cost)x R (sint)v (:.c € 5.‘",1: € .UmS")

in R""! is a curve on S™ with 7z » &) = x and 75, ,(N = v,

Y =w T~ v

V=l 1.¢=0
| o1e1)
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Exercise 6-2

3. Letx, y € S" (z # Ly): Find v € UpS™ and ty € (—7, )
such that fym@tg) = 1.

vew- lvl=1{

'8('7 SPM‘u.U‘\ \
VE Src.%t,‘j‘\
Y- @4 x|

l
Y
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?( bt ll v c.M@U,ARV-)

- N35.60447°, £139.68386°
Paris (Tour Eiffel) u v

'kL ~ ~ — )
i N48.85848°, E2.29448°
Nominal earth radius: R < w"’('m- g)

6.3781 x 10°m

Distance between O-okayama and Tour Eiffel
9.7332 x 10%m.

O-okayama Campus
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