2Waves 1 Prior Knowledge


2Reflection


2The Laws of Reflection


3Waves 2 Refraction


3The Laws of Refraction


3Snells’ Law


4Waves 3 Total Internal Reflection


4The Critical Angle


4Total Internal Reflection


4Useful Websites


5Waves 4 Uses of Fibre Optics


6Waves and Energy


6Phase and Phase Difference


6Coherence


6Deducing the Wave Equation


7Frequency


7Motion in longitudinal and transverse waves.


8Waves 6 Graphical representations


8Cathode Ray Oscilloscope Traces and Sound


8Comparing wavetraces


9Waves 7 Diffraction and ripple tank experiments


9Diffraction


10Constructive Interference


10Destructive interference


10Interference in sound


10Interference of light


11Young’s Slit Experiment


11Equations to use with Young's slit Experiments


16Useful Websites




Waves 1 Prior Knowledge

Syllabus Statements 

Candidates should know:

that light (and sound) can be reflected, refracted (and diffracted). (4.3a)
A vibration or oscillation is just a wobble. An object that is vibrating is just moving back and forth about a fixed point.

Examples are :-

· Air moving from a loudspeaker

· A ruler being twanged over the edge of a desk

· The string on a guitar being plucked

· A shock wave through the ground following an explosion

When something vibrates, a wave is formed.

Waves that move through a material or vacuum are called progressive waves.
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From your GCSE work you should remember that light can be reflected and refracted.

Reflection

 the angle of incidence = angle of refraction

All waves can be reflected. A reflected sound wave is called an echo. When a wave is reflected, the velocity is reversed but stays the same magnitude. The frequency of the wave stays the same. 

The Laws of Reflection

Angle of incidence = angle of reflection

Incident ray, reflected ray and normal all lie on the same plane
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Refraction  - the wave bends when it moves from one material to another. 
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When light moves from air into a more dense material it slows down, but the frequency stays the same. The light ray bends. 

In the first picture you can see that the light bends towards the normal (the angle of incidence is greater than the angle of refraction).

When the light moves into a less dense medium, it bends away from the normal, as you can see in the second diagram (the angle of incidence is smaller than the angle of refraction).

Useful Website 

http://www.bbc.co.uk/schools/gcsebitesize/physics/waves/index.shtml

Waves 2 Refraction

Syllabus Statements
Candidates should be able to:

(a) recall the laws of refraction of light.

(b) define refractive index n as ci / cr and recall the use of the expression n = sin i / sin r.
The Laws of Refraction

1. The incident ray, refracted ray and normal all lie on the same plane

2. Snell’s Law - which explains how the laws of incidence and refraction are related.

3. (Also, if a ray hits the boundary with an angle of incidence = 0 then it will not be refracted)

Snells’ Law

For a ray passing from air into a medium of refractive index n, the angle of incidence i and the angle of refraction r are related by
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The Refractive Index of a material is 
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We can also look at the refractive index of a boundary, which is called the relative refractive index
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Example of refractive indices are
[image: image4.wmf]
Diamond 2.42

Water 1.33

Air 1.000298 (often taken as 1.00)

These relate the speed of light in a vacuum to the speed of light in that material, so they are called absolute refractive indices.

In refraction, the speed of the wave changes, the frequency stays the same (otherwise there would be a build-up of waves).

Useful Website

http://www.bbc.co.uk/scotland/education/bitesize/higher/physics/radiation/refraction2_rev.shtml

Waves 3 Total Internal Reflection

Syllabus Statements
(c) describe what is meant by critical angle and total internal reflection.

(d) relate refractive index to critical angle by the equation n = 1 / sin C.

(e) describe the application of total internal reflection to the transmission of light along an optic

fibre.
The Critical Angle

[image: image21.wmf]l

f

v

=

When light passes from a medium such as glass, water or plastic into a less dense medium such as air, there is an angle of incidence where the angle of refraction is 900. 

The angle of incidence that gives this an angle of refraction of 900 is called the critical angle.

At the critical angle C, the angle of refraction is 900 so we can put this into the equation for Snell’s Law.
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Total Internal Reflection

If the angle of incidence in the more dense material in increased past the critical angle, then all the light gets reflected back. This is called total internal reflection. The light ray obeys the rules of reflection. Total internal reflection explains why the surface of a swimming pool looks shiny when viewed from below. It is used is fibre optics, which is considered in more detail in the next section.

Useful Websites

http://www.walter-fendt.de/ph14e/huygenspr.htm
http://www.phy.ntnu.edu.tw/java/propagation/propagation.html
Waves 4 Uses of Fibre Optics

Syllabus Statements
(f) demonstrate an awareness of multipath dispersion of a pulse of light in an optic fibre and

how, in practice, this problem is overcome.
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The transmission of light through a glass fibre is one of the most important applications of total internal reflection, and is known as fibre optics. The glass fibres have a core a few micrometres (10-6m) in diameter and are covered with a layer of glass cladding. The refractive indices of the core and the cladding are different, which means that the as the light travels down the core, total internal reflection occurs at the interface between the core and the cladding. 

