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Section A [45 marks] 

 

Answer all  questions in this section. 

 

1.  The function  f and g are defined as follows  

 

  𝑓: 𝑥 → 2 + 3𝑒−𝑥, 𝑥 ∈ 𝑅  

 

                        

3
: ln , 2

2
g x x

x

 
→  

−    
 

 (a)   Show that   f ∘ g  exist .                          [2] 

 (b)  Find    f ∘ g   .               [2] 

 (c)  On the same axes, sketch graphs of   𝑓 𝑎𝑛𝑑 𝑓−1 .                      [3]  

 

2.  (a)  Use binomial expansions to show x-

x

1

4+1

≈ 1 + 
x
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2
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5
x

.                       [4] 

             (b) Substitute x = 11

1

 into x-

x

1

4+1

≈ 1 + 
x

2

5

 – 

2

8

5
x

 to obtain an approximation  

                   to 6 . Give your answer as a fraction in its simplest form.                          [3] 

.                                                  

       3. Matrix  A = (−2𝑏 − 4𝑏 − 4𝑐 2𝑎 − 1 − 6𝑏 − 𝑐  2𝑎 + 𝑏 + 𝑐 2 − 2𝑐 4𝑎  )  is an upper 

triangular matrix. 

 (a) Find the values of  a, b and  c .               [2] 

 (b) Given |𝑐 − 𝑏 − 𝑐   2𝑎 − 1 − 6𝑏 − 𝑐   2𝑎 + 𝑏 + 𝑐 2 − 2𝑐 4𝑎  |  is 24,  determine 

the |𝐴| .           [2] 

(c) Using elementary row operations, find A-1.                                               [5] 

 

      4.   A complex number w is given by   

            (a) Express w in polar form.                            [4] 

       

           (b) Using de Moivre’s theorem, show that 𝑤4 = 
 

 

 



2 

 

                Give your answer in Cartesian form.                                      [3] 

 

     5.  The parametric equations of a curve are 𝑥 = 𝑎 cos 𝜃 + 6 and 𝑦 = 𝑏 sin 𝜃 − 8,  

          where a and b are positive constants and 0 ≤ 𝜃 ≤ 2𝜋. 

          (a  Find the standard form for the equation of the conic and identify the type of conic. 

                                          [3] 

          (b) If 𝑎 = 𝑏 = 10, determine and sketch the conic.                         [3] 

 

6. (a)  The position vectors of A and B relative to the origin O are i + 2j + 3k  and           

       3i +4j + 5k respectively.  Find the acute angle AOB.                                           [4] 

 

(b)  Triangle PQR has vertices 𝑃(2,−3,−1), 𝑄(4, 5, 1) and 𝑅(−1,−2, 6). 

 

(i) Find a unit vector that is normal to both vectors 𝑃𝑄⃗⃗⃗⃗  ⃗ and 𝑃𝑅⃗⃗⃗⃗  ⃗.                                [3] 

(ii) Calculate the area of the triangle PQR.                                                                   [2] 

 

 

 

 

 

  

           

 

 

 

 

 

 

 

 

 

SECTION B [15 marks] 

Answer one question only. 
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7.  Given  𝑤 =
𝑧−1

𝑧+𝑖
    where  z is a complex number.  

a) If 𝑧 = 𝑖, 
 

i) Write 𝑤 in the polar form. 

 

           ii) Hence, find the value of 𝑤14                                                                                [5]                                            

      b)  Show that in general 𝑤 =
(𝑥2−𝑥+𝑦2+𝑦)+𝑖(𝑦−𝑥+1)

𝑥2+(𝑦+1)2
                                                      [4] 

 c)  Find condition under which real part of 𝑤 = 1                                                        [2] 

      d) State the condition under which 𝑤  is 

          i.  Real 

         ii. Purely imaginary                                                                                                    [2] 

     e)   Find the modulus of 𝑧  given that 𝑎𝑟𝑔 𝑎𝑟𝑔 𝑤 =
𝜋

4
                                                            

[2]                                                          

      

8.  The plane  has equation 0123 =+−+ zyx . Line  1
l  has Cartesian equation 

   

4 3 7

1 2 1

x y z− + −
= =

−  and line 2l  has vector equation  

0 1

10 3

7 2

r t

   
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= +   
   
      

a) Show that 2l   lies on plane   .              [3] 

b) Find the angle between line 1l    and line  2l  .            [3] 

c) Find the angle between line  2l  and the plane    .           [3] 

d) Given that 2l  intersect the plane  at point P. Find the position vector of P.        [3] 

   

e) Determine the Cartesian equation of another plane passing through P and  

    perpendicular to 1l .                                                                                                     [3] 

          

 

 

 

 



1 (a)  Domain  f = { x : x ∈  ℝ } 

       Range  g = { y :  y ∈  ℝ } 

      Since R g ⊆ Df ,     therefore  f ∘ g  exist. 
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 (b)      

f ∘ g  = 2 + 3𝑒−𝑙𝑛(
3
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)
 

                               =  2 + 3𝑒𝑙𝑛(
3
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                               =  2 +  3(
3

𝑥−2
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fg (x)  =  x  ,  x > 2 
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 (c)                          y 

 

                f(x) 

                                                            f -1(x) 

                                                                                    y = x 
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D1  graph f   

 

D1 graph 1f −   

 

D1 all correct 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

No  Marks Remarks 

2. 
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His exp. of (1 + 4𝑥)
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Subs. 
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4a) 

 

 

 

 

 

 

 

𝑤 =
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b)                    𝑤4 = [√3 (𝑐𝑜𝑠
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5(a) 𝑥 = 𝑎 cos𝜃 + 6    and       𝑦 = 𝑏 sin𝜃 − 8   
         

 

 cos 𝜃 =
𝑥 − 6

𝑎
      or      sin𝜃 =

𝑦 + 8

𝑏
  

 

M1 

 (𝑦 + 8)2

𝑏2
+
(𝑥 − 6)2

𝑎2
= 1  

 

A1 

 Ellipse with centre (6, −8) 
 

A1 

5(b) (𝑥 − 6)2 + (𝑦 + 8)2 = 100. It is a circle 

 

B1 

  

 

 
 

 

 

 

 

 

 

 

D1 - Circle with centre  

at 4th quadratic and 

cutting both axes 

 

 

 

 

 

D1 – Must indicate centre 

(6, -8) and (12, 0) and 

(0, -16) 
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