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3.3.2.2 Diffraction 
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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.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

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. 

IMPORTANT NOTE 
This book, along with the preparatory reading notes and independent 
work, must be brought to all Physics lessons with the appropriate 
teacher. 
 
This book may be used as a learning resource in lessons, you are not 
fully equipped to learn if this is not used in lesson. 
 
This book may also be used as a revision resource for intervention, 
internal assessments and external assessments.  
Please keep this in your student file. 
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 Definition List 
Definitions you must learn for this module. 

 

Key Word Symbol Definition 

Coherent  When two sources of waves having a constant phase difference 
and the same frequency. 

Critical Angle ƟC The angle of incidence of a light ray that must be exceeded for 
total internal reflection to occur. It is also the angle of incidence 
where the angle of refraction is zero. 
 

Diffraction  The spreading of waves on passing through a gap or near an 
edge. 
 

Diffraction Grating 
 

 A plate with many closely ruled parallel slits on it. 

Fringe Spacing 
 

w The perpendicular distance between the centre of two fringes 
of the same type e.g. bright fringe and bright fringe (adjacent 
maxima or minima).  
 

Interference  The formation of points of cancellation and reinforcement 
where two coherent waves pass through each other. 
 

Intensity I The power per unit area of a wave. 
 

Laser  a device which produces a parallel coherent beam of 
monochromatic light. 
 

Maxima  Points produced when waves with a nλ path difference (or n2∏ 
phase difference) constructively interfere. 
  

Minima  Points produced when waves with a n/2λ path difference (or n∏ 
phase difference) destructively interfere. 
  

Modal Dispersion  The lengthening of a light pulse as it travels along an optical 
fibre, due to rays that repeatedly undergo total internal 
reflection having to travel a longer distance than the rays that 
undergo less total internal reflection. 
 

Monochromatic 
Light 

 Light of single wavelength (and frequency) – the same colour. 

Optical Fibre  A thin, flexible transparent fibre used to carry light pulses from 
one end to the other. 
 

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

Phase Difference  The fraction of a cycle between the vibrations of two vibrating 
particles, measured either in degrees or radians. 
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 Superposition  The effect of two waves adding together when they meet. This 
can be either displacement or any vector property of a wave 
 

Refraction  The change in direction of a wave when it crosses a boundary 
where its speed changes. In refraction, frequency must remain 
constant. 
 

Refractive Index n The speed of light in free space compared to the speed of light 
in the substance. 
 

Total Internal 
Reflection 

 Occurs when a light ray travelling in a substance is reflected at 
the boundary with a substance of lower refractive index, if the 
angle of incidence is greater than a certain value known as the 
critical angle. 
 

Young’s Fringes  The parallel bright and dark fringes observed when light from a 
narrow-slit passes through two closely spaced slit. 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IMPORTANT NOTE 
These definitions must be memorised by students. 

You will be tested on your knowledge of these definitions. 
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 Equations 
The equations below are used in this module.  

Quantity/Concept Equation(s) 

Intensity 
 

I  = P / A 
This is not given in your examination. 
 

Fringe Spacing w = λD 
       s  
 

Distance Between Slits on a Diffraction 
Grating 
 

d = nλ / sin Ɵ 

Maximum Number of Diffraction Orders n = d / λ 
This is not given in your examination. 
 

Refractive Index  n = c/cs 

 
 

Relative Refractive Index 1n2 = c1 / c2 
 

1n2 = n1 / n2 
 
These two equations can be equated to each 
other.  
 

Snell’s Law 
 
 

n1 sinƟ1 = n2 sinƟ2
 

 

Critical Angle 
 

sin Ɵc = n2 / n1 = 1n2
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IMPORTANT NOTE 
These equations must be memorised by students. 

You will be tested on these equations. 
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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: 3.3.2.1 Interference 
SPEC CHECK 
Specification Completed? 

Path difference. Coherence. 
 

 

Interference and diffraction using a laser as a source of monochromatic 
light. 
 

 

Young’s double-slit experiment: the use of two coherent sources or the use 
of a single source with double slits to produce an interference pattern. 
 

 

Fringe spacing, w = λD 
                              s 
 

 

Production of interference pattern using white light. 
 
 

 

Show awareness of safety issues associated with using lasers. 
 

 

Describe and explain interference produced with sound and electromagnetic 
waves. 
 

 

Appreciation of how knowledge and understanding of nature of 
electromagnetic radiation has changed over time. 
 

