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(54) Title: LOGIC PUZZLE

Figure 1

(57) Abstract: A three-dimensional polyhedra-form logic
puzzle comprised of a plurality of independent, non-inter-
connected puzzle elements of three-dimensional geometric,
axially-symmetric, pyramidal-peaked form including one or
more apex-opposed polygon faces and a plurality of radial
faces. Fach edge of an apex-opposed face that contacts a
radial face presents visible design indicia. Radial faces con-
tain transversely-polarized magnetic, mechanical or electro-
mechanical attachment mechanisms. The puzzle is solved
and the three-dimensional polyhedra completed when puz-
zle elements are placed with the visible design indicia of
every puzzle element's apex-opposed face edges conform-
ing to those of every adjacent puzzle element. Radial faces
may contain protuberances and cavities corresponding to
indicia of corresponding apex-opposed face edges such that
only puzzle elements with conforming apex-opposed face
indicia will interjoin. Computerized processes determine
viable solutions for indicia combinations on puzzle ele-
ments. Puzzle elements may be of pyramidal, dipyramidal,
trapezohedral, thombohedric or other similar forms.
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LOGIC PUZALE

3

BACKGROUND OF THE INVENTION

o

Fiold of the Invention

The present invention relates to geometric logie puzzdes characterized by independent, salid,
three~dimensional, axially-symumetric, pyramidal-peaked puzzle elements, each of which puzzie
slements has one or more apex-opposed polygonal faces bearing visible indicia. Each axially-
svimetric, pyramidal-peaked puzzle clement may be comprised of three-dimensional clements
of pyramidal, dipyramidal, trapezohedral, thombohedric or other similar forms with radial faces

of identical shaps and size.

The goal of the puzzle is 1 ussemble a pre-determined three-dimensional, solid geometnic shape

by placing the puzzle clements in an orientation with the apices of the pyramidal-pesked puwzle

elements touching and with the \.dg s of their apex~opposed faces also touching. The desired
arrangement of the puzzle elements s such that the indicia of each of the edges of the visible

apex-opposed polygonal faces of sach puzszle element confornss to the indicia of the visible apex-
opposed face edges of all adjacent puzzle elements. The visible indicia of such puzzies tan be
alphanumeric values, color eloments, sbatract patterns or geometric designs. In solving such
puzzies, the most challenging ones are those that offer a number of apparently viable, nearty-
completed solutions using many of the puzzle olements but which cannot be fully completed
using the remaining puzzle elements. Ouly a selsct st of alignments of all of the pozzle
elements — preferably just o single configwration — yield the completed assembly of the pre-
determined geometric shape with full conformance of the visibie indicia on the faces of the

geometric puzzle elements,

This invention alse relates to geometric logic puzzles that utilize analytical systerns which may
include computerized processes o determine combinations of indicia on the pyramidal-peaked
puzzle elements resulting in viable, non-trivial, challenging solutions 1o the sssembly of the pre-
determined solid geometric shape. Finally, this invention relates to computerized manifestations

and representations of three-dimensional polvhedra-type geometric logic puzzles with pyramidal,
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dipyramidal, trapszohedral, rthombohedric or other similar forms of puzzle cloments that are

solved through interaction with computerized representations of these puzzle elernents.

Dsscription of the Prior Art
Puzzies have entertained and amused mankind for centuries. The present invention relates to
geometric puzzles, logic puzzles and puzzles whose puzzie elements may be interjoined to form

& single interconnected ohject.

Geometric puzzles can be as simple as two-dimensionad tiles or three-dimensional building

R

bincks., Alignment of the tiles or Ylocks can ereate larger geomeiric units of a predetenmined
shape.

Logic puzzles are designed and constructed with specifically delineated goals and operate within
a framework of constraints on the gvailable options. A puzzle solver uses logic to evaluate the

typically interrelated constraints in order to ascertain the solution to the specified goal. A

recently popular example of 8 Togic puzzle is known as Sudeku. In a Sudoku puzzle, the goal is
to §ill 2 9-by-9 grid with the numbers 1 through © while satistyving three constraints

simultanecusly. One constraint is that the nine 3-by-3 sub-gnds cannot ¢o ain duplicate exdries

X

e others are that neither any row nor any colums through the whole gnd

Th
Th

of the same number.
can contain a c.iupii;:zﬁe entry of the same mumber. An initial Sudoky grid is partially filled with
antries and the challenge for the puzzle solver 1s to logically evahuate the alternatives and find the

single arrangement of missing numbers that fills all the remaining cells in 2 manner complying

with the puzzle constraints.

Interconmecting blocks such as LEGOR are an indirect example of' a puzzle where the puzzle

elements may be interioinad to form a single interconnected object, The creation of & specific
'~ !

Qo)

design — such as a sailing ship -~ using LEGO® constitutes a type of interjoining puzele,

A gwmﬁtric puzele may exhibit the logic requirement while simulfanecusly using puzzie

2

clements that may be intevjoined. These characteristics are demonstrated in the well-known

Figsaw puzzles, which have pictorial representations with repetitive or somewhat ambiguous

x
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.

visual patterns requiring logic to discern their placement. Such puwsrle elements (figsaw pioces}
o] ¥

must satisty both the visual indicstors of

the final pictorial representation and the physical
reguirements of the cutout designs necessary for interjoining with adjacent puzzle elements,
When all the puzzie elements have been correctly placed, the fufl pictorial view is correctly
presented and each puzzle element is physically interlocked with adjacent pieces into a single

geonmetric object.

Creometric puzzies, logic puzzles and interjoining clement puzzles have been the subject of
numerous patented inventions. More than 123 years ago, U.S. Design Patent No. 4,793 {April

H, 1

-y
f

o

1} was issued to Sanwel Lovd (1841 « 1911) for 2 logic puzzie that arranged eight
distinctly-shaped, solid, three-dimensional puzzle clements to form a cube. Three-dimensional
geometric puzzies typically offer the opportunity for the puzzle solver to interact with geometric
solids where, by nature, only 2 part of the entive surface of the puzzle elements and/or of the final
gseometric construct are visible from a single vantage point. The puzzie solver must etther

vhysicslly or mentally rotate the geometric puzzie clements and/or completed geometnic

gonsiruct to evaluoate altermative splations to the puzzle.

*

Cime type of three-dimensional geometric puzrles offers the challenge of folding or otherwise
manipulating a set of permanently interconnected components of a solid geometric shape o a
configuration that satisfies specified conditions. These puzzles are characterized by multiple
pieces that are permanenily attached to one another at edges or other exterior poinds, allowing for
folding or flexing the piecss within the constraint of the attachment mechanism. U.S. Pat. No.
2,992 829 discloses devices that are hinged along thelr edges and can be manipulated to create a
variety of three-dirpensional geometric solids. ULS. Pat. No. 4,323,244 discloses a solid
geometrical puzzle comprised of a plurality of basic components that are hinged along two edges
o neighboring componenis. U8, Patl No. 5,338,034 discloses a three~dimnensional puzzle that
includes multiple, permanently connected, frregular pyramids that are assembied into a regular
tetrahedron. The apices of the irregular pyramids all meet at one point in the interior of the
assembled tetrahedron andd the bases of the iregular pyramids form the regudar tetrabedron
surfaces. 1.5, Pat. No. 5,108,100 discloses a puzzle comprised of series of three-sided pyramids

<

and eight-sided octaeder-shaped bodies interconnected between apex points by a siring, the goal
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of the puzzle being o assemble the interconnected puzdle elements In 8 manne creating ¢ large

tetrahedon with uniformly colored sides.

A second type of three-dimensional geoweiric puzzies offers the challenge of rearranging
intercounected but movable components of a selid geometric shape into a configuration that
satisfies specified condidions. These puzzles are characterized by multiple pieces that are
permanently attached to one another at interior points, allowing for shifting and rotating the
pieces within the constraint of the sttachment mechanistn. Many of these puzzies provide the

sadver with the challenge of matching visible characteristics of the exposed surfaces but requires

that the conformance be accomplished thwongh a sequence shifts and rotations of the
mterconnected puzzle elements. Perhaps the best known puzzle of this type is Rubik's Cut 5™

the poal of which is to arrange the votatable puzrle slements so that each cubic face 1s composed
of puzzle elements of the same color, ULS. Pat. No. 3,653,201 discloses a pattern forming puzzle

in the shape of & cube such that interconnected puzzle elements on the faces of the cubs may be

rotated to present uniformly colored faces on each side of the completed puzzle. Other exarmples

of three-dimensional, rotational puzzies are disclosed in U.S. Pat. No. 4,378,116, 1.8, Pat. No.
4473228, U.S. Pat. No. 4,474,378, LS. Pat. No. 4,575,088 and U.S. Fat. No. ?,?;?i}S,ZéI%. A
variation of the rotational purzle 18 disclosed In U.S. Pat. No. 4,416,453 in which only opposing

faces of the polyhedron are interconnected and rotate in unison. U.S. Pat. No. 4,558,866
discloses a three-dimensional, rotational type, polyhedra-form logic p‘uzzie with the sohation goal
of matching visible indicia. Poszie elements are rotated to mterchange their positions in the

process of arrtving at the solution o the puzzle,

A third type of three-dimensional geometric puzzics pffers the challenge of assembling
independent three~-dimensional puzzie elements into a pre-defermined solid geometric shape.
The challenge of most such puzzies is finding the arrangements of puzzie elements that create
the desired final structure. Loyd’s Cobe Puzzie is an example of this tvpe of puzzie. US, Pat.

No. 4,676,507 discloses a three-dimensional puzzie comprised of six identically-shaped puzzie

B

elements that physically interconnect to create one of the five convex regudar polyhedra
3 A

generally known as the Platonic solids. A Platonic solid 13 a polvhedron all of whose faces are

congruent regular convex polygons and where the same number of faces meets at every vertex.
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%

U.S. Pat. No. 6,145,837 discloses a2 puzzic made of several three-dimensional puzzi:s elements
that can be positioned 1o create several predetermined geometric shapes. U8, Pat. No. 6,439,571
discloses a puzzie of cubic puzele clements that have raised guadrants on some sorfaces and fia
guadrants on other surfaces such that the puzzie elements may be placed together to create a line,
a square, a cebe or a tessevact. LS. Fat. No. 7,247,075 discloses a set of three-dimenstonal,
rhombic-pyramid-shaped butlding blocks, ULS. Pat. App. Pub. No, US2003/06014112 Al
discloses a geometric solid enterfainment system consisting of regular polygon, three-

dimensional, pyramid-shaped building blocks.

Because independent three-dimensional puzzle elements offer multiple possible orfentations in
space, a fourth type of geometric puzzles creates solid three-dimensional shapes assembled by
fitting together a number of smaller three-dimensional shapes while satisfying other, constraining

e

conditions on the available altermative onentations of the puzzle cloments. Such constraints

oy

atlow the puzzle design ¢ include the rcg}.rc"‘“t‘m to demonsirate specific characteristios such a

matching the visible indicia or other physical attributes of adjacent puzzie elements. LS. Fat.
No. 3,565,442 discloses a puzzle composed of thres-dimensional tetrahedral and octabedra

puzzle clements 1o be arranged such that the visual indicia of die markings on the exterior faces
are arranged to total the sum of thirteen on each face of the final polyhedron. UK. Pat. Ne.

e £

3,788,645 discloses & mathematical cube puzzie in which four separate cubes have an each of

.

their edges one of three different colors. The object of the puzzle is to arrange the various cubes
velative to one another such that the eolors associated with ali exposed adiacent plaving edges of
ditferent cubes match one another. The puzzle has nultiple solutions and the pieces can be
arranged into a wide variety of different shapes. (1S, Pat. No. 4,210,332 discloses a patiemn
forming puzzle using independent puzzle elements with visible indicia on cach face of the puzzle
elements that ave placed into & support structure in such a way that a predetermined pattern 1s
created on each face of the fnal polvhedron, ULS. Pat. No. 4,258,479 discloses a puzzle with
sets of right-triangular tetrabedron blocks, such sets being capab‘st: of assembly into cubes or
pyvramids exhibiting specified color schemes on the exterior faces. 1.8, Pat, No. 4,865,324
discloses a three-dimensional puzzie comprised of a plurality of wheel-shaped puvale clements
slong 8 common axis, the puzzle being sohved when puzzle slements with matching visibie

indicia are placed in the correct order and rotated into alignment along that central axis. US,
f= [l
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Pai, No. 5,407,201 discloses a puzzle with multiple three-dimensional pieces of teirahedral and

o

quare pyramidal form that feature indicia along their edges. When a three-dimensional

geometsic structure §s correctly assembled from the pleces, completed indicta appear on all
surfaces of the assembled geometric structure, with the portion of the indicta on each piece of the
surface matching the complementary portion of the indicia on the adjscent swriage. ULS. Pat. No,
5,411,262 discloses a puzsle with multiple, essentially two-dimensional puzzie elements that
may be assembled to form a hollow three-dimensional object. ULS, Pat. No. 5,803,461 discloses

& game in the form of a puzzle with two-dimensional or three-dimensional, identically-sized

cubic puzzle elements marked by visible indicia. The goal of the game/puzzle 5 to align the
puzzie elements such that the indicia maich along adjacent edges while forming the geometric

shape of a synare. 1.8, Pat, No. 6,257 574 discloses a multi-polvhedral puzzle of four

tetrahedrons and a single octabedron that are fitted together In a transparent case in a manner

such that abutting faces of adjacent polyhedron blocks form prescribed color patterns. U.S, Pat.
No. 5,422,560 discloses & puzzie with multiple, three-dimensional cubic puzzle elements that

may be assembled to form a three-dimensional cube with a distinet composite image on cach

face of the cube,

Al four types of three-dimensional geometric puzzies described above require oue or more
processes to hold the puzzle elements together in the finished object. For the interconnected
puzzies of the first type, divect pi‘;ysi{:&E copmection is used o bind the pleces. A divect phiysical
attachment mechanism s typically used for rotational-type puzzies although some variations,
such as magnetic attachmend, are suggested as in U.S, Pat, No. 4,558,886, Independent prezie
clements in puzzle types three and four are not bound by direct physical connection. Gravity in
cornbination with friction is used in some designs as in U8, Pat. No., 3,565,442, In other cases,
the pieces are arranged 1o @ sepavate support strocture as in U8, Pat. No. 4,210,332, U8, Pat,
N, 5,411,262 and 1.8, Pat. No. 6,257,574, Magnstic mechanisms are used in a number of
three~dimensional puzzies, as in 118, Pat. No. 4,258,479, U.S Pat. No. 5,411,262, U.S. Pat. No.
£,439.87F, ULS. Pat. No. 7,247,075 and U S, Pat. App. Pub. No. US2005/0014112 Al Velero,

another releasable physical attachment mechanismy, is proposed for securing pieces 1 place i
et i

