
Oscillations 
 
Q1. 
  
A damped mass-spring system is driven into oscillation. The graph shows the amplitude of 
oscillation as the driving frequency is varied. 

 

The damping is decreased. 

Which row of the table describes what happens to the maximum amplitude of oscillation and 
the driving frequency at which this occurs? 

 
  

(Total for question = 1 mark) 
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Q2. 
  
A student carried out an experiment with a pendulum hung from a fixed support. The fixed 
support was a distance h above floor level as shown. 

 

As the student was unable to measure the length of the pendulum directly, she measured 
the distance d from the bob to the floor. 

The student used her data to plot a graph of T2 against d as shown below. 

 

Determine a value for the acceleration due to gravity g. 
(5) 

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

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

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

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

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

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

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

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

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

g = ...........................................................  
(Total for question = 5 marks) 

 

 Q3. 

A student is using a simple pendulum to determine a value for the acceleration of free fall g. 

 

She measures the length l of the pendulum four times with a metre rule and records the 
following values. 

 

She calculates the mean length lm of the pendulum using the following method: 

 

(i)  Calculate a more accurate value for lm. 
(2) 

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

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

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

 .............................................................................................................................................  
lm = ...........................................................  
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(ii)  Determine the time period of the oscillations of this pendulum, using your calculated 
value for lm. 

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

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

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

Time period of oscillations = ...........................................................  

  
(Total for question = 4 marks) 

  
 
 
Q4. 
  
In 2011, a tsunami was caused by a massive earthquake centred some distance off the 
coast of Japan. The tsunami caused a cooling system failure at the Fukushima Nuclear 
Power Plant. This resulted in a nuclear meltdown and radioactive materials were released 
into the surroundings. 

Buildings in nearby Tohoku University suffered structural damage during the 2011 
earthquake. 

The graph shows how the acceleration of one of the buildings, measured on the 9th floor, 
varied with time during the earthquake. 

 

At the time it was reported that during the earthquake the 9th floor of the building displaced 
by more than 30 cm from its normal position. 

Assess the accuracy of this report. 
(5) 

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................  
(Total for question = 5 marks) 

 Q5. 

The graph shows the variation of displacement with time for a particle undergoing simple 
harmonic motion. 

Select the graph that correctly shows the variation of velocity with time for the particle. 

 

 
   

 
 
 
 
 
 
 
 
 
 
 
 

(Total for question = 1 mark) 
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Q6. 
  
A tennis player uses a racket to hit a ball over a net. When the racket strikes the ball the 
racket frame is set into oscillation. 

The graph shows how the displacement x of the centre of the frame varies with time t 
immediately following the strike. 

 

 

 
Hollow spaces are built into the racket frame and small lead spheres are packed into these 
spaces. 

Explain how this results in the graph shown. 
(3) 

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

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

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

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

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

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

 
   

(Total for question = 3 marks) 
 
 
 
 
 
 
 
 
 
 
 

 Oscillations PhysicsAndMathsTutor.com



Q7. 
  
A pendulum of length l with a bob of mass m oscillates with frequency f. 

What is the frequency of a pendulum of length 4l with a bob of mass 2m? 

 
  

(Total for question = 1 mark) 
  
 
 
Q8. 
  
A playground swing completes 24 oscillations in 1 minute. 

Which of the following is the frequency of the oscillations? 
(1) 

   A    0.042 Hz 

   B    0.40 Hz 

   C    2.5 Hz 

   D    24 Hz 

 
  

(Total for question = 1 mark) 
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Q9. 
A simple pendulum consisting of a thread and a bob is set up next to a horizontal rod. 

The bob is displaced to the left and released. When the bob reaches the equilibrium position 
the thread strikes the horizontal rod. For half of the cycle, only the lower part of the 
pendulum moves. 

 
The diagram shows the swing of the pendulum. 

 
The diagram below shows the dimensions of the pendulum. 

 
Determine the frequency of the oscillations of the pendulum. 
 .............................................................................................................................................  

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

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

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

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

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

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

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

Frequency = ...........................................................  
(Total for question = 4 marks) 
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Q10. 
  

A trolley is attached to the ends of two springs as shown. When displaced from its 
equilibrium position, the trolley moves with simple harmonic motion. 

 

The student displaces the trolley a greater distance from the equilibrium position, so the 
amplitude of oscillation is doubled. The trolley still moves with simple harmonic motion. 

