¥ L 26969182220«

UNIVERSITY OF CAMBRIDGE INTERNATIONAL EXAMINATIONS
General Certificate of Education Advanced Level

FURTHER MATHEMATICS 9231/01
Paper 1 May/June 2007

3 hours
Additional Materials: Answer Booklet/Paper

Graph Paper
List of Formulae (MF10)

READ THESE INSTRUCTIONS FIRST

If you have been given an Answer Booklet, follow the instructions on the front cover of the Booklet.
Write your Centre number, candidate number and name on all the work you hand in.

Write in dark blue or black pen.

You may use a soft pencil for any diagrams or graphs.

Do not use staples, paper clips, highlighters, glue or correction fluid.

Answer all the questions.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case of angles in
degrees, unless a different level of accuracy is specified in the question.

The use of a calculator is expected, where appropriate.

Results obtained solely from a graphic calculator, without supporting working or reasoning, will not receive
credit.

You are reminded of the need for clear presentation in your answers.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.

This document consists of 5 printed pages and 3 blank pages.

UNIVERSITY of CAMBRIDGE

%%/ International Examinations

©UCLES 2007 [Turn over



1 Verify that
1 1 i 2n+1
P+1 (N+1)2+1 (M+1)(NP+2n+2)

[1]

Use the method of differences to show that, foriNat: 1,

i 2n+1 < 1 (3]
) M+ +2n+2) 2
Write down the value of
i 2n+1 1
i (MP+1(NP+2n+2)

2 The curveC is defined parametrically by

1
X=t-Int, y=4t?

wheret > 0. The arc ofC joining the point wheré = 1 to the point wheré = 4 is rotated through one
complete revolution about theaxis. Show that the area of the surface generaté??z’s [6]

3 Find the general solution of the differential equation

2
dvy 4d_y

v + dX+29y: 58x + 37. [6]

4  Given that the variablesandy are related by

y=x+e"7,

2
find the value 0#;732/ whenx = 0. [6]
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0 > 0=0

The diagram shows the cun@ with polar equatiorr = €, where 0< 6 < %n Find the maximum
distance of a point o€ from the linef = %n giving the answer in exact form. [4]

Find the area of the finite region bounded®ynd the line® = 0 and6 = %n giving the answer in
exact form. [3]

7 -4 6
A:(Z 2 2),
3 4 -2

has eigenvalues 1, 2, 4. Find a set of corresponding eigtmgec [4]

6 The matrixA, given by

Hence find the eigenvalues Bf where

10 -4 6
B = ( 2 5 2),
-3 4 1

and state a set of corresponding eigenvectors. [3]

7  The equation
X+3x-1=0

has rootsx, 3, y. Use the substitutiog = x> to show that the equation whose roots aref3, y° is

y>—3y?+30y-1=0. [2]
Find the value obx® + ° + y°. [5]
8 The sequencg,, X,, X;, ... is suchthax, =1 and
1+4x
1T Bk
Prove by induction that > 2 foralln> 1. [5]
Prove also that_ > X1 foralln> 1. [3]
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10

11

Let
! 1
| = ——dX,
" L (4-x)"

d [ X ] 1-2n 8n
- — + i
Xl (4-x)"]  4-x)" (@d-x®™

forn=1, 2, 3, .... Verify that

and hence prove that

2n-1)|n+i [5]

8nl -

nl (
Find they-coordinate of the centroid of the region bounded by the axes, tha& intand the curve

1
4 %2’

giving your answer correct to 3 decimal places. [5]

y:

The linel, passes through the poirfsandQ whose position vectors are-j — 2k and-2i + 5j + 13k
respectively. The ling, passes through the poiBtwhose position vector is- 2j + 8k and is parallel
to the vectoli — j — 3k. The point whose position vectoris + 3j + 2k is on the Iinels, the common
perpendicular td, andl,,.

(i) Find, in the formr = a+ tb, an equation for3. [3]
(i) Find the perpendicular distance frdato I3. [4]

(iii) Find the perpendicular distance frdato the plane which contaid§ and passes throudh [4]

(@) Use de Moivre’s theorem to show that sihv@n be expressed in the form
sin@ cosf(asin® 0 + bsin*6 + csin®6 + d),

where the value of the constamts to be found andb, ¢, d are constants whose values need not
be found. [6]

(b) Use de Moivre’s theorem to show that

& sinng 2V sing + sinN6 — 2sin(N + 1)6

2n 2N(5_4cosh) 7]

n=1
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5
12 Answer onlyone of the following two alternatives.
EITHER

The curveC has equation

X
y=ax+ o
whereA is a non-zero constant.
(i) Find the asymptotes @Z. [3]
, . dy .
(i) Show thatifA >0 then& > 0 at all points ofC. [2]

(iii) Show that, ford < —%, C has two distinct stationary points, both to the left of yhaxis. [3]

(iv) In separate diagrams draw sketche€dbr each of the cases > 0 andA < —%. [6]

OR

The linear transformation TR* — R* is represented by the matrix

1 -2 2 4
2 -4 5 9

M=l3 6 8 14
5 -10 12 2
(i) Find the rank oM. [3]
(ii) Obtain a basis for the null spade, of T. [3]
(iii) Evaluate
-1
2
M Yk
4
and hence show that any solution of
5
11
Mx = 17 (%)
27
has the form
-1
2
s+ re + e,
4
whereA andu are constants ange,, e,} is a basis foK. [3]

(iv) Find the solutionx, of (x) such that the first component &f is A, and the sum of all the
components o, is B. [5]
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