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                                  Pages 2 – 6  

    10 marks 

 Attempt Questions 1 – 10 

 Allow about 15 minutes for this section 

 Answer on the multiple choice answer sheet 

provided at the back of this paper 

 

 

                                  Pages 7 – 16  

    90 marks 

 Attempt Questions 11 – 16 

 Allow about 2 hours and 45 minutes for this 

section 

 Begin each question in a new writing booklet 

Section I 

 

Section II 
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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. Find ∫
1

𝑥2+6𝑥+13
𝑑𝑥 

 (A) sin−1 (
𝑥+3

2
) + 𝑐 

 (B) 
1

2
cos

−1

(𝑥 + 3) + 𝑐 

 (C) 2 tan−1 (
𝑥+3

2
) + 𝑐 

 (D) 
1

2
tan−1 (

𝑥+3

2
) + 𝑐 

 

2. The polynomial 𝑃(𝑥)  =  𝑥3  +  𝑥 −  3 has roots α,  β and γ. 

 What is the value of  
1

α
  +  

1

β
 +  

1

γ
 ? 

 (A)     
1

3
 

 (B)     −
1

3
 

 (C)     0 

          (D)     3 

 

3. If =
√3𝑖+1

𝑖
 , find 𝑧̅ in modulus-argument form? 

 (A)     2 (cos
𝜋

6
+  𝑖sin 

𝜋

6
) 

 (B)     2 (cos
5𝜋

6
 +  𝑖sin 

5𝜋

6
) 

 (C)     4 (cos
𝜋

3
+  𝑖sin 

𝜋

3
) 

          (D)     4 (cos
5𝜋

3
+  𝑖sin 

5𝜋

3
) 
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Section I (cont’d) 

 

4. The diagram below shows the graph of the function . 

   
 
 
 
 
 
 
 
 
 

A second graph is obtained from the function . 

 

 

  

 

 

 

 

 

 Which equation best represents the second graph? 

   (A)     𝑦 = [𝑓(𝑥)]2 

   (B)     𝑦 =  𝑓(|𝑥|) 

   (C)     𝑦 = |𝑓(𝑥)| 

               (D)     𝑦 = |𝑓(|𝑥||. 

 

5.  It is given that z = –1 + 2i   is a root of z 3 + 4z 2 + 9z + b = 0, where b is a real number. 

 What is the value of b? 

 (A)     − 10 

 (B)     −12 

 (C)     10 

          (D)     15 

( )y f x

( )y f x

0 

0 

𝑥 

𝑥 

𝑦 

𝑦 
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Section I (cont’d) 

 

6.    The region bounded by the curve  𝑦 = √2 − 𝑥 , the x axis and the y axis is rotated  

       about the line x = 2 to form a solid. 

 

    

  

 

 

 

 Which one of these expressions represents the volume of the solid? 

 (A)     𝜋 ∫  ( 22 − 𝑦4)
√2

0
 𝑑𝑦 

 (B)     𝜋 ∫  ( 22 − 𝑦2) 
√2

0
𝑑𝑦 

 (C)     𝜋 ∫ ( 2 − 𝑦2)2√2

0
 𝑑𝑦 

          (D)     𝜋 ∫ ( 2 − 𝑦)2√2

0
 𝑑𝑦 

 

 

 7.    Consider the ellipse with the equation  
𝑥2

9
+ 𝑦2 = 1. 

 What are the coordinates of the foci of the ellipse? 

 

 (A)    (±6√2), 0) 

 (B)     (0, ±6√2))       

 (C)     (0, ±2√2)  

          (D)     (±2√2), 0) 

 
 
 
 

𝑦 = √2 − 𝑥 

𝑥 = 2 

√2 

2 
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8. Consider the square slices in the right square pyramid below 

  

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 Find an expression for x in terms of s, h and y. 

 

 (A)    

 (B)     

 (C)     

 (D)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
h

yhs
x




 
h

hys
x




 
h

yhs
x




 
s

yhh
x




 B 

 A 

 D 

 E 

 C  h 

 x 

 s 

 y 

 NOT TO SCALE 
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Section I (cont’d) 

 

9. A rock of mass 𝑚 falls vertically from rest at the top of a cliff in a medium whose air    
resistance is proportional to the velocity of the rock. If the rock falls to ground level           
under the influence of 𝑔, the acceleration due to gravity, which of the following is the      
correct expression for the velocity of the rock, given that downwards is taken to be the 
positive direction? 

  (A) 𝑣 =
𝑔
𝑘

(1 + 𝑒−𝑘𝑡) 

 

  (B) 𝑣 =
𝑔
𝑘

(1 − 𝑒−𝑘𝑡) 

 

            (C) 𝑣 =
𝑔
𝑘

(𝑒−𝑘𝑡 + 1) 

 

            (D) 𝑣 =
𝑔
𝑘

(𝑒−𝑘𝑡 − 1) 

 

 

 

10.     A particle is projected with a speed of 20 m/s and passes through a point P whose horizontal  

  distance from the point of projection is 30 m and whose vertical height above the  

  point of projection is 8.75 m. What is the angle of projection? (Take 𝑔 = 10 𝑚/𝑠2).
  

