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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)  Given	ݖ ൌ ሺcosݎ ߠ  ݅ sin ቚ	ሻ, thenߠ ௭̅
௭మ
ቚ equals 

(A) ݎ 

(B) ݎଶ 

(C) 
ଵ


 

(D) –  ݎ

2) If	1  ݅ is a root of the polynomial	ݔଷ െ ଶݔ4  ݔ6 െ 4 ൌ 0. The other roots are: 

(A) 1 െ ݅ and	െ2 

(B) 1  ݅ and	െ2 

(C) 1 െ ݅ and	2 

(D) 1  ݅ and	2 

3) If the polynomial equation	ܲሺݔሻ ൌ 0, has roots	ߙ, ,ߚ  then the roots of the polynomial ߛ

equation	ܲሺ3ݔ  2ሻ ൌ 0 are 

(A) 
ఈ

ଷ
െ 2, ఉ

ଷ
െ 2, ఊ

ଷ
െ 2 

(B) 
ఈିଶ

ଷ
, ఉିଶ

ଷ
, ఊିଶ

ଷ
 

(C) 3ߙ  2, ߚ3  2, ߛ3  2 

(D) ߙ  ଶ

ଷ
, ߚ  ଶ

ଷ
, ߛ  ଶ

ଷ
 

4) The gradient of the tangent to the curve	2ݔଷ െ ଶݕ ൌ 7 at the point	ሺ2, െ3ሻ is: 

(A) െ4 

(B) െ2 

(C) 2 

(D) 4 
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5) The area bounded by the parabola	ݔଶ ൌ ݕ	and the line ݕ4ܽ ൌ ܽ is rotated about the line	ݕ ൌ

ܽ. To find the volume of the resulting solid, the slicing technique is used. 

The area of a typical slice is given by 

(A) ߨሺܽ െ  ሻଶݕ

(B) ߨሺܽଶ   ଶሻݕ

(C) ߨሺܽ െ  ሻଶݔ

(D) ߨሺܽଶ   ଶሻݔ

6) The equation of the conic whose distance from the point	ሺ1,0ሻ is half its distance from the 

line	ݔ ൌ 4 is given by: 

(A) 
௫మ

ସ
 ௬మ

ଷ
ൌ 1 

(B) 
௫మ

ସ
 ௬మ

ସ
ൌ 1 

(C) 
௫మ

ସ
െ ௬మ

ଷ
ൌ 1 

(D) 
௫మ

ଷ
െ ௬మ

ସ
ൌ 1 

7) The number of different arrangements of the letters of the word SERVICES which begin and 

end with letter S is: 

(A) 
଼!

ଶ!
 

(B) 
!

ଶ!
 

(C) 
!

ሺଶ!ሻమ
 

(D) 
଼!

ሺଶ!ሻమ
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8) Given the curve	ݕ ൌ ݂ሺݔሻ, then the curve	ݕ ൌ ݂ሺ|ݔ|ሻ is represented by 

(A) A reflection of	ݕ ൌ ݂ሺݔሻ in the	ݕ-axis 

(B) A reflection of	ݕ ൌ ݂ሺݔሻ in the	ݔ-axis 

(C) A reflection of	ݕ ൌ ݂ሺݔሻ for	ݔ  0 in the	ݕ-axis 

(D) A reflection of	ݕ ൌ ݂ሺݔሻ for	ݕ  0 in the	ݔ-axis  

9) Using the substitution	ݔ ൌ ߨ െ  the definite integral ,ݕ

න ݔ sin ݔ . ݔ݀
గ


 

will simplify to: 

(A) 0 

(B) 
గమ

ସ
 

(C) 
గ

ଶ
 sin ݔ . ݔ݀
గ
  

(D)  sin ݔ . ݔ݀
గ
  

10) Which of the following statements is false? 

(A)  ଷ݁ି௫ݔ
మ
. ݔ݀

ଷ
ିଷ ൌ 0 

(B) 
௫మ

௫మାସ
. ݔ݀

ସ
ିସ ൌ 2

௫మ

௫మାସ
. ݔ݀

ସ
  

(C)  sinସ ߠ . ߠ݀   sin ߠ4 . ߠ݀
గ


గ
  

(D)  .ସݔ ݔ݀
ଵ
 ൏  .ହݔ ݔ݀

ଵ
  

 
 

End of Section I 
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Section II    Free response questions 
Total marks – 90 
Attempt Questions 11 – 16 
 
Answer each question in a SEPARATE writing booklet. Extra writing booklets are available. 
 
