
Need more help with this topic? Go to ALevelMathsRevision.com for video tutorials and more! 
  

Subscribe To The Ultimate Study Tool For A-Level 
Maths At ALevelMathsRevision.com/UST  

Connected Particles Yr 1 (Sheet 2) 

 
 

Q1. 

  

 

A small ball, P, of mass 0.8 kg, is held at rest on a smooth horizontal table and is attached  

to one end of a thin rope. 

The rope passes over a pulley that is fixed at the edge of the table. 

The other end of the rope is attached to another small ball, Q, of mass 0.6 kg, that hangs  

freely below the pulley. 

Ball P is released from rest, with the rope taut, with P at a distance of 1.5 m from the  

pulley and with Q at a height of 0.4 m above the horizontal floor, as shown in Figure 1. 

Ball Q descends, hits the floor and does not rebound. 

The balls are modelled as particles, the rope as a light and inextensible string and the pulley  

as small and smooth. 

Using this model, 

(a)  show that the acceleration of Q, as it falls, is 4.2 m s–2 

(5) 

(b)  find the time taken by P to hit the pulley from the instant when P is released. 

(6) 

(c)  State one limitation of the model that will affect the accuracy of your answer to part (a). 

(1) 

  

(Total for question = 12 marks) 
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Q2. 

  

 

A ball P of mass 2m is attached to one end of a string. 

The other end of the string is attached to a ball Q of mass 5m. 

The string passes over a fixed pulley. 

The system is held at rest with the balls hanging freely and the string taut. 

The hanging parts of the string are vertical with P at a height 2h above horizontal ground and with Q at a height h 

above the ground, as shown in Figure 1. 

The system is released from rest. 

In the subsequent motion, Q does not rebound when it hits the ground and P does not hit the pulley. 

The balls are modelled as particles. 

The string is modelled as being light and inextensible. 

The pulley is modelled as being small and smooth. 

Air resistance is modelled as being negligible. 

Using this model, 

(a)  (i)  write down an equation of motion for P, 

(ii)  write down an equation of motion for Q, 

(4) 

(b)  find, in terms of h only, the height above the ground at which P first comes to instantaneous rest. 

(7) 

(c)  State one limitation of modelling the balls as particles that could affect your answer to part (b). 

(1) 

In reality, the string will not be inextensible. 

(d)  State how this would affect the accelerations of the particles. 

(1) 

  

(Total for question = 13 marks) 
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 Q3. 

 

Figure 4 

Two particles A and B have masses 5m and km respectively, where k < 5. The 

particles are connected by a light inextensible string which passes over a 

smooth light fixed pulley. The system is held at rest with the string taut, the 

hanging parts of the string vertical and with A and B at the same height above a 

horizontal plane, as shown in Figure 4. The system is released from rest. After 

release, A descends with acceleration g. 

(a) Show that the tension in the string as A descends is mg. 

(3) 

(b) Find the value of k. 

(3) 

(c) State how you have used the information that the pulley is smooth. 

(1) 

After descending for 1.2 s, the particle A reaches the plane. It is immediately brought to rest by the impact with the 

plane. The initial distance between B and the pulley is such that, in the subsequent motion, B does not reach the pulley. 

(d) Find the greatest height reached by B above the plane. 

(7) 

  

(Total 14 marks) 

Q4. 

  

 

A vertical light rod PQ has a particle of mass 0.5kg attached to it at P and a particle of mass 0.75kg 

attached to it at Q, to form a system, as shown in Figure 2. The system is accelerated vertically upwards 

by a vertical force of magnitude 15N applied to the particle at Q. Find the thrust in the rod. 

(6) 

  

(Total for question = 6 marks) 

 Q5. 

  

 

A vertical rope AB has its end B attached to the top of a scale pan. The scale pan has mass 0.5 kg and carries a brick of 

mass 1.5 kg, as shown in Figure 1. The scale pan is raised vertically upwards with constant acceleration 0.5 m s–2 

using the rope AB. The rope is modelled as a light inextensible string. 

