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1. 

O

Figure 1

 Figure 1 shows a traffic cone which is made by joining a uniform right circular conical shell to 
a uniform right circular solid cylinder.  The centre of the base of the conical shell coincides 
with the centre of the upper plane face of the cylinder.  The centre of the lower plane face of the 
cylinder is O.  The vertex of the conical shell is vertically above O and the axis of symmetry of 
the traffic cone is vertical.  The cylinder has mass M and height h.  The conical shell has

 mass 2
5
M .

 Given that the centre of mass of the traffic cone is at a distance 3
4
h  above O, find, in terms 

of h, the height of the conical shell.
(4)
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Question 1 continued
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2. A particle P of mass m is fired vertically upwards from a point on the surface of the Earth.  
Initially P moves in a straight line directly away from the centre of the Earth.  When P is 
at a distance x from the centre of the Earth, the gravitational force exerted by the Earth on 

 P is directed towards the centre of the Earth and has magnitude k
x2 , where k is a constant.  

 At the surface of the Earth the acceleration due to gravity is g.  The Earth is modelled as 
a fixed sphere of radius R.

 (a) Show that k = mgR2.
(2)

 When P is at a height 
R
3

 above the surface of the Earth, P is moving away from

 the Earth with speed 2
5
gR .  Given that air resistance can be ignored,

 (b) find, in terms of R, the greatest height of P above the surface of the Earth.
(7)
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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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(Total 9 marks)
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3. A particle P of mass 0.5 kg is attached to one end of a light elastic string of natural length 
1.5 m.  The other end of the string is attached to a fixed point O on a rough horizontal

 plane.  The coefficient of friction between P and the plane is 3 .
4

  The particle is held at

 rest at a point B on the plane, where OB = 2 m.  When P is at B the tension in the string is 
25 N.  The particle is then released from rest.

 The point D is 1.5 m from O and ODB is a straight line.

 (a) Find the speed of P at the instant when P passes through D.
(6)

 The particle comes to rest at the point C.

 (b) Find the distance BC.
(3)
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Question 3 continued
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Question 3 continued
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Question 3 continued
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(Total 9 marks)
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4.

O

a

A

a

P

30°

Figure 2

 Figure 2 shows a hemispherical bowl of internal radius a fixed with its circular rim 
upwards and horizontal.  The centre of the rim is O.  One end of a light inextensible string 
is attached to a fixed point A vertically above O, where OA = a.  A particle P of mass m 
is attached to the other end of the string.  The particle moves in a horizontal circle on the 
smooth inner surface of the bowl with constant angular speed  with the string taut.  The 
string makes a constant angle of 30° with the downward vertical.

 (a) Find, in terms of m, a,  and g, the tension in the string.
(7)

 The particle remains in contact with the bowl.

 (b) Show that the time taken by P to make one complete revolution is less than 
 32

2
aπ
g

 

(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.

O

R

x

y

3
Figure 3

 Figure 3 shows the region R bounded by the curve with equation y2 = 3x, the x-axis and 
the line with equation x = 3

 A uniform solid S is formed by rotating R through one complete revolution about the 
x-axis.

 (a) Use algebraic integration to find the x coordinate of the centre of mass of S.
(6)

 The solid is initially placed with its circular plane face on a plane which is inclined at an 
angle  to the horizontal.  The plane is sufficiently rough to prevent S from sliding.  Given 
that S does not topple

 (b) find, to the nearest degree, the maximum value of 
(3)

 The solid has mass M.  A stud of mass kM is attached to S at a point A on the circumference 
of its plane face.  The solid is now freely suspended from the point B, where AB is a 
diameter of the plane face of S, and hangs in equilibrium.  The angle between AB and the 
downward vertical is 10°.

 (c) Find, to 3 significant figures, the value of k.
(4)
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Question 5 continued
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Question 5 continued
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Question 5 continued
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6. A particle P is free to move on the smooth inner surface of a fixed hollow sphere of 
internal radius r and centre O.  The particle is projected from the lowest point A of the 
inner surface of the sphere with speed U, where U gr> 2 .  The particle moves in a 
vertical circle, centre O, on the inner surface of the sphere.  The particle leaves the surface 
of the sphere at the point B, where the angle between OB and the upward vertical is .

 (a) Show that

21cos ( 2 )
3

U gr
gr

= −α

(7)

 After losing contact with the sphere, P passes through the point C, where OC is horizontal.  
The speed of P as it passes through C is V.

 Given that 1cos
4

=α

 (b) find V in terms of r and g.
(5)
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Question 6 continued
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7. Two fixed points A and B are 4 m apart on a smooth horizontal floor.  A particle P of mass 
0.4 kg is attached to one end of a light elastic spring, of natural length 1.6 m and modulus 
of elasticity 12 N.  The other end of the spring is attached to A.  A second light elastic 
spring, of natural length 1.2 m and modulus of elasticity 15 N, has one end attached to P 
and the other end attached to B.

 Given that P rests in equilibrium at point C on the floor,

 (a) find the length of

  (i) AC

  (ii) BC
(5)

 The particle now receives an impulse so that P moves directly towards B.  In the subsequent 
motion P does not reach A or B.

 (b) Show that P oscillates with simple harmonic motion about C.
(4)

 The magnitude of the impulse received by P is 8 2
5

 N s.  The time for one complete

 oscillation is S.  The time in each complete oscillation for which P is within 0.4 m of C 
is kS.

 (c) Find the value of k.
(7)
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Question 7 continued
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Question 7 continued
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Question 7 continued
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Question 7 continued
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TOTAL FOR PAPER: 75 MARKS

END

Q7

(Total 16 marks)


