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Quantum Mechanics 
 
1. The uncertainty in an electron’s position relative to an axis is given as ±5∙0 × 10–12 m. 

Calculate the least uncertainty in the simultaneous measurement of the electron’s momentum 
relative to the same axis. 

 
2. An electron moves along the x-axis with a speed of 2∙05 × 106 m s–1 ± 0∙50%.  

Calculate the minimum uncertainty with which you can simultaneously measure the position of the 
electron along the x-axis.  

 
3. An electron spends approximately 1∙0 ns in an excited state. 
 Calculate the uncertainty in the energy of the electron in this excited state.    
 
4. The position of an electron can be predicted to within ±40 atomic diameters. The diameter of an 

atom can be taken as 1∙0 × 10–10 m. 
 Calculate the simultaneous uncertainty in the electron’s momentum. 
 
5. Calculate the de Broglie wavelength of: 

(a) an electron travelling at 4∙0 × 106 m s–1 
(b) a proton travelling at 6∙5 × 106 m s–1 
(c) a car of mass 1000 kg travelling at 120 km per hour. 

 
6. An electron and a proton both move with the same velocity of 3∙0 × 106 m s–1. 

(a) Determine which particle has the larger de Broglie wavelength. 
(b) Calculate the order of magnitude between the de Broglie wavelength. 

 
7.    Gamma rays have an energy of 4∙2 × 10–13 J. 

(a)  Calculate the wavelength of the gamma rays. 
(b)  Calculate the momentum of the gamma rays. 

 
8.    An electron is accelerated from rest through a p.d. of 200 V in a vacuum. 

(a) Calculate the final speed of the electron. 
(b) Calculate the de Broglie wavelength of the electron at this speed. 
(c) State whether the electron would show particle or wave-like behaviour when passing through an 

aperture of diameter 1 mm. 
 
9.    An electron is accelerated from rest through a p.d. of 2∙5 kV. 

Calculate the final de Broglie wavelength of this electron. 
 
10. An electron microscope accelerates electrons until they have a wavelength of 40 pm (40 × 10–12 m). 

Calculate the p.d. in the microscope required to do this assuming the electrons start from rest. 
 
11. Relativistic effects on moving objects can be ignored provided the velocity is less than 10% of the 

speed of light. 
Calculate the minimum de Broglie wavelength an electron can produce whilst using an electron 
microscope where relativistic effects can be ignored. 

 
12.  An electron moves round the nucleus of a hydrogen atom. 

(a) Calculate the angular momentum of this electron: 
 (i) in the first stable orbit 
 (ii) in the third stable orbit. 
 

(b) Starting with the relationship  𝑚𝑟𝑣 =  
𝑛ℎ

2𝜋
 

 show that the circumference of the third stable orbit is equal to three electron wavelengths. 
 
(c) The speed of an electron in the second stable orbit is 1.1 × 106 m s–1. 

(i) Calculate the wavelength of the electron. 
(ii) Calculate the circumference of the second stable orbit. 
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Particles from Space 
 
1. An electron moves with a speed of 4∙8 × 106 m s–1 at right angles to a uniform magnetic field of 

magnetic induction 650 mT.  
 Calculate the magnitude of the force acting on the electron. 
 
2. A proton moves with a speed of 3∙0 × 104 m s–1 at right angles to a uniform magnetic field. The 

magnetic induction is 0∙8 T. The charge on the proton is +1e. 
 Calculate the magnitude of the force acting on the proton. 
 
3. A neutron moves at right angles to a uniform magnetic field. 
 Explain why the neutron’s motion is unaffected by the magnetic field. 
 
4. (a) A proton moves through a uniform magnetic field as shown in the diagram. 

 
 B = 850 μT  
 
 Proton  
 v = 4∙5 × 106 m s–1 
 
 
 magnetic field lines 

 
Calculate the magnetic force exerted on the proton. 

 
 (b) Another proton moves through this uniform magnetic field. 
 
 
 

 Proton 
 
 
 
 B = 0∙34 T  
 
 v = 1∙2 × 106 m s–1 

 
 State the magnetic force exerted on the proton. 
 Justify your answer. 