(a)  Find the tension in the rope AB. 

(3) 

(b)  Find the magnitude of the force exerted on the scale pan by the brick. 

(3) 

  

(Total for question = 6 marks) 
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Q6. 

  

 

Figure 5 

Three particles A, B and C have masses 3m, 2m and 2m respectively. Particle C is attached to particle B. Particles A 

and B are connected by a light inextensible string which passes over a smooth light fixed pulley. The system is held at 

rest with the string taut and the hanging parts of the string vertical, as shown in Figure 5. The system is released from 

rest and A moves upwards. 

(a) (i) Show that the acceleration of A is g⁄7 

(ii) Find the tension in the string as A ascends. 

(7) 

At the instant when A is 0.7 m above its original position, C separates from B and falls away. In the subsequent 

motion, A does not reach the pulley. 

(b) Find the speed of A at the instant when it is 0.7 m above its original position. 

(2) 

(c) Find the acceleration of A at the instant after C separates from B. 

(4) 

(d) Find the greatest height reached by A above its original position. 

(3) 

(Total 16 marks) 

 

Q7.  

 

A lift of mass 200 kg is being lowered into a mineshaft by a vertical cable attached  

to the top of the lift. A crate of mass 55 kg is on the floor inside the lift, as shown in  

Figure 2. The lift descends vertically with constant acceleration. There is a constant  

upwards resistance of magnitude 150 N on the lift. The crate experiences a constant  

normal reaction of magnitude 473 N from the floor of the lift. 

(a)  Find the acceleration of the lift. 

(3) 

(b)  Find the magnitude of the force exerted on the lift by the cable. 

(4) 

   

(Total for question = 7 marks) 
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Q8. 

  

A car of mass 1000 kg is towing a caravan of mass 750 kg along a straight horizontal road. The caravan is connected 

to the car by a tow-bar which is parallel to the direction of motion of the car and the caravan. The tow-bar is modelled 

as a light rod. The engine of the car provides a constant driving force of 3200 N. The resistances to the motion of the 

car and the caravan are modelled as constant forces of magnitude 800 newtons and R newtons respectively. 

Given that the acceleration of the car and the caravan is 0.88 m s−2, 

(a) show that R = 860, 

(3) 

(b) find the tension in the tow-bar. 

(3) 

 (Total 6 marks) 

Q9. 

 

Two particles P and Q have mass 0.5 kg and m kg respectively, where m < 0.5. 

The particles are connected by a light inextensible string which passes over a 

smooth, fixed pulley. Initially P is 3.15 m above horizontal ground. The particles 

are released from rest with the string taut and the hanging parts of the string 

vertical, as shown in Figure 4. After P has been descending for 1.5 s, it strikes the 

ground. Particle P reaches the ground before Q has reached the pulley. 

(a)  Show that the acceleration of P as it descends is 2.8 m s–2. 

(3) 

(b)  Find the tension in the string as P descends. 

(3) 

(c)  Show that m =  

(4) 

(d)  State how you have used the information that the string is inextensible. 

(1) 

When P strikes the ground, P does not rebound and the string becomes slack. Particle Q then moves freely under 

gravity, without reaching the pulley, until the string becomes taut again. 

(e)  Find the time between the instant when P strikes the ground and the instant when the string becomes taut again. 

(6) 

  

(Total 17 marks) 
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Q10. 

 

Two particles A and B have mass 0.4 kg and 0.3 kg respectively. The particles are attached to 

the ends of a light inextensible string. The string passes over a small smooth pulley which is 

fixed above a horizontal floor. Both particles are held, with the string taut, at a height of 1m 

above the floor, as shown in Figure 3. The particles are released from rest and in the 

subsequent motion B does not reach the pulley. 

(a)  Find the tension in the string immediately after the particles are released. 

(6) 

(b)  Find the acceleration of A immediately after the particles are released. 

(2) 

When the particles have been moving for 0.5 s, the string breaks. 

(c)  Find the further time that elapses until B hits the floor. 

(9) 

(Total 17 marks) 

 

 

 


