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Abstract

This is a follow-up on a discussion at the 19998eis conference; it is a topological / geometrical
study of how the structure of a Moebius band migatapplied to bridges and/or buildings, with the
possibility of creating an intriguing construction the Campus of Southwestern College, to commemora
the series of annual Bridges conferences startéd98.

M.C. Escher's "Moebius Strip II" © 2000 Cordon Art BV., Baarn, Holland [See M. C. Escher; with permission
from Cordon Art B.V., Baarn, Holland. All rights reerved].

Introduction

At the Bridges'99 conference, Jason Barnett gavaspiring presentation "A Bridge for the BridggsSee .
F. Barnett: "A Bridge for the Bridges," Bridges BQ%pecial Session VI, Aug.1l, 199pP.He showed sca
models of spaces reminiscent of Escher structir@scombine many different perspectives in sunpgisivays
However, Barnett's buildings were realized irsg#ce and were designed to be readily navigablauoyar
observers. In that session, the idea was put fahizat it might be desirable to construct a monunoenthe
Campus of Southwestern College commemorating thiessef annual Bridges conferences. Given the é@stsro
the typical conference participant, such a strigctuight well be Eschdike or reminiscent of the shapes of K
bottles or Moebius bands. Perhaps - and mostdilitinsuch an intriguing shape might be applied to soon
of pedestrian bridge crossing a little creek orrmating two tall buildings. Inspired by those dissions, thi
paper investigates several ways in which the strecof a Moebius band could be imposed onto a fonal
bridge (Section 2) or onto a habitable and usabileling (Section 3). We conclude with some Moelstrsicture
that have a purely aesthetic purpose (Section 4).

The title of this treatise pays homage to a ddlidgigcience fiction short story by Robert A. Heinle"-And
He Built a Crooked House-" $ee R. A. Heinlein: -*And He Built a Crooked House" Berkeley Publishin
Group, NJJ], in which an architect builds adimensional house in the shape of a hypercuber Afteearthquak
the house traps its occupants who are then doomesdhtaround in the 8imensional surface of this structt
Contrary to this unfortunate outcome, our focusrisinding structures that are not only concepjugtriguing.
but also sound and of practical
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Moebius Bridges

The first idea that comes to my mind when | hear tdrm "Moebius" is that of a belt twisted throutfsC
degrees. However, if this idea is applied in aiglidorward manner to the construction of a bridge, end u
with a surface that is difficult to walk on; afterossing less than half the length of the spametiers would slid
off the bridge (Fig.See A slab with a longitudinal twist a key element for a Moebius bridgeis difficult to
walk on.). Thus the first task is to look for modificat®mf the basic concept to create a more or less
walking surface along the whole length. After thafill explore the possibilities of transformingetopology of
closed Moebius band into a shape that can seradddge.

A slab with a longitudinal twist -- a key elemerdrfa Moebius bridge -- is difficult to walk on.

Twisted Surfaces You Can Walk On

The first and fundamental challenge is to find getries that are clearly twisted, but on which oaa still
walk, and which will even admit wheelchairs, i.surfaces that have a continuous strip of a neaslyzbnta
surface along the whole span of the bridge. A fixspiration may come from ruled surfaces, in gattr from :
single-shell hyperboloid, which exhibits a ratheisted look, but can be composed entirgfya bundle of straig
lines. The wish to keep a more or less "level pattross the chasm to be bridged implies that we ralsintait
horizontal tangents in the lateral direction. Weynmaodel these constraints with a Bézier patch fiags u:
sufficient degrees of freedom (Fi§ee A longitudinal twist can be simulated withutably distorted Bézi

patch.).

A longitudinal twist can be simulated with a suitBbdistorted Bézier patch.

Using five control points in the lateral directicallows us to create a "flat" zone of adjustabldtivi Alonc
the length of the bridge span this flat zone sHiksn one edge of the patch to the other, i.eqret end of th
bridge the right-hand wall is pulled high, and la bther end the leftand wall. This will create the impress
that the slab has been flipped through almost I&frees. In the longitudinal direction, three orrfoows o
control points are sufficient to define the traiesitof the cross section from one end to the othed, perhaps
impose a slight arching of the bridge for stabiéityd for aesthetic purposes.

