A Dodecahedron - the 12-face Platonic Solid — 3D views, Datae, & the Source Code.

On pages -> 1&8 2,3,& 7 4 &5

- The vertices fit inside a sphere of radius=1l. with geometry control based on using:
Vertex #1 pitch angle = -10.81231696357170629128494477447210_16 degrees
Vertex #16 pitch angle = -52.62263185935030435714286150500714 16 degrees

- The resulting vertices are regularly-spaced to the accuracy shown on page two.

- My reference: Wikipedia®s in-depth article: "Dodecahedron”. Theoretical values: see pages 6 & 7.

A crossed-eye 3D visualization of the “Setterholm Model” orientation & indices:

Save as: Dodecll.pdf : version 1.1 2013.10.21 JMS Page 1 of 8



The ““Setterholm Model”

CCW looking out
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Vertex Index

1, 6,11,15,10

2, 7,12,11,
3, 8,13,12,
4, 9,14,13,
5,10,15,14,
6, 1,16,17,
7, 2,17,18,
8, 3,18,19,
9, 4,19,20,
0, 5,20,16,

real*16 precision

Save as:
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7,12/7)
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Theoretical Edge Length=
=(sqrt(5.)-1.)/sqrt(3.)

= 31 significant digits
& printouts are often zeros beyond ~ 34.

version 1.1

# 1=E 1, 6/

# 2= 6,11/

# 3=( 11,15/)
# 4=( 6, 2/

# 5=£ 2,17/

# 6=( 17,16/)
# 7:E 2, 7/

# 8=( 7,12

# 9=( 12,11/)
#10=( 7, 3/
#11=€ 3,18/
#12=( 18,17/)
#13:£ 3, 8/
#14=( 8,13
#15=( 13,12/)
#16:€ 8, 4/
#17=C 4,19/
#18=( 19,18/)
#19:€ 4, 9/
#20=C 9,14/) :
#21=( 14,13/) :
#22=( 9, 5/) :
#23:5 5.20/) :
#24=( 20,19/) :
#25:g 5,10/) :
#26=( 10,15/) :
#27=( 15,14/) :
#28:€ 10, 1/) :
#29=C 1,16/

#30=( 16.20/) -

RMS Error

2013.10.21 JMS

el eclololoJolololololoJolololololololololololoJoloJololoJfoJolo)

ComputedLength

.71364417954617986388393968609267
.71364417954617986388393968609216
.71364417954617986388393968609288
.71364417954617986388393968609264
.71364417954617986388393968609216
.71364417954617986388393968609283
.71364417954617986388393968609014
.71364417954617986388393968609216
.71364417954617986388393968609128
-71364417954617986388393968609264
.71364417954617986388393968609215
.71364417954617986388393968609126
.71364417954617986388393968609266
.71364417954617986388393968609215
.71364417954617986388393968609283
-71364417954617986388393968609264
.71364417954617986388393968609215
.71364417954617986388393968609283
.71364417954617986388393968609267
.71364417954617986388393968609216
.71364417954617986388393968609282
-71364417954617986388393968609012
.71364417954617986388393968609215
.71364417954617986388393968609127
.71364417954617986388393968609266
.71364417954617986388393968609215
.71364417954617986388393968609126
-71364417954617986388393968609275
.71364417954617986388393968609215
.71364417954617986388393968609290

.71364417954617986388393968609217

1 2 3
12345678901234567890123456789012
0.737926D-30 : ©
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The “Setterholm Model” coordinates - version 1.0:
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Face normals:
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:(/
:(/
:(/

Because n

X
0.982246946376846022815670275235,
0.303530999103343111547695790709,

-0.794654472291766122955530928327 ,

-0.794654472291766122955530928327,
0.303530999103343111547695790709,
0.794654472291766122955530928327,

-0.303530999103343111547695790709,

-0.982246946376846022815670275235,

-0.303530999103343111547695790709,
0.794654472291766122955530928327,
0.491123473188423011407835137617,

-0.187592474085079899860139346907,

-0.607061998206686223095391581420,

-0.187592474085079899860139346907,
0.491123473188423011407835137617,
0.607061998206686223095391581420,
0.187592474085079899860139346907,

-0.491123473188423011407835137617,

-0.491123473188423011407835137617,
0.187592474085079899860139346907,

X
0.710760567467444858308480481425,
0.219637094279021846900645343808,

-0.575017378012744276054885584520,

-0.575017378012744276054885584520,
0.219637094279021846900645343807,
0.575017378012744276054885584520,