  (A)     tan−1 (
2

3
) 

  (B)     tan−1 (
3

2
)          

  (C)     tan−1 (
3

4
)           

  (D)    tan−1 (
4

3
) 

 

 

 

 

 

 

 

End of Section I 
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Section II 

90 marks 

Attempt Questions 11 – 16 

Allow about 2 hours 45 minutes for this section 

 

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available. 
 

In Questions 11 – 16, your responses should include relevant mathematical reasoning and/or  

calculations. 
 

 

Question 11  (15 marks)  Use a SEPARATE writing booklet                                       Marks 

 

(a)  z is a complex number such that  |𝑧| = 2  and arg 𝑧 =  
𝜋

3
 .     

 (i) Evaluate 𝑧5 .              1 

 

 (ii) Write down z in cartesian form.           1 

 

 (iii) Find the value of  
1

𝑧
 in cartesian form.          2 

 

 (iv) If 𝜔 = 2 − 3𝑖, find the value of 𝜔2𝑧 .          1 
 

 

 

(b) Find  

 

 (i) ∫
𝑥

1+𝑥4 𝑑𝑥 .              2 

 

 (ii) ∫ tan3𝑥 𝑑𝑥 .              2 

  

 

 

(c) By considering the complex number 𝑧 = 𝑥 + 𝑖𝑦 in the Argand plane and on separate  

 Argand diagrams, 

  

 (i) sketch the region of the complex plane for which the complex number 𝑧 = 𝑥 + 𝑖𝑦  

  has a positive real part and |𝑧 + 3𝑖| ≤ 2.           2 

  

 (ii) sketch the locus of arg 𝑧̅ =
𝜋

3
.           1 

 

 

(d) Find the equation of the normal to the curve 𝑥2 − 𝑥𝑦 + 𝑦3 = 1 at the point P (1, 1)  

 to the curve.               3 
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Question 12  (15 marks)      Use a SEPARATE writing booklet                                                Marks 

 

(a) Let 𝑄(𝑥) be a polynomial.    3 

 

 𝑄(𝑥) = 𝑝𝑥3 + 2𝑥2 + 𝑞𝑥 − 4, where 𝑝 and 𝑞 are real numbers.  Find the values of 

 𝑝 and 𝑞 given that (𝑥 + 1)2 is a factor of 𝑄(𝑥). 

 

 

(b) (i)    Find the values of a, b, and c such that: 

      
𝑥+1

(𝑥+3)(𝑥+2)2 =  
𝑎

(𝑥+3)
+  

𝑏

(𝑥+2)
+  

𝑐

(𝑥+2)2           3 

 

 (ii) Hence find∫
𝑥+1

(𝑥+3)(𝑥+2)2 dx. 2 

 

 

(c) Let 𝑆 be the solid having its base the region bounded by the curve 𝑥2 + 𝑦2 = 16. 4 

  

 

 

 

 

 

 

 

 

     Every plane of the solid taken perpendicular to the 𝑥 −axis is an isosceles right- 

  angled triangle with the hypotenuse in the plane of the base. 

 

  Find the volume of the solid 𝑆. 
 

3 

 (d)  

 

 

 

 

   

 

  In the diagram above, 𝑂𝐴𝐵𝐶 is a parallelogram with 𝑂𝐴 =
1

2
𝑂𝐶. 

  The point 𝐴 represents the complex number −
1

2
+ 𝑖

√3

2
. 

  If ∠𝐴𝑂𝐶 =
𝜋

3
, what complex number does 𝐶 represent? 
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Question 13  (15 marks)       Use a SEPARATE writing booklet.                                                      Marks 

 

(a)  

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 The graph of 𝑦 = 𝑓(𝑥) is shown above.  

 Draw separate one-third page sketches of these functions. Indicate clearly any asymptotes and 

 intercepts with the axes. 

 

(i) 𝑦 = |𝑓(𝑥)|                1 

 

(ii) 𝑦 = {𝑓(𝑥)}3                2 

 

(iii) 𝑦2 = 𝑓(𝑥)                2 

 

(iv) 𝑦 = 𝑓(1 − 𝑥)               2 

 

 

(b)   Solve the polynomial equation 𝑥4 − 6𝑥3 + 9𝑥2 + 4𝑥 − 12 = 0, given that the equation  3 

   has a double root. 

 

 

 

(c)  The region bounded by the parabola 𝑦 = 4𝑥(3 − 𝑥) and the 𝑥 −axis is rotated about the 3 

  𝑦 −axis to form a solid. 

  Use the method of cylindrical shells to find the volume of the solid. 

 

(d) The equation 𝑥3 − 5𝑥 − 2 = 0 has roots 𝛼, 𝛽 and 𝛾.      2 

 Find the equation with integer coefficients that has roots 𝛼 + 1, 𝛽 + 1 and 𝛾 + 1. 
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Question 14 (15 marks)       Use a SEPARATE writing booklet.                                                   Marks 

 

(a)     The points  𝑃 (2𝑝,
2

𝑝
) , 𝑝 ≠ 0, and  𝑄 (2𝑞,

2

𝑞
) , 𝑞 ≠ 0, are two points on the rectangular       

hyperbola 𝑥𝑦 = 4.      

