
Circular Motion 
 
Q1. 
  
The diagram shows the carriage of a rollercoaster about to enter a vertical loop of diameter 
17.0 m. The carriage is initially at rest at a height Δh above the bottom of the loop. 

 
(i)  So that a passenger remains in contact with their seat at the top of the ride, show that 
the minimum speed of the car at the top of the loop is 9.1 m s−1. 

(3) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
 
(ii)  Calculate the minimum value of Δh that will enable the passenger to remain in 
contact with their seat at the top of the loop. 

(3) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 
Δh = ........................................................... 

(Total for question = 4 marks) 
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Q2. 
  
The diagram shows the carriage of a rollercoaster about to enter a vertical loop of diameter 
17.0 m. The carriage is initially at rest at a height Δh above the bottom of the loop. 

 

 

 
During one particular ride, the speed of a car at the bottom of the loop was 22.5 m s−1. 

(i)  Calculate the acceleration of the passenger at the bottom of the loop as a multiple of 
g, the acceleration due to gravity. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 
Acceleration = ........................................................... 

 
(ii)  The maximum safe acceleration recommended for passengers is 4g. Most loop-the-
loop rollercoasters do not have a circular loop. Instead, the radius of curvature of the loop 
varies. 
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Explain why making the radius of the loop vary in this way enables the acceleration at 
the bottom of the loop to be less than 4g. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 
   

(Total for question = 10 marks) 
 
 
Q3. 
  
A device called a clutch can be used to connect a motor to a load. The diagram shows a 
design called an eddy current clutch. 

 

Several magnets are embedded in the plastic disc and it is rotated by the motor. 

The motor rotates at 500 revolutions per minute. 

Calculate the angular speed ω of the motor. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

ω = ...........................................................  

  
(Total for question = 2 marks) 

  
 
 
 
 
 
 

 Circular Motion PhysicsAndMathsTutor.com



Q4. 
  
Motors usually have a rotating component which can do work W. 

(a)  A motor lifts a load in a time t. The axle of the motor has a radius r and exerts a force F. 

 
The power produced by a motor can be calculated by using the following word equation. 

Power = moment of the force exerted by the rotating axle × angular velocity 

Derive this equation, starting with power  
(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(b)  An electrostatic motor was first demonstrated by Benjamin Franklin in 1750. 
The diagram shows a simplified version of part of this motor. 

This consists of a rod, with an oppositely charged sphere at either end, which rotates 
around a fixed pivot. Two stationary charged spheres apply a force on the spheres at 
either end of the rod. 
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(i)  In the diagram below, electric field lines have been drawn around one pair of these 
spheres. 

Add to the diagram to show 
 
•  the directions of the field lines 
•  the lines of equipotential. 

(3) 

 
(ii)  The distance between the centres of each charged sphere in this pair is 5.0 cm. 

Show that the force between this pair of charged spheres is about 0.04 N. 
charge on each sphere = 0.10 μC 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(c)  The table shows the typical power and the corresponding angular velocity required for 
three different appliances. 

 
Deduce which of these appliances, in principle, could use the electrostatic motor in (b). 
 
You should use the word equation in (a) and assume that the length of the rod in the 
electrostatic motor is 8.0 cm. 
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Assume that the electrostatic motor would deliver a constant force throughout one 
complete rotation. 

(4) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 13 marks) 

  
 
 
Q5. 
  
The blade of a lawnmower rotates at a speed of 50 revolutions per second. 

Which of the following is the angular speed of the blade in rads s−1? 
   A    7.96 
   B    15.9 
   C    157 
   D    314 

 
  

(Total for question = 1 mark) 
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Q6. 
  
The Enterprise is an amusement park ride. Riders sit in cars that are made to rotate in a 
vertical circle. 

The ride starts by moving in a horizontal circle. The speed of rotation increases, and the 
frame tilts until the ride is rotating vertically as shown. 

 

The photograph below shows riders at the top of the vertical circle. The riders are in contact 
with their seats at all times during the ride. 

 

The diagram shows the weight W of a rider and the push P from the seat on the rider at the 
top and bottom of the circular path. 

