Omnigarten’

PatternsaandNotions
or'he Joyof Qualitative Geometry Study

Wayne D. Trantow

July 2019

Prologue

One of the great joysf life is observingthings ofnaturedwith as few assumptions as possible.
When we suspend assumption, new perspetteemmepossible When we focus our
observation orflundamental ®@ometricformit is indeedfertile ground for studyfor herewe are
at aplace wherghephysical and theniversalare closeWerecognizehis strategyn thework

of theclassical Greek philosoprewhoforgedinsight throughthe study ofegular polyhedral
solids We can intuitas they didthat fundamentalGeometric fornreveak intrinsic universal
principles.

In contrast taheclassical approach t&eometry study, which is characteristicadiyaticand
guantitative we undertakean informalqualitativestudyof Geometric formas itgrows. From
observatiors maden progressiveébuildoutof nodebasedGeometriomodeswelearna
vocabulary olN a t u dpagtéymengnotions) avocabularythat createsa conceptual fabric
tangible enouglfior our reasoning to work withVhen wehink in terms ohotions,we cansense
dowdNatureexpresses itself physically.

Two Journeys

Geometric pattern is a language of its owike music t conveys meaning beyonehat can be
described by wordsymbols or numbefhis languagguides our awarenessito the realmof
subtlenotions behindNa t u forendnaking

Models are useful anddeednecessaryatlearn the language ofe@metry Furthermoreit is
crucialto work with threedimensional3D) models as opposed to twdimensionabiagrams
forafterallNat ur e 6 s f edimansional.rirthe actlof8Denedelingwe witness
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N a t udesgd principlesifst-hand We canstudy structureom differentviewpoins,

somethinghot easily done with drawings or in thaantitativeanalysegound in yourtypical
geometrytextbook.3D modelsheld in handyenerouly reveal fundamental notions behind

Na t u phgs&calizing.

L et 6 sajdurmay into Geomeitr form study by metaphoricalle nt er i ng
We start herashomage tdiumanhistory, for this is a seminal chapter the story ofhumanity
seeking thdedrockprinciplesbehindlife andphysicalmanifestationWe start heralsoto delve
into aperspetive that wascemented Y the classicatGreekphilosophersand instilledinto the

world viewthatwe shargoday

Quantitative Study

As we enter thédcademy we noticéhe beautifulfurniture - the iconicPlatonic Solids.

Thetetrahedron is the Platansolid
with three triaagular faces arrange
around every vertex. Plato
identified this polyhedron with the
shape of fire atoms.

The cube is the Platonic solid with
three square faces arranged arou
every vertex. Platalertified this
polyhedron with lhe shape of earth
atoms.

The octahedron is the Platonic so
with four triangular faces arranged
around every vertex. Plato
idertified this polyhedron with the
shape of air atoms.

The icosahedron is tHélatonic
solid with five triangular faces
arranged around every vertex. Plal
idertified this polyhedron with the
shape of water atoms.

]
¢
L
@

The dodecahedron is the Platonic]
solid with three pentagonal faces
arranged around every vertex. Plg
identified this polyhedron with the
shape of cosmos atoms.

Pl at o6 s
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Table 1: Platonic Solids
(Imagesand textcourtesy of Geometry Centertae University of Minnesota)

Whatcharacterizes thelatonicSolids as a geometrical setthatthe face okachsolid is a
regular polygon of the same size and shape instincively seethemasstandalonéo b j ect s 6
beautifulrocks if you will.

What characterizes the classical Greek approafiirm studyis that it isGooted in numberg
i.e., thesesolids @nform tothe philosophesdintentto represenfprimarynumbes (e.g, 3,4,5)as
physicalform. This approach inherently begets counting, measuangclassification,
demonstratech Table 2by thevarious descriptors dhe PlatonicSolids:

Vertex figure Faces
A Dual Wythoff L Symmetry
Index Name Picture Dual name ) and Schlafli U# K# |V E | F by
picture symbol group
symbol type
1 Tetrahedron & Tefrahedron & 3123 P Ta U1 |KOB |4 |6 |4 |4{3}
{3.3}
2 Octahedron ‘ Hexahedron ﬁ 4123 ‘ o Uos (K10 |6 (12 |8 |8{3}
3.4}
Hexahedron
3 Octahedron 324 O UOB | K11 |8 12|86 |6{4
(Cube)
{4.3}
4 lcosahedron ‘ Dodecahedron 0 5123 Iy U22 | K27 |12 |30 | 20 | 20{3}
{3.5}
5 Dodecahedron 0 Icosahedron ‘ 325 - In U23 (K28 | 20 |30 |12 | 12{5}
{5.3}

