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Change of Coordinate System: The Transformation Matrix
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A, = Aycos@;y +  Aycos@;i+  A,C05Q;
Ay, = Accos@;j+ Aycos;p+  A,co5Qy (1.6)
A, = Acos@ + Aycos@j + A COSQ
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i.i' =i |-1i'l cosep = cose
j.i" =1jl.1i"| cosp = cos(90 — @) = sing
J-J' = jl-1j'l cosp = cosg
i.j" = lil.lj'| cosp = cos(90 + @) = —sing
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v="=i T Y kS (1.12)
v=ix+jy+ kz (1.13)
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eg = —Isinf + j cos6 (1.23)
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cosf + r jsin@ (1.24)
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r=r
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v=d—z=a(rer)=rer+rd—et (1.26)
(sl deani (1.22) Aalas Glaiil
der _ 4 1cosd + jsing
FraaleT: (icosO + jsinf)
der G 1sing +6 ] cosd
T isin j cos
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o = Yicos jsin

20 = —(icost + jsing) = 6.0 (1.31)
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a, = (# —r6?) (1.32)
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r—a(b—Ct)——C O
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p=x?+y?
X = p cosQ (1.34a)
y = p sing (1.34b)
z2=12 (1.34c)
¢ = tan_l(i) (1.34d)
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€p| =|—sing cosep 0 [f (1.35)
e, 0 o0 1llk
{ cosg —sing 0 €p
[f ] = |sing cosp 0||€ (1.36)
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e, =i cose + jsing (1.37)
e, = —Lsing + j cosg (1.38)
1 st 4 S ) glaall 8 jaia gall 4 )
r=ix+jy+kz (1.39)
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r=pe,+ze, (1.40)
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v=—=—(pe,+ze,) > v=pe,+p —L+ze, (1.41)
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— =Pe (1.42)
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v=peé.+tppe,ytze, (1.43)
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a=peéy+tp—_-~+ppé,tppe,tpp —-+7¢e, (1.44)
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— = —i @ cosp — j ¢ sing = — @e, (1.45)
(e o (1.44) Aalas & (1.45) Aalaa g (1.42) Aol (iag 52ty
a=pé,+ppe,tppé,+pPe,—pp?é,+ze,
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V=18 +rpéy + 28,
r=b»i=#=0
p=dt>d=d>»¢=0
z=Ct>»z=C>»Z=0
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9



a=(#—rp2)e, + (2rd +rd)ey + 26, Il il (s
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r=ix+jy+kz (1.48)
X =71 cosp sinb
y = r sing simé (1.49)
Z =71 cos0
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T =11 cos sind + jr sing simf + k r coso
r = r (i cose sinf + j sing sim@ + k cosH) (1.50)
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e = 0 cosO cosp — i ¢psinb sing + j 0 cosl sing + j ¢ sinb cosp — kO sind
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rQ sinf dst‘P (1.56)
90 _ % (i cos6 cosp + j cos sing — ksing
I T4 (i cosO cose + j cosO sinp — ksin0)
deg s . : A - :
I —i 0sinf cosp — i ¢cosO sing — jOsinOsing + j ¢ cosO cose — k 0 cosO
deg o S , . .
e —0(i sinf cos@ + j sinBsing + k cosf) + ¢cosO(—i sing + j cosp)
% =—0e.+¢@coshe, (1.57)
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dt
ddi:’ = —i @ cosQ —j ¢ sinp) =—¢ (i cose + j sing) (1.58)
58 a2 e s o
{ sinf cosg cosf cosp —sing]|ér
[f] = [sin@ sing cosf sing cose ||és (1.59)
k cosf —siné 0 €,
iste Jand (1.58) Aalaa 4 (1.59) Aolas (10
d& — —f 1 9 2 + 9 2 i + . 6 . 2
Tt = @ (sinb cos“@ e, + cosO cos“pey — sing cospe, + sinb sin“ge,
+ cos8 sin?@ ey + sing cospe,)
(%‘” = —@(sinf e, + cos0 ey) (1.60)
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a=te, + f(cﬁsin@é(p +6ép) + Té.ég +710 85+ 10 (-0 e, + ¢ cos e,) +7 @ sind é,
+r@sing é, +r ®0 cosb e, + 1@ sind (—@(sind e, + cosb ey))

a = (i —r0? —rp*sin?0)e, + (270 + r6 — r@*sind cos0)e, + (21 sind +
2r0@cos0 + rpsind)e, (1.61)
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6 = w1(0 = wyt), ¢ = wy(w,; = wyt),
r=b>r=0
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a = (¥ —rd?sin?0 —r62)é, + (r + 270 — r?sin cos6)éq + (rPsind + 27¢ sind
+ 21‘9'4')0059)@(1,

a=(0—bwisin?wt—b*w?)é, +(b*x0+2x0*w; —b*ws*sinw,t cosw,t)éy +
(b * 0 sinw t + 2 * 0 *x wysinw t + 2bwiw,coswy)éy

a = (—bwjsin*w, t — bw})é, — bws sinw,t coswit ég + 2bw,w, coswit B,
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