
Circular Motion 
Questions 
 
Q1. 
  

A light inextensible string has length 8a. One end of the string is attached to a fixed  
point A and the other end of the string is attached to a fixed point B, with A vertically  
above B and AB = 4a. A small ball of mass m is attached to a point P on the string,  
where AP = 5a. 

The ball moves in a horizontal circle with constant speed v, with both AP and BP taut. 

The string will break if the tension in it exceeds  

By modelling the ball as a particle and assuming the string does not break, 

(a)  show that  

(7) 

(b)  find the least possible time needed for the ball to make one complete revolution. 

(2) 

  

(Total for question = 9 marks) 

  

 
 
Q2. 
  

A car moves round a bend which is banked at a constant angle of θ° to the horizontal. 

When the car is travelling at a constant speed of 80 km h-1 there is no sideways frictional 
force on the car. The car is modelled as a particle moving in a horizontal circle of radius 500 
m. 

(a)  Find the value of θ. 

(7) 

(b)  Identify one limitation of this model. 

(1) 

The speed of the car is increased so that it is now travelling at a constant speed of 90 km h-1 
The car is still modelled as a particle moving in a horizontal circle of radius 500 m. 

(c)  Describe the extra force that will now be acting on the car, stating the direction of this 
force. 

(1) 
(Total for question = 9 marks) 
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Q3. 
  

 

A hemispherical shell of radius a is fixed with its rim uppermost and horizontal. A small bead, 
B, is moving with constant angular speed, ω, in a horizontal circle on the smooth inner 

surface of the shell. The centre of the path of B is at a distance  vertically below the level 
of the rim of the hemisphere, as shown in Figure 1. 

Find the magnitude of ω, giving your answer in terms of a and g. 

  

(Total for question = 6 marks) 

  

 
 
Q4. 
  

 

One end of a string of length 3a is attached to a point A and the other end is attached to a  

point B on a smooth horizontal table. The point B is vertically below A with AB =  
A small smooth bead, P, of mass m is threaded on to the string. The bead P moves on the  
table in a horizontal circle, with centre B, with constant speed U. Both portions, AP and  
BP, of the string are taut, as shown in Figure 2. 

The string is modelled as being light and inextensible and the bead is modelled as a particle. 

(a)  Show that AP = 2a 

(2) 
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(b)  Find, in terms of m, U and a, the tension in the string. 

(4) 

(c)  Show that U2 < ag  

(5) 

(d)  Describe what would happen if U2 > ag  

(1) 

(e)  State briefly how the tension in the string would be affected if the string were not 
modelled as being light. 

(1) 

  

(Total for question = 13 marks) 

  

 
Q5. 

 

One end of a light inextensible string of length 2l is attached to a fixed point A. A small 
smooth ring R of mass m is threaded on the string and the other end of the string is attached 
to a fixed point B. The point B is vertically below A, with AB = l. The ring is then made to 
move with constant speed V in a horizontal circle with centre B. The string is taut and BR is 
horizontal, as shown in Figure 4. 

(a)  Show that  

(2) 

Given that air resistance is negligible, 

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

(4) 

(c)  find V in terms of g and l. 

(4) 
(Total for question = 10 marks) 
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Q6. 
  

 

Figure 1 

A hollow right circular cone, of base diameter 4a and height 4a is fixed with its axis vertical 
and vertex V downwards, as shown in Figure 1. 

A particle of mass m moves in a horizontal circle with centre C on the rough inner surface of 
the cone with constant angular speed ω. 

The height of C above V is 3a. 

The coefficient of friction between the particle and the inner surface of the cone is  

Find, in terms of a and g, the greatest possible value of ω. 

(8) 

  

(Total for question = 8 marks) 
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Q7. 
  

 

A small smooth ring P, of mass m, is threaded onto a light inextensible string of length 4a.  
One end of the string is attached to a fixed point A on a smooth horizontal table.  
The other end of the string is attached to a fixed point B which is vertically above A.  
The ring moves in a horizontal circle with centre A and radius a, as shown in Figure 2. 

The ring moves with constant angular speed  about AB. 

The string remains taut throughout the motion. 

(a)  Find, in terms of m and g, the magnitude of the normal reaction between P and the table. 

