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1  Express 2r+1)@2r+3) in partial fractions and hence use the method of differences to find
\ 1
. 4
21(21’+1)(2r+3) 4]
Deduce the value of
N 1
. 1
214(2r+1)(2r+3) [1]

2 The roots of the equation

X +px>+gx+r=0

are g, B, kB, where p, g, r, k and 3 are non-zero real constants. Show that f§ = _Q_ [4]
Deduce that rp® = ¢°. (2]

5 15 -9 19

3 The linear transformation T : R* — R* is represented by the matrix M = o 6 3 _7

3 9 -5 11
(i) Find the rank of M. [3]
(ii) Obtain a basis for the null space of T. [3]
4  Ttis given that f(n) = 3°" + 6" 1.
(i) Show that f(n + 1) + f(n) = 28(3%) + 7(6™™"). [2]
(ii) Hence, or otherwise, prove by mathematical induction that f(») is divisible by 7 for every positive
integer n. [4]
5 The curve C has polar equation » = 2 cos 26. Sketch the curve for 0 < 6 < 27. [4]
Find the exact area of one loop of the curve. [4]

6  The line /, passes through the point with position vector 8i + 8j — 7k and is parallel to the vector
4i + 3j. The line , passes through the point with position vector 7i — 2j + 4k and is parallel to the
vector 4i — k. The point P on /, and the point Q on [, are such that PQ is perpendicular to both /, and
[,. In either order,

(i) show that PQ =13,

(ii) find the position vectors of P and Q.
[9]
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7  The variables x and y are related by the differential equation

d? d dy\2 _
yzaz +2y2ay +2y(a) —5y% =8e™.

Given that v = y®, show that

d*v dv x
@'FZE—]SV:Z“-C . [4]
Hence find the general solution for y in terms of x. [7]
4 -1 1
8 Find the eigenvalues and corresponding eigenvectors of the matrix A = | —1 0 -3]. [8]
1 -3 0
Find a non-singular matrix P and a diagonal matrix D such that A°> = PDP~', [3]

3
9  The curve C has equation y = x2. Find the coordinates of the centroid of the region bounded by C,
the lines x = 1, x = 4 and the x-axis. [7]

Show that the length of the arc of C from the point where x = 5 to the point where x = 28 is 139. [5]

10 Let

where n = 0. Show that, for all n > 2,

A curve has parametric equations x = asin’# and y = acos® ¢, where a is a constant and 0 < < %n.
Show that the mean value m of y over the interval 0 < x < a is given by

iﬂ
m = 3a J (cos*t — cos®r) dr. [4]
0

Find the exact value of m, in terms of a. [4]

[Question 11 is printed on the next page.]
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11 Answer only one of the following two alternatives.
EITHER

Use de Moivre’s theorem to prove that

.
tan 30 = M. [6]
1 —3tan’0

State the exact values of 0, between 0 and r, that satisfy tan36 = 1. [2]

Express each root of the equation #°> — 31> — 3¢ + 1 = 0 in the form tan(kr), where k is a positive rational

number. [3]
For each of these values of k, find the exact value of tan(kr). [3]
OR

The curve C has equation
X+ Ax—6)7

Y x+3

B

where A is a constant such that A # 1 and A # —%.

(i) Find g—z and deduce that if C has two stationary points then —% <A<l [5]
(ii) Find the equations of the asymptotes of C. [3]
(iii) Draw a sketch of C for the case 0 < A < 1. [3]
(iv) Draw a sketch of C for the case A > 3. [3]

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable
effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will
be pleased to make amends at the earliest possible opportunity.

University of Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of
Cambridge Local Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

© UCLES 2011 9231/12/M/1J/11





