Chapter Two - Position and Movement





Just what would happen if we took our friend the square for a walk around the page?


One of the results could be a tessellation:





� EMBED PBrush  ���The single square has been moved or translated five to the right and a copy made each time; the entire row has then been moved two squares down, again making copies as we go.





Of course, we could fill the entire page with squares, or rectangles or even rhombuses, but there are just two other regular shapes that will tessellate. 





One is the equilateral triangle which needs to be spun about its centre (rotated by 180() and then translated in order to complete the pattern. Of course the triangle could first have been reflected in one of its sides - there are several possibilities.


 


� EMBED PBrush  ���The regular hexagon will also tesselate:
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So an immense array of patterns can be formed simply by ‘translating’ (with the occasional rotation or reflection) our familiar polygons. Here’s a ‘classic’:





� EMBED PBrush  ��� 





Another common transformation is that of enlargement; this can be done in many ways, but we shall consider enlargement at a point:
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The side of the larger square is about three times that of the smaller. So we have enlarged our original square three times - an enlargement of scale factor three.


Notice, however that about nine of the smaller squares will fit inside the larger - the area of our original square has increased nine times!





Area increases by the square of the scale factor.





This feature of the ‘plane’ can be extended to three dimensions. If a family, with the proceeds of a lottery win, wished to move to a house that was twice as ‘big’(or twice the volume), they would need walls only one-and-a-quarter times the size of their present! This is since 1.25x1.25x1.25 ( 2.





Volume increases by the cube of the scale factor.





Returning to safer ground, two dimensions, we could construct a three-times reduction of our larger square and end up with the smaller; the sides will be three times smaller (an enlargement with scale factor one-third, if you like), but the area will be nine times


smaller. We could also ‘scale’ our equilateral triangle by a third, and end up with a smaller triangle, nine of which will fit inside the original. The important point here is that the size of the angles  has not changed, nor has the essential shape of the triangle - the new and the old are different yet similar:





� EMBED PBrush  ���One of the commonest applications of the idea of scale is in maps. The Landranger Series of maps by the Ordnance Survey claim to be of use both to the walker and the motorist, with a scale of two centimetres on the map representing one kilometre on the ground. This converts to a different expression for the scale:





Two centimetres are equivalent to one kilometre


Or 2 cm  ( 1km


Or 2 cm  (  1000 metres


Or 2 cm  (  100 000 cms


Or 1 cm  ( 50 000 cms


Or 1:50 000





This last expression, another ratio, can be read as 1 is to 50 000, 1 in 50 000 or even 1 to 50 000.





But how does this ratio compare with the old-fashioned, imperial, ‘one-inch’ maps? Well, we can run the same sort of calculation as above:











One inch is equivalent to one mile


Or 1 inch  ( 1 mile


Or 1 inch  ( 1760 yards


Or 1 inch  ( 5280 feet (multiplying by three)


Or 1 inch  ( 63360 inches (multiplying by twelve)


Or 1:63360





There isn’t much difference, but which map has the ‘largest’ scale? To find the answer we must convert our ratios into fractions, by dividing:





1:50 000 = 1/50 000 = 0.00002 and 1:63360 = 1/63360 = 0.00001578…





So the newer ‘metric’ map (2 cm to 1 km) has the larger scale.





To add some clarification, let’s imagine we have a map of the world in front of us, on a page of A4. The paper is roughly 20 cms across and the equator (which would be stretched across the middle of our page ) we will take as about 40 000 kms:





So 20 cms ( 40 000 kms


Or 20 cms ( 40 000 000 metres


Or 20 cms ( 4000 000 000 cms (multiplying by 100)


Or 1 cm ( 200 000 000 cms (dividing by 20)


Or 1: 200 000 000





Now if we divide 1 by 200 000 000 we get an extremely small decimal (0.000000005) and it is thus fair to describe our worldly map as one of small scale!





Using the scale of a map, we can establish distances quite easily; but how do we describe position? In global terms we can use latitude and longitude, but we shall concern ourselves with position on a grid - such as that of our tessellating squares:
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Along the bottom line we have our easting
