Masterclass 2019      Chris Budd, University of Bath            

             Castles:  Maths in defence and attack

             Session one: The maths of hill forts

1. A circle is convex and symmetric. Which of these shapes are convex?

What symmetries do these shapes have?
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2. Suppose that a square and a circle both have perimeter 1m. What is the area of each shape? Which has the largest area?

HINT: Find the length of each side of the square, then find its area. Also find the radius of the circle, then find its area.


3. (i) Now suppose that an equilateral triangle has a perimeter 1m. What is its area?   


HINT: If the side of an equilateral triangle has length x, then its height is  h = 
[image: image4.png]


 and the area of any triangle is half its base times its height.

(ii) [Harder] Now consider a hexagon with perimeter 1m. What is its area?

HINT: A hexagon is made up of six equilateral triangles.

4. Place the square, circle, triangle and hexagon in order of increasing area. What do you notice? Where do you think a pentagon or an octagon would fit in this list?

5. Ancient forts are supposed to have been constructed by using a standard unit of measurement called the Megalithic Yard  and all ditches and walls were whole multiples of the Megalithic Yard. At a hill fort we find a ditch of width 2.487m, and two walls of heights 4.145m and 6.632m. Using this data, estimate the length of the megalithic yard.

6.  Design an entrance to a Hill Fort which takes up a small space, but forces an attacker to walk a very long way.

7.  It is possible to construct a shape which has a very large perimeter, but still has a small area.

  

Snowflakes have exactly this property. Can you estimate the perimeter and the area of this snowflake?

Session Two:  Medieval and later castles
1. Think of as many reasons as possible why it is a good reason for a castle to be symmetric. Can you think of some other buildings with a very high degree of symmetry?
2. (i)  Draw a pentagon fort with arrow head bastions and show how effectively it can be defended with only a few cannons.
(ii)  Try this also with Deal Castle.

3. Draw the Ultimate Deal Castle by building turrets on the turrets as follows

(i)    Draw a circle

(ii)   Construct six points on the circumference of this circle.

(iii)  Draw a smaller circle (of say half the radius of the original) centred on each of these points.

(iv)  Repeat this process on each of the smaller circles.

(v)   Carry on for ever to get an elegant fractal design.

4. The inside of Deal castle is based  on an annulus. 

(i) If the radius of the inner circle is a and the radius of the outer circle is b find the area between them in terms of a and b.  



(ii) We can draw a chord between the two circles. Use Pythagoras’s theorem to find the length c of the chord, and discover a neat link between c and the area of the annulus. 
5. Draw a Koch Snowflake by starting with an equilateral  triangle and then adding equilateral triangles of a third the size to each side, then putting triangles on these sides and continuing on for as long as you can.
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