Waves

A wave is a means of transferring energy and momentum from one point to another without there being any transfer of matter between the two points.

Describing Waves
1. Mechanical or Electromagnetic

Mechanical waves are made up of particles vibrating. 
e.g. sound – air molecules; water – water molecules

All these waves require a substance for transmission and so none of them can travel through a vacuum.

Electromagnetic waves are made up of oscillating electric and magnetic fields.

e.g. light and radio
These waves do not require a substance for transmission and so all of them can travel through a vacuum.

2. Progressive or Stationary

Progressive waves are waves where there is a net transfer of energy and momentum from one point to another. 
e.g. sound produced by a person speaking; light from a lamp
Stationary waves are waves where there is a NO net transfer of energy and momentum from one point to another. 
e.g. the wave on a guitar string
3. Longitudinal or Transverse

[image: image4.png]


Longitudinal waves are waves where the direction 
of vibration of the particles is parallel to the 
direction in which the wave travels. 
e.g. sound
[image: image5.png]



Transverse waves are waves where the direction 
of vibration of the particles or fields is perpendicular 
to the direction in which the wave travels. 
e.g. water and all electromagnetic waves
Test for a transverse wave:
Only TRANVERSE waves undergo polarisation.


B174 & 180
Notes on Describing Waves



W1A slinky

W1B long coil

W1C ripple tank 

3 – 1 Waves - Wave examples, sound waves-CRO, standing waves, interference. 

Electromagnetic Wave – Fendt

Simple transverse wave - netfirms 

Simple longitudinal wave – netfirms

Wave on a String - PhET – Can be used to show stationary wave.

Physics Web Site
Polarisation
The oscillations within a transverse wave and the direction of travel of the wave define a plane. If the wave only occupies one plane the wave is said to be plane polarised.
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Light from a lamp is unpolarised. However, with a polarising filter it can be plane polarised.
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If two ‘crossed’ filters are used then no light will be transmitted.
[image: image3.png]



Aerial Alignment
[image: image6.bmp]Radio waves (and microwaves) are transmitted as plane polarised waves. In the case of satellite television, two separate channels can be transmitted on the same frequency but with horizontal and vertical planes of polarisation. 
In order to receive these transmissions the aerial 
has to be aligned with the plane occupied by the 
electric field component of the electromagnetic 
wave. The picture shows an aerial aligned to 

receive horizontally polarised waves.
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W2A


CLASS


Polarisation 

- 20 filters

W2B


DEMO


Polarisation

- long coil & runways

W2C


DEMO


Polarisation 

– microwaves

Electromagnetic Wave – Fendt – Shows polarisation planes

Radio Waves & Electromagnetic Fields - PhET - Broadcast radio waves from KPhET. 

Physics Web Site
Measuring Waves
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Displacement, x
This is the distance of an oscillating particle from its undisturbed or equilibrium position.

Phase, φ
This is the point that a particle is at within an oscillation. 

Examples: ‘top of peak’, ‘bottom of trough’
Phase is sometimes expressed in terms of an angle up to 360o. 
If the top of a peak is 0o then the bottom of a trough will be 180o.

Phase difference, Δφ
This is the fraction of a cycle between two particles within one or two waves. 

Example: the top of a peak has a phase difference of half of one cycle compared with the bottom of a trough.
Phase difference is often expressed as an angle difference. So in the above case the phase difference is 180o. 

Also with phase difference, angles are usually measured in radians. 

Where: 360o = 2π radian; 180o = π radian; 90o = π/2 radian

Amplitude, a
This is the maximum displacement of an oscillating particle from its equilibrium position. It is equal to the height of a peak or the depth of a trough.


B176, 177 & 197
Notes on Measuring Waves


W1A slinky

W1B long coil

3 – 1 Waves - Wave examples, sound waves-CRO, standing waves, interference. 

Simple transverse wave - netfirms 

Simple longitudinal wave - netfirms

Wave on a String - PhET

Physics Web Site
Period, T
This is equal to the time taken for one complete oscillation in of a particle in a wave.

