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Square Orthobicupola

Abstract

In this independent study, we are interested in the problem of decomposing polyhedra,
consisting of Platonic solids, Archimedean solids, and Johnson solids, into polygons. We constructed
algorithms to verify whether a given solid can be decomposed into polygons such that those
polygons are not faces of polyhedrons. We mainly focused on the decomposability of regular
polygons and planar polygons. By implementing in mathematical software, we found five polyhedra
decomposed into regular polygons, including octahedron, cuboctahedron, icosidodecahedron,
small rhombicosidodecahedron, and small Rhombicuboctahedron. After that, we considered the
polyhedra, which were decomposed to planar polygons (not necessarily to be regular). Two
additional polyhedra were found, including elongated square dipyramid and square orthobicupola.
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ANUHUFIY (Preliminaries)
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2.1 gﬂwmamﬁ'suLlazmwmwm (Polygons And Polyhedrons)

Inswrfl‘dlﬁmnwmﬂmwnmn 2719 sUnNaY 3‘1JN§ ’i‘lJE"lL‘ViaEJlI iﬂammaau JUAM 1umunum’1
daAsrlisnay nnwﬁﬁﬂlimnmniuﬂﬁmaaqm Llavﬂiﬂmmm sm‘dsvnaumsJiimmstaamLa mwmwm
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Uwua'm 21 [6] i‘d‘wmamaw (polygons) Aefuiidavesszuy mﬂnaammsmummaumwﬂmwaa
mumauaummmnaﬂu G?IW@Ua’lEJ‘UEJ\‘iﬁ’JuGUEJ\‘iLﬁuGlNL’if—Jﬂ’J’l ngan (vertex) maqsﬂ‘mmamaam AUV
FUASITEBInoAUEINIELTEU (edge)
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Wil ‘mnﬁﬂ‘wmamaamLﬂuvﬁnuuaulﬁaﬂﬁmmamaamm iwmamaamuu (convex polygon)
u,aumnsﬂwmomaml maumawmaumamwnu LlavmmnmamwnmLmnuavljamw iﬂwmamaﬂmm
wmmm (regular polygon) smmmmLianan%ammwaﬂ‘mmstaEJmJnm
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TuUSglianudd inaulaingiddnuvaugaaeiusunaiewmaey fie nsmatenu fallenunaluil

unileny 2.3. Nssvanevu (polyhedron) inannssiniuvesssuululsglianulia Llaulﬂuwuwmnaam
iaummﬂmwmaammﬂn Bunan v (face) GmLLnavﬁmavUivﬂaUﬂumaw (vertices) WaslauvaY (edges)

Tunmsfinwiadell ilansedu 3 via Fudunssfunnsgu Uszneume nsssunaln Ny
Yot 3ARnE waz nssduseviudu InsaiinaniUsTuuarueuivituiuiy Feeronedelenumsiuunay
wiindtail
unileny 2.4. nswanemUni (regular polyhedron) #3enssduinals (Platonic solids) LﬂuL“UGl‘qujuﬁlLﬁ(ﬂ
NnMsUsEneuiuvesgUnaemasNUnAluU gliuuugadnasii iesinifen

nseunalaiiviavian 5 sUuuy Usznaume Nssamn (tetrahedron), mqqnmnﬁ (cube), N33



wUanun (Octahedron), nssd@uasanun (Dodecahedron), ns98@unun (Icosahedron)
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(aquqiﬂ@ﬂ'ﬁﬂ%ﬁ]u1ﬂﬁﬂﬂﬂﬁﬂﬁa Devadoss 5[5])

AN 4 neFumale 19 5 JUkuY

UNUYIN 2.6. N590UBI015ANRA (Archimedian solids) Lﬂummmwmyu%wmLﬁugwawmﬁawﬂa
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o 3U v e f
Cuboctahedron \' 12 24 14

Great Rhombicosidodecahedron Q 120 180 62
Great Rhombicuboctahedron & ] 48 72 26
Icosidodecahedron t 30 60 32

Small Rhombicosidodecahedron (’ 60 120 62
Small Rhombicuboctahedron ;: 24 48 26
Snub Cube ‘ 24 60 38

Snub Dodecahedron L 60 150 92
Truncated Cube ‘ 24 36 14
Truncated Dodecahedron t 60 90 32
Truncated Icosahedron Q/ 60 90 32
Truncated Octahedron \\‘ 24 36 14
Truncated Tetrahedron <y 12 18 8

A 5 N5FURITANAA 119 13 JULUU Taghl v Alediuiugagen, e Aednuiuauldon uag f Aediuaumin

untleny 2.7. USTuUnG (regular prism) Lﬁﬂmﬂmiﬂﬁwﬂa‘U‘Uaﬁi‘U‘VimﬂLﬂgﬂmﬂﬂaﬁﬁgﬁu n UMW 2 U
maﬂumssﬂamasmma n 3U dwsuneurusTuUns (regular antiprism) 1ANINNNTUTTNOUVBIFUNANY
wiagIUnFARTIAY 7 $1uay 2 U maﬂummﬂamma&mmum 1 2n U mmeamaamLa“me
ammaamamﬂqﬂmﬂﬂLLazmememumm FaU3TuuazueuivsTuunasaiingl 8 Uy il
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Triangular Prism ’ 6 9 5
Square Prism (Cube) ' 8 6
Pentagonal Prism ' 10 15 7
Hexagonal Prism ‘ 12 18 8
Heptagonal Prism v 14 21 9
Octagonal Prism v 16 24 10
Enneagonal Prism V 18 27 11
Decagonal Prism v 20 30 12

AN 6 UTTU 13 8 UL Teeil v ADTIUINALEN, e ARTIUIUAUTRN UaY f ABTIUIUVN

%o % e f
Triangular Antiprism (Octahedron) 6 12 8
Square Antiprism 8 16 10

Pentagonal Antiprism 10 20 12

Hexagonal Antiprism 12 24 14

Heptagonal Antiprism 14 28 16

Octagonal Antiprism 16 32 18

Enneagonal Antiprism 18 36 20

(g giee

Decagonal Antiprism 20 40 22

d' a as gj P A [J A o ¥ A A o ¥
AN 7 LauRUITu 119 8 EULLU‘U 1neil v ABINUIUYAYDA, e ABINUIULAULYDU LAY f ADIUIUNUN
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Augmented Dodecahedron ‘ 21 35 16
Augmented Hexagonal Prism ' 13 22 11
Augmented Pentagonal Prism v 11 19 10
Augmented Sphenocorona Q 11 26 17
Augmented Triangular Prism ' 7 13 8
Augmented Tridiminished Icosahedron V 10 18 10
Augmented Truncated Cube 0 28 48 22
Augmented Truncated Dodecahedron ( 65 105 42
Augmented Truncated Tetrahedron \3 15 27 14
Biaugmented Pentagonal Prism v 12 23 13
Biaugmented Triangular Prism ﬁ 8 17 11
Biaugmented Truncated Cube ~ 32 60 30
Bigyrate Diminished Rhombicosidodecahedron %{ 55 105 52
Bilunabirotunda ‘ 14 26 14
Diminished Rhombicosidodecahedron b 55 105 52
Triangular Dipyramid Q 5 9 6
Pentagonal Dipyramid = 7 15 10
Disphenocingulum & 16 38 24
Elongated Pentagonal Cupola Q 25 a5 22
Elongated Pentagonal Dipyramid ‘ 12 25 15
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Elongated Pentagonal Gyrobicupola @ 30 60 32
Elongated Pentagonal Gyrobirotunda ~ 40 80 42
Elongated Pentagonal Gyrocupolarotunda b 35 70 37
Elongated Pentagonal Orthobicupola g 30 60 32
Elongated Pentagonal Orthobirotunda ~ 40 80 42
Elongated Pentagonal Orthocupolarotunda b 35 70 37
Elongated Pentagonal Pyramid g 11 20 11
Elongated Pentagonal Rotunda u 30 55 27
Elongated Square Cupola u 20 36 18
Elongated Square Dipyramid G 10 20 12
Elongated Square Gyrobicupola u 24 48 26
Elongated Square Pyramid G 9 16 9
Elongated Triangular Cupola U 15 27 14
Elongated Triangular Dipyramid a 8 15 9
Elongated Triangular Gyrobicupola 9 18 36 20
Elongated Triangular Orthobicupola u 18 36 20
Elongated Triangular Pyramid é 74 12 7
Gyrate Bidiminished Rhombicosidodecahedron “ 50 90 a2
Gyrate Rhombicosidodecahedron b 60 120 62
Gyrobifastigium ’ 8 14 8
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Gyroelongated Pentagonal Bicupola b 30 70 42
Gyroelongated Pentagonal Birotunda ~ 40 90 52
Gyroelongated Pentagonal Cupola g 25 55 32
Gyroelongated Pentagonal Cupolarotunda L 35 80 a7
Gyroelongated Pentagonal Pyramid iy 11 25 16
Gyroelongated Pentagonal Rotunda b 30 65 37
Gyroelongated Square Bicupola U 24 56 34
Gyroelongated Square Cupola ° 20 a4 26
Gyroelongated Square Dipyramid (/ 10 24 16
Gyroelongated Square Pyramid (7 9 20 13
Gyroelongated Triangular Bicupola ‘(/ 18 42 26
Gyroelongated Triangular Cupola b 15 33 20
Hebesphenomegacorona u/ 14 33 21
Metabiaugmented Dodecahedron \, 22 40 20
Metabiaugmented HexagonalPrism v 14 26 14
Metabiaugmented Truncated Dodecahedron Q’ 70 120 52
Metabidiminished Icosahedron . 10 20 12
Metabidiminished Rhombicosidodecahedron ‘ 50 90 a2
Metabigyrate Rhombicosidodecahedron e 60 120 62
Metagyrate Diminished Rhombicosidodecahedron @/ 55 105 52
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Parabiaugmented Dodecahedron L 22 40 20
Parabiaugmented HexagonalPrism v 14 26 14
Parabiaugmented Truncated Dodecahedron t 70 120 52
Parabidiminished Rhombicosidodecahedron y 50 90 42
Parabigyrate Rhombicosidodecahedron ‘/ 60 120 62
Paragyrate Diminished Rhombicosidodecahedron ‘/ 55 105 52
Pentagonal Cupola ( : 15 25 12