Contemplation of the shape in Figubee A longitudinal twist can be simulated with dtetly distortes
Bézier patchmakes one realize that the main reason that #ev/elo not slide off this bridge is the fact ths
cross section is a "hollow" €hape which offers a spot with a horizontal tandenall of its orientations. We ¢
exploit this idea more directly by sweeping a sémidar cylindrical element along the arch of thidbe. We
can twist this cross section through 180 degredsstilh maintain along its whole length a contingqath with
horizontal lateral tangent (Fig. It should be noted that on such a surface onédowalk either on the inside
on the outside of the €hape; in the latter case we would twist the csession in such a way that, in the mic
of the bridge, the opening of the "C" points downdga However, for a large portion of the span, ¢ilevs ma
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not even realize that they are walking on an operdiile; it may just feel like walking along thep®f ¢
giant cylinder. | believe the sense of "twistinestthe bridge would be mostly absent in this aptim Figure, |
show my preferred solution, where the profile igeoted like a "U" at the migoint, and in which travelle
across the bridge are naturally sheltered moshefatay. Of course, towards the ends of the spane gailing:
must be added for safety.

Swept C-shaped cross section with a longitudinaistvof 180° also offers a level walking surface.

Closing the Moebius Loop

To shape such a twisted bridge surface into a dlbddeebius band, we have to somehow form an erghto-
loop and close it off with the appropriate orieittat This closure could occur in three fundamentdifferen
ways: below the walkway, and thus symbolically rgtas the foundation or support for the walkwayg(He¢
Closing the loop of the Moebius bridge: (a) as ppsuting structure, (b) as a suspension asjh.above th
walkway, as a large arch from which the walkwaylddae "suspended” in some way (F##ee Closing the loc
of the Moebius bridge: (a) as a supporting strt(ln) as a suspension arbly. and, third, besides the walkway -
- perhaps forming a separate alternative walkway.

Closing the loop of the Moebius bridge: (a) as gogwrting structure, (b) as a suspension arch.

The first alternative leads to a rather straightfand implementation (FigSee Closing the loop of t
Moebius bridge: (a) as a supporting structure,a)y suspension arcé). This is just a simple, singtyistec
Moebius band. All the twist is in the "return pathhd support structure. Aesthetic goals and engimg
functionality might be nicely combined if the "belgcreated by the twisting slab where it passesutin it:
vertical orientation is made to touch the middletlod horizontal portion of the slab that serveshes actue
bridge; it can then act as center support and @haw/s the slab to be thinner. Access to the brilgéace is als
easy in this configuration, since the slab turne/meards at both ends of the span. Light-weighthgparent-
looking "on-ramps" would connect the main structiaréhe slopes of the trench to be bridged.

The second alternative develops from an updmlen version of the first. The "roll" of the slatrough it
vertical orientation can now serve as a robustesusipn arch from which the walkway could be suspdnditt
many thin steel cables (Figee Closing the loop of the Moebius bridge: (apasipporting structure, (b) a
suspension arcl). One difficulty with this arrangement is thaettravellers will now walk on the "inside" of -
structure, and access to this surface has to hedeiin some way. One solution is to cut openitigeugh th
band itself at both ends of the horizontal bridgetisn where the band turns upward. This will praeliwc
doorways, each framed by two columns formed byotlter flanges that support the slab.

