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3 Dimension Space

081130 - Yoo, Kyung Hwan

3 D Equation

= Point

P={Xp, Yp, 2Zp, 1}
Q= {Xg> Yq» Zg> 1}

= Line Equation

X = Xp Y-Yp Z-2Zp

Xq = Xp Ya - Yp Zq9-2p

m Plane(Normal Vector)

N == {a, b, C, d}

Line Equation

Plane Equation

N={a, b, c, d}
X-Po={X-X0,Y-Y0,2Z-2p, 1-1}

N. (X -Pg) =

{a, b, c, d}.{X-Xo, ¥Y-Yo, Z-2o, 0} ==
a (X-Xo) +b (y-yo) +Cc(z-20) =0
ax+by+cz-axp-byys-czp ==
ax+by+cz+d-=
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m 3 Point -» Plane (Normal Vector)

N={a, b, c, d}

Po = {X0, Yo, Zo, 1}
P1 = {X1, Y1, Z1, 1}
P2 = {X2, Y2, Z2, 1}

N.Pop =0
{a, b, c, d}.{Xo, Yo, Zo, 1} =0
aX0+byo+CZo+d==0

N.P;1 =0
{a, b, c,d}.{X1, y1, 21,1} =0
ax1+by1+c21+d==0

N.P> =0
{a, b, c, d}.{Xz2, ¥2, Z2, 1} =0
ax2+by2+c22+d==0

N z= Po AP1 AP>
€1 €2 €3 €4
1
N = Det[ |20 Yo 20 ]
X1 y1 z1 1
X2 Y2 zz 1
e; ={1, 0, 0, 0}
e, ={0, 1, 0, 0}
e3={0, 0, 1, 0}
e; = {0, 0, 0, 1}

m 3 Plane (Normal Vector) - Point

P={x,Yy, 2z, 1}

No = {@0, bo, Co, do}
N1 = {a1, b1, c1, d1}
N2 = {az2, b2, Cc2, d2}

P == Ng AN7 ANy

€1 €2 €3 €4

ap bo Co do ]
ag bl C1 d]_

ap b2 Co d2

e; = {1, 0, 0, 0}
e, =10, 1,0, 0}
ez ={0, 0,1, 0}
e, = {0, 0,0, 1}

P == Det|
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m 2 Line- Plane (Normal Vector)
N={a, b, c, d}

X - X1 y-Y1 zZ-23
L1={I11 ma, nl}’ == == ==t1
Il my ny

{X1 + lltl, y1+m1t1, Z1+ N1 €, 1}

X - X2 y-Yy2 Z-22
L2={I21 mz, N2}, == == = 1o
P} ma ny

o+ laty, yo+ermety, zo+ N ty, 1}

N.L; =0
N_L2 ==

ax+by+cz+d=

m 2 Line Angle

Li-Lo

cosfe] = Norm[Li] Norm[L2]

Equation Solution

Solve[
{aoX+boy+Coz+dp=0, ayX+byy+ci1z+d; =0, agXx+boy+crz+dz =0}, {X,VY, 2}];
{as, bz, c3, d3} = {ap, bo, Co, do} x {as, b1, €1, di} x {az, b2, C2, d2};
e, ez e3 €4
ap bo Co do
az b1 C1 d1 ]
az by ¢ d2

{az, bz, c3, d3} = Det[

as b3 C3
{d—s, d—3’ H;’ l}

Homogeneous Coordinates Matrix

m Reduction, Extension, Movement

b4 a 0 0 ty X a X + ty
% 0 B 0 ¢ y By+1ty
2 “lo o y & z |~ yz+t,
1 0 0 0 1 1 1
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m Rotation

m 7 Axis Rotation Yaw - R, [¢]

R Cos[e] -Sin[e] 0 O X
9 _ Sin[e] Cos[e] 0O O y
> 710 0 10 z
1 0 0 0 1 1
m y Axis Rotation Pitch - Ry [6]
R Cos[e] 0 Sin[e] O X
gl _|o 10 0 y
2 -Sin[e] 0 Cos[e] O z
1 0 0O O 1 1
m X Axis Rotation Roll - Ry [¢]
R 1 0 0 0 X
9| _|0 Cosle] -Sin[e] O y
2| |0 Sin[e] Cos[e] 0 z
1 0O 0 0 1 1
m Derive