-0.219637094279021846900645343808,

-0.710760567467444858308480481425,

-0.219637094279021846900645343808,
0.575017378012744276054885584520,
0.000000000000000000000000000000,

-0.000000000000000000000000000000,

Y
0.000000000000000000000000000000,
0.934172358962715696451118623548,
0.577350269189625764509148780503,

-0.577350269189625764509148780502,
-0.934172358962715696451118623548,
0.577350269189625764509148780502,
0.934172358962715696451118623548,
0.000000000000000000000000000000,
-0.934172358962715696451118623548,
-0.577350269189625764509148780503,
0.356822089773089931941969843046,
0.577350269189625764509148780502,
0.000000000000000000000000000000,
-0.577350269189625764509148780502,
-0.356822089773089931941969843046,
0.000000000000000000000000000000,
0.577350269189625764509148780502,
0.356822089773089931941969843046,
-0.356822089773089931941969843046,
-0.577350269189625764509148780502,

Y
0.000000000000000000000000000000,
0.675973469215554570772500930230,
0.417774579468393445093883236911,

-0.417774579468393445093883236911,
-0.675973469215554570772500930230,
0.417774579468393445093883236911,
0.675973469215554570772500930230,
0.000000000000000000000000000000,
-0.675973469215554570772500930230,
-0.417774579468393445093883236911,
0.000000000000000000000000000000,
0.000000000000000000000000000000,

Z
0.187592474085079899860139346908/)
0.187592474085079899860139346908/)
0.187592474085079899860139346908/)
0.187592474085079899860139346908/)
0.187592474085079899860139346908/)

-0.187592474085079899860139346908/)
-0.187592474085079899860139346908/)
-0.187592474085079899860139346908/)
-0.187592474085079899860139346908/)
-0.187592474085079899860139346908/)
-0.794654472291766122955530928328/)
-0.794654472291766122955530928328/)
-0.794654472291766122955530928328/)
-0.794654472291766122955530928328/)
-0.794654472291766122955530928328/)
0.794654472291766122955530928328/)
0.794654472291766122955530928328/)
0.794654472291766122955530928328/)
0.794654472291766122955530928328/)
0.794654472291766122955530928328/)

Z
-0.355380283733722429154240240713/)
-0.355380283733722429154240240713/)
-0.355380283733722429154240240713/)
-0.355380283733722429154240240713/)
-0.355380283733722429154240240713/)

0.355380283733722429154240240713/)
0.355380283733722429154240240713/)
0.355380283733722429154240240713/)
0.355380283733722429154240240713/)
0.355380283733722429154240240713/)
-0.794654472291766122955530928328/)
0.794654472291766122955530928328/)

Web Link to this document: http://ftp.setterholm.com/Fortran/Dodec.pdf

one is perfect, and

lawyers abound:

recognize that this is simply “my best shot.. as of today”.

The software, data,

images, and documentation here are provided “as is”,
without guarantees or warranties of any Kkind, either expressed or implied,
including, but not limited to, fitness for any particular purpose.

Save as: Dodecll.pdf : version 1.1

2013.10.21 JIMS Page 3 of 8



Subroutine DodecModel16(iP)

12013.10.15.2200cdt JIMS- Dodecahedron - the 12-face Platonic Solid
! which fits inside a sphere of radius=1.0
! - Traveler2/Athlon64/WinXPPro/APF9.0/0gl1.2.1

Itype:: DodecRec
integer*4::Init
ITheoretical value:

;sequence

- Reference: Wikipedia®s article on "Dodecahedron™

Arguments

Internals

#1- Pitch Angle w.r.t. the X-Y plane.

real*16 ::EdgelL TEdge length =(sqrt(5.)-1.)/sqrt(3.)

IMy model parameters:

real*16 :: vl1Ang IVertex -

real*16 ::v16Ang ! - #16-

IIndices:

integer*4: :iFace(5,12) IFace - vertex # list (CCW looking out)
integer*4: :iEdge(2,30) 1Edge - vertex # list
integer*4::iVertex(3,20) !vertex - vNormal # list (CCW looking out)

IComputed Vertices & Normals

(X,Y,Z2,1.)
X,Y,z2,1.)

.Yes!