      

 (i)       Show that the equation of the chord PQ is 𝑥 + 𝑝𝑞𝑦 = 2(𝑝 + 𝑞).        1 

 

 (ii)      Prove that the tangent at P has equation 𝑥 + 𝑝2𝑦 = 4𝑝.          2 

 

 (iii)     The tangents at P and Q intersect at T. Find the coordinates of T.        2 

 

 (iv)     The line through T, parallel to PQ passes through the point (0, 2).          2 

            Show that 𝑝 + 𝑞 = 4. 

 

 

(b) Find ∫
ln 𝑥

𝑥2 𝑑𝑥          2 

  

 

 

 

(c) (i) Prove the identity  
1

4
cos 3𝐴 = cos3𝐴 −

3

4
cos 𝐴.                      2 

 

(ii) Show that cos 3𝐴 =
−1

2√2 
,  given that 𝑥 = 2√2 cos 𝐴 satisfies the cubic               2   

 equation  𝑥3 − 6𝑥 + 2 = 0. 

 

(iii) What are the three roots of the equation 𝑥3 − 6𝑥 + 2 = 0?                   2 

 Answer correct to four decimal places. 
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Question 15 (15 marks)      Use a SEPARATE writing booklet.                                          Marks 

 

(a)  By using the substitution  𝑡 = tan
𝜃

2
 , show that   ∫ sec 𝜃 𝑑𝜃 =

𝜋

3
0

ln  ( 2 + √3 ). 3 

 

 

 

(b) 𝐼𝑛 = ∫ (1 − ln 𝑥)𝑛e

1
𝑑𝑥  ,     n = 0, 1,2,3, . ..         

 

  

(i)    Show 𝐼𝑛 = −1 + 𝑛𝐼𝑛−1,      𝑛 = 1,2,3, …               2 

          (ii)   Hence evaluate 𝐼3.        2 

 

 

 

 

(c)     The Hyperbola H has equation 9𝑥2 − 16𝑦2 = 144.  

 

  (i)       Write down the eccentricity for this hyperbola and find the coordinates                         2 

           of its foci S and S’.    

 

(ii)      If 𝑃(𝑥1, 𝑦1)  is an arbitrary point on H, prove that the equation of the tangent T at P is:     

9𝑥𝑥1 − 16𝑦𝑦1 = 144.           2 

 

(iii) Hence find the coordinates of the point G at which the tangent T cuts the x – axis.           1 

 

(iv) Hence show that 𝑆𝑃 =
5𝑥1 − 16

4
 and that 

𝑆𝑃

𝑆′𝑃
=  

𝑆𝐺

𝑆′𝐺
 .                3 
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Question 16 (15 marks)      Use a SEPARATE writing booklet.                                                  Marks 

 

 

a)    (i)     A particle of mass 𝑚 is projected vertically upwards under gravity 𝑔, the air resistance             

     to the motion being 
𝑚𝑔𝑣2

𝑎2  when the speed is 𝑣, where 𝑎 is a constant. 

     Show that during the upward motion of the particle            2 

   𝑣
𝑑𝑣
𝑑𝑥

= −
𝑔

𝑎2 (𝑎2 + 𝑣2) . 

    where 𝑥 is the upward motion of the particle. 

      (ii)     Show that the greatest height reached, given the speed of the projection 𝑢, is            3 

 
𝑎2

2𝑔
ln (1 +

𝑢2

𝑎2). 

 

b)  In the ellipse ,   𝐵 and 𝐵′ are two points where the ellipse cuts the               

 y − axis. The tangents at 𝐵 and 𝐵΄ to the ellipse intersect the tangent at 𝑃 in 𝑄 and 𝑄΄  

 respectively.  Let 𝑃 be the point (𝑎 cos 𝜃 , 𝑏 sin 𝜃).   

 Draw a diagram to represent this information. 

 If the equation of the tangent at 𝑃 is 𝑏𝑥 cos 𝜃 + 𝑎𝑦 sin 𝜃 − 𝑎𝑏 = 0, 

 show that    𝐵𝑄 ×  𝐵′𝑄′ = 𝑎2.               4 
      

 

(c)     A particle is projected, with an angle of 𝜃, form the origin with initial velocity U to pass through a 

point (𝑎, 𝑏). 
   

(i)     Show that the Cartesian equation of the motion of the particle is given by   3 

 

 𝑦 =
−𝑔𝑥2

2𝑈2 sec2𝜃 + 𝑥 tan 𝜃.   You must DERIVE all equations of motion. 

 

 

 (ii) Prove that there are two possible trajectories if:  3 

 

 (𝑈2 − 𝑔𝑏)2 > 𝑔2(𝑎2 + 𝑏2). 

 

End of Examination 
 

)(,1
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