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1.

Figure 1

 A rough disc is rotating in a horizontal plane with constant angular speed 20 revolutions 
per minute about a fixed vertical axis through its centre O.  A particle P rests on the disc 
at a distance 0.4 m from O, as shown in Figure 1.  The coefficient of friction between P 
and the disc is !.  The particle P is on the point of slipping.

 Find the value of !.
(6)
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2. A particle P of mass 0.5 kg is moving along the positive x-axis in the positive x-direction.  

 The only force on P is a force of magnitude 2 1
2

t +⎛
⎝⎜

⎞
⎠⎟ N acting in the direction 

 of x increasing, where t seconds is the time after P leaves the origin O.  When t = 0, 
P is at rest at O.

 (a) Find an expression, in terms of t, for the velocity of P at time t seconds.
(3)

 The particle passes through the point A with speed 6 m s–1.

 (b) Find the distance OA.
(6)
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3.

Figure 2

 Two particles P and Q, of mass m and 2m respectively, are attached to the ends of a light 
inextensible string of length 6l.  The string passes through a small smooth fixed ring at the 
point A.  The particle Q is hanging freely at a distance l vertically below A.  The particle P 
is moving in a horizontal circle with constant angular speed ".  The centre O of the circle 
is vertically below A.  The particle Q does not move and AP makes a constant angle # with 
the downward vertical, as shown in Figure 2.

 Show that

 (i) # = 60!

 (ii) " = ! 2
5
g
l

⎛
⎝⎜

⎞
⎠⎟

(8)
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Question 3 continued
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4. A particle P of mass 2 kg is attached to one end of a light elastic string of natural length 
1.2 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 2
5

.  The particle is held at 

 rest at a point B on the plane, where OB = 1.5 m.  When P is at B, the tension in the string 
is 20 N.  The particle is released from rest.

 (a) Find the speed of P when OP = 1.2 m.
(7)

 The particle comes to rest at the point C.

 (b) Find the distance BC.
(2)
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Question 4 continued
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5.

Figure 3

 The shaded region R is bounded by the curve with equation y = (x + 1)2, the x-axis, the 
y-axis and the line with equation x = 2, as shown in Figure 3.  The region R is rotated 
through 2$%radians about the x-axis to form a uniform solid S.

 (a) Use algebraic integration to find the x coordinate of the centre of mass of S.
(8)

Figure 4

 A uniform solid hemisphere is fixed to S to form a solid T.  The hemisphere has the same 
radius as the smaller plane face of S and its plane face coincides with the smaller plane 
face of S, as shown in Figure 4.  The mass per unit volume of the hemisphere is 10 times 
the mass per unit volume of S.  The centre of the circular plane face of T is A.  All lengths 
are measured in centimetres.

 (b) Find the distance of the centre of mass of T from A.
(5)
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Question 5 continued
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6.

Figure 5

 The points A and B are 3.75 m apart on a smooth horizontal floor.  A particle P has mass 
0.8 kg.  One end of a light elastic spring, of natural length 1.5 m and modulus of elasticity 
24 N, is attached to P and the other end is attached to A.  The ends of another light elastic 
spring, of natural length 0.75 m and modulus of elasticity 18 N, are attached to P and B.  
The particle P rests in equilibrium at the point O, where AOB is a straight line, as shown 
in Figure 5.

 (a) Show that AO = 2.4 m.
(4)

 The point C lies on the straight line AOB between O and B.  The particle P is held at C 
and released from rest.

 (b) Show that P moves with simple harmonic motion.
(5)

 The maximum speed of P is !2 m s–1.

 (c) Find the time taken by P to travel 0.3 m from C.
(5)
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Question 6 continued
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7. 

Figure 6

 A particle P of mass 5m is attached to one end of a light inextensible string of length a.  
The other end of the string is attached to a fixed point O.  The particle is held at the point 
A, where OA = a and OA is horizontal, as shown in Figure 6.  The particle is projected

 vertically downwards with speed ! 9
5
ag⎛

⎝⎜
⎞
⎠⎟ .  When the string makes an angle # with the 

 downward vertical through O and the string is still taut, the tension in the string is T. 

 (a) Show that T = 3mg (5cos# + 3).
(6)

 At the instant when the particle reaches the point B the string becomes slack.

 (b) Find the speed of P at B.
(3)

 At time t = 0, P is at B.

 At time t, before the string becomes taut once more, the coordinates of P are (x, y) referred 
to horizontal and vertical axes with origin O.  The x-axis is directed along OA produced 
and the y-axis is vertically upward.  

 (c) Find

  (i) x in terms of t, a and g,

  (ii) y in terms of t, a and g.
(7)
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Question 7 continued
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