 

Investigate two-source interference with sound, light and microwave 
radiation. 
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NOTES 
 
Interference 
Interference is a special case of superposition where the waves that combine are coherent. 
Two waves are coherent if they have the same frequency and constant phase difference. 
The waves overlap and form a repeating interference pattern of maxima and minima areas.  
If the waves weren’t coherent the interference pattern would change rapidly and continuously. 
This is not considered at A-Level Physics. 
 
Coherence: Waves which are of the same frequency, wavelength, polarisation and amplitude and 
in a constant phase relationship. A laser is a coherent source but a light bulb is not. 
 
Constructive Interference: The path difference between the waves is a whole number of 
wavelengths so the waves arrive in phase adding together to give a large wave.  
This can also be expressed in terms of phase difference; two waves constructively interfere if they 
have a phase difference of n2Π radians.   
For example: 2 peaks overlap 
 
Destructive Interference: The path difference between the waves is a half number of 
wavelengths so the waves arrive out of phase cancelling out to give no wave at all.  
This can also be expressed in terms of phase difference; two waves destructively interfere if they 
have a phase difference of nΠ radians.  
For example: A peak and trough overlap 

 

Young’s Double Slit Experiment 
In 1803 Thomas Young settled a debate started over 100 years earlier between Newton and 
Huygens by demonstrating the interference of light. Newton thought that light was made up of 
tiny particles called corpuscles and Huygens thought that light was a wave, Young’s interference 
of light proves light is a wave.  

 
Interference occurs where the light from the two slits overlaps. Constructive interference produces 
bright areas, while deconstructive interference produces dark areas.  
These areas are called interference fringes.  
 
Here is Young’s double slit set up, the two slits act as coherent sources of waves 

 
 
 
 
 
 
 
 
 
 
 
 
 

These notes are brief. 

More detailed notes are found in the student preparatory reading 

book. 

Please read the preparatory reading notes. 

The waves produced are coherent as 

they come from the same light source. 

This means a diffraction pattern must 

form. 

This was the first experimental proof 

that light must act like a wave. 

Diffraction and interference are wave-

only properties. 

Here the slits have 

diffraction occurring at two 

points. 
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 Fringes 
There is a central bright fringe directly behind the midpoint between the slits with more fringes 
evenly spaced and parallel to the slits. 

 
As we move away from the centre of the screen we see the intensity of the bright 
fringes decreases. 

 

 
 
 
 
 
 
 
Double Source Experiment 
The interference of sound is easy to demonstrate with two speakers connected to the same signal 
generator. Waves of the same frequency (coherent) interfere with each other.  
 
Constructive interference produces loud fringes, while deconstructive interference produces quiet 
fringes.  

 
 

Derivation 
We can calculate the separation of the fringes (w) if we consider the diagram to the right which 
shows the first bright fringe below the central fringe. The path difference between the two waves 
is equal to one whole wavelength (λ) for constructive interference.  

 

 
If the distance to the screen (D) is massive compared to the separation of the sources (s) the 
angle (θ) in the large triangle can be assumed the same as the angle in the smaller triangle. 

      

 
Hypotenuse

Opposite
sin    For the small triangle: 

s


 sin    For the large triangle: 

D

w
sin  
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Since the angles are the same we can write  
sD

w 
  sin    or    

sD

w 
     which rearranges to:  

 
 

s

D
w




 

 
Fringe Separation, Source Separation, Distance to Screen and Wavelength are 
measured in metres, m 

 

 
Here is an example of an interference pattern produced by Young’s slits. 
 
Beware the fringe separation or spacing is measured from the centre of one fringe to the centre of 
the next corresponding fringe. 
 
The more values which you measure over, the lower the percentage uncertainty of the value 
calculated. 
 
However, be aware you are measuring the fringe spacing not the number of fringes produced. 

 

 
 
 
 
 
 
 
 
 

Experimental Note 

The fringes produced due to Young’s slits are quite dim and blurry – this is because the wave is only 

passing through 2 slits. 

This makes Young’s slits a difficult investigation to gain valid results for.  

We can draw a graph of this data… 

Where y = mx + c  Gradient = λ/s 

w 

D 
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 REVISION SHEET 
 
 

 
 

 

Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 
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Reference: CGP Revision Guide 
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Additional Note Space 
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Additional Note Space 
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 PUZZLES 
QUESTIONS 

 
 
 
 
 
 
 
 
 
 
 
 

To improve your understanding, answer the following puzzles. 

The answers are overleaf. 
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 ANSWERS 
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 SAMPLE QUESTION 

S1. The diagram shows two identical loudspeakers, A and B, placed 0.75 m apart. Each loudspeaker emits 
sound of frequency 2000 Hz. 

