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1. The region enclosed by the curve with equation y x=

1

2
,  the x-axis and the lines

 x = 2 and x = 4, is rotated through 2  radians about the x-axis to form a uniform solid S. 
Use algebraic integration to find the exact value of the x coordinate of the centre of mass 
of S.

(6)
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Question 1 continued
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2.

O . 4r

Figure 1

 A uniform solid right circular cone R, with vertex V, has base radius 4r and height 4h.  A 
right circular cone S, also with vertex V and the same axis of symmetry as R, has base 
radius 3r and height 3h.  The cone S is cut away from the cone R leaving a solid T.  The 
centre of the larger plane face of T is O.  Figure 1 shows the solid T.

 (a) Find the distance from O to the centre of mass of T.
(5)

 The point A lies on the circumference of the smaller plane face of T.  The solid is freely 
suspended from A and hangs in equilibrium.  Given that h = r

 (b) find the size of the angle between OA and the downward vertical.
(4)
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Question 2 continued
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Question 2 continued
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Question 2 continued
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3. A particle P of mass 0.5 kg moves in a straight line with simple harmonic motion, 
completing 4 oscillations per second.  The particle comes to instantaneous rest at the fixed 
points A and B, where AB = 0.5 m.

 (a) Find the maximum magnitude of the acceleration of P.
(4)

 When P is moving at its maximum speed it receives an impulse.  The direction of this 
impulse is opposite to the direction in which P is moving when it receives the impulse. 
The impulse causes P to reverse its direction of motion but P continues to move with 
simple harmonic motion.  The centre and period of this new simple harmonic motion are 
the same as the centre and period of the original simple harmonic motion.  The amplitude 
is now half the original amplitude.

 (b) Find the magnitude of the impulse.
(5)
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Question 3 continued
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4. A light elastic string has natural length 0.4 m and modulus of elasticity 49 N. A particle P 
of mass 0.3 kg is attached to one end of the string.  The other end of the string is attached 
to a fixed point A on a ceiling.  The particle is released from rest at A and falls vertically.  
The particle first comes to instantaneous rest at the point B.

 (a) Find the distance AB.
(6)

 The particle is now held at the point 0.6 m vertically below A and released from rest.

 (b) Find the speed of P immediately before it hits the ceiling.
(5)
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Question 4 continued
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Question 4 continued
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Question 4 continued
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5. A particle P of mass 0.4 kg moves on the positive x-axis under the action of a single force.

 The force is directed towards the origin O and has magnitude k
x2  newtons, where

 OP = x metres and k is a constant.  Initially P is moving away from O.  At x = 2 the speed 
of P is 5 m s–1 and at x = 5 the speed of P is 2 m s–1.

 (a) Find the value of k.
(8)

 The particle first comes to instantaneous rest at the point A.

 (b) Find the value of x at A.
(4)
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Question 5 continued
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6. The path followed by a motorcycle round a circular race track is modelled as a horizontal

 circle of radius 50 m.  The track is banked at an angle  to the horizontal, where 3
.sin

5
θ =

 The motorcycle travels round the track at constant speed.  The motorcycle is modelled as 
a particle and air resistance can be ignored.  In an initial model it is assumed that there is 
no sideways friction between the motorcycle tyres and the track.

 (a) Find the speed, in m s–1, of the motorcycle.
(5)

 In a refined model it is assumed that there is sideways friction.  The coefficient of friction

 between the motorcycle tyres and the track is 1

4
.  It is still assumed that air resistance can

 be ignored and that the motorcycle is modelled as a particle.  The motorcycle’s path is 
unchanged.  Using this model,

 (b) find the maximum speed, in m s–1, at which the motorcycle can travel without slipping 
sideways.

(8)
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Question 6 continued
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Question 6 continued
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Question 6 continued
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ Q6

(Total 13 marks)
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7.

O B

A

P

a

10ag

Figure 2

 A light inextensible string of length a has one end attached to a fixed point O on a 
horizontal plane.  A particle P is attached to the other end of the string.  The particle is held 
at the point A, where A is vertically above O and OA = a.  The particle is then projected 
horizontally with speed 10ag ,  as shown in Figure 2.  The particle strikes the plane at 
the point B.  After rebounding from the plane, P passes through A.  The coefficient of 
restitution between the plane and P is e.

 (a) Show that e � 
1

2 (9)

 The point C is above the horizontal plane such that OC = a and angle COB = 120°

 As the particle reaches C, the string breaks.  The particle now moves freely under gravity 
and strikes the plane at the point D.

 Given that e =

3

2

 (b) find the size of the angle between the horizontal and the direction of motion of P 
at D.

(6)
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Question 7 continued
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Question 7 continued
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