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Properties of Waves

Waves

 

• Waves are periodic longitudinal or transverse oscillations.

 

 



Reflection, Refraction and Diffraction

Waves

• Refraction – The change in direction of a wave when it enters a new medium 
where it travels at a different speed.

 



Reflection, Refraction and Diffraction

Waves

• Diffraction – Spreading out of a wave as it passes through a gap or around an 
edge.

 

Maximum displacement when



Exemplar Calculation Exam Question

•  

Waves

Key numerical 
values of 
variables which 
may be 
required for the 
calculation.

Calculation Question: Mathematical 
question – we need to show our working.

 

Context: Refraction. May require Snell’s Law.
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Exemplar Calculation Question Answer

 
Write out Snell’s Law

 
 

 
  [1 Mark]

Plug in the values from the question and rearrange to solve for the 
unknown. 

 [1 Mark]
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Exemplar Calculation Question Answer

 

 
 

 

  [1 Mark]

 



Total Internal Reflection

Waves

 

• Total internal reflection is used in fibre optic cables and endoscopes to transfer 
information using light.
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Exemplar Calculation Exam Question

•  
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Calculation question: Show working.

Key 
values.

Answer will be a unitless number.

Context: Total internal reflection. May require critical angle equation.
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Exemplar Calculation Question Answer

Use critical angle formula to calculate index

Given that light is travelling at critical value, so can use

[1 Mark]

 

 

 

 

[1 Mark]



Polarisation

Waves

Transverse waves can be plane-polarised. Plane-polarised waves have 
oscillations which occur in one plane only.

• Plane-polarised waves which are aligned with a polarising filter pass unaffected.

• Plane-polarised waves with a component parallel to the filter pass with reduced 
intensity.



Polarising Light

Waves

• Unpolarised light waves can be converted to plane-polarised light by a 
polarising filter.

• Light from sources like the sun or a lightbulb are unpolarised, meaning they are 
made up of many different plane-polarisations.

• The light waves are polarised in the plane lying parallel to direction of the  
polarising filter.



Exemplar Explanation Exam Question

1) Polarising sunglasses act as a polarising filter, blocking all 
polarisations of light from the sun except those in a single 
plane. Consider holding two lenses of these sunglasses up to 
an unpolarised light source with one positioned along the line 
of sight behind the other. Describe with the aid of a diagram 
what you will see as you rotate one of the lenses.

[4 marks]

Waves

Explanation Question: Bullet-point 
format. We need to sketch a diagram to 
support our answer.

 

Context: Polarising filters with respect to light.

Description 
for our 
diagram.

Theory from question.
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Case 1: When lenses are aligned with polarising direction 
parallel, the light is transmitted as plane polarised light.

Case 2: As the back lens is rotated the intensity of the 
transmitted light is reduced, causing the lens to become darker.

Case 3: When the polarising direction of the lenses is perpendicular 
no light is transmitted (lens appears completely dark).

[1 Mark]

[1 Mark]

[1 Mark]
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[1 Mark]
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Superposition

Waves

 

• Interference – Superposition of waves to form a resultant wave.
Diffraction through a double slit acts as dual coherent wave sources. This forms 
an interesting fringe pattern on the screen due to interference.



Superposition

Waves

• When waves arrive in phase, 
constructive interference 
occurs, giving the bright 
spots on the pattern.

To explain this fringe pattern we must consider the phase difference of the waves 
arriving at the screen.

• When waves arrive out of 
phase destructive 
interference occurs, giving 
the dark spots on the 
pattern.



Exemplar Statement Exam Question

1) Define the terms coherence and phase in reference 
to waves.
[2 marks]

Waves

Statement Question: Simple self-contained 
sentence required for each mark.

 

Context: Waves.

These terms must appear 
explicitly in our answer.
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Coherence – Fixed phase difference between two waves of the 
same wavelength.

Phase – Angular measure of a point on a wave through its wave 
cycle.

[1 Mark]

[1 Mark]
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Derivation of Pattern Spacing for 
Double Slit



Interference Patterns

Waves

 Diffraction Grating:
 

Diffraction and interference through a grating formed of 
many slits produces a similar diffraction pattern to the 
double slit.