Another possibility is to bend the twisted surfdaterally away from the main walkway, thereby gy
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straight access onto the walkway. If the walkwapgens to be in a concavity of the main Moebius

(Fig. See Swept &Shaped cross section with a longitudinal twist 80°Lalso offers a level walking surfade.
then such a bending away to the sides is reminissfethe swept Gsection ribbon sculptures of Brent Coll
[ See Brent Collins: "Merging Paradigms,” Bridge99.9Conference Proceedings, pp Z0%.] in which he
aims to orient the Ghaped profile in such a way that its opening abyagints away from the bending direct
of the space curve, i.e., in the negative normadation of its Frenet frame. This results in a ablsurface ¢
consistently negative curvature. However, a C-stigpefile is clearly twosided; it has an inside and an outs
and it can therefore not readily be closed intingle-sided Moebius configuration. To achieve this goad,may
gradually straighten out the C-profile into a fi&b, which can then readily be connected badketat. This ma
again lead to a configuration where the return patims a suspension arch (Figee Closing the Moebius Ic
through a nofplanar space curve and varying its cross sect@rsife view, and (b) view from one end loo}
down the walkway).

b

Closing the Moebius loop through a non-planar spacerve and varying its cross section,
(a) side view, and (b) view from one end lookingndothe walkway.

Function Follows Form

So far, all my constructions started with a funcéibwalkway, then | tried to close those twistedfaste
pieces into Moebius loops. Now | will start fromricais geometrical Moebius configurations and thea kov
such a shape might serve as a bridge. For thisoparpghe work of M.C. Escher serves as a greatcson
inspiration. In "Band van Mobius 11" he draws a pigntwisted band in grid form that serves as a blimg
structure for nine ants (Figee Use of the geometry of Fig.1 [3] (a) for alhei design, (b) by walking on part
the surface, and (c) by walking on the widened eafghe Moebius stripa). Let's study this shape and se
which way it may be turned into a bridge. The mortfacing backwards in Figui®ee Use of the geometry
Fig.1 [3] (a) for a bridge design, (b) by walking part of the surface, and (c) by walking on thdexied edge
the Moebius stripa offers a reasonably flat surface that runs rabgtie length of the whole object. It may se
as a walking surface if the whole structure is red suitably in space and the twist is redistedusomewnh:
differently around the loop (Figsee Use of the geometry of Fig.1 [3] (a) for alpe design, (b) by walking
part of the surface, and (c) by walking on the wiet edge of the Moebius strip).
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Use of the geometry of Fig.1 [3] (a) for a bridgesign, (b) by walking on part of the surface, ang) py walking
on the widened edge of the Moebius strip.

Alternatively, we could orient this surface downdiaand thereby turn the frofaecing portion of the rim ¢
this object into the proper orientation so thatoitild be walked on. The edge would have to be véde¢a make
safe and comfortable walkway. This could be acc@shpt by making the whole band much thicker, oubsyc
it only as a support structure and by adding agmdjrular flange onto it to serve as the actuakingl surface
Since this flange would of course run around thelelMoebius band, it would convert the cross sectibthe
band into that of an I-beam. Upon closer inspeabbBscher's object, it appears that the backviecohg edge ¢
this same part of the Moebius band has a somewatgsr longitudinal extent than the frdaing rim, and migt
thus be more suitable to serve as a bridge ovenah or ravine of a given width. But as is evideoin (Fig. Se¢
Use of the geometry of Fig.1 [3] (a) for a bridgesigin, (b) by walking on part of the surface, ar)dofy walking
on the widened edge of the Moebius sthjp. some part of that edge is obstructed by tssing slab that v
originally considered as the walking surface. Téas easily be remedied if we a modify the struceoehat i
intersects itself at the central point (Figee Use of the geometry of Fig.1 [3] (a) for adtpei design, (b) &
walking on part of the surface, and (c) by walkimg the widened edge of the Moebius st@Gp. This self-
intersection may also increase the overall strenfjthe whole structure.

