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1. A car is moving along a straight horizontal road with constant acceleration
a m s–2 (a > 0).  At time t = 0 the car passes the point P moving with speed u m s–1.   
In the next 4 s, the car travels 76 m and then in the following 6 s it travels a further 219 m.

Find

(i) the value of u,

(ii) the value of a.
(7)
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2. Two particles P and Q are moving in opposite directions along the same horizontal straight 
line. Particle P has mass m and particle Q has mass km. The particles collide directly. 
Immediately before the collision, the speed of P is u and the speed of Q is 2u. As a result 
of the collision, the direction of motion of each particle is reversed and the speed of each 
particle is halved.

 (a) Find the value of k.
(4)

 (b) Find, in terms of m and u only, the magnitude of the impulse exerted on Q by P in the 
collision.

(2)
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3. A block A of mass 9 kg is released from rest from a point P which is a height h metres 
above horizontal soft ground.  The block falls and strikes another block B of mass 1.5 kg 
which is on the ground vertically below P.  The speed of A immediately before it strikes 
B is 7 m s–1.  The blocks are modelled as particles.

 (a) Find the value of h.
(2)

 Immediately after the impact the blocks move downwards together with the same speed 
and both come to rest after sinking a vertical distance of 12 cm into the ground.  Assuming 
that the resistance offered by the ground has constant magnitude R newtons,

 (b) find the value of R.
(8)
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Question 3 continued
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4.

Figure 1

 A diving board AB consists of a wooden plank of length 4m and mass 30kg.  The plank  
is held at rest in a horizontal position by two supports at the points A and C, where  
AC = 0.6 m, as shown in Figure 1.  The force on the plank at A acts vertically downwards 
and the force on the plank at C acts vertically upwards.

 A diver of mass 50 kg is standing on the board at the end B.  The diver is modelled as a 
particle and the plank is modelled as a uniform rod.  The plank is in equilibrium.

 (a) Find

  (i) the magnitude of the force acting on the plank at A,

  (ii) the magnitude of the force acting on the plank at C.
(6)

 The support at A will break if subjected to a force whose magnitude is greater than 5000 N. 

 (b) Find, in kg, the greatest integer mass of a diver who can stand on the board at B 
without breaking the support at A.

(3)

 (c) Explain how you have used the fact that the diver is modelled as a particle.
(1)
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Question 4 continued
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5. Two forces, F1 and F2, act on a particle A. 

 F1 = (2i – 3j) N and F2 = (pi + qj) N, where p and q are constants.

 Given that the resultant of F1 and F2 is parallel to (i + 2j),

 (a) show that 2p – q + 7 = 0
(5)

 Given that q = 11 and that the mass of A is 2 kg, and that F1 and F2 are the only forces 
acting on A,

 (b) find the magnitude of the acceleration of A.
(5)
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6. 

Figure 2

 Two cars, A and B, move on parallel straight horizontal tracks.  Initially A and B are 
both at rest with A at the point P and B at the point Q, as shown in Figure 2.  At time  
t = 0 seconds, A starts to move with constant acceleration a m s–2 for 3.5 s, reaching a 
speed of 14 m s–1.  Car A then moves with constant speed 14 m s–1.

 (a) Find the value of a.
(2)

 Car B also starts to move at time t = 0 seconds, in the same direction as car A.  Car B 
moves with a constant acceleration of 3 m s–2.  At time t = T seconds, B overtakes A.  At 
this instant A is moving with constant speed.

 (b) On a diagram, sketch, on the same axes, a speed-time graph for the motion of A  
for the interval 0  t  T and a speed-time graph for the motion of B for the interval 
0  t  T.

(3)

 (c) Find the value of T.
(8)

 (d) Find the distance of car B from the point Q when B overtakes A.
(1)

 (e) On a new diagram, sketch, on the same axes, an acceleration-time graph for the 
motion of A for the interval 0  t  T and an acceleration-time graph for the motion 
of B for the interval 0  t  T.

(3)
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Question 6 continued
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7.

Figure 3

 A particle P of mass 4 kg is attached to one end of a light inextensible string.  A particle 
Q of mass m kg is attached to the other end of the string.  The string passes over a 
small smooth pulley which is fixed at a point on the intersection of two fixed inclined 
planes.  The string lies in a vertical plane that contains a line of greatest slope of each of  
the two inclined planes.  The first plane is inclined to the horizontal at an angle , where  

 tan  = 
3
4

 and the second plane is inclined to the horizontal at an angle , where  

 tan  = 
4
3

.  Particle P is on the first plane and particle Q is on the second plane with the

 string taut, as shown in Figure 3.

 The first plane is rough and the coefficient of friction between P and the plane is 1
4

.  The 
second plane is smooth.  The system is in limiting equilibrium.

 Given that P is on the point of slipping down the first plane,

 (a) find the value of m,
(10)

 (b) find the magnitude of the force exerted on the pulley by the string,
(4)

 (c) find the direction of the force exerted on the pulley by the string.
(1)
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Question 7 continued
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