U.S. Pat. App. Pub., No. US2005/0014112 AL
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Some of the three-dimensional puzzle inventions with indepen zie elements disclose the

use of the physical charscteristics of the puzzle clements for ass uling that adiacent puzzle

1.8, Pat. No. 4,865,324 discloses that protuberances and cavities

&

clements are correctly aligned, {
on the magunetic, wheel-shaped puzzde elements hold thers in alignment in the direction of the
axis so that visihle indicia are precisely positioned 1o subsequently determune if the indicia are
correctly matched. U8, Pat. Ne. 6,439,571 discloses cubic puzzle elements that have raised

5

quadrants on some surfaces and flat quadrants on other surfaces such that 2 raised quadrant will

align and interlock with & flat quadrant and the linkage secured by magnetic bonding clements
for the purpose of assembiing the purrle clements into the final i.mﬁgm‘a:EML

None of the inventions deseribed herein, nor any known or discovered. disclose a design for a
three-dimensional togic puzzle 1} comprised of independent, three-dimensional, axially-

symmetric, pyramidal-peaked shaped puzzle elements with clearly identifiable, identically-
shaped radial faces that 2} exhibit design indicia on the edges of their visibly exposed faces and

3} &l attaching radial faces of the puzzle elements contain transversely-polarized, magnetically
attractive or ather securing components such that 4} every properly aligned attaching radial face
is identical in shape 1o and will be attracted to any other property aligned attaching radial face
ard 5) that design indicia of every visihly exposed edge of every puzzle element must be

correctly matched with its adivining puzzle elements in order to successfully complete the

(44

puzzie. Further, none of the inventions deseribed herein, nor any known or discovered, disclose
a design for a three-dimensional logic puzzle that possesses physical characteristics on its
attaching faces corresponding to the design indicia on the exposed faces such that only attaching
faces with conforming visual indicis on exposed faces may he physically interjoined to
successfully compiste the puzzle. Radial faces of pyramidab-peaked puzzle elements ave those
faces that share a vertex point with the center of the compiete polyhedron and an edge with the
exterior of the complete polvhedron. Visibly exposed faces are those faces of the puzzie
clements that do not share a vertex point with the center of the completed polyhedron and can be
seen on the exterior of the completed polyvhedron, The pyramidal-peaked puzzie elements are
designed such that a clear oriendation may be quickly established identifying all potential radial

faces and visibly exposed faces for conformance of design mndicia.
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Further, none of the nventions desoribed heretn, nor any knows or discovered, disclose a
process for creating the arrangement of design indicia for a three-dimensional logic puzzle where
the design indicia have been chosen such that all potential solutions fo the puzzle for a given set
of puzrle elements are known and can be evaluated fo determinge desipgn indicta that yvield s
puzzle of desired diffieulty, that difficulty being indicated by the number of potential solutions o
the puzzle offered by the specific set of purzle clements or by the muanber of partially completed
puzzle configurations that cannot be successfnlly completed with the remsining puzzie elements.
LS, Pat. No, 5,407 201 discloses a logic puzele with multiple three-dimensional puzzie elements
of tetrahedral and square pyramidal form that feature indicia along their edges and includes g list

Lo

of design indicia requirements for some puzzle element edges that must be met to asswee that @
sofution does exist for the puzele. However, because some of those pezzle elements may have
multiple rotational orientations in all three dimensions, not all design indicia are matched with
those of other puzzie claments cither 1) because the indicia of the puzrzle eloments are hidden
inside the corapleted geometric struchre, 2} because the indicia of the puzzie elements ave
hidden inside the supporting base; or 3} because edge indicia of puzzic elements along the
unhounded edge of the completed geometric structure are not constrained to mateh those of other
purzle clements. Thus, no process is disclosed for determining the appropriate design indicia for
hidden or unbounded puzzle elements and no process is provided to assure that arbitrary

sssigrument of those non-constrained design indicla won't vield 4 large number of alternative

!"}

solutinns to the puzzle making successfil completion of the puzzie significantly less ditficult

than was expected. Further, 110 process is disclosed for determining the appropriate design
indicig for pazzle clements nsed in 8 puzde where every design indicia of every puzrle slement
visible on the exterior of the completed polyhedron is required 1o mateh the design indicia of

ay

gvery adioining visible puzzie slement

None of the inventions deseribed herein, nor any known or discovered, disclose a design fora
three-dimensional Iogic puzzie with independent, axially-symmetric, pyramidal-pesked purzle
clemnents wherein every radial face of the pyramidal-peaked puzzie elements is identical in shape
to every other radial face and every properly aligned radial face possesses a transversely-

N e gey” Y = 3o~ ratiraot r ﬁ 4 Foeres Shast 1 Srenys Ty ¢
polarized magnetic element that will magnetically attract any other radial face that is similacly

shigned. Proper alignment of two pyranudai-peaked purzde clements is achieved when the two
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of the identically-shaped radial faces of the puzzic clements are oriented so that vertices of the

radial faces that both share the center of the completed polvhedron and edges of the radi
that share the visibly exposed faces are aligned. Every known magnetically-airactive, three-
dimensional geometric design using matching faces of three-dimensional puzzle elements
exhibits the characteristic that a given face contains a magnet with one of two possible polarities.
Thus, for any specific polarity, some puzzle clements will be attracted and others will not. For
mstance, in ULS. Pat. No. 7,247,075 & left wiangular face is designed to attract and sttach ouly o
aright triangular face, U.S. Pat No. 5,411,262 discloses in Fig. 7 an arrangement of magnets
along the edges of essentiglly two-dimensional puzzle clements that causes any edge of any
puzzle element to be attracted fo any edge of another purzle clement. However, if one of the
puzzle clements is flipped over — an apparently allowable patential slignment for the two-

dimenstonal purzle clements — then none of its edges are attvacted to any of the edges of other

Lo

puzzie elements.

None of the inventions described herein, nor any known or discovered, disclose a design fora

three~-dimensional Jogic purzle with independent, axially-symmetric, pyramidal-peaked puzzie

3

slements wherein every radial face of the pyramidal-peaked puzzle elements — relasive (o the
apex of the pyramid ~ is readily ideniifizkle and distinguished from its base face and is identical
in shape to every other radial face of the other puzele elements. For instanee, in US. Pat. No,

¥

7,247,075 some of the radial faces of the axiglly-asymmetric pyramidal slements are referred o

=

as left trigngular faces whereas others are described as right triangular faces. U.S. Pat. No.

3

5,407,201 discloses a logic puzale with multiple three-dimensional puzzle clements ¢

tetrahedral and sguare pyramidal form, with many of the triangular faces of identical shape.

However, the tetrahedral puzzle cloments do not present identifiable radial faces that can be

inguished relative to 2 discemable apex from the other faces of the puzzle elements.

>

readily dist

None of the nventions described herein, nor any known or discovered, disclose a design for a
three~dimensional logic purzle assuring that only attaching faces of puzzle elements with
conforming visual indicia may be physically interjoined. The arrangement of protuberances and
cavities on the connecting edges of the puzzle clements disclosed in UK. Pat. No. 4,865,324 are

designed for the sole purpose of asswring that visible design indicia on the exterior edges of the
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whesl-shaped puzzle elements gre presented in 8 limited number of distinet aligoments rather
that offering a nearly unlimited combination of alignment possibilities that would result if the
puzzle clements torned without restriction. The physical nature of the protuberances and cavities
as disclosed do not, however, prevent puzzle elements with non-matching visible indicia from

heing placed and connected o one another.

None of the inventions described herein, nor aay known or discovered, disclose a design fora
three-dimensional logic puzzle such that everv edge of every apex-opposed face of every puzzle
glement must be carrectly matched with the edges of aﬂe\so‘g}msﬂd faces of the sdjoiung puzzie

fements in order to successfully complete the puzzle. US. Pat. No. 5,407,201 discloses a

(9

puzzie with independent three-dimensional puzzle elements that reguires matching visible indicia

0

along the edges of the puzdle clements. However, many of the edges of purele clements in that
puzzie are not constrained to match with the edges of any other puzzle elements. These
unnatched sdges are either hidden inside the completed three-dimensional structuce (ncluding

the supporting base} or sit on the tnbounded exterior of the completed structwre.

None of the inventions described hereln, nor any kanown or discovered, disclose a design for a

o

three-dimensional logic i}?‘ziic such that every puzzle elemment is of three-dimensional

o1

dipymmiﬁa} shape « as though two pyramidal shaped puzzle elements had been securely joined

over their base faces ~ with the s:iip}mﬂ*aidai puzzle elements still offering recognizable radial

3o P

faces to be interjoined based on conformance hetween the visibly exposed faces of the other

4

halves of the dipyramidal puzzie clowents.

(LR

ek

None of the inventions described herein, nor any known or discovered, disclose a design

threg-dimensional logic puzzle such that every puzzle element is of threo-dimensional

trapezohedral shape - consisting of identical deltoid faces - with the trapezohedral puzzie
clements offering recognizable radial faces to be interjoined based on conformance between the

visibly exposed faces of the other halves of the waperohedral puzzie elements.

Finally, none of the inventions described herein, nor any known or discovered, disclose a design

for a three-dimensional logic puzzle such that every puzzie element is of three-dumensional

10
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rhombohedric shape ~ consisting of identical parallclogram faces— with the rhombohedric puezle
clements still offering recognizable apices distinguishing the orientation of the radial faces to be
interjoined based on conformance between the visibly exposed fsces of the other halves of the

rhombohedric puzele elements.

SUMMARY OF THE INVENTION

The present invention discloses a geometric logic purzle characterized by independent, solid,
three~dimensional, axially-symmetrie, pyramidal-peaked puzzie elements constructing a
completed polvhedra with visible indicia on the apex-opposed, exposed faces of each puzzle
glement and conditions specified for *}L;c ment of the puzzle clements such that visusl indicia on

adjacent puzzie elements satisfy cenain constraints. Axiaiiyasytm;memc, pyramidal-peaked

X

puzzie elements ~ of pyramaidal, dipyramidal, rapezohederal, thombohedric or other similar form
are those puzzle elements that exhibit a plurality of identically-shaped, flal faces angled such

that the faces converge at a peak associated with an apex and such that the appeasance of the

puzzle element is identical for & face-to-face rotation around the contral axis passing through the

pyramidal-peaked polvhedron formed by joining an apex-opposed

X

A regular pyranmd is the
regular polygonal base face to the apex with trisngular radial faces. An gpex-opposed face s a
face of a polyhedron that does not contact that apex. Tor axially-symmetric, pyramidal-peaked
puzzle clements, every face of the puzzle element either contacts a given apex as a radial face or

N

1§ opposed to that apex. A dip}q“amié is the double-pyramidal-peaked polyhedron formed by
joining a reguiar pyramid and its mirror image base-to-base making the apex-opposed faces
those radial faces of the opposite apex. A trapezohedron is the double-pyranuidal-peaked
polvhedron formed by joining uniforn: delioids. A rhombohedron is a special case of &
trapezohedron for which the double-pyramidal-pesked polvhedron is formed by joining undform

paraiielograms.
As & puzzle solver selects puzzie pleces to adjoin each other and selects which faces of those

pieces to align facing each other in the completed puzzie, 2 face of one puzzle piece can be

releasably attached to an adigcont face of an adjoining puzzle piece by a number of possible

11
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attachiment mechanisms. The pyranidal-peaked puzzie elements may contain fransversely-

5

2

polarized magnelic, mechanical or electro-mechanical attachment mechamsms on or instde each

1

radial face aligned to secure two contforming radial faces when they are placed together. Hitis
determined that two puzzle pieces do not properly §if next io cach other in the completed puzzie,
the pieces can easily be disengaged from each other to allow other configurations 1o be

attompted,

=

Bach radial face of cach purzle element can beneficially exhibit physical characteristics

iy

corresponding with (he indicium on the edge of the gpex-opposed face shared by the radial face.

Such a radial face may contain patterns of profuberances and cavities arranged such that it

~

interjuins with a conforming radial face of another puzzle element — and therehy conforming

edges of apex-opposed {aces on the two puwzle elements — whon the puzzle elements are placed

together, The patterns of protuberances and cavities prevent interjoining when two puzzle
cloments with non-confonmning radial faces - and thereby non-conforming edges of apex-~

opposed faces ~ are placed together.

This invention discloses gs an exanple the specific goomettic logic puzzies charvacterized by

independent, solid, three-dimensional, axially-symmetric, pyramidal puzzle clements with visibie

N

indicia on cach edge of each identically-shaped base tace of each puzzle element that are

<

assembled to creste a three-dimensional solid polvhedron while satisfring specified constraining

conditions. Fach edge of each reguler polygonal base face of each pyramidal puzzle element

&

P

expresses visible design indicium that can be an alphanumeric value, a color element, an abstract
patiorn, 2 geometric design or a combination of the alternatives. By way of example, pyramidal
puzzle elements possess g single distinet apex point and a single, apex-opposed, regular
polygonal base face. Thus, pyramidal puzzle elernents may be oriented in a single distinet
direction wherein the sets of triangider radial faces share vertex poinis at the spices of the puzzle
slements with the center of the complete polyhedron and the apex-opposed base faces are visibly
exposed on the extertor of the completed polvhedron. The pyramidal puzzle clements confain
transversely-polarized magnetie, mechanical or electro-mechanicsl attachment units on or fuside
ach triangular radial face aligned to secure two conforming irangular faces when they are

placed together. The three-dimensional polvhedra with conforming indicia on both sides of each

12
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exposed base face edge results when all pyramidal puzzle elements with conforming trtangular

b

radial faces are properly aligned and inierjeimmi.

