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2017 
HSC Trial Examination 

Assessment Task 3 
 

Mathematics Extension 2 
 
Reading time  5 minutes  

Writing time  3 hours 

Total Marks  100         

Task weighting 40% 

 
General Instructions 

 Write using blue or black pen 
 Diagrams drawn using pencil  
 A Board-approved calculator may be used 
 The Reference sheet is on the last page of 

this booklet 

 Use the Multiple-Choice Answer Sheet 
provided  

 All relevant working should be shown for 
each question 

 
 

 
Additional Materials Needed 

 Multiple Choice Answer Sheet 
 6 writing booklets 

 
Structure & Suggested Time Spent 

Section I  
Multiple Choice Questions 
• Answer Q1 – 10 on the multiple choice 
answer sheet 
• Allow about 15 minutes for this section 

Section II 
Extended response Questions 
 Attempt all questions in this section in a 

separate writing booklet 
 Allow about 2 hours and 45 minutes for this 

section 
 

 
This paper must not be removed from the examination room 

Disclaimer 
The content and format of this paper does not necessarily reflect the content and format of 
the HSC examination paper. 
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Section I 

10 Marks 

Allow about 15 minutes for this section 

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

 

1 The polynomial P(z) has real coefficients, and P(3 – i) = 0.  

 Which of the following must be a quadratic factor of P(z)? 

 

(A)  2 6 10z z− +  

(B)  2 6 10z z+ +  

(C)  2 6 8z z− +  

(D)   2 6 8z z+ +  

 

2 Which of the following best describes the locus of 1 1 1
z z
+ = ?  

 

(A)  A straight line 

(B)  A circle 

(C)  A parabola 

(D)   An ellipse 
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3 An ellipse is centred about the origin, and its foci lie on the x axis. The distance  

 between the foci is 10 units, and the distance between the directrices is 50 units. 

 What is the equation of the ellipse? 

 

(A)  
2 2

1
250 100
x y

+ =   

(B)  
2 2

1
100 250
x y

+ =   

(C)  
2 2

1
125 100
x y

+ =   

(D)   
2 2

1
100 125
x y

+ =   

 

4 What is the equation of the normal to the hyperbola 
2 2

1
144 36
x y

− =  at the point 

 ( )sec12 , an6 tP θ θ , where 
3
πθ = ?  

 

(A)  3 6x y+ =   

(B)  3 6x y− =   

(C)  3 30 3x y− =   

(D)    3 30 3x y+ =   
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5 What is the gradient of the tangent to curve 2 22 4x xy y− + =  at the point ( )2,1 ?  

 

(A)  3
2

  

(B)  3
2

−   

(C)  2
3

  

(D)  2
3

−   

 

6 Which of the following integrals is the greatest in value? 

 

(A)  
0

22
2x x dx−∫   

(B)  
0

22
2x x dx−∫   

(C)   
0

22
2x x dx−∫   

(D)   ( )32

0

22x x dx−∫  
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7 Consider the following solid as shown below, which has a rectangular base and a 

 rectangular top. Which expression best represents the volume of the slice taken at  

 a height h cm from the base of the solid? 

 

 

 

(A)  7 4
2 4
h hV hδ δ  = − −  

  
  

(B)  27 4
3 9
h hV hδ δ  = − −  

  
  

(C)  
224

9
hV hδ δ = − 

 
  

(D)    24 7
3 9
h hV hδ δ  = − −  

  
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8 Which of the following is always true for the continuous function ( )f x ? 

 

(A)  ( ) ( )
0

2
a a

a
f x dx f x dx

−
=∫ ∫   

(B)  ( ) ( )
0

0

a

a
f x dx f x dx

−
= − −∫ ∫   

(C)  ( ) ( )
2

0
2

a a

a
f x dx f a x dx= −∫ ∫   

(D)   ( ) ( )
0

2
a a

a
f x dx f a x dx

−
= −∫ ∫   

 

 

9 What are the roots of the equation ( )2 2 10 2 19 0z z i i+ − + − = ?  

 

(A)  1 + 2i, 1 – 2i 

(B)  1 + 2i, −3 + 8i 

(C)  1 – 2i, −3 + 8i 

(D)   1 + 2i, 3 – 8i 
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x 

y 

10 Which diagram best represents the curve 2 3 5y x x= − ?  

 

  

  

 

 

 

  

  

  

 

  

 

 

 

 

 

 

 

 

END OF SECTION I 
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Section II 

90 Marks 

Allow about 2 hours and 45 minutes for this section 

Answer Questions 11 – 16 in separate writing booklets. 