Pentagonal Gyrobicupola ¢ 20 40 22
Pentagonal Gyrocupolarotunda ‘ 25 50 27
Pentagonal Orthobicupola ’ 20 40 22
Pentagonal Orthobirotunda ‘J 30 60 32
Pentagonal Orthocupolarotunda ‘ p 25 50 27
Pentagonal Rotunda ‘ ) 20 35 17

Square Pyramid ( 5 8 5

Pentagonal Pyramid 4 6 10 6

Snub Disphenoid ‘ 8 18 12

Snub Square Antiprism @ 16 40 26
Sphenocorona k 10 22 14
Sphenomegacorona (J 12 28 18

Square Cupola ‘ 12 20 10
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Square Gyrobicupola 16 32 18

Square Orthobicupola 16 32 18

Triangular Cupola

Triangular Hebesphenorotunda 18 36 20

Triangular Orthobicupola 12 24 14

Triaugmented Dodecahedron 23 45 24

Triaugmented Hexagonal Prism 15 30 17

Triaugmented Triangular Prism 21 14

Triaugmented Truncated Dodecahedron 75 135 62

Tridiminished Icosahedron 9 15 8

Tridiminished Rhombicosidodecahedron 45 75 82

€000\ oc D & B

Trigyrate Rhombicosidodecahedron 60 120 62
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2.2 quwﬁﬂi’w\llﬁaﬂ(;;u (Elementary Graph Theory)
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UVIf!EJ’]J.! 2.9. [4] n3 (graph) G Usenauaig 2 WA V(Q) way E(G) Tnedi V(G Lﬁumm‘iﬁma%ﬁ
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1130 (vertices) uaziSENauBnNves E(G) ey (edges) i]”L“ZJEJ‘lJﬂiUﬁﬂMIJLLVWﬂ?’]W G e G(V,E)

e [4] fvusln E(G) fandnansule

0 e uauuan e %Lﬂ"uauléﬂugﬂ e = {u,v} AWFVUNEATN « uay v Tduaudnaes V(G)
921300 u WAL v 2 ﬁ;ﬂUmEJ“UENL?Tu e [BANAZAINILUNY ¢ = {u, v} MY uv TASTIlAY wo LazlaY vu
wneaEueaiy

uniieny 2.10. [4] I wo WJuaulunsiml 92na1271 99 v uazgn v ANNIENU (incident) AULAY wo waZIAY
w ANNTENUNUIN u UALIN v

unillenu 2.11. [4]1v99 « uwazga o Wugalunsiv ay ﬂmmwmaaaaﬁ Usztin (adjacent) i mammaauﬂu
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unileny 2.12. [4] An3 (degree) ¥899A v MNEAE IWIMAUNANNTENUAUN v Wenuwnuaedydnyu
deg(v)

(Y]

08 2.13. MyuansIW G A9l

A 0, B 0, 4

m‘wﬁ 10 AN G

1. 9nflgnuannsenu aglann

0 A 4aYn B ANNTENUNUEUY e TUABLAN e ANNTENUAUA A Uazan B
90 B uagqn C ANNSENUAULEY ep TUABLA e ANNTENUAULA B Wazan C
90 B Uagqn D ANNTENURULAL e3 TUABLAY e3 ANNTENUAUA B Uayqn D

0 C Uagqn D ANNTENURULA ey TURBLAU s ANNTENUAUIA C kAR D
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2. ndenuUssda aglan

0 A Uselnnu 9n B, 39 B Useaanu 9a C, 90 B Usedanu 3a D uwag 9n C Ussany 39 D
3. MniewAn3 aglan
deg(A) =1, deg(B) = 3, deg(C) = 2 ILay deg(D) = 2

unilenu 2.14. [4] LL‘L!’JLGYL! (walk) Tunsn @ ﬂEJa’lﬂ‘U&Uaﬂﬁ]ﬁLLauLﬁﬂ%ﬂLiN@ULLauﬁuﬁﬂﬂ’JﬁJf\]ﬂ Iﬂammaummu
mﬂﬂﬁmunmmﬂawmua mmwawasmmﬂumm
sogmu(trail) Av LLH’JL@U‘V]LGU‘VlﬂLﬂUG]’Nﬂu

mmmmuua amauamamm LA maiaammﬁmmmmau SN kuAudalclose walk) wag
soaLaudn (close trail) MuaInu
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#0874 2.15. 93 & lusesns 2.13 1

WUILAY ABC 1usesiiu waluduseamuds
wiu ABA luidusesiu wszlwau e,

wwdu BCD Wusesiiude uasiduigdns

2.3 wnmestuuigliauda (Vectors in Three-Dimensional Space)
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é’agé’ﬂwajﬁiﬁimunﬂmaﬁumiﬁﬂmﬁ%L%EJuLmuhy’;aéha‘”ﬂmmmé’mqwﬁﬁqﬂmagjﬁmuu U
7 mnnnwesinanmsaniidanga A lussgn B (hanaseyil B) alwdydnunidd AB

B

A

AN 11 598 AB visennmes AL

unilenyl 2.16. [2] YWIANTEAINENIVDAINADT T YUNETTLEENNTENINYASUAY LazAUaIeved v kay
anunsalsudyanuuLnuag |7 1nehn

v
7] = \/m 01 U= [v1,v2, 03]
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Uwﬁmu 217. 21 % @ way & Lﬁunﬂmaﬂuﬂ%ﬂﬁamﬁa NAAMTNELNATS VBY & UaY T L%EJULL‘V]U@QEJ ﬂ 7

o= Upi 4 uzj +u3k LAy 7 = vlz—i-vz] + vk Lﬂunﬂmaﬂuiuwwm 3 1R Tﬂam 7o nwes 1 wine
Iuwﬁmammmu 2, 7 7o nawes 1 vungluiiememuuny y uas & Ao nmees 1 wuiglufirnianuuny
> 2¢lamn

- U = u1v1 + ugv2 + u3v3

mqw;]uw 2.18. [2] 01 @ waw 7 Lﬂjunﬂmaﬂuﬂ‘%gﬁ 3 ARgdludunnnesguanar wag ¢ iWuravesy
ST @ WAy 789 0° < 0 < 180° A

u - U = |ul||v] cos b

v

figau. In @ wae 7 Wunnweslanilulvnnwesauelussuuiiinainauiia uas 6 Wurwinvesusening

7 UAY 789 0° < 0 < 180°
° A o i —_— —_—
ﬂ'W‘VT‘L!ﬂ‘\]iG] P iy Py ‘1/]‘1/1’11‘1/1 U= 0P llag v = 0P, AN

AN 12 0 O, P, uay P

wlo BP =i -0 -
finsanguanuden 0P P, annguadlalay aglan
PP} = OP2 + OPZ — 2(0OP;)(OP,) cos 6
WUAD | PLP2|2 = |OPL)? + |OP|2 — 2|OP1||O P3| cos 6
sath i — 512 = |@I2 + 92 — 2/d]]d@] cos 0
al by » a1 — b
Md= |ap| WaY T= |by| Wl @— T = |as — by
as b3 az — b3
Wufe (a1 — b1)2 + (a2 — b2)? + (a — b3)2 = (a3 + ad + a2) + (83 + b3 + b3) — 2]l cos 0
LL@L%@ﬂmﬂ (a1 —b1)2 + (az — b2)? + (a3 — b3)? = (a2 + a2 + a2) + (b2 + b3 + b2) — 2(arby + azbs + azbs)
910 a1by + agby + asbs = |@||5] cos 0
Lﬁajmﬂ @ -7 = aiby + asby + asbs
PUU @ - T = |a]|7] cos b O
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ununsn 2.19. 1 0 Juguseninnnees @ uay 7 ldldnneesaud uad

.g)
1]

S~

6 = arccos (

=

& (%
Y [

nquiun 2.20. fsuel @ uag 7 7 Junnwesluligh 3 Sagsludunnwmesaue @ dwmniu @ Anewle

u-v1=0

Wegau. (=) wWNFIUN 01 @ AN T U @- 7= 0

Y

PNANOWRUN 2.18 NANN @ - § = |i]|5] cos §
wazLilesann @ sniu 7 lean 6 = 90°
fathy @ - & = ||| cos 90° = |a]|7] - (0) =
(<) %ﬁqaﬂfh 01 @5 =0 ue @ KNiu &
mﬂmwﬁum 2.18 NN @ - & = |i||7] cos §
tufio 0 = |i]|] cos wanilesann @ way o ludunnmes 0 a1 || # 0 uay 7] # 0
muu cosf =0 MNAWHuN 2.18 fideulun 0° < ¢ < 180° Faagdlenn 6 = o0°
thifie @ feaniu &

Ausun1sAuiumglusunsy Mathematica

ailllas[fﬁ Py = (xg,yo, Z()), P, = (xl,yl, 2’1), Py, = (l‘g,yg, 2’2) Iﬂﬂﬁ PP Uszain PyPs LLa%ﬁ Py Lﬂu‘i‘]‘ﬂ‘daqﬂ

573 Az lywandu
VectorAngle[{z1, y1, 21} — {z0, v0, 20} , {z2,92, 22} — {0, %0, 20}]

adwsvoslandy yuazdinuieidu 1key (radian) Fe1afinAnves © vieNetussinalii 1wy arccos
winaeensavesududnavazin NL . .1 eauiandudsnan

