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The vectors a, b, ¢ and d in R? are given by

b ) ) =)

Show that {a, b, ¢} is a basis for R>. [3]
Express d in terms of a, b and c. [2]
Show that the difference between the squares of consecutive integers is an odd integer. [1]

Find the sum to »n terms of the series

3 .5 7 o, 2+l
%2 22x3* 3x4 T A>r+1)P

and deduce the sum to infinity of the series. [5]
Itis given that ¢(n) = 5"(4n+1)—1,forn =1, 2, 3, ... . Prove, by mathematical induction, that ¢(n)
is divisible by 8, for every positive integer 7. [7]

. . 2 . ...
The curve C has cartesian equation (x2 + y2) = 2a’xy, where a is a positive constant. Show that the

polar equation of C is > = a” sin 26. [3]
Sketch C for - < 0 < 7. (2]
Find the area enclosed by one loop of C. [2]
State the sum of the series z+z> +2° + ... + 2", forz # 1. [1]

By letting z = cos 6 + isin 8, show that

inl
sin 2n9
-1

sin 59

cos 0+ cos20+cos30+ ... +cosnb =

cos %(n +1)6,
where sin 16 # 0. [7]
The curve C has parametric equations
1
x=e —4r+3, y=8e’, forO0<r<2.

(i) Find, in terms of e, the length of C. [5]

(ii) Find, in terms of x and e, the area of the surface generated when C is rotated through 2z radians
about the x-axis. [5]
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The curve C has parametric equations

x =sint, y=sin2¢, forO<r< 7.

2

d
Find a)z) in terms of ¢. [5]

Hence, or otherwise, find the coordinates of the stationary points on C and determine their nature.
[5]

It is given that A is an eigenvalue of the non-singular square matrix A, with corresponding eigenvector

e. Show that 2! is an eigenvalue of A™' for which e is a corresponding eigenvector. [2]

Deduce that A + 27! is an eigenvalue of A + AL [1]

It is given that 1 is an eigenvalue of the matrix A, where

2 0 1
Az(—l 2 3).
1 0 2

Find a corresponding eigenvector. [2]

0 1
Itis also given that ( 1 ) and ( 2 ) are eigenvectors of the matrix A. Find the corresponding eigenvalues.
0 1 [2]

Hence find a matrix P and a diagonal matrix D such that

(A+A7™") =pDP"". [4]

Using the substitution # = cos 0, or any other method, find J sin O cos” 0 d. [1]

T

Itis given that I, = J sin” 0 cos? 0do, for n > 0. Show that, forn > 2,
0

(Sl

_n—l

nop42

1

T
Hence find the exact value of Jz sin* 0 cos? 6d6. [4]
0

Find the particular solution of the differential equation

d? dx
2 +0.16= +0.0064x = 8.64 +0.321,
dr dr
. dx
given that when r = 0, x = 0 and P =0. [10]
. dx
Show that, for large positive t, P ~ 50. [2]

© UCLES 2014 9231/13/M/J/14 [Turn over



4

11 Answer only one of the following two alternatives.

EITHER
2x* —x+5 B
Express a 5 * in the form 2+ —— + ——, where A and B are integers to be found. [3]
X~ - X — x+1
. 2x* —x+5 . .

The curve C has equation y = —————. Show that there are two distinct values of x for which
dy X

— =0. 4
e (4]

Sketch C, stating the equations of the asymptotes and giving the coordinates of any points of
intersection with the coordinate axes and with the asymptotes. You do not need to find the coordinates
of the turning points. [7]

OR

With respect to an origin O, the point A has position vector 4i — 2j + 2k and the plane I1, has equation
r=A4+A+3wi+(-2+7A+u)j+ 2+ 1-pk,

where 4 and u are real. The point L is such that a = 30—A) and IT, is the plane through L which is
parallel to I1,. The point M is such thatA—]\_)/I - 3ML.

(i) Show that A isin II,. [1]
(ii) Find a vector perpendicular to IT,. [2]
(iii) Find the position vector of the point N in IT, such that ON is perpendicular to IT,. [5]

(iv) Show that the position vector of M is 10i — 5j + 5k and find the perpendicular distance of M
from the line through O and N, giving your answer correct to 3 significant figures. [6]

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.

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 2014 9231/13/M/J/14





