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Overview 
GCSE studies of wave phenomena are extended through a development 
of knowledge of the characteristics, properties, and applications of 
travelling waves and stationary waves.  
Topics treated include refraction, diffraction, superposition and 
interference. 
 
 
IMPORTANT NOTE 
This booklet, along with the preparatory reading notes, must be brought 
to all Physics lessons with the appropriate teacher. 
 
This booklet may be used as a learning resource in lessons, you are not 
fully equipped to learn if this is not used in lesson. 
 
This booklet may also be used as a revision resource for intervention, 
internal assessments and external assessments.  
Please keep this in your student file. 

 
 
 
 
 
 
 
 

There are several activities in this book which may not be covered in lessons. 

It is advised that students complete these activities outside of lessons as revision aides. 
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 Definition List 
Definitions you must learn for this module are… 
 

Key Word Definition 
Amplitude The maximum displacement of a vibrating particle; for a transverse wave, it is the 

distance from the middle to the peak of the wave. 

 
Antinode The fixed point in a stationary wave pattern where the amplitude is a maximum. 

 
Coherent When two sources of waves have a constant phase difference and the same 

frequency. 

 
Cycle The interval of a vibrating particle (or a wave) from a certain displacement and 

velocity to the next time the particle (or the next particle) that has the same 
displacement and velocity. 

First harmonic 

 
The pattern of stationary waves on a string when it vibrates at its lowest possible 
frequency. Each further harmonic is a multiple of the first harmonic. 

Frequency The number of complete cycles of a wave that pass a point each second. 

 
Interference The formation of points of cancellation and reinforcement where two coherent 

waves pass through each other. 
Longitudinal 
waves 

Waves with a direction of vibration parallel to the direction of propagation of the 
waves. 

Path difference The difference in distances from two coherent sources to an interference fringe. 

 
Period The time for one complete cycle of a wave to pass a point. 

 
Phase difference The fraction of a cycle between the vibrations of two vibrating particles, measured 

either in radians or degrees. 
Plane-polarised 
waves 

Transverse waves that vibrate in one plane only. 

 
Progressive 
waves 

Waves which travel through a substance or through space if electromagnetic. It is a 
transfer of energy. 

Stationary waves Wave patterns with nodes and antinodes formed when two or more progressive 
waves of the same frequency and amplitude pass through each other. It is a display 
of energy. 

Superposition Effect of two waves adding displacements together when they meet. 

 
Transverse waves Waves with a direction of vibration perpendicular to the direction of propagation of 

the waves. 
Wavefront Lines of constant phase (e.g. wave crests) on a wave. 

 
Wavelength The shortest distance between two consecutive points on a wave which are in 

phase. 

  
 

 
 
 

 
 

IMPORTANT NOTE 
These definitions must be memorised by students. 

You will be tested on these definitions. 
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 The Language of Measurement 
 
The following subject specific vocabulary provides definitions of key terms used in the A-level 
Science specifications. 
 
Accuracy 
A measurement result is considered accurate if it is judged to be close to the true value. 
 
Calibration 
Marking a scale on a measuring instrument. 
This involves establishing the relationship between indications of a measuring instrument and 
standard or reference quantity values, which must be applied. 
For example, placing a thermometer in melting ice to see whether it reads 0 °C, to check if it has 
been calibrated correctly. 
 
Data 
Information, either qualitative or quantitative, that has been collected. 
 
Errors 
See also uncertainties. 
 
Measurement error 
The difference between a measured value and the true value. 
anomalies 
These are values in a set of results which are judged not to be part of the variation caused by 
random uncertainty. 
 
Random error 
These cause readings to be spread about the true value, due to results varying in an 
unpredictable way from one measurement to the next. 
Random errors are present when any measurement is made, and cannot be corrected. The effect 
of random errors can be reduced by making more measurements and calculating a new mean. 
 
Systematic error 
These cause readings to differ from the true value by a consistent amount each time a 
measurement is made. 
Sources of systematic error can include the environment, methods of observation or instruments 
used. 
Systematic errors cannot be dealt with by simple repeats. If a systematic error is suspected, the 
data collection should be repeated using a different technique or a different set of equipment, and 
the results compared. 
 
