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INTRODUCTION

One of the most fascinating toys of the previous century was the Rubik’s Cube™.
Since the present article has been inspired by that toy, I will briefly allude to it
herein. A cube is dissected into three slices by a pair of vertical cuts in one direc-
tion, another pair of vertical cuts in a mutually perpendicular direction, and fi-
nally one more pair of horizontal cuts, which are mutually perpendicular to the
other pairs. Thus the cube is dissected into 3 x 3 x 3 (= 27) cubelets (some prefer
to call them cubies).

One of these cubies lies right in the central core, and has no exposed facets. This
piece is actually discarded to accommodate a spherical cavity which holds a
'mechanism' to grasp all the cubies together. The spherical cavity also ‘eats’ into
bits of all the other cubies on the inside unexposed portions. There are six cubies
which have one exposed facet, right in the middle of each of the six faces of the
original cube. These cubies can rotate about their center which coincides with
the center of the face of the whole cube. These are termed as face pieces. Then
there are twelve cubies which have two facets exposed to the outside. These lie
in the middle of the twelve edges of the whole cube. And they can translate from
one position to another. These are termed as edge pieces. And finally there are
eight cubies which have three facets exposed to the outside. These lie at the
eight corners of the whole cube. They 'lend’ a facet to each of the three faces of
the whole cube meeting at that corner. These cubies can also translate from one
corner to another. These are termed as corner pieces.

[ shall not go into how to work with (or rather play with) the toy, as most of you
reading this must be having a considerable experience in that.
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There have been many variations of this toy, and one such variation of my liking
isa 4 x4 x4 cube. Il wonder if anyone has manufactured a5 x 5 x 5 cube, or even
invented it. Most people would say that it is not possible. But according to me it
is possible - with a little bit of cheating - by not making the five slices of equal
width. But then, that is another story. In any case, that is not a Rubik’s Cube™ -
call it a Tofik's Dodecahedron.

DODECAHEDRON - THE TOY

It is possible to do with a dodecahedron what has been done with the cube. This
article is devoted to developing the conceptual ideas which will enable one to
make a toy. For this, a suitable system of dissection of the dodecahedron has to
be conceived. It is not as simple as for a cube, but yet only a bit more complex.
This has already been done, and can be viewed on my web-page:

Dissection of the Dodecahedron
http://www.slideshare.net/sualeh/dissection-of-the-dodecahedron

In fact it is strongly suggested that that paper be read before reading this one
further. Keeping a hard copy handy for easy reference will help a great deal.

In that paper, the dissection of a solid dodecahedron has been clearly explained.
Now we go one step further and dissect a hollow dodecahedron in the same way.
The dodecahedron has a spherical hollow cavity at its dead center. We have
‘eaten’ a bit into all the other pieces, by creating this cavity, and we have dis-
carded the central core piece (a smaller dodecahedron itself). This is done to ac-
commodate the 'mechanism' to grasp and hold all the pieces (dices) together,
and to enable them to rotate and translate freely. (This is just as it was done for a
cube).

The radius of the
spherical cavity is
0.9834... times the
side of the dodeca-
hedron's edge, but
let's not get into
that right now.
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This is one view of the dodecahedron showing the spherical hollow as dotted. As
in the previous paper let us take a look at the bottom-most slice (View A-A).

The spherical surface is shown shaded. All the twelve
slices are identical to this one. As can be seen, there are
still eleven dices as before, but each and every dice has
been 'eaten’ into. Thus one internal corner of all corner
piece (five of them), one internal edge of all edge piece
(five of these too) and one full internal face of the sin-
gle face piece have been eaten away. In the process, an
additional spherical surface has been created in all the
pieces. Some circular edges have been created too,
three in the corner piece, four in the edge piece and five
in the face piece.

The individual dices, edge, face and corner, have these
appearances at this stage. (They will soon be modified
however).

[t may be mentioned
that the in-plane ra-
dius of all these circu-
lar edges is equal to
0.7024.... times the
size of the dodecahe-
dron's edge, which is
not the same as the
radius of the spheri-
cal cavity. That is be-
cause the circular
edges lie on latitude
which is not the
equatorial latitude of
the sphere.
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The next step is to fill up the cavity with a solid sphere (a ball) without dissect-
ing it. And assemble all the dissected dices around it and find a mechanism by
which they are held together and yet are free to rotate and translate.

THE ASSEMBLAGE - AND ITS MECHANISM

It may be mentioned that the description of the mechanism is not in the same

sequence as the assemblage itself. In fact it is almost in the reverse order - the
last steps being described first. It is easier to grasp the concept that way. Once
the concept is grasped, the actual assemblage itself is almost by intuition.

In all the subsequent sketches, all the dice appear most of the time, in cross-section (and
that too, in differently oriented cross-section) and may not be easily recognizable. So
they have been marked with first-letter abbreviations.

B = Central Ball (sphere)
C = Corner Piece

E = Edge Piece

F = Face Piece

S = Spindle Piece

As before, all my sketches are freehand sketches and may not be mathematically accu-
rate, nor to scale.

