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#tub-asbo) +y(abbs - 9,

bCabr-arb) /
f is a linear function (if we ignore the abs) in []

thus it can be represented by inner produce

Flet t be a unit restor St PLA
. PLb

· yTthen volume(E) = lanaPE -I 5) the
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a=[c]
=(c / pis a restor arthogonal to adb,

= /[*] [i]) andIIP1 = area(b)
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Grbs-asba] [p]= deet)P2 = Asbi-a , bs

Ps = & l br-arb ,
E

cross product : 5 = C where 5 are independent ,S

* IRS xIR ↳ I

CLa CLb

properties of c=
x & [ 11cIk= 19ll-llbik Sinc = area of "Ede ([d])

direction of a follows right-hand rule



cross product only defined for IR

in IR"
, no restor is arthogonal to add

in 14 , infinite number of rezs are arthogonal to add

C = Grbs-Asbe
c= axb is united as

C2 = Asbi-aibs11
Cs = G , br-Arbi

O

[a]xb =

↑ [
can be writen as C =

[sa :Fat
Matrix Exponential & Rotation

Theorems e
*

= Le*)&eNes = eAB if AB = BA

eA . EN = [

Theorem : if A is skew-symmetric , e** is othonormal

e
*

is athornomal Le* )" = LeP)" > e
*

= e E - A =A

Theorem : if A =[ /

O J eth is a rotation matrix about v= [-]
X angular velocity is NV

det (A -xi) = det)[ )) = -B- (2 + xyz - xy -xx - xz

= - x(x + (x+y +z))
= 8

↑T Also [J = 0



eth has
eigenvale eto=1 With eigenvector v= [:)

↑
eigenvalue etclikt= Cos(lvt) + ISino(lvikt)

Since etA is othonormal
, it's a rotation Matrix

v= [] must be the rotation axis

1
the angular velocity isKe

etA

~

!-M ↳

X b. "
>

[
i LIL ↳

isI
xV% INVH)/2 = angular relacing radius

G

= CVlk · SMO

↓

V(t) = X(t) = V X Xo(t)

Yes
= [V]x XbH)

Xb(t) = [  Xyk)X
J

Similarly xpH) = [V]x XbH)

Yb(t) = [v]x Yg(t)
Eg(t) = [v]xEbHt)



let Vo = V be the description of v in original frame [iii]
Volts be the descripti of V in rotated frame [xius Youz]

SRHS = [vapes ye zi) Ub = SRH) UsIt)

VsIt) = SRI" Ub = SRAS" Va

&RH) = [V] x
SRI) USH) = Aus" Up = SRH) [VIX"Vo


