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Oscillations Problem Set 
 
P1 Determine whether or not the following quantities can be in the same direction for a simple 

harmonic oscillator: 

(a) displacement and velocity, 

(b) velocity and acceleration, 

(c) displacement and acceleration. 

 
P2 2018 P1 Q15 

  

 
 

 

 

 

 

 

 

 

 

 



  NATIONAL JUNIOR COLLEGE 2  9749 H2 Physics [2025-26] 

 

© 2025 National Junior College 

All Rights Reserved. No part of this publication may be produced or transmitted in any form or by any means, electronic or mechanical, 
including photocopy,recording or any other information storage and retrieval system,  without prior permission in writing from the copyright 

owner. 
             

              

 

P3 2020 P1 Q16  

  
 

P4 2014 P3 Q2 
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P5 At Liverpool the tide is nearly sinusoidal and has a period of 12 hours 40 minutes. 

 On a day when the height of high tide above low tide is 7.4 m, determine 

 

(a) the length of time within a cycle during which the water is more than 5.0 metres above 

low tide. (A ship's captain must be aware of the depth of water his ship requires and he 

needs to be able to do this type of calculation from tide charts to ascertain that it is safe.) 

(b) The rate at which the tide is rising or falling when the water is 5.0 metres above low tide. 

  
 

P6 2013 P1 Q15 

 

 

The graph shows how the sea level 

varies with time at Liverpool.  
The zero (equilibrium position) of 
the sea level axis is taken at the 
mid-tide level. 
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P7 2015 P1 Q15 
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P8 2020 P3 Q3 
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P9 2018 P3 Q9 
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P10 2013 P3 Q7 (c) onwards (edited) 

 

(c)  A tube sealed at one end, has a uniform area of cross-section A. Some sand is placed 

in the tube so that it floats upright in a liquid of density ρ as shown in the figure below. 

The tube is displaced vertically and then released. For a displacement 𝑥, the acceleration 

𝑎 of the tube is given by the expression 𝑎 = −(
𝜌𝐴𝑔

𝑚
) 𝑥 where g is the acceleration of free 

fall. 

 
(i) Explain why the expression leads to the conclusion that the tube is performing 

simple harmonic motion. [3]  

 

(ii) The tube has a total mass m of 32 g and area A of its cross-section is 4.2 cm2. 

It is floating in liquid of density ρ of 1.0 × 103 kg m−3. 

Show that the frequency of oscillation of the tube is 1.8 Hz. [3] 

(d)  The tube in (c) is now placed in a different liquid. 

 The tube oscillates vertically. The variation with time t of the vertical displacement x of 

the tube is shown in Fig. 2. 
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Fig. 2 

(i) Use Fig. 2 to 

1. determine the frequency of oscillation of the tube, [2] 

2. calculate the density of the liquid. [2] 

 

(ii) 1. Suggest two reasons why the amplitude of the oscillation decreases with 

time. [2] 

 2. Calculate the decrease in energy of the oscillation during the first 1.0 s. 

 [3] 
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P11  2016 P3 Q7 
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P12 A light spring hangs vertically from a fixed support and a mass is 

attached to its free end as illustrated in the figure. 

 

 The mass is displaced vertically and then released. The variation with 

time t of the displacement d of the mass from its equilibrium position is 

as shown in the figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Use the figure to determine, for the oscillation of the mass, 

(i) the period, 

(ii) the angular frequency. 

 

(b) The mass-spring system is used to demonstrate the effects of damping on the 

oscillations of the mass. 

(i) Explain what is meant by damping. 

(ii) Suggest how 

1. light damping of the oscillations may be achieved, 

2. the degree of damping may be increased. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d 
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P13  2012 P2 Q1 
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P14 A student sets up the apparatus illustrated in Fig. 5.1 in order to investigate the oscillations of a 

metal cube suspended on a spring. 

  
     Fig. 5.1              Fig. 5.2 

  

The amplitude of the vibrations produced by the oscillator is constant. 

Fig. 5.2 shows the variation with frequency of the amplitude of the oscillations of the metal cube. 

 

(a) State the phenomenon illustrated in Fig. 5.2. 

 

(b) For the maximum amplitude of vibration, state the magnitudes of the amplitude and the 

frequency. 

 

(c) The oscillations of the metal cube of mass 150 g may be assumed to be simple harmonic. 

Use your answers in (b) to determine, for the metal cube, 

(i) its maximum acceleration, 

(ii) the maximum resultant force on the cube. 

 

(d) Some very light feathers are attached to the top surface of the cube so that the feathers 

extend outwards, beyond the vertical sides of the cube. 

The investigation is now repeated. 

 

On Fig. 5.2, draw a line to show the new variation with frequency of the amplitude of 

vibration for the frequencies between 2 Hz to 10 Hz. 

P15 When a driver of mass 80 kg, steps into the car of mass 920 kg, the vertical height of the car 

above the road decreases by 2.0 cm. If the car is driven over a series of equally spaced bumps, 

the amplitude of vibration becomes much larger at one particular speed. 

 Explain why this occurs and calculate the separation of the bumps if it occurs at a speed of  

15 m s−1. 

 (Given that the natural frequency of the car m

k
f

π2

1
=

) 
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Challenging Practice 

 

C1 2016 P1 Q17 

 

 
 

C2 2012 P3 Q3 
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