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

[1]

Use the method of differences to show that, for all N > 1,

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

2 Thecurve C is defined parametrically by

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

wheret > 0. The arc of C joining the point wheret = 1 to the point wheret = 4 isrotated through one
complete revolution about the x-axis. Show that the area of the surface generated is %) . [6]

3  Find the general solution of the differential equation

2,
d_y+4d_y

o2 " Yax + 29y = 58x + 37. [6]

4  Given that the variables x and y are related by
y=x+e"7,
d?y

find the value of v when x = 0. [6]
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0 > 0=0

The diagram shows the curve C with polar equation r = €°, where 0 < 6 < %n Find the maximum

distance of a point of C fromtheline 6 = %n giving the answer in exact form. [4]

Find the area of the finite region bounded by C and thelines® =0 and 6 = %n giving the answer in
exact form. [3]

6 Thematrix A, given by

7 -4 6
A= ( 2 2 2) ,
-3 4 -2
has eigenvalues 1, 2, 4. Find a set of corresponding eigenvectors. [4]

Hence find the eigenvalues of B, where
10 -4 6
B= ( 2 5 2) ,
-3 4 1

and state a set of corresponding e genvectors. [3]

7 Theequation
xXC+3x-1=0

has roots ¢, 8, y. Use the substitution y = x° to show that the equation whose roots are o2, 82, y3 is

y>—3y?+30y-1=0. [2]

Find the value of o + 8° + y°. [5]

8 Thesequence X, X,, X;, ... issuchthat x, =1 and

1+4x
%1 T B

Prove by induction that x> 2 for all n > 1. [5]

Provealsothat x >X_ , foraln>1. [3]
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10

11

Let
! 1
| = ——— dX,
" L @3y

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

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

and hence prove that

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

8nl -

n+1:(

Find the y-coordinate of the centroid of the region bounded by the axes, the line x = 1 and the curve

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

Thelinel, passesthrough the points P and Q whose position vectorsarei —j — 2k and -2i + 5j + 13k
respectively. Thelinel, passes through the point Swhose position vector isi — 2j + 8k and is parallel
to the vector i — j — 3k. The point whose position vector is—i + 3j + 2k ison theline I3, the common
perpendicular to | and |.,.

(i) Find, intheformr = a+ tb, an equation for I3. [3]
(i) Find the perpendicular distance from Sto I3. [4]

(iii) Find the perpendicular distance from Sto the plane which contains I3 and passesthrough P. [4]

(@) Usede Moivre'stheorem to show that sin86 can be expressed in the form
sin@cosf(asin®0 + bsin*6 + csin®6 + d),

where the value of the constant a isto be found and b, ¢, d are constants whose values need not
be found. [6]

(b) Usede Moivre'stheorem to show that

& sinng 2YLsing + sinN6 - 2sin(N + 1)6
n 2N(5 - 4cos0)

[7]

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

The curve C has equation

X
y=ax+ o
where A is anon-zero constant.
(i) Find the asymptotes of C. [3]
, . dy .
(i) Showthatlfk>0then&>0atall points of C. [2]

(iii) Show that, for A < —%, C hastwo distinct stationary points, both to the left of the y-axis. [3]

(iv) In separate diagrams draw sketches of C for each of thecasesA > 0and A < —%. [6]

OR

Thelinear transformation T : R* — R* is represented by the matrix

1 -2 2 4
2 -4 5 9

M=l3 6 8 14
5 -10 12 22
(i) Find therank of M. [3]
(i) Obtain abasisfor the null space, K, of T. [3]
(iii) Evaluate
-1
2
M 3|
4
and hence show that any solution of
5
11
Mx = 17 (%)
27
has the form
-1
2
3|+ re + e,
4
where A and u are constantsand {e,, e,} isabasisfor K. [3]

(iv) Find the solution x; of (x) such that the first component of x, is A, and the sum of al the
components of X, isB. [5]
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