M.C. Escher also drew another Moebius band thabéghhree-fold symmetry and which has a biriltwist
of 540 degrees (FigSee (a) M.C. Escher's "Moebius Strip@"2000 Cordon Art B.V., Baarn, Holland [3];
recycling symbol with same thrdeld symmetry.a). This basic arrangement also appears in thalida
recycling symbol (FigSee (a) M.C. Escher's "Moebius Strigcl"2000 Cordon Art B.V., Baarn, Holland [3]; |
recycling symbol with same thrdeld symmetry.b) created by Container Corporation of AmericairtyiEartt
Day 1970. A contest for graphic art students tagites symbol representing paper recycling attracteer ¢
thousand entries which were judged at the Aspetitutes for Humanistic Studies. The winning entnbsuittec
by Gary Anderson, an art student at U.C. Berkelas modified by William Lloyd into the weknown "chasin
arrows" design.
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(a) M.C. Escher's "Moebius Strip I" © 2000 Cordon AB.V., Baarn, Holland [See M. C. Escher; with
permission from Cordon Art B.V., Baarn, Holland. Atights reserved]; (b) recycling symbol with same three-
fold symmetry.

Sometimes one encounters a modified form of thgcterg symbol that has an overall twist of only 1
(Fig. See (a) Asymmetric recycling symbol; (b) concepéumplication to a bridge desiga). We will explore th
usefulness of this structure to create a pededtridge. We follow the possibility shown in Figusee Use of tt
geometry of Fig.1 [3] (a) for a bridge design, fty) walking on part of the surface, and (c) by wadkion th
widened edge of the Moebius strgpof walking on the edge of the Moebius band,emrathan on its flat surfac
Figure See (a) Asymmetric recycling symbol; (b) conceptagaplication to a bridge desigh. shows how or
inner section of the edge might be used as a walkwa

(2] )

(a) Asymmetric recycling symbol; (b) conceptual dipption to a bridge design.

However, there is an intriguing possibility to alsse the "suspension arch" as a secondary wal
Reminiscent of a strongly arched bridge in a Japanea gardens, steps may lead up on the outes edidie¢
suspension arch. On the very top, where the masttycally oriented band needs to flip over to méke desire
Moebius connection, a flat spot might be creatéthBle for a small observation platform.

Moebius Buildings

In 1992 Peter Eisenman designed a Moebius builffing See Moebius buildings: (a) a proposal by F
Eisenman, (b) a concept by Van Berkel & Ba}¥. One gets the impression, that this particblsilding wa:
purely a mental exercise in the strictest tradittban architectural design paradigm known as "fiencfollows
form." It is not immediately clear how this partiauform can be structured internally to make aoetonvenier
and usable floors and suites. Another "Moebius Maas conceived by Van Berkel & Bos who try to eaptthe
endless figure-8-type movement possible in thistlmgy in some internal unstructured space (Fidp)10
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Moebius buildings: (a) a proposal by Peter Eisenmdh) a concept by Van Berkel & Bos.

Form Follows Function

For this study we assume that the client wantsasamably traditional office building, say, for a tdeamatic.
Institute, but one that clearly reflects the shajfea Moebius band. We are not interested in judhia
mathematical surface, but in a prismatic structifrsubstantial volume that exhibits the desiredstWe stai
our analysis with a cubic module of 32 feet ondesiThis is large enough to accommodate two 12 deej
offices and an eight foot corridor "across" thelding, and two stories in the vertical dimensione Vifst will
explore ways of stacking these useful modules ab tthe essence of a Moebius strip is conserved,ifi.eve
follow along one face of the prismatic toroid, wepect that it will take more than one loop arouhd ting
before we come back to the starting point and Weiwill visit "other" faces of the prismatic strucé on thi
path.

Three such cube modules in sequence can form eitlséraight row or a small symmetricalshape. Fol
cubes in sequence can form a planahlpe with one leg twice as long as the other plamar "Z"/ "S" joc
structure. But they can also form a twisted, 3Dtiieture, which may appear as a right-handed oa &et-
handed version. It is the appearance of this tefisment that carries a path on the surface of tiempatic
structure from "one face" to "another”. The simpléwisted" loop can be built from just ten suchtbesmodule:
(Fig. 11a). A path on one of the prism surfacesiia@ twist of 90 degrees on every loop aroundsthecture. |
thus takes four loops to come back to the stantioigt, and during this traversal we will have \asitall the
exposed cube faces on the whole structure.