Table 2: Characterization of the Platonic Solids

It also led to a system tfansformationge.g., expansion, stellation, truncatietc) to derive
other formsand a naming systeto identify themasdemonstratech Table 3.
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Dual Wythoff Vertex Symmetry
Index Name Picture Dual name ) ud KE v E E Faces by type
picture  symbol figure group

B
=
[

0008

[} Truncated tetrahedron 233 Ta U02 | KOT (12 18 |8 | 4{3} + 46}
tetrahedron
366
Teirakis
T Truncated octahedron 243 . O U0E | K13 24 (36 14 | 6{d} + B{E}
nexahedron
466
nakis
8 Truncated hexahedron 234 f Oy Udo K14 |24 38 | 14 | B{3)} + B[B}
oclahedron
388
pentakis
] Truncated icosahedron 253 “ In U253 | K30 80 90 | 32 | 12{3) + 20{5)
dodecahedron

riakis

.
=1

runcated dodecahedron 235 Iy U26 | K31 |80 90 | 32 | 20{3} + 12{10}

cosahednon

rhombic
dodecahedron

>

11 Cubatlahedron 234 U0T | K12 |12 24 | 14 | B{3} + B4}

XXX Kok

3434

Table 3: Transformations of the Platonic Solids (Archimedean Solids)

The classical philosophessugit metaphysicamneaning by associatirtge PlatonicSolids to
physical elements.g., fire, earth, air, water and the eth&hile we no longemake such
associationsye still employ the same perspective in our understanding of the.\@anhgider

that e nomenclature ahodern sciences, e.ghemistry metallurgy crystallographyetc.,are
based upon the nomenclature of the Platonic Soltds.thusimportant torecognizethatthe
classical Greeks conferred dominance tedainmodality of compreénding physicalform - a
static@particledperspective This is a valid anéxtremely useful modality of comprehension.
Through it our physical world has been well studied and quantified to great benefit of mankind
butthisinheritedclassicé perspectie hasalsoconstrained ouunderstanding ahe physicall

argue that it hasbscuredalarger significance.

Qualitative Study

Le & éxit the Academy amé-explorefundamental geometrform in a different waypy simply
obsening, with as fewassumptns as possiblegeometricpatternas itemergsin growth. We
embark on agualitative analysisvhere we tidy geometric patterns usiagkeletal 3D
modelng tool There isvery little counting, measuring or mathematieg work with relative
proportionas opposed tabsolute measuremeh¥e root our explorationot in number buin a
thought experiment It goes like this:
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Imaginethat nothing exists exceptire space within whichsingleobject is createdt he oOf i r st ¢
point Thefirst point isof arbitrary size(dimensionlessand we likely imagine a spherical object.
The key characteristic here is that itlistinctfrom and bounded withithe containing space
which is unbounded amibt containable.

We extrapolate that where there is rofamthefirst object in unbounded space there is room for
another to exisfTheonly possible next action in this context is that a second object is created in
the exact likeness of the first object because that is all that is kijbla is acore postubte
thatimpliesuniformspatial equilibriumin the growth of pointsJhe two objectshowevermust

be distinct else they would occupy the same space and not be distinguigkableh, hetwo
objectsfind themselvesimultaneouslyonnected andeparatedh an equilibriumof attraction
andrepulsion We might say that thierces ofgravity (centripeal) and radiancécentrifugal)are

at play hereThetwo objects and the equilibrium of fosleetween themefine a line in space
thefirst dimension. This fie is the base dimension from which all other lines will be

understood

Figure Al: Line Segmento f  é8luennigtt h 6 f o roimeidspatey t wo p

In the historicatontext,aline of init-l engt h i s t bseca Rsagxddiaggamshébwninh e 6V
FigureA2.
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Unit Length (1)

Unit Length (1)

Figure A2: VesicaPisces and an Example of Derived Rectangles

In the Vesica Pisces a circlewtfit-lengthradius surrounds both the first and second points. The
circle represents the identity oninidrectiogalyobj ect
in two dimensiors (i.e., its radius)as well asits force of attraction Ancient geometers derived

several important proportions from this pattéi, 83 andabs relative tounit-length(1). These
proportions were used to crea@credectangles which served aesthetic design framewotks
Egyptian Greekand other ancierart and architecture. An arbitrargctangle compositiobased

onagis stown on the right.Ilt represents a harmonized set of proportitonguide aesthetic

design.