Zero error 
Any indication that a measuring system gives a false reading when the true value of a measured 
quantity is zero, e.g. the needle on an ammeter failing to return to zero when no current flows. 
A zero error may result in a systematic uncertainty. 
 
Evidence 
Data which has been shown to be valid. 
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Fair test 
A fair test is one in which only the independent variable has been allowed to affect the dependent 
variable. 
 
Hypothesis 
A proposal intended to explain certain facts or observations. 
 
Interval 
The quantity between readings, e.g. a set of 11 readings equally spaced over a distance of 1 
metre would give an interval of 10 centimetres. 
 
Precision 
Precise measurements are ones in which there is very little spread about the mean value. 
Precision depends only on the extent of random errors – it gives no indication of how close results 
are to the true value. 
 
Prediction 
A prediction is a statement suggesting what will happen in the future, based on observation, 
experience or a hypothesis. 
 
Range 
The maximum and minimum values of the independent or dependent variables; important in 
ensuring that any pattern is detected. 
For example, a range of distances may be quoted as either: 
'From 10 cm to 50 cm' 
or 
'From 50 cm to 10 cm' 
 
Repeatable 
A measurement is repeatable if the original experimenter repeats the investigation using same 
method and equipment and obtains the same results. 
 
Reproducible 
A measurement is reproducible if the investigation is repeated by another person, or by using 
different equipment or techniques, and the same results are obtained. 
 
Resolution 
This is the smallest change in the quantity being measured (input) of a measuring instrument that 
gives a perceptible change in the reading. 
 
Sketch graph 
A line graph, not necessarily on a grid, that shows the general shape of the relationship between 
two variables. It will not have any points plotted and although the axes should be labelled they 
may not be scaled. 
 
True value 
This is the value that would be obtained in an ideal measurement. 
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Uncertainty 
The interval within which the true value can be expected to lie, with a given level of confidence or 
probability, e.g. “the temperature is 20 °C ± 2 °C, at a level of confidence of 95%. 
 
Validity 
Suitability of the investigative procedure to answer the question being asked. For example, an 
investigation to find out if the rate of a chemical reaction depended upon the concentration of one 
of the reactants would not be a valid procedure if the temperature of the reactants was not 
controlled. 
 
Valid conclusion 
A conclusion supported by valid data, obtained from an appropriate experimental design and 
based on sound reasoning. 
 
Variables 
These are physical, chemical or biological quantities or characteristics. 
 
Categoric variables 
Categoric variables have values that are labels. E.g. names of plants or types of material. 
 
Continuous variables 
Continuous variables can have values (called a quantity) that can be given a magnitude either by 
counting (as in the case of the number of shrimp) or by measurement (e.g. light intensity, flow 
rate etc.). 
 
Control variables 
A control variable is one which may, in addition to the independent variable, affect the outcome of 
the investigation and therefore must be kept constant or at least monitored. 
 
Dependent variables 
The dependent variable is the variable of which the value is measured for each change in the 
independent variable. 
 
Independent variables 
The independent variable is the variable for which values are changed or selected by the 
investigator. 

 
 
 
 
 

 
 

IMPORTANT NOTE 
These definitions must be memorised by students. 

You will be tested on your knowledge of these definitions. 
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TOPIC: 3.3.1.1 Progressive Waves 
SPEC CHECK 
Specification Completed? 

Oscillation of the particles of the medium; 
 

 

amplitude, frequency, wavelength, speed, phase, phase difference, c = f λ,  
f = 1/T 
 

 

Phase difference may be measured as angles (radians and degrees) or as 
fractions of a cycle. 
 

 

Laboratory experiment to determine the speed of sound in free air using 
direct timing or standing waves with a graphical analysis. 
 

 

 
 
NOTES 
Waves 
All waves are caused by oscillations and all transfer energy without transferring matter. This 
means that a water wave can transfer energy to you sitting on the shore without the water 
particles far out to sea moving to the beach.  
 
