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Figure 1 shows a speed-time graph for a model of the motion of a train moving in a 
straight line between two stations A and B.  

In the model 

• the train starts from rest at A and moves with constant acceleration until its 
speed is 30 1m s−  

• the train then moves with constant speed 30 1m s−  for 600 seconds 
• the train then moves with constant deceleration, coming to rest at B 
• the magnitude of the acceleration is four times the magnitude of the 

deceleration 

The distance between the stations is 27 km. 

Find the time, in seconds, for which the train is accelerating. 

(4) 

(Total for Question 1 is 4 marks) 
_____________________________________________________________________ 
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2.    

 

Figure 2 

Figure 2 shows an arrow fired from a point A. The arrow initially moves at an angle 
α to the horizontal. It hits a target at the point B which is at the same vertical height 
as A. The motion of the arrow is modelled as a particle moving freely under gravity.  

In this question, use 210 m sg −= . 

The initial speed of the arrow is 40 1ms− and the distance AB = 80 m. 

(a) Show that 1sin(2 )
2

α =  

(8) 
 

(b) Find the greatest possible height  of the arrow above the level of A. 
(3) 

 
(Total for Question 2 is 11 marks) 

_____________________________________________________________________ 
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3. A firework is launched vertically upwards from ground level with speed U -1ms .  

It reaches a height H m and then falls vertically, hitting the ground T seconds after its 
launch. 

Model the firework as a particle moving freely under gravity, 

The displacement of the firework is measured from ground level. 

(a) Sketch the displacement - time graph for the T seconds that the firework is in the 
air. Your graph should indicate the height H and the time T. 

(2) 

(b) Sketch the velocity - time graph for the T seconds that the firework is in the air. 

Your graph should indicate the initial velocity, the velocity at time 1
2

T and the 

velocity at time T. 

 

(2) 

(Total for Question 3 is 4 marks) 
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Figure 3 

Figure 3 shows a particle on a horizontal plane in equilibrium under the action of 
three horizontal forces of magnitudes 10 N, 20 N and P N. 

The angle between the directions of the 10 N and 20 N forces is 120o. 

The angle between the directions of the 10 N and P N forces is (60 )θ+ ° . 

(a) Show that 3tan
3

θ° =  

(6)
 

(b) Find the exact value of P  
(2) 

 
(Total for Question 4 is 8 marks) 

_____________________________________________________________________ 
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5. 

 

 

 

 

 

 

 

 

Figure 4 shows a uniform rod AB of length 4 m and mass M kg. The rod is resting in 
limiting equilibrium against a small smooth fixed horizontal peg. The point C of the 
rod is in contact with the peg and the end A is on rough horizontal ground. The rod 
lies in a vertical plane which is perpendicular to the peg. 

 The rod is inclined to the horizontal at an angle of 30o and AC = 3.5 m 

Show that the coefficient of friction between the rod and the ground is 3
4

 

(8) 
 

(Total for Question 5 is 8 marks) 
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6. 

 

 

 

 

 

 

 

 

 

Figure 5 

Figure 5 shows a particle A of mass 2 kg at rest on a rough inclined plane. The particle 
A is attached to one end of a light inextensible string. A particle B of mass 5 kg is 
attached to the other end of the string. The string passes over a small smooth pulley P 
which is fixed at the top of the plane.  

The plane is inclined at an angle α  to the horizontal, where tan 5
12

α =  

The coefficient of friction between A and the plane is 1

4
.  

The system is held at rest with B hanging vertically below P. The portion of the string 
between A and P lies along a line of greatest slope of the inclined plane and A, P and 
B all lie in the same vertical plane. 

The system is released from rest with the string taut and B begins to move 
downwards. 

Find  

(a) the acceleration of A, giving your answer in terms of g, 

(7) 

(b) the tension in the string. 

(1) 

(Total for Question 6 is 8 marks) 
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7. At time t seconds, a particle P has velocity v -1ms , where 

v = (1 6 )t t+ −i j  

(a) Find the time when P is moving in the direction of (i – j). 

(4) 

At time t seconds, the position vector of P relative to an origin O is r m. 

 When t = 0, 4= r j  

(b) Find an expression for r in terms of t, giving your answer in terms of i and j. 

(3) 

(Total for Question 7 is 7 marks) 
_____________________________________________________________________ 

 
 

TOTAL FOR PAPER:  50 MARKS 
 

 

 

 
 
 


