® There are 14 questions in this question paper. The total mark for this paper is 100.
® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.
Advice
® Read each question carefully before you start to answer it.
® Try to answer every question.
® Check your answers if you have time at the end
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Answer ALL questions. Write your answers in the spaces provided.

1. Given that € is small and is measured in radians, use the small angle approximations to find an

approximate value of

1 - cos40
20sin 30
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Question 1 continued
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(Total for Question 1 is 3 marks)
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2. Acurve C has equation

y = X2 — 2x — 244X, x>0

(a) Find (i) d_i
d2
v (3)
(b) Verify that C has a stationary point when x = 4
)
(c) Determine the nature of this stationary point, giving a reason for your answer. o
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Figure 1

Figure 1 shows a sector AOB of a circle with centre O and radius rcm.

The angle AOB is 6 radians.
The area of the sector AOB is 11cm?

Given that the perimeter of the sector is 4 times the length of the arc AB, find the exact
value of r.

(4)
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4. The curve with equation y = 2In(8 — x) meets the line y = x at a single point, x = a.

(@ Showthat 3 < a < 4

)
YA
y =X
\4_
y =2In(8 - x)

Figure 2
Figure 2 shows the graph of y = 2In(8 — x) and the graph of y = x.
A student uses the iteration formula
X, =2InB-x), neN
in an attempt to find an approximation for «.
Using the graph and starting with x = 4

(b) determine whether or not this iteration formula can be used to find an approximation
for a, justifying your answer.
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Given that
3sind T 3z
y = — -—— <0< —
2sin@ + 2cosd 4 4

show that
dy A T 3r
— = -—— <0< —
dé 1+sin26 4 4

where A is a rational constant to be found.

(5)
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I Not to scale
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Figure 3

The circle C has centre A with coordinates (7, 5).

The line I, with equation y = 2x + 1, is the tangent to C at the point P, as shown in Figure 3.

(@) Show that an equation of the line PAis 2y + x = 17

®3)
(b) Find an equation for C.

(4)
The line with equation y = 2x + k, k= 1 is also a tangent to C.
(c) Find the value of the constant k. .
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Question 6 continued
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7. Giventhatk € Z*

3k
(@) show that | ————dx is independent of k,
k (3x —k)
2k 2
(b) show that | ————dx is inversely proportional to k.
k (2x = k)?

(4)

3)
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Question 7 continued
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8. The depth of water, D metres, in a harbour on a particular day is modelled by the formula
D=5+2sin(30t)° 0<t<24
where t is the number of hours after midnight.

A boat enters the harbour at 6:30am and it takes 2 hours to load its cargo.
The boat requires the depth of water to be at least 3.8 metres before it can leave the harbour.

(@) Find the depth of the water in the harbour when the boat enters the harbour.

1)

(b) Find, to the nearest minute, the earliest time the boat can leave the harbour.
(Solutions based entirely on graphical or numerical methods are not acceptable.)

(4)
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Figure 4

Figure 4 shows a sketch of the curve with equation x? — 2xy + 3y? = 50

(a) Show that ‘;_y _ 3y - X
o (4)

The curve is used to model the shape of a cycle track with both x and y measured in km.

The points P and Q represent points that are furthest west and furthest east of the
origin O, as shown in Figure 4.

Using part (a),

(b) find the exact coordinates of the point P.

(5)
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(c) Explain briefly how to find the coordinates of the point that is furthest north of the
origin O. (You do not need to carry out this calculation).
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Question 9 continued
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10. The height above ground, Hmetres, of a passenger on a roller coaster can be modelled by
the differential equation

dH _ Hcos(0.25t)
dt 40

where t is the time, in seconds, from the start of the ride.
Given that the passenger is 5m above the ground at the start of the ride,

(a) show that H = 5g0-1sin(0251)

()
(b) State the maximum height of the passenger above the ground.

(1)
The passenger reaches the maximum height, for the second time, T seconds after the start
of the ride.
(c) Find the value of T.

(2)
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Question 10 continued
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1+4x z1+§x—§x2
2 8

11. (a) Use binomial expansions to show that
1-x (6)

A student substitutes x = 5 into both sides of the approximation shown in part (a) in an

attempt to find an approximation to J6

(b) Give a reason why the student should not use x = %

1)

(c) Substitute x = 1 into
11

1+ 4x 5 5
=1+ —X——=X?
1-x 2 8

to obtain an approximation to J6 . Give your answer as a fraction in its simplest form.

(3)
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Question 11 continued
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12. The value, £V, of a vintage car t years after it was first valued on 1st January 2001, is

modelled by the equation

V = Apt where A and p are constants
Given that the value of the car was £32000 on 1st January 2005 and £50000 on 1st January 2012
(@) (i) find p to 4 decimal places,

(if) show that A is approximately 24800

(4)
(b) With reference to the model, interpret
(i) the value of the constant A,
(i) the value of the constant p.
)
Using the model,
(c) find the year during which the value of the car first exceeds £100000 @
4

.
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Question 12 continued
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13. Show that

2 32
J 2XVX + 2 dx = —(2+\/§)
0 15

(7)
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Question 13 continued

S
R
A
=
a8
SRS

40

P 5 8 3 4 8 A 0 4 0 4 4

2o
S

St
f@‘%

<
e
e

5
i

o
R

’Q
2
5

2
pads
%

%

X
i

A

’oz&.o

55050
Ei ot

>
<5

<
5
g
% ROl
b
b

Tet et b
QRS
X
£
< N
Setarid,
St

o

o
2

!

R R
ey
3 &%\
IV LN
m b
G




PMT

[ )

Question 13 continued

=

5
g

o

<
<

s
s

20593
e

SN
& o
'&'::':2'::

S5
Sieie

o

-
i
R
2,

i

(Total for Question 13 is 7 marks)

41



-
14. A curve C has parametric equations
x=3+2sint, y=4+2cos2t, 0<t<2m

(@) Show that all points on C satisfy y =6 — (x — 3)?
(@)

(b) (i) Sketch the curve C.

ii Explain briefly why C does not include all pOiI”ItS of y=6-— (X - 3)2, xeR
(3)

The line with equation x +y =k, where k is a constant, intersects C at two distinct points.

(c) State the range of values of k, writing your answer in set notation.
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Question 14 continued

(Total for Question 14 is 10 marks)

TOTAL FOR PAPER IS 100 MARKS
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