 
5. An electron experiences a force of 2∙5 × 10–13 N as it moves at right angles to a uniform magnetic 

field of magnetic induction 350 mT. 
 Calculate the speed of the electron. 
 
6. A muon experiences a force of 1∙5 × 10–16 N when travelling at a speed of 2∙0 × 107 m s–1 at right 

angles to a magnetic field. The magnetic induction of this field is 4∙7 × 10–5 T. 
 Calculate the magnitude of the charge on the muon. 
 
7. An alpha particle is a helium nucleus containing two protons and two neutrons. The alpha particle 

experiences a force of 1∙4 × 10–12 N when moving at 4∙8 × 105 m s–1 at right angles to a uniform 
magnetic field.  
Calculate the magnitude of the magnetic induction of this field. 

 
8. An electron moves at right angles to a uniform magnetic field of magnetic induction 0∙16 T.  The 

speed of the electron is 8∙2 × 106 m s–1. 
(a) Calculate the force exerted on the electron. 
(b) Explain why the electron moves in a circle. 
(c) Calculate the radius of this circle. 
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9. A proton moves through the same magnetic field as in question 8 with the same speed as the 
electron (8∙2 × 106 m s–1). 

 Calculate the radius of the circular orbit of the proton. 
 
10. An electron moves with a speed of 3∙8 × 106 m s–1 perpendicular to a uniform magnetic field.  

 
 ×   ×   ×   ×   ×   × 
 ×   ×   ×   ×   ×   × 
 ×   ×   ×   ×   ×   × 
 ×   ×   × v ×   ×   × 
 ×   ×   ×   ×   ×   × 
 B = 480 μT (into page) 

 
 Calculate: 
 (a) the radius of the circular orbit taken by the electron 
 (b) the central force acting on the electron. 
 
11. An alpha particle travels in a circular orbit of radius 0∙45 m while moving through a magnetic field of 

magnetic induction 1∙2 T. The mass of the alpha particle is  
6∙645 × 10–27 kg. Calculate: 
(a) the speed of the alpha particle in the orbit 
(b) the orbital period of the alpha particle 
(c) the kinetic energy of the alpha particle in this orbit. 

 
12.   A proton moves in a circular orbit of radius 22 mm in a uniform magnetic field as shown in the 
diagram. 

 
 ×     ×     ×     ×     ×     × 
 
 ×     ×     ×     ×     ×     × 
 v 
 ×     ×     ×     ×     ×     × 
 
 ×     ×     ×     ×     ×     × 
 
 ×     ×     ×     ×     ×     ×     B = 920 mT   

 
 Calculate the speed of the proton. 
 
13. An electron moves with a speed of 5∙9 × 105 m s–1 in a circular orbit of radius 5∙5 μm in a uniform 

magnetic field. 
 Calculate the magnetic induction of the magnetic field.  
 
14. A sub-atomic particle moves with a speed of 2∙09 × 106 m s–1 in a circular orbit of radius 27 mm in a 

uniform magnetic field. The magnetic induction is 0∙81 T. 
 Calculate the charge to mass ratio of the sub-atomic particle and suggest a name for the particle. 

Give a reason for your answer.  
 
15. A charged particle enters a uniform magnetic field with a velocity v at an angle θ as shown. 
 
 B 
 
 v 
 θ  
 

(a) Write down an expression for the horizontal component of velocity. 
(b) Write down an expression for the vertical component of velocity. 
(c) Which of these components will stay unchanged as the charged particle continues its journey? 

Give a reason for your answer. 
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16.   An electron travelling at a constant speed of 6∙8 × 106 m s–1enters a uniform magnetic field at an 
angle of 70° as    shown and subsequently follows a helical path. 
 

 
 The magnetic induction is 230 mT.  
 
 Calculate: 

(a) the component of the electron’s initial velocity parallel to B; 
(b) the component of the electron’s initial velocity perpendicular to B; 
(c) the central force acting on the electron; 
(d) the radius of the helix; 
(e) the period of electron rotation in the helix; 
(f) the pitch of the helix. 

