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1. A particle P moves on the x-axis. The acceleration of P, in the positive x direction at time  
t seconds, is (2t – 3) m s–2. The velocity of P, in the positive x direction at time t seconds, is  
v m s–1. When t = 0, v = 2. 
 
(a) Find v in terms of t. 

(4) 
 
The particle is instantaneously at rest at times t1 seconds and t2 seconds, where t1 < t2. 
 
(b) Find the values t1 and t2. 

(3) 

(c) Find the distance travelled by P between t = t1 and t = t2. 
(4) 

 
 

2. A trailer of mass 250 kg is towed by a car of mass 1000 kg. The car and the trailer are 

travelling down a straight road inclined at an angle θ to the horizontal, where sin θ = 1
20

. 

 
The resistance to motion of the car is modelled as a single force of magnitude 300 N acting 
parallel to the road. The resistance to motion of the trailer is modelled as a single force of 
magnitude 100 N acting parallel to the road. The towbar joining the car to the trailer is 
modelled as a light rod which is parallel to the direction of motion. At a given instant the car 
and the trailer are moving down the road with speed 25 m s–1 and acceleration 0.2 m s–2. 
 
(a) Find the power being developed by the car’s engine at this instant. 

(6) 

(b) Find the tension in the towbar at this instant. 
(4) 
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3.   

 
Figure 1 

 
A uniform rod AB of weight W is freely hinged at end A to a vertical wall. The rod is 
supported in equilibrium at an angle of 60° to the wall by a light rigid strut CD. The strut is 
freely hinged to the rod at the point D and to the wall at the point C, which is vertically below 
A, as shown in Figure 1. The rod and the strut lie in the same vertical plane, which is 
perpendicular to the wall. The length of the rod is 4a and AC = AD = 2.5a. 
 

(a) Show that the magnitude of the thrust in the strut is 4 3
5

W√ . 

(3) 

(b) Find the magnitude of the force acting on the rod at A. 
(6) 
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4.  

 
Figure 2 

 
The uniform square lamina ABCD shown in Figure 2 has sides of length 4a. The points E and 
F, on DA and DC respectively, are both at a distance 3a from D. 
 
The portion DEF of the lamina is folded through 180° about EF to form the folded lamina 
ABCFE shown in Figure 3 below. 
 

 
Figure 3 

 

(a) Show that the distance from AB of the centre of mass of the folded lamina is 55
32

a . 

(6) 
 
The folded lamina is freely suspended from E and hangs in equilibrium. 
 
(b) Find the size of the angle between ED and the downward vertical. 

(4) 
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5. A particle of mass 0.5 kg is moving on a smooth horizontal surface with velocity 12i m s–1 
when it receives an impulse K(i + j) N s, where K is a positive constant. Immediately after 
receiving the impulse the particle is moving with speed 15 m s–1 in a direction which makes 
an acute angle θ with the vector i. 
 
Find 
 
(i) the value of K, 
 
(ii) the size of angle θ. 

(7) 

 
 

6. Three particles P, Q and R have masses 3m, km and 7.5m respectively. The three particles lie 
at rest in a straight line on a smooth horizontal table with Q between P and R. Particle P is 
projected towards Q with speed u and collides directly with Q. The coefficient of restitution 

between P and Q is 1
9

. 

 

(a) Show that the speed of Q immediately after the collision is 
( )
10

3 3
u

k+
. 

(6) 

(b) Find the range of values of k for which the direction of motion of P is reversed as a result 
of the collision. 

(3) 
 
Following the collision between P and Q there is a collision between Q and R. Given that  
k = 7 and that Q is brought to rest by the collision with R, 
 
(c) find the total kinetic energy lost in the collision between Q and R. 

(5) 
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7. A particle P is projected from a fixed point A with speed 4 m s–1 at an angle α above the 
horizontal and moves freely under gravity. When P passes through the point B on its path, it 
has speed 7 m s–1. 
 
(a) By considering energy, find the vertical distance between A and B. 

(4) 
 
The minimum speed of P on its path from A to B is 2.5 m s–1. 
 
(b) Find the size of angle α. 

(3) 

(c) Find the horizontal distance between A and B. 
(7) 
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