Here is a diagram of a wave; it is one type of wave called a transverse wave.  
A wave consists of something (usually particles) oscillating from an equilibrium point. The wave 
can be described as progressive; this means it is moving outwards from the source.  

 
 
 
 
 
 
 
 
 
 

 
We will now look at some basic measurements and characteristics or waves. 

 

Amplitude, A                           Amplitude is measured in metres, m 

The amplitude of a wave is the maximum displacement of the particles from the equilibrium 
position.  

 
Wavelength, λ                         Wavelength is measured in metres, m 
The wavelength of a wave is the length of one whole cycle. It can be measured between two 
adjacent peaks, troughs or any point on a wave and the same point one wave later. 

These notes are brief. 

More detailed notes are found in the student preparatory reading 

book. 

Please read the preparatory reading notes. 
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Time Period, T                        Time Period is measured in seconds, s 
This is the time is takes for one complete wave to happen. Like wavelength it can be measured as 
the time it takes between two adjacent peaks, troughs or to get back to the same point on the 
wave. 
 

Frequency, f                            Frequency is measured in Hertz, Hz 

Frequency is a measure of how often something happens, in this case how many complete waves 
occur in every second.  

It is linked to time-period of the wave by the following equations:  
f

T
1

=  and  T
f

1
=

 

Wave Speed, c                         Wave Speed is measured in metres per second, m s-1 

The speed of a wave can be calculated using the following equation:  fc =  

 
Here c represents the speed of the wave, f the frequency and λ the wavelength. 
 
For an electromagnetic wave, the speed of the wave is constant for all electromagnetic waves. 
For mechanical waves, the speed of the wave varies depending on the mechanical wave. 
 

Phase Difference                      Phase Difference is measured in radians, rad 

If we look at two particles a wavelength apart (such as C and G) we would see that they are 
oscillating in time with each other. We say that they are completely in phase.  

A full wavelength is 360o of phase. `In phase' occurs at whole multiples of the wavelength (nλ). 

If two points are in phase, the two points are moving at the same velocity, meaning speed and 
direction. 
 
Two points half a wavelength apart (such as I and K) we would see that they are always moving 
in opposite directions. We say that they are completely out of phase or in anti-phase. 
`In anti-phase' occurs at whole plus half multiples (n + ½λ ) of a wavelength. If two points are in 
anti-phase, the two points are moving with the same speed but travel in opposite directions. 
 
Phase relates the relative motion of one part of a wave compared to the relative motion of one 
part of another wave. 
The phase difference between two points depends on what fraction of a wavelength lies between 
them 

 
 B C D E F G H I J K L M 

Phase Difference  
from A (radians) 

½π 1π 1½π 2π 2½π 3π 3½π 4π 4½π 5π 5½π 6π 

Phase Difference  
from A (degrees) 

90 180 270 360 450 540 630 720 810 900 990 1080 
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Path Difference                       Path Difference is measured in wavelengths, λ 

If two light waves leave a bulb and hit a screen the difference in how far the waves have travelled 
is called the path difference. Path difference is measured in terms of wavelengths. 
 
Path difference is the difference in metres between the lengths of two paths (the distance along 
the wave). 

 
 

 B C D E F G H I J K L M 

Path Difference  
from A 

¼λ ½λ ¾λ 1λ 1¼λ 1½λ 1¾λ 2λ 2¼λ 2½λ 2¾λ 3λ 

 
Two waves leaving A with one making it to F and the other to J will have a path difference of 1 
wavelength (1λ). 
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REVISION SHEET 
 
 
 

 

 

 
 

Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 
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Additional Note Space 



St Mary’s Catholic School 

 

A Level Physics Year 1: Class Student Work Book: 3.3.1 Progressive and Stationary Waves   12 

  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Additional Note Space 
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 PUZZLES 
QUESTIONS 
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 ANSWERS 
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 SAMPLE QUESTION 

S1.(a)     For a sound wave travelling through air, explain what is meant by particle displacement, 
amplitude and wavelength. 