 
17. A proton travelling at 5∙8 × 105 m s–1 enters a uniform magnetic field at an angle of 40° to the 

horizontal (similar to the diagram in question 16). The proton subsequently follows a helical path. 
The magnetic induction is 0∙47 T. 

 Calculate: 
(a) the component of the proton’s initial velocity parallel to B; 
(b) the component of the proton’s initial velocity perpendicular to B; 
(c) the central force acting on the proton; 
(d) the radius of the helix; 
(e) the period of proton rotation in the helix; 
(f) the pitch of the helix.  

 
18. An electron travelling at 1∙3 × 107 m s–1 enters a uniform magnetic field at an angle of 55° and 

follows a helical path similar to that shown in question 16.  The magnetic induction is 490 mT. 
 Calculate: 

(a) the radius of the helix 
(b) the pitch of the helix. 

 
19. Explain why most charged particles from the Sun enter the Earth’s atmosphere near the north and 

south poles. 
 
20.   Explain what causes the Aurora Borealis to occur. 
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Simple Harmonic Motion 
 
1. An object undergoes simple harmonic motion. State the condition that must apply. 
 
2. (a) State the equation which defines SHM. 
    (b) (i) Show by differentiation that each of the following is a solution of the equation for SHM: 
     𝑦 =  𝐴 𝑐𝑜𝑠ω𝑡  and  𝑦 =  𝐴 𝑠𝑖𝑛ω𝑡. 
  (ii) State the condition under which the equation for SHM is given by each of the following: 
     𝑦 =  𝐴 𝑐𝑜𝑠ω𝑡  and  𝑦 =  𝐴 𝑠𝑖𝑛ω𝑡. 

    (c) Derive the equation for the velocity 𝑣 =  ±√𝐴2 − 𝑦2 using: 
  (i) 𝑦 =  𝐴 𝑐𝑜𝑠ω𝑡 
  (ii) 𝑦 =  𝐴 𝑠𝑖𝑛ω𝑡. 
 
3. An object moves with SHM with a frequency of 5 Hz and an amplitude of 40 mm. 
    (a) Calculate the acceleration at the centre and extremities of the motion. 
    (b) Determine the velocity at the centre and extremities of the motion. 
    (c) Calculate the acceleration and velocity at a point midway between the centre and extremity of 

the motion. 
 
4. A horizontal platform oscillates vertically with SHM with a slowly increasing amplitude. 

The period of the oscillations is 0.10 s. Calculate the maximum amplitude which will allow a mass 
resting on the platform to remain in contact with the platform? 

 
5. (a) Derive expressions for the kinetic energy and potential energy of a particle executing SHM. 
    (b) An object of mass 0∙20 kg oscillates with SHM with an amplitude of 100 mm.  The frequency of 

the oscillations is 0∙50 Hz. 
  (i) Calculate the maximum value of the kinetic energy of the object. 
   State where this occurs. 
  (ii) State the minimum value of the kinetic energy. 
   State where this occurs. 
  (iii) Determine the maximum value of the potential energy of the object.  
   State where this occurs. 
  (iv) Calculate the potential energy and the kinetic energy at a point mid-way between the 

centre and extremity of the motion. 
  (v) State what can be said about the value of the sum of the potential energy and the kinetic 

energy at any point. 
 
6. The displacement, y, in mm of a particle is given by 𝑦 =  0.44𝑠𝑖𝑛28𝑡. 
 (a) State the amplitude of the motion. 
 (b) Calculate the frequency of the motion. 
 (c) Calculate the period of the motion. 
 (d) Determine the time taken for the particle to move a distance of 0∙20 mm from the equilibrium 

position. 
 
7. (a) What effect does damping have on an oscillatory system? 
 (b) Briefly explain the terms critical damping and overdamping. 
 (c) Give two examples where damping is useful. 
 