UNIT – second, s

Frequency, f
This is equal to the number of complete oscillations in one second performed by a particle in a wave.

UNIT – hertz, Hz

NOTE:  f = 1 / T
Wavelength, λ
This is the distance between two consecutive particles at the same phase. Example: top-of-a-peak to the next top-of-a-peak

UNIT – metre, m
Path Difference
This is the difference in distance travelled by two waves. It is often measured in ‘wavelengths’ rather than metres.
Example: Two waves travel from A to B along different routes. If they both have a wavelength of 2m and the two routes differ in length by 8m then their path difference is either ‘8m’ or ‘4 wavelengths, 4 λ’
Speed, c

For a wave: 
c = f λ
UNIT – m s-1
COMPLETE THE TABLE BELOW:

	Wave speed
	Frequency
	Wavelength
	Period

	600 m s-1
	100 Hz
	6 m
	0.01 s

	10 m s-1
	2 kHz
	0.5 cm
	0.5 ms

	340 m s-1
	170 Hz
	2 m
	5.88 ms

	3 x 108 m s-1
	200 kHz
	1500 m
	5 x 10-6 s
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W1A slinky

W1B long coil

3 – 1 Waves - Wave examples, sound waves-CRO, standing waves, interference. 

Simple transverse wave - netfirms 

Simple longitudinal wave - netfirms

Physics Web Site
Superposition of waves
This is the process that occurs when two waves of the same type meet.

The principle of 
superposition

When two waves meet, the 
total displacement at a point 
is equal to the sum of the 
individual displacements at 
that point

B180

Notes on Superposition and Stationary Waves


W1A slinky

W1B long coil

W1C ripple tank 

3 – 1 Waves - Wave examples, sound waves-CRO, standing waves, interference. 

Superposition of two pulses – NTNU
Superpositon of two oppositely moving progressive waves – NTNU forming a Stationary Wave

Fourier - Making Waves - PhET .

Physics Web Site
Stationary Waves
A stationary wave can be formed by the superposition of two progressive waves of the same frequency travelling in opposite directions.
Formation of a stationary wave
Consider two waves, A and B, each of amplitude a, frequency f and 
period T travelling in opposite directions. 
This is usually achieved by superposing 
a reflected wave with its incident wave.
(a) At time, t = 0 

(b) One quarter of a cycle later, at time, t = T/4 both waves have moved by a quarter of a wavelength in opposite directions. 

(c) After another quarter of a cycle, 
at time, t = T/2 both waves have now 
moved by a half of a wavelength in 
opposite directions. 

B180, 182 & 183
Notes on Superposition and Stationary Waves


W1A slinky

W1B long coil

W10 DEMO
Waves on strings

W30A DEMO Microwave demo of stationary waves

W30B DEMO

Sound demo of stationary waves

3 – 1 Waves - Wave examples, sound waves-CRO, standing waves, interference. 
Superpositon of two oppositely moving progressive waves – NTNU forming a Stationary Wave

Physics Web Site
(d) One quarter of a cycle later, at time, t = 3T/4 both waves will undergo cancellation again.
(e) One quarter of a cycle later, at time, t = T the two waves will undergo superposition in the same way as at time, t = 0 

(f) Placing all four resultant waveforms on top of each other gives:

Nodes (N) and Antinodes (A)
NODES are points within a stationary wave that have the MINIMUM (usually zero) amplitude.

These have been marked by an ‘N’ in the above waveforms.
ANTINODES are points within a stationary wave that have the MAXIMUM amplitude.

These have been marked by an ‘A’ in the above waveforms and have an amplitude equal to ‘2a’

Comparison of Stationary & Progressive Waves

	Property
	Stationary Wave
	Progressive Wave

	Energy & Momentum
	No net transfer from one point to another.
	Both move with speed:

c = f x λ.