  

Point C is on a line midway between the speakers and 5.0 m away from the line joining the speakers. A 
listener at C hears a maximum intensity of sound. If the listener then moves from C to E or D, the sound 
intensity heard decreases to a minimum.  

Further movement in the same direction results in the repeated increase and decrease in the sound 
intensity. 
Speed of sound in air = 330 m s–1 

Explain why the sound intensity 

1.1 is a maximum at C, 

[3 Marks] 

superposition takes place (1 mark) 
between waves in phase (1 mark) 
gives constructive interference (1 mark)  

1.2 is a minimum at D or E. 

[2 Marks] 

at D or E the waves are out of phase (1 mark) 
so destructive interference (1 mark) 

Calculate 

1.3 the wavelength of the sound, 

[1 Mark] 

λ =  = 0.165m (1 mark) 
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 1.4 the distance CE. 

[2 Marks] 

Separation between maxima =  (1 mark) 

 = 1.10(m) (1 mark) 

Distance CE (=  × separation) = 0.55 m (1 mark) 
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 SELF ASSESSMENT 

A1. A laser emits light of wavelength 6.3 × 10–7 m and is used to illuminate a double slit which has a 
separation of 2.4 × 10–4 m. Interference fringes are observed 4.2 m from the slits. 

1.1 Calculate the fringe separation. 

[2 Marks] 

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

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

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

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

1.2 The double slit acts as a pair of coherent sources. Explain what is meant by coherent sources. 

[2 Marks] 

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

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

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

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

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

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

1.3 The diagram shows the light from the slits, S1 and S2, meeting at P where the first dark fringe is 
observed. 

  

Explain why a dark fringe is observed at P. 

[3 Marks] 

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

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

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

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

............................................................................................................................................................. 
Reference: AQA A Level Physics Legacy B Examinations 
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A2. Short pulses of sound are reflected from the wall of a building 18 m away from the sound source. The 
reflected pulses return to the source after 0.11 s. 

2.1 Calculate the speed of sound. 

[3 Marks] 

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

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

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

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

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

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

Speed of Sound =........................................ 

2.2 The sound source now emits a continuous tone at a constant frequency. An observer, walking at a 
constant speed from the source to the wall, hears a regular rise and fall in the intensity of the sound. 
Explain how the minima of intensity occur. 

[3 Marks] 

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

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

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

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

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

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

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

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

Reference: AQA A Level Physics Legacy B Examinations 
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A3. An interference pattern is produced using monochromatic light from two coherent sources. The 
separation of the two sources is 0.25 mm and the fringe separation is 7.8 mm. The interference pattern is 
observed on a screen that is 3.5 m from the sources. 

3.1 Calculate the wavelength of the light used to produce the interference pattern. 

 [3 Marks] 

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

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

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

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

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

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

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

3.2 The figure below shows light from two coherent sources, S1 and S2, superimposing to create a bright 
fringe at point Q. Q is equidistant from S1 and S2. The diagram is not to scale. 

 

Explain how the dark fringe at the point P is caused. 

[3 Marks] 

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

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

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

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

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

............................................................................................................................................................. 
 
Reference: AQA A Level Physics Legacy B Examinations 
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TOPIC: 3.3.2.2 Diffraction 
SPEC CHECK 
Specification Completed? 

Appearance of the diffraction pattern from a single slit using 
monochromatic and white light. 
 

 

Qualitative treatment of the variation of the width of the central 
diffraction maximum with wavelength and slit width.  
 

 

Plane transmission diffraction grating at normal incidence. 
 
 

 

Derivation of dsinƟ = nλ 
 
 

 

Applications of diffraction gratings. 
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NOTES 
 
 
Diffraction 
 

When waves pass through a gap they spread out, this is called diffraction. The amount of 
diffraction depends on the size of the wavelength compared to the size of the gap.  
 
 
 
 
 
 
In the first diagram the gap is several times wider than the wavelength so the wave only spreads 
out a little.  
When gap size > wavelength      there is little diffraction 
In the second diagram the gap is closer to the wavelength so it begins to spread out more.  
 
In the third diagram the gap is now roughly the same size as the wavelength so it spreads out the 
most. 
When gap size ≈ wavelength      there is a lot of diffraction 
 

Diffraction Patterns 
Here is the diffraction pattern from light being shone through a single slit.  
There is a central maximum that is twice as wide as the others and by far the brightest.  
The outer fringes are dimmer and of equal width. 
 
 
 
 
 
 
 
If we use three, four or more slits the interference maxima become brighter, narrower and further 
apart.  