8. The displacement, in cm, of a particle is given by the equation:    𝑦 =  4 𝑐𝑜𝑠 4𝑡. 
 (a) State the amplitude of the motion. 
 (b) Calculate the frequency, and hence the period, of the oscillation. 
 (c) Calculate the location of the particle, in relation to its rest position, when; 
  (i) t = 0 
  (ii) t = 1.5 s. 
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9. A body, which is moving with SHM, has an amplitude of 0∙05 m and a frequency of 40 Hz. 
 (a) Calculate the period of the motion. 
 (b) Determine an appropriate equation describing the motion. 
 (c) (i)  Calculate the acceleration at the mid-point of the motion and at the position of maximum 

amplitude. 
  (ii)  Calculate the maximum speed of the body and state at which point in the motion this speed 

occurs. 
 
10. An object of mass 0.50 kg moves with SHM.  The amplitude and period of the motion are 0∙12 m and 

1∙5 s respectively.  Assume that the motion starts with a = + 0∙12 m.   
 From this information, calculate: 
 (a) the position of the object when t = 0∙40 s 
 (b) the force (magnitude and direction) acting on this object when t = 0∙40 s 
 (c) the minimum time needed for the object to travel from its starting point to a point where the 

displacement is - 0∙06 m. 
 
11. A prong of a tuning fork, which can be assumed to be moving with simple harmonic motion, has the 

following equation governing its motion: 

𝑦 =  2.0 𝑠𝑖𝑛 (3.22 × 103 𝑡) where y is in mm. 
 
 (a) State the maximum amplitude and calculate the frequency of the tuning fork’s motion. 
 (b) Calculate the maximum acceleration of the prong on the tuning fork. 
 (c) On graph paper, draw the variation of displacement against time for the first two cycles of the 

motion.  Assume that the motion starts from the equilibrium position. 
 (d) As the sound of a tuning fork dies away, the frequency of the note produced does not change. 

State a conclusion that can be drawn about the period of this object, moving with SHM. 
 
12. A sheet of metal is clamped in the horizontal plane and made to vibrate with SHM in the vertical 

plane with a frequency of 40 Hz. 
 When some sand grains are sprinkled on to the plate, it is noted that the sand grains can lose 

contact with the sheet of metal.  This occurs when the acceleration of the SHM is  10 𝑚 𝑠−2.  
Calculate the maximum amplitude of the motion for which the sand will always be in contact with 
the metal sheet. 

 
13.   A vertical spring stretches 0∙10 m when 1∙2 kg mass is allowed to hang from the end of the spring. 
 (a) Calculate the spring constant, k, given by these figures. 
 (b) The mass is now pulled down a distance of 0∙08 m below the equilibrium position and released 

from rest. 
 (i) State the amplitude of the motion.   
 (ii) Calculate the period and the frequency of the motion. 
 (iii) Calculate the maximum speed of the mass and the total energy of the oscillating system. 
 
14. A block of mass 5∙0 kg is suspended from a spring which has a force constant of 450 Nm-1. 
 A dart which has a mass of 0∙060 kg is fired into the block from below with a speed of  

120 ms-1, along the vertical axis of the spring.  The dart embeds in the block. 
 (a) Calculate the amplitude of the resulting simple harmonic motion of the spring/block system. 
 (b) Calculate the percentage of the original kinetic energy of the dart that appears as energy in the 

oscillating system. 
 
15. Explain what is meant by the terms ‘damping’ and ‘critical damping’ when applied to oscillating 

systems. 
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Waves 
 
1.  (a)  State the relationship between the intensity and the amplitude of a wave. 
 (b)  The amplitude of a wave increases nine-fold. Calculate the change in the energy. 
 

2.  (a)  The relationship 𝑦 =  𝐴 𝑠𝑖𝑛2𝜋 (𝑓𝑡 –
𝑥

𝜆
) represents a travelling wave. 

  State clearly the meaning of each symbol in this equation. 
 (b)  A travelling wave is represented by the relationship 𝑦 =  0.60 𝑠𝑖𝑛𝜋 (150𝑡 –  0.40𝑥) where 

standard SI units are used throughout. 
(i)  State the amplitude of the wave. 
(ii)  Determine the frequency of the wave. 
(iii)  State the period of the wave. 
(iv)  Calculate the wavelength of the wave. 
(v)  Calculate the wave speed. 
 