If we continue the creation sequence and add more and more points, each one held in place at
unit-lengthfrom adjacent points iaplane, we would arrive at thi&lower of Lifedbpattern

shown in FiguréA3. This beautifuly interconnectd pattern shows how an infinite cascade of
pointreplications can fill outwo-dimensionakpace.

AYAR
AVAY\VAUA
AVAN/N/N/AVA
AVAN/N/N/N/AUA
AVA/N/N/N/N/AYA
’VA\WAVAWAYAV’
AANAAAN
" SAAANT T
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Figure A3: Flower of Life

But simply extrapolating the creation sequence in tweedisions, as the Flower of Life does, is
a digression fronthe journey. In realityobjects(points)will replicate and come into spatial
equilibrium in three dimensions, not just two. While our third replicated point would arrange
itself to define a plae that includes the first two points, our fourth point ldaome intounit-
lengthequilibrium at a right angle off of that established plane forming étehedron as

shown in FiguréA4. The Tetrahedron is the most basic 3D form. Its four pointsgerfect
spatial equilibrium at unilength distance froreach other.

Figure A4: Tetrahedron i Four Pointsin Spatial Equilibrium

Thus farwe caneasilyvisualize tlis pattern of pointgh our imaginatiorbut to study how this
equilibrium of four idetical points, the Tetrahedron, can grow in spacenust aigment our
thought experiment witBD skeletalgeometric modahg tools As we proceedve will refer to
these forms by classical Platonic names butwllenot necessarily view them from a classical
perspective. lfiact,we must be very careful to not taint our exploratory perspective with the
classical perspective.

We can add a new point off of each of the faces of the Tetrahedron and still maintain-the unit
length equilibrium of forces. This ressilin the Stellated Tetrahedron form of Figure A5.
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Figure A5: Stellated Tetrahedron

But after this we can no longer add points off of the faces and maintain coherdengthit
equilibrium of points. This is demonstrated in Figure A6. While a newt paérrepresented by
the Tetrahedrom gray, can equalizeff of the face of the yellowetrahedron, it cannot equalize
with the point of the Tetrahedron in green. Tloeledistance, as shown by the red line, is

greater than unilength. We appear to v hit a deagnd.

Unit Length/p
4 . K o
(

>

Figure A6: Tetrahedral Buildout Dead-end

But there is more to notice about the equilibrium of four pointsuofnitial TetrahedronWe
observethat each node is perpendicular to the-puiht of the opposing Triangldane We
alsonotice that each edgeepresented by the white strinig-igure A7, is perpendiculaor

orthogonal)}o the edg®pposite it.

Unit-Length / 2

Unit-Length / 2
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Figure A7: Opposing Edgesof Tetrahedron are at 9® Rotation

If we were to connect the mjabints of these two lines as shomthe red line in Figure A7 and
look straight down the red line tipattern of points wuld appear aaperpendicular croszs
shown in Figure A8.

Figure A8: View of Tetrahedron nodes looking from mid-point of one lineto its opposite

This patternis thefirst signatureof our initial assumptiofthat all points have the same power of
attraction and radiance and tragalesce into aaqualdistanceof separation(lf we were to
assume that angrbitrary pointcan have any arbitrary sizgdwer, then coérency of spatial
patterning would gdout the windo)

There are three pairs of opposing struts in the Tetrahddeoaforethree orthogonal axéand
planes)are preserdis shown in red in Figure A10.
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Figure A10: Orthogonal Axes of the Tetrahedron

In thiswe can we appreciateow our 3D Cartesian axes system is intrinsic tathitorm
Tetrahedrorequilibrium,but evenmoreimportantly,this spatial relatiortsp foreshadowshe
emergence of thésquaréandthe ability of Natureto fill space.lL e tcanttnue to add more
points but now in a different mannémstead of adding points that equalreéative toform
dace®we add points to form lines.