 

Diffraction Grating 
A diffraction grating is a series of narrow, parallel slits. They usually have around 500 slits per 
mm. 
When light shines on the diffraction grating several bright sharp lines can be seen as shown in the 
diagram below. 

 
 
 
 
 
 
 

The smaller the slit compared to the 

wavelength, the greater the diffraction. 

This means the central maximum would be 

wider but less intense. 

These notes are brief. 

More detailed notes are found in the student preparatory reading 

book. 

Please read the preparatory reading notes. 

We call the different lines made by diffraction – 

orders of diffraction. 

We label the middle one, the zeroth order and 

every order out from that is +1 order. 

For example; 0th, 1st, 2nd, 3rd. 
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 The first bright line (or interference maximum) lies directly behind where the light shines on the 
grating. We call this the zero-order maximum.  
At an angle of θ from this lies the next bright line called the first-order maximum and so forth. 
 
 
 
 
 
 
 
The zero-order maximum (n=0) 
There is no path difference between neighbouring waves. They arrive in phase and interfere 
constructively. 
The order number refers to the number of wavelengths difference there are in the 
wave paths. 
 
The first-order maximum (n=1) 
There is a path difference of 1 wavelength between neighbouring waves. They arrive in phase and 
interfere constructively. 
 
The second-order maximum (n=2) 
There is a path difference of 2 wavelengths between neighbouring waves. They arrive in phase 
and interfere constructively. 
 
Between the maxima 
The path difference is not a whole number of wavelengths so the waves arrive out of phase and 
interfere destructively. 

 

Derivation 
The angle to the maxima depends on the wavelength of the light and the separation of the slits. 
We can derive an equation that links them by taking a closer look at two neighbouring waves 
going to the first-order maximum. 
 
 
 
 
 
  
The distance to the screen is so much bigger than the distance between two slits that emerging 
waves appear to be parallel and can be treated that way. 
Consider the triangle to the right. 

Hypotenuse

Opposite
sin             

d


 sin              sind  

For the nth order the opposite side of the triangle becomes nλ, making the equation: 

 nd sin  

 
 

The highest possible angle is 90o, so to find the highest possible order to be produced by a diffraction 

grating, you must substitute Ɵ = 90o into the equation. 

A diffraction grating gives a sharper, more intense 

fringe pattern than Young’s slits since there is 

more light getting through as there are more slits. 

This makes results easier to measure and the 

conclusion is more valid. 

Here 

d = Grating Spacing 

The distance between the slits. 
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 REVISION SHEET 
 

 
. 

 
 

 
 
 
 
 

Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 
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Credit: CGP Revision Guide Editions 
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Additional Note Space 
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Additional Note Space 
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 PUZZLES 
QUESTIONS 

 
 
 
 
 
 
 
 
 
 
 

To improve your understanding, answer the following puzzles. 

The answers are overleaf. 
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 ANSWERS 
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 SAMPLE QUESTION 

S1. A double slit interference experiment is set up in a laboratory using a source of yellow monochromatic 
light of wavelength 5.86 × 10–7 m. The separation of the two vertical parallel slits is 0.36 mm and the 
distance from the slits to the plane where the fringes are observed is 1.80 m. 

1.1 Describe the appearance of the fringes. 

[2 Marks] 

They are vertical or parallel (1 mark) 
They are equally spaced (1 mark) 
They are black and yellow [or dark and light] bands (1 mark) 

1.2 Calculate the fringe separation, and also the angle between the middle of the central fringe and the 
middle of the second bright fringe. 

[2 Marks] 

         

= 2.9 × 10–3 m (1 mark) 

tan θ =  (1 mark) gives θ = 0.18° (1 mark) 

1.3 Explain why more fringes will be seen if each of the slits is made narrower, assuming that no other 
changes are made. 

[2 Marks] 
 
narrower slits give more diffraction (1 mark) 
more overlap (so more fringes) (1 mark) 
fringes same width (1 mark)  

Light of wavelength 5.86 × 10–7 m falls at right angles on a diffraction grating which has 400 lines per mm. 

1.4 Calculate the angle between the straight through image and the first order image. 

[2 Marks] 

      

      × sin θ = 5.86 × 10–7 (1 mark) 

θ = 13.6° (1 mark) 
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 1.5 Determine the highest order image which can be seen with this arrangement. 

[2 Marks] 

θ = 90° and correctly used (1 mark) 

 = 4.3 ∴ 4th order (1 mark) 

1.6 Give two reasons why the diffraction grating arrangement is more suitable for the accurate 
measurement of the wavelength of light than the two-slit interference arrangement. 