 

 



Exemplar Explanation Exam Question

•  
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Context: Interference.

Explanation Question: 
Bullet-points.

 

Data implies may require some 
quantitative reasoning.
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[1 Mark]

[1 Mark]

[1 Mark]
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• Sound is loudest at C (maximum) and quietest at D (minimum).

 

• Therefore sound starts loud at C, gets quieter to minimum, gets louder 
again to maximum, then gets quiet again to minimum at D.

[1 Mark]

[1 Mark]
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Progressive and Standing Waves

Waves

• Progressive waves transfer energy or information in the direction of the wave 
(they propagate).

• Standing waves have no net energy transfer and have points with zero amplitude 
(called nodes).

Waves can be progressive or stationary (standing waves).



Formation of Standing Waves

Waves

• Standing waves are formed by constructive and destructive interference.

• They are a superposition of an incident and reflected wave. These waves must:

• This results in a waveform with fixed nodes (points of 
zero displacement) and antinodes (points of 
maximum displacement).

1. Have the same frequency and velocity.
1.  
2. Be travelling in opposite directions.



Exemplar Explanation Exam Question

1) Microwaves are analysed by reflecting them off a 
perpendicular surface a certain distance away. 
Explain how this process can form a standing wave

[3 
marks]

Waves

Explanation Question: Bullet-point format.

 

Context: Sound waves.

Our answer should describe the 
phenomenon of standing waves 
in the context given.



Waves

• Reflection causes microwave to travel back on itself, with 
same frequency and wavelength

• Microwave will then superpose upon itself.
[1 Mark]

[1 Mark]
• If surface is correct distance away, both waves will have 

points of constant phase and antiphase and will form a 
stationary wave

[1 Mark]



Harmonics
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Only frequencies of harmonics are allowed for standing waves. These are known 
as the different modes of vibration.

Fixed Ends 
(Guitar String):

  
  

• The fundamental or first 
harmonic is the mode with the 
lowest possible frequency and 
smallest number of nodes.



Exemplar Plot/Sketch Exam Question

1) The diagram below shows a taut guitar string fixed 
at either end. Plucking the string can form standing 
waves on the wire. Sketch the fourth harmonic of a 
standing wave on the diagram and label the 
positions of the nodes. 

[2 marks]

Waves

Plot/Sketch Question: Make 
diagram neat and easy for 
the examiner to interpret.

 

Context: Harmonics. Recall the modes of 
vibration for a string fixed at both ends.

Extend our knowledge to 
the fourth harmonic.



Exemplar Plot/Sketch Question Answer

Waves

Correct labels. [1 Mark]

Correct sketch. [1 Mark]



MINI MOCK PAPER

Mini Mock Paper



1) Explain what is meant by a polarised wave and 
then describe the difference between longitudinal 
and transverse waves with respect to polarisation.

[3 
marks]

Mini Mock Paper



Mini Mock Paper

• A polarised wave has all of its oscillations occur in 
a single plane.

• Longitudinal waves cannot be polarised as they 
oscillate in one direction only - the direction of 
travel.

• Transverse waves can be polarised as their 
oscillations can occur in any number of planes 
perpendicular to the direction of travel.

[1 Mark]

[1 Mark]

[1 Mark]



•  
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Mini Mock Paper

 

 

 



Mini Mock Paper

Exam Question Answer
Determine condition for maximum angle of incidence

Maximum angle of incidence into the fibre will cause the ray to hit the 
glass/plastic boundary at its critical angle

[1 Mark]

 

 

 

 
[1 Mark]



Mini Mock Paper

Exam Question Answer
 

Ray and normals form a right angle triangle

[1 Mark]

 

 

 

Use Snell’s Law to determine angle of incidence

 [1 Mark]



3) Draw a labelled diagram to show the difference 
between plane water waves, in a ripple tank, 
diffracting through a rectangular slit roughly the 
same width as their wavelength, and through a slit 
with a width ten times greater than their 
wavelength

[3 marks]

Mini Mock Paper



Mini Mock Paper

[3 marks]


