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1.   Symmetric angles
As the figure has rotational symmetry of order 4,  is a square.

Area  area of , so .

As  is a square,  so .

Since , we have .

Now consider the following equilateral triangle with side lengths 2:

[image: https://nrich.maths.org/content/id/6743/Tan%2030%20Triangle.png]
The vertical line is perpendicular to the base-line and so bisects both the angle at the top vertex and the base-line. Consider the left right-angled triangle. Pythagoras' theorem gives  and then we have 
.

Therefore .



[image: Solution]

2.   Ice cream tangent
Let the radius of the circle be  and let the perpendicular height of the triangle be . Then


Now, the area of the semicircle is  and the area of the triangle is . This gives , so  . 




3.   Overlapping ribbons
In this diagram, the length and perpendicular ‘height’ of the parallelogram formed by the overlap are marked in red, and a helpful triangle is coloured yellow.
[image: ]
The ‘height’ of the parallelogram is 4 cm and the length of the parallelogram is equal to the hypotenuse of the yellow triangle. This hypotenuse can be found using trigonometry.
So the length of the parallelogram is 8 cm and its ‘height’ is 4 cm, so its area is .
A fuller solution is available at: https://nrich.maths.org/12761/solution

4. [bookmark: _GoBack][image: https://nrich.maths.org/content/id/12788/rolling%20in%20a%20triangle%205.png][image: https://nrich.maths.org/content/id/12788/rolling%20in%20a%20triangle%204b.png][image: https://nrich.maths.org/content/id/12788/rolling%20in%20a%20triangle%203b.png]  The roller and the triangle
The circle won't fit into the corners of the triangle, so it won't touch some of the parts of the perimeter of the triangle. The parts that it won't touch are the parts that Clare can't paint with the roller, and they are labelled  on the diagram.
Using the radius of the circle, two right-angled triangles can be made which contain , as shown below (they are right-angled because the angle between the tangent and the radius is ).
The radius of the circle can be found using the formula circumference = , so , so .
We can use trigonometry to find out the unknown length . Since the two right-angled triangles drawn share all three sides, they are congruent, so the  angle of the triangle must be bisected to give two  angles.
This gives the triangle shown. , and since  and , we get that:So the circle will touch all of the perimeter of the triangle, which is 3, except for  twice at each corner. So the circle will touch .
A fuller solution is available at: https://nrich.maths.org/12788/solution

http://nrich.maths.org/1053
These problems are adapted from UKMT (ukmt.org.uk) and SEAMC (seamc.asia) problems.
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