[2 Marks] 

brighter images (1 mark) 
large angles (1 mark) 
sharper (or narrower) lines (1 mark) 
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 SELF ASSESSMENT 

A1.  The diagram below is an arrangement for analysing the light emitted by a source. 

 

1.1 Suggest a light source that would emit a continuous spectrum. 

 [1 Mark] 

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

The light source emits a range of wavelengths from 500 nm to 700 nm. The light is incident on a 
diffraction grating that has 10 000 lines per metre. 

1.2 Calculate the angle from the straight through direction at which the first order maximum for the 500 
nm wavelength is formed. 

[3 Marks] 

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

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

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

Angle = ........................................ 

1.3 Calculate the angular width of the first order spectrum. 

 [1 Mark] 

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

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

Angular Width ........................................ 

1.4 The detector is positioned 2.0 m from the grating. Calculate the distance between the extreme ends 
of the first order spectrum in this position. 

 [1 Mark] 

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

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

Distance = ........................................ 
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 1.5 The single slit is initially illuminated by light from a point source that is 0.02 m from the slit. 

State and explain how the intensity of light incident on the single slit changes when the light source is 
moved to a position 0.05 m from the slit. 

[4 Marks] 

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

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

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

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

............................................................................................................................................................. 
Reference: AQA A Level Physics Legacy B Examinations 

A2.   A white-light source illuminates a diffraction grating that has 6.30 × 105 lines per metre. The light is 
incident normally on the grating. 

2.1 Show that adjacent lines in the grating are separated by a distance of about 0.0016 mm. 

 [1 Mark] 

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

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

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

The table below shows the diffracting angles measured from the normal for the visible spectral orders 
using this grating. The angles are given for the red and blue ends of each spectrum. 
  

  First order Second order Third order 

red 25.4° 59.0° not possible 

blue 15.0° 31.1° 50.0° 

 

2.2 Use the value for the first order diffracting angle to calculate the wavelength of the red light. 

 [3 Marks] 

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

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

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

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

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

 Wavelength of the Red Light ............................... 
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 2.3 Describe carefully the appearance of the complete diffraction pattern on the screen. You may draw a 
sketch of the pattern to help your explanation if you choose. 

 [4 Marks] 

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

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

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

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

............................................................................................................................................................. 
 Reference: AQA A Level Physics Legacy B Examinations 

A3. Light from a laser has a wavelength of 6.30 × 10–7 m. When the laser light is incident normally on a 
diffraction grating the first order maximum is produced at an angle of 12°. 

3.1 Calculate the spacing between the lines on the grating. 

 [2 Marks] 

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

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

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

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

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

 Spacing of lines .......................................... 

3.2 Calculate the number of positions of maximum light intensity that are produced when the laser light is 
incident on the grating. 
Show your reasoning clearly. 

[3 Marks] 

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

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

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

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

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

Number of positions .......................................... 
 Reference: AQA A Level Physics Legacy B Examinations 
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TOPIC: 3.3.2.3 Refraction at a Plane Surface 
SPEC CHECK 
Specification Completed? 

Refractive index of a substance, n = c 
                                                          cs 
 

 

Students should recall that the refractive index of air is approximately 1. 
 

 

Snell’s law of refraction for a boundary n1sin ɸ1 = n2sin ɸ2 
 
 

 

Total internal reflection sin ɸc = n2 
                                              n1 
 

 

Simple treatment of fibre optics including the function of the cladding. 
 

 

Material and modal dispersion. 
 
 

 

Understand the principles and consequences of pulse broadening and 
absorption. 
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NOTES 
 
Refractive Index  
The refractive index of a material is a measure of how the wave speed of a wave changes at it 
moves through different material. The refractive index of material, s, can be calculated using: 

sc

c
n 

 

  
 
 
 
 
 
 
 
Where n is the refractive index, c is the speed of light in a vacuum and cs is the speed of light in 
material s. 
Refractive Index, n, has no units 
 

If light can travel at c in material x then the refractive index is:  
xc

c
n      

c

c
n         1n  

If light can travel at c/2 in material y then the refractive index is: 
yc

c
n     

2
c

c
n      2n  

 
The higher the refractive index the slower light can travel through it 
 
The higher the refractive index the denser the material 

 
Bending Light 
When light passes from one material to another it is not only the speed of the light that changes, 
the direction can change too.  

 
 
 
 
 
 
 
 
 
 
 
If the ray of light is incident at 90° to the material then there is no change in direction, only 
speed. 
 

