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2
Section A (36 marks)

1 Fig. 1 shows part of the graph of y =sinx—+/3cosx.

Fig. 1
Express sinx — V3cosx in the form R sin (x — o), where R > 0 and 0 < o < %n.

Hence write down the exact coordinates of the turning point P. [6]

2 (i) Given that

3t A B C
(1+x0%(1—4x) 1+x (Q+x)? 1—4x

where A, B and C are constants, find B and C, and show that A = 0. [4]

(ii) Given that x is sufficiently small, find the first three terms of the binomial expansions of
(1+x)%and (1 —4x)~".

3+ 2x2
(1+x)2(1 —4x)°

Hence find the first three terms of the expansion of

sin o

3  Given that sin (6+ o) = 2sin 6, show that tan = )
2—coso

Hence solve the equation sin (8 + 40°) = 2sin 6, for 0° < 6 < 360°. [7]
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4 (a) The number of bacteria in a colony is increasing at a rate that is proportional to the square root
of the number of bacteria present. Form a differential equation relating x, the number of
bacteria, to the time . [2]

(b) In another colony, the number of bacteria, y, after time ¢ minutes is modelled by the differential
equation
d_y _ 10000

e 4y

Find y in terms of ¢, given that y = 900 when = 0. Hence find the number of bacteria after
10 minutes. [6]

5 (i) Show that fxe2de = —le (1420 +e. 3]

A vase is made in the shape of the volume of revolution of the curve y = x”e~* about the x-axis
between x = 0 and x = 2 (see Fig. 5).

y

5
(ii) Show that this volume of revolution is %n(l - —) [4]
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4
Section B (36 marks)

Fig. 6 shows the arch ABCD of a bridge.

y

30°
A 0] X
Fig. 6
The section from B to C is part of the curve OBCE with parametric equations
x=a(@—sin@), y=a(l —cosh) for0 < 6 < 2r,
where a is a constant.
(i) Find, in terms of a,

(A) the length of the straight line OE,

(B) the maximum height of the arch. [4]
(ii) Find jﬁ in terms of 6. [3]

The straight line sections AB and CD are inclined at 30° to the horizontal, and are tangents to the
curve at B and C respectively. BC is parallel to the x-axis. BF is parallel to the y-axis.

(iii) Show that at the point B the parameter 6 satisfies the equation

1
sin@=—(1-cosh).
73 mcosd)

Verify that 6 = %n is a solution of this equation.

Hence show that BF = %a, and find OF in terms of a, giving your answer exactly. [6]
(iv) Find BC and AF in terms of a.

Given that the straight line distance AD is 20 metres, calculate the value of a. [5]
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B(-1,-7,11)

E(15,-20, 6)
C(-8,-6,6)

A(0,0,6)

Fig. 7

Fig. 7 illustrates a house. All units are in metres. The coordinates of A, B, C and E are as shown.
BD is horizontal and parallel to AE.

(i) Find the length AE. [2]

(ii) Find a vector equation of the line BD. Given that the length of BD is 15 metres, find the
coordinates of D. [4]

(iii) Verify that the equation of the plane ABC is

—3x+4y+ 5z = 30.

Write down a vector normal to this plane. [4]
4

(iv) Show that the vector | 3| is normal to the plane ABDE. Hence find the equation of the
5

plane ABDE. [4]

(v) Find the angle between the planes ABC and ABDE. [4]
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The marathon is 26 miles and 385 yards long (1 mile is 1760 yards). There are now several
men who can run 2 miles in 8 minutes. Imagine that an athlete maintains this average speed
for a whole marathon. How long does the athlete take? [2]

According to the linear model, in which calendar year would the record for the men’s mile
first become negative? [3]

run. [1]
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Explain how the equation in line 49,
R=L+(U-L)e™,

is consistent with Fig. 2

(i) initially, [3]
(ii) for large values of t. [2]
)
1)

[Questions 5 and 6 are printed overleaf.]
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5 A model for an athletics record has the form

R=A— (A— B)e ¥where A>B>0and k > 0.

(i) Sketch the graph of R against #, showing A and B on your graph. [3]
(ii) Name one event for which this might be an appropriate model. [1]
)

() oottt et e e

6 A number of cases of the general exponential model for the marathon are given in Table 6.
One of these is

R = 115+ (175—115)e 004677
(i) What is the value of ¢ for the year 20127 [1]
(ii) What record time does this model predict for the year 2012? [2]
(1) ot
(1) ottt e ————
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