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Mathematics Extension 1 

General Instructions 
 
• Reading time – 5 minutes 
• Working time – 2 hours 
• Write using blue or black pen 
• NESA-approved calculators may 

be used 
• A reference sheet is provided at 

the back of this paper. 
• For questions in Section II, show 

all relevant reasoning and/or 
calculations. 

Total marks – 70 
 
• Section I -10 marks  
• Attempt Q1-10 

Allow about 15 minutes. 
 
• Section II-60 marks 

Attempt Q11-16 
Allow about 1 hour 45 minutes.  
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Section I 

10 marks 
Attempt Questions 1–10 
Allow about 15 minutes for this section 

 
Use the multiple-choice answer sheet for Questions 1–10. 

 
 

 
1. A curve is described by the parametric equations below. 

 
  

What is the cartesian equation of the curve? 

A.    

B.     

C.    

D.    

 
 
2. Which set of values for a and b satisfy the following equation? 

                       
  

 

A.    a = 0 and b = 4    

B.    a = 1 and b =    

C.    a =  and b = 1 

D.    a = 4 and b = 0   
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3. Jack starts at the origin and walks along vector  2𝚤̰𝚤 + 3𝚥̰𝚥  and then turns and 
walks along vector  4𝚤̰𝚤 − 2𝚥̰𝚥. How far is Jack from the origin ? 
 
A.  5 
 

B.    
 

C.  
 

D.  
 
 
 

4. What is the domain and range of the function   ? 

 

A.   Domain   ;   Range  

B.    Domain   ;   Range  

C.    Domain     ;  Range   

D.   Domain     ;  Range  
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5. A library contains 10 different maths books and 15 different science books.  
In how many ways can a group of three maths and two science books be borrowed? 
A.   250 

B.   900   

C.   12 600  

D.   20 475 

 
 

6.  What is the derivative of with respect to x? 

A.      

B.      

C.      

D.     
 

 
 

7. 

 

What is the value of  sin 2𝑥𝑥  given that      and  x  is an angle in the third 

quadrant? 

A. −
12
25

 

B. −
24
25

 

C. 12
25

 

D. 24
25
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8. If  the  roots of   are consecutive integers then the 

value of is 
 
A. -7 
 
B. -5 
 
C. 5 
 
D. 7 
 
 
 
9. A particle currently has positive displacement and negative velocity and 
always has constant positive acceleration. Which one of the following 
statements must be true about the particle? 
 
A. Its speed is currently increasing. 
 
B. Its speed is currently decreasing. 
 
C. Its velocity will always be negative. 
 
D. Its displacement will eventually become negative.  
 
 
10.   is the inverse function of   . Which one of these 

statements must be true for all x in the domain of ? 
 
A.   
 
B.  
 
C.

 
 

 
D.

 
 

 
 

End of Section I, Multiple Choice, 
Section II begins on next page. 
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Section II 

60 marks 
Attempt Questions 11–16 
Allow about 1 hour and 45 minutes for this section 

Answer each question in the appropriate writing booklet. Extra writing booklets are 
available. 

 
For questions in Section II, your responses should include relevant mathematical 
reasoning         and/or calculations. 
 

  
 
Question 11 (10 marks) Use a SEPARATE writing booklet 
 
 
 
(a) Find the angle between the vectors   and  

 
 
 

(b) Find the equation of the curve   that has   and 

passes through  . 
 
 
 

(c) When the polynomial  is divided by   the remainder is  

. What is the remainder when is divided by ? 
 
 
 

(d) i) Write   in the form    
  

 ii) Hence solve for    
 

 
End of Question 11 

  

Marks 
 
 
 
 
 

2 
 
 
 
 

2 
 
 
 
 
 
 
 

2 
 
 
 
 
 

2 
 
 

2 
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Question 12 (10 marks) Use a SEPARATE writing booklet 
 
 
 

(a) Use t-identities to solve    
 
 
 
 
 
 

(b) Use the substitution   to find    

 
 
 
 
 
 
 
(c) Prove by mathematical induction that   is divisible by 4 for all 

positive integers  . 
 

End of Question 12  

Marks 
 
 
 
 

4 
 
 
 
 
 
 
 
 

2 
 
 
 
 
 
 
 
 

4 
 
 
 
 
 



8 
 

Question 13 (10 marks) Use a SEPARATE writing booklet 
 
(a) A particle, experiencing vertical acceleration due to gravity g and no air 

resistance, is projected over horizontal ground at speed   at an acute 
angle  to the horizontal. You may assume the six equations of motion 
listed below. 

 
      

      

 

       

 
 
 
 i) Show that the 

   α) time to reach greatest height is    

 

   β) greatest height is    

 

   γ) time to reach the landing point is  

 

   δ) range is  

 
  
 ii)  If R is three times H, find the exact angle of projection. 
 
 

Question 13 continues on the next page 
  

Marks 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 
 
 
 

1 
 
 
 

1 
 
 
 

1 
 
 
 

2 
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Question 13 (continued) 
 
(b) The rate of change in temperature, T degrees celsius, of a metal over time, t 

minutes, as it cools is given by the equation  . The 

metal is initially at   and cools to   after 5 minutes. 
 

   i) Show that   is a solution of the equation   

     

 
   ii) Find the values of  A and k. 
 
  iii) After how many minutes will the temperature of the metal be 

    ? Give your answer to the nearest minute. 
 
 

End of Question 13. 

Marks 
 
 
 
 
 
 
 

1 
 
 
 
 

1 
 

2 
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Question 14 (10 marks) Use a SEPARATE writing booklet 
 
 
(a) The volume V and surface area S of a sphere of radius r are given by  

 and    

  i) Show that   and  . 

 
  ii) A spherical ice ball of radius 24mm is immersed in water. The time 

it takes for its volume to decrease is measured in minutes. Its 
volume decreases at a rate equal to three times its surface area. If the 
ice ball is always spherical, how much time does it take to reduce its 
radius to one-eighth its original radius? 

 
 
 
 
(b) Find the vector projection of   onto     

 
 
 
 

(c) In  , D is a point on AB. where    
 
 
 
 
 
 
 
 
 

 Given  ,  and , show that    

 
 
 
 
(d) A father, a mother and five children stand in a circle. In how many ways 

may they be arranged so that the father and mother do not stand together. 
 

 
 

End of Question 14  

Marks 
 
 
 
 
 
 
 

2 
 
 
 

2 
 
 
 
 
 

2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 
 
 
 
 
 
 

2 
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Question 15 (10 marks) Use a SEPARATE writing booklet 
 
 

(a) Find    

 
 
 
 
(b) Find the volume formed when the region between the curve   

and the lines   ,   and   , is rotated around the y-axis. 

 

 
 
 
 
 
 

(c) i) Show that    22 

 

 ii) Hence, show that    

 
 

End of Question 15 

Marks 
 
 
 

2 
 
 
 
 
 

4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 
 
 
 
 

2 

 

                                    x 



12 
 

Question 16 (10 marks) Use a SEPARATE writing booklet 
 
 
 

(a)  OACB is a rhombus.  , , and  

 
 
 
 
 
 
 
 
 
 
 
  i) For the vectors in the diagram above, use properties of the dot  
 
   product to prove   

 
 
  ii) Hence, prove diagonal OC bisects   

 
 
 
 
 
 
 

(b)  i) Prove the identity    
 
   
 
  ii) Hence, find exact value expressions for three unique solutions of   

 
 

 
 
 
 
 
 
 
 

End of paper 
  

Marks 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 
 
 
 
 

2 
 
 
 
 
 
 
 
 

2 
 
 
 
 

4 
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