This invention also discloses as an example the specific geornetric logic puzzies characterized by
independent, solid, thres~-dimensional, axially-symmetric, dipyramidal puzzie slements with

ﬁ

visible indicia on each identicalty-shaped triangolar tace of each puzzie element that are

assembled 1o create a three-dimensional solid polyhedron while satisfying specified cmstrainmg
conditions. Fach triangular face of each dipyramidal puzzie element expresses visible design

indicium that can be an alphanumeric value, a color element, an abstract pattern, a peomettic
design or a combination of the aliematives. Dipyramidal puzzie slements consisting of only
teiangular faces are distinguished from pyramidal puzrle eloments by possessing two distinet

apex points instead of just one and by having no base face. Thus, dipyranudal puzzle elements
may be oriented in two distinet divections whersin 1) one set of triangular faces share vertex
points at the apices of the purele elements with the center of the complete polyhedron and the
ather triangular faces ave visihly exposed or 2) the apices of the puezle slements shared by the
previcusly exposed and visible faces are instead placed at the center of the complete polybedron
and the previously interior triangular faces are visibly exposed on the sxterior of the completed
polyhedron. The dipyramidal pﬁi‘:.?j{f slemeonts hss&aﬁcizﬁ}y contain transversely-polarized
magnetic, mechanical or electro-mechantical sttachment tnils on or inside esch triangular face
altgned to secure two conforming triangular faces when they are placed wpether. The three-
dimensiong], stellated polyhedra with conforming indicia on both sides of each exposed central
edge results when all dipyramidal puzsle clements with conforming triangular faces are aligned

and interjotned.

A ventral edge is an edge of the three-dimensional dipyramidal puzzle clement that does not
contact either apex. As with the pyramidal puzzle elements, each trianguiar face can exhibit
physical characteristics correspos ;dm,, with the indicium on its opposing-edged triangular face.
An opposing-edged triangular face is that face of the dipyramidal puzzle element with which the
initial triangular face shares s central edge and which face is connected to the opposing apex.
The physical characteristics of sach trisngular face can consist of patterns of protuberances and

cavities aligned such that the face of a puzzle element interjoins with the (mangular face of

13
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another puzzie element when conforming opposing-sdged tnangular faces of the two puzsle
elements ave placed together at their contral edge. The patterns of protuberances and cavities
prevent interjoining when tempt 18 made to place two puxele elements with non-conforming

opposing-edged triangular faces together.

The completed polyhedra of thus invention created from dipyramidal puzzle elements are referved
to as steliated, or star-like, forms although they may oot be identical to the geomeiricallyv-defined
stellated fo ce the dipyramidal purrie elements need not strictly exhibit the extension of
imtornal faces or edges, The completed polvhedra that may be oreated from dipvramidal puzzle
clements include steliated versions of the Platontc solids, the Archimedean solids, and other

pniform and non-uniform polvhedra

This invention also discloses ag an example the specific geometric logic puzzies characierized by
mdependent, sohid, three-dimensional, axiaily-symmetric, trapezohedral puzzie elements with
visible indicia on all identically-shaped deltoidal (kite-shaped) faces of each puzzie clement that

3

are assembled to oreate a thres-dimensional solid polvhedron while satisfyving specified

constraining conditions. Each deltoddal face of each trapezohedral puzzle clement sxpresses

visible design indicium that can be an alphanumeric value, a color clement, an abstract pattern, a

geometric design or a combination of alternatives. Trapezohedral puzzle elements are

distinguished from pyramical and dipyramidal puzzie elements by possessing only deltoidal
faces but ke dipyramidal purdle clements they possess two distinet apex points and no base
face. Thus, trapezohedral puzile clements may be oriented in two distinet directions wherein 1)
one set of deltotdal faces share vertex points at the apiees of the puzzle clements with the center
of the complete polyhedron and the other deltoidal faces are visibly exposed or 2} the &p§0$5 of

the puzzle elements shared by the previously exposed and visible faces are instead placed at the

center of the complete polvhedron and the previously interior deltoidal faces are visibly exposed
ot the exterior of the completed polyvhedron. The traperohedral puzzie clements contain
transversely-polarized magnetic, mechanical or electro-mechanical attachment vnits on or inside
each deltoidal face aligned © secure two conforming deltoidal faces when they are placed
together. The three-dimensional polyhedra with conforming indicia on both sides of each

cxposed central edge results whaen all trapezohedral puzzie eloments with conforming deltoidal

14
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faces are aligned and interjoined. The completed polvhedra that may be created from
trapezohedral puzzie slements include alternately-stellated versions of the Platowic solids, the

Archimedean solids, and other uniform and nos-uniform poivhedra

A central edge is an edge of the three-dimensional trapezohedral puzzle eloment that does not
contact either apex. As with the pyramidal and dipyramidal pus:zie clements, gach deltoadal face
can exhibit physical characteristics corresponding with the indician on its two opposing-edged

dettoidal faces. ('}g;pfss'mgwedgad deltoidal faces are those two faces of the trapezohedral purzie

slement with which the initial delividal fuce shaves a contral edge and which faces are connected
1o the opposing apes. The physical characteristics of cach deltoidal face can consist of patterns

-5

of protuberances and cavities aligned such that the face of a puzzle element interjoins with the
deltoidal face of another puzzle element when conforming opposing-edged deltoidal faces of the

Y

two puzzie slements are placed together along their central edges. The patterns of protubsrances

&

and cavities prevent interjoining when an attempt 1s made 0 place two puzzle clomends with

X

non-conforming opposing-edged deltoidal faces together,

This invention also discloses as an example the specific geometric logic puzzles characterized by
independent, solid, three~-dimensional; axially-symmetric, rhombohedric purzle elements with
visibie indivia on all identically-shaped parallelopram faces of each puzzle elenent that are
sssembled to create a three-dimensional solid polvhedron while satisfying specified constraiming
condittons. Bach paralielogram face of each rhombohedric puzzle cloment expresses visible
design indicin that can be an alphanumeric value, a color clement, an abstract patters, &
geometric design or 8 combination of alternatives, Rhombohedric puzzle elements are
distinguished froma pyramidal and dipyramidal puzzle elements by possessing only parallelogram
faces but like dipyramidal puzzle elenments they possess two distinet apex points and no base
face, Thus, thombohedric puzzale cloments may be oriented in two distinet directions wherein 1)}
one set of paralielogram faces share vertex points at the apices of the puzzie elements with the
center of the complete polyhedron and the other parallelogram faces are visibly exposed or 2} the
apices of the purzle eloments shared by the previously exposed and vistble faces are instead
placed at the center of the complete polvhedron and the previously interior paralielogram faces

are visibly expeosed on the extenior of the completed polvhedron, The rhombohedsic puzzle
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elements ideally contain transversely-polarized magnetic, mechanical or electro-mechanical
attachment wuiis on or wuside each paraliclogram face aligned to secure two conforming

B

paralielogram faces when they we placed together. The three-dimensional polyhedra with
conforming indicia on both sides of cach exposed central edge resulis when ali thombohedric
puzzic clements with conforming paraliciogram faces are properly aligned and witerioined. The

completed polvhedra that may be created from rhombohedric puzzle clements include the

rhesnbic hexecontahedron,

A central edge is an edge of the tree-dimensional thombohedric pozzle element that does not
contact either apex. As with the pyramidal and dipyranidal puzzie elements, each paraliciogram
face can exhibit physical characieristics corresponding with the indicium on its two opposing-
edged paralle §\>g§“* m faces. Opposing-edged parallelogram faces are those two faces of the

.

rhombohedric puzsle eloment with which the initial parallelogram face shaves a central edge and

f‘t
w

which faces are connected (o the opposing apex. The physical characteristics of gach
paraliclogram {ace can consist of patteras of protuberances and cavilies aligned such that the fac
of a puzzie clement interjoins with the paralielogram face of another puzzie clement when
conlbrming opposing-edged parallelogram faces of the two puzele clements wre placed together

along their central edges. The patterns of protuberances and cavities prevent interjoining when

a0 attemipt is made o place two puzzle slements with non-conforming opposing-edged

paraliclogram fGees together,

This mvention discloses the use of transversely-polarized mapgnetic, mechanical or elegiro-
mechanical attachment unils on or nside the attaching faces of each three-dimensional, axzaliv-
symmetric, pyramidal-peaked puzzie clement so that any puzele clement that 1s correctly aligned
with an adioining puzzie eloment is secured to complete the final polvhedra and vields a three-
dimensional object that can be rotated, examined and handled withoupt the constraint of a

supporting base or structure,
This wvention discloses the use of physical characteristios on the attaching faces of each puzzle

element consisting of patterns of protuberances and cavities such that only property aligned

puzzle slements with conforming visible indicia on the exposed faces may be auccessfully
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interjoined. Those patterns of protoberances and cavities prevent interjoining when an sttempt is

made {0 place the properly aligned faces of two non-conforming puzzle elements together.

The developrent of an analytical solation determination process that evalnates the possibie
configurations of indicia on a set of puzzle elements is a significant component of the invention.
Some configurations of indicta vield mualtple solotions while other configurations vield no
solutions. For example, if every edge of every puzzle glement were to contain the same

mdieium, any puzzie slement could be witerioined with any other purdde clement in any

o

rotational alignment, making the solution of the puzzie extremely trivial. Conversely, i every

s

edge of every puzzic element were fo contain a distinet indicium, then no two puzzle elements
could ever be combined, making no solution possible whatsoever, The more challenging

configurations of indicia on the puzzie clements 1) would contain the same indicium on the

RIS
3

edges of many of the puzzle elements, 2} would use s combination of indicia on the expesed face

of each puzzie cloment that was distinet from the combination on any other puzzle eloment, and

o

3_} would choose the set of puzsle cloments such that 4 Bmited asrangement of aligned puzzle

X

cments vielded the correct solution to the puzzie. For the most difficult configuration,

successiil placement of each puzzle element would be interdependent on the correet placement

of every other przzie eloment, vielding fust a single sofution to completion of the puzzde.

This invention discloses a plurality of three-dimensional poiyhedra that ave used for the
completed purzle. Many of the final pelvhedrs resulting as solutions for the puzzies of this
invention contain so many faces and edges that the choice of indicia configurations for the
puzzle clements 1s a difficult task, This invention discloses an analviical sohution determination

rocess that can be effectively implemented by computenized technigues to determine

=]

combinations of indicia on any given set of puzzie elements that resul! in vighle, non-trivial

P
&
2
@,
]
e
(€]

solutions to the assembly of the pre-determuined solid polyhe

In addition, sn evaluation process 1s disclosed to evaluate the number of decision steps required
in determining the arrangement of puzzie elements yielding a viable solution to the purzle, In
solving the purzle, a number of conforming aligoments that offer apparently viable partial

solutions may be found thet employ some ~ but not all ~ of the puzzle elements, Many of those
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partial solutions casnot be brought to completion using the remaining puzzic cloments. A final

solution can only be found from a select set (}?‘aiigmﬁm ts of all of the puzzle elements. The

greater the number of partial solutions offered b onfigouration of indicia on the puzals
elements, the greater the number of decision steps {on average) that are required to determine a
solution to the puzzle. The meassure of the nuntber of potential decision steps provides a strong

indicator of the challenge tnvolved w solving the puzzie.

This invention discloses the use of visual indicia on the pyramidal, dipyramidal, trapezohedral,
rhombohedric or other similar puzzle elements. In some implementations, the visual indicia may
be a compounded form of two or meore types of indicia (such as abstract patierns placed ina
background of color elements) with each type of indicia chosen in such & way as o represent a

kN
33

distinct puzzie. A single set of such puzrle elements can be used to provide two or moge

&

3

distinctly different puzzle solving challenges with distinetly different lovels of difficulty.

Finally, this invention discloses that computerized manifestations and representations of the
three-dimensional, polyhedra-type, geometnic logic puzzies of this invention with pyramidal,
dipyramidal, trapezohedral, thomboehedric or other similar purzie elements can be used to solve
the purzies of this invention through human interaction with computerized representations of the

puzzie slements,

OBIECTIVES AND ADVANTAGES OF THE INVENTION

The present wvention discloses a logic puzzle of three-dimnensional polybedra-form consisting of
independent, tree-dimensional, axiallyssymmetric, pyramidal-peaked puzzie clements with the
puzzie elements of the required dimensions and prosent in the exact number necessary and
sufficient ro construct a predetermined three-dimensional poivhedron. The objective of the
puzzie is to position the purzle elements relative to each other in a way that satisfies specified
conditions he relationshins ofads FeH ual indi the visible sortions of adioiniae
conditions on the relationships of adjacent visual indicia on the visible portions of adioining
puzzle elements. For every particular manifestation of this puzzie, all connecting radial faces of
all purzle elements for a specified polvhedron have exaetly the same dimnensions making every
radial face identical in shape and size. Thus, each puzzie slement presents an identical physical

shape over a series of rotations ground the central axis of the pyramidal-peaked puzzle clement
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{i.e., axially-symmetric), the number of identical appearances egual 1o the number of radial face
of the puzzie clement. Puzzle elements can be of pyramidal, dipyramidal, trapezohedral,
thombohedric or other similar form with identical triangular, deltoidal, paraliclogrammatic or

¥

other radial faces, respective

VrrA
L

. Each radial face of each puzzle element beneficially contains
wragversely-polarized magnetic, mechanical or electro-mechanical attachment components on or
inside that face so that any puzsle element that is corvectly aligned with an adjoining puzzle
element is secured {0 complete the final ;_3{32};1“16&?& The radial faces of the puzrle clements can
alse exhibit physical characteristics consisting of patterns of protuberances and cavities such that

only pro;}sﬁy aligned puzzle clements with conforming visible indicia on the exposed {ces may

X o

N 3

those puzzle elements with non-conforming visual indicia may

gt

be successtully interjoined and §

not be successfully interjoined.

The objective of the disclosed invention is o provide an interesting, challenging, enjoyable,
sducational, entertaining, and visually appealing puzzle that can be solved by a wide range of
puzzle enthusiasts by offering a range of complexity from relatively easy to very difficult. This
invention also offers tactile and visual interaction with the three-dimensional puzzle elements

and completed object.