Particle displacement  

displacement is distance of particle       - 1 mark 

from mean [or equilibrium] position     - 1 mark 

in direction of wave (energy)      - 1 mark 

 

amplitude  

amplitude is maximum displacement     - 1 mark 

 

wavelength 

wavelength is shortest distance     - 1 mark 

between two points in phase      - 1 mark 
 (4) 

 (b)      

  

Graph A shows the variation of particle displacement with time at a point on the path of 
a progressive wave of constant amplitude. 

Graph B shows the variation of particle displacement with distance along the same wave 
at a particular instant. 

 (i)      Show on graph A 

(1) the wave amplitude, a, 

(2) the period, T, of the vibrations providing the wave. 
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(ii)     Show on graph B 

(1) the wavelength of the wave, λ, 

(2) two points, P and Q, which are always π/2 out of phase. 

 

 

 

(2) any two points  apart     - 1 mark 

 
(4) 

(Total 8 marks) 

 Reference: AQA Legacy A Examination Material 
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 SELF ASSESSMENT 

1. Figure 1 shows the displacement of particles in an ultrasound wave at different distances from the 
source at a particular time. The wave travels at 3200 m s–1. 

Figure 1 

 

1.1 Use the graph to find the wavelength of the wave in Figure 1. 

[1 Mark] 

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

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

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

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

wavelength ......................................... 

 

1.2 Calculate the frequency of the ultrasound wave. 

[2 Marks] 

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

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

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

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

frequency ........................................... 
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 One industrial use for ultrasound waves is to detect flaws inside a metal block.  

Figure 2a shows the arrangement in which the waves are fired downwards in short pulses from a 
transmitter.  

Figure 2b shows the amplitudes of the initial pulse and the reflected signals recorded by the receiver.  

You may assume that there is no reflected pulse received from the upper surface of the block. 

Figure 2a 

 

Figure 2b 

 

1.3 The ultrasound wave travels at 3200 m s–1. Use data from Figure 2b to calculate the distance of the 
flaw below the top of the block. 

[3 Marks] 

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

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

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

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

distance ................................ 

 Reference: AQA Legacy B Examination Material 
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 Q2.  Figure 1 shows three particles in a medium that is transmitting a sound wave. Particles A and C are 
separated by one wavelength and particle B is half way between them when no sound is being transmitted. 

 

Figure 1 

2.1 Name the type of wave that is involved in the transmission of this sound. 

[1 Mark] 

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

2.2 At one instant particle A is displaced to the point A' indicated by the tip of the arrow in Figure 1. Show 
on Figure 1 the displacements of particles B and C at the same instant. Label the position B' and C' 
respectively. 

[1 Mark] 

2.3 Explain briefly how energy is transmitted in this sound wave. 

[2 Marks] 

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

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

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

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

  Reference: AQA Legacy B Examination Material 
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 Q3. Figure 1 shows how the displacement s of the particles in a medium carrying a pulse of ultrasound 
varies with distance d along the medium at one instant. 

 

Figure 1 

3.1 State the amplitude of the wave. 

[1 Mark] 

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

3.2 The speed of the wave is 1200 m s–1. Calculate the frequency of oscillation of the particles of the medium 
when the ultrasound wave is travelling through it. 

[3 Marks] 

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

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

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

Frequency of oscillation .......................................... 

An ultrasound transmitter is placed directly on the skin of a patient. Figure 2 shows the amplitudes of the 
transmitted pulse and the pulse received after reflection by an organ in the body. amplitude 

 

Figure 2 

3.3 Give two possible reasons why the amplitude of the received pulse is lower than that which is 
transmitted. 

[2 Marks] 

Reason 1  

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

.............................................................................................................................................................  
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 Reason 2  

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

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

3.4 The speed of ultrasound in body tissue is 1200 m s–1. Calculate the depth of the reflecting surface below 
the skin. 

[2 Marks] 

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

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

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

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

 Depth of reflecting surface ...................................... 

  Reference: AQA Legacy B Examination Material 
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TOPIC: 3.3.1.2 Longitudinal and Transverse Waves 

SPEC CHECK 
Specification Completed? 

Nature of longitudinal and transverse waves. 
 
 

 

Examples to include: sound, electromagnetic waves, and waves on a 
string. 
 