These notes are brief. 

More detailed notes are found in the student preparatory reading 

book. 

Please read the preparatory reading notes. 

The speed of a wave can change as the wavelength of the wave changes, in slower 

mediums, the wavelength decreases. 

Throughout refraction, frequency remains constant. 

This equation is only valid if you consider the starting medium of the wave to be either a vacuum or air. 

This is because the refractive index of air/vacuum is 1.00 

If the starting medium is not air or a vacuum a more detailed equation must be used. 
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It may help to imagine the front of the ray of light as the front of a car to determine the direction 
the light will bend. Imagine a lower refractive index as grass and a higher refractive index at mud.  
 
Entering a Denser Material 
 
 
 
 
 
 
 
 
 
 
The car travels on grass until tyre A reaches the mud. It is harder to move through mud so A 
slows down but B can keep moving at the same speed as before. The car now points in a new 
direction.  
 
Denser material – higher refractive index – bends towards the Normal 
 
 
 
Entering a Less Dense Material 
 
 
 
 
 
 
 
 
 
 
 
The car travels in mud until tyre A reaches the grass. It is easier to move across grass so A can 
speed up but B keeps moving at the same speed as before. The car now points in a new direction.  
 
Less dense material – lower refractive index – bends away from the Normal 
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 Relative Refractive Index 
Whenever two materials touch the boundary between them will have a refractive index dependent 
on the refractive indices of the two materials.  
We call this the relative refractive index. 
 
When light travels from material 1 to material 2 we can calculate the relative refractive index of 
the boundary using any of the following:  

 
 
 
 
 
 
 
 
 
 

2

1

2

1

1

2
21

sin

sin






c

c

n

n
n

 

Relative Refractive Index, 1n2, has no units 
 

 
Some questions may involve light travelling through several layers of materials. Tackle one 
boundary at a time. 

 
 

g

w

g

w

w

g

gw
c

c

n

n
n





sin

sin
   ----------------------------> 

 

a

g

a

g

g

a
ag

c

c

n

n
n





sin

sin
   ----------------------------> 

 
 
 
 
 
 
 
 

This refractive index equation can be 

used in any situation. 

Some questions may ask to work out if the wave would reflect or refract at different mediums – 

do not get caught about what is taking place at each interface. 
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Total Internal Reflection  
 
 
We know that whenever light travels from one material to another the majority of the light 
refracts but a small proportion of the light also reflects off the boundary and stays in the first 
material. 
 
When the incident ray strikes the boundary at an angle less than the critical angle the light 
refracts into the second material. 
 
When the incident ray strikes the boundary at an angle equal to the critical angle all the light 
is sent along the boundary between the two materials. 
 
When the incident ray strikes the boundary at an angle greater than the critical angle all the 
light is reflected and none refracts, we say it is total internal reflection has occurred. 

 

 
 
 
 
 
In addition, for total internal reflection to occur, the second medium must have a lower 
refractive index than the first medium. 
          n1 > n2 

Critical Angle  
 
We can derive an equation that connects the critical angle with the refractive indices of the 
materials. 

 

1

2

2

1

sin

sin

n

n





     

 
But at the critical angle θ2  is equal to 90° which makes sinθ2 = 1  this gives…       

 

1

21

1

sin

n

n



 

θ1 is the critical angle which we represent as θC making the equation:   
1

2sin
n

n
C 

 

These notes are brief. 

More detailed notes are found in the student preparatory reading 

book. 

Please read the preparatory reading notes. 

At exactly the critical angle, the angle of 

refraction and reflection is 90 degrees. 

This is another way to define critical angle. 

If the refractive index of the second medium 

was higher than the first medium, then total 

internal reflection would not occur and some of 

the wave would be refracted. 
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 When the second material is air n2 = 1,  

So, the equation becomes:         
1

1
sin

n
C 

  or  

 

 
C

n
sin

1
1 

 

Optical Fibres/Fibre Optics 
An optical fibre is a thin piece of flexible glass.  
Light can travel down it due to total internal reflection. Thier uses include: 
 
 
 
 
 
 
 
 
Communication such as phone and TV signals: they can carry more information that 
electricity in copper wires. The data is encrypted as a binary code of flashing of light. 
This requires an optical material with a high critical angle to reduce the number of possible total 
internal reflection paths. 
 
Medical endoscopes: they allow us to see down them and are flexible so they don’t cause injury 
to the patient. 
This requires an optical material with a low critical angle to have a high number of possible total 
internal reflection paths. 
 