3.  Two waves are represented by the relationships: 
𝑦1 =  4.0 𝑠𝑖𝑛2𝜋 (8𝑡 –  5𝑥) and 𝑦2 =  4.0 𝑠𝑖𝑛𝜋 (16𝑡 –  21𝑥) respectively. 
 
(a)  Determine which of the following quantities are the same for both waves: 

amplitude, frequency, wavelength, period. 
(b) State whether the two waves in phase. 

You must justify your answer. 
 

4.  (a)  Explain what is meant by a ‘stationary wave’. 
(b)  Define the terms ‘nodes’ and ‘antinodes’. 

 
5. A travelling wave is represented by the equation 𝑦 =  3 𝑠𝑖𝑛 2𝜋 (10𝑡 −  0.2𝑥) where y is in cm.  

Calculate, for this wave: 
 (a) the amplitude; 
 (b) the frequency;  
 (c) the wavelength; 
 (d) the speed. 
 
6. Determine the equation for a plane sinusoidal wave travelling in the + x direction which has the 

following characteristics:    
 amplitude = 0∙30 m, wavelength = 0∙50 m and frequency = 20 Hz. 
 
7. A travelling wave is represented by the following equation:   

𝑦
1

=  0.20 𝑠𝑖𝑛 (220𝜋𝑡 −  30𝜋𝑥) 
 where y1 and x are measured in m from the origin. 

 Determine the equation for the displacement, y2, of a wave travelling in the opposite direction 

which has twice the frequency and double the amplitude of the wave represented by equation 
above. 

 
8. The equation of a transverse wave on a stretched string is represented by: 

  𝑦  =   0.04 𝑠𝑖𝑛2𝜋 ( 
0.04

t −
2.0
x ) where y and x in metres and t in seconds. 

 (a) State the amplitude of the wave. 
 (b) Calculate the wavelength of the wave. 
 (c) Calculate the frequency of the wave. 
 (d) Describe the movement of any particle of the string over one complete period, T, of the wave.  
 
9. The equation of a transverse wave travelling in a rope is given by:   
  𝑦 = 0.01 𝑠𝑖𝑛 𝜋 (2.0 𝑡  −   0.01 𝑥)      where y and x in metres and t in seconds. 
 (a) Calculate the velocity of the wave in the x-direction. 
 (b) Calculate the maximum transverse speed of a particle in the rope. 
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10. A wave of frequency 500 Hz has a velocity of 350 m s-1. 

 (a)  Calculate how far apart two points which are 60° i.e. 
𝜋

3
 out of phase are. 

 (b)  Calculate the phase difference between two displacements at the same point, with a time 
separation of 0∙001 s. 

 
11. A progressive wave and a stationary wave each have the same frequency of 250 Hz and velocity of 

30 ms-1.   
 (a)  Calculate the phase difference between two vibrating points on the progressive wave which are 

10 cm apart. 
 (b) State the equation for the travelling wave if its amplitude is 0∙03 m. 
 (c) Calculate the distance between the nodes of the stationary wave. 
 
12. (a) Explain what is meant by a 'travelling wave' and a 'stationary wave'. State clearly the 

differences between the two. 
 (b) Describe a method involving the formation of standing waves which you could use to measure 

the wavelength of microwaves.  In your answer you should include: 
- a sketch of any apparatus you would use; 
- details of measurements taken; 
- details of how you would arrive at a final answer. 

 
13. (a) The sketch below shows an experimental arrangement to measure the wavelength of sound 

waves coming from a loudspeaker. 

signal

generator

loudspeaker

oscilloscope

microphone

reflector

 
  The oscilloscope trace shows the level of sound picked up by the microphone which is moved 

between the loudspeaker and the reflector. In one particular trial it was noted that the 
microphone travelled a distance of 0∙24 m between adjacent maxima. The signal generator was 
set at 700 Hz. 

  Calculate: 
  (i) the wavelength and 
  (ii) the velocity of the sound wave emitted from the loudspeaker.  
 
 (b) Another loudspeaker is connected in parallel with the first and the two sound waves 

allowed to overlap. The two speakers are facing in the same direction and the reflector is 
removed. 
Describe and explain what a listener would hear as he walks across in front of the two 
speakers. 