An advantage of these reguirements is that a very large number of combinations of placernents of
a set of puzzle clements are possible in constructing the fnished polyhedron. Using twelve 5-

<

yeamid puzade clements thaving a regular pentagon as the base face of the pyramidal puzsle
) : 2 2 ¥

clement) to construct g twelve-sided dodecahedron and starting with any one of the puzzie
clements, there are 1,949,062,500,000.000 {about iriilion) possible pmiiim‘zai and

rotational arrangemerds of the eleven remaining pu?;?le clements. This resull is the product of
five {5} to the eleventh (11%) power times eleven factorial {111). The large number of

x

combinations makes this puzzle potentially very challenging but the constraining conditions on

e conforming of visual indicia on the puzzle elements limits the number of those combinations
that successfully solve the puzzle. The puzzle solver must use logical deduction and inference
regarding the constraining conditions and the available puzzie elements to effectively sobve the
puzzle because the process of random selection and placement of puzzle elements would be

essentially futile in Sading a successti solution to the puzzle, The process of discovering a
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single solution from the vast number of possibilities gives the puzale solver a significant sense of

o

accovaplishment.

An alternative fmplementation of this invention using twenty 3-pyramid puzzle elements

. . T eggr _— -
constraet a twenty-sided icosahedron has 1.4 x 107 (about 140 sepiiilion) possible positional and
rotational arvangements of the nineteen puzzle elements that remain affer arbitvartly choosing one

suzzie slement as the starting point,

A further object of the fnvention i3 o provide sxially-synunetric, pyramidal-peaked puzzie
elements contaning attachment mechanisms, such as trangversely-polarized magnets, so that
appropriately aligned puzsle elements may be inferjoined over their conforming radial faces and
the partially completed polvhedron may be rotated, examined and evaluated to determine the
subseguent choices of puzzle eloments for placement i aftempting to complete the puzzle. The
attachment mechanisms beneficially offer the advantage that the completed polyhedron is self-
supporting and needs no famework or other structural components to maintain #s final shape.
Ideal attachiment mechantsms allow for easy release of puzzie clements which have been placed
adjacent to each other, to allow for new placement of purzde elements if an attempled

arrangement s pot successful.

A further possible obiect of the invention Is to provide axially-synunettie, pyramidal-peaked
puzzle elements which exhibit physical characteristios on the radial faces such as patierns of
profuherances and cavities corresponding to the visual indicia on the base face edges 1o which
the radial faces are attached such that only two puzzle elements with conforming visual indicta
on the edges of their exposed faces may be successfinlly interjoined on their corresponding radial
&

fhces, providing a phiysical indication and contirmation of the successiud conformung of the

o

visual indicig of the purzde elements.

A further object of this fnvention s to provide pyramidal, dipyramidal, trapezohedral,
rhombobedric or other similar form puzzie clements which may be used o create convex

volyhedra such as the dodecahedron, stellated polvhedra with friangular fuces such as t

stelfated dodecahedron, gitemaiely-stellated polvhedra with deltoidal faces, steliated polvhedra
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with paraiiclogrammatic faces, and other various polyhedra that present completed puzzies with

distinct and appealing appesrances.

This invention discloses a plurality of three~dimensional polyhedra that can be used for the
completed object of the puzzie; many of these polyvhedra contain many faces and edges making
the selection of indicia configurations for the puzzle elements a difficalt task. An advantage of
this iavention is that an analytical sofution determination process is disclosed that can be used to
determine the patterns of visual indicia on a set of puzzle elements, assuring that the constraints
specified by the puzzle conditions {e.g.. confprming edges) can be met and that a solution to the

puzzie is possible. Another advantage is that a disclosed evaluation process can be vsed o

,,4.

estimate the difficully in completing the puzzle for iy given sot of puzzle clements, pernutting

FEd

e design of puzzles of various levels of difficulty.

Ancther advantage of this invention is that the visual indicia of the pyramidal, dipyramidal,
trapezohedral, thombohedric or other simitar form puzzle slements may be compounded to allow
for multiple expressions of slphanuineric values, color elements, abstract patiems or geometric
designs in such a way that each type of expression of wndicia represents a distingt puzzle. Thus, a
single set of purzle clements can be used {o provide two or more distinetly different puzzle

solving challenges with distinctly different levels of difficulty.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. | shows a frent-side view of  completed dodecahedron with sdges presenting conforming

WM

inglicia of shading patterns.

3

FIG, 2 shows a set of detailed views of & completed dodecahedron with nurnbered faces and with

X

s

edges presenting conforming indicia of shading patterns. FIG. 2a is the front view, FIG. Ibis
the hack view, FIG. 2¢ is the top view and FIG. 2d 15 the boltom view.

FIG. 3 shows a set of detailed views of a S-pyramidal puzzle element. FIG. 3a shows the base
face with lower case slphabetic-labeled edges progressing arcund the face in a clockwise
direction. FIG. 3b shows a side view of the S-pyramidal puzzle element with arrows showing the

locations of lower case alphabetic-labeled edges on the obscured bottom base face,
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FIG. 4 shows the base face of a S~pyramid puzzle element with the shading pattern indicia
fabeled with upper case letters.

FIG. 5 shows a flat view of a dodecabedron with the mumbered faces showing lower case
aiphabetic-labeled sdges and the seguence of faces progressing around the first face outward  a
clockwise divection.

FIG. 6 shows a flat view of a completed dodecahedron with the numbered faces showing upper
casc alphabetic-labeled indicia combinations that provide a solution to @ pusvie for that set of
indicia combinations.

FIG. 7 shows & fa view of a completed dodecahedron with the sursbered faces showing upper
case aiphabetic-labeled indicia combinations that provide a solution to a puzzle for a different set
of mdicia combingtions.

FIG. € shows a flat view of a partially completed dodecahedron with the numbered faces
showing upper case alphabetic-labeled indicia combinations that provide a partial solution to a

puzzle with a different arrangement of the same indicia combinations as in FIG. 7.

FIG. 9 shows g table format of the nunbered faces showing lower case alphabetic-labeled
adjacent edges that are located between faces corresponding to arrangement of FIG S

FIG. 10 shows a table format of the numbered faces showing vpper case alphabetic-labeled
indicia combinations that provide s solution to a puzzle for the set of indicia combinations of
FIG 6.

FIG. 11 shows a table format of the munhered faces showing upper case alphabetic-labeled
indicia combinations that provide a solution to a puzele for the set of indicia combinations of
FIGT

FIG. 12 shows a table format of the numbered faces showing upper case aiphabetic-labele

indicia combinations that provide 8 partial sohution to a purzle for the set of indicis combinations
11 the arrangement of FIG 8.

FIG. 13 shows a set of detailed views of transversely-polarized magnestic attachiment mechanisms

on the radial faces of @ S-pyramidal puzzle element. FIG 13a shows the view looking down on

[

the puzzle clement from above the apex. FIG 13b shows g side view of the S-pyramidal puzzle
element.
FIG. 14 shows a flat view of the srrangement of transversely-polarized attachment mechanisms

on the radial faces of six S-pyramidal purzie elements,
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pyramidal puzeie element. FIG 153 shows a view of the radial face looking down on the puzzie

13 shows a set of detailed views of protubserances and cavities on a radial face of a

elament from above radial face. FIG 15b shows a view of the radial face looking at the puzzle
clement from the base face end of the radial face. FIG 15¢ shows a view of the radial face
fooking at the puzzie element frow the side of the radial face. FIG 15d shows a pairof
conforming faces with widely- s;aas:s:«:i_e matching protuberances and cavities viewed from the base
face end of the radial face. FIG 15e shows a pair of conforming faces with widely-spaced,
maiching protuberances and cavities viewed from the side of the radial fhee. TIG 15f shows a
pair of conforming faces with cenirally-spaced, matching protuberances and cavities viewed
from the base face end of the radial face. FIG 15g shows a pair of conforming faces with
narrowiv-spaced, matching protuberances and cavities viewed from the base face end of the
racial face,
FIG. 16 shows a side view of the protuberances and cavities in conjbnction with transversely-
polarized attachment mechanisms on the radial faces of @ S-pyramidal puzzle element.
FIG. 17 shows a st of defaded views of & 3-pyramidal puzzle element. FIG. 1 7a shows the base
face with alphabetic-fabeled edges progressing around the face in a clockwise direction. FIG.
174 shows a side view of the 3-pyramidal puzzie element with arrows showing the locations of
alphabetic-labeled edges on the obscured bottom base face,
1G. 18 shows a flat view of an feosabedron with the numbered faces showing lower case
alphabetic-labeled edges and progressing around the first face cutward in a clockwise direction.
FIG. 19 shows a set of detatled views of 2 4-pyramidal puzzie element. FIG. 19a shows the base
face with alphabetic-labeled edges progressing around the face in a clockwise direction. FIG.
196 shows a side view of the 4-pyrantidal puzzle element.
FIG. 20 shows a set of detailed views of a Gpyramiidal puzzle element. FIG.20a shows the base
face with alphabetic-lgbeled edges progressing around the face in a clockwise direction. FIG.
20h shows a side view of the S-pyramidal puzzle element.
FIG. 21 shows a set of detailed views of an 8-pyramidal puzzle olement. FX3. 21a shows the
base face with alphabetic-labeled edges progressing around the fhee in 2 clockwise direction

t

PIG. 21b shows a side view of the 8-pyramidal puzzie slement.
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FiG 22 shows a set of detailed views of s 10-pyranudal puzale glement. FIG. 22a shows the
base face with alphabetic-labeled edges progressing around the face in a clockwise divection.
FIG. 220 shows a side view of the 10-pyramdal puzeic slement

FiG, 22 shows a front-side view of a completed stellated dodecshedron constructed using 5+
dipyramidal puzzie elements with exposed radial faces presenting conforming indicia of shading
patierns.

FIG. 24 shows a sot of detatled views of a S-dipyramidal puzzie eloment. FIG. 244 shows

)

fransparent side view of the S~dipyramidal puzrle element. FIG. 24b shows a side view of the 3+
dipyramidal puzzie element with slphabetic-labeled radial faces progressing around the puzzie
element in a clockwise divection when viewed from the apices,

FIG. 25 shows a side view of the transversely-polarized magnetic attachment mechanisms on the
rachial faces of a S-dipyramidal puzvie element,

FIG. 26 shows a side view of the protuberances and cavities on the radial faces of a 5~
dipyramidal puzzle element.

FIG. 27 shows a side view of the protuberances and cavities in conjunction with transversely-

solarized attachment mechanisms on the radial faces of a S-dipyramidal pazzle element.

FIG. 28 shows a set of detailed views of a 3-dipyramidal puzzie clement. FIG. 28s shows a
transparent side view of the 3—(§ip}fmmida§ puzzie element. FIG. 28b shows a side view of the 3-

o

dipyramidal puzzle element with alphabetic-labeled radial faces progressing avound the puzzle

clement in a clockwise direction when viewed from the apices.

FIG. 29 shows g transparent side view of g S-dipyramidal puvzle clement.

Fiz. 30 shows a transparent side view of a &-dipyraniidal puzzie element.

FH3. 31 shows a transparent side view of ap 8-dipyramidal puzzie element,

FIG. 32 shows a transparent side view of a 10-dipyramidal puzzle element.

FIG. 33 shows a front-side view of 2 completed alternately stellated dodecahedron constructed
using S-trapezohedral puzzle elements with each hall of every exposed deltoid face presenting

shading pattern indicia conforming o that of the deltoid face of the adiacent puzzle element.

3

wedral puzzie element. FIG. 342 shows a

sy

FIG. 34 shows g set of detadled views of a S«trapezo

transparent side view of the S-rapezehedral puzzle clement. FIG, 34b shows ¢ side view of the

"

S-trapezohedral puzzie element with alphabetic-labeled radial face indicia pairs progressing

R

P

around the puzzle element in a clockwize direction when viewed from the apices.
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FIG. 35 shows a flat view of a stellated dodecahedron with the numbered radial face indicia paws
showing lower case alphabetic-labeled edges

FIG. 36 shows a side view of the transversely-polarized attachment mechanisios on the radial
faces of a S-trapezohedral puzzle element,

FIG. 37 shows a side view of the protubsrances and cavities on the radial faces of a 5-
trapezohedral puzzie element.

FIG. 38 shows a side view of the protuberances and cavities in conjunction with transversely-
polarized attachment mechanisms on the radial faces of a \~n"s.p£w$‘\edr i puzzle element,
FIG, 39 shows a froni-side view of 8 completed rhombic hexecontahedran with each half of
every exposed paraliciogram face presenting shading patters indicta conforming to that of the
paraticlogram face of the adjacent puzzle clement.

FIG. 40 shows a set of detailed views of a thombohedric puzele clement. FIG. 40a shows a
shaded, horizontal side view of the rhorabohedric puzzle element. FIG. 40b shows a quasi-
transparent view of the rhombohedric piezle element from above an apex of the puvzie element.
FIG. 40¢ shows a guasi-iransparent, vertical side view of the rhombohedric puzzle slement.
FIG. 41 shows a set of detailed views of a shombohedric puzzle element with each half of every
exposed parallelogram face presenting shading pattern indicia. FIG. 41a shows a view of two of
the exposed paralielogram faces of the rhombohedric puzzle element presenting shading pattern
indicia gs seen from above an apex of the purele glement. FIG. 41h shows a vertical side view
ofthree of the exposed parallslogram faces of the rthombohedric puzzle element presenting
shading pattern indicla. FIG. 41c shows a view of an exposed paralielogram faces of the
rhombohedric puzzle slement presenting shading pattern indivia as seen from below the alternate

pex of the puezie clement.

yﬁ

13, 42 shows a set of detailed views of a rhombohedric puzzle element with each half of every
exposed parallelogram face presenting alphabetic-labeled indicta. FIG. 42a shows a view of the
paralielogram faces of the rhombohedric puzzle element presenting alphabetic-labeled indicia as
seen from above an apex of the puzzle clement. FIG. 425 shows a vertical side view of three of
the exposed paraliclogram faces of the rhombohedric puzele element presenting alphabetic-
labeled indicia. FIG. 42¢ shows a view of the parallelogram faces of the rhombohedric puzele

element presenting alphabetic-labeled indicia as seen fom below the alternate apex of the puzzle
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FIG. 43 shows a flat view of an tcosabedron-like rhombic hexecontahedron purele with gact
numbered puzzle clement showing one set of alphabetic-labeled edges and progressing around
the fivst puzzie element outward m a clockwise direction.

FIG. 44 shows a side view of the protuberances and cavities on the paraliclogram faces ofa
rhombohedric puzrle element,

FHEGE, 45 shows a side view of the protuberances and cavities in conjunction with transversely-
polarized magnetic attachment mechanisms on the parallelogram faces » rhombohedsie puvzde
glement,

FIG. 46 shows g 8at view of an octghedron

FIQ3. 47 shows a flat view of a cuboctahedron.

