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General Instructions 

• Reading time − 5 minutes 

• Working time − 3 hours 

• Write using black or blue pen 

• Board-approved calculators may be 
used 

• A table of standard integrals is provided 
on the back page of this question paper 

• All necessary working should be shown 
in every question 

 

 

Note: Any time you have remaining 
should be spent revising your 
answers. 

 

Total marks − 120 

• Attempt Questions 1 − 10 

• All questions are of equal value 

• Start each question in a new writing 
booklet 

• Write your examination number on the 
front cover of each booklet to be 
handed in 

• If you do not attempt a question, 
submit a blank booklet marked with 
your examination number and “N/A” 
on the front cover 
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HSC Mathematics 
 

 
Total marks - 120 
Attempt Questions 1 - 10 
All questions are of equal value 
 
Answer each question in a new writing booklet. 

 
 
Question 1 (12 marks)  Marks 

    

(a) 

 

Calculate the value of �(7.2)2 − (3.6)2 , correct to 3 significant figures. 
 

2 

(b) Express 
1

7 2−
 with a rational denominator. 2 

    

    

(c) Solve 2 3 0x x− =  2 

    

    

   

(d) Solve 1 4x − =  2 

    

    

    

(e) The line 6 2x ky− =  passes through the point (3, 2) . Find the value of k. 2 

    

    

    

(f) Express 2.40̇5̇  as a mixed numeral. 2 
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Question 2 (12 marks) (Start a new booklet) Marks 

    

(a) Differentiate with respect to x.  

 (i) 
 

2 cosxe x  
 

2 

 (ii) 
tan x

x
 2 

    

    

    

(b) Find  

 (i) 4xe dx∫  1 

 (ii) 24
0

(sec )x x dx
π

−∫  2 

    

    

    
 

(c) Evaluate 
3

1

1
2 r

r

−

=
∑  1 

    

    

    

(d) Ten kilograms of chlorine is placed in water and begins to dissolve. 
After t hours the amount A kg of undissolved chlorine is given by

10 ktA e−= . 
 
 
 

 

 

(i) Calculate the value of k given that 3.6A =  and 5t = .                           2 
 Answer correct to three decimal places. 
 

 

 
(ii) After how many hours does one kilogram of chlorine remain               2 

undissolved? Answer correct to one decimal place. 
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Question 3 (12 marks) (Start a new booklet) Marks 

   

(a) Solve for x if 4 32x =  1 

    

    

    

(b)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

   

 
The points A, B and C have coordinates (2,0), (1,8) and (8,4) 
respectively. The angle between the line AC and the x-axis is θ .  

 

 
Copy this diagram. 
 

 

 (i) Find the gradient of the line AC. 
1 
 

 (ii) Calculate the size of angle θ  to the nearest minute. 
1 
 

 (iii) Find the equation of the line AC. 
2 
 

 (iv) Find the coordinates of D, the midpoint of AC. 
2 
 

 (v) Show that AC is perpendicular to BD. 2 

   

 Question 3 continues on next page  

   

x

y

A (2,0)

C (8,4)

B (1,8) Not to scale

θ
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 Question 3 continued.  

(c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The diagram below shows a native garden. All measurements are in 
metres. 

 

   

 
(i) Use the Trapezoidal Rule with 4 intervals to find an approximate           2 

value for the area of the native garden. 
 

 
(ii) If 25 millimetres of rain fell overnight, how many litres of rain               1 

fell on the native garden. Assume 31 m 1000 litres=  

    

5

2 3.65.14.5

5 5 5

Not to scale
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Question 4 (12 marks) 
 
(Start a new booklet) 
 

Marks 

(a) Boxes are stacked in layers, where each layer contains one box less than 
the layer below. There are six boxes in the top layer, seven boxes in the 
next layer, and so on. There are n layers altogether. 
 

 

 
(i) Write down the number of boxes in the bottom layer, in terms of 

n. 
2 

 
 
(ii) 

 

Show that there are 
1 ( 11)
2

n n +  boxes altogether.  
2 

    

(b) Find the value of k if the sum of the roots of 2 ( 1) 2 0x k x k− − + =  is 
equal to the product of the roots. 

