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Particles P and Q have masses 5 kg and 8 kg respectively. 

They are connected by a light inextensible string passing over a small smooth fixed pulley. 

Initially, both particles hang freely at rest, with the string taut and the hanging parts of the string vertical.

The system is released and particle Q moves downwards. Air resistance may be ignored.

(a) Find the magnitude of the acceleration of particle Q as it descends. 

(b) Find the tension in the string. 

(c) State how the assumption that the pulley is smooth has been used.
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(3)

(3)

(1)

(Total for Question 1 is 7 marks)

P (5 kg)

Q (8 kg)
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A particle P of mass 5 kg rests on a smooth horizontal table. P is attached to one end of a light 

inextensible string which passes over a small smooth pulley fixed at the edge of the table.

The other end of the string is attached to a particle Q of mass 2 kg, which hangs freely below the pulley.

Initially, the particles are at rest with the string taut and the hanging parts of the string vertical.

The system is released from rest and Q moves downwards.

Air resistance is modelled as negligible.

(a) Find the magnitude of the acceleration of the particles. 

(b) Find the tension in the string. 

The model is refined so that the table is now considered rough.

(c) State whether the magnitude of the acceleration of the particles would be greater than, less than or 

     equal to your answer in part (a). Give a reason for your answer.

P (5 kg)

Q (2 kg)

(4)

(2)

(2)

(Total for Question 2 is 8 marks)
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Particles A and B, of masses 5 kg and 9 kg respectively, are connected by a light inextensible string over 

a small smooth fixed pulley. 

Initially, both particles hang freely at rest, with the string taut and the hanging parts of the string vertical.

Both particles hang freely and particle B is 3 m above the horizontal ground. 

The system is released and B moves downwards. 

In the subsequent motion, particle B hits the ground before particle A hits the pulley. 

Air resistance is modelled as being negligible.

(a) Find the magnitude of the acceleration of particle B and the tension in the string. 

(b) Find the speed of particle B at the instant when it hits the ground.

(c) State how the assumption that the string is inextensible has been used.
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(3)

(1)

(Total for Question 3 is 10 marks)

A (5 kg)

B (9 kg)

3 m

http://www.1stclassmaths.com/


www.1stclassmaths.com Solutions

4

@1stclassmaths

© 2026 1stclassmaths

4

A particle P of mass 6 kg rests on a rough horizontal table and is connected to a particle Q of mass 3 kg 

by a light inextensible string passing over a small smooth pulley fixed at the edge of the table.

Initially, P is 4 m from the pulley and Q hangs freely at a height of 2.7 m above horizontal ground.

The system is released from rest with the string taut. 

Particle Q moves downwards and reaches the ground before P reaches the pulley.

The resistance to the motion of P is modelled as a constant force of magnitude 6.9 N. 

Air resistance is modelled as negligible.

(a) Find the magnitude of the acceleration of the particles and the tension in the string. 

(b) Find the speed of Q at the instant when it hits the ground. 

P (6 kg)

Q (3 kg)

(6)

(3)

2.7 m

4 m

(Total for Question 4 is 9 marks)
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Two particles P and Q of masses m kg and 5 kg respectively, where m > 5, are connected by a light 

inextensible string passing over a small smooth fixed pulley.

Initially, both particles hang freely at rest, with the string taut and the hanging parts of the string vertical.

The system is released from rest and P descends with acceleration 4.2 ms–2.

Air resistance is modelled as being negligible.

(a) Find the tension in the string.

(b) Find the value of m.

(c) Find the magnitude of the force exerted on the pulley by the string as P falls. 

(3)

(3)

(2)

P (m kg)

Q (5 kg)

(Total for Question 5 is 8 marks)

http://www.1stclassmaths.com/


www.1stclassmaths.com Solutions

6

@1stclassmaths

© 2026 1stclassmaths

6

A (8m)

B (3m)

Particles A and B, of masses 8m and 3m respectively, are connected by a light inextensible string over a 

small smooth fixed pulley. 

Initially, both particles hang freely at rest, with the string taut and the hanging parts of the string vertical.

The system is released and A moves downwards with air resistance modelled as being negligible.

(a) Using this model, write down equations of motion for particle A and particle B.

(b) Show that the acceleration of particle A as it moves downwards has magnitude        

(c) Find, in terms of m and g, the tension in the string.

The model is refined to include air resistance and a new value for the acceleration of A is calculated.

(d) State how the new value of the acceleration of particle A would compare to       

     Give a reason for your answer.

5g

11

5g
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(4)

(2)

(2)

(2)

(Total for Question 6 is 10 marks)
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P (6 kg)

Q (14 kg)

6 m

Particles P and Q, of masses 6 kg and 14 kg respectively, are connected by a light inextensible string 

passing over a small smooth fixed pulley.

Initially, both particles hang freely at rest, with the string taut and the hanging parts of the string vertical.

