CALCULUS, CIRCLE GEOMETRY and RUGBY KICKING. 
                   By Philip Lloyd, Epsom Girls Grammar School, Auckland.
A question on the 2010 Calculus assessment reminded me of an old problem about where to place a rugby ball after a try has been scored so that the kicker has the widest possible angle to the goal posts.

In the diagram below, this means if the try is scored at T, what is the distance TB so that (PBQ is a maximum?
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Let us take a particular case where TP is 20m and let TB = x. 

(PQ = 5.6m by rugby regulation.)
Let (PBQ = θ and (TBP =α
Clearly tan α = 20  and tan (θ + α) = 25.6
                          x                                 x
Expanding, we get   tan θ + tanα    =    25.6
                                1 –  tanθ tan α         x                                
                                 tanθ + 20         =  25.6   ( 1 –  20tanθ )
                                             x                 x               x
                                 tanθ + 20         =  25.6   –  25.6×20 tanθ )
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                tanθ( 1 + 512 )                 =  5.6
                                 x2                                        x
              tanθ (x2 + 512 )              =    5.6
                             x2                                            x
                                      tanθ        =    5.6x
                                                         x2 + 512
Differentiating :    sec2 θ   dθ       =  5.6(x2 + 512) – 5.6x×2x  = 0 for MAX θ
                                          dx             ( x2 + 512)2

   therefore:               5.6x × 2x    =     5.6(x2 + 512)  

                                               x2  =  512
                                                 x = 16√2 ≈ 22.6m

However, the same result can be reached using simple CIRCLE GEOMETRY.

Imagine a circle which passes through P and Q with TB a tangent at B. 

Clearly (PBQ = θ is the largest angle because if we consider other points on TB at, say, L and M, the angles PLQ and PMQ are smaller than θ since only angles at the circumference are equal to θ.
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Calculating the distance TB is simply done using Pythagoras’ Theorem.
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                                θ
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2.82 + x 2 = 22.82
                x 2 = 512
          x = 16√2 ≈ 22.6m as before.
I believe some of the top class place kickers use as a “rule of thumb” that the distance TB is almost the same as the distance from T to the middle of the posts.
________________________________________________________________
Using this method, the 2010 excellence question seems very trivial…

                                                         x2 = 82 – 42 
                            8m                            = 64 – 16  
                                         4m               = 48 
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