 

* The rider moves from the bottom to the top of the circular path. 
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Explain how the apparent weight experienced by the rider would change. 
(6) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 6 marks) 

  
 
Q7. 
Astronomers observing stars at the centre of our galaxy have suggested that many of them 
are orbiting a supermassive black hole. The mass of this black hole is 9.2 × 1036 kg. 

Calculate the orbital period for a star in a circular orbit at a distance of 1.9 × 1014 m from a 
black hole of this mass. 

(3) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Orbital period = ...........................................................  
(Total for question = 3 marks) 
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Q8. 
  

The Enterprise is an amusement park ride. Riders sit in cars that are made to rotate in a 
vertical circle. 

The ride starts by moving in a horizontal circle. The speed of rotation increases, and the 
frame tilts until the ride is rotating vertically as shown. 

 

The photograph below shows riders at the top of the vertical circle. The riders are in contact 
with their seats at all times during the ride. 

 

The diagram shows the weight W of a rider and the push P from the seat on the rider at the 
top and bottom of the circular path. 
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On the website of the amusement park it states 
"The ride is perfectly safe without the need for safety harnesses for the riders. 
Centrifugal force ensures that the riders remain in their seats at all stages in the ride." 

Assess the validity of this statement. 
(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 4 marks) 

  
 
 
Q9. 
  
A centrifuge is a machine which rotates. 

The United States' space agency, NASA, uses a centrifuge to test whether equipment will 
operate when experiencing large forces. The equipment to be tested is attached to the end 
of the frame of the centrifuge, which rotates around a vertical axis at its centre. 

 
(i)  Show that the angular velocity of the centrifuge is about 5 rad s−1. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
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(ii)  Explain how the centrifuge applies large forces to the equipment under test. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
(iii)  The NASA website says the centrifuge can be used to test whether the equipment 
can withstand accelerations of up to about 25g. 

Deduce whether this claim is correct. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 6 marks) 

  
 
 
Q10. 
  
A student was investigating the forces involved in circular motion. 

He placed a small coin on a horizontal turntable as shown. The turntable was connected to a 
driver unit so that it could be rotated at a constant rate. 

 

The student repeated the procedure with different values of r. 
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Explain how the value of ω at which the coin started to slide varied as r increased. 
(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 3 marks) 

  
 
 
Q11. 
  
Hump back bridges are sometimes found in country areas. The road surface is curved, 
describing an arc of a circle. If cars cross the bridge at too high a speed there is a danger 
they will lose contact with the road surface. 

 

The responsibility for setting speed limits on many roads on which hump back bridges are 
found rests with the local traffic authority. One local traffic authority has suggested that a 
speed limit of 25 mph is appropriate for a hump back bridge with radius of curvature 10 m. 

Assess the suitability of a speed limit of 25 mph for this bridge. 

10 mph = 4.5 m s−1 
(5) 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 
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............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

 
  

(Total for question = 5 marks) 
  
Q12. 
  
In 2015 the Messenger spacecraft crashed into the surface of the planet Mercury after four 
years in orbit observing the surface of Mercury. 

Messenger's orbit was highly elliptical, varying between 200 km and 15 000 km above the 
surface of Mercury. Messenger completed one full orbit every 12 hours. 

mass of Messenger spacecraft = 565 kg 
 mass of planet Mercury = 3.30 × 1023 kg 
 radius of planet Mercury = 2430 km 

It has been suggested that the same orbital period of about 12 hours could have been 
achieved if Messenger was in a circular orbit 7690 km above the surface of Mercury. 

(i)  Determine whether this suggestion is correct. 
(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
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(ii)  The elliptical orbit chosen had advantages over this circular orbit. 
Explain one advantage. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 6 marks) 

  
 
 
Q13. 
  
A mass is attached to a light thread which is fixed at X.  
The mass is moving at constant speed in a horizontal circle, centre O. 

 

Which of the following is a correct free-body force diagram for this mass? 

 
(1) 

   A    

   B    

   C    

   D    

 
  

(Total for question = 1 mark) 
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Q14. 
  

