
3D Vector

Direction







1 0 0 POx
0 1 0 POy
0 0 1 POz
0 0 0 1






.







CosZh SinZh 0 0
SinZh CosZh 0 0

0 0 1 0
0 0 0 1






.







CosYh 0 SinYh 0
0 1 0 0

SinYh 0 CosYh 0
0 0 0 1






.







1 0 0 0
0 CosXh SinXh 0
0 SinXh CosXh 0
0 0 0 1






.







1
0
0
1






1  FullSimplify







1 0 0 POx
0 1 0 POy
0 0 1 POz
0 0 0 1






.







CosZh SinZh 0 0
SinZh CosZh 0 0

0 0 1 0
0 0 0 1






.







CosYh 0 SinYh 0
0 1 0 0

SinYh 0 CosYh 0
0 0 0 1






.







1 0 0 0
0 CosXh SinXh 0
0 SinXh CosXh 0
0 0 0 1






.







0
1
0
1






1  FullSimplify







1 0 0 POx
0 1 0 POy
0 0 1 POz
0 0 0 1






.







CosZh SinZh 0 0
SinZh CosZh 0 0

0 0 1 0
0 0 0 1






.







CosYh 0 SinYh 0
0 1 0 0

SinYh 0 CosYh 0
0 0 0 1






.







1 0 0 0
0 CosXh SinXh 0
0 SinXh CosXh 0
0 0 0 1






.







0
0
1
1






1  FullSimplify

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Zh SinXh  CosXh SinYh SinZh, POz  CosXh CosYh, 1
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Multiple







DX 0 0 POx
0 DX 0 POy
0 0 DX POz
0 0 0 1






.







CosZh SinZh 0 0
SinZh CosZh 0 0

0 0 1 0
0 0 0 1






.







CosYh 0 SinYh 0
0 1 0 0

SinYh 0 CosYh 0
0 0 0 1






.







1 0 0 0
0 CosXh SinXh 0
0 SinXh CosXh 0
0 0 0 1






.







1
0
0
1






1  FullSimplify







DY 0 0 POx
0 DY 0 POy
0 0 DY POz
0 0 0 1






.







CosZh SinZh 0 0
SinZh CosZh 0 0

0 0 1 0
0 0 0 1






.







CosYh 0 SinYh 0
0 1 0 0

SinYh 0 CosYh 0
0 0 0 1






.







1 0 0 0
0 CosXh SinXh 0
0 SinXh CosXh 0
0 0 0 1






.







0
1
0
1






1  FullSimplify







DZ 0 0 POx
0 DZ 0 POy
0 0 DZ POz
0 0 0 1






.







CosZh SinZh 0 0
SinZh CosZh 0 0

0 0 1 0
0 0 0 1






.







CosYh 0 SinYh 0
0 1 0 0

SinYh 0 CosYh 0
0 0 0 1






.







1 0 0 0
0 CosXh SinXh 0
0 SinXh CosXh 0
0 0 0 1






.







0
0
1
1






1  FullSimplify

POx  DX CosYh CosZh, POy  DX CosYh SinZh, POz  DX Sin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
POx  DZ CosXh CosZh SinYh  DZ SinXh SinZh,

POy  DZ CosZh SinXh  DZ CosXh SinYh SinZh, POz  DZ CosXh CosYh, 1
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





1 0 0 POx
0 1 0 POy
0 0 1 POz
0 0 0 1






.







CosZh SinZh 0 0
SinZh CosZh 0 0

0 0 1 0
0 0 0 1






.







CosYh 0 SinYh 0
0 1 0 0

SinYh 0 CosYh 0
0 0 0 1






.







1 0 0 0
0 CosXh SinXh 0
0 SinXh CosXh 0
0 0 0 1






.







DX
0
0
1






1  FullSimplify







1 0 0 POx
0 1 0 POy
0 0 1 POz
0 0 0 1






.







CosZh SinZh 0 0
SinZh CosZh 0 0

0 0 1 0
0 0 0 1






.







CosYh 0 SinYh 0
0 1 0 0

SinYh 0 CosYh 0
0 0 0 1






.







1 0 0 0
0 CosXh SinXh 0
0 SinXh CosXh 0
0 0 0 1






.







0
DY
0
1






1  FullSimplify







1 0 0 POx
0 1 0 POy
0 0 1 POz
0 0 0 1






.







CosZh SinZh 0 0
SinZh CosZh 0 0

0 0 1 0
0 0 0 1






.







CosYh 0 SinYh 0
0 1 0 0

SinYh 0 CosYh 0
0 0 0 1






.







1 0 0 0
0 CosXh SinXh 0
0 SinXh CosXh 0
0 0 0 1






.