 

Students will be expected to know the direction of displacement of 
particles/fields relative to the direction of energy propagation and that 
all electromagnetic waves travel at the same speed in a vacuum. 
 

 

Polarisation as evidence for the nature of transverse waves. 
 

 

Applications of polarisers to include Polaroid material and the alignment 
of aerials for transmission and reception. 
 

 

Students can investigate the factors that determine the speed of a water 
wave. 
 

 

NOTES 
 
 
Waves 
All waves are caused by oscillations and all transfer energy without transferring 
matter. This means that a sound wave can transfer energy to your eardrum from a far speaker 
without the air particles by the speaker moving into your ear.  
We will now look at the two types of waves and how they are different 
 

Longitudinal Waves 
A longitudinal wave is a wave where the oscillations of the wave are parallel to the direction of 
propagation (travel). 
 
Where the particles are close together we call a compression (labelled C on the diagram) and 
where they are spread we call a rarefaction (labelled R on the diagram).  
 
The wavelength is the distance from one compression or rarefaction to the next corresponding 
compression or rarefraction. 
 
The amplitude is the maximum distance the particle moves from its equilibrium position to the 
right of left. 

 
 

Example:  
Sound waves, P- seismic waves, Water waves 

These notes are brief. 

More detailed notes are found in the student preparatory reading 

book. 

Please read the preparatory reading notes. 
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 Transverse Waves 

In a transverse wave the oscillations of the wave are perpendicular to the direction of 
propagation (energy transfer). 
 
Where the particles are displaced above the equilibrium position we call a peak and below we call 
a trough. 
 
The wavelength is the distance from one peak or trough to the corresponding peak or trough on 
the next wave. 
 
The amplitude is the maximum distance the particle moves from its equilibrium position up or 
down. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Examples: Water waves, Mexican waves, S-seismic waves and waves of the EM 
spectrum 
 
Electromagnetic waves are produced from varying electric and magnetic field in a material. 
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 Polarisation 
Polarisation is the restriction of the oscillations of a wave to only one plane of oscillation.  
 
In the diagrams below, the light is initially oscillating in all directions; a wave which vibrates in all 
planes is called unpolarised.  
A piece of Polaroid only allows light to oscillate in the same direction as it – it will polarise 
unpolarised waves. 
 
In the top diagram the light passes through a vertical plane Polaroid and becomes polarized in the 
vertical plane. This can then pass through the second vertical Polaroid. 
 
In the middle diagram the light becomes polarized in the horizontal plane. 
 
In the bottom diagram the light becomes vertically polarized but this cannot pass through a 
horizontal plane Polaroid. 
 
Only transverse waves can be polarised, longitudinal waves cannot be polarised by a Polaroid.  
 
This is proof that the waves of the electromagnetic spectrum are transverse waves, this is 
because all electromagnetic waves can be polarised.  
 
If they were longitudinal waves the forwards and backwards motion would not be stopped by 
crossed pieces of Polaroid; the bottom set up would emit light. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Applications 
TV aerials get the best reception when they point to the transmission source so they absorb the 
maximum amount of the radio waves. 
Reflection of waves causes partial polarisation as it reduces some planes of polarisation – this is 
the same way in which sunglasses work. 

Polarisation is an example of 

attenuation since some of the wave (a 

number of the planes) is being 

absorbed. 

This attenuation does not result in any 

loss of signal, but the bars of the 

polaroid often get hot, since the 

polaroid is absorbing the energy from 

those waves which it blocks. 
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REVISION SHEET 
 
 
 

 
 

 
 
 

Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 
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St Mary’s Catholic School 

 

A Level Physics Year 1: Class Student Work Book: 3.3.1 Progressive and Stationary Waves   27 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Additional Note Space 
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Additional Note Space 
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 PUZZLES 
QUESTIONS 
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 ANSWERS 
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 SAMPLE QUESTION 

Q1.          (a)     State the characteristic features of 

(i)      longitudinal waves, 

particle vibration (or disturbance or oscillation) -  1 mark 
 

same as (or parallel to) direction of propagation (or energy transfer) –  1 mark 

 (ii)     transverse waves. 

         particle vibration perpendicular to direction of propagation or energy 
transfer – 1 mark 

 (3) 

 (b)    Daylight passes horizontally through a fixed polarising filter P. An observer views the light 
emerging through a second polarising filter Q, which may be rotated in a vertical plane about 
point X as shown in Figure 1. 