In Figure B1 two Tetrahedrons are oriented suchahatdgegtruf) of each form is linearly

aligned. is ishighlighted by the white line at the top where three points form a straight line of
two unitlengths Linear orietation of point$ is amajorleap from our initiabuilding heuristic

of simply equalizing a new point off an existingace which we haveobserved is &leadend

for form growth When incorporating linearientingin our building approactwe find that two
Tetrahedrons creagePyramid formandhere (to thunderous applause) we havegtaad
premieremergence ahe&quaré(highlighted in redn Figure B).

Figure B1: Linearly Arranged Tetrahedrons Creating Pyramid (Octahedron)

This exciting observation bearsstating At first blush weall probablythink of the Tetrahedron
asapointytriangular objectEven in the classi a | perspective the Tetr ahe
intrinsic to the undength equilibrium of four points that creatihe Tetrahedroare three pairs

of equal andrthogonalbpposing edge@ike the pairhighlighted n white in Figure BR This

crisscras of point pairs is the predecessor of the Square pattern that emerges in subsequent

buildout In retrospect w cannow recognize thatite Squargatternis latent fidden) in the

Cross,and the Crospatternis latent(hidden)in thepremise of uniformseparatiorof the four

pointsof the Tetrahedron.

(*In mathematics two points determines a conceptual Mde.find h 3D Geometryhata
functional lineis determined by three points. There is oaed only onealignment of three
pointsin 3D spacehatcreates a straight line.)
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Figure B2: The Orthogonality of the Tetrahedron

Continuingon, adding two more Tetrahedrons, for a total of four, resultsfully formed
Octahedron shown in Figure B3. On the leftulpperTetrahedrons are aligned in plel to the
lower set. @ the right thaipperTetrahedrons are aligned orthogonal to the loget

Figure B3: Four Tetrahedrons forming an Octahedron

Figure B4 shows eight Tetrahedron fully enclosed to form the Octahedron at center.
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Figure B4: Eight Tetrahedrons forming the Octahedron (Stella Octangula)

In the classicgberspectivethis form is reognizedas a tandalone objeatalled the Stellated
Octahedrond St e |l | a ).(Howesen, fromlithe perspective of apatternsin-growthd
study, itis a form that teaches us howlaster of eighfTetrahedron 3D spacereaesthe
pattern of theDctahedron In this perspective, there is no form to be stellatacgubtle
distinction.

(Note that thesightouter noesof the Tetrahedronform aroot-2 Cube)

Themostfundamentabbservatiorhereis that in 3D form growth unit-length Squareare
derivable fromunit-length Triangls. Triangle and Squarareintrinsic duals two aspects of
singleorganizingprinciple.TheyareNat ur e 6 s sganhgrihcple lzehirdl a eabt
diversity ofcomplexphysical form. In this we recognize a fundamental and poweaftérning
notioni t h e n oDuality®Weowiill caltinue see this notion at play in dwildoutof
points.

Tria ngle and Square Buildo uts

L e tcdnsnue exploring using, as a base, the s#tetimplestompositiors of 3D form

comprise solely ofunit-lengthTriangles andor Squars. Referred to as thé BaFso r theyd

are shownn Figure C1. We refer tthem by classical Platoni@ames but, again, we are being
careful to not view them from a classical O0so
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Tetrahedron

Pyramid
(Half Octahedron)

Octahedron

@ [cosahedron

Figure C1: Base Forms of Triangle and/or Square

Of the Bag Forms there aréheterogeneouddorms, the Octahedrof@nd Pyramidiand Prism,
composed of both Tnigle AND Square patterns, adidbmogeneousorms, the Tetrahedron,
Cube andcosahedroncomposed obnly Triangle OR Squarpatterns

Each tells a story in growth
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Tetrahedron Buildout

As we saw abovensomnidirectionabuildoutof Tetrahedronsff its facesquickly reaches a

deadend. But, as we will see later, Tetrahedrons can be linearly aligned off its faces to create an
infinitely long linear tube comprised solely of Triangle facéghen theTetrahedrons aligned

linearly along its edge# derivesOctahedrorpatterns These patrnscomplementach other to

allow for infinite growthas planat_attices.