 
  



10 
 

Interference – division of amplitude 
 
1.  (a)  State the condition for two light beams to be coherent. 
 (b)  Explain why two light beams, of the same frequency, but from different sources are unlikely to 

be coherent. 
 (c)  State why two loudspeakers connected to the same signal generator can emit coherent beams of 

sound waves. 
 
2.  (a)  Define the term optical path difference. 
 (b)  State the relationship between the optical path difference and phase difference. 
 (c)  A hollow air filled perspex microfibre is shown below. Light of wavelength 700 nm passes 

through and around the microfibre. 
 

 
(i)  Determine the optical path length between AB. 
(ii)  A ray of light follows the path AB above. Another ray follows the path CD, just outside the 

block. 
Calculate the phase difference between the two rays. 
 

3.  (a)  Light in air is reflected from a glass surface. State the change in phase of the light waves. 
 (b)  State the change in phase which occurs when light in glass is reflected at a glass/water 

boundary back into the glass. 
 
4.  A thin parallel sided film is used to produce interference fringes. 
 (a)  Using the thin film as an example, explain the term ‘interference produced by division of 

amplitude’. Include a sketch of the path of the light rays through the film 
 (b)  (i)  State the condition for a minimum to be produced in the fringes formed by reflection from 

the film of monochromatic light of wavelength𝜆. 
 (ii)  State the effect on the fringe pattern when the thickness of the film increases. 
 

5.  (a)  Derive the expression for the distance between the fringes which are formed by reflection of 
light from a thin wedge. 

 (b)  Two glass slides are 100 mm long. A wedge is formed with the slides by placing the slides in 
contact at one end. The other ends of the slide are separated by a piece of paper 30 𝜇m thick. 
Interference fringes are observed using light of wavelength 650 nm. Calculate the separation of 
the fringes. 

 (c)  When looking at a slightly different part of the fringe pattern the fringes are observed to be 
slightly closer together. State what this implies about the paper. 

  You must justify your answer. 
 

6.  (a)  Derive the expression 𝑑 =
𝜆

4𝑛
for the thickness of a non-reflecting coating. 

 (b)  Calculate the thickness of coating that is required to give non-reflection in green light of 
wavelength 540 nm for a lens of refractive index 1∙53. 

 (c)  Explain why some lenses with a non-reflective coating appear coloured. 
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7. An air wedge 0.10 m long is formed by two glass plates in contact at one end and separated by a thin 
piece of foil at the other end as shown below.   

0.10 m

foil

glass

glass

 
 

 Interference fringes are observed in reflected light of wavelength 6.9 x 10-7 m. The average fringe 

separation is 1.2 x 10-3 m.  
 (a) Explain how the fringes are formed. 
 (b) Calculate the thickness of the foil. 
 (c) The foil is now heated and its thickness increases by 10%. 
  Calculate the new separation of the fringes. 
 
8. (a) Derive the expression for the thickness of a non-reflecting coating on a lens.  Your answer 

should be in terms of the incident wavelength and the refractive index of the coating. 
 (b) Calculate the thickness of the coating required to produce destructive interference for light 

with a wavelength of 4.80 x 10-7 m, given that the refractive index of the coating is 1.25. 
 
9. A lens is coated with a thin film to reduce reflection of red light of wavelength 6.7x10-7 m.  The film 

has a refractive index of 1.30.   
Calculate the required thickness of the film. 
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Interference – division of wavefront 
 
1.  (a)  An interference pattern is obtained by division of wavefront. State what is meant by ‘division of 

wavefront’. 
 (b)  State why must the source be a point source to produce interference by division of wavefront. 
 (c)  Explain why an extended source can be used to produce an interference pattern by division of 

amplitude. 
 
2.  The diagram below shows the set up for a Young’s double slit experiment. 

 

 (a)  Derive the expression ∆x  =  
D
d

 for the fringe spacing. 

 (b)  State any assumptions made in the above derivation. 
 