FBEN 2.21. MviuA 99 A(1,3,0), B(5,4,3) wag C(2,4,6) Ha01M1 13 #aen1sAuinagy ABC

C

s

.3!.

a

A7 13 90 A, B uay C Tudsgll 3 IR

fi9rsan AB = [1 - 5,3 — 4,0 - 3] = [~4,~1,-3] uaglon |AB| = /(—42 + (-1)° + (-3)2 = V26
95U CB = [2—5,4— 4,6 — 3] = [-3,0 3] uagla |C‘B>| (3T 02 (37 = VI8
thite cosg = =L =31 [23,0.3] 12404 (-9) _ 1
.. V26118 6113 6f 213
11 6 = arccos .
2V/13

dmsulusinsy Mathematica
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Untitled-1* - Wolfram Mathematica 13.1 Student Edition - Personal Use Only
File Edit Inset Format Cell Graphics Evaluation Palettes Window Help

WOLFRAM MATHEMATICA
(] v (@] v |+ InsertCell.. viml 8] § % de @ )

in[1]:= VectorAngle[{1, 3, @} - {5, 4, 3}, {2, 4, 6} - {5, 4, 3}]

t{1]= ArcCos{ J

2413
In[2]:= N[VectorAngle[{1, 3, @} - {5, 4, 3}, {2, 4, 6} - {5, 4, 3}]]
out[2]= 1.43167

Al 14 MIfnLusEng AL wag OB melusunsi Mathematica

unilenu 2.22. 01 @ wag 7 i0unneesluuinll 3 88 o @ = wii + uaf + usk UAE T = 017 + va] + vzk KA
ANRAINIADS VB @ WAE T WHUWNUAIEY @ x T AUALAY

-

UX U= (’U,Qvg — ’U,31}2)Z— (’LL11}3 — ’U,3'U1);+ (uva — UQvl)k

o

Mewve Teuleunadnsves @ x o luguveaninesiuuun fatl

i ik
UX VT = Uy u2 U3
U1 V2 U3
uo uz|- |ug us| - uol| = 4
= |72 WM T e Tagnisnsyneanuunnil 1
V2 U3 vl U3 V1 U9

= (UQ1)3 — U31)2)Z— (ulvg — U301)j+ (u1v2 — UQvl)E

2.4 spuulud3nlianulia (Planes in Three-Dimensional Space)

a

[3] Iuﬁ’maﬁ%Lﬁumimaumawmﬂuﬂ%gmmﬁa 1AYANUNTAMININANTULALLINABTARN
AUSETUIU MTIUSZUURTARIN 3 1R Usenaumigssulunng 3 seuiu lawn

- 53UNU XY (STUUBIMAUARIANNIS 2 = 0)
- SEUIU XZ (STUNUTANUARIENAT y = 0)
- 52U YZ (SEUNURINNUARSENNIS 2 = 0)

o g ' ‘d o v
TEUIUNHUYA 1 fnml.avmmnmaL'Jnmaswn'muﬂ'lw

Iuﬂﬁﬂm 3 1@ i”m‘uwmuﬂm 1 fmLLaummﬂmanﬂLmaiwmwumlmumwsmumumewnuu
ium‘ummuw Py(x0, Y0, 20) LLaummﬂG\@L’JﬂLG\@’i i = [a, B,7] #0 mm‘ww 15



17

P s2)

(x5 ¥0s29) Y

X
AN 15 SEUTUTRIUA Po(0, Yo, 20) HATAIRINABINALS 7 [3]

o
Y (%

f\]’]ﬂﬂ’]‘v\lﬁ]%Lﬁu’N%U’]UU%ﬂaUﬁiﬂﬁm P(x,y,z) e RILE PO?g = [z — x0,y — Yo, 2 — 20] IWINAU 7
azlan
7 - Poﬁ =0
[a7ﬁv/y] . [SE —Z0,Y — Yo, %2 — ZO] =0
a(z —xo) + B(y —yo) +7(2 —20) =0

(%

AU AUNITVDITTUTUTIHIUA Po(z0, Yo, 20) HATRIDINABINGADST 7 = [a, B,7] # 0 AD
a(r — o) + B(y — yo) + (2 — 20)

Sunaum st guuuuUsnALuuIa (point-normal from) YB9ALNNTTEUIY
ansgeaunsiuguluuysniuuuan aglaguuuuannisinudu

ar+PBy+vz+6=0

o a, 8, waz 6 1umasi uaz o, 5, luduguensendu Benaunssuuuuin suuuuimllvesaunis
LU

FBEN 2.23. [3] WMNAUNITVDITTUIUNNIUYA P(1, —2, 3) WALFIRINABINGADS 77 = [6,5, 4]
381, AUNIVBITEUIVLAD 6(2z — 1) + 5(y +2) + 4(2 — 3) = 0 30 62 + 5y + 42 —8 =0 O

QWU 2.24. [3] 01 «, B,~ wae 6 LTuAIRAIR uag o, 4,y luduguenseauiu waissuundauns ax +
By + 7z + 6 = 0 Tnwes 7@ = [a, 8, 7] 1unnmesswin
WU SYUNU 2 — 3y — Tz = 12 §nnmes 7 = [1, -3, —7] Wunnmesamin

[ %
L%

ST UNNIUNLNYA uazruUAUNNNETARIRNMETNIILIUAY 8T uIuRe)
D1TPUIUNIURN P wasuinuiunnees @ wa 7 Mluvwuiunainaunisssunulaleglandnnig
YDITLUNUTNILYA 1 90 WAZLEUARINABINNBTAVUALY IABNNBTARINARILUNUMILARN 7 = T x T

YD A =7 X i
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#2987 2.25. [3] 90NN ITOITTUIUTHIAA P(0, 5, -2) uasawuifunnees A uas B
do A =12, -1,2 wae B = [-1,-2,1]

57 Wi = 4 x B avlan i idunnwesdminaessuiviag

i j ok
F=AxB=|2 -1 2/=3—4j-5k
-1 -2 1
FUY AUNITVDITEUIUTLAD 3(z) —4(y —5) — 5(2+2) =0 W3D 3z — 4y — 5z + 10 = 0 O

[3] miu‘mwmuam 390 P, Q uaz R Asnmil 16 uanansamasmssrulawuieaty
Tngszunuiinuge 3 m%ﬂluamamaummmau wfifinsszuuifier Tnsnmsasannees PO uay PR
Jannwesssanmessunumlaan i = PQ x PR uazidenga P idugediszuiunny

T T

0
~4 ‘\,\\.P ~ ~4 2 &
AN
/ \\*.R \_.\, / } R \y
: 5 } e

AN 16 STUTUNRIURA P, Q Uae R
F98N 2.26. [3] JWMAUNITVRITLUNUNNILAA P(2,1,1), Q(0,4,1) ude R(—2,1,4)
. asnnmesifigaiumuinty 2 nnmesluiidfennines PO way PL lagi

PO=[0—-24-1,1-1]=[-2,3,0]
PTI%: [-2-2,1—1,4—1] =[-4,0,3]

MINNABTAIRINADITLUIUNT ﬂﬂﬁ’ll@’i]’]ﬂ

i jk
7=POxPR=|-2 3 0|=97+6]+12k
4 0 3
AU AUNNTVDIITUNULAD 9(z — 2) +6(y — 1) +12(z2 — 1) =0 O

mmswaavmiaquusumummnu mmummum 390 mmmmﬂuamfmLaumamsj’mu LANBITTUIU
LR HAZVINABINITNTIVINGA S (wm 4) S = (x4, Y4, 24) Lﬂuamuuiumwaswmmdm Tmhunaziin

94 S "LULmuTuaumssvmu Jude 1 T4 a2 IﬂLLmumaLLUs Ty, 2 TuaunsszuIumUaIfU
MnATlAeNUIINEU 0 u,am'mm‘m 4 aauusumumﬂan

mneilaoenulumniu 0 u,ammq;m‘m q Imaquuﬁzmumﬂén
dwdumsfuumelusunsu Mathematica
auuiln By — (20,0, 20), Py = (w1,y1,21), P2 = (22, y2, 22) ﬂ’]iﬁ]i’Jﬁ]ﬁ@U’J"lﬁmﬁ’jﬂ 3 agjuuazmmﬁmﬁu
visaluaylystendu
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CoplanarPOintS[{$0) Yo, ZO}) {xlu Y1, Zl}7 {.’132, Y2, 22}]

[

WINABINIINTINAOUANNTUIZUIU n 90 AzReufinfiinvesgedaluaniidad 3 Aadl

CoplanarPoints[{xzo, yo, 20}, {1, y1, 21}, {z2, Y2, 22}, - - -, {@n, Yn, 20 }]

v (%

HaTNsYasandu Ao True 1WOANINBINTITANANTUIVIMUBYUUTLUIUALINY Lay False 110309nBanTs

(%

ﬁ%?i&ﬂ%?ﬂ@ﬂiﬂ@%UUi%UﬁULaﬁﬁﬁﬂ

mama 2.27. fmun 39 A(1,3,0), B(5,4,3), C(2,4,6), D(10,5,5) uas E(—3,4, —2) fan1nil 17
@6@ﬂ73%§7U37

1. 98 D 8guUsEUIY ABC i3l

2. 39 E 98UUTEUI ABC v3sly

AN 1790 A, B, C, D waz E Tud3gi 3 {f

W, 1. asannees AB uae @
ndeens 2.21 1o AB = [-4, | uas CB = [-3,0,3]

2. FUINNAEIERIN AD x OB

i ik
ABxCB = |-4 -1 -3
3 0 3

= —3i+21j -3k
3. 2 |PAUNITIZUIU AD
—3(x—5)+21(y—4)—3(z—3)=0

4. vedouyn D(10,5,5)
MUUALA f(z,y,2) = —3(z — 5) + 21(y — 4) — 3(z — 3)