 

Question 11 (15 marks) Use a SEPARATE writing booklet. 
 
(a) Find 

නݔ tanିଵ ݔ .  ݔ݀

 

2

(b) Use completion of squares to evaluate 

න
ݔ݀

√15 െ ݔ4 െ ଶݔ4

ଵ
ଶ

ିଵଶ

 

 

2

(c) Use the substitution	ݐ ൌ tan ఏ

ଶ
 to evaluate 

න
ߠ݀

2 cot 2ߠ െ sin ߠ

ଶగ
ଷ

గ
ଶ

 

 

2

(d)  
(i) Find the real number	ܣ, and ܤ  such that ܥ

ଶݔ3 െ ݔ  8
ሺ1 െ ଶݔሻሺݔ  1ሻ

ൌ
ܣ

1 െ ݔ

ݔܤ  ܥ
ଶݔ  1

 

 
(ii) Hence find 

න
ଶݔ3 െ ݔ  8

ሺ1 െ ଶݔሻሺݔ  1ሻ
.  ݔ݀

 

2

2

(e) ܲሺ2 sec ߠ , tan :ܪሻ is a point on the hyperbolaߠ ௫
మ

ସ
െ ଶݕ ൌ 1 

 
If the tangent at	ܲ cuts the asymptotes at	ܳ and	ܴ as shown in the figure above, find the 
coordinates of	ܳ and	ܴ in terms of Show that .ߠ ܲ is the mid-point of	ܴܳ. 

 

 
 

3
 

(f) Find	ܽ and	ܾ where	ܽ and	ܾ are real numbers if ሺܽ  ܾ݅ሻଶ ൌ 21 െ 20݅. 2
 

End of Question 11 
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Question 12 (15 marks) Use a SEPARATE writing booklet. 
 
(a) Given that	ߙ,  are the roots of the equation ߛ	and ߚ

 
ଷݔ2  ଶݔ3 െ ݔ5  8 ൌ 0 

 

find the polynomial equation with roots
ଵ

ఈ
, ଵ
ఉ

 and
ଵ

ఊ
. 

 

2

(b) Let	ݖ ൌ 3ሺcos ߠ  ݅ sin  ሻߠ
 
(i) Find	1 െ  തതതതതതതݖ

 

(ii) Express the imaginary part of
ଵ

ଵି௭
 in terms of  .ߠ

 

1

1

(c) Sketch the region for	ݖ in the Argand plane defined by: 
 

ݖ| െ 1  ݅| ൏ 2      and     െగ

ସ
 argሺݖ െ 1  ݅ሻ  ହగ

ସ
 

 

2

(d) If	ݖଵ ൌ 2݅ and	ݖଶ ൌ 1  3݅ are two complex numbers, describe the loci of	ݖ such that: 
 
ݖ ൌ ଵݖ  ݇ሺݖଶ െ  ଵሻ, whenݖ
 
(i) ݇ ൌ 1 

 
(ii) 0 ൏ ݇ ൏ 1 

 
(iii) ݇ is any real number. 
 

1

1

1

(e) The polynomial	ܲሺݔሻ ൌ ଷݔ  ݔܽ  ܾ has zeroes ,ߙ and ߚ 2ሺߙ െ  .ሻߚ
 
(i) Show that	ܽ ൌ െ13ߙଶ and	ܾ ൌ  .ଷߙ12

 

(ii) Deduce that the zeroes of ܲሺݔሻ areെଵଷ

ଵଶ
, െ ଵଷ

ସ
 and

ଵଷ

ଷ
. 

 

2

2

(f) Given	1, ߱ and	߱ଶ are the cube roots of unity and each are represented by the 
points	ܣଵ,  .ଷ respectively on an Argand diagramܣ	ଶ andܣ
 
Find the value of	ܣଵܣଶ ൈ ଷ, whereܣଵܣ ᇱܣ ଵܣଶ′ represents the length  .ଶܣଵܣ
 

2

 
 
 
 

End of Question 12
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Question 13 (15 marks) Use a SEPARATE writing booklet. 
 
(a) Consider solid	ܨܧܦܥܤܣ whose height is ݄, and whose base is a rectangle	ܦܥܤܣ, 

where	ܤܣ ൌ ܽ, ܥܤ ൌ ܾ and the top edge ܨܧ ൌ ܿ. 
 

