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Section A (36 marks)

1 Find the binomial expansion of 1 2x+  up to and including the term in 3x , simplifying the
coefficients.
State the values of x for which this expansion is valid. [5]

2 PQR is a straight line, with the points in that order.
The coordinates of P and Q are (2, 1) and (7, 1) respectively.  The point S has coordinates (7,13).
The length of SR is 20 units.

Find ˆtan PSQ  and ˆtan QSR  and hence show that 63ˆtan PSR=
16

. [5]

3 Write 3sin 4cosθ θ+  in the form sin( )R θ α+  where R  and α  are to be determined.
Solve 3sin 4cos 1θ θ+ =  for 0 360 .θ° ≤ ≤ ° [6]

4 (i) A curve, C, has parametric equations
sin cos 1
sin 2

x
y

θ θ
θ

= − +
=

Show that the cartesian equation of the curve is 2 2y x x= − + . [4]

(ii) Sketch the curve 2 2y x x= − +  and indicate which part of it corresponds to the curve C. [2]

5 Show that 11
1 1

x
x x

= −
+ +

.

The curve 
1

xy
x

=
+

, from 0x =  to 2, is rotated through 360°  about the x-axis.

Show that the volume of revolution is 8( 2ln3)
3

π− . [7]

6 A curve has parametric equations 43 ,  x t y
t

= = .

Show that the straight line joining (0, 4) to (12, 0) is a tangent to the curve and state the value of t
at the point where the line touches the curve. [7]
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Section B (36 marks)

7 The population of a city is P millions at time t years.  When 0t = , 1P = .

(i) A simple model is given by the differential equation: d
d
P kP
t

=  where k is a constant.

(A) Verify that ektP A=  satisfies this differential equation, and show that 1A = .
Given that 1.24P =  when 1t = , find k. [5]

(B) Why is this model unsatisfactory in the long term? [1]

(ii) An alternative model is given by the differential equation: d4 (2 )
d
P P P
t

= − .

(A) Express 4
(2 )P P−

 in partial fractions. [3]

(B) Hence, by integration, show that: 
1
2e

2
tP

P
=

−
. [5]

(C) Express P in terms of t.
Verify that, when 1t = , P is approximately 1.24. [3]

(D) According to this model, what happens to the population of the city in the long term? [1]
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8 Fig. 8 illustrates the flight path of a helicopter H taking off from an airport.
Coordinate axes Oxyz are set up with the origin O at the base of the airport control tower.  The x-
axis is due east, the y-axis due north, and the z-axis vertical.  The units of distance are kilometres
throughout.
The helicopter takes off from the point G.  The position vector r of the helicopter t minutes after
take-off is given by: (1 ) (0.5 2 ) 2t t t= + + + +r i j k .

Fig. 8

(i) Write down the coordinates of G. [1]

(ii) Find the angle the flight path makes with the horizontal.  (This angle is shown as θ  in
Fig. 8). [3]

(iii) Find the bearing of the flight path.  (This is the bearing of the line GF shown in Fig. 8). [2]

(iv) The helicopter enters a cloud at a height of 2 km.
Find the coordinates of the point where the helicopter enters the cloud. [3]

(v) A mountain top is situated at M (5, 4.5, 3).
Find the value of t when HM is perpendicular to the flight path GH.
Find the distance from the helicopter to the mountain top at this time. [5]

(vi) Find, in vector form, the equation of the line GM.
Find also the angle between the line from G to the mountain top and the helicopter’s flight path. [4]