INote: 1 use homogeneous vectors, but you can ignore the 4t component here.
real*16 ::Vertex(4,20) ! Vertex vector

real*16 ::vNormal(4,12) !Face normal vector

real*16 ::EdgeLength(30) 'Edge- lengths- ~= EdgelL ..

real*16 :EdgeLErrorRms ! - RMS error

Tend type DodecRec ;type(DodecRec): :Dd16
I-— Internal use variables
integer*4::i,iDel,iDel2,j

real*16 ::vO:O._16 10.

real*16 ::v1=1. 16 !1.

real*16 ::Angle Iyaw angle-

real*16 ::Verl(4) IVertex vector- # 1- used as a template
real*16 ::Verl6(4) ! - #16-

real*16 ::sY,cY I'Yaw - cosine, sine

real*16 ::sP,cP IPitch- cosine, sine

real*16 ::vTemph(4) !Temporary vector

X,Y,z,1.)

e Dodecahedron initilization - Jeff Setterholm®s algorithm:

|f(ln|t eq.0) then

EdgeL =(sqrt(5._16)-1._16)/sqrt(3._16)

1= 0.713644179546179863883939686092_16

'Theoretical value.

V1Ang =-10.81231696357170629128494477447230_16 !=Pitch angle wv#1
V16Ang=-52.62263185935030435714286150500763_16 !'=Pitch angle v#16

I-- Index faces & edges:
iDel =5 ;iDel2=0

do 1=1,5 !Index faces(10 of 12 sets) {-CCW looking out} & all edges(30):

iFace(1:5,i )=(/i Li+5,i+10,i+ 9+iDel
iFace(1:5,1i +5)=({/i+5,1
iEdge(1:2,i1*6-5)= 1iFace(1:2,1)
iEdge(1:2,i*6-4)= iFace(2:3,1)
iEdge(1:2,i*6-3)= iFace(3:4,1)
iEdge(1:2,1*6-2)=(/iFace(1,i+5),iFace(5,i1+5)/)
iEdge(1:2,i*6-1)=(/iFace(5,i+5),iFace(4,i+5)/)
iEdge(1:2,i*6 )=(/iFace(4,i+5),iFace(3,i+5)/)
iVertex(1:3,1 )=(/i ,i+4+iDel ,i+5/)
iVertex(1:3,1i +5)=(/i+5,i+1-iDel2,i /)
iVertex(1:3,i1 +10)=({/i ,i+1-iDel2, 11/)
iVertex(1:3,i1 +15)=(/i+5,i+4+iDel , 12/)
if(i.eq.1l) iDel =0
if(i.eq.4) iDel2=5
enddo!i
iFace( 1:5,11)=(/13,14,15,11,12/)
iFace( 1:5,12)=(/19,18,17,16,20/)
Init=1
endif 'Init=0

Save as: Dodecll.pdf :

,i+4+iDel /) 'Face[ 1, 5]
,1+15,i+16-iDel2,i+1-iDel2/) !'Face[ 6,10]

'Edge(1, 7,13,19,25)
1Edge(2, 8,14,20,26)
'Edge(3, 9,15,21,27)
'Edge(4,10,16,22,28)
1Edge(5,11,17,23,29)
1Edge(6,12,18,24,30)
'iVertex[ 1, 5]
TiVertex[ 6,10]
iVertex[11,15]
iVertex[16,20]

IFace #11-Top
IFace #12-Bottom

version 1.1 2013.10.21 JMS Page 4 of 8



e From here on: V1Ang & V16Ang quantify the model.

I-—- Setup the Vertex templates:

call SinCos16(v1Ang ,sP,cP) ;Verl =(/cP,v0,-sP,vl/) != vertex#l

call SinCoslG(leAng,sP,cP) ;Ver16:(/cP,v0,—sP,v1/) 1= vertex#16

do i=1,5 I!-- Yaw the two vertex templates to define all the vertices:
Angle (i-1)*72._16 ;call SinCosl16(Angle,sY,cY)
Vertex( 1:4,i )=(/ Veri(1l)*cY, Verl(l)*sY, Ver1(3),v1/)!Ver[ 1, 5]
Vertex(1:4, |+15) (/Verl6(1)*cY,Verle(1)*sY, Verl6(3),vl/)Ver[16,20]
Angle=(i- 1)*72 16+36._16 ;call SinCosl6(Angle,sY,cY)
Vertex( 1:4,i+5)=(/ Verl(l)*cY Verl(1)*sY, —Ver1(3),v1/)!Ver[ 6,10]
Vertex(1:4, |+10) (/NVerl6(1)*cY,Verle (1) *sY,-Verl6(3),vl/)Ver[11,15]

enddo!i

I-- Compute each Face Normal vector by averaging its five vertices:

do 1=1,12 ;vNormal(1:4,i)=0._16
do j=1,5 ;vNormal(1: 4 1)=vNormal (1:4,i)+Vertex(1:4,iFace(j,i)) ;enddo!j
vNormaI(l 4, |)—vNormaI(1 4,1)/5._16

enddo!i

I-- Compute the resulting Edge Lengths:

EdgeLErrorRms=0._16

do 1=1,30
vTemph=Vertex(1l:4,iEdge(2,i))-Vertex(1:4,iEdge(1,1))
EdgelLength(i)= &

vTemph(1)*vTemph(1)+vTemph(2)*vTemph(2)+vTemph(3)*vTemph(3)

call Sqrtl6(EdgeLength(i),EdgeLength(i),0)
gggeLErrorRms:EdgeLErrorRms+(EdgeLength(i)—EdgeL)*(EdgeLength(i)—EdgeL)

enddo!i

EdgeLErrorRms=EdgeLErrorRms/30._16

call Sqrtl6(EdgeLErrorRms,EdgeLErrorRms,0)

L Report the results:

if(iP.gt.5) then
write(iP,"(f36.32," V#1 pitch angle®)™) vl1Ang
write(iP,"(¥36.32," V#16 pitch angle®)') v16Ang
write(iP,"(/"Vertices:")")

do 1=1,20

write(iP,"(i2," =(/",2(f34.30,","),f34.30,"/)")") i,Vertex( 1:3,1)
enddol!i
write(iP,"(/"Face normals:")")
do i=1,12

write(iP,"(i2," =(/",2(f34.30,","),f34.30,"/)")") i,vNormal( 1:3,1)
enddo!i
I-— Indices & Lengths:
write(iP,"(/" CCW looking out CCW looking out®™ )™)
write(iP,"( "Face: VertexIndex Vertex: Facelndex *"\)")
write(iP,"( "Edge:Vertexlindex & ComputedLength®)'™)
do 1=1,30 ! ___print in three side-by-side columns..

if(i.le.12) then
write(iP," (" #",i12,"=C ",4(i2,7,%),i2,"/)"\)") i,iFace(l:5,1)
else; write(iP,"( *\)™M)

endif li<=12

if(i.le.20) then
write(iP," (" #,12,"=C ",2(i2,7,7),12,"/)"\)") i,iVertex(1:3,1)
else; write(iP," (" "\)')

endif 1i<=20

write(iP," (" #,12,"=C ",1(i2,7,7),12,"/)"\)") 1i,iEdge(1:2,1)

write(iP,"(" :",f35.32)") EdgelLength(i)

enddo!i
write(iP,"(/36x, "Theoretical Edge Length=",f35.32)") EdgeL
write(iP,"( 72x,"1 2 3"

write(iP,"( 63x,"12345678901234567890123456789012")"")
write(iP,"( 67x,"RMS Error=",d13.6," : ~")") EdgeLErrorRms
endif TiP>5
return
End Subroutine DodecModell6

Save as: Dodecll.pdf : version 1.1 2013.10.21 JMS Page 5 of 8



Relating my model to Wikipedia’s exact model:

\{'t’-‘l et 16
* E ‘1

Define the radiir of three spheres:
= the circumscribing (outside) sphere touching all 20 vertices:
= (1 + sgrt(5)) *sqrt(3) /4
@ 1.40125853844407354467667793532207

= the sphere tangent to the middle of all 30 edges:
=( sqrt(5) +3 )/4
@ 1.30901699437494742410229341718282

= the sphere tangent to the center of all 12 faces:
= (sgrt(sqrt(5)*11/10+5/2))/2
@ 1.11351636441160673519437503948696

P1

radius of the circle touching the five vertices of each face”
sqre(ru*ru=-ri*rn)

@ 0.85065080835203993218154049706302

The theoretical value of my model parameters become:
sinVliAng = (F1-2*P1)/(ru*sqrt(5))

@ -0.18759247408507989986013934690761
V1Ang = arcsine(sinV1lAng)

V1Ang @-10.81231696357170629128494477447353 degrees

cosV16Ang = P1 /
@ 0.60706199820668622309539158141999
V16Ang = - arcosine(cosV16Ang)

V16Ang @ -52.62263185935030435714286150510032 degrees

Save as: Dodecll.pdf : version 1.1 2013.10.21 JMS Page 6 of 8



Wikipedia Model:
Phi =(1+sqrt(5))/2 exactly = the "Golden Ratio" @ 1.61803398874989484820458683436564

dPhi = 1 / Phi @ 0.61803398874989484820458683436564
W#z  S#: Numeric values: :vertex algebraic summary

