6. SOLIDS

6.1 - 6.4 concern solids with plane faces (polyhedra).
6.5 includes those with curved faces. We study them through the plane figures which
result from taking parallel sections.

6.1
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POLYHEDRON-BUILDING
A tactile introduction to the study of polyhedra.

This is an exercise in copying a net, inferring the edges which meet when the net
is folded and thus assembling the solid.

The apparatus - like most in the Circus - may be used in a freer way: children may
build their own fantasy-pieces, developing them as their eyes inform their brains
and their brains inform their hands in a satisfying multisensory cycle. They need
no incentive to add a ‘6.1.5: BUILD WHAT YOU LIKE"

6.1.1 and 6.1.3 have been chosen for their scientific interest; 6.1.2 and 6.1.4,
because they extend a mathematical idea.

6.1.1 THE FOOTBALL

p The visitors may be informed or reminded that 5.62 is also the shape of the
‘buckyball’, Cg0, one of the large and growing class of fullerenes.

Having constructed the truncated icosahedron, older students may enjoy
restoring the corners by removing each pentagon and substituting a
pentagonal pyramid with equilateral sloping faces and without the base.
Use of the same colour, or contrasting colours, for the original and the
additions, both have their attraction.

6.1.2 OTHER ‘FOOTBALLS’

p 6.1.1 and 6.1.2 are semiregular or Archimedean polyhedra, those
whose vertices are congruent and whose faces are regular polygons but
not all the same - compare the semiregular tilings of 4.1.1. The builder can
seek further examples. Not all are constructible with Polydron because the
octagon and dodecagon are not supplied, though 6.3.1 contains these:

3.4.3.4, 4.62, 3.82, the first two of which can be copied in Polydron.
6.1.3 ZEOLITES

p The visitors may be informed or reminded that zeolites are alumino-silicate
minerals used as molecular sieves: variant a, b or ¢ can be chosen
according to the mesh size required.

In two cases, the experimenter can also name the polyhedral holes:

a) 4.62, the truncated octahedron, like the constituent ‘sodalite’ unit,
showing that this solid packs. (If survey 4.3.1 were extended to include



6.3

the packing of congruent, semi regular polyhedra, this would be the
unique case.)
b) 46.8.

6.1.4 CONVEX DELTAHEDRA

p Through a subsidiary activity, the analogy between convex polyhedra and
convex polygons can be pursued. Non-convex examples of both can be
constructed., the latter using Briomec. In such a case, at least one diagonal
(modelled by a rubber band) will lie outside the figure. The corresponding
3-D case can be shown with a stick.

MAP-COLOURING SOLIDS
The 4-Colour Map Theorem applies to all surfaces of genus 0, including therefore
all polyhedra without holes.
In this context the countries are the polygonal faces.
3 Platonic solids have been chosen to provide a progression of interest and
difficulty. In 6.2.4 an additional selection invites the experimenter to investigate
why one polyhedron needs more colours than another.
6.2.1 THE OCTAHEDRON, needing 2 colours
6.2.2 THE CUBE, needing 3 colours
6.2.3 THE PENTAGONAL DODECAHEDRON, needing all 4 colours
6.2.4 A SELECTION OF POLYHEDRA

¢ Note that 1b, 2b, 3¢ are 3 of the convex deltahedra sought in 6.1.4.

p Incases 1 and 2 the composite needs fewer colours than the components.
This paradox calls for resolution, an incentive to look for the true criteria.

CORNERS, FACES & EDGES
6.3.1 START WITH A CUBE ...

¢ The transformation of one polyhedron into another by the truncation of
vertices and the bevelling of edges.

p Younger children can complete the sequences by ordering the blocks
in terms of the areas covered by a particular colour; older children can
look at the geometry.

6.3.2 EULER’S SUM

¢ Euler's relation V + F = E + 2, where V, F, E are the numbers of vertices,
faces and edges respectively.

p As elsewhere in the Circus, the pro forma steers the student towards a



result.

With the more complex solids the experimenter needs to enlist the help of
symmetry to ensure an accurate count.

A wrong count leads to a wrong result so it is important that someone is
on hand to detect these cases and invite the student to check.

MAKE A ‘TETRA CLASSIC’ CARTON
Opposite edges of a regular tetrahedron are perpendicular.

The experimenters simulate the original Tetra Pak machine, (albeit they exert
tension where the machine applies a perpendicular compression).

At the time of writing children will have met this container in only two settings in the
U.K.: certain brands of ice lolly and Brooke Bond's ‘Pyramid’ tea bag.

SECTIONS
6.5.1 BARAVALLE CUTS

p The experimenter uses a plane of light to section the solid.
6.5.2 THE WATER CUBE

p S/he uses a water surface.
6.5.3 TRACY ISLAND

¢ The contour mapping of surfaces.

A contour map is the orthogonal projection on to a plane of equidistant,

parallel sections of the surface.
Contours are closest where the terrain is steepest.

Their spacing s = k cot 6, where k is the spacing of the sections, 6 is the
angle of the slope.

p The colour-contoured model provides a multisensory, qualitative
introduction to the topic.

The last task requires visualisation.
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NUMBERl TITLE

GROUP |6 SOLIDS

STATION |[6.1.2 | OTHER ‘FOOTBALLS'

TOPIC 2 more Archimedean polyhedra: 3.5.3.5, 3.4.5.4

OTHER ‘FOOTBALLS’




MIJMBEFII TITLE

GROUP |6 SOLIDS

STATION |6.1.3 ZEOLITES

| TOPIC Aggregates of polyhedra

ZEOLITES

Sodalite unit

Sodalite unit

Zeolite frameworks built up from sodalite units: (a) sodalite, (b)
zeolite-A, (c) faujasite (zeolites-X and -Y).
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GROUP |6 SOLIDS

STATION [6.1.4 | CONVEX DELTAHEDRA

TOPIC The same

CONVEX DELTAHEDRA

P A convesx polyhedron lies on the same
side of every face. We can always
place it on a table so that no part hangs
below. A ¢@lizhedron is a polyhedron
made of equilateral triangles.

Thisls a
convex
P There are only 8 deltahedron:
convex deitahedra,
these:

and another 5.

M Can you build th




MAP-COLOURING SOLIDS 1

® Make this shape using only 2 colours.

Triangles of the same colour
may not touch.




MAP-COLOURING SOLIDS 2

® Make this shape using only 3 colours.

Squares of the same colour
may not touch.




MAP-COLOURING SOLIDS 3

® Make this shape using only 4 colours.

Pentagons of the same colour
may not touch.
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GROUP |6 SOLIDS

STATION (6.2.4 MAP-COLOURING A SELECTION OF POLYHEDRA

TOPIC The 4-Colour Map Theorem on polyhedra

MAP-COLOURING SOLIDS 4

@ Predict how many colours these will
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@ Map-colour a model of your choice.
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