FIG. 48 shows a flat view of a small thombicuboctabedron,

FIG, 49 shows a St view of an icosidedecdhedron,

FIG. 30 shows a flst view of a thombicosidodecahedron,

FIG. 51 shows a flat view of a tnuncated icosahedron.

FIG. 52 shows g flat view of & greal rhombicuboctahedron,

FIG. 53 shows a fiat view of a thombitruneated icosidodecahedron .

FIG. 54 shows a detatled view of the base face of a S-pyramidal puzzie clement with two distingt

sete of indicia.

DETAILED DESCRIFTVION OF THY PREFERRED EMBODIMENT

The present invention discloses a three~dimensional polyhedra-form logic purzde consisting of a
plurality of independent, non-interconnected puzzle clements that are assembled 1o creats a
three-dimensional solid polyhedron whale satisfving speeified constraining conditions, Esch
puzzie element 18 a solid, three-dimensional geometrie, axially-symmaetric, pyranudal-pesked
form that includes one or more apex-opposed polygon faces and a plurality of identical-shaped
adial faces, each of which puzzle clements has one or more apex-opposed polygonal faces
bearing visible indicia. Hach axially-syoumetric, pyramidab-peaked puzzie cloment may be
comprised of three-dimensional elements of pyramidal, dipyramidal, trapexobedral,
rhombohedric or other stmilar forms with radial faces of identical shape and size. Much of the

digcussion heren will refer to the three-dimensional puzzie clements as pyramudal, having a

polyhedron for a base, triangular radial faces and & single, common vertex shared by all of the
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radial faces in an axially-symmetric manner. Altornative examples of axialty-symumetsic,
pyramidal-peaked puzzle elements using dipyramidal, trapezohedral and thombohedric forms

witl also be provided. It is understood that the particular shape and size of each purade clement,

sach apex-opposed face and each radial face may vary, as long as the puzzle elements ina

w

particular puzdle have radial faces that are of like shape and size. Thus, each reference (o a
particular shaped element, apex-opposed face or radial face is intended to be an exgmple and pot
Hmiting. As aspecific example, 8 single, sguare, apex-opposed face wonid yield an axialiy-
3 5§ B > B b J
1

symmetric 4opyramid with a square base — the commonly recognized Egyptian pyramid form ~

while a single, regular, pentagonal base face would yield an axially-symmeteic S-pyramud.

<

n

Fach edge of each apex-opposed face of each puzzle element expresses at least one visible

design indicium that can be an alphamuseric valoe, a color element, an sbstract pattern, a

geornetric design or some combination of these altematives. The pyrarsidal-pesked puzzie

sloments heneficiaily contain transversely-polarized magnetic, mechanical or electro-mechanical
&

attachment units on or inside each radial face aligned to secure two matching radial faces when

they ave placed togsther

The three-dimensional polvhedra with matching indicla on both sides of each exposed visible
edge results when all pyramidal-pesked puzzle clements with matching radial faces are aligned
and interiined. Pyramidal-peaked, axialiv-symmetric puzzle eloments can be of pyramidal,

dip yz‘améﬁal, trapezohedral, rhombohedric or other sumilar forms. The completed polyhedra that

can be created from a specifically-proportioned set of pyramidal-peaked purzie elements include

~ but are not himited t© ~ the Platonie solids {such as the dodecahedron and the tcosahedron); the
Archimedean solids (such as the cuboctzhedron and the rhombicosidodecahedron}; other uniform
polyhedra such as the rhombic hexecontzhedron and the ditrigonal icostdodecahedron; non-
uniform polvhedea such as the elongated square gyrobicupols; a number of convex thombie
polvhedra such as the thombic dodecahedron; and stellated and alternately-stellated versions of
many of these polvhedra. Examples of polyhedra that may be formed upon completion of g

46~

‘l‘

pu.zse are shown i Fig SUes

'ﬂ
Uq
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A variety of consiraining conditions which must be satisfied to complete the puzzle are passible.
In the preferred embodiment, the solution to the puzzle is the assembly of a pre~-determined
three-dimensional, solid polvhedron by placing pyramidal-peaked, axially-symmetric puzile

o

elements of regular pyramidal form In an orlentation with the apices of the pyramids touching

aned with an alignment that satisBies the condition that the visual indicia on each edge of the
visible, apes-opposed, polygonal base face of sach puzzle clement conforms to the visual indicia
on the visible hase face edges of all adjacent puzzle cloments, One solid polyhedron of the
preferred embodiment is the twelve-sided dodecshedron, 1 front view of which is shown in FIG.

~

1 with the shading pattern indicia shown to be matching across cach edge. Figure 2 shows
several views of the ssme dodecghedron again with matching pattern indicia and with the twelve
sides {faces) numbered in 1 clockwise manaer from the top down for reference. Figuwre Za shows
the front view with face | on top. Figure 2b is the back view while Figure 2¢ is the top view and
Figare 2d is the bottom view. Pace 2 is shown on the left in Figure 22 and proceeding clockwise
around the back of the dodecahedron are shown faces 3 and 4 in Figore 2b with faces 5, 6 and 7
shown in Figure 2a; faces §, ¥ and 10 shown in Figure 2b; face 11 shown in Figure 2a; and face
12 shows in Figure 28, The clockwise orfentation of the numbering scheme is shown from the
top in Figure 2¢ and the counter-clockwise numbering when looking up from the bottom {msking
the sequence opposite in divection from the top-down scheme} i shown in Figure 2d,
In the preferred embodiment yielding s dodecahedron, the base face of each pyramidal puzzle
element 10 is 2 regular pentagon 11 as shown in Figure 3a and the resulting S-pyramid s an

axtaliy-symmetric right pyramid where a line of height b 14 joining the centroxd of the

,ff,

pﬁz}ta.ganai base face 12 and the apex of each pyramid 13 is perpendicular to that base face as

shown in Figure 3b. Using a set of twelve appropriately-propottioned S-pyramidal puzzie

&

elements expressing specifically-chosen indicia, the completed dodecahedron shown in Figure |

can he constructed with matching visual indicia on cach side of the thirty exposed visible edges

Ve
X

of the dodecahedron. For a dodecahedron of the preferred embodiment, the appropriate

X

proportions for the S~pyramidal puzzle elements is that the height i 14 of the puzzle clement is &

factor of 1.113516 times the length of a side ¢ 15 of the pentagonal base face,
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The visual indicia of the invention can consist of alphanwmeric values, color elements, absiract
patterns or geometric designs. In a preferred embodiment, each base face edge of each 3-
pyramidal puzzle element exhibits one of five distinet color/pattern elements as shown, for
example, in FIG. 4 using the shading pattern indicia shown on the central base face of FIG. |
{also labeled as face & in FIG. 2a). The shading pattern indicia is shown with an inset alphabetic

%3

character {in caps} for reference to denote each particular and distinctive shading pattern as
follows: dark shading A 16, crosshateh shading B 17, white dots on dark shading € 18, black
dots on Hight shading T 19 and Hght shading ¥ 20, Tlus represents one sequence of five distinet
shading patfern indicia. Fach of the twelve S-pyramidal puzzle elersents tn FRG.1 and FIG. 2

3 distinet sequerice of shading pattern indicia combinations in a clockwise direction

=]
"]
o
02
&
b
[
7
&

when viewing the base face divectly.

™y
i

he puzzle slements ave assembled by placing the puzzle elements in an orientation with the
) 2

oy

P

apices of each pyramid touching and with an alignment such that the visual indicia on the edges

o

by

of the pentagonal base face of each puzrle clement conform to the visual indicia on the base fac
edges of all adjacent puzzle elements as shown In FIE | and FIG. 2. The conformance

requirement for the preferved embodiment is that the indicia on adjacent edges mateh each other

but other conformance reguirements ~ such a8 having mumbered indicia additively total a specific

vatue — are possible. The conformance requirement that the edges must satisfy can be visually

verified by the puzzle solver,

FIG. 5 shows & flat view of the arvangement of the twelve pentagonal faces of a dodecabedron of
the preferred embodiment. The edges of cach nmumbered face are labeled with alphabetic
characters from a through ¢ for reference use in the anatytical solution and evaluation processes

2]

The alphabetic numbering proceeds in a clockwise manner aronnd the face with the a-labeled
edge adjacent to the lowest nunthered face sumronnding that face. So, for example, the a edge of

face 1 is adjacent to face 2 and the a edge of face 2 is adjacent to face 1. Similarly, the a edge of

[

ace 7 is adjacent to face 2 and the a edge of face 12 15 adjacem to face 7. I — as in the preferre
embodiment — sach face exhibits & unigue sequence of indicia, then a solution o the puzzle will
have the characteristic that adjacent faces exhibit identical indicta. For example, edge s and

edge 2a will exhibit the same indicia as will 1b and 3a, 2¢ and 7a, Td and 122, olc., wd all
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thirty edge pairs ave identically matched. The property of matching edge-pairs is used in

determining solutions o the puzzle and in evaluating the difficulty in finding any given solution.
> P R o

This invention discloses an analviical process to determine combinations of indicia on the puzele
clements resulting in viable, non-trivigl, challenging selutions to the assembly of the pre-
determined solid geometric shape. Some potential configurations of indicia can yieid multiple
solutions while other potential configurations can vield no solutions whatsoever, For example, if
the chosen indicia for the puzzle clements were coloration and if every edgs of every puzzle
slemnent were to contain the same indicium — blue, for instance ~ then any purdle clement could
be placed adjacent Yo any other purzle elernent in any rofational alignment, making the solution
of the puzzle extrernely trivial. C{mvarse}_yg if the chosen indicia for the puzzle elements were
nombers and i every edge of every puzzle slement were to contain a distinet number, then no
puzzle element could ever be placed sdjacent to another, making no solution possible

whatsoever,

For the preferred simbodiment of S-pyramidal puzzie clements completing the dodecahedron,
five distinet indicia are chosen ~ one for each of the five edges of cach puzzle element. Withowt
repeating any indicium on auy purzle olement and eliminating rotationally-identical alternatives,
there are twenty-four possible combination of five distinet indicia vepresented alphabetically as
follows: ABCDE, ABCED, ABDICE, ABDEC, ABECD, ABEDC, ACBDE, ACBED, ACDBE,
ACDEB, ACEBD, ACEDE, ADBCE, ADBEC, ADUBE, ADCEB, ADEBC, ADECH, AEBCL,
AEBDC, ABCBD, AECDE, AEDBC, AEDCB. From these Weﬂt}’»f{mr possible combinations

of indicia, twelve must be selected that provide a viable solution to the puzzle.

An oxample of a set of twelve combinations of indicta that yield a solution to the puzzie of the
preferred embodiment s as follows: ABCDE, ABCED, ABDCE, ARDEC, ABECD, ABEDC,
ACBDE, ACBED, ACDBE, ACERD, ADCBE, and AECBI). These indicia combinations
compiete a conforming dodecahedron in the following arrangernent as shown in FIG. &
ABCDE, ACDRE, ABECD, ABDEC, ACBDE, ACEBD, ABCED, ACBED, AECBD, ADCEE,
ABDCE, and ABEDC.
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set of twelve combinations of indicia that yield a solution to the puzzle of
as follows: ARBCDE, ABDEC, ABECD, ACBDE, ACDESB,
ACEBD, ADERC, ADECE, AEBCD, ABBDC, AECBD, and AECDB. These indicia complete

a conforming dodecahedron in the following sequence as shown in FIG. 7: ABCDE, ADERC,
AEBCD, ACERD, ABRECD, ARDEC, ABBDC, AECDB, ACDEB, ACBDE, AECED, and
ADECE.

This set of combinations of indicis has an aliernative conforming arrangement using sight
combinations of indicia as shown n FIG. 8 ABCDE, ABDEC, ADEBC, ACEBD, AEBCD,

-

ABECD, AFCRD and AEBDC. However, the four remaining combingtions — ACBDE,
T
e

Ll‘

ABCDE, ACDER and ADECH - cannot complete the remainder of this puzzie. S‘pes;;iﬁczfﬁiy, the
combination of indicia necessary for fave 9 reguires the partial clockwise seguence BDC. None
of the rematning combinations contains that partial sequence. Similarly, the combination of
indicia necessary for face 10 requires the partial clockwise soguence ED. None of the remaining
elements contains that partial sequence either. Combinations necessary for faces 11 and 12
require the partial clockwise seguences EDB and DC, respectively, Again, none of the
remaining clements containg those partial sequences. Thus, FIG. 8 shows an arangement of

gight of the available combination of indicia that partially :om‘pietes the puzzle but further

progress it completing the puzzle with the remaining indicia combinations 15 not possible.

