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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. Which is a simplified expression for 
2 1

1a a
−

+
? 

(A) 2

2
1

a
a
+
+

(B) 1

(C) 2
( 1)
a

a a
+
+

(D) 1
( 1)a a +

2. Expand and simplify 2(tan 1)θ − .

(A) 2sec θ  

(B) 2cosec 2 tanθ θ−  

(C) 2cot 2 tanθ θ−       

(D) 2sec 2 tanθ θ−  

3. The angle of a sector in a circle of radius 18 cm is
9
π

 radians.

What is the perimeter of the sector?

(A) 2 18π + (B) 2 36π +

(C) 18π + (D) 36π +
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4. The probability that there will be rain in Sydney this weekend is 1
3

.

The probability that there will be rain in Newcastle this weekend is 2
5

.

What is the probability that there will be no rain in Sydney and no rain in Newcastle this
weekend?

(A) 2
3

(B) 3
5

(C) 2
5

(D) 2
15

5. The first three terms of an arithmetic series are 5, 9 and 13.

What is the 15th term of this series?

(A) 61

(B) 66

(C) 495

(D) 585

6. Differentiate  2 3( ln 2) .x +

(A) 2 23 ( ln 2)x× +

(B) 2 213 2 ( ln 2)
2

x x× × +

(C) 2 23 2 ( ln 2)x x× +

(D) 2 213 2 ( ln 2)
2

x x × + + 
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7. Use the diagram below to solve the inequation  1 x
x
< . 

(A) 1 0x− < <   or  1x > .

(B) 1x < −  or  0 1x< < .

(C) 1 1x− < < .

(D) 0x <  or  1x > .

8. A particle is moving in a straight line. At time t  seconds its displacement from a

fixed point O  on the line is  2 2x t t= −   metres. What distance is travelled by the

particle in the first 3 seconds of its motion?

(A) 3 metres

(B) 4 metres

(C) 5 metres

(D) 6 metres
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9.  The graph of 𝑦𝑦 = 𝑓𝑓 ′(𝑥𝑥) is shown below. 

 

     
  

    The curve 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) has a minimum value of 6. 

    What is the equation of the curve? 

   

(A) 𝑦𝑦 = 𝑥𝑥2 − 4𝑥𝑥 + 2 

(B) 𝑦𝑦 = 𝑥𝑥2 − 4𝑥𝑥 + 10 

(C) 𝑦𝑦 = 𝑥𝑥2 + 4𝑥𝑥 + 2 

(D) 𝑦𝑦 = 𝑥𝑥2 + 4𝑥𝑥 + 10 

 

10.  For  1λ > , what is the limiting value of   
0

1   
n xe dxλ

λ
−∫  as  n →∞  ? 

 

 (A)   0 

 (B) 2

1
λ

  

 (C)  1
λ

 

 (D)    1             
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Section II 
90 marks 

Attempt Questions 11 – 16  
Allow about 2 hours and 45 minutes for this section 

Answer on the blank paper provided. Begin a new page for each question. 
Your responses should include relevant mathematical reasoning and/or calculations. 

Question 11  (15 marks) 

(a) Evaluate
ln
eπ

π
   correct to 3 significant figures. 

(b) Simplify
2 2

2 2 .x y xy
x y

−
−

(c) Express  5
3 2+

  in the form 3 .a b+  

          1 

            2 

            2 

(d) Solve 2 1 3.x − <  2 

(e) If  2'( ) 6 1g t t= −  and ( 1) 2g − = ,  find an expression for  ( ).g t             2 

(f) Evaluate
5

1

1  .
2n

n=
∑             2 

(g) Differentiate  
53

cos
x

x
.      2 

(h) Evaluate
4

2

0

(sin 2 sec ) .x x dx

π

+∫  2 

End of Question 11. 
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Question 12  (15 marks)  Begin a new page. 

(a) Differentiate with respect to x

(i)
2

tanxe x  2

(ii)     2

ln x
x

 2 

(b) The quadratic equation  22 5 3 0x x+ − =  has roots 𝛼𝛼 and 𝛽𝛽.  2 

Find the value of  2 2α β+ .   

(c) The graph shows the function ( )y g x= .

               There is a horizontal point of inflexion at   4x = − .

(i) For what values of  x is the curve stationary?  1 

(ii) For what values of  x is the curve decreasing?  1 

(d) Solve for  x : 2 2 22 log ( 1) log log 4 0x x x− + − =  3   
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Question 12 (continued)  
 

(e) Consider ∆𝐴𝐴𝐴𝐴𝐴𝐴 in the diagram below.
AB is extended to point  D forming triangle ACD.
ABC ACD∠ = ∠ ,  AB = 6 cm, AC = 8 cm and BD = w.

(i) Prove that triangle ABC is similar to triangle ACD. 2 

(ii) Find the value of w, giving reasons.  2 

End of Question 12. 
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Question 13  (15 marks)  Begin a new page. 

       (a)    Find the domain of the function    
2

1( ) .
4 1

f x
x

=
−

2 

(b) Find the equation of the tangent to the curve 1 2( ) xf x e −=  at the point

where  1
2

x =  .              2 

(c) In the diagram a drone leaves point A and flies in a straight line for 6 km
on a bearing of  070  to point B. It then flies in a straight line to point C
which is 8 km due south of A.