Cladding 
Cladding is added to the outside of an optical fibre to reduce the amount of light that is lost.  
It does this by giving the light rays a second chance at TIR as seen in the diagram. 

 
 
 
 
 
 
 
 
 
 

 
 
It does increase the critical angle but the shortest path through the optical fibre is straight 
through, so only letting light which stays in the core means the signal is transmitted quicker.  

Cladding is also used to 

protect the core from 

damage and to stop data 

transferring between the 

cores of different fibre 

optics. 
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Consider the optical fibre with a refractive index of 1.5…  

Without cladding n2 = 1  
1

2sin
n

n
C     

5.1

1
sin C     8.41C  

 

With cladding n2 = 1.4  
1

2sin
n

n
C     

5.1

4.1
sin C     0.69C   

 
If the cladding had a lower refractive index than the core it is easier for light to travel through so 
the light would bend away from the normal, THIS GIVES TOTAL INTERNAL REFLECTION 
 
If the cladding had a higher refractive index than the core it is harder for light to travel through so 
the light would bend towards the normal, THIS GIVES REFRACTION. 
 
There can be several issues with data transmission in fibre optics. 
 
Modal Dispersion – If there are a variety of paths the incident light can totally internally reflect 
then the waves will spread out. Eventually, the waves will interfere with itself and produce an 
interference pattern. This spreads out the signal, this is called PULSE BROADENING.  
Modal dispersion is reduced by having a high critical angle in the optic core – this is achieved by 
placing cladding around the core. 
 
Material Dispersion – Different wavelengths of a single wave (if this is white light) can travel at 
different speeds inside the core, making the wave spread out. Eventually, the waves will interfere 
with itself and produce an interference pattern. This spreads out the signal, this is called PULSE 
BROADENING.  
Material dispersion is reduced by using a monochromatic light source for the wave in the optic 
core – this is achieved by using laser light. 
 
Attenuation – Some of the wave will be absorbed by the core as it passes through it, this is 
called attenuation. 
Attenuation can be reduced by making the optic core out of a transparent material. 
 

 

 

This is a diagram showing modal dispersion. 

If the wave takes different paths in the core, it will 

spread out and pulse broaden. 

This is a diagram showing material 

dispersion. 

Different wavelengths of a wave spread 

out and pulse broaden. 
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 REVISION SHEET 
 
 

 
 

 

Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 
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Credit: CGP Revision Guide Editions 
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Additional Note Space 
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Additional Note Space 
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 PUZZLES 
QUESTIONS 

 
 
 
 
 
 
 
 
 
 
 

To improve your understanding, answer the following puzzles. 

The answers are overleaf. 
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 ANSWERS 
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 PUZZLES 
QUESTIONS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To improve your understanding, answer the following puzzles. 

The answers are overleaf. 
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 ANSWERS 
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PUZZLES 
QUESTIONS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To improve your understanding, answer the following puzzles. 

The answers are overleaf. 
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 ANSWERS 
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 SAMPLE QUESTION 

S1.  The diagram shows a ray of monochromatic light, in the plane of the paper, incident on the end face 
of an optical fibre. 

 

1.1 Draw on the diagram the complete path followed by the incident ray, showing it entering into the fibre 
and emerging from the fibre at the far end. 

[3 Marks] 

diagram to show: refraction towards normal on entry  (1 mark) 
total internal reflection shown along fibre (1 mark) 
refraction away from normal on leaving glass (1 mark) 
 
1.2 State any changes that occur in the speed of the ray as it follows this path from the source. 
Calculations are not required. 

[1 Mark] 
          
Speed of light decreases on entry into glass and increases on leaving       

1.3 Calculate the critical angle for the optical fibre at the air boundary. 

Refractive index of the optical fibre glass = 1.57 

use of sin θc = gives   sin θc = ) (1 mark) 

θc = 39.6° (1 mark) 

1.4 The optical fibre is now surrounded by cladding of refractive index 1.47.  Calculate the critical angle at 
the core-cladding boundary. 

[3 Marks] 

 =  (1 mark) (=1.07) 

sin θc =  (1 mark) 

θc = 69.4° (1 mark) 

1.5 State one advantage of cladding an optical fibre. 

[1 Mark] 

to protect the core surface 
[or to prevent cross-over]   (1 mark) 
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 SELF ASSESSMENT 

A1.  A ray of light passes from air into a glass prism as shown in Figure 1. 

Figure 1 

 

A1.1 Confirm, by calculation, that the refractive index of the glass from which the prism was made is 1.49. 