The flat view of the dedecahedron shown in FIG. 5 demonstrates which edges of each face are
adjacent fo those of other faces. The edge relationships of FIG. § can be completely represented
int a table as shown in FIGL 8, For each face listed on the colump at the left, the edges {mdi\m*m@
ax the face number followed by the edge letter in lower case) that are adjscent to the f shown
across the top are shown in the corresponding cells of the table. For example, edge 1a of face |
is adjacent to face 2. Similarly, edge 1B is adjacent to face 3 and edge 2e of face 2 is adjacent to
face 3. The table has the added advantage that reading down a column labeled across the top

b

gives the edges that are adjacent to that face. For example, the column labeled 1 shows that
edges 2a, 3a, 4a, 5s and 62 are adjacent to face 1. The process embodied in this (able discloses a
method for find combinations of indicia that provide a selution to the puzzle of the preferred

embodiment.
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The example solntion of FIG, & is shown in the table in FIG. 10, The edge indicators in lower
case letters are shown in the upper left of each cell while the representation of the indicia are
shown in upper case letters in the lower right of each cell. Thus, the indicia for face  of FIG. 6
{ABCDE) are shown across the first row of the table in FIG. 10, To satisfy the matehing
constraint of the preferred embodiment, the edges adjacent to face 1 (reading down the first
colunn) must have the same sequence of indicia {ABCDE) as the first row. Reading scross the

scond row {face 2), the » sdge must exhibit the indiclum A (adjacent to face 1), Looking across

W

facent to face 3} cannot exhibit the indicium B since the indicium for

x

the row, edge e of face 2 {5
the preferred embodiment are not repeated on any given face. Similarly, edge b cunnot exhibit
indicium E. 'i\afen‘{‘y—thres possible combinations of indicid remain after elinunating the

combination used for face 1. Of those twenty-three, only thirteen satisfy the constraints on fave
2: the combination ACDBE {reading clockwize arcund the face, Le., in abede order) chosen for

face 2 in the example of FIG, 6 is one of those thirteen. That same sequence for the edges

fd

¥

adiacent to face 2 is placed in the second column, For the thivd row, face 3 mugt exiibit Band B
indicia on edges a and b, respectively, and edge e {adjacent to face 4) cannot exhibit indicia €

A 3
1

{since face 4 aiready exhibits € on the edge adjacent to face 1} Thus, ouly four possible

comhinations remain as possibilities for face three ~ BEACD, BEDCA, BECAD and BECDA

{or their rotation eqai\-?fi gnts of ACDRE, ABEDC, ADBEC and ABECD). The combination of
indicia chosen for face 3 in the example of FIG. 6 15 one of those foar (ABEDC), Sumilarly

restrictions of the choiees of the combinations of wndicia for the remaining faces cant be oblained

from the table in FIG. 10 wntil 2 set of choiees {8 found that satisfies all the constrasning
conditions applicable to a perticular purele. In this example of the preferred embodiment, the

chosen conditions are that no specific combination is exhibited on more than one face, sach fac
exhibits each of the five capital-letter-identified indicia only once, and all thivty edges exhibit the
same indicia on cach of the adiacent face

There ave a very large number of possible arrangements of distinet combinations of indicia. For
the twelve faces of the dodecahedron with five non-repeating indicia on each face, there are over
two mithion arrangements of twelve distinet indicia combinations. While manually finding the

solution to indicia configuration choices is possible using the process described and exhibited in
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FIG, 10, the manual process is a difficult task, However, the solution process of this invention
can be implemented by computerized technigues to effectively and rapidly determine
arrangements of indicia on any given set of puzzle elements that yisld viable solutions. From all
the arrangements of twelve combinations of five distinct indicia of the preferred embodiment,
only three hundred and seventy-two sets {out of over two million possibilities) vield viable
solutions to the "mzde Fifiv-two of those have multiple distinct arrangements of puzzle

a 3

elements that solve the puzzle, so ondy three-hundred and twenty offer a single arrangement of
}‘ ol % 8 <1 v e srinopsafind wine ° ‘f‘”"l ks i -
puzzle elements as a solution where successiul placement of each puzzle element is

interdependent on the corroct placement of every other puzele element.

Try sobving the puzsde of the preferred embodiment and other puzzle configurstions disclosed in
this invention, the mast challenging ones are those that offer the largest number of apparently
vigble partial solutions using some ~ but not all — of the puzzie elements. Another example of a
compiete solution was shown 1 FIG 7. The solution table for that exampie is shown i FIG. 1.
Howaver, even starfing with the same combination of indicia for the fvet face (ABCDE}, the
arrangement shown in FIG, § demonstrates & partial solution to the puzrle using eight puzzie
cloments that cannot be completed with the remaining purle clewents. The partial solution
table for the example of FIG. 8 is shown in FIG. 12, which facilitates the examination of the
remaining puzzle elements and rejects thelr success in completing the puzzie. For every setof
twelve combinations of indicia that provide a distinet solution to the puzzle, a number of
arrangements of these combinations vield only partial solutions to the puzzle. Completion ofa
table as shown in FICG, 12 for all possible arrangements of the combinations of indicia allows
determination the number of faces that can be matched with the available combinations of indicia
{such as the cight faces that were successfully arranged in the example of FIG, 12} before an
impasse is reached. Across all sets of indicia combinations, the greater the average sumber of
faces that can be arranged before an tmpasse 1s regched the more difficult the puzzle comprised

of that set of indicia is o complete.

x

The evaluation process of this invention examines cach sef of combinations of indicia that have
been determined to provide a single solution to the puzzie. One indicia combination of the setis

1

chosen as the starting point and all possibie sequence srangements of the remanning
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combinations are evaluated to determine the average number of faces that can successfully
matched before an fmpasse 13 reached, Those sets of combinations of indicte with lower average
sumbers are concluded to provide puszedes with easier solutions while those with higher average

numbers ave concluded to provide puzzles that are more difficult to solve. Because exhaustive

examinations of multiple aliernatives gre tedious and time-cousuming © perform by hand, the

evaluation process of this invention can be implemented most efficiently by computerized
MOERS.

o

Ideally, the constructed polvhedra of this invention do not wtilize a supporting structure or
framework, Therefore, the puzzie elements of the current invention beneficially employ
magnetic, mechanical or electro-mechanical processes to seoure matching puzzle elements. In
the preferred embodiment, the S-pyramidal purzle clements contain transversely-polanzed
magnetic attachment units on or inside each radial face placed to secure two correctly aligned
radial faces when they ave placed together. In the sbsence of the protuberances and cavilie
described below, ecach radial face of any S-pyranudal puzzle element could be magneticaily
secured to any radial face of any othet S-pyramidal puzzie element. This is in starfk contrast 10
every ather known puezle design using magnetic mechanisms to secure three-dimensional puzzle
slements since every other design uses etther singly polarized magnetic elesnents or “flippable”
double polarized magnetic elements such that some aligned puzzie elements are attracted to only
certain other puzzie elements and will not attract snd secure any and all other puzele clements.
In the preferred embodimeny, the transversely-polarized magnetic attachment units can be
applied fn conjunction with the arrangement of protuberances and cavities to assure that only

correctly matched puzzle elements are securely interjoined in completing the poivhedron,

The placement of the transversely-polarized magnetic attachment units 21 on a S-pyramidal
puzzie clement 10 in the preferred embodiment is shown in FIG. 13, The top view leoking down
onto the puzzle clement from above the apex is shown in FIG. 132 while the side view is shown
in FIG. 136, Note tha the arrangement of the polarization (shown as N for north and S for
south) is identical for each radial face of the puzzle element. Were another puzzle element to be
placed adjacent to the one shown with the radial faces aligned (base face edges tonching and

apices together), the N from one would sttract and attach with the 8 from the other while the S
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wonld atiract and attach with the N. Such would be the case for any and all aligned puzzle
slements as shown in a flat view in FIG. 14, Through this attachment, the completed

2

dodecshedron could be assembled,

Because of the three-dimensional nature of the compieted polvhedron, it may be difficult for ali
the constraints to be simultancously observed and verified visually. Accordingly, in the
preferred embodiment, the puzzle clements can exhibit physical characteristics to assure that
onty matching purzle slements may be aligned and interjoined. These physical charactenistics
take the form of an arrangement of protuberances and cavities on the radial faces of the 5-
pyramidal puzzle elements such that the protaberances will securely fit into matching cavities
and such that the arrangernent of protiberances and cavities on each radial face correspond to the
visual indichunt on the base face edge shared by that vadial face. Each cavity serves as a sangly
fitting receptacie for a protuberance. Thus, only the radial faces of S-pyramidal puzzle elements
with matching base face edges may be successfully inteyjoined. Radial faces with non-matctung
base face edge indicia may have an arrangement of protuberances and cavities that prevent

interjoining.
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FIG. 15 provides a detailed look at a set of protuberances and cavities on a radial

slement. A view from above the radial face is shown in FIG. 152 with the wi delys

'_A
%
o
F}
2.

protuberance 22 shown on the left of the radial face and the corresponding cavity 23 on the right.

The same widely-spaced protuberance and cavity set is shown from the base face end of the
radial face in FIG, 15b and from the side of the radial face in FIG. 150, A matching pair of
widely~spaced protuberance and cavity sets is shown in FIG, 15d where # is clear that the
protuberance on the upper radial face will fit into the cavily on the tower face and the
protuberance on the lower radial face will it into the cavity on the upper one. A side view of
that samne pair is shown in FIG. 15¢. A centrally-spaced pair of protaberance and cavity sets 18

shown in FIG, 15f while a narrowly-spaced pair is shows in FIG. 15g

&

Three radial faces of a S~pyramidal puzzie clement 10 with transversel y-polanized magnetic

attachment nnits 21 and protuberance and cavity sets 24 on each face ave shown in FIG. 16,
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~

Other polvhedra in addition to the dodecahedron may be used as the puzzde objective of this
invention. For example, another Platonic solid ~ the icosahedron — may be constructed from
twenty 3-pyramidal puzzle elements 25 of the type shown in FIG. 17 where the height of the
pyrantid k 26 is equal to 735761 times the length s 27 of an edge of the triangular base face. It

should be noted that while each 3-pyramid puzzie element has four triangular faces, the 3-
pyranuid puzzle element used o construct an fvosahedron is not a regular tetrahedron with ail
sides egual since the radial edges of that 3-pyramid puzzle element are about 3% shorter than the

odpes of the triangular base face. FIG. 18 shows a flat view of au icosahedron using 3-pyramidal

¥

puzzle slements with the numbered faces showing lower case alphabetic-labeled edges. The 3

pe

clement can alse be used 1o construct the octahedron, another Platonic sobid

The mrrangement shows in FIG. 18 for the icosahedron corresponds to that of FIG. § for the

3

dodecshedron and allows for the selution and evaluation processes of this invention to be used in

g stmilar manner to discover solutions for and o evaluate the difficalty of an icesahedron-type
puzzie.

l

While some polyhedra such as the dodecabedron and the icosabedton use identical puzzie
slements, several polyhedra may be constructed from 2 combination of appropriately-

proportioned pyramidal puzale clements with 3, 4, 5, 6, 8 or 10 base face edges. A pymmiéia‘\;

”

kY

wazzie clement of four base sides 28 — 2 4-pyramid - is shown in FIG. 19 where the natio of &

“

%

height of the pyramid & 29 18 a factor of the length s 30 of an edge of the square base fage
specified for the characteristics of the polyhedron fur which that puzzle element will be nsed.
Stmitarly, FIG. 20 shows 6-pyramidal puzzle slement 31, FIG. 21 shows an 8-pyramidal puazle
slement 32 and FIG. 22 shows a 10-pyranidsl puzzle element 33, The characteristic ratio
relating the height and edge length of these pyramidal purale elements is specific to the
completed polvhedron that will be constructed with those puzzle elements.

The current invention includes geometric logic pazzies characterized by independent, sobid,
three-dimensional @1;}?1‘3@&13 puzzle elements with visible indicis on each identically-shaped
trianguiar face of each puzzie element that ave assembled to create a three-dimensional solid
polyhedron while satisfying specified constraining conditions. One such polyhedron — the

stellated dodecahedron ~ s shown in FIG. 23,
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Bach apex-opposed triangular face of each dipyramidal puzzle element expresses a visible design
indicium that can be alphanumeric values, color cloments, abstract patterns or geometric designs.

n

Dipyramidal puzzle clements consisting of only triangolar faces are -(%‘istinguishﬁd from
pyramidal puzzle clements by possessing two distinet apex potuts instead of just one and no base
face. A dipyranidal puzzie element 34 with five central edges — a 3-dipyramid 15 shown in
FIG. 24 for consiruction of a stellated dodecahedron. The characteristic ratio of the height i 33
from the center of the puzzle clement to oither apex relative to the edge length s 36, as shown in

4

detail in FIG, 24a, is dentics! to the charactert

istic ratio of 1.113516 from the S-pyramid used to

construct a regular dodecahedron. The edges along the center of the dipyramidal puzzle element

34 and the associated apex-opposed faces are labeled with lower case alphabetic characters from

8 through e and from § through § fo designated visual indicia as shown in FIG, 24b for reference

use in the analvtical sohution and evaluation processes. The alphabetic numbering procesds ina

clockwise manner arcund the puzzie element when looking down from above the exposed spex
with the opposed apex placed in the center of the completed polvhedron. Were the puzzie

glement to be flipped, Lo, votated such that the positions of the apices wers traded, then the

edges § through § would be used in place of the a through e exposed edges in the analytical
sushution and evaluation processes.

As is shown in FIG. 24, a dipyramidal puzzle element 34 may be oriented in two distinet
directions wherein 1) one set of triangalar faces share vertex points at the spices of the puzzie
elements with the center of the complete polyhedron and the other, apex-opposed, trisngular
faces are visibly exposed or 2) the apices of the puzzle elements shared by the previously
exposed and visible faces ave instead placed at the center of the complete polyhedron and the
previgusly interior triangular faces are visibly exposed as apex-opposed faces on the exterior of

the completed polvhedron.

Hach dipvramidal puzzle element 34 may beneficially contain transversely-polarized magastic
attachment units 37 on or inside each wiangular face as shown in FIG. 25 As with the pyramidal

puzzie elements, each triangular face of a dipyramidal purele element 34 can exhibit physical

characteristics corresponding with the indichan on its co-edged triangular face. A co-edged
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iriangular face 18 that face of g dipyramidal puzzle element 34 with which the initial tiangular
face shares & central edge and which face is connented o the opposing apex. A central edge is an

edge of the three-dimensional dipyramidal gmz.z} element 34 that does not contact either apex.

=

An example of the physical characteristics of each triangular face that can be exhibited as

patterns of protuberances and cavities 38 {s shown in FIG. 26. The protuberances and cavities
are aligned such that the face of a dipyramidal puzzie element 34 interjoins with the triangular
face of another dipyramidal puzzle element when matching co~edged triangular faces of the two
dipyranidal puzzle elements arve placed together at their central edge. The patterns of
protuberances and cavilies prevent interjoining when an attempt is made to place two
dipyramidal puzzle clemenis with non-matching co-edged triangular faces together. &
dipvramidal puzrle element 34 with both the transversely-polarized magnetic attachment units

37 and several patterns of protuberances and cavities 38 on the riangular faces s shown i FIG

1o

5

Three-dimensional polvhedra with matching indicia on both sides of each exposed central edge

- Ay

I

results when all dipyramidal puzzle elements with mistching trianguiar faces are aligned and
“ [ “’(i o "s‘f\:‘{: -’-{"hg 5 i ?:E*Gd oL m\ A\ €35 1§ 3 } 'iw P ot vaiaw ": 3‘: 1 {‘} '
interjoined. The completed polyhedra from dipyramidal puzzie elements are referred 10 1 this

imvention as steliated, or star-like, forms although they are not necessarily the result of geometric

i

]

steliation since the dipvramidal puzzle clements need not strietly exhibit the extension of internal

o

faces or edges of the polvhedra,

The solution and evaluation processes of this invention are used in the same manner to discover
solutions for and evaluste the difficulty of a stellated dodecahedron puzzle construcied from
dipyramidal puzzle elements in exactly the same manner as they were used for the standard

dodecabedron of the preferred embodiment.