WAT0UN
£(10,5,5) = —3(10—-5)+21(5 —4) —3(5 - 3)
= —3(5)+21(1) — 3(2)
= —15421-6
=0

a3Ulann an D(10,5,5) pYUUTTINUREITUTEWIY ABC
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5. NAADUYN E(—3,4, —2)
MUUALA f(2,y,2) = —3(z — 5) + 21(y — 4) — 3(z — 3)

NI
f(=3,4,-2) = —3(10 —(=3))+21(5—4) —3(5 — (-2))
= —3(13) +21(1) — 3(7)
= —39+21-21
= -39

ayUlann an B(-3,4, —2) lueguusvunuimeniuseuny ABC

dwmsulusunsy Mathematica

Untitled-1* - Wolfram Mathematica 13.1 Student Edition - Personal Use Only
File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

WOLFRAM MATHEMATICA

In Out —

E}} v (m) v |+ InsertCell... viml B] G g dp @) () e [Zr
In[1]:= CoplanarPoints[{{1, 3, @}, {5, 4, 3}, {2, 4, 6}, {10, 5, 5}}]
out[1]= True

inl2].= CoplanarPoints[{{1, 3, @}, {5, 4, 3}, {2, 4, 6}, {-3, 4, -2}}]

out[2]= False

A 18 MIAMWINAA D Uagdn E LHouand1eguuszuIy ABC w3sly
aelUsHNIU Mathematica



UNN 3

NIUAIUUNTIANenUN (Enumerations of polyhedra)

GIMﬂ"liﬂﬂ‘lﬁ%’]ﬂﬁ\‘iﬂﬁ?ﬂﬂ@’]ﬂmﬂ'}ﬂ'ﬁLL"(]\TTJU‘V]N‘Via'WEJMTJ'WI@J?IZLI‘UG]&E]G]Q@EN?WULQE]TJI“UV]LTW&UIR] 1y

ﬂauaumLsmumﬂmiwm'ﬁmanulﬁum'ﬁl,t,aﬂmaqmwmsrvrm FafimnuaangAdaiuLwInIanisUseneula
auudaansluund 1

3.1 auudgiuvealaymn (Assumption of the problem)

Tunsfinuil Liww‘mmwﬂmwmaﬁﬁwaaﬂLﬁugﬂmawaLwﬁam Liﬁqﬁmimﬁaamaymm
ﬂagmﬁaamﬂgaqﬁaﬁ
1. gﬂwmamﬁlauﬁﬁwmﬂszﬂau G;jaal,ﬁugwmamﬁ'ammzmu
2. Lwiazf\;maqmwawuﬁwzgnL%am’ma;mmgﬂmmam?{au
3, VJﬂLgu%aUGUE]QVliﬂWa’]EJWJ’] ﬁaéumammgﬂwmam?iw
0. veuunazauar iUy snunAuan uazludivoulmisognigluzunsaianey
5. gﬂwawm?{auﬁﬁwmﬂszﬂau pasluidumvemsmvanemin

WieRarsannswanenulugunsnluauifasnuimsmaienuilssinnniee dveyaves s
fifnvetgaeen lAWTeNsEHINALen Yaeaniiiiurnuvemsmanenuuaazrul Inesiusanlan Tsunsy
neAllaA1ans (Mathematica) Fslunuauandasyilazlvveyadenanlunisdiuim 1

$188 3.1. Y0YAVBIMNTIANU (tetrahedron)

NN 19 NTIENUN
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- AEOA (MUEIRUVBIAYL)
{00\/5_1} {_1_1_ ! } {_ L1 1 } {10_1}
7732\/6: 2\/5’2,2\/6’ 2\/37272\/6; \/5”2\/6

- ey
{1, 23, {1, 3}, {1, 4}, {2, 3}, {2, 4}, {3, 4}

. QmsaﬂﬁLﬂwmﬁuaqmmmwmu,m'awm
{2,3,4},13, 2,1}, 14,1, 23, {1, 4, 3}

3.2 Waulvnsuwassiu (Conditions of enumeration)

[
(%

PNANUAFIU 1 Uag 2 5fiasannmsnihsuraewmtsuunyseneuiu lneweuiuniegn visidnne
Tnauufgiu 4 uas 5 agviila

1. yefigniey fRnsidu 2n WeUsenaugunatewmdey » U o 9adinand

9

2. aglufigaladAn3nndu 2 szasilumniiasuseugasinan luduguranamdenund Fadnues
fuflonmves nswanenuIyy duAegeynInnesdugaeuinguranewieusag 2 JUvuly

aa A

ety gavnganasfndidudiuiug uwasliinduinnn 2 Jndudeulunisuasiu

3.3 YUABUISIUNISLATU

L‘INE]ﬁ‘jN‘UUMQU’)Sﬂ’]ﬁLLQQUUWNﬂaWEJMUWV]QJ&&JUG]EE]@V’]@EN?WU?NV]L?’W]E]ﬂfﬂi 137198 NANTUAUUS
“UEN‘V]N‘W@’]EJWU'] IﬂEJUEJ']ZJ@’]??WVIWU%’]iJLWEﬂ?JUi”ﬂ@‘Uﬂ'ﬁLL‘\]\‘iuUﬂQu

AUNFIN V= {v1,v9,..., 00} Lﬂuwjmawmaamaqmwmwm Wag fi = {vi,vig, .., 0i, }
Jumavemund i 49 f; CV uag f; ﬂE]LGZJG]‘UENﬁ]@EJE]GWNmeJENMU’l fi

uniieny 3.2,
T ABC Wugeganvemsaanenun laefl A Usslindu B uaz A Ussliaiu C waz deg(A) =

¥NA1IN
1. AB Usg@infinnu (closely adjacent) iu AC m A, B,C aauwmmmﬂu
2. AB U323nn35991unU (oppositely adjacent) AC 01 A, B, C lﬁaguummlﬁmﬁ’u

nandnteniliieqn B fnfuiuan C lnell A Juarandeivaiio AB Ussdafnatuiu AC Tne
i A iugauanesu WemnunseduaniniFenlaegon ga B Aatufuge C

wazaEnan B nsvniuan ¢ Taell A ugeensdefnaidio AB Usslnnssuuiu AC Taod
A Jugauanemy emunseduanunsadenlassen 9a B aswniuge C
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FBUN 3.3, MNUARN vy , V4, V6 , V1a HAE vag FININT 20

AN 20 A0 v2 , V4, Vg , V14 HAE V2o UUNTIVANENUN

ﬁﬂLﬂG]’DT{]’Wﬂﬂ’WW (3 ‘Uiu"dﬂﬂU V25 V1, V14 WhaE vog
Wﬁ]’ﬁﬂﬂ 'VTU']‘UENV]NW&"]EJMUW‘U’NWU WU vg , vg LA vg E)EJUUMUW‘U@QV]NM@’]EJMU’] f:=lvg, va, v, v4}

VA
ayulan veve UseBaRnAui vevs

Tuviusafeniu.
1. vgug Useaadanunu VgU22
2. VU2 Useaamanunu VgV14

[

3. vv1g UTETARAAUNY vgvy

|
NNFIDUIUASITUL FUNAN v6, va UAE V1o MIBEUUNU LAY
a3Ulann vvs UseTn3auuiU vevss
TuvnusaReINU. vy UTETARTIVINAY vgvs O

TutumouaameveMsuennsmalemesndusunanewaey iazmnesuenlainguiilaeanu
wugvezls Tunisduunguisdsdydsmadumuaunsimiluguuuuindng (cycle) wislnladndnsvesgunane
widsulpeaznatndy Tdnsihunssviudiemmneluil
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unien 3.4. YpdnsiAunsen

v = {vo,vl, e, Un} Lﬁummsuaaamaamsuaamwmsrmjﬂ LLazama‘h; fi == {vf, v}, ... vk}
Lﬁummawmamammw i Inefi3eadsuuuaiu Tng v()v’lvg vk e vy = v 0y v € V NI
WUAAY v)vf vl .. .0l Lﬁmmmmumwm (oppositely cycle) Amaidle

1. WUNAY vl oy ... v, 1Tuindns

2. auBnUeuNAUAIUN i LTUAUAI8TINVOIENTNVBIMUNAUAWUN i + 1 uaz i — 1
dmivul<i<k-1
3. ynaundnandiugiianiu wazandnafuanRnfudugensemiu
9‘1")98’1\1 3.5. ﬁﬁ‘l/ium;ﬂ Vg, V16, V18, V9, V19 LbaY v17 ﬁ\‘i.ﬂ']Wﬁ 21

V13

AN 21 90 vs, vig, Vis, Vg, V19 HAY V17 UUNTINANENU

NTUseuLAuln USUIGV18V9V19V1 VS (sooipudthdulunmi 21) Lﬁjmmﬂﬁ LaTLAAY f\]mﬁuw
Umaﬁ’;mammﬂﬁvmmu LAzl oRANTUNEITUVDITOUAY vsv1601800 V100178 AR avLLmLﬂuam%ﬂ

QJd

afmuquawam&uﬂammmu
« AUNTNENUR : V16, vy, V17

J ﬁll']%ﬂﬁ']@#‘Ua . Vs, V18, V19

[

mﬂ‘uwuam 3.2 mmamm’ﬂmwm V16 maﬁumnmm g, Vg AU v17, Us mqmmmm v1g LAY

q
aaa [

1)18 @liﬂ‘?ﬂllﬂ‘U"ﬂ@ V19 ‘L!‘LIﬂE] ‘Vlﬂam%ﬂmﬂwmmﬂu LLa”ﬁiJ']sUﬂa']éfUﬂm@ﬁﬂumjuqlﬂmﬁﬂmqﬂﬂu
ﬁ\‘iuu V8V16V18V9V19V17V8 Lﬂu'ﬂﬁ%ﬂil@umiﬂ%qm
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nuuAuda i duinInsiaunseuIu vjvlvl . .. o), EuruusnLasALRLIEANIeAeYaLRE L)
mﬂaw‘hmeqmmsﬂﬂugmﬁmﬂa VYUV .V wITUN "’J’gé’fﬂﬂaumwma@gﬂ (oppositely cycle
reduce)