[1 Mark] 

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

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

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

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

A1.2 On Figure 1, draw the continuation of the path of the ray of light until it emerges back into the air. 
Write on Figure 1 the values of the angles between the ray and any normals you have drawn. The critical 
angle from glass to air is less than 45° 

[2 Marks] 
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 A second prism, prism 2, made from transparent material of refractive index 1.37 is placed firmly against 
the original prism, prism 1, to form a cube as shown in Figure 2. 

Figure 2 

 

A1.3 The ray strikes the boundary between the prisms. 

[7 Marks] 

Calculate the angle of refraction of the ray in prism 2. 

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

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

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

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

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

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

A1.4 Calculate the speed of light in prism 2. 

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

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

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

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

A1.5 Draw a path the ray could follow to emerge from prism 2 into the air. 

Reference: AQA A Level Physics Legacy A Examinations 
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A2. The figure below shows a ray of light passing from air into glass at the top face of glass block 1 and 
emerging along the bottom face of glass block 2. 

Refractive index of the glass in block 1 = 1.45 

 

Calculate 

[7 Marks] 

A2.1 the incident angle θ1, 

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

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

A2.2 the refractive index of the glass in block 2, 

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

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

A2.3 the angle θ3 by considering the refraction at point A. 

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

............................................................................................................................................................. 
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 A2.4 In which of the two blocks of glass will the speed of light be greater? 

 
[2 Marks] 

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

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

Explain your reasoning. 

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

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

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

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

A2.5 Using a ruler, draw the path of a ray partially reflected at A on the figure above. Continue the ray to 
show it emerging into the air. No calculations are expected. 

 
[2 Marks] 

Reference: AQA A Level Physics Legacy A Examinations 

A3. The diagram shows a cube of glass. A ray of light, incident at the centre of a face of the cube, at an 
angle of incidence θ, goes on to meet another face at an angle of incidence of 50°, as shown in the figure 
bellow 

critical angle at the glass-air boundary = 45° 

 

A3.1 Draw on the diagram the continuation of the path of the ray, showing it passing through the glass 
and out into the air. 

[3 Marks] 

 

 

 

A3.2 Show that the refractive index of the glass is 1.41 
[2 Marks] 
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 ............................................................................................................................................................. 

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

A3.3 Calculate the angle of incidence, θ. 

[3 Marks] 

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

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

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

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

  Reference: AQA A Level Physics Legacy A Examinations 
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 REVISION CHECKLIST 

Specification 

reference 

Checklist  

questions 
 

3.3.2.1 Can you define path difference and coherence?  

3.3.2.1 
Can you explain interference and diffraction using a laser as a source of 

monochromatic light? 
 

3.3.2.1 Can you describe Young’s double-slit experiment?   

3.3.2.1 
Can you describe the use of two coherent sources or the use of a single 

source with double slits to produce an interference pattern? 
 

3.3.2.1 Can you explain fringe spacing using the equation 
s

λD
w  ?  

3.3.2.1 
Can you describe the production of an interference pattern using white 

light? 
 

3.3.2.1 Can you describe safety issues associated with using lasers?  

3.3.2.1 
Can you describe and explain interference produced with sound and 

electromagnetic waves? 
 

3.3.2.1 
Can you explain how our knowledge and understanding of the nature of 

electromagnetic radiation has changed over time? 
 

3.3.2.1 
Have you carried out an investigation of interference effects using the 

Young double-slit experiment and the diffraction grating? 
 

3.3.2.2 
Can you describe the appearance of the diffraction pattern from a single 

slit using monochromatic and white light? 
 

3.3.2.2 
Can you describe how the width of the central diffraction maximum varies 

with wavelength and slit width? 
 

3.3.2.2 
Can you describe the diffraction pattern when light is shone on a plane 

transmission diffraction grating at normal incidence? 
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Specification 

reference 

Checklist  

questions 
 

3.3.2.2 Can you derive dsinθ = nλ?  

3.3.2.2 Can you suggest some applications of diffraction gratings?  

3.2.2.3 Can you calculate the refractive index of a substance using 
sc

c
n  ?  

3.2.2.3 Can you recall that the refractive index of air is approximately 1?  

3.2.2.3 
Can you recall and use Snell’s law of refraction (n1sin θ1 = n2sin θ2) for a 

boundary? 
 

3.2.2.3 Can you explain total internal reflection using 
1

2
c sin

n

n
θ  ?  

3.2.2.3 Can you explain fibre optics, including the function of the cladding?  

3.2.2.3 Can you explain material and modal dispersion?  

3.2.2.3 
Can you explain the principles and consequences of pulse broadening and 

absorption? 
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 DATASHEET 
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