At least a hundred of these fibres are sheathed together to make a fibre optic cable. 

Fibre optic cables have several advantages

· they are small

· they have a low mass

· they are quite flexible

· they can carry far more information than a copper cable

· high-speed data transfer between computers

· fibre optics are hard to ‘bug’ so are more secure for data transfer

· fibre optics use digital signals which get less ‘noise’ than analogue signals (they pick up less distortion from the surroundings)

Uses of fibre optics:-

· to see inside the human body (endoscope)

· for lighting road signs 

· in security fences

· for telephone calls and cable TV

Multipath Dispersion

Optic fibres carry information in digitial form – this means they use pulses. A ray of light is switched on and off at high frequency (this is called modulation). Problems arise if the rays can travel along different paths inside the fibre, as the ray at the end of the pulse might take slightly longer than the ray at the front of the pulse. This distorts the shape of the pulse and is called multipath dispersion.

In order to prevent rays having very different paths of travel down, the core is made very narrow, so that almost all the rays pass directly down the centre of it.

Useful Websites

http://www.science.org.au/nova/021/021key.htm

Waves 5 Wave Definitions 

Syllabus Statements
Candidates should know:

· that waves transfer energy without transferring matter. (4.3g)

· about longitudinal waves and transverse waves in ropes, springs and water. (4.3c)

· the meaning of frequency, wavelength and amplitude of a wave. (4.3e)

· the quantitative relationship between speed, frequency and wavelength of a wave. (4.3f)

· that waves can be reflected, refracted and diffracted. (4.3d)

Content

· Progressive waves

· Transverse waves

· Longitudinal waves

Learning Outcomes

Candidates should be able to:

(a) describe what is meant by wave motion as illustrated by vibrations in ropes, springs and

ripple tanks.

(b) appreciate that waves can be reflected and refracted.

(c) understand and use the terms displacement, amplitude, period, phase difference, frequency,

wavelength and speed.

(d) deduce, from the definitions of speed, frequency and wavelength, the equation v = f (.

(e) recall and use the equation v = f (
(f) appreciate the energy transfer due to a progressive wave.

(g) describe the nature of the motions in transverse and longitudinal waves.

(c) explain the meaning of the terms coherence and path difference.
Waves and Energy

Waves transfer energy as they move. The particles oscillate about their positions, they do not move along with the wave. The energy transferred can be very large – consider the energy contained in the shockwaves after an earthquake.

The speed with which the energy is transmitted is called the wave speed, measured in m/s.

Phase and Phase Difference

The phase of the wave motion at any point is related to the displacement of the wave at zero time. Any two points on the wave will have a phase difference between them of between 00 and 3600. Phase difference is very important when looking at interference and superposition.
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Waves in phase
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Waves out of phase

Coherence

This means that two or more sets of waves have been created by the same source. This becomes important when looking at interference and superposition. The two sets of waves will have the same wavelength and frequency, and the phase difference between them will be constant. Light from a lamp is not usually coherent – it is emitted as photons and they do not stay in phase. Laser light is coherent – the photons emitted from it stay in step with each other.

Deducing the Wave Equation

We already know that 
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But a wave will travel a distance of one wavelength in the time of one period T
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But the period T = 1/frequency

Or, rearranged the frequency = 1/period

So we can replace the 1/period in the equation to give us
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Amplitude of a wave

The amplitude of a wave is the maximum displacement of a particle from its original equilibrium position.
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Wavelength

[image: image31.png]


The wavelength of a wave is the length of one complete wave. It can be measured from a graph as shown below. You measure the wavelength of a longitudinal wave as the distance between the centres of two compressions (or the distance between two rarefactions).

Frequency

This is the number of complete waves every second.  It is measured in Hertz Hz. 

The time taken for one complete wave is called the period T and is measure in seconds.

The relationship between frequency and period is
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Motion in longitudinal and transverse waves.

Longitudinal waves – the motion of the particles is in the same plane as the direction of travel of the wave.

Transvers – the direction of motion of the particles is at right angles to the direction of travel of the waves.

Waves 6 Graphical representations

Syllabus Statements
(h) interpret graphical representations of transverse and longitudinal waves

(j) determine the frequency of sound using a calibrated c.r.o.
Graphical representations of waves are where the wave is shown as a graph. These graphs can be used for transverse and longitudinal waves. Most often they show the displacement of particles with time.

Waves can also be drawn as rays or wavefronts.

A wavefront shows lines for the crests of the waves (or alternatively you could use lines for all the troughs). For longitudinal waves you could draw lines to show all the compressions.