 

Question 11 Start a new booklet 15 Marks 

 

(a) Consider the complex numbers 3z i= − +  and 8 8w i= + .   

(i)  Write z and w in modulus argument form. 2 

 

(ii) Express 
( )

3

8
z
w

 in Cartesian form. 2 

 

(b) Find the solutions to ( ) ( )2 2 1 3 6 0z i z i+ + + + =  in simplest Cartesian Form 3 

 

(c) Sketch and describe the locus of all points z which satisfy the equation   2 

4 4z i− − =  

  

(d) Find 
( )2017

1
1

dx
x x +

⌠

⌡

  2 

 

Question 11 continues on page 9. 

  



Page 9 

Question 11 (continued) 

 

(e) Consider the geometric series: 

( ) ( )2 31 1cis cis cis
9 27

11
3

θ θ θ+++ +…  

(i)   Explain why this series has a limiting sum. 1 

 

(ii) Hence, show that: 3 

1 1 9sinsin sin 2 sin3
3 9 10 6cos

θθ θ θ
θ

+ + +…=
−

  

 

 

END OF QUESTION 11 
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Question 12 Start a new booklet 15 Marks 

 

(a) Let there be two arbitrary complex numbers z and w.   

(i)  Sketch the complex numbers z, w and z + w on the Argand diagram, 1 

representing each as a vector.  

 

(ii) Justify why z zw w+ ≤ +   1 

 

(iii) If 10z = , prove that 213 2 13255z z− + ≤    2 

 

(b) Let a polynomial ( )p x  have a root α  of multiplicity m. That is, we can represent the 

polynomial as ( ) ( ) ( )mx xx Qp α ×= − , where ( )Q x  is another polynomial. 

 

(i)  Explain why ( ) 0Q α ≠      1 

 

(ii) Prove that ( )'p x  has a root α  of multiplicity exactly m – 1.  2 

 

(iii) Given that ( ) 4 3 22 15 42 52 24f x x x x x= − + − +  has a triple root, 2 

find all the solutions to ( ) 0f x = . 

  

(c) The roots of the polynomial 3 23 9 7 1x x x− + −  are ,α β  and γ . 3 

Find the cubic polynomial with roots ,α β α γ+ +  and β γ+ . 

   

(d) It is given that ( ) 3 6 3f x x ax b= − +  has exactly three distinct real roots. 3 

Show that 2 39 32b a< . 

  

 

END OF QUESTION 12  
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Question 13 Start a new booklet 15 Marks 

 

(a) Consider the graph of ( )y f x=  shown below.  

 

Sketch the following graphs on separate one third of a page diagrams.   

(i)  ( ) 2
y f x=      2 

(ii) ( )y f x=   1 

(iii) 
( )
1y

f x
=   2 

(iv) ( )y f x=   1 

(v)   ( )y f x=   2 

(vi) 1y f
x

 =  
 

  2 

Question 13 continues on page 12  

y = 2 

y  

x 

  

−1 

−4  −2 1  

(−3, 1) 
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Question 13 (continued) 

 

(b) Consider the area bounded by the curves 26y x x= −  and 4y x= + .  

(i)   Sketch the two graphs on the Cartesian plane, clearly labelling any 1 

points of intersection.  

 

(ii) The area described above is now rotated about the line x = 1. 4 

Find the volume of the solid formed. 

 

 

 

 

 

 

 

 

 

 

 

  

 

END OF QUESTION 13 
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Question 14 Start a new booklet 15 Marks 

 

(a) Consider the ellipse 
2 2

2 2 1x y
a b

+ = .  

(i)  Consider a point P which lies on this ellipse. Find the equation of the  2 

normal at the point P.  