Cube Buildout

It is very easy to imagine an omnidirectiobaildoutcomprised of solelCubeforms. It results
in either a biggerubeor vaiations of rectangular forms. We witnessicbuildoutevery day
in themyriadshapes of our buildingBving spacescabinetshoxes,etc Variation is possible in
the sense of branch#ésat travelout andalong anyof threeorthogonakxes othe Cubdaces, or
by interfacing with the square faces of a Prisrfork it. Such branches cantersectwith other
branchedo create infinitevariations Compared tahe heterogeneougiangle Square_attice
thehomogeneous CibLatticeis not anaitvely stablestructue. Because we can easily
visualize cubic growth ananticipate all possibleariatiors we will not exploreit furtherin this
essay

Prism Buildout

The Prism is a heterogeneous form that can multiply coherently around one axis of the square
facet to form a hexagonal prism and then can grow infinitely long along that same axis. Multiple
hexagonal prisms can be stackedimninfinitehoneycomb patternbut the Prism form by itself

has diminished power for variation in growte will not exploe Prismbuildoutin this essay

Octahedron Buildout

As seen above the Octahedron is a child of Tetrahedrons. Perspective is, once again, important as
the Octahedron form can be recognized in mult
as the érmation of eight equilateral uAigngth triangled c e s . I n the 6skeletal
it as one square and eight triangles (or two mated Pyramids with a square bottom and four

triangular sides)Anotherperspective is to see it Hgee Squaresthatintersect as orthogonal

3D planes as shown in Figu€2 where one square is White, one Red and one i$\lRéd

Dashes.
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Figure C2: Octahedron asThree Orthogonal Squares

Let 6 s am@qahedrobrildoutrelativetoits Square plane and its Tridaglane. In

Figure C3 is duildouton the plane of its Triangle faces. As can be seen the growth results in a
bigger Tetrahedron. Each face of the larger Tetrahed@plesne of Triangles(he 6 FIl ower o
Lifed pattern).
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Octahedron build-out on
the plane ofits Triangle
faces.

Results in a larger
Tetrahedron form.

‘ Yet, Octahedrons are

L

4 enmeshed with the
7 Tetrahedrons.

It can grow infinitely
large in this same form.

Figure C3: Tetrahedron Comprised of Octahedrons and Tetrahedrons

If we build out along the plane of its Square face it grows into a bigger Octahedron as shown in
Figure CA4.
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Octahedron build-out on the plane of the
Pyramid’s Square face.

Results in a larger Octahedron form.

T

\?;’7}5‘/— ; ')'Q;"v 7 "\\ Yet, Tetrahedrons are enmeshed with
LI, o
: 0% \X XX /, It can grow infinitely large in this form.
AN AV,

. —, Y 1”‘"'-

AV

Figure C4: Octahedroncomprised of Octahedrons and Tetrahedrons

These twduildouts reveal the power ohé Triangle and Squarto grow and fill spacalong
planes adnineratlikedgrowth. It grows as an Octahedron when building with the plane of the
Square, and grows as a Tetrahedron when building with the plane of its Tridngéher case,

it is thesameform - a Lattice As we will see lateiin Figure C9it is just a matter ovhich sub
form you selecto view.

Vector Equilibrium
A study of Octahedrons would not be complete without an exploration of the Cuboctahedron,
al so calledi theriovemoct OYEEqQIbyYy BowmikFguaGst er Ful |
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Figure C5: Vector Equilibrium 7 Cuboctahedron

As a standalone form the VE is symmetrical across reflections of four Hexagon planes, formed
by six unitlength Triangles as shown in Figuré.CYou can see the four Hexagon planes of the
VE in Figure C5. They are highlighted in red, yellow, blue andrgeg¢¢heir perimeters. The
Hexagon planes intersect at their center.

In classical characterizatidhe VEis describeds havingeight Triandes and six Squares for a
total of fourteen outer faces. Each edge of the six Squares of the VE is one seyterireter
edge of the Hexagon planes. It can be decomposed into eight Tetrahedrons and six Pyramids.

Figure C6: One of four Hexagon Plans ofthe VE
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But on further examination we see that the Viiss a subform within the
Tetrahedron/©tahedroriattice pattern shown in Figures C3 and C4. The VE is latent in the
Lattice pattern and emerges when the Lattice has an edge of at leashifilergths ashown

in Figure C7.The form on the righthows the/E subform highlighted withyellow lines A
portionof the VE is on the otheide of the red Hexagon plariéhe vector lengths are one unit
length. However fione were to continue bdiing out the Pyramidat a certain size (i.e., node
count) a larger VE form would emerge with vector lengfiesater than one urAgngth.