Rays are lines at right angles to wavefronts, which show the direction of travel of the wave.

Cathode Ray Oscilloscope Traces and Sound

A cathode ray oscilloscope is used to observe waves. When a microphone is connected, it converts the sound waves into a trace on the screen as shown below.

The horizontal axis is the timebase and is set to a number of seconds for each division, eg timebase = 0.02 s per division. This means that each square horizontally takes 0.02 seconds.

To calculate the frequency of the wave, measure the number of complete squares for one wave.

Multiply the number of squares for one wave by the timebase – this gives you the time for one complete wave – ie the period.

Calculate the frequency by f = 1/T
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Comparing wavetraces

Two waves with the same amplitude will have the same volume.

If a wave is more ‘squashed up’ then it has a higher frequency and is higher in pitch.
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Be careful to make sure that the settings for the traces are set the same when comparing the traces, otherwise you may need to calculate the wavelength and frequency in order to be able to compare them properly.

Waves 7 Diffraction and ripple tank experiments

Syllabus Statements
(f) explain the meaning of the term diffraction.
(g) describe experiments which demonstrate diffraction including the diffraction of water waves

in a ripple tank with both a wide gap and a narrow gap.
Diffraction

When waves meet a gap in a barrier, they spread out a little.

The spreading out is called diffraction.
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The amount of diffraction depends on the relationship between the wavelength and the gap size. Diffraction is most pronounced when the gap size is equal to the wavelength. As the gap size gets larger, the effects of diffraction get less and less.

Sound diffracts as it passes through doorways, because the width of a doorway is similar to the wavelength of sound. 

We cannot observe the effects of diffraction of light at doorways, because light has such a small wavelength compared to the width of the doorway, and the effects are very small. To observe diffraction of light, you have to use slits that are very narrow.

Diffraction is important in enabling us to observe interference, as we use two slits to produce coherent sources.

Useful websites 

Diffraction 

http://www.thespectroscopynet.com/Educational/Diffraction.htm
Experiments with diffraction gratings 

http://physics.nad.ru/Physics/English/DG10/dg10.htm
Ripple tank

http://en.wikipedia.org/wiki/Ripple_tank

Waves 8 Interference

Syllabus Statements
(b) understand the term interference.
(i) recall and use the equation y= ax/D    for double slit interference using light.
(h) describe experiments which demonstrate two-source interference in a ripple tank, for light

and for microwaves.
[image: image9.png]A double slit experiment





When one wave meets another wave going in a different direction, the two waves can pass through each other and continue as before. We know this because two sets of sound waves can travel across a room, through each other – for example a teacher talking to the class and a student shouting from one side of the room to the other.

At some points however, particles in the material are being displaced by two different waves at the same time. 

When a particle is being displaced upwards by one wave, and another wave also tried to displace it upwards, the two upwards displacements combine together and the particles moves even further upwards. Two sets of ripples would interfere to cause little areas of ‘superwaves’ as the ripples move through each other.

If one wave tried to move the particle upwards, and another wave tried to displace it downwards by the same amount, then the two displacements cancel each other out and the particle does not move.

There are two types of interference.

Constructive Interference

This is a point where displacements add together to make a ‘superwave’.

Destructive interference

This is where two displacements cancel each other out.

Interference in sound

We have already considered interference of ripples. We can observe interference of sound waves. If two loudspeakers are connected to one signal generator, then between the two loudspeakers there will be interference. This can be observed as areas where the sound is louder (constructive interference and bigger amplitude) and areas of quiet (destructive interference causing very small amplitude).

Interference of light

This requires two sets of waves to be sent through slits, which then act as sources of light. If we put a screen through the region where the two sets of waves overlap, we can see dark and light bands. The dark bands are where one set of light waves have cancelled out the other (destructive interference) and the bright bands are where both sets have combined together (constructive interference).

In order to observe interference, we usually need to specially arrange the sources of the waves, otherwise we get an interference pattern with no clear constructive interference patterns. In order to do this, the waves need to be in phase – ie coherent. This is why we use one laser with tow slits to act as a source in the Young’s Slit experiment.

Young’s Slit Experiment
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Equations to use with Young's slit Experiments

Waves that meet at the centre of the interference bands must have traveled the same distance. They have met the screen in phase and undergo constructive interference to produce a bright band.