(6) 

The angular speed of P is now gradually increased. 

(b)  Find, in terms of a and g, the angular speed of P at the instant when it loses contact with 
the table. 

(3) 

(c)  Explain how you have used the fact that P is smooth. 

(1) 

  

(Total for question = 10 marks) 

  

 
 

 Ch.1 Circular Motion PhysicsAndMathsTutor.com



Q8. 
  

Unless otherwise indicated, whenever a numerical value of g is required, take g = 9.8 m s–2 
and give your answer to either 2 significant figures or 3 significant figures. 

A light inextensible string has length 7a. One end of the string is attached to a fixed point A 
and the other end of the string is attached to a fixed point B, with A vertically above B and 
AB = 5a. A particle of mass m is attached to a point P on the string where AP = 4a. The 
particle moves in a horizontal circle with constant angular speed ω, with both AP and BP 
taut. 

(a)   Show that 

(i)   the tension in AP is  (9aω2 + 5g)  

(ii)  the tension in BP is  (16aω2 – 5g).  

(10) 

The string will break if the tension in it reaches a magnitude of 4mg. 

The time for the particle to make one revolution is S. 

(b)   Show that 

 

(5) 

(c)   State how in your calculations you have used the assumption that the string is light. 

(1) 

  

(Total for question = 16 marks) 
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Q9. 
  

A cyclist is travelling around a circular track which is banked at an angle α to the horizontal, 

where tan α =  

The cyclist moves with constant speed in a horizontal circle of radius r. 

In an initial model, 

 

•  the cyclist and her cycle are modelled as a particle 

•  the track is modelled as being rough so that there is sideways friction between the tyres 

of the cycle and the track, with coefficient of friction μ, where     

Using this model, the maximum speed that the cyclist can travel around the track in a 
horizontal circle of radius r, without slipping sideways, is V. 

(a)  Show that    

(7) 

In a new simplified model, 

 

•  the cyclist and her cycle are modelled as a particle 

•  the motion is now modelled so that there is no sideways friction between the tyres of 
the cycle and the track  

Using this new model, the speed that the cyclist can travel around the track in a horizontal 
circle of radius r, without slipping sideways, is U. 

(b)  Find U in terms of r and g. 

(2) 

(c)  Show that U < V. 

(2) 

  

(Total for question = 11 marks) 
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Q10. 
  

 

A small smooth ring R of mass m is threaded onto a light inextensible string. One end of the 
string is attached to a fixed point A and the other end of the string is attached to the fixed 
point B such that B is vertically above A and AB = 6a 

The ring moves with constant angular speed ω in a horizontal circle with centre A. The string 
is taut and BR makes a constant angle θ with the downward vertical, as shown in Figure 2. 

The ring is modelled as a particle. 

Given that tanθ =  

(a)  find, in terms of m and g, the magnitude of the tension in the string, 

(3) 

(b)  find ω in terms of a and g 

(5) 

  

(Total for question = 8 marks) 
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Q11. 
  

 

Figure 2 

A particle P of mass m is attached to one end of a light inextensible string. The other end of 
the string is attached to a fixed point A. The particle moves in a horizontal circle with 

constant angular speed  rad s−1. The centre O of the circle is vertically below A and the 
string makes a constant angle θ° with the downward vertical, as shown in Figure 2. 

Given that the tension in the string is 1.2mg, find 

(i)   the value of θ 

(ii)  the length of the string. 

(8) 

  

(Total for question = 8 marks) 
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Q12. 
  

 

Figure 4 

A hollow cylinder is fixed with its axis horizontal. A particle P moves in a vertical circle, with 
centre O and radius a, on the smooth inner surface of the cylinder. The particle moves in a 
vertical plane which is perpendicular to the axis of the cylinder. The particle is projected 

vertically downwards with speed  from the point A, where OA is horizontal and OA = a. 
When angle AOP = θ, the speed of P is v, as shown in Figure 4. 

(a)   Show that v2 = ag(7 + 2sinθ) 

(4) 

(b)   Verify that P will move in a complete circle. 

(6) 

(c)   Find the maximum value of v. 

(2) 

  

(Total for question = 12 marks) 

  

 
 
Q13. 
  

A small bead B of mass m is threaded on a circular hoop. 