{X, ¥} = {rCos[¢], rSin[¢]}
{X,y}={rCos[¢+6], rSin[¢ +6]}

{X,y}={rCos[¢p+6], rSin[¢ +6]}
= {r Cos[¢] Cos[©] - rSin[¢] Sin[e], rCos[¢] Sin[e] + r Sin[¢] Cos[6]}
= {xCos[®] -y Sin[e], xSin[e] +yCos[6]}
Cos[e] -Sin[e] X
=(Sin[e] Cos[e] )(y)

m Transport [ecltr|esc]
a
(a b c)'= [b]
(o]

m Matrix Property

A4 A5 A6 B4 B5 B6
A7 A8 A9 B7 B8 B9

[AlBl+AZB4+A3B7 Al1B2 + A2B5 + A3B8 Al1B3+A2B6 + A3B9

Al A2 A3J [Bl B2 B3]

A4B1+A5B4+A6B7 A4B2+A5B5+A6B8 A4B3+A5B6 + A6 B9
A7B1+A8B4+A9B7 A7B2+A8B5+A9B8 A7B3+A8B6 +A9B9
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Al1Bl1 A2B2 A3B3
A4B4 A5B5 AG6B6
A7B7 A8B8 A9B9

A4 A5 A6 B4 B5 B6

Al A2 A3 B1 B2 B3
A7 A8 A9 B7 B8 B9

m Form

// MatrixForm

Norm[v] // TraditionalForm
{Ivit 7/ StandardForm

// FullForm

a=(a b c);
al[l,1]1=a

Determinant (3 @4])

ail a2

| aix az
azi azz

dpy1 A2 | =Det[(

) ] =a az -azaxn

a1 azz azs

l ai; a2z ais
azy azz ass

a1 a2 a3
= Det| [ ap1 Az a3 ] |
dz1 az2 ass
dzz aAzs | _a dz; azs dz1 azz
dzz Aass dz1 ass az1 as2
= ai1 (Azz2 sz - Azz az2) - &12 (A21 A3z - 23 A31) + A13 (21 832 - Az2 A31)

=ain | +ai3

Vector

{a, b, c}.{X,y, z} =Dot[{a, b, c}, {X, Y, Z}] =axXx+by+cz;
{a, b, c}» {X, y, z} =Times[{a, b, c}, {X, ¥y, z}] = {ax, by, cz};
{a, b, c}x{x, Yy, z} =Cross[{a, b, c}, {X, Y, Z}] ={-cy+bz,cx-az, -bx+ay};

Ii{a, b, ¢}l = Norm[{a, b, c}1 =/ [al? + |b}? + |c|?
Power[{a, b, c}, {X, y, z}] = {&%, bY, c*}

= Vector Angle

u.v
Norm[u] Norm[V]

Cos[e] =

m Vector (U,V) ([&d*[e)

U, V) = {uz, Uz, Uz} x{V1, V2, V3} = {U1 V1, U2 V2, U3 V3}

= Vector Inner Product (Dot[{U1, U, Us},{V1, V2, V3}], |U|[V|Cos[6])

U.V = {Uug, Uz, Uz}.{Vyi, V2, V3} = U3 V1 + U2 V2 + U3 V3
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m Vector External Product (Cross[{u1, Uz, U3},{V1, V2, V3}], [Ec/Cross[ec))

UxV = {u1, Uz, Uz} x{V1, V2, V3} = -VxU

e, e es3 €1 ez €3
= Uy Uz U3 = Det[ U; Uz U3 ]
Vi V2 V3 Vi V2 V3

€1 (U2 V3 - Uz V2) -2 (U1 V3 -U3zg Vi) +€3 (U1 V2 - Uz Vi)
{U2V3-U3z V2, -U1 V3 +U3 V1, Uy V2 -UzxV1}