The dark band D above the central B is showing destructive interference. This means that one set of waves has traveled half a wavelength further than the other. Obviously S2D is longer than S1D, and the S2D-S1D = (/2

At the center of the next bright fringe, the top B, the waves have shown constructive interference again, but one wave must have traveled a full wavelength further than the other. So the path difference (that is the difference between the path taken by one set of waves and the distance taken by the other set of waves) must be equal to the wavelength (
Young’s slit allows us to measure ( by using 
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where ( is the wavelength of light

a is the separation of the slits

x is the width of the fringes

D is the Distance from the slits to the screen

Useful Websites

http://vsg.quasihome.com/interfer.htm
Young’s Slit Setup

http://teachers.web.cern.ch/teachers/archiv/HST2000/teaching/expt/wavesand/youngs.htm

http://schools.matter.org.uk/Content/Interference/Default.htm

Interference with microwaves experiment

http://www.bbc.co.uk/scotland/education/bitesize/higher/physics/radiation/waves2_rev.shtml

Waves 9 Superposition

Syllabus Statements
(a) explain and use the principle of superposition.
We have already stated and understood that two sets of waves can combine. We can find the size of the interference effect using the principle of superposition
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Two troughs meeting will combine to form a ‘supertrough’. If this is drawn graphically, the size of the supertrough can be found by adding together the two separate trough sizes.
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If a trough meets a crest, then the size of the wave during interference will be zero (if the crest was the same size as the trough).

[image: image39.png]


After interference, the two sets of waves continue on their way as before.
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Useful Websites

Superposition

http://www.kettering.edu/~drussell/Demos/superposition/superposition.html

Waves 10 Standing waves

Syllabus Statements
(d) describe experiments which demonstrate standing (stationary) waves for stretched strings,

air columns and microwaves.

(e) explain the formation of a standing wave using a graphical method, and identify nodes and

antinodes.
Standing waves are created when a reflected wave off a barrier is exactly in phase with the ingoing wave, and the two undergo constructive interference. At certain frequencies a standing wave is generated.

Standing waves occur due to the effects of both reflection and interference. The wave is reflected off a barrier, and the reflected wave interferes with the incident wave.
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A point of least displacement is called a node. This is where the waves have undergone destructive interference.

A point of maximum displacement is called an antinode. This is where there is constructive interference.

Conditions for standing waves

The incident and reflected wave should be identical but travelling in opposite directions.

Stationary or standing waves can be easily observed with a slinky spring.

Drawing and working with standing waves

If working with a stretched string – it will have a node at fixed ends or where the string passes over a pulley, 

If working with a column and air, there will be an antinode at open ends and nodes at closed ends
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The first (ie lowest) frequency that produces a standing wave is called the fundamental frequency. At certain other frequencies, other standing waves can be produced with more nodes and antinodes, but still obeying the rules of where the nodes etc will occur at ends.
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Useful Websites

Standing waves

http://www.glenbrook.k12.il.us/gbssci/phys/mmedia/waves/swf.html

Waves 11 Polarisation

Syllabus Statements
(i) understand polarisation as a phenomenon associated with transverse waves.
Polarisation occurs only in transverse waves. Transverse waves have displacements of particles, which are at right angles to the direction of motion of the wave. Polarisation filters out some of the displacement options and allows only displacements in one plane.

Light consists of quanta of waves with very high frequencies. Each quantum emitted has vibrations in one plane only, but with millions of quanta emitted every second, it appears as though the source is vibrating in many different directions. A wave which appears to be vibrating in many different directions is called unpolarised.

If the vibrations are restricted to one plane only, the wave is said to be plane polarised.

Polaroid is a material that allows light to pass through it in one plane of polarisation only. If you rotate one sheet of Polaroid over another, eventually you will observe that no light is able to pass through – that is because the first piece of Polaroid only allows light through that is vibrating in a particular direction. The second piece only lets light pass through that is vibrating in a different direction, and there is none of this light available following the action of the first piece of Polaroid.
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Useful Websites

Wikipedia – definitions  http://en.wikipedia.org/wiki/Category:Wave_mechanics
Jacaranda Physics - Complete textbook 

http://www.jaconline.com.au/jacarandaphysics/jacarandaphysics1/weblinks.html
Light (goes further than you need for the exam, but good information clearly p[resented)

http://ircamera.as.arizona.edu/NatSci102/lectures/light.htm
Lakeside - Complete textbook (other topics included)

http://www.lakesideschool.org/people/homepages/minor/PhysicsLinks.htm
Physics Classroom - Complete textbook

http://www.physicsclassroom.com/mmedia/waves/lw.html
Mind.net - Complete waves textbook

http://id.mind.net/~zona/mstm/physics/waves/waves.html
Hazelwood - Waves animations

http://www.hazelwood.k12.mo.us/~grichert/sciweb/waves.htm
Ewart - Complete textbook

http://www.ewart.org.uk/science/Waves/wav_index.htm
Wave Express - Complete waves textbook 

http://library.thinkquest.org/C005705/English/Waves/index.htm
Zona Land - Excellent site linking maths and physics, with a section on waves

http://id.mind.net/~zona/contents/contents.html
PhoolProof Physics – nice Unit on waves and another on optics

http://library.thinkquest.org/15433
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