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Polytope Typology A:The separatio■ of facial polytopes in the nlorphology

ofthe regular and senli‐ regular polyhedra and tessellations
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Abstract

lnspired by CHtchlow lll,and Gttnbaum and Shephard[2],preViOus work has proposed an integFa1 2.5D

cubic schema ofthe regular and semi‐ resular polyhedra and polygonal tessenations of the plane for each class

ofsymmmり .This schcma is difFerentiated into an upper and lower layer of4 polytopes cach,and characteri7ed

by corresponding pairs of upper and lower pdytopes[31.The mOtif of paired moestep sequenccs of irst

altemating separation and morphological ttnsfomation of faces,and second morphological transfomation and

S,paration of faces is explored,which in 2D consideration of the 2.5E)schcma are disposcd about thc vcrtical

axis,as characterized by the correspondcncc between thc PPs ofthe lower and upper squares(rhOmbi).

Developing carlier sustained rescarch[3-Hl,thiS paper addresses a deeper typology of morphologicJ

transfomation of the primary polytopes,involving the separation of one gcndercd sct of the ncgative r― Ve),

ne山J(ntrl),Or posLive clve)facial polytopes alongthe x Z,and x axes oftte cubic schema.While one set of

faces separates,血 e other two sets morph or proJectthough nun→ regular or quasi‐ FCgular→douЫ e facial levels

(0→ Jβ→2)of the rhOmbic schclna or iも rencction.Each facial sd only separates oncc,faces separating by

d=0→ 1.The cubic schema exhibits sigtliFlcant ulrec_fold synlmtt by gende■ 1■e separation Of faces schcma

adequateけ deSC」bes the morphology of thc血℃c dasses of regular and sem卜 regular polyhedra of{2,3,3},

{2,3,4},and{2,3,5}symm彎 ,and the two classcs ofpolygonal tessellations of{2,3,6}and{2,4,4}symmetり ・
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l. Class II and generic pairing of polyhedra by the separation of faces

Figure l of the 2.5D schema shows that the pairings of polyhedra within any one class can be

characterized by the separation ofone set ofthe negat市 e,neuttal,or posit市e surfacc polytopes on the

(let tO五 ghth L Z,or X axes,respect市 ely.Thrce signiicant kinds of pai五 ngs of PPs are evident in

the 2.5D schema9 onc for each orthogonal a対 s.These are desc五 bed for Class Ⅱ of{2,3,4)symme嘔

which is characterized by the― ve,neutral,and lve axes ofthe class,and thlls ofeach ofits individuJ

polytopes,being theヾ 1,ギ2,andヾ3(100,HO,Hl)axes,respectivelュ ofthe cubc.

In this class of 3D polyhedra,the+ve and― ve polar polytopes assume difFerent(dllal)fOrrnsi this

contrasts with Class l also of 3D polyhedra,in which the two polar polytopes take the salnc

tetrahedral foll.1,though in altemat市 eo■entation,or Class V of 2D polygons,in which both polar

polytopes assulne the same follll of the Square,but in diferent location.The symmetry axes in the

otter classes are not in general orthogonal;meanwhile,Class II precisely consists of the PPs OfthC

Class III honeycombs.corresponding to the prlmary components ofthe Class III honeycomb periodic

a11‐ spacc‐f11ling amys.Later companson of Classes II and IV iHustrates the difFerences be"veen 3D

polyhedral and 2D p01ygonal fol.11,While consideHng classes with different polar polytopes,as

opposed to having the same,though reo減ented(3D)or re10Cated(2D)fom.ThC beaudfbl inte3rity of

interrelatiollship is clcarly revealed in Fig.1:

-5-