= Vector Property

Ux (VxW) = ¢U, Wy V=-qU, Vy W

u; Uz Uz
Vi V2 V3
Wi Wz W3

U, VxW) =

= {U1, Uz, U3} x ({V1, V2, Va} x {W1, W2, W3})
= {Uy (V2W3 -V3Wz), U2 (-V1 W3 +V3 W), U3 (VL W2 -V2W;p)}

Area
X1 y1 1
1 - - -
Area < - Det[[Xz Va 1J] _Xxs (Y1 -Y2) +X1 (yz2 Y3) + X2 (-Y1 +Y3)
Xz y3 1
m Line & Point (Up|Down)
X1 y1 1
Det[[ Xz y2 1|]=xXs (Y1-Y2)+X1 (Y2-Y3) +X2 (-Y1+Y3)
X3 ys 1
X1 Y1 1
Det[| X2 y2 1]|]<0:RightTurn
Xz y3 1
X1 y1 1
Det[ X2 Yo 1 ] >0 : Left Turn
Xz y3 1

Rotation Matrix

1 0 0
Rx[¢ 1 == [0 Cos[¢] -Sin[¢] J // MatrixForm
0 Sin[¢] Cos[¢]

Cos[e] O Sin[e]
Ry[e_] := [ 0 1 0 ] // MatrixForm
-Sin[e] 0 Cos[e]
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Cos[y] -Sin[y] O
Rz[¥_1] := [Sin[:[:] Cos[¥] 0] // MatrixForm
0 0 1

m Euler Angle

Cos[e] Cos[¢¥] Cos[y¥] Sin[e] Sin[¢] -Cos[¢] Sin[y] Cos[¢] Cos[y
R=R,[¥]-Ry[6]-Rx[¢] = [Cos[e] Sin[y] Cos[¢] Cos[y¥] +Sin[e] Sin[¢] Sin[¢¥] -Cos[¥] Sin|
-Sin[e] Cos[e] Sin[¢] Cos[e] Cos|[d

Rz [¥]-Ry[€].Rx[¢]

Sin[y] Cos[¥] 0 0 1 0

Cos[¢] -Sin[y] O Cos[e] 0 Sin[e]
0 0 1] [—Sin[e] 0 Cos[e]

10 0
. [0 Cos[¢] -Sin[¢] ] // MatrixForm
0 Sin[¢] Cos[¢]

Cos[e] Cos[y] Cos[y] Sin[e] Sin[¢] -Cos[¢] Sin[y] Cos[¢] Cos[y] Sin[e] +Sin[¢] Sin[y]
Cos[e] Sin[y] Cos[¢] Cos[y] +Sin[e] Sin[¢] Sin[¥] -Cos[y] Sin[¢] +Cos[¢] SIN[6] SIN[y
-Sin[o] Cos[o] Sin[¢] Cos[o] Cos[¢]

Cos[¥] Sin[y] O Cos[e] 0O -Sinf[e] 1 0 0

-Sin[y] Cos[y] O ] [O 1 0 . [O Cos[¢] Sin[¢] ] // MatrixForm

0 0 1 Sin[e] 0 Cos[e] 0 -Sin[¢] Cos[¢]

Cos[e] Cos[y] Cos[y] Sin[e] Sin[¢] +Cos[¢] Sin[¥y] -Cos[¢] Cos[y] Sin[e] +Sin[¢] Sin
-Cos[e] Sin[y] Cos[¢] Cos[y] -Sin[e] Sin[¢] Sin[y] Cos[y] Sin[¢] +Cos[¢] Sin[e] Sin[y
Sin[e] -Cos[6] Sin[¢] Cos[e] Cos[¢]

Rotation matrix from axis and angle

R[e_] :=
Cos[e] +ux? (1-Cos[e]) Ux Uy (1-Cos[e]) -uzSin[e] uxu; (1-Cos[e]) +uySin[e]
[uy Ux (1-Cos[e]) +u; Sin[e] Cos[e] +Uuy? (1-Cos[e]) Uy Uy (1-Cos[e]) - uxSin[e]
u; Uy (1-Cos[e]) -uySin[e] uzuy (1-Cos[8]) + Uy Sin[e] Cos[e] +uy2 (1-Cos[e])

m concisely

R =1_.Cos[6] +Sin[e] u, + (1 -Cos[e]) udu

100
[o . o]