But let's assume that the client wants a "normadeMus band, in which we return to the startingipafte
only two revolutions. There are many basic configions in which two twist elements can be arrangedha
their effect adds up, rather than cancels out, smthat the total prismatic twist around the logzdimes 18
degrees.

Twisted configurations created from unit cubes: (8mplest configuration with a 900 twist, (b) and)(two
configurations with a complete 1800 Moebius twist.

One configuration is shown in Figure 11b. The tweigiments have been placed at the corner of thedac
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have been stretched in the vertical direction st they form entrances into the courtyard / atriofrthe
building. Another possibility, shown in Figure 1ietroduces a 3D crossing in the form of a $kidge in orde
to close the loop with a 1800 twist. Alternativetlgis bridge can be straightened out, while thenegting path :
ground level becomes Saped (Fig.12a). Figure 12b gives an impressioat awh actual building, derived fr
this basic configuration, might look like.

(] )

Transformation of Figure 11c into (a) a related stcture, and (b) into a building sketch.

Function Follows Form.

Now that we have seen that it is indeed possibleréate Moebius shapes from rather conventionadling
elements, we might want to make the Moebius shapre mpparent. First, and foremost, we would likeige
more bandike structure, i.e., the aspect ratio of the regta swept along the loop should be at least 2
addition, we want to make the small sides anddhg kides of the cross section visibly distinculing differen
materials. The large faces could be made from @ladssteel, which would be natural for the windoants, an
the narrower faces could be made from concretegold be covered with dark, opaque glass.

However, just sweeping a 32' by 64' cross sectiongaa circle with continuous twist (Figee Deforming
basic (impractical) Moebius loop into a usable dinigg geometry, (a) through (@) will not lead to a practic
building geometry. Figur&ee Deforming a basic (impractical) Moebius lodp i@ usable building geometry,
through (c).b shows a modification of the basic Moebius shape&hich one end has been squared to forr
base of a building and the rest of the loop is eated to it with two righngle turns. This shape can be fur
deformed until it resembles the bridge structurd-igiure See Transformation of Figure 11c into (a) a rel
structure, and (b) into a building sketdhwith an Sshaped return path underneath, but now the retotios
stands on its small edge (Figee Deforming a basic (impractical) Moebius lodp ia usable building geomet
(a) through (c).c). As a further refinement, the impractical widpan of the bridge can be shortened
narrowing the turns in the S-shaped building seatioderneath.

)

Deforming a basic (impractical) Moebius loop intowsable building geometry, (a) through (c).

Now it is time to look more closely at the intermagjanization and the resulting requirements fergurface
of these structures. Clearly the more lightly cetbrertical walls of the Shape should be in glass, since the
natural window surfaces. The narrow faces of thenpicould then be kept fairly opaque. To enhaneevibua
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difference between the two types of surfaces evethdr, the narrow surfaces could also be reshayge
wedges, which would show off the Moebius propertysindramatically. On top of the Sructure, where ti
wedge runs horizontally as a "roof," it could hidie-handling units, and along the vertical edges of tthe
towers it could accommodate fire stairs or elevatwfts (FigSee (a) Elevations, and (b) floor plans of thén
in Fig. 14a; (c) cross section of an *edge" branch of the basic rectangular profile, @gused in Fig. 14c; (d
variant of the profile with wedges at the ends.gedl (f) two different views of another use of sacharch in
tall building with slanted towersl). The problem with the structure in FigiBee Deforming a basic (impractic
Moebius loop into a usable building geometry, @ptigh (c).c is that this opaque face or wedge runs o
sides of the bridge on the facades where one wangfér to have a set of good windows; this prined-estat
should not be obscured for the purpose of maimgimgiontinuation of the Moebius edge. In Fig@ee Startin
form a prominent building feature, then closing thep in various ways (a) through (¢)l explore a differel
way to work around this problem by reversing thes®f the wide and narrow sides of the swept csestion.

(2

(]

Starting form a prominent building feature, then asing the loop in various ways (a) through (c).

