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Introduction

Center of
mass

Roll

3-d rotations: Aeronautics, robotics, computer graphics, ...
New Content: Use quaternions to implement rotations
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http://people.oregonstate.edu/~drayt/Rotations/

Trigonometry

r

(r cosB, r sinB)

Polar coordinates: |x = r cosd; y = r sinf.
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Complex Plane

C=RaIiR

Imaginary Axis

Tty

Real Axis

(x,y) — x+ iy

X+/y:rc059+irsin9:rei9

Special case: eX™/2 = 4
em+1=0
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Representing Complex Numbers

Please stand up.

Use left hand.

Real axis points forward.
Imaginary axis points upward.

Show me: o1

o

@2

o1+

e (14+i)i=i—1

® Thank you; please sit down.

‘ Embodied Cognition! ‘
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Multiplication by i
Imaginary Axis

q Tty

Real Axis

Multiplication by i: (x+iy)i=ix+ily=—y+ix
Multiplication by e’®: (re/®)e’® = ref(e+?)

‘ (Rotates counterclockwise by 0!) ‘
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Quaternions

H=C®Cj

(1843)
g=(x+yi)+(z+wi)j=x+yi+zj+wk

jf=k=—ji2=2=k2=—1

H is for Hamilton! (Q denotes rationals)

~

1880s: Vector analysis (Gibbs); i,j, k — %,7, k
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g vs. qi

iz a | iAxis Bazs
8 Jzt+kw
C‘ Tty ‘i
Real Axis j Axis
qg=x-+iy+jz+ kw '
iq=ix—y+ kz — jw
-y+iz 1 Axis k Axis
Jz+kw
a Y 5
Real Axis . 3 Axis
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1 Axi
- jetkw
4‘:‘ z+-1y
-ytiz 2
2k q:x—|—/y—|—JZ—|-kW

{ Real Axis FAxis ICI =X — y + kZ *JW
qgi =ix—y—kz+jw

ey . /it igi = —x—iy+jz+kw
otiy \ff‘ —iqi = x+iy—jz—kw
" (rotation in jk-plane)
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Center of
mass

Roll

g el?/2ge=i0/2

@ 1l——1;/—1]
@ Rotates by 6 “about /" (in jk-plane)
@ g el9/2ge=i%/2 rotates about j, etc.

*. SO(3), the rigid rotations in 3 dimensions
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Generalizations

Plum muffins
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Generalizations

k

2015

il k il
Octonions! (O = H + HY)

Use to model particle physics

http://octonions.geometryof.org/G0
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http://octonions.geometryof.org/GO