Other stellated polyvhedra such as the stellated icosahedron may be created from 3-dipyramidal

puzzie elements 39 shown in FIG. 28 where the characteristic ratio of the height h 40 from the
center of the puzzle element to either apex relative to the edge length 5 41, as shown in detail in
FIG. 28a, is identical to the characteristic ratio of (7535761 from the 3-pyrawnid used to comstruct a

regular icosahedron. The edges of each end of the dipyramidal puzzle element are labeled with
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e

fower case alphabetic characters from a through ¢ and from d through f as showa in FIG. 28b for
reference use in the analyiical solution and evaluation processes. The alphebetic numbering
proceeds i a clockwise manner around the puzzle clement when locking down from above the
apex of each end. The 3-dipyramidal puzzie element can also be used to construct the stellated

octahedron, another Platonic solid,

Other dipyramidal puzzie elements such as the 4-dipyramidal puzzie element {shown m FIG.

29), the &-dipyramidal puzzle element {shown in FIG. 30}, the 8-dipyramidal puzzle clement

110

¥

(shown in FIG. 31 and the 10-dipvransidal puzzle element (shown in FIG. 32) can be us
E R ¥

s

Q

construct other stellated polyhedra. Those polyhedra include stellated versions of the

Archimedean solids and other unitorm and non-uniform polyhedra

The current invention also mcludes gesme‘ﬁ_cls gic puzzles characterized by mdependent, solid,
throe~dimensiona! frapezohedral puzzle clements with visible indicia on each identicaliy-shaped
deltoid face of cach puzzle clement that ave assernbled to oreate a three-dimensional solid
polvhedron while satisfying specified constraining conditinns. One such pelyhedron —an
alternately-stellated dodecahedron - 1s shown in FIG. 33,

>

ach half of sach apex-opposed deltoid face of esch trapezchedral puzzle element expresses

t11

forN

visible design indiciien that can be alphanumeric values. color elements, abstract patterns or
geometric designs, Trapezchedral pozzle elements consisting of only deltoid faces are
distinguished from pyramidal purele clements and are similar to dipyramidal puzzle elements by
possessing two distinet apex points instead of just one and no base tace. A trapezohedral puzzle
element 42 with ten contral edges ~a 5-i‘mpemhedmn —1is shown in FIG. 34 for construction of

an alternately-steliated dodecahedron. The characteristic height h from the center of the puedle

%

slement {0 either apex 18 ientics] fo that of the S-dipyramidal puzzie element used to construct 2
tollated dodecahedron. The edges along the center of the trapezohedral puzzle element and

assoctated ap&x~epg3m;ed faces are labeled with lower case alphabetic characters from a through §

and from ¥ through €8 snate visual indicia as shown in FIG. 34b for reference use in the
analytical solution and evaluation processes. The alphabetic numbering procesds in a clockwise

manner around the puwrle element when looking down from asbove the exposed apex with the

39



WO 2010/005635 PCT/US2009/044610

opposed apex placed in the center of the completed polvhedron. Were the puzzle clement 1o be
fiipped, i.e., rotated such that the positions of the apices were traded, then the edges k through ¥

5

would be used in place of the a through § edges in the analvtical solution and evaluation

Processe

As is shown in FIG. 34, a trapezohedral puzzie element 42 may be oriented in two distinet
divections wherein 1} one set of deltoid faces share vertex points at the apices of the puzzle
slements with the center of the complete polyhedron and the other, apex-opposed, deltoid faces

are visibly exposed o

wg
%]
S
[2S
S-‘;;

piees of the puzzle elements shared by the previcusly expesed and
visible faces are instead placed at the center of the complete polvhedron and the previously
interior deltoid faces are visibly exposed as apex-opposed faces on the exterior of the completed

polvhedron,

Using indicia labeling for each half of each deltoid face, 8 flat view of au . alternately-stellated

5

dodecahedron with the mumbered apices showing lower case alphabetic-labeled edges is shown

in FIG. 35, The angles of the deltoid faces have been diminished for simplictly of presentation

n the fat view, As before, the solutipn and evalugtion processes of this invention van be used in
N

the same manner o discover solutions for and fo evaluate the difficulty of a puzsle constructed

from traperzohedral purzle eloment

Each trapezohedral puzele element 42 may beneficially contain transversely-polarized magnetic
attachment wnits on or inside gach deltoid face as shown in FIG. 36, As with the dipyramudal
puzzie slements, cach deboid face of a trapezohedral puzzle element 42 can exhibit physical
chavacteristics corvesponding with the indiciom on its co-edged delinid face, A co-edged deltoid

« 18 that face of the rapezohedral puzzie cloment 42 with which the iratial deltord face shares

7y

(‘J

{a
central edge and which face is connected {o the opposing apex. A central edge is an edgeof
the three~dimensional trapezohedral puzzie element 42 that doss not contact either apex. An
exampie of the physical characteristics of each deltoid face of a trapezohedral puzele clement 42
that can be exhibited as patterns of protuberances and cavities 1s shown i FIG, 37, The
protuberances and cavities are aligned such that the deltoid face of a trapezohedral puzzie

element 42 interfoins with the deltoid face of another trapezohedral puzzie element when
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matching co-edged deltoid faces of the two puzzie elements are placed together at their central
edge. The patterns of protuberances and cavities prevent interfoining when an attempt 15 made ©
place two puzzie elements with non-matching co-edped deltoid faces together, A trapezohedral
puzzle elemnent 42 with both the transversely-polarized magnetic attachment units and several

patterns of protuberances and cavities on the deltoid faces is shown tn FIG. 38,

Three-dimensional polvhedra with matching indicia on both sides of each exposed central edge
result when all traperohedral puzzle elements with matching deltoid faces are aligned and
intericined. The completed polvhedra fom trapezohedral puzele slemenss are referred to in this
invention as alternately-stellated forms.

The solution and evaluation processes of this invention may be used in the same manner o
discover solutions for and to evaluate the difficulty of an altermately-stellated dodecahedron
vuzzle constructed from trapezohedral puzzle elements in exactly the same manner as they were

used for the standard dodecahedron of the preferred embodiment.

Other alternatelv-siellated polvhedra may be created from 3-irapezohedral, d-trapezohedra], 6-

I

trapezohedral, $-trapezobiedral and 10-trapezohedral puzzle elements fn 8 manner similar to those

stellated polyhedra constructed from dipyranudal puzale elements,

Y

7

The current invention alse includes geometrie logic puzzles characterized by independent, solid,

o by R

<

three-dimensional thombohedric puzzle elements with visibic indicia on all identically-shaped
paralielogram faces of each puzzle element that are assemnbled to create g three-dimensional solid
poivhedron while satisfving specified constraining conditions. One such puzzle constructs the

thombic hexepontahedron shown in FIG. 38,

Bach gpex-opposed paralistogram face of each rhombehedric puzzie element sxpresses visible
design indichum that can be alphanumeric values, color elernents, abstract patterns or geometric

designs. Rhombohedric puzzle eloments ave distingnished from pyramidal, dipyramidal and

traperohedral pazzle elements by possessing only paralielogram faces but Hke dipyramidal and

By 2

ohedral puzzie clements they possess two distinet apex points and no base face. A

’,V{:j

trapez
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thorabohedric puzzle element 43 is shown in FIG. 40 where the horizontal side view is shown in
FIG. 401, a top view looking down from above one apex is shown fn FIG. 40b and a linked
vertical side view is shown in FIG. 40¢. The characteristic ratio relating the long diagonal length
i and edge length of these rhombohedric puzzle elements 8 specific to the completed polyhedron
that will be constructed with those pazzic eloments. Bach parallelogram face requires two
indicia since there are two distinet edges that are shared with adjacent puzzle elements in the
ompleted polyhedron. An example of the positioning of pairs of indicia on the parallelogram
faces of a rhombohedric puzzle element 43 is shown in detail in FIG, 41, The lower case
alphabetic labeling of the edges of a rhombohedric puzzle slement 43 is shown in FIG. 42, Note
that from above, the rhombohedric puzzle element appears 1o be similar {o atrianguier face with
a spiit patr of edge labels, one on each side of each exterior edge. The angles of the
paralielogram faces have been diminished for simplicity of presentation. The indicia labeling of

a through £ shown in FIG. 42a represent those indicia visible when looking down on that

Iy

exposed apex with the opposed apex placed in the center of the completed polyhedron. Were the
puzzle element 43 to be flipped, the indicia labeling of g through  would instead be visible and
those indicia would he used in the place of the exposed a through  for the solution and
cvalugtion processes. Using indicia labeling for each half of each paralielogram fuce, a flat view
of a thombic hexecontahedron that is similar o the view of an fcosahedron with the numbered
faces showing lower case alphabetic-labeled split edges is shown 1o FIG. 43, Accordingly, the
solution and evaluation processes of this Invention can be used in the same manner to discover

sotutions for and 1o evaluate the difficulty of a puzzle constructed from rhombohedsic puzzle

slements.
Similar to dipyramidal and trapezobedral puzzle clements, rhombohedric puzzle elements ma

be oriented in two distinet divections wherein 1) one set of parallelogram faces share vertex
points at the apives of the puzzle eloments with the center of the complete polvhedron and the
other paraliclogram faces ave visibly exposed or 2} the apices of the puzzle elements shaved by
the previously visibly exposed faces are instead placed at the center of the complete polyhedron
and the previously interior parallelogram faces are visibly exposed on the exterior of the

compisted polyhedroxn.

42



WO 2010/005635 PCT/US2009/044610

The rhombohedric puzzle clements may beneficially contam tmnswrse}.y—po}az*i.:sat:d magnetic,
mechanical or electro-mecharical attachment units on or inside cach paralielogram face aligned
to secure two matching paralielogram faces when they are placed together. As with the
pvramidal and dipyramidal puzzle elements, each paralielogram face of a thombohedric puzzle
cloment 43 can exhibit physical chavacteristics corresponding with the tndicium on its two co-

~

faces as shown in FIG. 44, Co-edged parallelogram faces are those two

»f

edged parallelogram

=

faces of the thombohedric puzele element 43 with which the initial paratielogram face shares a
central edge and which faces are connected to the opposing apex. A central edge is an edge of
the three~dimensional rhombohedric puzele element 43 that does not contact either apex. 1
physical charactesistics of each parallelogram face consists of pattems of protuberances and
cavities aligned such that the face of a thombohedric puzzle element 43 interjoins with the
parallelogram face of another puzzle element when matching co-sdged paralielogram faces of
the two puzzie eloments are placed wgether along their central edges. The patterns of
prefuberances and cavities prevent interjoining when an atterpt is made to place two
shombohedric puzzle clements with non-matching co-edged paralielogram faces together. A
thombohedric puzzle eloment 43 with both the transversely-polarized magnetic sttaclument wnis
and several patterns of protuberances and cavities on the parallelogram faces is shown in FIG.

43,

The three-dimensional polyhedron with matching indicia on both sides of each exposed central
3 ol

edge is constructed and the puzzle compisted when all rhombohedric puzzle elements with

matching paralielogram faces are aligned and interjoined, One completed polyhedra that can be

created Som thombohedric pazzle plements is the rhombic hexecontahedron shown in FIG 39

The current invention describes the use of transversely-polarized magnetic, mechanical ot
slectro-mechanical attachrnent units on or inside the attaching faces of each three-dimensional,
pyramidal, dipyranidsd, trapezohedral or rhombehedric puzzle slement so that any puzzie
element that is correctly aligned with an adjoining puzzle element s secured to complete the
final polvhedra. The resuliing polvhedren consists of & three-dimensional object that can be
rotated, examined and handled without the constraint of @ supporiing base or structure

However, the attachment mechanism allows attaching faces of separate puzaie pieces to be
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disengaged masally, as is desirable when trving 1o align pieces that do not satisfy the

= 5 1

constraining conditions or to disassemble the puzzle to allow the challenge of reassembling it at

o

another time. While this specification has specifically described the use of magnetic
oy

mechanisms for the purpose of securing the puzzie slements, this description should not be

construed 38 a Emitation on the scope of the invention.

The current invention may use physical charactertstics on the attaching faves of cach pyramidal,
dipyramidal, trapezohedral or rhombohedric puzzle element consisting of paltems of
protubesances and cavities, each of which cavities serve as a snugly fitting receptacie for a
protuberance, corresponding to the visual indicla of corresponding edges such that only properly
aligned purzle clements with matching visible indicia on the exposed faces may be successthlly
interioined. Those patterns of protuberances and cavities alse prevent interjoining when an

attempt 1s made to place the properly aligned faces of twe non-maiching puzzie elements

g

together, While this specification has specifically described s particular configuration for

patterns of protuberances and cavities corresponding io the visual indicia of corresponding

w0

dges, this deseription should not be constried as a limitation on the scope of the mvention.

-:

Computerized processes can be created to represent puzzies of the types disclesed hereinin
visual form and allow for selection and placement of pyramidal, dipyramidal, wapezohedral or
rhombohedric puzzle eloments within that visual representation. These computerized
manifestations and representations of three~-dimensional polvhedra-type geometric logic pureles
allow for the puzzles to be solved through interaction with computorized representations of the
puzzie elements. While this specification specifically desceribes a particular approach for
physically solid, three-dimensional polyhedra-type geometric logic puzzles, those puzzles also
can be solved through interaction with computerized representations of the puzzie clements.
Thus, this description of the preferred embodiment should not be construed as a limitation on the
scope of the invention.