2 

  

   

(c) In the diagram below DEF DHG∠ = ∠ , 3DE = , 4EG = , 5FH =  and 
DF x= . Copy the diagram. 

 

 

F

D

H

G

E

3

5

4

x

 

 

 (i) Prove that ∆𝐷𝐸𝐹 is similar to ∆𝐷𝐻𝐺 . 
 

2 
 

 (ii) Hence find the value of x. Give your answer to 2 decimal places. 2 

    
 

(d) The line y mx b= +  is a tangent to the curve 3 3 2y x x= − +  at the point 
( 2,0)− . Find the value of m and b. 

2 
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Question 5 (12 marks) (Start a new booklet) Marks 

    

(a) Three markers are placed out to sea. Marker B is 4 km north of marker 
A. However to sail from A to B a boat must first sail from A to C on a 
bearing 050º and then turn and sail from C to B on a bearing of 310º. 
 

 

 (i) What is the distance from A to C? (to the nearest km) 
 

2 
 

 (ii) Calculate the distance from A to B through C. (to the nearest km) 2 

    

    

(b) In a school the student population is 45% male and 55% female. Two 
students are selected at random to represent their school. 
 
 

 

 
(i) What is the probability that both are female?  

 
1 
 

 
(ii) What is the probability that one is female and the other is male?          2 

      

 (iii) What is the probability that neither student is female?  1 

   

   

(c) A car windscreen wiper traces out the area ABCD where AB and CD are 
arcs of circles with a centre O and radii 40 cm and 20 cm respectively.  
Angle AOB measures 120º. 

 

 

  

 

 (i) 
 
What is the exact length of arc AB? 
 

1 

 (ii)  What is the area of ABCD? Answer to the nearest whole number. 3 

    

Not to scale 
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Question 6 (12 marks) (Start a new booklet) Marks 

    

(a) The shaded region in the diagram is bounded by the curve 4y x= , the y 
axis and the line 4y = . 

 

 

x

y

 

 

 
Calculate the exact volume of the solid of revolution when this region is 
rotated about the y-axis. 

3 

   

   

(b) The third and seventh terms of a geometric series are 2.5 and 40 
respectively. 

 

 (i) 
 
Find the common ratio. 
 

2 
 

 (ii) Find the first term. 1 

    

(c) 

 

The equation of a parabola is given by 2 4 7y x x= − + . 

 

 

 
 
(i) 
 

Find the coordinates of its vertex. 
 

2 
 

 (ii) What is its focal length? 1 

 (iii) Find the equation of the tangent at the point P ( 3, 4 ). 2 

 (iv) For what values of x is the parabola concave upwards? 1 
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Question 7 (12 marks) (Start a new booklet) Marks 

    

(a) A particle moves along a straight line so that its distance x, in metres 
from a fixed point O is given by cosx t t= + , where t is the time 
measured in seconds. 

 

 (i) Where is the particle initially? 1 

 (ii) When does the particle first come to rest? 2 

 (iii) Where does the particle first come to rest? 1 

 (iv) When does the particle next come to rest? 1 

 (v) What is the acceleration of the particle after 
3
π

 seconds? 2 

    

    

    

    

(b) A flat circular disc is being heated so that the rate of increase of the 

area (A in m2), after t hours, is given by 
1
8

dA t
dt

π= . Initially the disc has a 

radius of 2 metres. Leave your answers in exact form. 
 

 

 (i) Find the initial area. 1 

 (ii) Find an expression for the area after t hours. 2 

 (iii) Calculate the radius after 2 hours. 1 

 (iv) How long does it take for the area to increase by 25%? 1 
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Question 8 (12 marks) (Start a new booklet) Marks 

    

(a) Consider the curve given by 4 31
2

y x x= − .  

 
(i) 
 

Find the coordinates of any turning points and determine their 
nature. 