(i) Find the distance from B to C in kilometres, correct to 1 decimal place.     2 

(ii) Find the bearing of C from B, correct to the nearest degree.     2 
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Question 13 (continued) 

(d) The diagram shows the graph of a parabola passing through the points

(0,1) and (2,-1).

(i) Show that the equation of the parabola is given by

2( 2) 2 2.x y− = +       2 

(ii) Write down the coordinates of the focus and the equation of
the directrix.      2 

(e) Consider the function 1
2

x

y
−

 =  
 

. 

(i) Copy and complete the following table of values onto your
writing paper.     1 

(ii) Hence, use Simpson’s rule with 5 function values to find an

            approximation to the value of  
2

2

1
2

x

dx
−

−

 
 
 ∫  .            2 

End of Question 13. 
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Question 14  (15 marks)  Begin a new page. 

       (a)     Consider the curve 31 3y x x= + − ,  for 2 3.x− ≤ ≤   

 (i)     Find the stationary points and determine their nature.                 3 

 (ii)    Find the point of inflexion.                     1 

 (iii)   Sketch the curve for 2 3.x− ≤ ≤                     2 

 

       (b)  The point ( , )P x y  is equidistant from the lines 2y =  and 3 4 12 0x y+ − = . 

 Given that the point  P  lies in the shaded region of the diagram below, find  
 the equation of the locus of 𝑃𝑃.                               2 

 

 
 
 
 
 
 
 
 
 

       (c) A dodecagon has 12 sides. The angles of a dodecagon are in an  
                arithmetic progression. 
 (i)      Given that the size of the smallest angle is 62 , 
                   find the common difference.                    2 
 
 (ii)    How many of these angles are obtuse?  Justify your answer.                1 
 
 

      (d)   On the 1st of January 2014, $15 000 was deposited into an account to  
 enable Emily to save for her university tuition. On the first day of January 
 of each of the following years, a further $2000 is deposited into the account. 
 Interest of 8% per annum is paid into the account at the end of each quarter. 
 
 

 

 (i)   What was the balance in the account at the end of 2014?                 1 
 

     (ii)   Emily hopes to commence her university course in 2020. 
    How much would be in the account after the final interest payment 
               is made on 31 December 2019?                     3 
 
 
 

 

End of Question 14. 
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Question 15  (15 marks)  Begin a new page. 

 
 
 
 
 

    (a)      The diagram below shows the graphs of 2y
x

=  and  3y x= −  for 0x > . 

    The shaded area is enclosed between the two graphs and their points  
 

               of intersection H and K, as shown.  

 

 
 (i) Find the coordinates of the points H and K.     2 
 
 
    (ii) The shaded area is rotated about the y − axis. 

  Find the exact volume of the solid formed.                 3 
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 Question 15 (continued) 
 

    (b)  The number N of bacteria in a mouldy loaf of bread at time t  hours is 
  given by the equation  21 .ktN e=   
  After 7 hours the number of bacteria present is 30. 
  

 (i)  Find the value of  k , correct to 3 decimal places.       1 

 (ii)  Determine the number of bacteria after 1 day.      1 

 (iii) At what rate is the number of bacteria increasing after 1 day?      1 

 (iv) Mouldy bread is considered unsafe to eat when the number of  
  bacteria present reaches 3000.  
  For how many days can the bread be considered safe to eat?      2 
 

 

 
 (c) Lola is obsessed by the colour of her hair. On any given day there is  
   an 80% chance she will change the colour of her hair for the next day. 
  Her hair is blond 40% of the time, brown 30% , red 20% and purple for  
  the remainder. 
  Given Lola has red hair on Friday, what is the probability that : 
 
  (i) tomorrow her hair is red ?                      1  

 

  (ii) tomorrow her hair is brown ?                      2 

 

  (iii) her hair is not red on Saturday and Sunday AND her hair is a different  

   colour on Saturday and Sunday.                     2 

  

 

 

 
 

 

 

End of Question 15. 

  



− 14 − 
 

Question 16  (15 marks)  Begin a new page. 
 

 (a) The graph of the function 
29( )

3
xf x −

=  is shown below. 

 
 

 The graph intersects the x − axis and the  y − axis at the point A and B respectively. 

 The tangent to the graph at point P is parallel to the line AB. 

 The coordinates of B are (0,3).  

 

 (i) Find the coordinates of the point A.     1 

 (ii) Show that the coordinates of the point P are 1 11 ,2 .
2 4

 
 
 

      3 

 (iii) Find the equation of the tangent at the point P.     1 

  

 (iv) The shaded region shown in the diagram above is bounded     3 

  by the curve ( )y f x= , the tangent at P, the x − axis and y − axis. 

 

  Find the area of this shaded region.   
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Question 16 (continued) 
 

(b)   The velocity, x
•

, in m/s of a particle moving in a straight line is given by 

   93
2

x
t

•

= −
−

   for 2t > , where  t  is the time in seconds. 

 

 (i) In which direction is the particle travelling when 3?t =                   1 

 

 (ii) Find the time when the particle changes direction during its motion.     1 

 

 (iii) Hence, or otherwise, find the distance travelled by the particle      2 

  between 𝑡𝑡 = 3 and 𝑡𝑡 = 7.  

Give your answer correct to 2 decimal places. 

 

 

(c) Use calculus to show that the sum of a positive number and its reciprocal 

 is never less than 2.            3 

 

 

 

 

 

 

End of paper 
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