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SENIOR MATHEMATICS COMPETITION 2011  

1. A function f(x) is defined by:    f(x) = x/2  if x is even,  
  f(x) = x – 1 if x is odd.  

Beginning with x1 = 2011 and repeatedly finding  xn+1 = f(xn) gives xn = 0 for n = 20. 
What is the smallest value of x1 so that x1 ≥ 2011 and xn = 0 for n ≤ 15.   

 2. 174724 = 4182 .  What features of each of the following show that they are not perfect squares of integers?  
632135, 512197, 636954, 276438          [4]  

3. Find the smallest pair of consecutive prime numbers which give the same remainder when 2011 is divided 
by each of them; find the next such pair.         [2] 

                  
[2]  

4.   A number with the digits 2011abcd is divisible by each of 2,3,4,5,6,7,8,9 and 10. Find all such numbers. 
                   [3] 

11.  Find f(10) if f(n) = n – 10 when n > 100, f(n) = f(f(n + 11)) otherwise.          [5] 

5. Draw triangle ABC with AB = x cm, BC = x/2 cm and angle ABC = 900. Draw an arc, centre C,  
radius BC, cutting AC at Y. Draw an arc, centre A, radius AY, cutting AB at X. Prove algebraically that 
AB.BX = AX2.                    [4] 

6. Find the value of “a” such that 4x2 + 4(a – 2)x – 8a2 + 14a + 31 = 0 has real roots whose sum of squares is 
a minimum.              [6] 

8.  Triangle ABC is such that AC = BC and AB/AC = r. Show that cosA + cosB + cosC = 1 + r – r2/2.    [4] 

9.  Michael, Tasha and David are throwing a fair die, in that order. Michael wins if he throws a 1, 2, or 3; Tasha 
    wins if she throws a 4 or 5; David wins if he throws a 6. The die rotates round from Michael to Tasha to David 
    to Michael etc until one player wins. Calculate the probability that David wins.      [4] 

 

10.  Given that sin(A +B) = sinAcosB + cosAsinB and cos(A + B) = cosAcosB – sinAsinB  
 (a) Prove that sin3A = 3sinA – 4sin3A                [2] 
 (b) Deduce the exact value of sin 180 is (-1 + √5)/4.             [3] 
 (c) Hence or otherwise, given a regular five pointed star, find exactly the ratio of the perimeter of the  
  interior regular pentagon to the perimeter of the exterior regular pentagon.                            [3]  

 

7. The tangents at A, B and C to the circumcircle of triangle ABC form triangle DEF. If r is the circumradius of
triangle ABC, prove that the area of triangle DEF  is r2(tanA + tanB + tanC).      [5] 

 

12.  The NZAMT logo is known as the Lunes of Hippocrates. The centre of each of the 
outside arcs is the midpoint of the nearest side of the triangle while the inner arc is a 
semicircle. Prove that the area between the arcs is the same as the area inside the triangle. 
             [3] 


