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Mathematics Extension 1 

General Instructions 
 
o Reading Time- 5 minutes 
o Working Time – 2 hours 

o Write using a black or blue pen 
o Approved calculators may be used 

o A table of standard integrals is 
provided at the back of this paper 

o All necessary working should be 
shown for every question 

o Begin each question on a fresh 
sheet of paper 

Total marks (84) 

o Attempt Questions 1-7 
o All questions are of equal value 
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Total Marks 
Attempt Questions 1–7 
All Questions are of equal value 
 
Begin each question on a NEW SHEET of paper, writing your student number and 
question number at the top of the page. Extra paper is available. 
 
Question 1 (12 marks) Use a SEPARATE sheet of paper.                  Marks 
 

(a) Using the table of standard integrals, evaluate .    1 

 
 
 
(b) If , find  in simplest form.              2 
 
 
 
 
(c) Find the acute angle between the lines  and .          2 
 
 
 
 
(d) Write  in the form  where           2 
  and  is a constant. 
 
 
 

(e) Find the vertical and horizontal asymptotes of .           2 

 
 
 

(f) Evaluate  using the substitution .           3 
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Question 2 (12 marks) Use a SEPARATE sheet of paper.                 Marks 
 
(a)     The mathematics staff currently consists of 3 male and 6 female teachers.           2 

 How many ways can a team of 5 be chosen from the mathematics staff which 
 contains at least 3 female teachers?                                                                                              
 

 

 
(b) The area bounded by the curve  , the x-axis and the ordinates at  x = 0          3 

and  x = 3  is rotated about the x-axis. Use Simpson’s rule with 3 function 
values to find an approximation of the volume so generated.   

 
 
 

(c)      Determine the coordinates of the point Q if it divides the interval joining                  2 
    P (-3, 1) and R (5, -10) externally in the ratio .                                                                                            

  
 
 
 

(d)     By sketching     and  for ,  find the number of                 2 

            solutions of  in the domain  .        

                                                          
 
 
 
(e) The probability that a vaccine for a new virus will not protect the patient from 
 getting the virus is found to be 0.02%. If a group of 1000 people are vaccinated, 
 find the probability, as a percentage, that:  
  
 (i)  all the group will be protected from getting the virus.                                                     1 
  
 (ii) at most 2 people will not be protected from getting the virus.                                         2 
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Question 3 (12 marks) Use a SEPARATE sheet of paper.            Marks 
 

(a)  Solve for :                     2 

 
 
(b)  

 
 In the diagram above , ,  &  are secants and  
 
 (i) Show that                 1 
 
 (ii) Prove that  is a diameter of the circle .             2 
 
 
 
(c) Let T be the temperature in a room at time t and let A be the temperature of the   

room’s surroundings. Newton’s Law of Cooling states that the rate of change of  
temperature is proportional to .  

      
 (i)  Verify that , where  and  are constants,           1 

  satisfies Newton’s Law of Cooling.       
  
(ii)  The temperature of a substance in a room of constant temperature    3 
  is noted to be .  
  After 40 minutes the temperature of the substance is noted to be .  
           

  Find how long it takes the temperature of the substance to reach .            
  (Give your answer to the nearest minute.)             

 

(d) Find the term independent of  x  in the expansion of .           3
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Question 4 (12 marks) Use a SEPARATE sheet of paper.             Marks 

 
(a)  and  are points on the parabola  .           2 

 If    find the locus of M, the mid-point of PQ.   
 
 
 
 
(b)    Find all the values of  in the domain  for which                    3 
  

  . 
 
 
 
 
(c) (i) Differentiate                  2 
 

 (ii)  Hence evaluate                 2 

 
 
 
 

(d) If   and  , find                3 
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Question 5 (12 marks) Use a SEPARATE sheet of paper.                   Marks 
 
(a) The graph of  is shown on the diagram below. 

 

 (i)  The function is defined in the domain .            2 
  Sketch the graph of g(x) and its inverse function , showing   
  clearly all intercepts with the coordinate axes. 
 
 (ii)  State the domain of .                1 

 (iii)  Find an expression for  in terms of .            2 

 

(b) Use mathematical induction to prove that , for integer .                      3 

 

(c) A vertical flagpole CD of height  h  metres stands with its base C on horizontal 
 ground. A and B are points on the ground where A is due West of C and B is on a  
 bearing of 170° from C. From A and B the angles of elevation of the top D 
 of the flagpole are 10° and 20° respectively. 
 
 
 
 
 
 
 
 
 
  

 (i) Express the length of  AC  in terms of  h.              1 
 
 (ii) Show that ∠ACB is 100°.        1 
 
 (iii) If the distance between A and B is 40 metres, find the height of the   2 
  tower CD. 

x 

y 

B 
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Question 6 (12 marks) Use a SEPARATE sheet of paper.                       Marks 

(a) The acceleration   at time t seconds of a particle moving in a straight  

  line is given by . 
  If the particle is at a distance of x metres from the origin at time t and if  
    initially it is at  x=1  with a velocity of 4 m/s, 
 

 (i)   Show that  .               3 

 (ii) Show that the position of the particle after seconds is 2 metres to         2  

  the right of the origin and the magnitude of its velocity is 2m/s at this time.   
 

 (iii) Is the speed of the particle increasing or decreasing when t=  ?                     1 

         Justify your answer.                                                                                                            
 

 (iv) How long is it exactly between each time the particle passes the origin?           1 
          Explain your answer.                                                                                

 
 
 
(b) A belt connects a driving pulley of radius 3cm to another pulley of radius 10cm, 
 as shown in the diagram below: 
 
 
 
 
 
 
 
 
             
 
 
 (i) Show that   (Hint: Draw a line parallel to AB through D).        1 
 
 (ii) Find the length of AB.                                                                                             1 
 
 (iii)  Find the total length of the belt.                                                               3   
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Question 7 (12 marks) Use a SEPARATE sheet of paper.                    Marks 
 
(a) Find the value of    if the coefficient of  is twice the coefficient of   in  3 
 the expansion of  . 
 
 
 
(b)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 A particle is projected with velocity  from a point  at an angle of  
 elevation .  The particle just clears two vertical trees P and Q, of height h metres  
 at horizontal distance of  metres and  metres from  respectively.  
 The acceleration due to gravity is taken as  and air resistance is ignored. 
 
 
 (i) Find the Cartesian equation of the flight of the particle.    1 
 

 (ii) Show that   .       2 

 

 (iii) Show that   .        3 

 
 (iv) Another particle was projected with the same angle as the first particle   3 
  but with  velocity   so as to just clear the tree P and land half-way  
  between the trees P and Q. 
 

        This particle has equations for horizontal and vertical displacement to be    
                          and . 
 

        Show that  . 

 
 

End of paper 
 

P Q O 
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