1=14=¢ -1 , -1 , -1 /)

2=4=(/ -1 , -1 , 1 /)

3=12=(/ -1 , 1 , -1 /)

4=3=(/ -1 , 1 , 1 /)

5=10=(/ 1 , -1 , -1 /)

6 =20=(/ 1 , -1 , 1 /)

7=6=(</ 1 , 1 , -1 /)

g8=17=(/ 1 , 1 , 1 /)

9 =15 =(/ 0 , -dPhi, -phi/)

10 =19 =(/ 0 , -dPhi, phi/)

11 =11 =(/ 0 , dPhi, -phi/)

12 =18 =(/ 0 , dPhi, phi/)

13 = 9 =(/ -dPhi, -Phi, 0 /)

14 = 7 =(/ -dPhi, Phi, 0 /)

15 = 5 =(/ dPhi, -Phi, 0 /)

16 = 2 =(/ dPhi, Phi, 0 /)

17 =13 =(/ -Phi, 0 , -dPhi/)

18 = 8 =(/ -Phi, 0 , dphis) ...scale and rotate the model:
199 = 1 =(/ Phi, 0 , -dPhis) Divide by sqrt(3) @ 1.73205080756887729352744634150587

0

20 = 16 =(/  Phi, , dphi/) and pitch down by (90-arccosine(rn/ru)-arccosine(r /1)) degrees

@-31.71747441146100532421390313982893 degrees.

W#: ... the resulting Wiki-Vertices in “Setterholm Model” order are:
19 =(/ 0.9822469463768460228156702752349, 0.0000000000000000000000000000000, 0.1875924740850798998601393469091/)
16 =(/ 0.3035309991033431115476957907097, 0.9341723589627156964511186235480, 0.1875924740850798998601393469081/)
4 =(/ -0.7946544722917661229555309283279, 0.5773502691896257645091487805020, 0.1875924740850798998601393469064/)
2 =(/ -0.7946544722917661229555309283279, -0.5773502691896257645091487805020, 0.1875924740850798998601393469064/)
15 =(/ 0.3035309991033431115476957907097, -0.9341723589627156964511186235480, 0.1875924740850798998601393469081/)
7 =(/ 0.7946544722917661229555309283279, 0.5773502691896257645091487805020, -0.1875924740850798998601393469064/)
14 =(/ -0.3035309991033431115476957907097, 0.9341723589627156964511186235480, -0.1875924740850798998601393469081/)
18 =(/ -0.9822469463768460228156702752349, 0.0000000000000000000000000000000, -0.1875924740850798998601393469091/)
13 =(/ -0.3035309991033431115476957907097, -0.9341723589627156964511186235480, -0.1875924740850798998601393469081/)
5 =(/ 0.7946544722917661229555309283279, -0.5773502691896257645091487805020, -0.1875924740850798998601393469064/)
11 =(/ 0.4911234731884230114078351376188, 0.3568220897730899319419698430461, -0.7946544722917661229555309283268/)
3 =(/ -0.1875924740850798998601393469064, 0.5773502691896257645091487805020, -0.7946544722917661229555309283279/)
17 =(/ -0.6070619982066862230953915814188, 0.0000000000000000000000000000000, -0.7946544722917661229555309283285/)
1 =(/ -0.1875924740850798998601393469064, -0.5773502691896257645091487805020, -0.7946544722917661229555309283279/)
9 =(/ 0.4911234731884230114078351376188, -0.3568220897730899319419698430461, -0.7946544722917661229555309283268/)
20 =(/ 0.6070619982066862230953915814188, 0.0000000000000000000000000000000, 0.7946544722917661229555309283285/)
8 =(/ 0.1875924740850798998601393469064, 0.5773502691896257645091487805020, 0.7946544722917661229555309283279/)
12 =(/ -0.4911234731884230114078351376188, 0.3568220897730899319419698430461, 0.7946544722917661229555309283268/)
10 =(/ -0.4911234731884230114078351376188, -0.3568220897730899319419698430461, 0.7946544722917661229555309283268/)
6 =(/ 0.1875924740850798998601393469064, -0.5773502691896257645091487805020, 0.7946544722917661229555309283279/)
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Dodecahedron:
Jeff Setterholm's
1 ,] Orientation & Indexing

Cyan/Magenta on White 3D
Tse Red/Blue Glasses.

Properly viewed:
The Dodecahedron
is entirely in front of
this drawing surface,
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