	Amplitude
	Varies from zero at NODES to a maximum at ANTINODES.
	Is the same for all particles within a wave.

	Frequency
	All particles oscillate at the same frequency except those at nodes.
	All particles oscillate at the same frequency.

	Wavelength
	This is equal to TWICE the distance between adjacent nodes.
	This is equal to the distance between particles at the same phase.

	Phase difference between two particles
	Between nodes all particles are at the same phase. Any other two particles have phase difference equal to ‘mπ’ where ‘m’ is the number of nodes between the particles.
	Any two particles have phase difference equal to ‘2πd / λ’ where ‘d’ is the distance between the two particles.
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W1A slinky

W1B long coil

W10 DEMO
Waves on strings

W30A DEMO Microwave demo of stationary waves

W30B DEMO

Sound demo of stationary waves

3 – 1 Waves - Wave examples, sound waves-CRO, standing waves, interference. 
Superpositon of two oppositely moving progressive waves – NTNU forming a Stationary Wave

Physics Web Site
Stationary Wave Examination Question
The diagram below shows a microphone being used to detect the nodes of the stationary sound wave formed between the loudspeaker and reflecting surface. The sound wave has a frequency of 2.2 kHz.

(a) Explain how a stationary is formed between the loudspeaker and reflecting surface.  [3]
(b) When the microphone is moved left to right by 45 cm it covers six 

inter-nodal distances. Calculate the wavelength and speed of the progressive sound waves being used to form the stationary wave.  [4]
(c) The nodes nearest to the reflecting surface have nearer zero amplitude compared with those nearer the loudspeaker. Why?  [3]
(a) The reflected sound wave undergoes superposition with the incident sound wave produced by the loudspeaker. [1 mark]
Nodes are formed when the peak of one wave superposes with the trough of the other, cancellation occurs. [1 mark]
Antinodes are formed when the peak of one wave superposes with the peak of the other, reinforcement occurs. [1 mark]
(b) Wavelength equals twice the distance between nodes.

Internodal distance = 45 cm / 6 = 7.5 cm

Therefore sound wavelength = 15 cm  [2 marks]
c = f x λ

= 2.2 kHz x 15 cm

= 2 200 Hz x 0.15 m

speed of sound waves = 330 ms-1  [2 marks]
(c) The amplitude of a sound wave decreases with 
distance due to its energy spreading out.  [1 mark]
The size of a peak just before reflection and 

that of a trough just after reflection will be 

similar and so almost perfect cancellation will 

occur and the consequent node produced will 

have a near zero amplitude.  [1 mark]
The size of a peak just after production by the 

loudspeaker will, however, be much larger than 

that of a trough after reflection and travel back 

to the speaker. Therefore incomplete cancellation 

will occur and the consequent node produced will 

still have a significant amplitude.  [1 mark]

B182 & 183
Notes on Superposition and Stationary Waves


W30A DEMO Microwave demo of stationary waves

W30B DEMO

Sound demo of stationary waves

3 – 1 Waves - Wave examples, sound waves-CRO, standing waves, interference. 
Superpositon of two oppositely moving progressive waves – NTNU forming a Stationary Wave
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Stationary Waves on Strings
Fundamental, f0
This is the lowest frequency that can create a stationary wave. 

The length of the loop, L is equal to half of one wavelength.

L = ½ λ
also:  fo = c / λ = c / 2L
First Overtone, 2f0
This is the second lowest frequency that can create a stationary wave. 


The length of two loops, L is equal to one wavelength.

λ = L

also: 2 fo = c / L
Second Overtone, 3f0

The length of three loops, L is equal to one and a half wavelengths.