The hoop has centre O and radius a and is fixed in a vertical plane. 

The bead is projected with speed  from the lowest point of the hoop.  

The hoop is modelled as being smooth. 

When the angle between OB and the downward vertical is θ, the speed of B is v. 

(a)   Show that v2 = ga  

(3) 
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(b)   Find the size of θ at the instant when the contact force between B and the hoop is first 
zero. 

(5) 

(c)   Give a reason why your answer to part (b) is not likely to be the actual value of θ. 

(1) 

(d)   Find the magnitude and direction of the acceleration of B at the instant when B is first at 
instantaneous rest. 

(5) 

  

(Total for question = 14 marks) 

  

 
 
 
 
 
Q14. 
  

A particle, P, of mass m is attached to one end of a light rod of length L. The other end  
of the rod is attached to a fixed point O so that the rod is free to rotate in a vertical plane  
about O. The particle is held with the rod horizontal and is then projected vertically  
downwards with speed u. The particle first comes to instantaneous rest at the point A. 

(a)  Explain why the acceleration of P at A is perpendicular to OA. 

(1) 

At the instant when P is at the point A the acceleration of P is in a direction making an 

angle θ with the horizontal. Given that u2 = , 

(b)  find 

(i)  the magnitude of the acceleration of P at the point A, 
(ii)  the size of θ. 

(6) 

(c)  Find, in terms of m and g, the magnitude of the tension in the rod at the instant when P is 
at its lowest point. 

(5) 

  

(Total for question = 12 marks) 
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Q15. 
  

 

A particle P of mass m is attached to one end of a light inextensible string of length l.  
The other end of the string is attached to a fixed point O. The particle is held with the  
string taut and OP horizontal. The particle is then projected vertically downwards with  

speed u, where . When OP has turned through an angle α and the string is still  
taut, the speed of P is v, as shown in Figure 5. At this instant the tension in the string is T. 

(a)  Show that T = 3mg sin α + mg 

(6) 

(b)  Find, in terms of g and l, the speed of P at the instant when the string goes slack. 

(3) 

(c)  Find, in terms of l, the greatest vertical height reached by P above the level of O. 

(4) 

  

(Total for question = 13 marks) 
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Q16. 
  

A light inextensible string of length a has one end attached to a fixed point O. The other end 
of the string is attached to a small stone of mass m. The stone is held with the string taut and 
horizontal. The stone is then projected vertically upwards with speed U. 

The stone is modelled as a particle and air resistance is modelled as being negligible. 

Assuming that the string does not break, use the model to 

(a)  find the least value of U so that the stone will move in complete vertical circles. 

(6) 

The string will break if the tension in it is equal to  

Given that , use the model to 

(b)  find the total angle that the string has turned through, from when the stone is projected 
vertically upwards, to when the string breaks, 

(6) 

(c)  find the magnitude of the acceleration of the stone at the instant just before the string 
breaks. 

(4) 

  

(Total for question = 16 marks) 
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Q17. 
  

 

A package P of mass m is attached to one end of a string of length . The other end of the 
string is attached to a fixed point O. The package hangs at rest vertically below O with the 
string taut and is then projected horizontally with speed u, as shown in Figure 5. 

When OP has turned through an angle θ and the string is still taut, the tension in the string is 
T 

The package is modelled as a particle and the string as being light and inextensible. 

(a)  Show that T = 3mgcosθ – 2mg +  

(6) 

Given that P moves in a complete vertical circle with centre O 

(b)  find, in terms of a and g, the minimum possible value of u 

(2) 

Given that u =  

(c)  find, in terms of g, the magnitude of the acceleration of P at the instant when OP is 
horizontal. 

(3) 

(d)  Apart from including air resistance, suggest one way in which the model could be refined 
to make it more realistic. 

(1) 

  

(Total for question = 12 marks) 
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Mark Scheme – Circular Motion 
 
 
 
Q1. 
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Q2. 
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Q3. 
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Q4. 
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Q5. 
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Q6. 
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Q7. 
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Q8. 
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Q9. 
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 Q10. 
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Q11. 
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Q12. 
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Q13. 
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Q14. 
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Q15. 
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 Ch.1 Circular Motion PhysicsAndMathsTutor.com



Q16. 
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Q17. 
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