 

(ii) The normal at P now intersects the x-axis at the point N.  3 

Prove that ,NS ePS=  where S is the focus of the ellipse.  

 

(b) Let cisz θ= .  

(i)  Prove that 2cosn nz z nθ−+ = .  1 

 

(ii) Given that all the roots of the polynomial 4 3 212 23 34 23 12 0z z z z− + − + =  3 

have a modulus of 1, find all solutions to the polynomial equation.  

 

 

(c) Find: ( )cos x dx∫   3 

 

Question 14 continues on page 14 
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Question 14 (continued) 

 

(d) Let 1 2,z z and 3z be three arbitrary complex numbers represented by A, B and C 

respectively on the Argand diagram shown below: 

 

 

(i)   By considering the vector AC


 and AB


, show that: 1 

3 1

2 1

arg z
z

z
z

α


−
=

− 
 
 

  

 

(ii)  Hence, by finding equivalent expressions for β and γ , deduce that 2 

the angle sum of a triangle isπ radians.  

 

  

 

END OF QUESTION 14 
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Question 15 Start a new booklet 15 Marks 

 

(a) Consider the hyperbola 
2 2

2 2 1x y
a a

− =  with the point ( ), tsec anP aa θ θ .  

(i)  Provide a neat sketch of this hyperbola, showing all key features such as 2 

the foci, intercepts with the co-ordinate axes and the directrices. 

 

(ii) We can represent the above hyperbola on the Argand diagram with the  1 

complex number sec tanz a iaθ θ+= . Explain the geometrical relationship 

between this complex number z, and cis
4

w z π
= × .  

 

(iii) Find in Cartesian form the complex number cis
4

w z π
= × .  1 

 

(iv) Hence prove that the locus of the complex number w = x + iy is given by: 2 

2

2
axy =   

 

(b) Consider the graph of xy = 8. The line L is defined to be the line which is  4 

perpendicular to the major axis of the hyperbola and passes through the focus in 

the first quadrant. The area bounded by the curve and L is rotated around the line 

y = x in order to form a solid. Using part (a) or otherwise, find the volume of the solid. 

 

 

 

 

Question 15 continues on page 16 

  



Page 16 

Question 15 (continued) 

 

(c) Given cosax n
nI e x dx= ∫ ,   

(i)  Show that: 3 

( ) ( ) ( )2 2 1
2cos cos sin 1ax n

n na n I e x a x n x n n I−
−+ = + + −  

 

(ii) Hence find: 3 4cosxe x dx∫   2 

 

 

 

END OF QUESTION 15 
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Question 16 Start a new booklet 15 Marks 

 

(a) Consider any concave down function such as ( )y f x= shown below.  

 

A and B are points the curve ( )y f x= with the x values 1x and 2x respectively. 

Furthermore, it is known that 1 2x x< .  

 

(i)  Show that the point P which divides the interval AB in the ratio 2 1:λ λ   1 

where 1 2 1λ λ+ =  is given by: 

( ) ( )( )1 1 2 2 1 1 2 2,P x x f x f xλ λ λ λ+ +   

 

Question 16 continues on page 18 

  

y  

x 

  
A 

B 

x1 x2 
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Question 16 (continued) 

 

(ii) Hence, or otherwise, explain why 1 

( ) ( ) ( )1 1 2 2 1 1 2 2f x f x f x xλλ λ λ≤+ +  

 

(iii) Using (ii) or otherwise, prove by mathematical induction that for any 4  

concave down function ( )g x : 

( ) ( ) ( )1 2 1 2n ng x x xg
g x x

n n
g x+ + + +…+ …+ ≤  

 
, for 2n ≥   

 

(b) Suppose that A, B and C are the angles of a triangle.  

Prove that: 

(i)  tan tan tan tan tan tanA B C A B C+ + =   2 

(ii) cos cos cos 1 4sin sin sin
2 2 2
A B CA B C      + + = +      

     
  3 

 

(c) By considering parts (a) and (b), in conjunction with the function ( ) [ ]ln sinh x x=   4 

Prove that if a b c abc+ + = : 

2 2 2

3
2

1 1 1
1 1 1a b c

+ +
+

≤
+ +

  

  

  

 

END OF EXAM 
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