2 

 (ii) Find the coordinates of any points of inflexion. 2 

 (iii) Sketch the curve and indicate where the curve cuts the x-axis. 2 

 (iv) For what values of x is the curve concave down? 1 

    

    

(b) Monique has set up her superannuation fund and after 10 years she has 
accumulated $134 000. However due to an accident she is no longer 
able to work and make further contributions to the fund. Monique is 
leaving the money in the superannuation fund to accumulate interest at 
8% p.a. compounded annually. However she needs to withdraw  
$24 000 at the end of each year for normal living expenses. 
 
 

 

 
(i) Show that at the end of the first year she has  

$(134000 1.08 24000)× −  in the superannuation fund. 
1 

 (ii) Find a similar expression for the amount in the fund after 3 years. 2 

 
(iii) Hence find how many years the fund will last before there is no 

money in it. 
2 
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Question 9 (12 marks) (Start a new booklet) Marks 

    

(a) (i) Express 
3cossin cos

sin
θθ θ
θ

+  as a single trigonometric ratio. 1 

 (ii) Hence solve 
3cossin cos 1

sin
θθ θ
θ

+ =  for 0 2θ π≤ ≤ . 1 

    

    

(b) A can of soup is the shape of a closed cylinder with a height h cm and a 
radius r cm. The volume of the can of soup is 400 cm3. 
 

 

 (i) Find an expression for h in terms of r. 1 

 

(ii) Show that the surface area SA cm2 of the can is given by the 
formula: 

2 8002SA r
r

π= +  
2 

 
(iii) If the area of the metal used to make the can of soup is to be 

minimized, find the radius of the can to the nearest centimetre. 
3 

    

    

(c) It is assumed that the number N (t ) of ants in a certain nest at time 
0t ≥  is given by 

( )
1 t

AN t
e−=

+  
 

where A is a constant and t is measured in months. 

 

 (i) 
 

At time t = 0, N (t ) is estimated at 52 10×  ants. What is the value 
of A? 

1 

 (ii) What is the value of N (t ) after one month? 1 

 
(iii) How many ants would you expect to find in the nest when t is 

very large? 
1 

 
(iv) Find an expression for the rate at which the number of ants 

increases an any time t. 
1 
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End of paper 

  

Question 10 (12 marks) (Start a new booklet) Marks 

    

(a) (i) Sketch on the same number plane the graphs of sin 2y x=  and 

1 cos 2y x= −  over the domain 0
2

x π
≤ ≤ . 

2 

 
(ii) Write down the values of x for which sin 2 1 cos 2x x= −  in the 

domain 0
2

x π
≤ ≤ . 1 

 (iii) Evaluate the integral 2
0

(1 cos 2 sin 2 )x x dx
π

− −∫ . 2 

 
(iv) Calculate the area between sin 2y x=  and 1 cos 2y x= −  over the 

domain 0
2

x π
≤ ≤ . 

2 

    

    

(b) Two equal circles with centres O and P intersect at X and Y as shown in 
the diagram. The centres of each circle lie on the circumference of the 
other circle. 

 

 

X

O

r

P

Y

 

 

 (i) Calculate the exact area of the region XOYP. 3 

 (ii) What fraction of the circle centre O lies outside the region XOYP. 2 
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STANDARD INTEGRALS 
 

n
x dx∫    

1 ,  -1; 0 if 0
1

n+1x n x  ,  n <
n

= ≠ ≠
+

 

 

1  dx
x∫    ln ,   > 0x x=  

 

axe dx∫    
1 ,   0= ≠axe a
a

 

 

cos ax dx∫   
1 sin ,  0= ≠ax a
a

 

 

sin ax dx∫   
1- cos ,  0ax a
a

= ≠  

 

2sec ax dx∫   
1 tan ,  0ax a
a

= ≠  

 

sec tanax ax dx∫  
1 sec ,  0ax a
a

= ≠  

 

2 2

1 dx
a x+∫   -11 tan ,  0= ≠

x a
a a

 

 

2 2

1 dx
a x−

∫   -1sin ,  0,  - < < = >
x a a x a
a

 

 

2 2

1 dx
x a−∫   ( )2 2ln ,  0= + − > >x x a x a  

 

2 2

1 dx
x a+∫   ( )2 2ln x x a= + +  

 

 

 NOTE: ln log ,   0= >ex x x  
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