Explain how the maximum kinetic energy of the trolley will change. 
(3) 

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

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

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

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

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

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

  
(Total for question = 3 marks) 
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Q11. 
  

Which of the following graphs correctly shows the relationship between acceleration a and 
displacement x for a simple harmonic oscillator? 

 

 

 

 

   A     

   B     

   C     

   D     

 
 
  

(Total for question = 1 mark) 
  
 
 
Q12. 
  
A pendulum of length l oscillates with a frequency f. The length of the pendulum is doubled. 

The frequency of oscillation will be 

 

  
(Total for question = 1 mark) 
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Q13. 
  
A student is using a simple pendulum to determine a value for the acceleration of free fall g. 

 

She sets the pendulum into oscillations with small amplitude and uses a stopwatch to 
determine the time period. 

 

The student releases the pendulum at A and simultaneously starts the stopwatch. She 
measures the time taken for 5 oscillations and divides the value by 5. She repeats the 
procedure twice and calculates a mean time period. 

Explain two modifications to the student's method that would improve the value obtained for 
the time period. 

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

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

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

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

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

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

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

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

  
(Total for question = 4 marks) 
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Q14. 
A trolley is attached to the ends of two springs as shown. When displaced from its 
equilibrium position, the trolley moves with simple harmonic motion. 

 

A student has a stopwatch and metre rule available. 

(i)  Explain the procedure that the student should follow to make an accurate determination 
of the time period T of the trolley. 

(6) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

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

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

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

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

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

............................................................................................................................................. 
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(ii)  Describe how the student should use her value of T to determine the maximum speed of 
the trolley. 

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

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

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

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

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

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

  
 
 
Q15. 
 
The photograph shows an example of a Foucault pendulum. 

 

This is a pendulum that consists of a massive sphere, suspended by a long wire from a high 
ceiling. Over time the vertical plane through which the pendulum swings appears to rotate 
because of the rotation of the Earth. 

mass of sphere = 28.0 kg 

The pendulum makes 8 complete oscillations in 52.2 s. 
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Show that the length of the wire supporting the sphere is about 10 m. 

diameter of sphere = 60.0 cm 
(4) 

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

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

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

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

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

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

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

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

 Q16. 

A mass at the end of a spring is set into small amplitude simple harmonic motion. 

Which of the following graphs correctly shows the variation of velocity v of the mass with 
displacement x for one complete oscillation? 

(Total for question = 1 mark) 
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Q17. 
  

The diagram shows two identical pendulums, A and B, side by side with a rubber band 
placed over both strings. 

 

Pendulum A is displaced and starts to oscillate. As pendulum A oscillates, pendulum B starts 
to oscillate with the same time period, its amplitude increasing as the amplitude of pendulum 
A decreases. At one stage pendulum A is no longer oscillating and pendulum B has its 
maximum amplitude. Then pendulum A starts to oscillate again with increasing amplitude, as 
the amplitude of pendulum B decreases. 

The apparatus is adjusted so that the pendulums do not have the same length as each 
other. When the first pendulum is set into oscillation, the second pendulum starts to oscillate, 
but with very small amplitude; the first pendulum does not stop oscillating. 

* Explain this behaviour. 
(6) 

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

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

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

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

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

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

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

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

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

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

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

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

 (Total for question = 6 marks) 
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Q18. 
  

A student carried out an experiment with a pendulum hung from a fixed support. The fixed 
support was a distance h above floor level as shown. 

 

As the student was unable to measure the length of the pendulum directly, she measured 
the distance d from the bob to the floor. 

To determine the period T of the pendulum, the student used the following method: 

 
•  release the bob from its highest position and start a stopwatch 
•  stop the stopwatch when the bob reaches the same position again.  

Criticise the student's method for measuring the period. 
(2) 

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

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

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

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

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

  
(Total for question = 2 marks) 
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Q19. 
A student set up a "seconds pendulum". This is a simple pendulum for which the time taken 
to move from the bob's highest position on one side to its highest position on the opposite 
side is 1.00 s. 

 

(a)  Calculate the length L required for the pendulum to be a "seconds pendulum". 
(2) 

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

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

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

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

L = ...........................................................  

(b)  The student set the pendulum into oscillation. She used a stopwatch to check the 
accuracy of the pendulum's period T. 