λ = ⅔ L

also: 3 fo = 3c / 2L

B184 & 185
Notes on Superposition and Stationary Waves


W10 DEMO
 Waves on strings

3 – 1 Waves - Wave examples, sound waves-CRO, standing waves, interference. 
Resonance in a string netfirms
Stationary wave modes of vibration - netfirms

Wave on a String - PhET

Physics Web Site
A string of length 60 cm has fundamental frequency of 20 Hz. Calculate: (a) the wavelength of the fundamental mode
(b) the speed of the progressive waves making up the stationary wave

(c) the number of loops formed if with the same string the length of the string was increased to 1.2m and the frequency to 30Hz
(a) In the fundamental mode there is one loop of length equal to ½ λ.
Therefore wavelength = 2 x 60 cm 

= 1.2 m

(b) c = f x  λ
= 20 Hz x 1.2 m

= 24 ms-1
(c) If the frequency is increased to 30Hz the wavelength will now be given by: λ = c / f

= 24 / 30

= 0.8 m

Each loop length = ½ λ 

= 0.4 m

There will therefore be 1.2 / 0.4 loops

= 3 loops


B184 & 185
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W10 DEMO
 Waves on strings

Resonance in a string netfirms

Stationary wave modes of vibration - netfirms

Wave on a String - PhET

Physics Web Site
Refraction
This occurs when a wave passes across 
a boundary at which the wave speed 
changes. 
The change of speed usually, 
but not always, results in the direction 
of travel of the wave changing.

Refractive Index, n
This is equal to the ratio of the wave speeds. 
refractive index, ns = c / cs
ns = refractive index of the second medium relative to the first
c = speed in the first region of medium

cs = speed in the second region of medium

Example questions: 

1. When light passes from air to glass its speed falls from 3.0 x 108 ms-1 to 2.0 x 108 ms-1. Calculate the refractive index of glass.

ns = c / cs
= 3.0 x 108 ms-1 / 2.0 x 108 ms-1
refractive index of glass = 1.5
2. The refractive index of water is 1.33. Calculate the speed of light in water.

ns = c / cs
→ cs = c / ns
= 3.0 x 108 ms-1 / 1.33

speed of light in water = 2.25 x 108 ms-1
Other examples of ns for light
(measured with respect to a vacuum as the first medium)
Vacuum = 1.0 (by definition)
Air = 1.000293 (Air is usually taken to be = 1.0)

Ice = 1.31
Alcohol = 1.36

Diamond = 2.4

B178 & 190
Notes on Refraction


L8A DEMO Refraction - water tank

Reflection & Refraction at a boundary – NTNU – shows speed cahnge

. 

Physics Web Site
The law of refraction
When a light ray passes from a medium 
of refractive index n1 to another of 

refractive index n2 then:

n1 sin θ1 = n2 sin θ2 

where:

θ1 is the angle of incidence in the first medium

θ2 is the angle of refraction in the second medium

Example questions: 
1. Calculate the angle of refraction when light passes from air to glass if the angle of incidence is 30o.
n1 sin θ1 = n2 sin θ2 

→ 1.0 x sin 30o = 1.5 x sin θ2 
1.0 x 0.5 = 1.5 x sin θ2
→ sin θ2 = 0.5 / 1.5 = 0.333
→ angle of refraction, θ2 = 19.5o
2. Complete the table below: 
	medium 1
	n1
	θ1
	medium 2
	n2
	θ2

	air
	1.00
	50o
	water
	1.33
	35.2o

	glass
	1.50
	30o
	air
	1.00
	48.6o

	water
	1.33
	59.8o
	glass
	1.50
	50o

	air
	1.00
	50o
	diamond
	2.4
	18.6o

	air
	1.00
	50o
	unknown
	1.53
	30o
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L9A CLASS

Law of refraction - Ray boxes

L9B CLASS

Law of refraction - Optical pins

L10 CLASS

Real and apparent depth
Light Refraction – Fendt – calculates angles
Physics Web Site
Total Internal Reflection
This occurs when light is incident 

on a boundary where the refractive 

index is decreasing and the angle 

of incidence is greater than the 

critical angle, c for the interface.