3.  Two parallel slits have a separation of (0∙24 ± 0∙01) mm. When illuminated by light an interference 

pattern is observed on a screen placed (3∙8 ± 0∙1) m from the double slits. The separation of the 
fringes is observed to be (9∙5 ± 0∙1) mm. 
(a)  Calculate the wavelength of the light used. 
(b)  Determine the uncertainty in this wavelength. 

 
4.  Two slits, of separation d, are made on a slide. The slide is illuminated by monochromatic light as 

shown below.   
 

 
Fringes are observed on the screen. 
 
(a)  The fringe spacing is observed to be too small to make accurate measurements. 

State one way of increasing the fringe spacing using this apparatus. 
(b)  The light beam is replaced by one of light of a higher wavelength. 

State the effect this will have on the fringe spacing. 
(c)  The slide is removed and replaced with another slide. The second slide has two slits with a 

smaller separation, d. 
State the effect this will have on the fringe spacing. 

(d)  State a piece of equipment that would allow the slit separation to be measured precisely. 
(e)  Describe how the fringe separation could be measured. 

 
5. White light illuminates two narrow closely spaced slits.  An interference pattern is seen on a distant 

screen. 
 (a) Explain how the interference pattern occurs. 
 (b) The white fringes have coloured edges. Explain how this occurs. 
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6. A laser beam is directed towards a double slit and an interference pattern is produced on a screen 

which is 0∙92 m from the double slit.  The separation of the double slit is 2∙0 x 10-4 m.  The 
wavelength of the light used is 695 nm. 

 (a) Calculate the separation of the bright fringes on the screen. 

 (b) The double slit is now replaced with a different double slit of separation 1∙0 x 10-4 m. 
  State and explain what effect this change will have on the interference pattern. 
 

7. Two parallel slits have a separation of 5∙0 x 10-4 m.  When illuminated by light of unknown 
wavelength an interference pattern is observed on a screen placed 7∙2 m from the double slit. The 
separation of the bright fringes on the screen is 8 mm.   
Calculate the wavelength of the light used. 

 
8. A pupil holds a double slit in front of his eye and looks at a tungsten lamp with a scale immediately 

behind it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) A red filter is placed in front of the lamp. Describe what he sees and explain in terms of waves 

how this arises. 
 (b) The red filter is then replaced by a blue one. Explain any difference in fringe separation with 

blue and with red. 
 (c) Explain why the fringes have coloured edges when no filter is used. 
 (d) With the red filter in place, the student estimates the apparent separation of the bright fringes 

to be 5∙0 mm when the distance D is 2∙0 m. The slit separation is 0∙25 mm. Calculate the 
wavelength of the light passing through the filter from these measurements. 

  

scale 

eye  d 

 D 

double slit 

tungsten filament 

lamp 

filter 
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9. A beam of yellow light from a single slit falls on a double slit, which is mounted on the end of a 
cardboard tube as shown below. 
 
 
 
 
 
 
 
 
 
 

The interference pattern formed is recorded on a piece of photographic film placed over the end of 
the tube.  When the film is developed a series of black lines can be seen.  One such film is shown 
below. 

 
 
 
 
 
 
 
 
 
 
 (a) In one experiment a student obtains the following results: 

  distance between dark lines  = 7  1 mm 

  separation of double slit  = 0∙20  0∙01 mm 

  distance from double slit to film = 2∙40  0∙01 m 
 
 From these measurements, calculate: 
 (i) the wavelength of yellow light; 
 (ii) the uncertainty in this value. 
 
 (b) (i) Describe one method of measuring the double slit separation to the stated degree of 

accuracy. 
  (ii) State one way in which the uncertainty in the measurement of the separation of the black 

lines on the film could be reduced. 
 
 (c) In each case, state and explain the effect on the film pattern, when: 
  (i) the double slits are closer together; 
  (ii) blue light is used instead of yellow light; 
  (iii) one of the slits is covered.  
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Polarisation 
 
1.  (a)  Explain the difference between linearly polarised and unpolarised waves. 
 (b)  Describe how an unpolarised wave can be linearly polarised using a polaroid filter. 
 (c)  Describe how a ‘polariser’ and ‘analyser’ can prevent the transmission of light. 
 