Describe the procedure the student should have used to obtain an accurate value for T. 
(2) 

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

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

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

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

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

 .............................................................................................................................................  
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(c)  Another student suggested that the uncertainty in the measurement of the time period of 
the pendulum could be reduced by using a light gate and a data logger. The data logger 
would record the time between successive interruptions of the light beam. Both the data 
logger and the stopwatch have a resolution of 0.01 s. 

 
Comment on the student's suggestion of using a data logger rather than a stopwatch. 

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

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

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

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

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

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

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

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

  
(Total for question = 8 marks) 
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Q20. 
  
A garden ornament consists of a metal flamingo suspended from a spring as shown. The 
spring is hung from a support using the hook. 

 

In a slight breeze the flamingo swings from side to side and behaves as a simple pendulum. 

(i)  Show that the period of oscillation of the flamingo pendulum is about 2.2 s. 
pendulum length = 1.25 m 

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

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

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

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

(ii)  The amplitude of oscillation of the flamingo pendulum is 7.5 cm. 
Calculate the maximum velocity of the flamingo pendulum. 

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

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

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

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

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

Maximum velocity = ...........................................................  

  
(Total for question = 5 marks) 
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Q21. 

The diagram shows two identical pendulums, A and B, side by side with a rubber band 
placed over both strings. 

 

Pendulum A is displaced and starts to oscillate. As pendulum A oscillates, pendulum B starts 
to oscillate with the same time period, its amplitude increasing as the amplitude of pendulum 
A decreases. At one stage pendulum A is no longer oscillating and pendulum B has its 
maximum amplitude. Then pendulum A starts to oscillate again with increasing amplitude, as 
the amplitude of pendulum B decreases. 

The apparatus is adjusted so that the pendulums do not have the same length as each 
other. When the first pendulum is set into oscillation, the second pendulum starts to oscillate, 
but with very small amplitude; the first pendulum does not stop oscillating. 

The graph shows how the displacement of each pendulum varies with time at one stage in 
the motion. 

 

(i)  State the phase relationship between the two pendulums. 
(1) 

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

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

(ii)  Determine the length of pendulums A and B. 
(3) 

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

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

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

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

Length = ...........................................................  
(Total for question = 4 marks) 

Q22. 
The photograph shows a 'singing bowl'. 

 

When the handles are rubbed with both hands the bowl 'sings', producing a loud note with a 
frequency of 720 Hz. 

A vibration generator is attached to the bowl and connected to a signal generator. The signal 
generator is adjusted to produce frequencies from 600 Hz to 800 Hz. 

At all frequencies in this range the bowl produces a sound at the applied frequency. The 
sound is quiet for all frequencies except 720 Hz, when it is much louder. 

Explain these observations. 
(6) 

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................  
(Total for question = 6 marks) 
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Q23. 
A student measured the deflection of a mass attached to the end of a thin strip of metal. 

The strip was clamped to a bench at one end as shown. 

 

The student varied the force on the end of the strip by changing the mass attached. 
The deflection was measured each time when the mass was in its equilibrium position. 
The student obtained the following graph of deflection against force. 

 

State why the mass will oscillate with simple harmonic motion when it is displaced slightly 
from its equilibrium position and released. 

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

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

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

 .............................................................................................................................................  
(Total for question = 2 marks) 
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Q24. 

A student measured the deflection of a mass attached to the end of a thin strip of metal. 

The strip was clamped to a bench at one end as shown. 

 

The student varied the force on the end of the strip by changing the mass attached. 

The deflection was measured each time when the mass was in its equilibrium position. 

The student obtained the following graph of deflection against force. 

 

The student then investigated the oscillations of the mass on the metal strip. The student 
fixed different numbers of 10 g masses to the end of the metal strip. 

The student noticed that the smaller the mass the higher the frequency of the oscillations. 
He estimated that the maximum number of oscillations he could count was two per second. 
He decided that the smallest mass he should use was 50 g. 

Determine whether 50 g is the smallest mass he should use. 
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You may assume that the system acts in the same way as a mass on a spring. 
(5) 

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................  
(Total for question = 5 marks) 

  
Q25. 
A beam bridge is a rigid structure that consists of one horizontal beam supported at each 
end. 

The diagram shows a bridge with a uniform beam of mass 8 500 kg. 

A small truck is crossing the beam bridge. The position of the truck and the forces of the 
truck on the bridge are shown, but are not drawn to scale. 

 

(a)  (i)  State the conditions necessary for the bridge to be in equilibrium. 
(2) 

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

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

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

............................................................................................................................................. 
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(ii)  Calculate the vertical forces at each of the bridge supports. 