VUL msaumLmuwaaam%ﬂmLﬂmmﬂsmumwmamﬂ (left shift, right shift operator ) Saviiln

amszmmﬂﬂmﬂmﬁamﬂmgaﬂsmumwmamﬂ WU i) vy auimEJﬂﬁ‘mamszmmmamlmmam%ﬂ
mmuﬂnma wla A Ve Vg1 o V1 U0 - Vi 1‘VﬁﬂLG]&JG]’]LLMUQﬁ@W]EJWJEJﬁﬂJ’]‘UﬂGI”JLLiﬂLLa’Jﬁ] AoAAADS
fuunfenusia 3 1o VO INTHAUATIVY

|
v aa U %

unileny 3.6. @undn 3 MAunRefuYeININIFunTINanIU A8iiunn 3 evediinsiiunswuangy
nFnru

MNBWY @119 TN INTAUATIVINAAFUNRANY v)v] vy @oARRBINUIANTIVINAULAETIAN vf) ATUIUTY
0 o loed o) 1Jugneneds

3.4 nsuenvsaneueenduwiifvessuvaswaeuunfviinife i

’mewﬂmwmwﬁwLﬂugﬂwmam?{wﬂﬂa %v‘hmﬁmaaaauL’ﬁlauléumaqagumﬂaqmmsa%m WAy
aqmaywﬁwammgmmﬁu

91 g Lﬂu@mgwﬁa o7 v, UseBnfU v;, v, v WAE vy gﬂfl’j\‘iﬂiﬂ g mq%mﬁ’mm v WAY v; AT
%mﬁm;@ )
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a1alsfiny MnawInTeIWINAUINA YiSeaunTnvesvwinvesyNadeuuad daundniie
wilanndn indainnudnduneinsivaeunisegunsE IRty

3.5 nswennsvatevuieenduuniidvesgunateaenuussuy

Tunsaliiunsdiliunndstuainiue 3.4 Lﬁﬁqﬁﬂmsmmaaumiaéuuivmmﬁmﬁmﬁamm
aaumiﬂiyﬂammaaiﬂmmsmaamuusumu ImEﬂmmﬁumauﬁusﬂmawmaEJmJﬂm S msuis ez s
mawmmqmma ammﬁaa PAMUAYBINTIVNAN N LLam1ﬂﬁaiwamﬂamumwmamﬂ Tasewineas
amﬂs%umsmmaaam;w‘iﬂummmmmﬂsmaguuizmummﬂumdm

%Qﬂénimaaquﬁﬂﬁwamioﬁ’wLﬁumi@suiﬂsl,mﬁmaaﬂL‘ﬁu 3 sunevladel

1. msuastiumeioulvvesgannaeiiindidudiuaug

whwnveya (input)
1. Yovemsavanenuvia 110 sUuuy
2. FUNUIRAAYAVBIN T YNUNTEINUAY

3. wadvlivesye 2 aiidudureivemsmalenn (30 2 9afiuszan

9

[y

)
N3LVIUMS (procedure)
1. tuaundndeil nlugsduivaign 2 gafiuduresomsmanev
1.1. vnenitlactusuiug udwisdelu
1.2. winenfilaidudnua negANsHUkAE AT FUMUUAALY
u.amwaﬁaga (output)

1. sUnsmateymniinudeulvdniidudiuiue

2. YDUDANTIVIAYNUIAINAT?

INMIATIRFR U UM INTIWaenNdennassiuleulufnin J9uiu 29 JUkuy Feagly
NImMAEEINg 29 sunuulunisasiaaeuteululutunaudaly lnensavianenunna 29 sUkuunIY
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Waulvvnenuiinasail
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o v e f

Octahedron 6 12 8
Cuboctahedron 12 24 14
Icosidodecahedron 30 60 32

Small Rhombicosidodecahedron 60 120 62
Small Rhombicuboctahedron 24 48 26
Elongated Square Dipyramid 10 20 12
Triangular Orthobicupola 12 24 14
Square Orthobicupola 16 32 18




28

o U v B f

Square Gyrobicupola ‘( 16 32 18
Pentagonal Orthobicupola , ’ 20 40 22
Pentagonal Gyrobicupola ( k 20 40 22
Pentagonal Orthocupolarotunda ‘ \ 25 50 27
Pentagonal Gyrocupolarotunda ‘ : ;\ 25 50 27
Pentagonal Orthobirotunda v 30 60 32
Elongated Triangular Orthobicupola 0 18 36 20
Elongated Triangular Gyrobicupola V 18 36 20
Elongated Square Gyrobicupola u 24 48 26
Elongated Pentagonal Orthobicupola O 30 60 32
Elongated Pentagonal Gyrobicupola Q 30 60 32
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2D
®

Elongated Pentagonal Orthocupolarotunda 35 70 ST

Elongated Pentagonal Gyrocupolarotunda 35 70 37

Elongated Pentagonal Orthobirotunda 40 80 42

Elongated Pentagonal Gyrobirotunda 40 80 42

Triaugmented HexagonalPrism 15 30 17

Gyrate Rhombicosidodecahedron 60 120 62

Parabigyrate Rhombicosidodecahedron 60 120 62

Metabigyrate Rhombicosidodecahedron 60 120 62

Trigyrate Rhombicosidodecahedron 60 120 62

peeeeyeeee:-

Triangular Hebesphenorotunda 18 36 20

A7 23 naansn1suatiunietouluvesganngaliinsidudiuing uasfniveduaasnsIvialen

9

2. mavenvssianevweendunniidvesgunatevaenunfviingieiu
\lensIvdeunsImanenniiaudinasnnasiunisfnionnsmatenuimeReuluroy 39
UIMTIMAENUITHIUNIINTOINIETURDUN 1 WIgNTEUIUNTAI]
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dveya (input)
YOUDIMN TN 29 JULUY
FUMUANARNYAVDINTINANENUS BRI LAY

a o

wadtivesn 2 nduauvesvemsmalenul (In 2 yfivsedaiu)

Lo

4. waduilvesaiidugaeenveusagvdnuum At
N3LVIUMS (procedure)
- yaadnfuleed i idugaensds
yaansealaed i 1ugnensde
E‘I;Nﬁ!ﬂmi@@I@EJU%ﬂ@UGT’JEJ a;mmq%magﬂﬁwfiq a;ﬂaywﬁq LLazgmmqﬁmwﬁaaq AUARU
fMunmyunaueiiardlutuseud 3.

eunoun 1-4 lngUdsunviived ¢ IMATUNNIAVBIMTIMAENUIAINAT

G B N e

#191501N158L HEUVDIAUTNINVUIAVBIYUTLAINTUADUN 5. IVUA

6.1. MNALNEANBULAYY %ﬁwu,amwaLLasémulUﬁ'mmgﬁwmam?ismmsa?wmumaagﬂwma
wiasTithuUsznouiy
6.2. winiinanerney axluudnina wazasinnsanvmsmatsnundaly
LLamwa{l'aga (output)
1. gﬂmwmwﬁwﬁcﬁuﬁaulmamu (gmnﬂguﬁé%mﬁu)
2. Fovomwsmaterundina
3. ﬁi’ﬂmumaqgﬂmmst?ismﬁﬁ']mUﬁzﬂau
4,

sUraewmaguimhuUseney

Y v '

nsfndennsmansnumeievlrvesy Inswaenuiuleuly 3.4 wazanunsausnidugy
VANEWMALN NIVUA 5 JURUY Fil
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o U LLWﬁﬁ%aagﬂwmﬂmﬁﬂu
Octahedron 3 of
Cuboctahedron 4 of
Icosidodecahedron 6 of
Small Rhombicosidodecahedron 12 of
Small Rhombicuboctahedron 6 of

M9 24 naansvINIsLennsmateruiesnduunifvesgunatewvdenunfulafedi

3. Msuennswanenwean duuniifvesgunaiemdenuuseuy

Y v

[anTI9dUNTIMatsnunilantinasnmanstunIsAadonnsivatenuimgdaulvvosnnudy
52U FNNNTIWMAENUTRIUNITNTBINIETURDUN 1 WIENTEUIUNTA

UvaYa (input)

W e
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YOUDIMTIMAVU 29 FULUY
FUUITINAAYDINTIVAENUNTEIA LAY
wadviivedgn 2 aiiduauvewomsmanenun (30 2 9aiiUszdniu)

waiviiveafidugneonve AR INAAULVSIIANB VW

ASEUIUNIS (procedure)

A .

yaadniulaed i 1ugnensds

yyemssvslaed i 1ugnensds

914 3 gavesiginaifiunsuangURiniy

ATTAiio TV 3 9vesigdnaifunsmuansUiiAnty

gunoun 1-4 Inewdsudviived i lnAsunNNnveImsmaIenuIfmnal? aslawnues 3
Ui InTAUATIILangUNRATUAT AL
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6.1. WMnauFngarouslusaiumndn sguussIuReItY a]wwmimwmmaimummmﬂi
mumwmamﬂ LuammmﬂimumwmamﬂLLm YRRINANIALITYNINTAVDY AL
In90 3 eIV
6.2. MnauBngaTaslugaiuann lueguusruuientu agluuandus uagazfiansan
ysavaevialy
7. fvupign 3 ﬂmmammﬂimumwmamﬂwmﬁ’ua“aﬂm Inasthaudnpuauiu aun-
090 3 PAALIVES UaY ﬁ’JUﬂaU"Uaﬂﬂﬂﬂ‘Uﬂ‘i}(ﬂ 3 gaiiAeaved