0 01

0 -uz uy
ux=[uZ 0 —uX]

-Uy Uy 0

Ux? UxUy UxUz
U®U = | UxUy U2 UyuUy

Ux Uz UyUz U2
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m ex
{Ux, Uy, Uz} = {0, 1, 0};

Cos[©] + uy? (1 -Cos[e]) Ux Uy (1 -Cos[e]) -uzSin[e] uyxu, (1-Cos[e]) +uySin[e]
Uy Ux (1 -Cos[e]) +u;Sin[e] Cos[e] +Uy? (1-Cos[e]) Uy Uz (1 -Cos[e]) -uxSin[e]
Uz Ux (1 -Cos[e]) -uy Sin[e] uzuy (1-Cos[6e]) +uxSin[e] Cos[e] +u,2 (1-Cos[e])
// MatrixForm
Cos (9] 0 Sin[e]

0 1 0
-Sin[e] 0 Cos[9]

Direction
1 0 0 POx Cos[zZzh] -Sin[zh] O O Cos[Yh] O Sin[Yh] O
0 1 0 POy Sin[Zh] Cos[zh] 0 O 0 1 0 0
0O 0 1 POz |~ 0 0 10 -Sin[Yh] O Cos[Yh] O
000 1 0 0 01 0 0 0 1

1 0 0 0 1

0 Cos[Xh] -Sin[Xh] O 0|, _ _

0 Sin[xh] Cos[xh] o |*|o | [[111// FullSimplify

0 0 0 1 1
1 0 0 POx Cos[zh] -Sin[zh] O O Cos[Yh] O Sin[Yh] O
0 1 0 POy Sin[Zzh] Cos[zh] 0 O 0 1 0 0
0 0 1 POz |~ 0 0 10 -Sin[Yh] 0 Cos[Yh] O
000 1 0 0 01 0 0 0 1

1 0 0 0 0

0 Cos[Xh] -Sin[Xh] O 11, _ _

0 Sin[xh] Cos[xh] o |*|o | [[111// FullSimplify

(0] 0 0 1 1
1 0 0 POx Cos[zZh] -Sin[zZzh] O O Cos[Yh] O Sin[Yh] O
0 1 0 POy Sin[Zzh] Cos[zh] 0 O 0 1 0 0
0 0 1 POz |~ 0 0 10 -Sin[Yh] 0 Cos[Yh] O
000 1 0 0 01 0 0 0 1

1 0 0 0] 0

0 Cos[Xh] -Sin[Xh] O 0|, _ _

0 Sin[xh] Cos[xh] o |-|1 | [[111// FullSimplify

0 0 0 1 1

{POX + Cos[Yh] Cos[Zh], POy + Cos[Yh] Sin[Zh], POz - Sin[Yh], 1}

{POx + Cos[Zh] Sin[Xh] Sin[Yh] - Cos[Xh] Sin[Zh],
POy + Cos[Xh] Cos[Zh] + Sin[Xh] Sin[Yh] Sin[Zh], POz + Cos[Yh] Sin[Xh], 1}

{POX + Cos[Xh] Cos[Zh] Sin[Yh] + Sin[Xh] Sin[Zh],
POy - Cos[zZh] Sin[Xh] + Cos[Xh] Sin[Yh] Sin[Zh], POz + Cos[Xh] Cos[Yh], 1}
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Multiple

DX 0 0 POx Cos[Zh] -Sin[zh] O O Cos[Yh] O Sin[Yh] O
0 DX O POy Sin[zh] Cos[zh] 0 O 0 1 0 0
0 0 DX POz |- 0 0 10 -Sin[Yh] 0 Cos[Yh] O
0 0 0 1 0 0 01 0 0 0 1

1 0 0 0 1

0 Cos[Xh] -Sin[Xh] O 01, _ _

0 Sin[xh] Cos[xh] o |-|o | [[1117/FullSimplity

0 0 0 1 1
DY 0 0 POx Cos[Zh] -Sin[zh] O O Cos[Yh] O Sin[Yh] O
0 DY O POy Sin[zh] Cos[zh] 0 O 0 1 0 0
0 0 DY POz |~ 0 0 10 -Sin[Yh] 0 Cos[Yh] O
0 0 0 1 0 0 01 0 0 0 1

