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1. 
R

B

A

a

4a

Figure 1

 A uniform rod AB has mass m and length 4a.  The end A of the rod is freely hinged to a

 fixed point.  One end of a light elastic string, of natural length a and modulus 1
4
mg , is

 attached to the end B of the rod.  The other end of the string is attached to a small light 
smooth ring R.  The ring can move freely on a smooth horizontal wire which is fixed at 
a height a above A, and in a vertical plane through A.  The angle between the rod and the

 horizontal is , where 0
2

πθ< < , as shown in Figure 1.  Given that the elastic string is

 vertical,

 (a) show that the potential energy of the system is

2mga(sin2 sin ) + constant
(4)

 (b) Show that when 
6

πθ =
 
the rod is in stable equilibrium.

(7)
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Question 1 continued
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Question 1 continued
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Question 1 continued
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2. A small ball B, moving on a smooth horizontal plane, collides with a fixed smooth vertical 
wall.  Immediately before the collision the angle between the direction of motion of B and

 the wall is .  The coefficient of restitution between B and the wall is 3
4

.  The kinetic

 energy of B immediately after the collision is 60% of its kinetic energy immediately before 
the collision.

 Find, in degrees, the size of angle .
(8)
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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. When a man walks due West at a constant speed of 4 km h–1, the wind appears to be 
blowing from due South.  When he runs due North at a constant speed of 8 km h–1,  the 
speed of the wind appears to be 5 km h–1.

 The velocity of the wind relative to the Earth is constant with magnitude w km h–1.

 Find the two possible values of w.
(7)
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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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4. A particle P of mass 0.5 kg moves in a horizontal straight line.  At time t seconds (t    0), 
the displacement of P from a fixed point O of the line is x metres, the speed of P is vm s–1 
and P is moving in the direction of x increasing.  A force of magnitude kx newtons acts 
on P in the direction PO.  The motion of P is also subject to a resistance of magnitude 

 newtons.

 Given that 
x = (1.5 + 10t)e–4t

 find

 (a) the value of k and the value of ,
(8)

 (b) the distance from P to O when P is instantaneously at rest.
(3)
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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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(Total 11 marks)
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5. A horizontal square field, PQRS, has sides of length 75 m.  Ali is at corner P of the field 
and Beth is at corner Q of the field.  Ali starts to walk in a straight line along the diagonal 
of the field from P to R at a constant speed of 1.5 m s–1.   Beth sees Ali start to walk, waits 
10 seconds, and then walks from Q to intercept Ali.  Beth walks in a straight line at a 
constant speed of 2 m s–1.

 Find

 (i) the time from the instant Beth leaves Q until the instant that she intercepts Ali,

 (ii) the direction Beth should take.
(11)
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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 of mass m is projected vertically upwards in a resisting medium.  As the particle 
moves upwards, the speed v of the particle is given by

v kg
x
k2 25 4= −

⎛
⎝⎜

⎞
⎠⎟

−
e

 where x is the distance of the particle above the point of projection and k is a positive 
constant.

 (a) Show that the magnitude of the resistance to the motion of the particle is mv
k

2

4
.

(4)

 (b) Find, in terms of k, the greatest height reached by the particle above the point of 
projection.

(3)

 (c) Show that the time taken by the particle to reach its greatest height above the point of

  projection is 4 1

2

k
g
arctan

⎛
⎝⎜

⎞
⎠⎟ (7)
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Question 6 continued
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Question 6 continued
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Question 6 continued
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7. Two smooth uniform spheres A and B, of mass 2 kg and 3 kg respectively, and of equal 
radius, are moving on a smooth horizontal plane when they collide.

 Immediately before the collision the velocity of A is (3i + j) m s–1 and the velocity of B is 
(–i + 2j) m s–1.  Immediately after the collision the velocity of A is (i + 3j) m s–1.

 (a) Show that, at the instant when A and B collide, their line of centres is parallel 
to – i + j.

(4)

 (b) Find the velocity of B immediately after the collision.
(3)

 (c) Find the coefficient of restitution between A and B.
(6)
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Question 7 continued
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Question 7 continued
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