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1. A particle P of mass 0.5 kg moves along the positive x-axis under the action of a single
force of magnitude F newtons.  The force acts along the x-axis in the direction of x
increasing.  When P is x metres from the origin O, it is moving away from O with

speed 8 4
3
2 1x −( ) −ms .

Find F when P is 4 m from O.
(5)
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2. A particle P of mass m is attached to one end of a light elastic spring, of natural length l 
and modulus of elasticity 2mg.  The other end of the spring is attached to a fixed point A 
on a rough horizontal plane.  The particle is held at rest on the plane at a point B, where

 AB = 1
2

 l , and released from rest.  The coefficient of friction between P and the plane 

 is 1
4

 Find the distance of P from B when P first comes to rest.
(9)
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3. A light rod AB of length 2a has a particle P of mass m attached to B.  The rod is rotating 
in a vertical plane about a fixed smooth horizontal axis through A.  Given that the greatest 

 tension in the rod is 9
8
mg , find, to the nearest degree, the angle between the rod and the 

 downward vertical when the speed of P is ag
20

⎛
⎝⎜

⎞
⎠⎟

.

(8)
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4. 

Figure 1

 Figure 1 shows a sketch of the region R bounded by the curve with equation y = e–x, the 
line x = 1, the x-axis and the y-axis.  A uniform solid S is formed by rotating R through  
2  radians about the x-axis.

 (a) Show that the volume of S is 
2
π

 (1 – e–2).
(3)

 (b) Find, in terms of e, the distance of the centre of mass of S from O.
(7)
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Question 4 continued
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5. A solid S consists of a uniform solid hemisphere of radius r and a uniform solid circular 
cylinder of radius r and height 3r.  The circular face of the hemisphere is joined to one of 
the circular faces of the cylinder, so that the centres of the two faces coincide.  The other 
circular face of the cylinder has centre O.  The mass per unit volume of the hemisphere is 
3k and the mass per unit volume of the cylinder is k.

 (a) Show that the distance of the centre of mass of S from O is 9
4
r

(5)

Figure 2

 The solid S is held in equilibrium by a horizontal force of magnitude P.  The circular 
face of S has one point in contact with a fixed rough horizontal plane and is inclined at 
an angle  to the horizontal.  The force acts through the highest point of the circular face 
of S and in the vertical plane through the axis of the cylinder, as shown in Figure 2.  The 
coefficient of friction between S and the plane is μ.  Given that S is on the point of slipping 
along the plane in the same direction as P,

 (b) show that μ = 1
8

(9 – 4 cot ).
(7)
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Question 5 continued
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6.

Figure 3

 A light inextensible string of length 14a has its ends attached to two fixed points A and B, 
where A is vertically above B and AB = 10a.  A particle of mass m is attached to the string 
at the point P, where AP = 8a.  The particle moves in a horizontal circle with constant 
angular speed  and with both parts of the string taut, as shown in Figure 3.

 (a) Show that angle APB = 90°.
(2)

 (b) Show that the time for the particle to make one complete revolution is less than 

  2 32
5
a
g

⎛
⎝⎜

⎞
⎠⎟

.
(13)
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Question 6 continued
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7. 

Figure 4

 A smooth hollow narrow tube of length l has one open end and one closed end.  The tube 
is fixed in a vertical position with the closed end at the bottom.  A light elastic spring has 
natural length l and modulus of elasticity 8mg.  The spring is inside the tube and has one 
end attached to a fixed point O on the closed end of the tube.  The other end of the spring 
is attached to a particle P of mass m.  The particle rests in equilibrium at a distance e below 
the top of the tube, as shown in Figure 4.

 (a) Find e in terms of l.
(2)

 The particle P is now held inside the tube at a distance 1
2

l below the top of the tube and

 released from rest at time t = 0

 (b) Prove that P moves with simple harmonic motion of period 2  l
g8

⎛
⎝⎜

⎞
⎠⎟

.
(6)

 The particle P passes through the open top of the tube with speed u.

 (c) Find u in terms of g and l.
(4)

 (d) Find the time taken for P to first attain a speed of 9
32
gl⎛

⎝⎜
⎞
⎠⎟

.
(4)
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Question 7 continued
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Question 7 continued
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