1 0 0 0 0

0 Cos[Xh] -Sin[Xh] O 1, _ _

0 Sin[xh] Cos[xh] o |-|o | [[111// FullSimplify

0 0 0 1 1
DZ 0 0 POx Cos[zh] -Sin[zh] O O Cos[Yh] O Sin[Yh] O
0 DZ 0O POy sin[zh] Cos[zh] 0O O 0 1 0 0
0 0 DzZ POz |- 0 0 10 -Sin[Yh] 0 Cos[Yh] O
0 0 0 1 0 0 01 0 0 0 1

1 0 0 0 0

0 Cos[Xh] -Sin[Xh] O 01, _ _

0 Sin[xh] Cos[xh] o |-|2 | [[111// FullSimplify

0 0 0 1 1

{POx + DXCos[Yh] Cos[zZh], POy + DXCos[Yh] Sin[zZh], POz - DXSin[Yh], 1}

{POXx + DY Cos[Zh] Sin[Xh] Sin[Yh] - DY Cos[Xh] Sin[zZh],
POy + DY Cos [Xh] Cos[Zh] + DY Sin[Xh] Sin[Yh] Sin[Zh], POz + DY Cos[Yh] Sin[Xh], 1}

{POx + DZCos[Xh] Cos[zZh] Sin[Yh] + DZSin[Xh] Sin[Zh],
POy - DZ Cos[Zh] Sin[Xh] + DZCos[Xh] Sin[Yh] Sin[Zh], POz + DZCos[Xh] Cos[Yh], 1}
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1 0 0 POx Cos[zZh] -Sin[zh] 0 O Cos[Yh] O Sin[Yh] O
0 1 0 POy Sin[zh] Cos[zh] 0 O 0 1 0 0
0 0 1 POz |- 0 0 10 -Sin[Yh] O Cos[Yh] O
000 1 0 0 01 0 0 0 1

1 0 0 0 DX

0 Cos[Xh] -Sin[Xh] O 0 |, , -

0 Sin[xh] Cosixh] o || o | [[111// FullSimplify

0 0 0 1 1
1 0 0 POx Cos[zZzh] -Sin[zZzh] 0 O Cos[Yh] O Sin[Yh] O
0 1 0 POy Sin[zh] Cos[zh] 0 O 0 1 0 0
0 0 1 POz |- 0 0 10 -Sin[Yh] O Cos[Yh] O
000 1 0 0 01 0 0 0 1

1 0 0 0 0

0 Cos[Xh] -Sin[Xh] O DY |, _ _

0 sin[xh] Cosixh] o || o [ L1111 // FullSimplify

0 0 0 1 1
1 0 0 POx Cos[zZh] -Sin[zZzh] 0 O Cos[Yh] O Sin[Yh] O
0 1 0 POy Sin[zh] Cos[zh] 0 O 0 1 0 0
0 0 1 POz |- 0 0 10 -Sin[Yh] O Cos[Yh] O
000 1 0 0 01 0 0 0 1

1 0 0 0 0

0 Cos[Xh] -Sin[Xh] O T _ _

0 Sin[xh] Cos[xh] o |-|pz| [[211// FullSimplify

0 0 0 1 1

{POx + DXCos[Yh] Cos[zZh], POy + DXCos[Yh] Sin[Zh], POz - DXSin[Yh], 1}

{POX + DY Cos[Zh] Sin[Xh] Sin[Yh] - DY Cos[Xh] Sin[Zh],
POy + DY Cos [Xh] Cos[Zh] + DY Sin[Xh] Sin[Yh] Sin[Zh], POz + DY Cos[Yh] Sin[Xh], 1}

{POXx + DZCos[Xh] Cos[Zh] Sin[Yh] + DZSin[Xh] Sin[Zh],
POy - DZ Cos[Zh] Sin[Xh] + DZCos[Xh] Sin[Yh] Sin[Zh], POz + DZCos[Xh] Cos[Yh], 1}

dX = 4/ PXX2 + PXy?