 
 
Consider a rectangular slice	ܦ′ܥ′ܤ′ܣ′ (parallel to the base	ܦܥܤܣ) which is	ݔ units from 
the top edge with width	ݔߜ 
 
(Note:	ܤᇱܥᇱ||ܥܤ and	ܣᇱܤᇱ||ܤܣ) 
 
(i) Show that the volume	ܸߜ of the slice is given by 

 

ܸߜ ൌ ቀ
ܽ
݄
ቁݔ ൬ܿ 

ܾ െ ܿ
݄

൰ݔ  ݔߜ

 
(ii) Hence show that the volume of the solid	ܨܧܦܥܤܣ is 

 
݄ܽ
6
ሺ2ܾ  ܿሻ 

 
 

 
 
 
3

2

Question 13 continues on the next page 
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(b) The acceleration of a motor car on a straight road is ܽ െ ଶ whereݒܾ ,is the velocity ݒ ܽ 
and	ܾ are positive constants. Let  be the displacement of the motor car from its starting ݔ
point at time	ݐ. Initially,	ݔ ൌ 0, ݒ ൌ 0. 
 
(i) Show that at time	ݐ, the velocity is given by 

 

ݒ ൌ ට
ܽ
ܾ
ሺ1 െ ݁ିଶ௫ሻଵ/ଶ 

 

(ii) Show that the velocity of the motor car has a limiting value of	ܸ where	ܸ is	ට



. 

 
(iii) The velocity	 is attained in a displacement	݈ after starting and the velocity	ݍ is 

attained after a further displacement of	݈ where	 and	ݍ are positive constants 
and	0 ൏ ݍ ൏  Show that .2√
 

ܸ ൌ
ଶ

ඥ2ଶ െ ଶݍ
 

 

3

1

3

(c) The region bounded by	ݕ ൌ 0, ݕ ൌ ݁௫, ݔ ൌ 0 and ݔ ൌ 2 is revolved about the line 
ݕ	 ൌ 0. Find the volume of the resulting solid by using the cylindrical shell method. 

 
 
 
 

3

 
End of Question 13
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Question 14 (15 marks) Use a SEPARATE writing booklet. 
 
(a) Given that	ݕ ൌ cos ݔ sin  ݔ݊

(i) Show that 
 

ݕ݀
ݔ݀

ൌ 2݊ cos ݔ cos ݔ݊ െ ݊ cosିଵ ݔ cosሺ݊ െ 1ሻݔ 

 
Hence show that 
 

2݊නcos ݔ cos ݔ݊ ݔ݀ െ ݊නcosିଵ ݔ cosሺ݊ െ 1ሻݔ ݔ݀ ൌ cos ݔ sin ݔ݊   ܥ

 
(ii) Using the result of (i), show that 

 

න cos ݔ cos ݔ݊ . ݔ݀ ൌ
1
2

గ
ଶ


න cosିଵ ݔ cosሺ݊ െ 1ሻݔ . ݔ݀

గ
ଶ


 

 
(iii) Let	 

ܫ ൌ න cos ݔ cos ݔ݊ . ݔ݀

గ
ଶ


 

 
Find	ܫଵ, hence find	଼ܫ . 
 

(iv) Hence find 
 

න sin଼ ݔ cos ݔ8 . ݔ݀

గ
ଶ


 

 

 
 
3

2

2

2

(b) There are eleven men waiting for their turn in a barber shop. Three particular men are A, 
B and C. There is a row of 11 seats for the customers. Find the number of ways of 
arranging them so that no two of A, B and C are adjacent. 

 

3

(c) The curve C has equation	ݕ ൌ
ሺ௫ିଵሻమ

௫ାଶ
 

 
(i) Obtain the equations of the asymptotes of the curve C. 

 
(ii) On the same diagram, draw a sketch of C and of the curve with equation	 

ݕ ൌ െ ଵ

௫
. 

 
Deduce the number of real roots of the equation	ݔଷ െ ଶݔ2  ݔ2  2 ൌ 0. 
 
 
 
 
 

 

1

2

End of Question 14
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Question 15 (15 marks) Use a SEPARATE writing booklet. 
 
(a) The graph of	ݕ ൌ ݂ሺݔሻ is shown below. On separate axes, neatly sketch: 

 

 
 
(i) ݕ ൌ ሾ݂ሺݔሻሿଶ 

 
(ii) ݕ ൌ ݂ሺ1 െ  ሻݔ

 
(iii) ݕ ൌ lnሾ݂ሺݔሻሿ 

 

1

1

1

(b)  
(i) Prove  

cos ߠ  ݅ sin ߠ െ 1
cos ߠ  ݅ sin ߠ  1

ൌ ݅ tan
ߠ
2

 

 
(ii) Find the five roots of the equation	߱ହ ൌ 1 and express your answers in the form 

of	ݎሺcos ߠ  ݅ sin ݎ	ሻ, whereߠ  0 and	െߨ ൏ ߠ   .ߨ
 

(iii) Hence show that the roots of the equation 
 

൬
2  ݖ
2 െ ݖ

൰
ହ

ൌ 1																			ሺ∗ሻ 

 

are	2݅ tan ቀగ
ହ
ቁ, where	݇ ൌ 0,േ1,േ2. 