2.  Monochromatic light is incident at a boundary between air and another medium. 
 The reflected light is found to be polarised. 
 (a)  State what information this provides about the nature of the medium. 
 (b)  Derive the expression relating the polarising angle and the refractive index of the medium for 

this light. 
 (c)  State the other common name for the polarising angle. 
 
3.  Light is incident on a rectangular block of perspex 
 (a)  Draw a sketch to show the position of the polarising angle for perspex. 
 (b)  Mark on your sketch for part (a) the value of the polarising angle. 
 
4.  Explain how sunglasses can remove glare. 
 
5.  The refractive index of a liquid is 1.45. 
 (a)  Calculate the polarising angle for this liquid. 
 (b)  Determine the value of the angle of refraction for this polarising angle. 
 
6.  The critical angle in a certain glass is 40.5°. 
 Calculate the polarising angle for this glass. 
 
7.  A spectrum can be produced by a prism because the refractive index changes with the frequency of 

light. 
 State the effect increasing in the frequency of light have on the polarising angle. 
 You must justify your answer. 
 
8.  Light is incident on a water surface as shown below. 
 

 
 The angle between the ray Q and R is 90°. 
 
 (a)  The ray Q is observed through a sheet of polaroid. The polaroid is rotated. 
  Describe and explain what is observed. 
 (b)  Calculate the polarising angle for water. 
 (c)  Copy the diagram and label in the correct places the values of the angle of incidence and angle 

of refraction. 
 
9. Light is reflected from a smooth glass surface at an angle which produces plane polarised light.  The 

refractive index of the glass is 1.52. 
 (a) Calculate the angles of incidence and refraction. 
 (b) Describe how you would prove that the reflected light was plane polarised. 
 
10. A student investigates the glare from a smooth water surface using a polaroid filter as an analyser.  

She finds that the angle of incidence required to produce plane polarised light is 52°. 
  (a) State the angle of refraction. 
   (b) Calculate the refractive index of water given by these figures. 
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11. A beam of white light is reflected from the flat surface of a sample of crown glass.  The information 
below gives the variation of refractive index with wavelength for crown glass. 

 
 refractive index wavelength / nm 
 1.52 650  -  red 
 1.53 510  -  green 
 1.54 400  -  violet 
 
 (a) Calculate the range of polarising angle for incident white light. 
 (b) Calculate the maximum angle of refraction.  
 
12. A student sets up the following microwave apparatus. 

 

T 

R 

metal grid 

 
 
 The transmitter, T, sends out microwaves of wavelength 0.028 m. 
 As the metal grid is rotated through 360°, the reading on the receiver, R, becomes a maximum and 

then a minimum and then a maximum again. 
 (a) Calculate the frequency of the microwaves. 
 (b) Explain fully the behaviour of the reading on the receiver as the metal grid is rotated. 
 (c) Another student sets up a small portable television in front of the window in his new flat.  He 

finds that unless he raises the metal venetian blind at the window the reception on the 
television is very poor. 

  Explain why the reception is so poor in this situation. 
 
13. Monochromatic light is travelling into a medium and is reflected at the boundary with air. The  

critical angle for this light in the medium is 38o. 
(a) Calculate the polarising angle. 
(b) State the meaning of the polarising angle 𝑖𝑃. 

 (b) State another name for this angle ip 
 (c) Derive the relationship between the polarising angle and the refractive index. 
 (d) A beam of white light is incident on a flat glass surface at an angle of 56o.  The reflected beam 

is plane polarised. 
(i) Calculate the angle of refraction in the glass 
(ii) Calculate the refractive index of the glass. 

 
14.   (a) Sunlight is reflected off the smooth water surface of an unoccupied swimming pool.  The 

refractive index of water is 1.33. 
  (i) Calculate the angle of reflection of the sunlight so that it is completely plane polarised. 
  (ii) Determine the corresponding angle of refraction for the sunlight that is refracted into the 

water. 
 (b) At night an underwater floodlight is turned on the pool. 
  (i) Calculate the angle of reflection of the light from the floodlight so that it is completely 

plane polarised. 
  (ii) Determine the corresponding angle of refraction for the light that is refracted into the air. 
 
 