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

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

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

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

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

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

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

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

 
Force at A = ........................................................... 

 
Force at B = ........................................................... 

 
The Volgograd Bridge is a concrete beam bridge across the River Volga in Russia. 

 
In 2010 the bridge was closed to traffic due to windy conditions leading to resonance of 
the structure. 
(i)  Explain what is meant by resonance in this context. 

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

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

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

............................................................................................................................................. 
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(ii)  To suppress the oscillations of the bridge, dampers were installed. 

Explain how damping resulted in the suppression of the oscillations of the bridge. 
(3) 

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

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

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

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

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

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

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

............................................................................................................................................. 
 
(iii)  Each damper contains an enclosure filled with a fluid. When this fluid is subjected to 
a magnetic field, the viscosity of the fluid greatly increases. 

Describe how the behaviour of the fluid would change in a magnetic field and how this 
would be useful for the operation of the dampers. 

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

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

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

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

 
  

(Total for question = 14 marks) 
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Q26. 
A garden ornament consists of a metal flamingo suspended from a spring as shown.  
The spring is hung from a support using the hook. 

 

The mass of the flamingo is 65 g. When the flamingo is suspended vertically the spring 
extends by 8.5 cm. 

The flamingo is pulled downwards by a small extra displacement and then released.  
The flamingo undergoes simple harmonic motion vertically. 

The instructions state that the flamingo will oscillate with a frequency of 2.5 Hz. 

Deduce whether this statement is correct. 
(5) 

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

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

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

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

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

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

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

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

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

  
(Total for question = 5 marks) 

  
 

 Oscillations PhysicsAndMathsTutor.com



Q27. 
  
The Millennium Bridge is a pedestrian suspension bridge across the River Thames in 
London. The bridge had to be closed soon after its opening because of a large swaying 
motion created by people walking across it. A damping mechanism was installed to fix the 
problem. 

The damping mechanism 

   A    increased the stiffness of the bridge. 

   B    increased the natural frequency of the bridge. 

   C    dissipated energy from the bridge. 

   D    decreased the forcing frequency on the bridge. 

 
 
  

(Total for question = 1 mark) 
  
 
 
Q28. 
  
A mass is suspended from a spring and allowed to come to equilibrium.  
The mass is displaced vertically and moves with simple harmonic motion.  
The graph shows how the resultant force on the mass varies with time. 

 

Which of the following graphs shows how the velocity v of the mass varies with time t over 
the same time interval? 

 

   A    

   B    

   C    

   D    

 
  

 
(Total for question = 1 mark) 
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Q29. 

The graph shows how the displacement of a simple harmonic oscillator varies with time. 

 

Which of the following graphs shows how velocity varies with time for the same oscillator, 
over the same time period? 

 

  
(Total for question = 1 mark) 
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Q30. 
  
A garden ornament consists of a metal flamingo suspended from a spring as shown. The 
spring is hung from a support using the hook. 

 

After being set into vertical oscillation, the flamingo comes to rest after a short time. 

Explain why the flamingo comes to rest. 
(2) 

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

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

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

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

  
(Total for question = 2 marks) 
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Q31. 
  
The International Space Station (ISS) is in a low Earth orbit. Astronauts in ISS have an 
apparent weight of zero. In order to determine their mass, the astronauts must secure 
themselves to a platform which is set into oscillation and moves with simple harmonic 
motion. 

 

Explain why the astronauts in the ISS have an apparent weight of zero. 
(2) 

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

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

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

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

  
(Total for question = 2 marks) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Oscillations PhysicsAndMathsTutor.com



Q32. 
The photograph shows an example of a Foucault pendulum. 

 

This is a pendulum that consists of a massive sphere, suspended by a long wire from a high 
ceiling. Over time the vertical plane through which the pendulum swings appears to rotate 
because of the rotation of the Earth. 

mass of sphere = 28.0 kg 

To show the rotation of the Earth, the pendulum needs to oscillate for several hours. 

Explain how using a heavy sphere is better than using a light sphere of the same diameter. 
(3) 

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

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

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

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

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

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

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

  
(Total for question = 3 marks) 
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Q1. 
  

 
  
 
 
Q2. 
  

 

 Q3. 
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Q10. 
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Q13. 
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Q14. 
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Q16. 
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Q18. 

 

 Q19. 
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Q25. 
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Q26. 
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