First the face piece: We would want the face piece to be attached to the ball so
that it's center remains at a fixed point on the ball, and yet the face piece can ro-
tate freely about the radial axis from that point. This can be achieved by having
a tapered hole through the center of the face piece. Another piece - called a
spindle - fits into this tapered hole. It is in the form of a conical frustum, with a
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spherical top surface, and has a tiny hole through it for a screw to pass and at-
tach it firmly to the ball. The dimensions of the spindle are not very significant
and any suitable dimensions, compatible to the scale of the model may be
adopted.

A single face and spindle with the fixing screw is shown here. It can be seen here
that whereas the spindle is firmly attached to the ball (shown in part) the face
piece can freely rotate about the central axis. (I am presuming that there are suf-
ficient allowances and tolerances to ensure that pieces do not get 'jammed’
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against each other).

Consider next, an edge piece. Every edge piece 'straddles’' between two face
pieces of the two faces meeting at the edge. And every edge piece has two of its
four circular edges in common with one of the five circular edges of the face
piece.

We start modifying all the circular edges of all the pieces. Some edges have an
intrusion and some have a protrusion. In other words some edges have a 'notch’
and others have a 'lip'. (The next sketch makes this very clear). The lip should
snugly fit into the notch of the adjacent piece, and hold out. One face of both the
lip and the notch must be parallel to the common face of the two pieces in con-
tact at that edge.

This sketch shows a edge piece straddling two face pieces. All the circular edges
of all the face pieces are notched. And two opposite edges of the four circular
edges of the edge piece are lipped. The face pieces, being firmly held by the
spindle, hold the edge piece within its grip. And yet - if one of the face pieces is
rotated, the straddled edge piece may either remain where it is, or translate
along with the rotation of the face piece to another edge (and get locked to
another adjacent face piece).
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The size of the lip and the notch is not significant to the concept, but it would
have to be big enough to adequately grip, and strong enough not to break. All
notches and lips have to be compatible, and of consistent dimensions for good
fit. Basically, the scale of the model will decide the size.

And finally, we come to the corner piece. The corner piece is surrounded by
three edge pieces. Three of it's six facets are exposed to the outside, (in fact they
form the corner of the dodecahedron, which has three faces meeting at each
corner). The remaining three facets abut against a facet of the three edge pieces
that surround it. For the corner piece not to come out, all three of its circular
edges are lipped, and protruding into the edge piece. Hence, two of the circular
edges of the edge piece are notched. (The other two circular edges of the edge
piece, as we saw earlier, are lipped).

So, the spindle holds the face piece, and the face piece holds the edge pieces,
which in turn hold the corner pieces. (Come to think of it, this statement is also
completely true of the Rubik’s Cube™).

The next sketch shows a full mid-cross-section of the dodecahedron.
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This sketch has all the pieces seen in cross-section. There are four edge pieces.
The orientation of the cross-section of two of them is not the same as the orien-
tation of the remaining two. Hence they appear very different in this sketch.

At four of the areas, it appears that the lip of the corner piece is jutting into the
notch of the face piece. Actually, the corner and the face piece have just on point
in common and hence this visual anomaly. The fact is that at that corner, the two
edges of the corner piece meeting there are lipped, whereas the corresponding
edges of the face piece ate notched, which gives a tiny overlap area where the lip
of the corner piece juts in.

An interesting point to observe is that if you consider the lower-most slice (View
A-A), there is only one spindle/ screw in it, and about which the whole slice can
rotate. Just like a face of a Rubik’s Cube™.

Just one last look at View A-A, but this time only at the top surface of the slice. All
the circular edges of all the dices are typically seen. The edges are either lipped
or notched, and this sketch shows at a glance their placements with respect to
each other. The lips/ notches are not illustrated for the sake of simplicity, but
are rather represented in a coded form. The code is simple - a full line denotes a
lipped edge and a dashed line denotes a notched edge. It may be noted that all
the edges along the full circle seen in the sketch are lipped, and all the dices just
above them (i.e. just above View A-A line, and not seen in this sketch) are
notched.
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This completes the description of the dodecahedron toy.

EPILOGUE

This toy can be worked/ played/ solved/ done just like a Rubik’s Cube™. At first
sight, it may seem to be a formidable task, but let me assure you it is not. It is al-
most as simple as the Rubik’s Cube™. There have been many algorithms devel-
oped for solving the Rubik’s Cube™, like how to translate one corner piece from
one corner to another, or one edge piece from one edge to another. Like how to
rotate a corner of edge piece in its own location. The same algorithms may be
used, with slight modifications, to solve the dodecahedron. Only there are many
more moves required. But it is fun. It has been said (established?) that young
kids are more adept at solving the Rubik’s Cube™ than most adults, probably by
intuition. I would not be surprised if it's true even for the dodecahedron.

Except as otherwise expressly permitted under copyright law, no copying, redistribution, retransmission, publi-
cation or commercial exploitation of this material will be permitted without the express permission of the copy-
right owner. In the event of any permitted copying, redistribution or publication of copyright material, no
changes in or deletion of author attribution, trademark legend or copyright notice shall be made. You acknowl-
edge that yvou do not acquire any ownership rights by downloading this copyrighted material.
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