 

Figure 1 

 

Describe what the observer would see as Q is rotated slowly through 360°. 

You may be awarded marks for the quality of written communication provided in 
your answer. 

variation in intensity between max and min (or light and dark)   - 1 
mark 
 

two maxima (or two minima) in 360° rotation     - 1 mark 
 (2) 

(Total 5 marks) 

 Reference: AQA Legacy A Examination Material 
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 SELF ASSESSMENT 

1.1 State the difference between a longitudinal wave and a transverse wave. 

[2 Marks] 

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

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

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

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

1.2 State an example of a transverse wave. 

[1 Mark] 

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

1.3 State an example of a longitudinal wave. 

[1 Mark] 

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

1.4 Sound with a frequency of 560 Hz travels through steel with a speed of 4800 m s–1. Calculate the 
wavelength of the sound wave. 

[2 Marks] 

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

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

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

............................................................................................................................................................. 
Reference: AQA Legacy B Examination Material 
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 2.1 State the difference between transverse and longitudinal waves. 

[2 Marks] 

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

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

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

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

2.2 State what is meant by polarisation. 

[2 Marks] 

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

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

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

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

2.3 Explain why polarisation can be used to distinguish between transverse and longitudinal waves. 

[2 Marks] 

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

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

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

............................................................................................................................................................. 
Reference: AQA Legacy B Examination Material 
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Q3. Polarization is a property of one type of wave. 

3.1 Circle below the type of wave that can be polarized. 

[1 Mark] 
  

  transverse   longitudinal 

 

3.2 Give one example of the type of wave that can be polarized. 

[1 Mark] 

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

3.3 Explain why some waves can be polarized but others cannot. Space is provided for sketches should you 
wish to include them in your answer. 

[3 Marks] 

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

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

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

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

Reference: AQA Legacy B Examination Material 
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TOPIC: 3.3.1.3 Principle of Superposition of Waves 
and Formation of Stationary Waves 
SPEC CHECK 
Specification Completed? 

Stationary waves. 
 

 

Nodes and antinodes on strings. 
f = 1/2l x √T/µ for first harmonic. 
 

 

The formation of stationary waves by two waves of the same 
frequency travelling in opposite directions. 
 

 

A graphical explanation of formation of stationary waves will be 
expected. 
 

 

Stationary waves formed on a string and those produced with 
microwaves and sound waves should be considered. 
 

 

Stationary waves on strings will be described in terms of harmonics. 
The terms fundamental (for first harmonic) and overtone will not be 
used. 
 

 

Students can investigate the factors that determine the frequency of 
stationary wave patterns of a stretched string. 
 

 

 
 
NOTES 
Superposition 
Here are two waves that have amplitudes of 1.0 travelling in opposite directions: 

 
 
Superposition is the process by which two waves combine into a single wave form when they 
overlap. This is called the principle of superposition. 
 
The principle of superposition states that when two waves overlap, their displacements add.  
NOT THE DISTANCES BEING ADDED. 
 
This only happens when two waves of the same type overlap.  
This only happens when it is coherent waves overlapping. 

These notes are brief. 

More detailed notes are found in the student preparatory reading 

book. 

Please read the preparatory reading notes. 
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 If we add these waves together the resultant depends on where the peaks of the waves are 
compared to each other.  
 
If the waves undergoing superposition are vibrating in the same direction, they are said to be IN 
PHASE. If the two waves have the exact same wave pattern, they are totally in phase. 
If the waves undergoing superposition are vibrating in opposite direction, they are said to be OUT 
OF PHASE OR IN ANTI-PHASE. 
Here are three examples of what the resultant could be: a wave with amplitude of 1.5, no 
resultant wave at all and a wave with amplitude of 2.0 

 

 
 
 
 
 
 
 
Stationary/Standing Waves 
When two similar waves travel in opposite directions they can superpose to form a standing (or 
stationary) wave. This is an application of the superposition discussed above. 
 