(% v
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2 LL@”’J{]QﬂiL@U@iﬂ‘U’WNﬁ@iUVIG}ﬂﬂu
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2. Hovowmsmanmuidana
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4.1 nsusnvsaneueenduwiifvesguvaewasuunfviinife iy
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in1:= PD1 = "Tetrahedron";
PD2 = "Cube";
PD3 = "Octahedron”;
PD4 = "Dodecahedron";
PD5 = "Icosahedron”;
PD6 = "Cuboctahedron";
PD7 = "GreatRhombicosidodecahedron";
PD8 = "GreatRhombicuboctahedron";
PD9 = "Icosidodecahedron”;
PD10 = "SmallRhombicosidodecahedron";
PD11 = "SmallRhombicuboctahedron";
PD12 = "SnubCube";
PD13 = "SnubDodecahedron”;
PD14 = "TruncatedCube";
PD15 = "TruncatedDodecahedron”;
PD16 = "TruncatedIcosahedron";
PD17 = "TruncatedOctahedron";
PD18 = "TruncatedTetrahedron";
PD19 = "AugmentedDodecahedron";
PD20 = "AugmentedHexagonalPrism";
PD21 = "AugmentedPentagonalPrism";
PD22 = "AugmentedSphenocorona";
PD23 = "AugmentedTriangularPrism";
PD24 = "AugmentedTridiminishedIcosahedron”;
PD25 = "AugmentedTruncatedCube";
PD26 = "AugmentedTruncatedDodecahedron";
PD27 = "AugmentedTruncatedTetrahedron";
PD28 = "BiaugmentedPentagonalPrism";
PD29 = "BiaugmentedTriangularPrism";
PD30 = "BiaugmentedTruncatedCube";
PD31 = "BigyrateDiminishedRhombicosidodecahedron”;
PD32 = "Bilunabirotunda";
PD33 = "DiminishedRhombicosidodecahedron";
PD34 = {"Dipyramid", 3};
PD35 = {"Dipyramid", 5};
PD36 = "Disphenocingulum”;
PD37 = "ElongatedPentagonalCupola”;
PD38 = "ElongatedPentagonalDipyramid"”;
PD39 = "ElongatedPentagonalGyrobicupola”;
PD40 = "ElongatedPentagonalGyrobirotunda”;
PD41 = "ElongatedPentagonalGyrocupolarotunda”;
PD42 = "ElongatedPentagonalOrthobicupola”;
PD43 = "ElongatedPentagonalOrthobirotunda”;
PD44 = "ElongatedPentagonalOrthocupolarotunda”;
PD45 = "ElongatedPentagonalPyramid”;
PD46 = "ElongatedPentagonalRotunda";
PD47 = "ElongatedSquareCupola”;
PD48 = "ElongatedSquareDipyramid";
PD49 = "ElongatedSquareGyrobicupola”;
PD50 = "ElongatedSquarePyramid”;
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PD51 = "ElongatedTriangularCupola”;

PD52 = "ElongatedTriangularDipyramid”;

PD53 = "ElongatedTriangularGyrobicupola”;

PD54 = "ElongatedTriangularOrthobicupola”;

PD55 = "ElongatedTriangularPyramid";

PD56 = "GyrateBidiminishedRhombicosidodecahedron™;
PD57 = "GyrateRhombicosidodecahedron”;

PD58 = "Gyrobifastigium";

PD59 = "GyroelongatedPentagonalBicupola”;

PD60 = "GyroelongatedPentagonalBirotunda”;

PD61 = "GyroelongatedPentagonalCupola”;

PD62 = "GyroelongatedPentagonalCupolarotunda";
PD63 = "GyroelongatedPentagonalPyramid";

PD64 = "GyroelongatedPentagonalRotunda";

PD65 = "GyroelongatedSquareBicupola”;

PD66 = "GyroelongatedSquareCupola”;

PD67 = "GyroelongatedSquareDipyramid”;

PD68 = "GyroelongatedSquarePyramid";

PD69 = "GyroelongatedTriangularBicupola”;

PD70 = "GyroelongatedTriangularCupola”;

PD71 = "Hebesphenomegacorona";

PD72 = "MetabiaugmentedDodecahedron”;

PD73 = "MetabiaugmentedHexagonalPrism";

PD74 = "MetabiaugmentedTruncatedDodecahedron”;
PD75 = "MetabidiminishedIcosahedron”;

PD76 = "MetabidiminishedRhombicosidodecahedron";
PD77 = "MetabigyrateRhombicosidodecahedron”;
PD78 = "MetagyrateDiminishedRhombicosidodecahedron”;
PD79 = "ParabiaugmentedDodecahedron”;

PD80 = "ParabiaugmentedHexagonalPrism";

PD81 = "ParabiaugmentedTruncatedDodecahedron”;
PD82 = "ParabidiminishedRhombicosidodecahedron";
PD83 = "ParabigyrateRhombicosidodecahedron”;
PD84 = "ParagyrateDiminishedRhombicosidodecahedron”;
PD85 = "PentagonalCupola”;

PD86 = "PentagonalGyrobicupola”;

PD87 = "PentagonalGyrocupolarotunda”;

PD88 = "PentagonalOrthobicupola”;

PD89 = "PentagonalOrthobirotunda”;

PD90 = "PentagonalOrthocupolarotunda”;

PD91 = "PentagonalRotunda";

PD92 = {"Pyramid", 4};

PD93 = {"Pyramid", 5};

PD94 = "SnubDisphenoid";

PD95 = "SnubSquareAntiprism";

PD96 = "Sphenocorona”;

PD97 = "Sphenomegacorona";

PD98 = "SquareCupola”;

PD99 = "SquareGyrobicupola";

PD100@ = "SquareOrthobicupola”;
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PD101 = "TriangularCupola”;

PD102 = "TriangularHebesphenorotunda”;

PD103 = "TriangularOrthobicupola”;

PD104 = "TriaugmentedDodecahedron™;

PD1@5 = "TriaugmentedHexagonalPrism";

PD106 = "TriaugmentedTriangularPrism";

PD107 = "TriaugmentedTruncatedDodecahedron”;
PD108 = "TridiminishedIcosahedron";

PD109 = "TridiminishedRhombicosidodecahedron";
PD110 = "TrigyrateRhombicosidodecahedron”;

NAME = {PD1, PD2, PD3, PD4, PD5, PD6, PD7, PDS, PD9, PD10, PD11, PD12, PD13, PD14, PD15,
PD16, PD17, PD18, PD19, PD20, PD21, PD22, PD23, PD24, PD25, PD26, PD27, PD28, PD29,
PD30, PD31, PD32, PD33, PD34, PD35, PD36, PD37, PD38, PD39, PD40, PD41, PD42, PD43,
PD44, PD45, PD46, PD47, PD48, PD49, PD50, PD51, PD52, PD53, PD54, PD55, PD56, PD57,
PD58, PD59, PD60, PD61, PD62, PD63, PD64, PD65, PD66, PD67, PD68, PD69, PD70, PD71,
PD72, PD73, PD74, PD75, PD76, PD77, PD78, PD79, PD80, PD81, PD82, PD83, PD84, PD85,
PD86, PD87, PD88, PD89, PD9@, PD91, PD92, PD93, PD94, PD95, PD96, PD97, PD98, PD99,
PD100, PD101, PD102, PD103, PD104, PD105, PD106, PD107, PD108, PD109, PD110};

p=0;

For[kk = 1, kk < Length [NAME], kk++,

A = N[PolyhedronData [NAME[kk], "VertexCoordinates"]];
B = PolyhedronData [NAME [kk] , "EdgeIndices"];
For[i =1, i< Length[A], i++,
k=0;n=0;
For[j =1, j < Length[B], j++,
If[MemberQ[B[jl, i] == True,
k=k+1;
(*Print [i,B[jT,k,n];*)
15
15
If[EvenQ[k] == False,
(*Print ["k=",k];*)
n=1;
Break[]
15
(*Print[n];=*)
15
(*Print[n] ;=)
(¥Print ["-— - "1s%)
If[n==0,
Print [PolyhedronData [NAME [kk] ],
kk, " ", NAME[kk], " has even degree of all point"];
p=p+1;
15
15
Print["There are

» P, " Form"];
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Ceeoeeoe vy

3 Octahedron has even degree of all point

6 Cuboctahedron has even degree of all point

9 Icosidodecahedron has even degree of all point

10 SmallRhombicosidodecahedron has even degree of all point

11 SmallRhombicuboctahedron has even degree of all point

39 ElongatedPentagonalGyrobicupola has even degree of all point

40 ElongatedPentagonalGyrobirotunda has even degree of all point

41 ElongatedPentagonalGyrocupolarotunda has even degree of all point

42 ElongatedPentagonalOrthobicupola has even degree of all point
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43

44

48

49

53

54

57

77

83

Check Even Degree.nb | 5

ElongatedPentagonalOrthobirotunda has even degree of all point

ElongatedPentagonalOrthocupolarotunda has even degree of all point

ElongatedSquareDipyramid has even degree of all point

ElongatedSquareGyrobicupola has even degree of all point

ElongatedTriangularGyrobicupola has even degree of all point

ElongatedTriangularOrthobicupola has even degree of all point

GyrateRhombicosidodecahedron has even degree of all point

MetabigyrateRhombicosidodecahedron has even degree of all point

ParabigyrateRhombicosidodecahedron has even degree of all point
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86

87

88

89

90

99

oLy By

PentagonalGyrobicupola has even degree of all point

PentagonalGyrocupolarotunda has even degree of all point

PentagonalOrthobicupola has even degree of all point

PentagonalOrthobirotunda has even degree of all point

PentagonalOrthocupolarotunda has even degree of all point

SquareGyrobicupola has even degree of all point

100 SquareOrthobicupola has even degree of all point

102 TriangularHebesphenorotunda has even degree of all point

103 TriangularOrthobicupola has even degree of all point
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105 TriaugmentedHexagonalPrism has even degree of all point

