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Time allowed for this section 
Reading time before commencing work: five minutes 
Working time: fifty minutes 
 
Materials required/recommended for this section 
To be provided by the supervisor 
This Question/Answer booklet 
Formula sheet  
 
To be provided by the candidate 
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Important note to candidates 
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hand it to the supervisor before reading any further. 
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Structure of this paper 
 

Section 
Number of 
questions 
available 

Number of 
questions to 
be answered 

Working 
time 

(minutes) 

Marks 
available 

Percentage 
of 

examination 

Section One: 
Calculator-free 7 7 50 52 35 

Section Two: 
Calculator-
assumed 

13 13 100 94 65 

    Total 100 
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Section One: Calculator-free (52 Marks) 
 
This section has seven (7) questions. Answer all questions. Write your answers in the spaces 
provided. 
 
Spare pages are included at the end of this booklet. They can be used for planning your 
responses and/or as additional space if required to continue an answer.  
● Planning: If you use the spare pages for planning, indicate this clearly at the top of the page. 
● Continuing an answer: If you need to use the space to continue an answer, indicate in the 

original answer space where the answer is continued, i.e. give the page number. Fill in the 
number of the question that you are continuing to answer at the top of the page. 

 
Working time: 50 minutes. 
 
 
Question 1  (9 marks) 
 
(a) Hilbert numbers are defined as numbers that are one greater than the multiples of four, 

such as 5, 9, 13, 17, 21, 25……. Prove that the product of two Hilbert numbers is a Hilbert 
number. 

  (4 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b)    Prove that if a square and a circle have the same perimeter 𝑃, the circle will have the 
greater area.   (5 marks) 
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Question 2 (10 marks) 
 
Given that 𝒂	 = 	−2𝒊	 + 	8𝒋 and 𝒃	 = 	5𝒊	– 	6𝒋, find: 

(a) |	𝒂	 + 	𝒃	|.                 (3 marks) 

 

 

 

 

 

 

 

 

(b) the unit vector parallel to 𝒂	 + 	𝒃.                (1 mark) 

 

 

 

 

 

(c) a vector that is parallel to	𝒂	 + 	𝒃 but with a magnitude of 5.           (1 mark) 
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(d) 𝒂 in terms of 𝒑 and 𝒒 where 𝒑	 = 	2𝒊	 + 	𝒋 and 𝒒	 = 	−3𝒊	 + 	3𝒋.                          (5 marks) 
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Question 3 (4 marks) 
 
Use Proof by Contradiction to show that there is no positive integers 𝑎	and 𝑏, such that  

𝑎! − 4𝑏! = 1 
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Question 4  (6 marks) 
 
𝑃𝑄𝑅𝑆 is a rhombus. 𝑷𝑸	 = 	𝒂 and 𝑷𝑺	 =
	𝒃. 
(a) Find 𝑷𝑹 in terms of 𝒂 and 𝒃. (1 mark) 

 
(b) Find 𝑸𝑺 in terms of 𝒂 and 𝒃. (1 marks) 

 
 
 
 
 
 
 
 
 
 

(c) Hence, use a vector method to show that the diagonals of a rhombus are perpendicular to 
each other.                (4 marks) 
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Question 5 (7 marks) 
 
(a) Prove the recurring decimal 3.210???? is rational by expressing it as a fraction.  (3 

marks)
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Prove irrationality by contradiction for  √10.  (4 marks) 
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Question 6 (8 marks) 
 
(a) Show that the second number in row 𝑛 of Pascal’s triangle is always 𝑛	for 𝑛 > 0.     (2 mark) 

 
 
 
 
 
 
 
 
 

(b) Prove that the third number of any row of Pascal’s triangle is always "
!
	𝑛	(𝑛 − 1).      (2 mark) 

 
 
 
 
 
 
 
 
 
 
 
 
 

(c) Show that for any row in Pascals’ Triangle, the (𝑟 + 1)th number is !"#
#$%

 times the 𝑟th 
number, that is, n𝐶#$" =

%&#
#$"

	× n𝐶# 	 assuming that n𝐶# = 1  and 𝑛 > 0.                     (4 marks) 
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Question 7 (8 marks) 
 
(a) Prove that any 3-digit number is divisible by three if the sum of its digits is divisible by three. 

[Hint: let the units digit be a, the tens digit be b, and the hundreds digit be c.]  
 (3 marks) 
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(b) Use mathematical induction to prove that  2'% + 3!%&! is always divisible by 5, for 𝑛	 ∈ 𝑁. 
      (5 marks) 
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