Critical angle, c
This is the angle of incidence, θ1 that 

will result in an angle of refraction, θ2 

equal to 90 degrees.

n1 sin θ1 = n2 sin θ2 

becomes in this case:
n1 sin c = n2 sin 90o 

n1 sin c = n2     (sin 90o = 1)
Therefore:   

sin c = n2 / n1    
Example questions: 
1. Calculate the critical angle of glass to air. (nglass = 1.5; nair =1)

sin c = n2 / n1    

→ sin c = 1.0 / 1.5
= 0.667    

→ critical angle, c = 41.8o
2. Calculate the maximum refractive index of a medium if light is to escape from it into water (nwater = 1.33) at all angles below 30o.
sin c = n2 / n1    

→ sin 30o = 1.33 / n
→ 0.5 = 1.33 / n
→ n = 1.33 / 0.5
→ refractive index, n = 2.66

B193
Notes on Total Internal Reflection


L11A CLASS

TIR - semicircular blocks

L12A DEMO

TIR – 45o prisms

L12B DEMO

TIR - Bicycle reflector

L12C DEMO

TIR - Cat's eye

3 - 11 The Physics of Optical Communication - BT (1985) TIR, use in optical fibres, detail of optical signalling

Light Refraction - Fendt 

Light moving from water to air - NTNU 

Physics Web Site
Optical Fibres
An application of total internal reflection which 
takes place at the core - cladding boundary.

The core is a thin, high transparent material of 

higher refractive index compared with the

surrounding cladding. The cladding layer is used 
to prevent light crossing from one part of the fibre 
to another in situations where two fibres come 
into contact. Such crossover would mean that signals 
would not be secure, as they would reach the wrong destination.
Example question: 
A step-index fibre consists of a core of refractive index 1.55 surrounded by cladding of index 1.40. Calculate the critical angle for light in the core.
sin c = n2 / n1    

→ sin c = 1.40 / 1.55

= 0.9032    

→ critical angle, c = 64.6o
Uses of Optical Fibres
Communications (see pages 193/4)

Endoscope (see page 194)
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L11B DEMO

TIR - optical fibres

L11C DEMO

TIR – glass rod/optical fibre

L11D DEMO

TIR - laser

L11E DEMO

TIR - optical fibre 

communication

3 – 8  Skin Deep –Science Collection (1996)Medical imaging includes endoscope use at end

3 - 11 The Physics of Optical Communication - BT (1985) TIR, use in optical fibres, detail of optical signalling

3 - 12 Optically Speaking - Science Collection (1996) A-level Optical fibres

Light Refraction - Fendt 

Light moving from water to air - NTNU 

Fibre optic reflection - NTNU 

Physics Web Site
Interference
The concept of path difference and coherence

The laser as a source of coherent monochromatic light used to demonstrate interference and diffraction; comparison with non-laser light; awareness of safety issues

Candidates will not be required to describe how a laser works.

Requirements of two source and single source double-slit systems for the production of fringes.

The appearance of the interference fringes produced by a double slit system,

fringe spacing w = λ D / s

where s is the slit separation.


B196 to 201
Notes on Intereference


Physics Web Site
Diffraction Grating
The plane transmission diffraction grating at normal incidence; optical details of the spectrometer will not be required.
Derivation of d sin θ = nλ, where n is the order number.

Applications; e.g. to spectral analysis of light from stars.


B179 & 202 to 207
Notes on Diffraction


Physics Web Site
Notes on Describing Waves & Polarisation
Breithaupt pages 174, 175 & 180
1. Draw diagrams and explain what is meant by (a) transverse and (b) longitudinal waves. Give two examples of each type. 
2. (a) What is meant by polarisation? (b) What is the difference between plane polarised and unpolarised light? (c) How can unpolarised light be changed into plane polarised light? (d) What type of waves can display polarisation effects?

3. What is a stationary wave? How is it different from a progressive wave? (see page 190)** **
4. What are (a) mechanical & (b) electromagnetic waves. In what ways are they different?
5. Try the Summary Questions on page 175. 