Figure C7: VE Inside the Pyramid

Whereas the Pyramid form does not have a center of balance, the VE asamstaiform does.
Its center node is uniength distancéo all nodes in the outer layand all nodes in the ter
layerare unitlength Triangles and Squarésdeedit is becausall the struts are uniength that
it is called thed/ector Equilibriung and in thischaracteristiciwe may recognizéhe VE as the
second manifestation of point equilibrium aftiee Tetrahedron.

Figure C8: Unit-length Triangles and Squaresnd Interior Struts of the VE
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Recall that inthe Tetrahedron wspied theprecursoinf the Square ithe orthogondly opposing
edges.A linearorientationof Tetrahedrons revealed the Octahedand thephysicalemergence
of theSquare.Further gowthin planar orientatiomeveakdthe potential for infinitelyarge
Lattices comprisedforetrahedroas andOctahedroa Fundamentalo Lattice growthis the
repetition of Triangle and Squapatterns. The VE is the simplest distillation of the harmony of
Triangle and Square in three dimensidhss the very essence of the Lattice pattern.

In form growth starting from oufrst four imaginedpoints in spacea-igure C9shows howall
thesepatterns areterwoven

Figure C9: All-in-One

Tetrahedron growth is in WhiteThe twolines ingreen are the orthogonatigesof the
Tetrahedron. Hjhlighted within the lattices aPyramidform in red and &/E instancen blue.
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All of these formsan beseen astandalone forms, but it is more accurate | thinlsg® them as
just aspets of Lattice structure.

At this stage bbuildout we againwitnessalignment tahreeorthogonal (Cartesiargxes. In the
Tetrahedron of Figure A10 they are formed by lines going through th@aonds ofopposing
edges. In a®ctahedronthey are formed by lines pass through oppgsiodesin VE subform
there ae three pairs of opposingquarefaces, highlighted in yellow in Figure C10Lines
pas#ng through the miepoints of theopposing Square faceshown in red in Figure C10,
intersect athe centemode of the VEand create tiee orthogonal axes

In 3D growth, orthogonality progresses from line to node to face.

Figure C10: Orthogonal Square Faces oVE

The Icosahedron
There is much more to the Icosahedron than the twelve apdiéwenty triangular faces that its
classical name implies.

As standaloa forms boththe VEand the Icosahedron have an outer lafdwelve nodes
arrayedaround a centgroint Howeverthey are fundamentally differefarms Froma center
node, the VEgrows as a latticeo formanouter layer of twelve nodeall at unitlength from the
center nodeln thelcosahedronwe have a constellation tfelve nodesthat are undength
distance from each othandbalanced around a centaurt arenot built out from a centenode
We must considehe loosahedroma distinct spatilaintelligencei asa Caged .

At first blushit appears that theenter of the Icosahedron is uléhgth distance to the twelve
outer nodes and thailse Icosahedron can be derivieoim twenty Tetrahedronsut this is not the
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case the distance from theeater is slightly less than ud@ngth. This iexplainedn ddail in
Appendix A:dNhole NumbeDilemmaa

But all is not losfor whole number relationshipsi progressivéuildoutfrom the Icosahedron
the notion of undlength Triangleand Squarés still at play.Form growth that is balanced around
acenter is indeed whole number coherdnte t 6 s expl or e.

Buildouts thus far have bedimear(and by extensioplana) asexhibited inTetrahedral and
Octahedral growthGubicandPrismas wel). New rodes are simply added unitlengthalong
a linear path There is no omnidirectional balanteLatticegrowth We see evidence of such
Lattice growth in crystals and minerals.

With thelcosahedrona new anddistinct spatial intelligence is demonstratede that is

perfectlybalanced around@nter spherdike. In theforming of anlcosahedron we discover

the next great notiont h a tEnfaddingdd. The intelligence that fol
balanced around a center is fundamentally difiefromthe intelligence that createsttices

(Intuitively, itseemdo be amore sophisticatedynamic) Intelligence that folds aroundcanter

in a perfectlybalanced manneisosuggests aapacity ford s pi n 6

Figure D1 shows thiarmationof an lmsahedrowia an enfolding process startifrgm five
triangles in the upper left figund continuing clockvise
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Figure D1: Points Enfolding into an Icosahedron

Thecompletely formedcosahedron, shown in Figure D2, is #tarting point of continued
exploration

Figure D2: Icosahedron
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