In4.1

4. PACKINGS

and 4.3 we look at tessellations in 2-D and 3-D respectively.

In4.5 and 4.6 we do the same for circle packings.
In 4.2 we look at tilings which do not repeat by translation.
In 4.4 we investigate an important practical packing of polyhedra.
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4.1.3

4.2

TILINGS WITH REGULAR POLYGONS

Regular tessellations use regular polygons of 1 kind to cover the plane.
Semi regular tessellations use regular polygons of more than 1 kind but at every
vertex the same polygons meet in the same cyclic order.

The experimenter is required to recognise those definitions operationally in order
to continue the tilings given. Older or more advanced students may be led to an
explicit definition.

DOUBLE TILING JIGSAW PUZZLE

Here we have 2 dissections with 4-fold rotational symmetry. With the help of an
auxiliary square, each dissection itself tessellates. Thus the same pieces - a
square and an irregular pentagon - produce 2 different tilings.

In order to move easily between one tiling and the other, the puzzlist must realise
how the transformation works:

the squares which form the centres of the larger squares become those between
octagons;

those at the centres of octagons become those between larger squares.

THE TETRAHEDRON TILING

Uniquely among the regular polyhedra, the tetrahedron can be ‘rolled’ - i.e.
toppled about edges from face to face - so that the triangles of the tiling the 4
faces land on form 4 disjoint sets whose union covers the plane. Each set
can therefore be coded by colour to produce a chromatic tiling.

Here the puzzlist is challenged to abandon a purely physical process - rolling

a generating tetrahedron around - in favour of a mental one - recognising patterns.
(Advanced students should challenge the assertion made above and go on to
investigate semiregular polyhedra.)

PENROSE TILINGS

All the 4.1 tilings are periodic. These are aperiodic. The ones here are generated
from 2 rhombuses with acute angles of x/10 and =n/5 respectively.

Like all quadrilaterals, the rhombus tessellates.

If the markings on the rhombuses are ignored, a periodic tiling (or an aperiodic
tiling with periodic stretches within it) is possible - and easy to accomplish.

If they are respected, a purely aperiodic tiling is possible - but difficult to achieve.



4.3

4.5

POLYHEDRAL PACKING

In 3-D there is only 1 regular tessellation: a packing of cubes.
There is also only 1 semi regular example: a packing of regular tetrahedra and
octahedra.

The experimenters have both to construct the polyhedra and to pack them. They
are thus forced to study not only the geometry of the packing but also that of the
constituent solids. To achieve the packing they must recognise that unlike solids
share a face. (Children find it easier to construct a pyramid than an octahedron
from its net. Hence the proffered alternative of building an octahedron from a pair
of pyramids.)

BRICK BONDS

In 4.3 the solids meet vertex-to-vertex. Bricks walls are strong because their
constituent solids (cuboids with edge ratios 6:3:2) do not. This is achieved by
translating the ‘courses’ fractions of a brick length (halves in the case of the
simplest ‘bond’).

The investigators first complete a wall of a prescribed bond. They are then invited
to apply the principle of construction defined in ¢ to design their own bonds.

PACKING CIRCLES, SPHERES AND CYLINDERS

Though spheres and cylinders are solids, we are here concerned only with their
circular sections.
In close packing, each circle touches 6 others.

To solve the problem posed, the visitor must achieve close packing. Help is at
hand in the form of an analogue experiment - nature does the mathematics.

SPHERE PACKINGS
The 2 closest sphere packings are presented:
hexagonal close packing, where the close-packed layers alternate in position;
cubic close packing, where the positions of the close-packed layers follow a
cycle of period 3.

The students’ understanding is tested by requiring them to continue the patterns.
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TILINGS WITH REGULAR POLYGONS

TOPIC

2-D polygonal packings without spaces (= tilings)

-

TILINGS

» Here some tilings have been started.
» These use 1 shape:

CARRY THEM ON.

Explain to a new
person how to
make each one.













PICTURE

DESCRIPTION TRADE U.K.
KEY NAME SOURCE
a polygons, 3 mm PVC, 40 mm edge, Amari Foam| Amari Plastics

die-cut by:

Addis Module 2000 unit 1,
specimen shape stuck on 2 biggest
faces

(address above)

DCM Products (Coventry) Ltd
Exhall

Coventry CV7 9EL

T +44 1203 361601
F +44 1203 367914

(see THE STORAGE SYSTEM)




DOUBLE TILING JIGSAW PUZZLE

flake one tiling ... and change it into ... the other.







PICTURE DESCRIPTION TRADE U.K.
KEY NAME SOURCE

PVC, black, 3 mm, stuck to: Amarifoam Amari Plastics
b PVC, white, 3 mm (For nearest depot

visit web site:
www.amariplastics.com)

C is a square;
d is an irregular pentagon.

For the dimensions of d
consult the Magic
Mathworks file ‘Dissections’
because the tolerances are
very fine.




THE TETRAHEDRON TILING

® Find the model
like this:

Pretend it has wet paint
on each face.

As lang as you don't turn it
the model will roll around
and print without smudging.

By toppling the model
and seeing which face
it lands on,

begin to build

the tiling it prints ...
but, as soon as you
think you've

spotted the pattern,
continue the tiling
without its help.

Then use
the model
to check for mistakes.
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