Notes on Measuring Waves
Breithaupt pages 176, 177 & 197
1. Define in the context of wave motion: (a) amplitude; (b) frequency; (c) wavelength; (d) phase & (e) path difference (see page 197). You may wish to illustrate your answers with diagrams.

2. Give the equation for wave speed in terms of other wave quantities. **
3. Calculate (a) the speed of a wave of frequency 60 Hz and wavelength 200 m. (b) the wavelength of a wave of speed 3 x 108 ms-1 and frequency 150 kHz; (c) the frequency of a wave of wavelength 68 cm and speed 340 ms-1 **
4. What is meant by ‘phase difference’? Show how angular measurement in radians is used.
5. Try the Summary Questions on page 177.
Notes on Superposition & Stationary Waves
Breithaupt pages 180 to 185
1. What is the principle of superposition? Explain, using diagrams, how the processes of reinforcement and cancellation can occur (p180).

2. Give the equation for wave speed in terms of other wave quantities. **
3. Calculate (a) the speed of a wave of frequency 60 Hz and wavelength 200 m. (b) the wavelength of a wave of speed 3 x 108 ms-1 and frequency 150 kHz; (c) the frequency of a wave of wavelength 68 cm and speed 340 ms-1 **
4. What is meant by ‘phase difference’? Show how angular measurement in radians is used.
5. Try the Summary Questions on page 177. 
Notes on Refraction
Breithaupt pages 178, 179, 188, 189, 190, 191 & 192
1. What is refraction (p178)? Draw figure 3 on page 178.
2. Define ‘refractive index’ (p188). 

3. State the equation relating refractive index and the speed of a wave in the two regions involved. (p190). Draw figure 2 on page 191 and explain the derivation of the equation n1 sin i1 = n2 sin i2 **
4. Copy figure 3 on page 189 and calculate all of the angles if the first angle (i1) is 60o. 
5. Repeat the calculation at the bottom of page 190 but this time with diamond (refractive index = 2.4) **
6. Copy figure 1 on page 190 and derive the equation: ns = c / cs 
7. Explain the phenomena of ‘dispersion’. (p192)

8. Try Summary Question 3 on page 179 plus all questions on pages 189 & 192
Notes on Total Internal Refraction
Breithaupt pages 193 to 195
1. Draw diagrams AND explain what is meant by ‘critical angle’ and ‘total internal reflection’.

2. Show how the equation sin ic = n2 / n1  is derived from n1 sin i1 = n2 sin i2 
3. What is an optical fibre? Outline how optical fibres are used in communication systems.

4. Draw figure 2 on page 194 and explain the function of the cladding **
5. Calculate the critical angle for (a) glass to air (nglass = 1.5); (b) water to air (nwater = 1.33); (c) glass to water. **
6. Describe how optical fibres are used in medical endoscopes. Draw a diagram to illustrate your answer.
7. Try the Summary Questions on page 195. 
Notes on Interference
Breithaupt pages 196 to 201
1. Draw figure 2 on page 196 and use it to explain how Thomas Young demonstrated light interference using a set of double slits.

2. Use the concept of ‘path difference’ to explain how interference fringes are formed. (see page 197)

3. What is meant by ‘coherence’? (see page 199). How is wave coherence achieved in the Young’s double slit experiment?
4. What are the advantages and disadvantages of using a laser as a light source in the double slits experiment? (see pages 197 & 200)

5. Quote the equation for fringe spacing on page 197. Use this equation to explain the formation of coloured fringes shown on page 201. **
6. Calculate the fringe spacing expected 2.5m away from a set of double slits 0.5mm apart when illuminated by light of wavelength 500nm. **
7. Explain why the equation for fringe spacing should only be used near the centre of the fringe pattern. (see page 198)
8. Why are fringe patterns not normally observed with overlapping beams of light? (see pages 199 & 200)