Zh = ArcTan[PXx, PXy]

PXy -
PXy - Sin[Zh]
Tan[Zh] = 5%oc = % = Cos12h]

dX = \/ PXx2 + PXy?
dX? = PXx? + PXy?
PXx? + PXy?  PXx? PXy?  PXx PXy
dX = = + = PXX + PXy
dx dx dx dx dXx
= Cos[Zh] PXX + Sin[Zh] PXy

DX = \/ PXX2 + PXy? + PXZ?

Yh = ArcTan[Cos[Zh] PXx + Sin[Zh] PXy, -PXz]



130319_3D.nb

-PXz & Sin[Yh]

Tan[Yh] = = =
[Yh dX g_§ Cos[Yh]

DX = 4/ dX2 + (-PXz)?2

DX? = dX? + (-PXz)?2
dX2 + (-PXz)2 dXx2 (-PXz)?2 dX (-PXz)

DX = — — > 777 77 27 T dX+ (-PXz)
DX DX DX DX DX
= Cos[Yh] dX + Sin[Yh] (-PXz)
_ Cos[Yh] {M} +SinYh] (-PX2)
dXx

PXx PXy
= Cos[Yh] {W PXX + i

PXy} +Sin[Yh] (-PX2)

= Cos[Yh] {Cos[Zh] PXx + Sin[Zh] PXy} + Sin[Yh] (-PXz)
= Cos[Yh] Cos[Zh] PXx + Cos[Yh] Sin[Zh] PXy + Sin[Yh] (-PXz)
= Cos[Yh] Cos[Zh] PXx + Cos[Yh] Sin[Zh] PXy - Sin[Yh] PXz

Distance

Zh = ArcTan[X, VY]

Yh = ArcTan[Cos[Zh] x + Sin[Zh] vy, Z]

D=Vd2+Z2
D? = d? + z°
d2+z2 d2 z2 d
D= =—t+—=—=d+ —2Z
D D D D
= Cos[Yh] d +Sin[Yh] z
X2 2
= Cos[Yh] { +Y } +Sin[Yh] z

d
= Cos[Yh] {%x+%y}+5in[Yh] z

= Cos[Yh] {Cos[Zh] x + SIn[Zh] y} + Sin[Yh] z
= Cos[Yh] Cos[Zh] x + Cos[Yh] Sin[Zh] y + Sin[Yh] z

{POx + D Cos[Yh] Cos[zZh], POy + D Cos[Yh] Sin[Zh], POz -D Sin[Yh]}

Zh = ArcTan[X, VY]
Yh = ArcTan[Cos[Zh] X + SIn[Zh] vy, Z]
D = Cos[Yh] Cos[Zh] x + Cos[Yh] Sin[Zh] y + Sin[Yh] z

Ex. Formula and solve

]l

{dCos[e] Cos[e], dCos[¢] Sin[e], dSin[¢]} = {X, Y, Z}
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d = (Xx-Xx0) / Cos[e] Cos[e]
(y - Y0) / Cos[e] Sin[e]
(z-20) /Sin[e]

o o
non

S =Simplify[
Solve[{(x-X0) / Cos[e] Cos[e] = (Y -YO0) /Cos[e] Sin[e] = (z-20) /Sin[e], z=h},
{xX,y,z}1[[1]11;
{x,
Y,
z} /.
S

m2

Simplify[Transpose|

Cos[e] -Sin[e] COS[(p] 0 -Sin[e] d

sin[e] Cos[e] ] [ 0 ] [dTan[¢] Cos[t] J] [[111] + {x0, yO, zO}
0 Sin[e] 0 Cos[e] dTan[¢] Sin[t]

{X0+d (-Cos[t] Sin[e] Tan[¢] + Cos[6] (Cos[e] -Sin[t] Sin[¢] Tan[¢])),
yO0 +d (Cos[e] Sin[e] + (Cos[t] Cos[e] - Sin[t] Sin[e] Sin[¢]) Tan[¢]),
z0 +d (Sin[e] + Cos[e] Sin[t] Tan[¢])} = {X, Y, Z}

d= (x-x0)/ (-Cos[t] Sin[e] Tan[¢] + Cos[©] (Cos[¢] -Sin[t] Sin[e] Tan[¢]))
d= (y-y0) / (Cos[¢] Sin[e] + (Cos[t] Cos[e] -Sin[t] Sin[e] Sin[e]) Tan[¢])
d = (z-20) 7/ (Sin[e] +Cos[¢] Sin[t] Tan[¢])

