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1 Find the angle between the vectors i − 2j + 3k and 2i + j + k. [4]

2 (i) Express
x(x + 1)(x + 2) in partial fractions. [3]

(ii) Hence find � x(x + 1)(x + 2) dx. [2]

3 When x4 − 2x3 − 7x2 + 7x + a is divided by x2 + 2x − 1, the quotient is x2 + bx + 2 and the remainder
is cx + 7. Find the values of the constants a, b and c. [5]

4 Find the equation of the normal to the curve

x3 + 4x2y + y3 = 6

at the point (1, 1), giving your answer in the form ax + by + c = 0, where a, b and c are integers. [6]

5 The vector equations of two lines are

r = (5i − 2j − 2k) + s(3i − 4j + 2k) and r = (2i − 2j + 7k) + t(2i − j − 5k).
Prove that the two lines are

(i) perpendicular, [3]

(ii) skew. [5]

6 (i) Expand (1 + ax)−4 in ascending powers of x, up to and including the term in x2. [3]

(ii) The coefficients of x and x2 in the expansion of (1 + bx)(1 + ax)−4 are 1 and −2 respectively.
Given that a > 0, find the values of a and b. [5]

7 (i) Given that

A(sin θ + cos θ) + B(cos θ − sin θ) ≡ 4 sin θ,

find the values of the constants A and B. [3]

(ii) Hence find the exact value of

�
1
4
π

0

4 sin θ
sin θ + cos θ

dθ ,

giving your answer in the form aπ − ln b. [5]
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8 Water flows out of a tank through a hole in the bottom and, at time t minutes, the depth of water in
the tank is x metres. At any instant, the rate at which the depth of water in the tank is decreasing is
proportional to the square root of the depth of water in the tank.

(i) Write down a differential equation which models this situation. [2]

(ii) When t = 0, x = 2; when t = 5, x = 1. Find t when x = 0.5, giving your answer correct to 1 decimal
place. [6]

9 The parametric equations of a curve are x = t3, y = t2.

(i) Show that the equation of the tangent at the point P where t = p is

3py − 2x = p3. [4]
(ii) Given that this tangent passes through the point (−10, 7), find the coordinates of each of the three

possible positions of P. [5]

10 (i) Use the substitution x = sin θ to find the exact value of

�
1
2

0

1

(1 − x2)3
2

dx. [6]

(ii) Find the exact value of

� 3

1

ln x

x2
dx. [5]
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