5. DISSECTIONS

In contrast to the dissections of 3.6-7, the examples here are asymmetric.

5.1 are 2-dimensional; 5.2, 3-dimensional.

The stations have been chosen for their variety. They are not intended to challenge as
puzzles : they are almost all easily soluble if the experimenter uses the aids provided
and works systematically. But that in itself demands mature skills.

5.1.1 and 5.1.2 are both based on reptiles, shapes which aggregate or split to
produce a similar shape.
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TANGRAM POLYGONS

The tangram puzzle makes use of the v2 ratio and its powers produced by
successively bisecting the right-angled isosceles triangle.

The chosen format encourages people to solve the puzzles in 2 stages: to build
sub-assemblies which in turn form the final polygon.

As a preliminary, the aid TANGRAM SQUARES may be used. Note that 2 of the
4 red pieces are congruent.

The dissections are not always unique. In such cases people who find one
solution with ease should be encouraged to seek another.

THE RIDDLE OF THE SPHINX

The ‘sphinx’ itself is the reptile: a hex lamond, (where a poly lamond is a
polygon made from equilateral triangles sharing common edges). It is the
particular hexiamond formed by joining 2 triamonds (regular trapezia) by non-
corresponding edges.

In the case of the sphinx scaled x 4, there is an aid but it is not explicit:
the 'x 4’ sphinx is to the x 2’ sphinx as that itself is to the ‘x 1.

As with 5.1.1, the activity may be extended to finding all the solutions to the ‘x 3’
and ‘x 4’ sphinxes.

PENTOMINOES: THE 3 X 20 RECTANGLE

By analogy with polyiamonds, polyominoes are arrangements of n squares
joined by edges. Their number rises rapidly with n. The set of pent ominoes
has 12 members.

Because 5 x 12 = 60, a highly composite number, one set of challenges is to
make the 4 possible rectangles. Of these the most instructive is the 3 x 20. There
are 2 solutions and one can be derived elegantly from the other.



Each piece has a letter code and the solutions are presented as words, giving
the puzzlist a verbal handle on what is ostensibly a spatial task.

5.1.4 KURSCHAK’S COUNT

¢ The square can be dissected into 16 equilateral triangles and 32 isosceles

triangles of 150°, containing a dodecagon with 12 equilateral triangles and 24
such isosceles triangles. Thus, if the square has area 4 square units, the
dodecagon has area 3. The dodecagon is inscribed in a circle, which is in turn
inscribed in the square. Since this circle therefore has unit radius, we can infer
that the dodecagon inscribed in a unit circle has area 3 square units.

p The exercise is a piece of algebra made concrete.
5.2.1.1 THE SOMA CUBE

¢ The 3-D analogue of the polyomino is the polycube , an arrangement of n cubes
joined by faces.

The Soma set comprises all polycubes, n < 4, which are not cuboids . It happens
that a cube of edge 3 units can be built from them (in 240 symmetrically distinct
ways).

p There are few enough pieces that the puzzlists who exercise their ability to
visualise them in chosen orientations, and can thus anticipate misfits, are favoured
over those who proceed by trial and error. However, a solution consisting of 3
stacked plan views is provided. By proceeding systematically cell-by-cell and
layer-by-layer, someone with a deficient 3-dimensional sense can therefore still
solve the puzzie.

5.2.1.2 THE SOMA CUBE: MIRROR IMAGE
¢ Sections 2.1 and 3.7 have an equal claim on this station.
5 of the 7 Soma pieces have a plane of symmetry. The other 2 are therefore
chiral. Not only that, but they are enantiomorphic. Consequently, any form
made from the Soma pieces has a mirror image in which one of these pieces
maps into the other.

p The experimenter builds one cube (or other Soma form) and inserts the pieces in
corresponding positions in the image formed by the MIRA from section 2.1.1.

5.2.2 334+43 +53 = 63
¢ This dissection models the relationship.

(Advanced students can prove that this is a unique solution in consecutive
integers to the equation

w3 +x3+y3 = 23)



p Though a photograph shows the (unique) solution, it requires careful study.
A calculator exercise reinforces the station’s arithmetic significance.
5.2.3 A 9-PIECE DIE
¢ Each face of the standard die has a different number of spots. The faces thus
vary in symmetry and therefore in possible orientations according to the placing of
the spots. It is this ambiguity which makes the puzzle difficult.
p The comparison die bears an important clue to solving the puzzle. Even so, it is

important to sort the pieces carefully. 4 contain the 8 die corners, 4 only edges,
1 neither. Only 2 of the pieces are congruent and therefore interchangeable.
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PICTURE

DESCRIPTION TRADE U.K.
KEY NAME SOURCE
a card tangram supplied with: Tangrams by | Tarquin Publications
Jon Millington | (address above)
stuck on 1 mm (white) Plasticard local
and cut into segments as shown
b caption board as described, with
c,d white Plasticard squares of the local
respective sizes stuck on
e 3 mm matt black PVC sheet, Amarifoam Amari Plastics
500 mm x 700 mm, (address above)
with cutouts as shown,
taped to
§ similar white sheet Amarifoam Amari Plastics
(address above)
g tangram pieces in Plastazote DIME 7-piece | Tarquin Publications
(expanded polyethylene) Tangram (address above)