Particle Q is initially 6 m above horizontal ground.

When t = 0, the system is released and particle Q moves downwards reaching the ground before particle 

P reaches the pulley. Air resistance is modelled as being negligible.

(a) Find the magnitude of the acceleration of the particles.

(b) Find the tension in the string. 

(c) Find the value of t when particle Q reaches the ground. 

(3)

(3)

(3)

(Total for Question 7 is 9 marks)
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A particle P of mass 9 kg rests on a smooth horizontal table and is connected to a particle Q of mass 

m kg by a light inextensible string passing over a small smooth pulley fixed at the edge of the table.

Particle Q hangs freely below the pulley at a height of 4.5 m above horizontal ground.

Initially, the particles are at rest with the string taut and the hanging part of the string vertical.

The system is released from rest and Q accelerates vertically downwards at 2.8 ms–2

In the subsequent motion, particle Q reaches the ground before particle P reaches the pulley.

Air resistance is modelled as negligible.

(a) Find the tension in the string. 

(b) Find the value of m. 

(c) Find the time taken for particle Q to reach the ground.

(2)

(3)

(3)

P (9 kg)

Q (m kg)

4.5 m

(Total for Question 8 is 8 marks)
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A (9 kg)

B (6 kg)

4.5 m

5.6 m

Particles A and B, of masses 9 kg and 6 kg respectively, are connected by a light inextensible string 

passing over a small smooth fixed pulley.

Initially, both particles hang freely at rest, with the string taut and the hanging parts of the string vertical.

Particle A is initially 4.5 m above horizontal ground, and particle B is 5.6 m vertically below the pulley.

The system is released and A moves downwards with air resistance modelled as being negligible.

Particle A reaches the ground before particle B reaches the pulley. 

When particle A reaches the ground, it remains at rest and the string becomes slack.

(a) Find the magnitude of the acceleration of the particles whilst particle A descends. 

(b) Find the tension in the string whilst particle A descends.

(c) Find the speed of particle B at the instant A reaches the ground. 

(d) Determine whether particle B reaches the pulley. You must show your working. 

(3)

(3)

(2)

(4)

(Total for Question 9 is 12 marks)
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Two particles P and Q, of masses 3 kg and m kg respectively, where m > 3, are connected by a light 

inextensible string passing over a small smooth fixed pulley.

Initially, both particles hang freely at rest, with the string taut and the hanging parts of the string vertical.

The system is released and Q moves downwards with air resistance modelled as being negligible.

(a) Show that the magnitude of the acceleration of the particles is                

(b) Find, in terms of m and g, the tension in the string.

Given that the magnitude of the acceleration of the particles is less than 2.45 ms–2,

(c) Find the range of possible values of m. 

(m – 3)g

m + 3

P (3 kg)

Q (m kg)
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(4)

(4)

(4)

(Total for Question 10 is 12 marks)
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A particle P of mass 12 kg rests on a smooth horizontal table and is connected to a particle Q of mass 

4 kg by a light inextensible string passing over a small smooth pulley fixed at the edge of the table.

Initially, P is 5.3 m from the pulley and Q hangs freely at a height of 2.5 m above horizontal ground.

The system is released from rest with the string taut. 

Particle Q moves downwards, reaching the ground before P reaches the pulley.

Air resistance is modelled as negligible.

(a) Find the magnitude of the acceleration of the particles and the tension in the string. 

(b) Find the speed of Q immediately before it reaches the ground. 

Particle Q hits the ground and does not rebound. 

The string becomes slack and P continues moving towards the pulley.

(c) State the magnitude of the acceleration of P while the string is slack. 

(d) Find the time taken for P to reach the pulley from the instant Q hits the ground. 

(6)

(3)

(1)

(3)

P (12 kg)

Q (4 kg)

2.5 m

5.3 m

(Total for Question 11 is 13 marks)
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A particle P of mass 9 kg rests on a rough horizontal table and is connected to a particle Q of mass 

m kg by a light inextensible string passing over a small smooth pulley fixed at the edge of the table.

Initially, P is 7 m from the pulley and Q hangs freely at a height of 6 m above horizontal ground. 

The particles are at rest with the string taut.

The system is released from rest and Q accelerates vertically downwards at 2.8 ms–2 

The tension in the string is 42 N

The resistance to the motion of P is modelled as a constant force of magnitude R newtons. 

Air resistance is modelled as negligible.

(a) Find the value of m. 

(b) Find the value of R. 

The string suddenly breaks 1.5 seconds after the particles are released.

(c) Find the speed of Q at the instant the string breaks. 

(d) Find the time taken for Q to reach the ground after the string breaks.

(e) Determine whether P reaches the pulley before coming to rest.

(3)

(3)

(2)

(5)

(4)

P (9 kg)

Q (m kg)

6 m

7 m
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(Total for Question 12 is 17 marks)
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