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A machine is programmed to cut lengths of string from a uniform string
coming up continuously from a factory belt. The lengths are all measured in
metres, and are as follows:

218 22° 23, 120°

1000 100" 100" 7 100

Calculate the total length of the string cut, giving your answer in kilometres.

The points A, B and C have position vectors
a=i-3j, b=2i-j+k and ¢=10;+10k respectively.
(i)  Calculate the product a.(b” c).

(i)  Describe fully the geometrical meaning of this product.

A matrix, M, is given by

RN
m=¢ 2 20

NER

¢2 2 ;
()  Find M.

(ii)  Hence or otherwise find M°®.

(iii)  Describe fully, the geometrical transformation represented by the
matrix M.

The function f(x) is given by f(x) = 4x* - 4x -3.

(i) Express f(x) in the form (ax+ b)2 + ¢, where a, b and ¢ are integers.

(i) Using an appropriate change of variable, or otherwise, show that

& 0
- dxzilng7+\/4_5*
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Q) The integral Iy is given by
ln = () sin"5xdx.

Use integration by parts, or otherwise, to show that

0
h = - cos5usin'™ 15x+gn—1—l [6]
5n
(i) Hence evaluate
2o
06 sin*5xdx. [3]

o

A curve, C, has a functiony = k+/x, where k is a positive constant and 2£ x £ 4.
Q) Find Z giving your answer in terms of x and k. [2]
X

(i) The curve, C, is rotated completely about the x-axis.

Show that the area of the surface generated, Sk, is

3

Sk = %" (16+k2)2—(8+k2)2g. [6]

—) — -

(iii)  Hence evaluate S> — S1 giving your answer correct to 3 decimal places. [2]
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It is given that a matrix

g 1 2 40
A = c 2 0 -1 -hasadeterminant 3.
8 -2 3 k E

(@) 0] Find the value of k.

(i) Using this value of k, find adj.A, the adjoint matrix of A.

(iii)  Hence or otherwise, write down A™.
(b) It is given that when the point (a; b; c) is transformed by the matrix A,
its image is (—8;—9; 3).

Find the values of a, b and c.

AsetG = {0,1, 2, 3 4}, where the elements are defined from the turning of
a minute hand of a clock as follows:

0 = aturnthrough 0 minutes or multiples of 60 minutes.
1 = aturnthrough 12 minutes
2 = aturnthrough 24 minutes
3 = aturnthrough 36 minutes
4 = aturnthrough 48 minutes

Defining a = b as ““ a turn of the element a followed by a turn of the element b”.

Q) Construct the multiplication table for all the elements of the set G.
(i) Show that the set G is a group.
(ili)  Find the order of each of the elements.

(iv)  Establish whether the set G forms an abelian group. Give a reason for
your answer.
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A curve, C, is given parametrically as

y = coshbt and x = sinhat where a and b are constants and t is the

parameter.
(a) Find & in terms of a, b, and t. [2]
dx
(b) In the case where b =4 and a = 2, find the cartesian equation of curve
C in the form y = f(x)and show that Z—y = 4x. [4]
X

(c) Hence show that the length, L, of curve C between the points
wherex = 1 and x =21is

~ '8 \/7U
L=65- J_7+ ln"4+\/_p [6]

é
¢ You may make use of the standard integration given as
€

U
0Va®+x%dx= \/a +x° +?S|nh X

a

16

The function f(x) is given by f(x) = (1)
X+

+ 3x.

(i)  Write down the expressionfor ft(x) and f%(x). [2]

(ii)  Hence find the coordinates of the turning point(s) for the curve y = f(x),
stating their nature. [6]

(i)  Write down the equations of the asymptote(s) of the curve y = f(x) and
hence sketch the curve showing any intercepts with the axes. [5]
(@) Solve the differential equation

Zy +10y(10x - 3) (2x)'1, giventhat y =0 whenx = 1. [6]

(b)  Acurve, S, has its differential equation

2
dy dey

+k*y = 0, where k is a constant.
dx? dx
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Q) Find the general solution of the differential equation.

(i) Hence find the exact particular solution of the differential
equation, given that the curve, S, passes through the points (0; 4),

(In2;0) and ageln L

— 322.
2 )

A line, I3, has an equation r=i- j-3k+ I(i+4j—k,) and the line, /,, passes

through the points A(0; 6; 6) and B(8; -6; —34).

Q) Find the vector equation of /,and show that the lines 1 and |2
are perpendicular to each other.

(i)  Find the point of intersection of 11 and I».

@) 1L Find the cartesian equation of the plane, p,which contains both
[, and ,.

2. Calculate the distance of the point P(]; =7; 1) from the plane p.
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