Advanced Adding
IMP12
Shoebox
Imagine a parallelepiped (a shape like a shoebox but all faces are parallelograms: a shoebox sheared).
Imagine it balanced on one vertex with the diagonal from that vertex to the opposite one drawn in.
The three vertices adjacent to the bottom vertex form a plane, as do the three vertices adjacent to the top vertex.
In what ratios do the two planes divide the main diagonal?
Relate this to the two dimensional version of this construction (planes are then lines).
Generalise to n-dimensions.
Fairground Ride
A tea-cups-type ride consists of one or more long arms rotating about one end at a fixed speed. On the other end there is  a short arm rotating about one end at some other fixed speed. On the other end of this arm there is a ‘tea-cup’, (seat). 
An enterprising entrepreneur decides to have a contrasting ride: the short arm is at the centre, and on the ends of these the long arm rotates, both at their previous speeds.  What difference will the customers experience on the two rides? (see JohnM for applet)
Vector Graphics
Prior to massive memory possibility, vector graphics approximated curves by geometrically specified curves such as circles, straight line segments, quadratics and cubics (the latter known as Bezier curves). Advantages:
This minimal amount of information translates to a much smaller file size compared to large raster images (pixel-specified images) (since the size of representation does not depend on the dimensions of the object), though a vector graphic with a small file size is often said to lack detail compared with a real world photo.
Correspondingly, one can infinitely zoom in on e.g. a circle arc, and it remains smooth. On the other hand, a polygon representing a curve will reveal being not really curved.
On zooming in, lines and curves need not get wider proportionally. Often the width is either not increased or less than proportional. On the other hand, irregular curves represented by simple geometric shapes may be made proportionally wider when zooming in, to keep them looking smooth and not like these geometric shapes.
The parameters of objects are stored and can be later modified. This means that moving, scaling, rotating, filling etc. doesn't degrade the quality of a drawing. Moreover, it is usual to specify the dimensions in device-independent units, which results in the best possible rasterization on raster devices.
From a 3-D perspective, rendering shadows is also much more realistic with vector graphics, as shadows can be abstracted into the rays of light from which they are formed. This allows for photo realistic images and renderings.
Bezier Curves
	[image: ]
	A curve is specified by a sequence of control points, each associated with a direction and two magnitudes: the slopes of the curve either side of the control point.
Obtain a drawing package from JohnM and experiment with Bezier curves.
How good a circle can you make with 4 curves? With 8 curves? 



Rotating Spheres
A sphere is rotating about a given axis a1 at angular velocity 1. At the same time it is being rotated about a different axis a2 at angular velocity 2. The effect is rotate about an axis a at angular velocity . How are the axes and the angular velocities related?
Comment
See physics animations (ask JohnM), though none does what is asked about here!
Routh’s Theorem
Let the edge BC of the triangle ABC be divided in the ratio A : 1 at PA; edge CA in the ratio B : 1 at PB and the edge AB in the ratio C : 1 at PC.  Join each division point to the opposite vertex (PA to A etc.), producing a triangle in the ‘middle’. What is the ratio of the area of this triangle to the area of the original triangle?
[bookmark: _GoBack]Derive Ceva’s theorem as a consequence (the triangle has area 0 iff 123 = 1).
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