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This article is more concerned with making flexsgons than Aexaholrons. The
reader will want w construct the Jexagons derived [rom the [exahedrons becanse
Hexagons are casier to make and Hex, Ceneral instructions tor making Hexagons
are covered in [8, 17 The Hexahedra and Hexagons discussed bhelow exhibit many
ot the prﬂpfrries of n more generﬂl TypE at dexuahedror ['E._ 5] ' |:I[:‘I.J__'ill willy, 1
was struck by rhe possibility of combining regulbir oerahedra wirth reguloe leeea
hedra (of cgual edeesy becanse the two Gl space in combination, but not alone,

The simplest symmetrical ring lound is that in Figure | consisting of four
tetrahedra, connected alternately as shown, with four octahedra. A glanee ar
Figure | will show that all the hinge axes He inonamallel plines Ulaes mcsans el
&L l;uHr:: I__EJIH will E.uul)u.bl}' 1zed t.{LIJ‘.Lﬁ i anliey o clomeonts to gel many twists
between the encs belore connecting them, By crial and crror it was found that &
minimum of 3 elements is necded ta get a 360 pwist hetween the ends of a ring
hefore conneating, With mare trial and orror a general formula for the oumlber

of rwists i1 sueh s ving was fonmed o b
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whero mo1s the nnmber of clements and $600° eqr:lls o Eweist.
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Analysis of o gl i Figuie 1 cliciied some vory ntercsting quesrions For
instance, there appears to be no reason why one could not Hatien any snch virg
along one or twa or thres of its axes simultancously and ger a Hexatope, Phis has
been dome in Figure 2. 1t will be seen that as leng as tbe Marrening in any se of
altermate parallel planes of climents is egual and orthogonal, any canbination
af Nartenings should rewdt in s flexible wing The intevesting featuez of sach
flatiening, o he discusscd in this article is what happens wher various axes ase
Hutteoed Lo zere. In otier wonls, whal ype of fexaiopes will result given a
specthe comnbinalion of infinite Hallesings ar o spediic Livbricd Nexalwilowr
What will be the maximuny cwist of any such ring, and whicd rings are mosc

leresiings
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FIGURE 2

[n Tignre 3 the v disratea ha: heen made equal o zero, The resudting Hexagou
1 compoecd ol lrianglss fdlatizner felvahedronsy and squares (lariered ocla-
hedrons. I fs ditficalt oo consirer such a lesagon beceuse some of die axes such
as A argl B oin Tigure 3 have -a be connectos a0 vertex of o triarele and o
square end should sl allow mtaden only abow the y axis. [Mowever, with a
‘il ingenuicy it is posible to make geod workable wmodels of un or cardboard,
It wats found, again by mrial and ervor, shae the formala for che number of twists

an sueh oA vimgs cwhich we shall call Y° fox start—is
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The jnerease in Lwist over the ring in Figure 1 s due to the Feer that elements
stu ocoupy positions or ebther side of the plane thar Tes om the x and = axes. It
the reader skl rake some workioble wodels e sboulo be able teover By quoirkly



s formula for twist in ¥°, and should discover how to flex varions rings, Only
rings thar have maximum rwist and are fAexible shonld be considered as actual

lexatopes.

Flone

/ /%“;{u: 2
fﬁ _T\_\\ ¢
k/\ “‘“M

FIGURE 3 FIGURE 4

The most interesting {lattening (raustormation oocurs when the z axis is made
equal to zero. Fignre { shows the ving ol Figure | with the = axi equal Lo zero.
The resulling structure (77 [or short) lics in she sy plane, Z%% are made of [arge
ureel 2imall s LaLbes which are Tanlened cclabcdra and tetrahodea, J:{:.l_ac-;.'L:i.l.'a:'_'y_ Te
should be easy to make and flex any sire model you desire ont of cardboand wud
goodl adhesive tape. Figure 5 shows o 2% of eigh elements with two dilferen
lranstormations alang bous the x and y awes, [ will be found thas in any sice
ring of 8n clements only wo differene transformations are possible ulong each

axis and Lh.l:‘__m' mist be unilarm s i hinIi:Jl:_' Axeg Tewnain in line ard o bu nrorial.
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Fowand v b

In acrial facl a mach proater ewiak is possible in ihese vings Tu i readers them
complziely Inflexible, The incease in twist ia due to the [act thae elements can
e omeither sl ot e axial plae e ving in Fignre B 15 shown with a half,
or 180%, rwist, recycling with eight separate roeations st chivee sees of elewents at
2 rime Ihe £ i Uigure 4 s strictly spealdny, not a 29 since it docs not have
maximum Gedst, [ exhibits properdes very siciluar o che ring iu Fioore 1