0
0

DZ
1






1  FullSimplify

POx  DX CosYh CosZh, POy  DX CosYh SinZh, POz  DX Sin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
POx  DZ CosXh CosZh SinYh  DZ SinXh SinZh,

POy  DZ CosZh SinXh  DZ CosXh SinYh SinZh, POz  DZ CosXh CosYh, 1

dX 


PXx2  PXy2

Zh  ArcTanPXx, PXy

TanZh  PXy

PXx



PXy
dX

PXx
dX


SinZh

CosZh

dX 


PXx2  PXy2

dX2  PXx2  PXy2

dX 
PXx2  PXy2


dX


PXx2


dX


PXy2


dX


PXx

dX

PXx 
PXy

dX

PXy

 CosZhPXx  SinZhPXy

DX 


PXx2  PXy2  PXz2

Yh  ArcTanCosZhPXx  SinZhPXy, PXz
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TanYh  PXz


dX


PXz
DX
dX
DX


SinYh

CosYh

DX 


dX2  PXz2

DX2  dX2  PXz2

DX 
dX2  PXz2


DX


dX2


DX


PXz2


DX


dX

DX

dX 
PXz


DX
PXz

 CosYhdX  SinYhPXz
 CosYh PXx2  PXy2


dX

  SinYhPXz

 CosYh PXx

dX

PXx 
PXy

dX

PXy  SinYhPXz
 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, y
Yh  ArcTanCosZhx  SinZhy, z

D 


d2  z2

D2  d2  z2

D 
d2  z2


D


d2


D


z2


D


d

D
d 

z

D
z

 CosYhd  SinYhz
 CosYh x2  y2


d

  SinYhz
 CosYh x


d
x 

y

d
y  Sin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

ü \

POx  D CosYh CosZh, POy  D CosYh SinZh, POz  D SinYh
Zh  ArcTanx, y
Yh  ArcTanCosZhx  SinZhy, z
D  CosYhCosZhx  CosYhSinZhy  SinYhz

Ex. Formula and solve

ü 1

d Cos Cos, d Cos Sin, d Sin  x, y, z

100924_3D_Vector.nb 4



d  x  x0 Cos Cos
d  y  y0 Cos Sin
d  z  z0 Sin
S  Simplify

Solvex  x0 Cos Cos  y  y0Cos Sin  z  z0 Sin, z  h,
x, y, z1;

x,
y,
z .

S

ü 2

SimplifyTranspose





Cos Sin 0
Sin Cos 0

0 0 1




.





Cos 0 Sin
0 1 0

Sin 0 Cos



.





d
d TanCost
d TanSint




1  x0, y0, z0

x0  d Cost Sin Tan  Cos Cos  Sint Sin Tan,
y0  d Cos Sin  Cost Cos  Sint Sin Sin Tan,
z0  d Sin  Cos Sint Tan  x, y, z

d  x  x0Cost Sin Tan  Cos Cos  Sint Sin Tan
d  y  y0Cos Sin  Cost Cos  Sint Sin Sin Tan
d  z  z0Sin  Cos Sint Tan
S  Solvex  x0Cost Sin Tan  Cos Cos  Sint Sin Tan

 y  y0Cos Sin  Cost Cos  Sint Sin Sin Tan
 z  z0Sin  Cos Sint Tan, y  h, x, y, z1  Simplify 

InputForm;
x  InputForm, y  InputForm, z  InputForm . S1

ü 3

SimplifyTranspose





Cos Sin 0
Sin Cos 0

0 0 1




.





Cos 0 Sin
0 1 0

Sin 0 Cos



.





d
d Tan

0




1 

x0, y0, z0
Simplify

Transpose





CosTh SinTh 0
SinTh CosTh 0

0 0 1




.





CosJh 0 SinJh
0 1 0

SinJh 0 CosJh



.





D
0

D TanPh



1  x0,

y0, z0

ü 4

CosThH CosJhH, CosJhH SinThH, SinJhH
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SimplifyTranspose





Cos Sin 0
Sin Cos 0

0 0 1




.





Cos 0 Sin
0 1 0

Sin 0 Cos



.





d
d TanCost
d TanSint




1  x0, y0, z0

x0  d Cost Sin Tan  Cos Cos  Sint Sin Tan,
y0  d Cos Sin  Cost Cos  Sint Sin Sin Tan,
z0  d Sin  Cos Sint Tan  x, y, z

d  x  x0Cost Sin Tan  Cos Cos  Sint Sin Tan
d  y  y0Cos Sin  Cost Cos  Sint Sin Sin Tan
d  z  z0Sin  Cos Sint Tan
S  Solvex  x0Cost Sin Tan  Cos Cos  Sint Sin Tan

 y  y0Cos Sin  Cost Cos  Sint Sin Sin Tan
 z  z0Sin  Cos Sint Tan,

CosThH CosJhHx  xh0  CosJhH SinThHy  yh0  SinJhHz  zh0  0,
x, y, z1  Simplify  InputForm;

x  InputForm, y  InputForm, z  InputForm . S1
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