On the next page, there is the experimental set up of how we can form a standing wave on a 
string.  
 
The vibration generator sends waves down the string at a certain frequency and phase difference; 
they reach the end of the string and reflect back at the same frequency and phase difference.  
 
On their way back the two waves travelling in opposite direction superpose to form a standing 
wave made up of nodes and antinodes.  

Examiners Note 

To form a standing wave, the following must occur…. 

A progressive wave is reflected off a surface (1 mark). 

The progressive wave is coherent with itself – as the frequency and phase difference in unchanged (1 mark) 

The progressive wave does not reduce in amplitude (1 mark). 

The progressive wave interferes with itself and produces a standing wave (1 mark). 

 

These two waves are in phase 

with each other. 

They superimpose to give larger 

peaks and larger troughs. 

These two waves are 

completely out of phase with 

each other. 

They superimpose to give no 

resultant wave at all. 

These two waves are 

completely in phase with each 

other. 

They superimpose to give the 

largest peaks and largest 

troughs possible. 
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 Nodes: Positions on a standing wave which do not vibrate.  
The waves combine to give zero displacement. 
Antinodes: Positions on a standing wave where there is a maximum displacement. 

 

 

 

 

 

 

 

 Standing Waves Progressive Waves 

Amplitude Maximum at antinode and zero at 
nodes 

The same for all parts of the wave 

Frequency All parts of the wave have the same 
frequency 

All parts of the wave have the same 
frequency 

Wavelength Twice the distance between adjacent 
nodes 

The distance between two adjacent 
peaks 

Phase All points between two adjacent nodes 
in phase 

Points one wavelength apart in phase 

Energy No energy translation Energy translation in the direction of the 
wave 

Waveform Does not move forward 
 

Moves forwards 

 
Harmonics 
As we increase the frequency of the vibration generator we will see standing waves being set up. 
The first will occur when the generator is vibrating at the fundamental frequency (or first 
harmonic), f0, of the string. 
 
First Harmonic f = f0 λ = 2 L 
2 nodes and 1 antinode 
Second Harmonic f = 2f0 λ = L 
3 nodes and 2 antinodes 
Third Harmonic f = 3f0 λ = ⅔ L 
4 nodes and 3 antinodes 
Fourth Harmonic f = 4f0 λ = ½ L 
5 nodes and 4 antinodes 

 

 
 
The frequencies of the harmonics are all multiples of the first harmonic.  
 
If the frequency of the wave is not a first harmonic multiple, a standing wave will not form.  

A progressive wave is one where the wave moves from 

one point to another in the Universe. It is a transfer of 

energy. 

A stationary wave is one where a wave is trapped 

between two boundaries and reflects back on itself. It is 

a display of energy. 

As we increase the frequency of the signal generator, the standing 

wave only forms at the harmonic frequencies. 
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REVISION SHEET 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 
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Additional Note Space 
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Additional Note Space 
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 PUZZLES 
QUESTIONS 
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 ANSWERS 
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 SAMPLE QUESTION 

Q1.   Explain the differences between an undamped progressive transverse wave and a stationary transverse 
wave, in terms of (a) amplitude, (b) phase and (c) energy transfer. 

(a)     amplitude 

progressive wave:     each point along wave   - 1 mark 
 

     has same amplitude for progressive wave - 1 mark 
 

stationary wave  

but varies for stationary wave - 1 mark 
 

(b)     phase 

progressive wave    adjacent points vibrate with different phase - 1 mark 

 

stationary wave   stationary wave, between nodes all particles vibrate in 
phase [or there are only two phases] - 1 mark 

 
 

(c)     energy transfer 

progressive wave    energy is transferred through space – 1 mark 

 

stationary wave    energy is not transferred through space – 1 mark 

 
(Total 5 marks) 

Reference: AQA Legacy A Examination Material 
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 SELF ASSESSMENT 

Q1.The drawing below shows a standing wave set up on a wire of length 0.87 m.  