110 TrigyrateRhombicosidodecahedron has even degree of all point

There are 29 Form
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In[115]:=
PD1 = "Octahedron”;
PD2 = "Cuboctahedron";
PD3 = "Icosidodecahedron”;
PD4 = "SmallRhombicosidodecahedron";
PD5 = "SmallRhombicuboctahedron";
PD6 = "ElongatedSquareDipyramid";
PD7 = "TriangularOrthobicupola”;
PD8 = "SquareOrthobicupola”;
PD9 = "SquareGyrobicupola”;
PD10 = "PentagonalOrthobicupola”;
PD11 = "PentagonalGyrobicupola”;
PD12 = "PentagonalOrthocupolarotunda";
PD13 = "PentagonalGyrocupolarotunda";
PD14 = "PentagonalOrthobirotunda”;
PD15 = "ElongatedTriangularOrthobicupola”;
PD16 = "ElongatedTriangularGyrobicupola”;
PD17 = "ElongatedSquareGyrobicupola”;
PD18 = "ElongatedPentagonalOrthobicupola”;
PD19 = "ElongatedPentagonalGyrobicupola”;
PD20 = "ElongatedPentagonalOrthocupolarotunda”;
PD21 = "ElongatedPentagonalGyrocupolarotunda"”;
PD22 = "ElongatedPentagonalOrthobirotunda”;
PD23 = "ElongatedPentagonalGyrobirotunda”;
PD24 = "TriaugmentedHexagonalPrism";
PD25 = "GyrateRhombicosidodecahedron”;
PD26 = "ParabigyrateRhombicosidodecahedron”;
PD27 = "MetabigyrateRhombicosidodecahedron”;
PD28 = "TrigyrateRhombicosidodecahedron”;
PD29 = "TriangularHebesphenorotunda”;

(*CS1 ="TrickisTetrahedron";

CS2 ="RhombicDodecahedron";

CS3 ="TriakisOctahedron";

CS4 ="TetrakisHexahedron";

CS5 ="DeltoidalIcositetrahedron";
CS6 ="DisdyakisDodecahedron";

CS7 ="PentagonalIcositetrahedron"”;
CS8 ="RhombicTriacontahedron”;

CS9 ="TriakisIcosahedron";

CS10 ="PentakisDodecahedron";

CS11 ="DeltoidalHexecontahedron";
CS12 ="DisdyakisTriacontahedron";
CS13 ="PentagonalHexecontahedron";x)

NAME = {PD1, PD2, PD3, PD4, PD5, PD6, PD7, PDS, PD9, PD10, PD11, PD12, PD13, PD14, PD15,
PD16, PD17, PD18, PD19, PD20, PD21, PD22, PD23, PD24, PD25, PD26, PD27, PD28, PD29};
(*NAME={CS1,CS2,CS3,CS4,CS5,CS6,CS7,CS8,CS9,CS10,CS11,CS12,CS13} ;+)

For[kk = 1, kk < Length [NAME], kk++,
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2 | Polyhedron with angle.nb

A={};
B={};
F=1{};
ANS = {};

A = N[PolyhedronData [NAME[kk], "VertexCoordinates"]];

(* s YDIRN 3 ARVDINSINANNA DN U * )

B = PolyhedronData [NAME [kk] , "EdgeIndices"];

(* 1 VBAVDNIN 2 qmﬁ'mm‘ﬂmﬁumaummu.csiazwimmumﬁuu*)

F = PolyhedronData [NAME [kk], "FaceIndices"];
(+1snvosAnitdousuvosiaznindnuo s AEINADNT 1AL+ )

GGG = {};
For[i=1, isLength[A], i++,
AA = {};

For[j =1, j < Length[F], j++,
If [MemberQ[F[J], i] == True,
AA = Append[AA, F[311;
(*WANsUANBAVDN FIJ] 6d
i ogTuamnBnwos FIJ] ud? AA efusawod F[J] dasis)
];
For[k = 1, k < Length[AA], k++,
While[i # First[AA[K]],
AATk] = RotateLeft[AA[K]];
15
(x1@ounnsinuidluaate (s‘f‘msn"lﬂﬁ"mam)nun'h i uiluanndnsiusnwod AA x)
B
B
BB = {};
For[j =1, j < Length[B], j++,
If [MemberQ[B[J], i] == True,
BB = Append [BB, B[jI1;
(+T¥ BB iAulwnvoaduMADIToIAURaA 1 *)
1
B
CB = Complement [Union[Catenate[BB]], {i}];
(+RA9FdU Catenate [BB] éio swamndnviavinmwos BB uismdion (Hushashy) «)
(+RWeFdu Union TuiiidIdidounshairoons)
(+RWaridu Complement Tuiiillafidoun fn i oonx)

(*sz‘fumau BB uar CB (Waawway CB) adnsaunuay WaAwi AdjacencyList[B,i] Ievae*)

cC=1{};
For[k =1, k < Length[AA], k++,
CC = Append [CC, Intersection[AA[k], CB]];
15
(xLoop @wdulafianszuu MAuIdosrduan i Tauiilisau ix)
EE = {};
EEE = {};
For[j =1, j < Length[CB] , j++,
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DD = {};
For[k =1, k < Length[CC], k++,
If [MemberQ[CC[k], CB[jI] == True,
DD = Append [DD, CC[kI1;
15
15 . .
(*Loop aivduidunisusnisnway CCLK] vid CBIJj] tAunaiaex)
EE = Join[{CB[j] }, Complement [CB, Union[Catenate[DD]]1]1];
(*EE :iusuonsNasNtnuuoNanngn «)
EEE = Append [EEE, EE];
(*EEE @:fUsnvoasidnUnsatinNuosdsnsnvianine )
];
FF = Union [EEE, SameTest » (First[#1] == Last[#2] &)];
(*FF awvinThesn EEE fidhdu widomipaamdioiwingi «)
GG = {};
For[j =1, j < Length[FF], j++,
GG = VectorAngle [A[FFIjIMI11T - A[ill, ACFFIjO 201 - A[il1];
(GG AONNSIN 2 NANDSTINSIAUTNNALL *)
GGG = Append [GGG, GG] ;
B
B
ANS = Union[GGG] ;
Print [PolyhedronData [NAME [kk] ], kk, " ", NAME[kk], " ", ANS];

1 Octahedron {1.5708}

2 Cuboctahedron {2.0944, 2.0944)

3 Icosidodecahedron {2.51327}

4 SmallRhombicosidodecahedron {2.51327, 2.51327, 2.51327}

LR RC R
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4 | Polyhedron with angle.nb

5 SmallRhombicuboctahedron {2.35619}

6 ElongatedSquareDipyramid {1.5708, 2.35619}

7 TriangularOrthobicupola {1.91063, 1.91063, 2.0944, 2.0944, 2.0944}

8 SquareOrthobicupola {1.5708, 2.35619}

9 SquareGyrobicupola {1.71777, 2.35619}

10 PentagonalOrthobicupola {1.10715, 1.10715, 2.51327}

11 PentagonalGyrobicupola {1.25664, 2.51327}

12 PentagonalOrthocupolarotunda {1.88496, 1.88496, 1.88496, 2.51327}

13 PentagonalGyrocupolarotunda {1.65631, 1.65631, 2.51327}

e 8H 8000 we

Printed by Wolfram Mathematica Student Edition



eeecCceCcooe

14

15

16

17

18

19

20

21
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Polyhedron with angle.nb | 5

PentagonalOrthobirotunda {2.03444, 2.03444, 2.51327}

ElongatedTriangularOrthobicupola {2.0944, 2.0944, 2.52611)}

ElongatedTriangularGyrobicupola {2.0944, 2.0944, 2.52611)}

ElongatedSquareGyrobicupola {2.35619}

ElongatedPentagonalOrthobicupola {2.12437, 2.51327}

ElongatedPentagonalGyrobicupola {2.12437, 2.51327}

ElongatedPentagonalOrthocupolarotunda {2.12437, 2.51327, 2.58802}

ElongatedPentagonalGyrocupolarotunda {2.12437, 2.51327, 2.58802}

ElongatedPentagonalOrthobirotunda {2.51327, 2.58802}
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6 | Polyhedron with angle.nb

23 ElongatedPentagonalGyrobirotunda {2.51327, 2.58802}

7| 24 TriaugmentedHexagonalPrism {1.5708, 2.61073, 2.61073}

25 GyrateRhombicosidodecahedron {2.51327, 2.51327, 2.51327, 2.67795}

26 ParabigyrateRhombicosidodecahedron {2.51327, 2.51327, 2.51327, 2.67795}

27 MetabigyrateRhombicosidodecahedron

{2.51327, 2.51327, 2.51327, 2.67795, 2.67795}

@ 28 TrigyrateRhombicosidodecahedron

{2.51327, 2.51327, 2.51327, 2.51327, 2.51327, 2.67795, 2.67795, 2.67795}

29 TriangularHebesphenorotunda {1.88496, 1.88496, 2.51327}

L4
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In[146]:=
PD1 = "Octahedron”;
PD2 = "Cuboctahedron";
PD3 = "Icosidodecahedron”;
PD4 = "SmallRhombicosidodecahedron";
PD5 = "SmallRhombicuboctahedron";
PD6 = "ElongatedSquareDipyramid";
PD7 = "TriangularOrthobicupola”;
PD8 = "SquareOrthobicupola”;
PD9 = "SquareGyrobicupola”;
PD10 = "PentagonalOrthobicupola”;
PD11 = "PentagonalGyrobicupola”;
PD12 = "PentagonalOrthocupolarotunda";
PD13 = "PentagonalGyrocupolarotunda";
PD14 = "PentagonalOrthobirotunda”;
PD15 = "ElongatedTriangularOrthobicupola”;
PD16 = "ElongatedTriangularGyrobicupola”;
PD17 = "ElongatedSquareGyrobicupola”;
PD18 = "ElongatedPentagonalOrthobicupola”;
PD19 = "ElongatedPentagonalGyrobicupola”;
PD20 = "ElongatedPentagonalOrthocupolarotunda”;
PD21 = "ElongatedPentagonalGyrocupolarotunda"”;
PD22 = "ElongatedPentagonalOrthobirotunda”;
PD23 = "ElongatedPentagonalGyrobirotunda”;
PD24 = "TriaugmentedHexagonalPrism";
PD25 = "GyrateRhombicosidodecahedron”;
PD26 = "ParabigyrateRhombicosidodecahedron”;
PD27 = "MetabigyrateRhombicosidodecahedron”;
PD28 = "TrigyrateRhombicosidodecahedron”;
PD29 = "TriangularHebesphenorotunda”;