A track for toy cars can be built with a circular loop as shown. 

 

A toy car is placed on the track at various heights. It travels around the loop before leaving 
the track horizontally at X. 

The loop has radius r and the mass of the toy car is m. It is possible for a toy car to complete 
the loop without losing contact with the inside of the track. 

For this to occur the minimum speed of the toy car at the top of the loop vtop is given by 

 

Explain why. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 2 marks) 
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Q15. 
  
Mass spectrometry is a technique used to separate ions based on their charge to mass ratio. 

The atoms in a sample are ionised and then accelerated and formed into a fine beam.  
This beam is passed into a region of uniform magnetic field and the ions are deflected by 
different amounts according to their mass. 

 

Analysis of mass spectrometer data shows that chlorine exists in nature as two isotopes, 
chlorine-35 and chlorine-37. 

After passing through the velocity selector the ion beam enters a region of uniform magnetic 
flux density 0.35 T with the ions travelling at right angles to the field direction. 

(i)  Explain why the ions travel in a circular path. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(ii)  Calculate the radius of the circular path. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Radius = ...........................................................  
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(iii)  The diagram shows the path of the chlorine-35 ions in the field. Chlorine-37 ions enter 
the magnetic field with the same velocity. 

 
1.   Add another line to the diagram to show the path of these chlorine-37 ions. 

(1) 
2.   Explain any differences in the paths. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 7 marks) 
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Q16. 
  
The photograph shows a model racing car set. The curved parts of the track are  
semicircular. The car makes electrical contact with the track using metal brushes underneath 
the car. 

 

There is a maximum speed for the car to stay on the curved part of the track. Explain why 
the car will slip off the curved part of the track if the car exceeds the maximum speed. 

(3) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 3 marks) 
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Q17. 
  
A student was investigating the forces involved in circular motion. 

He placed a small coin on a horizontal turntable as shown. The turntable was connected to a 
driver unit so that it could be rotated at a constant rate. 

 

The student switched on the driver unit and increased the rate of rotation until the coin slid 
off the turntable. He read the angular velocity ω of the turntable from a digital display on the 
driver unit. He then replaced the coin in the original position on the turntable and repeated 
the procedure. 

His results are shown. 

 

(i)  The student used the results to calculate a mean value of ω. 
State the purpose of calculating a mean. 

(1) 
 .............................................................................................................................................  

(ii)  Calculate the percentage uncertainty in the mean value of ω. 
(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Percentage uncertainty = ...........................................................  
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(iii)  The student used ω and r to calculate the centripetal acceleration of the coin at the 
instant it started to slide. 

Calculate the percentage uncertainty in this centripetal acceleration. 
(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Percentage uncertainty = ...........................................................  

  
(Total for question = 7 marks) 

  
Q18. 
  
A 'tennis trainer' consists of a tennis ball suspended by a string from the top of a vertical 
pole. When the ball is hit it travels in a horizontal circle around the pole, as shown in both the 
photograph and the diagram. 

 

The radius of the path of the ball is 1.2 m and the speed of the ball is 3.8 m s−1. 

Deduce whether these values are consistent with the angle between the string and the 
vertical pole shown in the photograph. 

(5) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
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 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 5 marks) 
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Q19. 
  
A centrifuge is a machine which rotates. 

A particle in a centrifuge moves in a circle of radius r, centre O, with a constant speed v. 

The diagram represents two positions of the particle. 

 

Derive the equation for centripetal acceleration  by considering the velocity at these 
two positions. 

Your answer should include a vector diagram. 
(5) 

 
 
 
 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 5 marks) 
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Mark Scheme – Circular Motion 
 
Q1. 
  

 
 
 
Q2. 
  

 
 
 
Q3. 
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 Q4. 
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 Q5. 

 

 Q6.  

 

 Q7. 
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Q8. 

 Q9. 

Q10. 
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 Q11. 
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Q12. 
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Q13. 
  

 

 Q14. 
  

 

 Q15. 
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Q18. 

 

 Q19. 
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