Largey size £7 rings musl always contain ¥ clements, Of these, i 15 obvious
i bl anost Los 1 Tae _'I;ll'gr} LA TR ard Talf b groali RO LTE R ol leagil ner
alievnatelv. Luis fan i make andd ey largersizad vieps, especially becanse (hey
cxhibic a property which G o in mod Texagons such as the desallexagons. Lhis
propermy iz one which couses e Ting o covel nor uree s i Decomes langer It
vou make a ring ol 16 clemens you should be able to see that it 3= tnpossible o
commect the riag insuch & way thal 10 covers ealy as much area as Lhe ¥-elemeny
ring in Figure 1, This unique propery makes i possbDle 1o Dnd ways ol llex ng
rings of 24 mwmore elernents i follow o sequence o geomewical shapes belare
recyeling. Some b 1hee ways will be guicker and mere eflicient than arhers, Tn
particular, it is interes ing Lo fad the Jeasl efficient way thal makes no backoracks.
The mes efliwien way mav produce few shapes and may recycle mare quickly,
this Teing Tesa interesting.

TTsing formala (3), the number af taisis in a2 Hi-clement Z° ring 15 LA ducdh o
Ting @ shown going throngh A6 cycle in Figires 0 throegh | Fifteen sinilar
pperations are needed to make the ving rervele and bring the pumbe: 1T back w
the pesition in Figur: 6. Yon may be able to follow cvery rotation amd rew
position i wovar mind TE vow can de this o may e oo need o coustiucl any
ol the moedels lor yowsell. However, 1 s lun o introduce o 15clemnent -l of
a A7 rving ae a poarly, or ac an odd moment when huvig luneh with o cauple of
iricnds I you de this yeu will be amazed at the numbor of ifferann appresaches
penple will take ra flex the ring ard ow wacy difeen waw there seem to he
Bt 1he area-covering narmre ol these rings makes i possible w szlest dillersac
se1s o elements o Totate amd will thus muake che Jexing process seem quite
dillerent when i3 is acnally the same. After watching people ke it throngh s
various positions you might hecome quite proficicn: al oriznling the Ting in
yout anind ard makiag i Oex in yeur imaginatioan, Irem this hepinnivg e
enthisiast may mentally comscruce other vivgs and have quite a the fleding
them. At any race, T Lave found 1t 1o b eng of the muat creatve aud challenging

dizciprines For studyliy spac? wloyCmenis.
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may be called 7 and j and may be thought of as representing unit vectors in two
dlivcimivns, A flexing 1iop soes duough e so an exira dimeonsion is added
when [lexing. Even more dimensions may be adided, hypothetically, by rowting a
set of elements only part of the way and rotating the connecied set the rest of
the way to complete a rotation. "This preduces any desired change in the direc-
riom of a set of axes in space.

Thus one can create & set of movements al span a space somewhal similarly
to the way a specifc number of weolors span o space ascording o their matrix
representation. From the & plane rings one might conclude that a more general
Lype ring exists whore one docs nod have to make aoy partial rolations. This type
ring should be extendable to all dimensions, ideally, 3ach a ning <an be made
from Letraguonal sphenoids witlh Lwo opposite angles of 90~ 10 can e described
s aoser of 4,7, and @ unin veerors and rotations aconr abont { f, and & axes, The
resuliing syslem Gis the idea ol Li= algebras [3] and there seems o be some con-
nectin with snbatnic particles. Hence, the study of votarions: in spave as rhey
oceur in Hexatopes mav not be entirely useless.

Vhe inlerestecl lexagoni:st may want o make much larger £7 rings and invesis-
gate their propertics. Perhaps vou can create a pame of a ring with a fairly Larpe
number of cements [aid oot on a talile where o set of playvers take turns making
a given number of rolations of the parts of rhe v If someonce has ro hackerack
IL county apaios: bim. Bor if someene achieves a certain planned pattern, he
s a paorir s could be a4 overy miriguleg game (L geen che righc set of rules
and using @ large enough ring.

It is cutinus thar we have heen alile 1o Narien these Fyhvid Fexahedroms in so
many wiys ancd create so many different Bexagons What happens wheo we flatien
twi axes ar once? It iz obvlous that when eitber x» and z, or v and = are made
zero a similat ‘Hexuline will resulc becausc of symmetry about the » axiz. What is
the difference between (s dvpe “lexaling armd one of e epe X972 Wha are
the formmubas for the number of twists in Hexalines? Cuan yon censtrool ane weih
lengths of wirer Since we are changing dimensions onee cgain the {formula for the
numser of twists prabably will be i/ plas or minus A spall constant. "This ling
of conjectirs ralses au Isloresting guestion: What would be the formula lor the
nomaer of twises in o flexapoint’t This 45 a fexatope where ol axes ol a hybrid
Hesahoadeon have beon made gero in come given order. Can oo fHexopoine oven

existi The problem is lekt to the interestedd reader.
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