In Figure See Starting form a prominent building featurentlising the loop in various ways (a) thro
(c). a | started with a dramatic vertical loop cut fran82' thick slab that has plenty of good windowcgs o
both sides. The narrow Moebius edge runs verticllthe ends of the floors in the two towers arsh @weerf
over the top of the building. FiguBee (a) Elevations, and (b) floor plans of the andRig. 14a; (c) cross secti
of an "onedge" branch of the basic rectangular profile,, @g.used in Fig. 14c; (d) a variant of the profiiéh
wedges at the ends. (e) and (f) two different viefvanother use of such an arch in a tall buildivith slantes
towers.illustrates how the space in this prominent atm lzse put to good use and provide much office spatty
generous windows. To make the desired Moebius rofu the overall structure, we need to conneetftbn
side of one tower with the backside of the othdrisTcan be achieved with a spiral loop formed bipwa
horizontal building branch (Figsee Starting form a prominent building featurentielosing the loop in vario
ways (a) through (c)). In our envisioned Math Institute, this particbaccommodate public functions sucl
the classooms, the library, the cafeteria, and the recepéicea. The latter three functions can make goedl
skylights to accommodate a glass roof as the lbgimatinuation of the glass facades of the mairdoug loop
The class rooms could be placed in the lower storynderground. Thus the mostly windéess Moebius edg
that needs to run around the horizontal facesisflthwer part of the building, could lie just slifghabove groun
level, where vertical windows can most easily lagléd off for copious skylights.
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(a) Elevations, and (b) floor plans of the arch Fig. See Starting form a prominent building feature, the
closing the loop in various ways (a) through (@; (c) cross section of an "on-edge" branch of thmasic
rectangular profile, e.g., as used in Figee Starting form a prominent building feature, thelosing the loop in
various ways (a) through (c)k; (d) a variant of the profile with wedges at tleads. (e) and (f) two different views
of another use of such an arch in a tall buildingitk slanted towers.

The bottom portion of the structure in FigiBee Starting form a prominent building feature, then

closing the loop in various ways (a) through &js rather larger. We can reduce its area by angling the
two towers at 90 towards each other. This could change the originally semi-cirdolat tla top into a
conical shape (Figsee Starting form a prominent building feature, then closing the loop in variou

(a) through (c)b) - a structure that might be difficult to build and to outfit with elevators all gyetav

the top floor. Also it is not clear how usable the assignable floor spaces would be in tras gamiof

the building. Thus the concept is further developed in Fi§ereStarting form a prominent building
feature, then closing the loop in various ways (a) througtet(@he conical top section has been

replaced with just a short, bent bridge with perfectly level floors and verticlsl. Watontrast to the
bridges in Figur&ee Deforming a basic (impractical) Moebius loop into a usable building geome
through (c)., the elongated cross section is now swept in a vertical orientation through thidgart. T
keeps the Moebius edge on top and bottom, and maintains good window fronts on the vertical faces.
This same approach can also be used at the bottom end of the building. The spiral connection betwee
the two towers can be made with a vertically oriented sweep, providing much good window front (Fig.
See Starting form a prominent building feature, then closing the loop in various ways (a) thyocgh (c

One possible drawback with this geometry is thanhiy lead to rather tall buildings. Even if the gt
rectangular cross section is reduced to only 3@B®yan arch tall enough to loop over its own sresction pt
on edge would be at about 140’ tall. Still | beéighis arched configuration of the sweep has aflpbtential an
can be shaped into attractive and usable buildifigsireSee (a) Elevations, and (b) floor plans of the @mndkig.
14a; (c) cross section of an “edge" branch of the basic rectangular profile,,eag.used in Fig. 14c; (d
variant of the profile with wedges at the ends.gedl (f) two different views of another use of sacharch in
tall building with slanted towers and f show another way of closing this domirench into a Moebius loo
The legs are bent forwards and backwards like wieléaning towers in the "Gate of Europe" in Madfidhis
spread must provide enough separation at the batboaccommodate a fairly direct connection betwdes
back-side of the front leg and the fraitle of the back leg. Again this low, horizontatjmmn would be provide
with continuous skylights that offer dramatic viewafshe arch 15 to 20 stories above.