In addition © the dodecahedron, the icosahedron, their stellated counterparts and the rhombic
hexecontahedron described above, the cwrent invention can also be implemented to make

standard and stellated puseles viclding other polvhedra (shown in flat views in the noted Hgures)

44



WO 2010/005635 PCT/US2009/044610

including FIG. 46 the octshedron {(from sight 3-sided, axially-symmetric, pyramidai-peaked
puzzle elements), FIG. 47 the cubostahedron (from eight 3-sided, axially-symmetric, pyramidal-
peaked pyramid puzzle clements and six 4-sided, axially-symmetric, pyramidal-peaked puzzle
elements), FIG. 48 the small shombicuboctahedron {from cight 3-sided, axially-symumetric,
pvramidal-peaked puzzle elements and eighieen 4-sided, axially-symmetric, pyramidal-peaked
puzzie elements), FIG. 49 the icosidodecahedron (from twenty 3-sided, axially-svmmetrie,
pyramidal-peaked puzzle clements and twelve S-sided, axdally-symmetric, pyranudal-peaked
puzzie elements), FIG. 50 the rhombicosidoderahedron (from twenty 3-sided, axially-symmetrie,
oyramidal-peaked puzzie eloments, thirty 4-sided, axially-symmetric, pyramidal-peaked puzzle
olernents and twelve S-sided, axially-symuetrie, pyramidal-peaked puzzie clements), FIG. 51 the
truncated icosahedron (from twelve S-sided, axiallv-symmetric, pyramidal-peaked purzle
elements and twenty S-sided, axially-symunetric, pyramidal-peaked puzale clements), FIG. 52 the
great thombicubootahedron (from twleve 4-sided, axially-symumetric, pyramidal-peaked puzzie
clements, eight 6-sided, axially-symmetric, pyramidal-peaked puzzle elements and six 8-sided,
axially-symmetrie, pyramidal-peaked puzsie clements) and FIG 33 the rhombitruncated
icosidodecahedron (from thirty 4-sided, axially-symmetric, pyramidal-peaked puzzle slements,

1

twenty S-sided, axially-symmetrie, pyramidal-peaked puzzle clements and twelve 10-sided,

23

~

axiglly~symmetric, pyvramidal-peaked puezie ¢lements).

K

Two other Platonic solids, the tetrahedron and the cube, could be used as the final polyhedra for
the puzzie of this invention using four 3-sided, axially-symmetric, pyramidal-peaked puzzle
clements and six 4-sided, axially-symmetric, pyramidal-peaked puzzle elements, respectively.
Since the very small number of puzzle clements makes those two puzzies extremely simple, no
figures or desert pﬁ{ms fave been included. However, the design of these puzzie elements and
choice of indicia for these two puzzies are essentially identical to the processes disclosed herein
Wiy

for other polvhedra and the absence of detailed descriptions should not be construed as

Himitations on the scope of the invention
This invention includes the use of visual indicia on the pyramidal, dipyramidal, trapezohedral or

rhombohedric puzzle elements. In some implementations, the visual Indicis may be a

compounded form of two or more types of indicia {sach as abstract patterns placed i a
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background of color elements) with sach type of indicia chosen in such a way as to reprosent a

>y

.

distinet puzzle gs is shown in FIG, 54, Five distinet shading pattern indicia are shown on a five
edged puzzle element as 44, 45, 46, 47 and 48 while g combination of j’ust three geometne design
indicia are inset o the shading pattern of each edge. A square geometric design indicium is
shown as 49 while wiangular indicia are shown at 50 and 31 and octahedral tndicia ave shown at
52 and 33, The solution and evaluation processes of this invention can be 1o discover solutions
for and evaluate the difficulty of puzzles using combinations of just three indicta {with some
repetition of siogle indicia) in a similar manner to that previousty described for five distinet
indicia. Solutions to such puzzies are also possible with other numbers of distinet visual indicia
and the absence of detatied deseriptions of these possibilities should not be construed as
Hmitations on the scope of the tovestion. A single set of such compound puzzle elements can be
used to provide two or more distinetly different puzzle solving challenges with distinetly
different lovels of difftenlty.

5%
¥

The axially-symmeiric, pyramidal-pesked puzzie clements disclosed herein included pyramidal,

dipyramidal, trapezohedral or rhombohedric forms. Alternative three~-dimensional puzzie
clements for puzzles as disclosed in this invention copld be created from the joining of two o
more of the axially-symmetric, pyramidal-peaked puzzle clements diselosed herein or from the
dissection o two or more separate puzzle elements of the axially-symmetrie, pyramidal-peaked
puzzle clements disclosed herein, While this specification specifically describes several
examples of axially-symunetric, pyramidal-peaked puzzle elements, these descriptions should not

he construed as limitations on the scope of the mvention,

Although the present invention has been described in terms of the prosently preferred
embodiment, it s to bo understood that such disclosure is purely illustrative and 18 not to be
interpreted as Bmiting. Consequently, without departing from the spirit and scope of the
invention, various alterations, modifications, and/or alternative applications of the invention will,
no doubt, be suggested 1o those skilled in the art after having read the preceding disciosure.
Accordingly, it is intended that the following claims be interpreted as encompassing all
alternations, modifications, or aliernative applications as fall within the true spitit and scope of

the invention.
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What is claimed is:

i. A puzele, comprising:

. s plurality of independent, thres-dimensional, axially-symmetric, pyramudal
puzzie clements,

b sach puzzie element having a regular polygonal base with a base face defined by a

pluratity of symmetric base edges and radial faces extending from each base edge to & pyramidal

C. gach base edge being marked with desived indicia,
d. at least one matching condition for matching indicia on adioining base edges of

adicining pusdle clements,
€. wherein successfual completion of the puzzle is achieved when said puzzie
clements are placed in an adjoining manaer so that cach base edge of cach puszle element
adjoins an adjoining base edge of an adjoining puzzle piece to construct a complete polyhedron

and the indicia of cach base edge of cach puzzle element satisfies the matching condition with

respect to the indicia on the adicining base edge of the adjoining puzzle element.

2. A puzzie according to claim 1, further comprising:

f attachment means for releascably attaching each puzzle element to cach adjoining
puzzie element.
3. A puzzle according to claim 2, whersin said sttachment means comprises transversely-

polarized magnets attached to each radial face of sach puzzle slement 50 as to releaseably attach
said radial face of sald pusrzie element to a correctly aligned radial face of each other puzzie
element.

4. A puzzle according to clakm 2, whereln said attachment means comprises transversaly-
volarized magnets attached under sach radial face of each puzzle element so as to releaseably
attach smd radial face of said puzzle element to a correctly aligned radial face of each other

puzzle clement.
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3. A puzzle according to claim 2, wherein said attachment means comprises a mechanical

attachment mechangsm,

8. A puzzle according to claim 2, wherein said attachment means comprises an electro

wechanical attachment mechanisin,

=]

A puzzle according to claim 1, wherein said indicia comprises an slement from a set of

setected visual patterns, wherein each element of said set appears on at least one base edge.

s 1o claint 7, wherein each visual pattern compriges a particniar color.

(o]
b
g
)
2
£,
L4
ol
&
&
o
it
|
&
£

8. A puzzle sccording to olaim 7, wherein each visual pattern coraprises a particudar
alphanumeric chavacter.

%

10, A puzzle according to clatm 7, whereln each visual patiern appears on a base edge of at

least two puzzie elements and said matching condition is to adjoin base edges marked with same

visual pattemns,

t1. A puezle sccording to claim 7, wheremn each base edge is marked with a first eloment
from & first set of selocted visual patterns and a second element from a second set of selected
visual patterns, and successful completion of the puzzle is achieved when said puzzie clements
are placed in an adjoining manner so that cach base edge of each puzzle element adjoins an
adjoining base edge of an adjoining purzle piece to construct @ complete polyhedron and either

% the first element marked on cach base edge of each puzzle clement satisfies a fivst
matching condition with respect to the first element marked on the adjoining base edge of the
adjoining puzrle element or

ii. the second element marked of each base edge of each puzzle element satisfies g
second matching condition with respect to the second slement marked on the adioining base edge

of the sdiocining puzzle element.
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12, A puzzle according to claim 1, wherein a radial face of a puzzic clement has at least one
physical protuberance and one receptacie for g protuberance corresponding 1o a protuberance and

a receptacie for a prowberance on an adjoining radial face of an adjoining puzzle clement,

13, A puzzle according to claim 12, wherein said physical protuberance of said radial face of
said puzzie element fits into said receptacie for a protuberance on an adjoining radial face of an
adjoining puzele element when said puzzie element and said adjoining purzle element adjoin

only when the matching condition 1s satisfied.

14, A puzzle, comprising:

. a plurality of independent, tree-dimensional, axially-symmetric, dipyramidal
puzzle elements,

b. gach puzzle element having a central bisecting plane of regular polygonal shape
defined by a plurality of symmetric central sdges and radial {aces extending from each central

edge in opposite divections to two pyrammidal peaks,

2. each radial face being marked with desired indicia,
d, at least one matching condition for matching indicia on adjoining radial faces of

adinining puzzle elements,
= whereln successfal completion of the puzzle is achieved when said puzzle
clements are placed in an adivdning manner so that each radial face of each puzsle eloment

djcivs an adjpining radial face of an adjoining puzzle piece to construct a stellated polyhedron

2]

and the indicia of each radial face of cach puzzie element satisfies the matching condition with

reepect to the indicia on the adjoining radial face of the adioining purzle clement.
P 3 o

e
14

A puzzle according to claim 14, further comprising:
f attachment means for releaseably attaching each puzzie element to each adjoining

puzzle clement.

16. A puzzle sccording to claim 15, wherein said attachment means comprises transversely-

polarized magnets attached to each radial face of each puzzle element so as to releaseably attact
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said radial face of satd puzzle element o a correctly aligned radial face of each other puzzle

clement.
17 A puzzle according to claim 15, wherein said attachment meats comprises transversely-

polarized magnets attached under each radial face of each puzzie element 50 as o releaseably

attach said radial face of said puzele cloment © & correctly ahgned radial face of each other

puzzle slement.

18, A puzzle according to claim 14, wherein said indicia comprises an olement from a setof

selected visual patterns, wherein each element of said set appears on at least one radial face.

i%. A puzzie according to claim 18, wherein each visual patiern appears on 2 radial face of at
least two puzzle elements and said matching condition is to adjoin radial faces marked with same

visual patterns,

26, A puzzle according to olaim 14, wherein a radial face of @ puzzle element has af least one

physical protuberance and one receptacie for a protoberance corresponding to a protuberance and

a vecepiacle or @ protuberance on an adjoinis ng radial face of an adjoining puzzie slement.
21, A puzsleaccording to claim 20, wherein said physical protuberance of said radial {ace of

said puzzie clement fite info said receptacie for 2 protuberance on an adjoining radial face of an
adjoining puzzle clement when sald puzzle clement and said adjoining puzzle element adjoin

only when the matching condifion is satisfied.

w2

22. A puzzle, comprising:

a. a pluratity of independent, three-dimensional, azially-symmeteic, irapezchedral
puzzie elements,

b sach puzzle olement having a central bisecting plane of regular polygonal shape
and deltoid faces each with two central edges, which deltoid faces extend from each central edge
in opposite directions o two pyramidal peaks,

<. cach central edge being marked with desired indicia,
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r-f

d. at feast one matching condition for matehing indicis on adjoining contral edges of
adjotndng puzzle elements,

£, wherein successful completion of the puzzle is schieved when said puzzle
clernents are placed in an adjoining manner so that each central edge of each purale element
adjoins an adioining central edge of an adjoining puzrle piece to construct an altenately-
steliated polyhedron and the indicia of cach central edge of cach puzzle clement satisfies the
matching condition with respect to the indicia on the adjoining central edge of the adjoining

puzzie clement.

23, A puzzie, comprising:

Bl

a. a phurality of independent, three-dimensional, axially-syminetric, thombohedric

Yo

wrzie element

ol

b cach puzrle clement having a central bisecting plane of regala

,‘1
o]
2,
Lot
/
5
g
=
4
&
B,
V)
2
"’Cﬁ
&

and paralielogram faces cach with two central edges, which paralielogram faces extend from

each central edge in opposite divections o two pyramidal peaks,

2. sach central edge heing marked with desired indicis,
& at tohing it schinge indicis adiotmng central edues of
g, at teast one matching condition for nutching indicia on adjoiming central edges of

adioining purzle slements,
€. whorein successfil completion of the puzzle is achieved when said puzzie

13
e

elements are placed in an adjoining manner so that each central edge of each puzzle element

adioing an adicining ventral edge of an adj@;‘mmg purzie piece to construct g stellated polyhedron
and the indicia of each central edge of cach pizie clement satisfies the matehing condition with
respect 1o the indicia on the adjoining central edge of the adjoining puzzle element.

24, A process for evaluating indicia 1o be exhibited on three-dimensional puzzle clements to

enahle sefection of indicia that will allow puzzle elements to be assembled in a manner that

satisfies a matching condition for such indicia, comprising the steps ofl

a. assign a separate identifying moniker to each face of each puzzie eloment,
b. select an initial puzzle plece,
<. Hist, in adjacent ovder, the monikers assigned to each face of said jnitial puzzle
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elect & second puzzie clement,

[ #
b1
i’A

g, determine whether said second purzle element can be placed adjacent to said
initis] puzzle piece in a manner which satisfies said matching condition,
£ list, in adjscent order, the monikers assigned to each face of said second puzzle

plece in any manner which, when adjacent to said initial puzzle piece, satisfies said matching

condition,
g repeat steps d — {or each remaiming puzzie plece,
a. fist and count all possible arrangements of puzzle clenments in a manner that

satisfics said matching condition,
i analyze whether any of the possible srrangements of puzzie elements satisfies

s

said matching condition.
25. A process for svalnating indicia tr be exlubited on three-dimensional puzzle elements to
snable selection of indicia that will allow puzzle elements to be assembled in a manner that
satisfies a matching condition for such indicia with a desired degree of difficulty, comprising the

steps off

a. assign g separate identifying montker fo each face of cach puzzle clement,

b. select an mnitial purzle pisos,

& Hat, in adjacent order, the monikers assigned to each face of said initial puzsle
piece,

di select a second puzzle element,

£. deternine whether said second puzzle element can be placed adjacent to said

initial puzzle piece in & manner which satisfies said matching condition,
£, list, in adjacent order, the monikers assigned to cach face of said second puzzle

piece in any manner which, when adjacent to said initial puzele piece, satisfies said matching

condition,
8. repeat steps d ~ § for each remaining puzzle pif:ce,
h. list and count all possible arrangements of puzzle clements,
i fist and count all possible arrangements of puzzle elements in 2 manner that

satisfics said matching condifion,
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i analyee whether the ratio of possible amrangements of puzzle clements in a

manner that satisfies said matching condition to the possible arrangement of puzzle slements

indicates said desired depree of difficulty.

26. A computerized provess representing three dimensional puzzie clements in visual form

allowing for selection and placement of the puzzle elements within a visual representation for

completion of a specified puzzle.
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