(*CS1 ="TrickisTetrahedron";

CS2 ="RhombicDodecahedron";

CS3 ="TriakisOctahedron";

CS4 ="TetrakisHexahedron";

CS5 ="DeltoidalIcositetrahedron";
CS6 ="DisdyakisDodecahedron";

CS7 ="PentagonalIcositetrahedron"”;
CS8 ="RhombicTriacontahedron”;

CS9 ="TriakisIcosahedron";

CS10 ="PentakisDodecahedron";

CS11 ="DeltoidalHexecontahedron";
CS12 ="DisdyakisTriacontahedron";
CS13 ="PentagonalHexecontahedron";x)

NAME = {PD1, PD2, PD3, PD4, PD5, PD6, PD7, PDS, PD9, PD10, PD11, PD12, PD13, PD14, PD15,
PD16, PD17, PD18, PD19, PD20, PD21, PD22, PD23, PD24, PD25, PD26, PD27, PD28, PD29};
(*NAME={CS1,CS2,CS3,CS4,CS5,CS6,CS7,CS8,CS9,CS10,CS11,CS12,CS13} ;+)

For[kk = 1, kk < Length [NAME], kk++,
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2 | 20230112 Addition Coplanar.nb

A={};
B={};
F=1{};
ANS = {};

A = N[PolyhedronData [NAME[kk], "VertexCoordinates"]];

(* s YDIRN 3 ARVDINSINANNA DN U * )

B = PolyhedronData [NAME [kk] , "EdgeIndices"];

(* 1 VBAVDNIN 2 qmﬁ'mm‘ﬂmﬁumaummu.csiazwimmumﬁuu*)

F = PolyhedronData [NAME [kk], "FaceIndices"];
(+1snvosAnitdousuvosiaznindnuo s AEINADNT 1AL+ )

GGG = {};
For[i=1, isLength[A], i++,
AA = {};

For[j =1, j < Length[F], j++,
If [MemberQ[F[J], i] == True,
AA = Append[AA, F[311;
(*WANsUANBAVDN FIJ] 6d
i ogTuamnBnwos FIJ] ud? AA efusawod F[J] dasis)
B
For[k = 1, k < Length[AA], k++,
While[i # First[AA[K]],
AATk] = RotateLeft[AA[K]];
15
(x1@ounnsinuidluaate (s‘f‘msn"lﬂﬁ"mam)nun'h i uiluanndnsiusnwod AA x)
B
B
BB = {};
For[j =1, j < Length[B], j++,
If [MemberQ[B[J], i] == True,
BB = Append [BB, B[jI1;
(+T¥ BB iAulwnvoaduMADIToIAURaA 1 *)
1
B
CB = Complement [Union[Catenate[BB]], {i}];
(+RA9FdU Catenate [BB] éio swamndnviavinmwos BB uismdion (Hushashy) «)
(+RWeFdu Union TuiiidIdidounshairoons)
(+RWaridu Complement Tuiiillafidoun fn i oonx)
CC={};
For[k =1, k < Length[AA], k++,
CC = Append [CC, Intersection[AA[k], CB]];
15
(xLoop @dulafianszunu MiAuIdosrduan i Tauiilisau ix)
EE = {};
EEE = {};
For[j =1, j < Length[CB] , j++,
DD = {};
For[k =1, k < Length[CC], k++,
If[MemberQ[CC[k], CB[jI] == True,
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DD = Append [DD, CC[kI1;
15
15 . .
(*Loop aiuduidunisusnisnway CCLK] vid CBIJj] tAunaiaex)
EE = Join[{CB[j] }, Complement [CB, Union[Catenate[DD]]1]1];
(*EE :UusIuonsNuasNtNuuoNanngn «)
EEE = Append [EEE, EE];
(*EEE @:fUsnvoisiidnunsa NN adsndnvianine «)
B
GG = {{EEE[A1][1], i, EEE[1][20}, {EEE[2][M1], i, EEE[2][2]},
{EEE[3][1], i, EEE[3]1[2]}, {EEE[4][11, i, EEE[4TI21}};
GGG = Union[GGG, {GG[1]}, {GGI2]}, {GG[31}, {GGI4D}1;

];

Cycle = {};
ACycle = {};
11 = {};

While[Length[GGG] # O,
test = GGG[[1];
stopl = test[1];
stop2 = test[2];

HH = {test};
TT = {test[1]};
Angle =

Round [VectorAngle[A[[test[1]]] - A[test[2] ], A[test[3]] - A[test[2]]] / r » 1807 ;
EACycle = {Angle};
ALL = {test, Reverse[test]};
While[test[[2] # stopl && test[3] # stop2,
For[l=1,1 < Length[GGG], 1++,
If[test[[2] == GGG1] [1] && test[3] == GGG[1] 2],
test = GGG[1];
(*Print[TT];*)
TT = Append [TT, test[1]];
Angle =
Round [VectorAngle[A[test[1]]] - A[test[2] ], A[test[3]] - A[ftest[2]]] / r » 1807 ;
Break[]
15
15
If[CoplanarPoints [A[TT]],
B
Break|[ ]
15
EACycle = Append [EACycle, Angle];
HH = Append[HH, {test}];
ALL = Append [ALL, test];
ALL = Append[ALL, Reverse[test]];
GGG = Complement [GGG, ALL];
15
ACycle = Append [ACycle, EACycle];
Cycle = Append[Cycle, TT];
If[CoplanarPoints[A[TT]],
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4 | 20230112 Addition Coplanar.nb

11 =o;,
11 =1;
Break[]
15

15

If[1l =0,

For[l =1, 1 < Length[Cycle], 1++,
If[CoplanarPoints [A[Cycle[1]11,

11 =9;,
11 =1;
Break[]
15
15
15
UACycle = Union[ACycle];
If[1l1 =0,

Print["[/]", kk, " ", NAME[KK], " is Coplanar."];
For[l =1, 1 < Length[UACycle], 1++,
ji=e;
For[k = 1, k < Length[ACycle], k++,
If[UACycle[1] == ACycle[k], jj++1;
15
Print[" "y, jj, " of ", Length[UACycle[1]],
"-gons and has angle ", UACycle[1l], " respectively."];
15,
Print[")(", kk, " ", NAME[kk], " is not Coplanar. X “];
|H
B
[¥]1 Octahedron is Coplanar.[V]
3 of 4-gons and has angle {90, 90, 99, 90} respectively.

[¥]2 Cuboctahedron is Coplanar.[v]
4 of 6-gons and has angle {120, 120, 120, 120, 120, 120} respectively.
[¥]3 Icosidodecahedron is Coplanar.[V]
6 of 10-gons and has angle {144, 144, 144, 144, 144, 144, 144, 144, 144, 144} respectively.
[¥]4 smallRhombicosidodecahedron is Coplanar.[v]
12 of 1@0-gons and has angle {144, 144, 144, 144, 144, 144, 144, 144, 144, 144} respectively.
[v]5 smallRhombicuboctahedron is Coplanar.[V]
6 of 8-gons and has angle {135, 135, 135, 135, 135, 135, 135, 135} respectively.
6 ElongatedSquareDipyramid is Coplanar‘.
2 of 4-gons and has angle {90, 90, 90, 90} respectively.
2 of 6-gons and has angle {135, 135, 99, 135, 135, 90} respectively.
X 7 TriangularOrthobicupola is not Coplanar. X
8 SquareOrthobicupola is Coplanar‘.

4 of 6-gons and has angle {135, 99, 135, 135, 90, 135} respectively.
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1 of 8-gons and has angle {135, 135, 135, 135, 135, 135, 135, 135} respectively.

X 9 SquareGyrobicupola is not Coplanar. X

X 10
X11
X12
X13
X14
X15
X 16
X17
X18
X19
X 20
X21
X 22
X23
X 24
X 25
X 26
X 27
X 28
X 29

PentagonalOrthobicupola is not Coplanar. X
PentagonalGyrobicupola is not Coplanar. X
PentagonalOrthocupolarotunda is not Coplanar. X
PentagonalGyrocupolarotunda is not Coplanar. X
PentagonalOrthobirotunda is not Coplanar. X
ElongatedTriangularOrthobicupola is not Coplanar. X
ElongatedTriangularGyrobicupola is not Coplanar. X
ElongatedSquareGyrobicupola is not Coplanar. X
ElongatedPentagonalOrthobicupola is not Coplanar. X
ElongatedPentagonalGyrobicupola is not Coplanar. X
ElongatedPentagonalOrthocupolarotunda is not Coplanar. X
ElongatedPentagonalGyrocupolarotunda is not Coplanar. X
ElongatedPentagonalOrthobirotunda is not Coplanar. X
ElongatedPentagonalGyrobirotunda is not Coplanar. X
TriaugmentedHexagonalPrism is not Coplanar. X
GyrateRhombicosidodecahedron is not Coplanar. X
ParabigyrateRhombicosidodecahedron is not Coplanar. X
MetabigyrateRhombicosidodecahedron is not Coplanar. X
TrigyrateRhombicosidodecahedron is not Coplanar. X

TriangularHebesphenorotunda is not Coplanar. X
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