Moebius Sculptures
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A functional bridge or building may be beyond theans that Southwestern College is willing to expema
commemorative construction. Perhaps a pure artblge viable alternative. In this section we explthe realr
of artistic Moebius bands and spaces.

Split Moebius sculptures by Keizo Ushio: (a) sindWyisted (b) triply twisted.

Keizo Ushio [See K. Ushio, sculptor, homepage: http://www2.meeher.jp/~keizo] is a sculptor who hi
celebrated twisted band structures in many diffeferms. While | am not sure whether he has evevezhal
elementary, singlywisted Moebius band, he has created doubly amdy ttivisted bands, and dozens of ¢
Moebius bands (FigSee Split Moebius sculptures by Keizo Ushio: (aply twisted (b) triply twisteda,b)
Often his Moebius strips are produced by a rectiamngiross section swept along a simple space owithethe
proper twist so that the "front" side of the slamigects to the "back" side after one travel ardinedloop. Mos
often Keizo Ushio takes such a Moebius band onlyhasstarting point, and then adds extra dramd tuy
splitting it along a center line.

In Keizo Ushio's sculptures typically the large dimsion of a wide band is split down the middleul#sg in
two nearly square prismatic shapes travelling biaside. This is a natural approach for sculptwassed fron
stone. Even Escher's triply twisted Moebius banspig in the same way (Figgee (a) M.C. Escher's "Moeb
Strip I" © 2000 Cordon Art B.V., Baarn, Holland [3]; (b) retimg symbol with same thre®ld symmetry.a).
However, for different materials, say, steel, ity just as natural to split the band from itsrovar sides
leading to two even thinner cross sections travgllion top of one another" (Fi§ee Split Moebius sculptures
Keizo Ushio: (a) singly twisted (b) triply twisted). This has the intriguing effect of creating aahn mor
pronounced enclosed space between the two part. space itself now has the topological properties
Moebius band, even though its bounding materialdbsnorientable, i.e., doubkided (one side faces -
Moebius space and the other side is pointing out)y&ince the major portion of this paper is conedrwith thi
creation of twisted Moebius spaces accessible toams, | will now focus on a sculpture that emphessithe
enclosed space rather than its bounding materigd.wa

My proposed "Moebius Space" sculpture is derivedifia "split torus" in which the cutting gap makeka4
degree twist while sweeping around the torus. Sihé® space is the intended focus of our attentiomave
widened it and also bulged it out to make it loo&renlike a cave. To draw even stronger attentioit, tohave
given its wall a shiny silvery color, while keepitlge outside of the torus from which it is carvadmatte blac
(Fig. See The proposed "Moebius Space" sculpture, (@puatergenerated view, and (b) a physical maqt
made with a Fused Deposition Modeling mach)ne.
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The proposed "Moebius Space" sculpture, (a) computgenerated view, and
(b) a physical maquette made with a Fused Deposifidodeling machine.

Conclusions and Acknowledgments

The singlesided Moebius loop is a fascinating geometricalpshand leads readily to a plethore
aesthetically pleasing sculptures. But beyond thisely aesthetic value, the Moebius form can alg
transformed into practical functions such as bogdior bridges. Given the tight linking of arts andthematic
exhibited in the Moebius shape, it would be a vitting symbol for a commemorative construction fiue
Bridges Conferences at Southwestern College in MlthfKansas.

This work was partially supported by the Nationalefice Foundation under a research grant to stoe
designer/fabricator interface for rapid prototypinghe synthetic figures and sculpture models hager
constructed with SLIDE, a modeling and renderingtesm built by Jordan Smithgee J. Smith: "SLIDE: Sce
Language for Interactive Dynamic Environments,pfittvww.cs.berkeley.edu/~ug/slideand Jane Yen.
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