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Answer all eight questions.

Show clearly the development of your answers.

Answers should be given to three significant figures unless otherwise stated.

1 Find in terms of n

 Ʃ
n
   (n – r)2

 r = 1  [5]

2 (i) Show that

 tan x + cot x ≡ 2 cosec 2x [3]

 (ii) Hence or otherwise find, in radians, the general solution of the equation

 tan x + cot x = 8 cos 2x [4]

3 (i) Express in partial fractions

 f(x) = 3x2 + 1 
 x(2x2 + 1) [5]

 (ii) Hence or otherwise find the exact value of

    2 3x2 + 1 dx	 ∫1 x(2x2 + 1) 

  leaving your answer in the form  a ln b [4]

4 Let

 f (x) = e2x sin x 

 (i) Find  f '(x) [2]

 (ii) Show that  f ''(x) = 3e2x sin x + 4e2x cos x [1]

 (iii) Find the Maclaurin expansion for  f (x) = e2x sin x, up to and including the term in x3 [5]
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5 Using the principle of mathematical induction, prove that

 Ʃ
n
   3r + 2 n(2n + 3)

 r = 1 r(r + 1)(r + 2) = (n + 1)(n + 2) [7]

6 The distance x metres of a particle from the origin at time t seconds is given by the 
differential equation

2 d2x + 3ω dx – 2ω2x = ω2e–ωt
 d t2 dt

 where ω is a positive constant.
  

Given that x = 1 and  dx = ω  when t = 0, find an expression for the distance x dt
 in terms of t. [12]

7 (a) A parabola may be defined as “the locus of a point which moves so that its distance from 
a fixed point (the focus) is equal to its perpendicular distance to a fixed line  
(the directrix)”.

  Given that the focus is (a, 0) and the directrix has equation  x + a = 0,  
deduce that the cartesian equation of this parabola is

   y2 = 4ax [4]

 (b) (i) Show that the equation

y2 – 4y = 2x + 2

   represents a parabola. [2]

  (ii) Find the coordinates of the focus and the vertex and derive the equation of the 
directrix of this parabola. [3]

  (iii) Sketch the parabola showing, with coordinates, the vertex and any points of 
intersection with the coordinate axes. [3]
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8 Consider the complex number

ω = cos 2p + i sin 2p
	 	5	 	5

 (i) Find the value of ω5 [2]

 (ii) Prove that

 1 + ω + ω2 + ω3 + ω4 = 0 [3]

 (iii) Write

    (ω + ω4)(ω2 + ω3)

  in its simplest form. [3]

 (iv) Derive a quadratic equation with integer coefficients which has roots (ω + ω4) and  
(ω2 + ω3). [3]

 (v) Hence show that

cos 2p = –1	+	√5
	 5	 4	 [4]

THIS IS THE END OF THE QUESTION PAPER