9. Try the Summary Questions on pages 198 & 201. 
Notes on Diffraction
Breithaupt pages 179 & 202 to 207
1. Explain with the aid of a diagram what is meant by ‘diffraction’ (see pages 179 & 202)
2. Copy the right hand diagrams of figure 1 on page 202 and state how the diffraction pattern produced depends on: (a) the light wavelength & (b) the slit width.
3. Explain how the diffraction pattern formed by a single slit affects the interference fringes formed by a set of double slits. (see pages 203 & 204)
4. What is a ‘plane transmission diffraction grating’? Describe the effect of such a grating on monochromatic light. (Draw figure 1 on page 205)
5. Draw figure 3 on page 206 and use it to derive the equation: d sin θ = nλ. 
6. Explain how a diffraction grating can be used to identify the chemical composition of a star. (see page 207) **
7. Calculate the angle between the first and second order maxima formed by a diffraction grating that has 200 lines per metre when it is illuminated by light of wavelength 550nm. **
8. Try the Summary Questions on pages 204 & 207. 
AQA SPECIFICATION

Progressive Waves

Oscillation of the particles of the medium; amplitude, frequency, wavelength, speed, phase, path difference.

c = f λ

Longitudinal and transverse waves

Characteristics and examples, including sound and electromagnetic waves.

Polarisation as evidence for the nature of transverse waves; applications e.g. Polaroid sunglasses, aerial alignment for transmitter and receiver.

Refraction at a plane surface 

Refractive index of a substance s; 

n = c / cs
Candidates are not expected to recall methods for determining refractive indices.

Law of refraction for a boundary between two different substances of refractive indices n1 and n2 in the form

n1 sin θ1 = n2 sin θ2 .

Total internal reflection including calculations of the critical angle at a boundary between a substance of refractive index n1 and a substance of lesser refractive index n2 or air;

sin θc = n2 / n1
Simple treatment of fibre optics including function of the cladding with lower refractive index around central core limited to step index only; application to communications.

Superposition of waves, stationary waves

The formation of stationary waves by two waves of the same frequency travelling in opposite directions; no mathematical treatment required.
Simple graphical representation of stationary waves, nodes and antinodes on strings.


Interference

The concept of path difference and coherence

The laser as a source of coherent monochromatic light used to demonstrate interference and diffraction; comparison with non-laser light; awareness of safety issues

Candidates will not be required to describe how a laser works.

Requirements of two source and single source double-slit systems for the production of fringes.

The appearance of the interference fringes produced by a double slit system,

fringe spacing w = λ D / s

where s is the slit separation.

Diffraction

Appearance of the diffraction pattern from a single slit.

The plane transmission diffraction grating at normal incidence; optical details of the spectrometer will not be required.
Derivation of d sin θ = nλ, where n is the order number.

Applications; e.g. to spectral analysis of light from stars.

antinode





node





node





L= length of a loop





θ1





θ2





Medium of refractive index, n1





n2





cancellation





reinforcement





loudspeaker





reflecting surface





   N    A    N  A  N  A  N  A  N  A  N   A  N





to oscilloscope





microphone





   N    A    N  A  N  A  N  A  N  A  N   A  N





Amplitude = 2a





RESULTANT WAVEFORM


REINFORCEMENT





Wave A





Wave B





   N    A    N  A  N  A  N  A  N  A  N   A  N





Amplitude = 0





Amplitude = 2a





RESULTANT WAVEFORM


REINFORCEMENT





Wave B





Wave A





RESULTANT WAVEFORM


CANCELLATION





Wave A





Wave B





   N    A    N  A  N  A  N  A  N  A  N   A  N





vibrations





wavelength  λ





wave direction





vibrations





wave direction





amplitude  a





undisturbed 


or equilibrium


position





L = length of two loops = λ





θ1 > c





θ1





n1





n2  (<n1)








N	          A                      N                     A                     N





θ1 = c





θ1





n1





n2  (<n1)








N	    A              N              A            N             A             N





L = length of three loops = 3/2 λ





θ 2 = 90o