 
(iv) By expressing the equation in part (iii)	ሺ∗ሻ in the form of	ݖହ  ଷݖ݉  ݖ݊ ൌ 0, 

show that 
 

tan
ߨ
5
tan

ߨ2
5
ൌ √5 

 
 

2

2

2

2

Question 15 continues on the next page 
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(c)  

 
 
 is a point on ܦ	and ܤܣ	is a point on ܥ	.ܱ is the centre	is a diameter of the circle and ܤܣ
the circle.	ܧܦ is the tangent of the circle at	ܦ and	ܧܥ  Copy the diagram in your .ܧܦ
booklet. 
 
Extend	ܥܦ to intersect the circle at	ܨ such that	ܨܦ is a chord of the circle. Similarly, 
join	ܱܦ and extend	ܱܦ to intersect the circle at	.ܩ	ܩܦ now is another diameter for the 
circle	ܩܨܦܤ. 
 
(i) Prove	∆ܦܧܥ is similar to	∆ܩܨܦ. 

 
(ii) Hence or otherwise, prove that	ܤܣ ൈ ܧܥ ൌ ܥܣ ൈ ܤܥ   .ଶܦܥ

 
	 

 
 
 

2
 
2

End of Question 15
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Question 16 (15 marks) Use a SEPARATE writing booklet. 
 
(a) It is given that 

 
ݎ  1
ݎ െ 1

ൌ 1 
2
ݎ

2
ଶݎ
 ⋯

2
ݎ


2

ݎሺݎ െ 1ሻ
 

 
(i) Show that 

ሾlnሺݎ  1ሻ െ lnሺݎ െ 1ሻሿ


ୀଶ

ൌ ln
݊ሺ݊  1ሻ

2
	 

 
(ii) Hence prove by mathematical induction that 

 

ln 1 
2
ݎ

2
ଶݎ
 ⋯

2
ݎ


2

ݎሺݎ െ 1ሻ
൨ ൌ ln

݊ሺ݊  1ሻ

2



ୀଶ

		for		݊ ൌ 2, 3, 4, … 

 

2

3

 
Question 16 continues on the next page 
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(b) Given that	ݖଵ,  ଷ are three complex numbers which satisfyݖ	ଶ andݖ

 
ଵݖ  ଶݖ  ଷݖ ൌ 0 

 
(i) ݖଵ and	ݖଶ are indicated in the Argand diagram as shown in the figure below. 

 
Copy the diagram in your booklet and sketch on the same diagram a possible 
location for	ݖଷ. Explain your decision. 
 

(ii) Given that the arguments of	ݖଵ, ,ߙ	ଷ areݖ	ଶ andݖ  respectively, and their ߛ	and ߚ
moduli are	1, ݇ and	2 െ ݇ respectively, where	0 ൏ ݇ ൏ 2. 
Express	ݖଵ,  .ଷ in mod-arg formݖ	ଶ andݖ
 

(iii) Prove that 

൜
cos ߙ  ݇ cos ߚ  ሺ2 െ ݇ሻ cos ߛ ൌ 0
sin ߙ  ݇ sin ߚ  ሺ2 െ ݇ሻ sin ߛ ൌ 0

 

 
(iv) From (iii), by eliminating	ߙ or otherwise, prove that 

 
݇ଶ  ሺ2 െ ݇ሻଶ  2݇ሺ2 െ ݇ሻ cosሺߚ െ ሻߛ ൌ 1 

 
(v) By considering	|cosሺߚ െ |ሻߛ  1, find the range of values of	݇. 

 
 

 

1

2

1

3

3

 
 
 

End of paper 
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YEAR 12- EXTENSION 2- MATHEMATICS- 2013 TRIAL 

ANSWER SHEET 

INSTRUCTIONS: 
• Cross the box that indicates the correct answer 

1 A 8 D 

2 A 8 X D 

3 A X c D 

4 8 c D 

5 8 c D 

6 c D 

7 D 

8 D 

9 A 8 

10 A 
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