The wire is vibrated at a frequency of 120 Hz. 

  

1.1 Calculate the speed of transverse waves along the wire. 

[3 Marks] 

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

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

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

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

1.2 Show that the fundamental frequency of the wire is 40 Hz. 

[2 Marks] 

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

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

............................................................................................................................................................. 
Reference: AQA Legacy B Examination Material 
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 Q2. The equation for the speed, v, of a transverse wave along a stretched string is: 

 

where T is the tension in the string and μ is the mass per unit length of the string. 

2.1 State the quantities that would need to be measured in order to calculate a single value for the speed of 
the wave using the equation. Name a suitable measuring instrument for each quantity. 

[4 Marks] 

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

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

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

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

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

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

2.2 The apparatus shown in the diagram below could be used to measure a value for v. 

 

Explain how this apparatus may be used to calculate an accurate value of the speed of the transverse wave 
along the string. 

[4 Marks] 

 

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

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

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

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

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

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

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

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



St Mary’s Catholic School 

 

A Level Physics Year 1: Class Student Work Book: 3.3.1 Progressive and Stationary Waves   47 

  

2.3 With the signal generator in the diagram below set at 152 Hz, 10 loops fit the vibrating length of the 
string exactly.  

The string is of length 2.0 m and the mass on the end of it is 0.72 kg. 

The Earth’s gravitation field strength, g = 9.8 N kg–1 

Calculate the mass of the string. 

[5 Marks] 

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

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

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

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

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

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

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

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

Mass = .................................................... 
Reference: AQA Legacy B Examination Material 
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3. The figure below shows the appearance of a stationary wave on a stretched string at one instant in time. 
In the position shown each part of the string has its maximum displacement. The arrow at W shows the 
direction in which the point W is about to move. 

 

3.1 Mark clearly on the diagram the directions in which points X, Y and Z are about to move. 

[2 Marks] 

3.2 State the conditions necessary for a stationary wave to be produced on the string. 

[2 Marks] 

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

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

3.3 In the figure above, the frequency of vibration is 120 Hz. Calculate the frequency of the fundamental 
vibration for this string. 

[2 Marks] 

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

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

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

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

 frequency of the fundamental vibration................................................... 
 Reference: AQA Legacy B Examination Material 
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 REVISION CHECKLIST 

Specification 

reference 

Checklist  

questions 
 

3.3.1.1 
Can you explain oscillation of particles in terms of amplitude, frequency, 

wavelength, speed, phase, and phase difference?  

3.3.1.1 
Can you explain that phase difference may be measured as angles 

(radians and degrees) or as fractions of a cycle? 
 

3.3.1.2 
Can you explain the nature of longitudinal and transverse waves, including 

sound, electromagnetic waves, and waves on a string? 
 

3.3.1.2 
Can you describe the direction of displacement of particles/fields relative 

to the direction of energy propagation?  
 

3.3.1.2 
Can you recall that all electromagnetic waves travel at the same speed in 

a vacuum? 
 

3.3.1.2 
Can you explain polarisation as evidence for the nature of transverse 

waves? 
 

3.3.1.2 

Can you apply your knowledge of polarisers to explain the function of 

Polaroid material and the alignment of aerials for transmission and 

reception? 

 

3.3.1.3 Can you define stationary waves?  

3.3.1.3 Can you describe nodes and antinodes on strings?  

3.3.1.3 Can you use the formula 
μ

T

l
f

2

1
=  for first harmonic?  

3.3.1.3 
Can you describe the formation of stationary waves by two waves of the 

same frequency travelling in opposite directions? 
 

3.3.1.3 Can you draw a diagram to explain the formation of stationary waves?  
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Specification 

reference 

Checklist  

questions 
 

3.3.1.3 
Can you describe stationary waves formed on a string and those produced 

with microwaves and sound waves? 
 

3.3.1.3 Can you describe stationary waves on strings in terms of harmonics?  

3.3.1.3 

Have you carried out an investigation into how the frequency of stationary 

waves on a string varies with length, tension, and mass per unit length of 

the string? 
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