S =Solve[{(x-X0) / (-Cos[t] Sin[e] Tan[¢] + Cos[6] (Cos[e] -Sin[t] Sin[¢] Tan[¢]))
= (Y -Yy0) / (Cos[¢] Sin[e] + (Cos[t] Cos[e] -Sin[t] Sin[e] Sin[¢]) Tan[¢])
= (z-20) / (Sin[¢] + Cos[e] Sin[t] Tan[¢]), Y=h}, {X, Yy, z}1[[11] 7/ Simplify //
InputForm;
{x // InputForm, y // InputForm, z // InputForm} /. S[[1]]

m 3

Cos[e] -Sin[e] O Cos[e] O -Sin[e] d
Simplify[Transpose[[Sin[e] Cos[e] O] [ 0 1 0 ] [dTan[¢] ]] [[1]]] +
0 0 1 Sin[¢] 0 Cos[e] 0

{x0, y0, z0}

Simplify|
Cos[Th] -Sin[Th] O Cos[Jh] 0 -Sin[Jh] D
Transpose[[Sin[Th] Cos[Th] O ] [ 0 1 0 ] [ 0 ]] [[11]1] + {xO,
0 0 1 Sin[Jh] 0 Cos[Jh] D Tan[Ph]

y0, z0}

m4

{Cos[ThH] Cos[JhH], Cos[JhH] Sin[ThH], Sin[JhH]}
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13

Simplify[Transpose|
Cos[e] -Sin[e] COS[lp] 0 -Sin[e] d
Sin[e] Cos[e] ] [ 0 ]

0 Sin[e] 0 Cos[e]

dTan[¢] Sin[t]

{X0 +d (-Cos[t] Sin[e] Tan[¢] + Cos[e] (Cos[e] -Sin[t] Sin[¢] Tan[¢])),
yO0 +d (Cos[e] Sin[e] + (Cos[t] Cos[e] - Sin[t] Sin[e] Sin[¢]) Tan[¢]),
z0 +d (Sin[e] + Cos[e] Sin[t] Tan[¢])} = {X, Y, Z}

d= (x-x0) / (-Cos[t] Sin[e] Tan[¢] + Cos[©] (Cos[¢] -Sin[t] Sin[e] Tan[¢]))
d= (y-y0) / (Cos[¢] Sin[e] + (Cos[t] Cos[e] - Sin[t] Sin[6] Sin[e]) Tan[¢])
d = (z-20) / (Sin[e] +Cos[e] Sin[t] Tan[¢])

S =Solve[{(Xx-X0) / (-Cos[t] Sin[e] Tan[¢] + Cos[e] (Cos[¢] -Sin[t] Sin[¢] Tan[¢]))
= (Y -Yy0) / (Cos[¢] Sin[e] + (Cos[t] Cos[e] -Sin[t] Sin[e] Sin[¢]) Tan[¢])
= (z-20) / (Sin[¢] +Cos[¢] Sin[t] Tan[¢]),

Cos[ThH] Cos[JhH] (x - xh0) + Cos[JhH] Sin[ThH] (y - yhO) + Sin[JhH] (z - zh0) == 0},

{X, VY, z}1[[11]1 7/ Simplify // InputForm;
{x // InputForm, y // InputForm, z // InputForm} /. S[[1]]

d Tan[¢] Cos[t] J] [[111] + {x0, yO, zO}

Low of Cosine

a?2=b?+c?-2bcCos[A]

Cos[a] = Cos[b] Cos[c] +Sin[b] Sin[c] Cos[A]

Dot[{ax, ay}, {bX1 by]’]

A = {ax, ay}
B = (b, by)

A.B = ay by +ay by
Dot[A, B] == Norm[A] Norm[B] Cos[@]
Ag = Norm[A] Cos[e©]

Ag =A.B

N B
B= ——— { ~unitvector}
Norm[B]



