Light, Sound and Waves

Waves:
Properties of waves
· Longitudinal and transverse waves
· Frequency, amplitude, wavelength and velocity
Wave phenomena
· Reflection, refraction, diffraction, interference and polarisation
· Stationary waves
Doppler effect 

Light:
Reflection
· Laws of Reflection
· Mirrors
Refraction
· Laws of refraction
· [bookmark: _GoBack]Total internal reflection
· Lenses 
Wave Nature of Light
· Diffraction and interference
· Light as a transverse wave, polarisation
· Dispersion by prisms and gratings
· Colours: primary, secondary, complementary
· Electromagnetic spectrum: esp. UV and IR
· The spectrometer

Sound:
Wave Nature of Sound
· Reflection, refraction, diffraction and interference
· Speed of sound
Characteristics of musical notes
· Loudness, pitch and quality
Resonance
· Natural frequency, fundamental frequency
Vibrations in pipes and strings
· Stationary waves in both
· Relationship between frequency and length
· Harmonics
Sound intensity level
· Threshold of hearing
· Frequency response of the ear
· Sound intensity level

Key Definitions

Laws of reflection
Laws of refraction
Refractive index
Critical angle
Total internal reflectionFormulae

Velocity of a wave			

Doppler Effect			

Frequency of a stretched string	

Mirror and lens formula		

Magnification			

Power of a lens			

Two lenses in contact		

Refractive index		

Diffraction grating/ spectrometer	


Longitudinal / Transverse waves
Stationary wave
Diffraction
Interference
Doppler effect
Resonance
Harmonics
Threshold of hearing
Frequency limits

Reflection
Light reflects off a surface in much the same way that a ball will bounce off a solid surface. The laws of reflection set out to describe this as precisely as possible:

· The angle of incidence equals the angle of reflection 
· The incident ray, the normal, and the reflected ray are all in the same plane

reflected ray
incident ray
angle of incidence
angle of  reflection






 

normal


The laws of reflection apply to all cases where there is reflection. 
Though they can be easily demonstrated using a laser or ray-box and a plane (or flat) mirror, the same laws apply to curved mirrors and  to comparatively rough surfaces such as a table top or a page of a book. 
 
Image Formation
There are two kinds of images, real and virtual. We cannot tell the difference between them when we look into a mirror, but the differences are important. 
A real image is formed by the actual intersection of light rays. It can be formed on a screen.
A virtual image is formed by the apparent intersection of light rays. It cannot be formed on a screen.

On the next few pages we will see examples of both.


Plane Mirror 
The image formed with a plane mirror is a virtual image. It is formed according to the ray diagram shown below. The light rays entering the eye are diverging, or moving away from each other. But we assume that all light rays travel in a straight line, and so we believe the light entering our eye  has come from a point behind the mirror, as shown. This is where we ‘see’ the image.
The image is always the same size as the object, and the same distance behind the mirror as the object is in front t of it.
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Concave Mirrors
Though usually a lot smaller, a concave mirror is  basically the same shape as a satellite dish. 
In order to find how images are formed, we can usually follow these light rays: 

· a light parallel to the principal axis reflects through the focal point.
· a light ray through the focal point reflects parallel to the axis.
· a light ray incident at the pole clearly reflects according to the laws of reflection.
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The centre of curvature is the ‘centre’ around which the mirror is formed. The focal point (f) is half way between the mirror and the centre of curvature (C).
These diagrams show how the position of the object with respect to the mirror affects the type of image that is formed. 
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Image is  at infinity  
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Object between C and f


Convex Mirrors	
In convex mirrors, the focal point still exists, but is now behind the mirror. Incident beams parallel to the axis are not reflected through it, but seem to originate there instead. Images are always virtual, erect and diminished.










The image formed is always virtual, upright and diminished.

The formula still applies but it is important to remember that with a convex mirror, the image is always virtual, so v is always negative, and that as no light passes through the focal point, it is also virtual, and f is also always negative.:

Maths 
For all curved mirrors, this formula applies:



You should remember that for virtual images, v is always negative, as is f  (the focal length) for  a convex mirror

Also the magnification is given by  both:


and
        m = height of image
                         height of object


STS

Common uses of concave mirrors include:
· Dentists mirrors: by placing a mirror close to your teeth, they are inside the focal length, and a magnified image is formed
· Shaving or make-up mirrors: These are often found in bathrooms. If you stand close to them,  you get an enlarged image of your face.  

Convex mirrors are found:
· In shops as security devices, so that a large area can be easily seen.
· On country roads, to aid vision on dangerous corners.
· As the wing mirrors in a car, giving a large field of vision (but with the problem that the image is diminished and can lead a driver to feel another car is further away than it really is). 



Refraction
When a car drives from a hard surface, such as tarmac,  onto a soft surface, such as sand, it tends to change direction.  This is because one wheel hits the sand first and slows down while the others do not. This is only possible if the car turns. Something similar happens with light when it goes from one material, such as air, into a more dense material, such as glass or water.

angle of incidence (i)
angle of refraction (r)













We can describe exactly what happens by the laws of refraction.

· The incident ray, the normal, and the refracted ray are all in the same plane.
· 
(Snell’s Law)  For any pair of media, the sin of  i, the angle of incidence, is proportional to the sin of r, the angle of refraction,  i.e.   

The value of the constant is known as the refractive index, n,  of the material.  i.e.




When light moves from a less dense medium into a more dense medium, it bends towards the normal. If it moves into a more dense medium it moves away from the normal.

Applications
Refraction is responsible for the manner is which a pool of water always seems less deep when viewed from above than it actually is.  The light rays, are bent outwards on leaving the water and entering the less dense air.  To a person above the water, the light appears to be coming from a point closer to the surface than is actually the case. 
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Apparent  depth























Another  useful formula for refractive index comes from this:

n   =     real depth
            apparent depth




Total Internal Reflection
If light is moving from a relatively dense material (such as glass) into a less dense material (such as air) it will bend away from the normal. Obviously there is an angle of incidence where the light bends so much it is skimming along the surface.  This is known as the critical angle of the material. 
 i < c                          The critical angle (c)                                            i  > c    

       Air

       Glass 








If the angle of incidence is any bigger than this, the light cannot leave the glass. Instead it is reflected as if it was hitting a mirror, and the laws of reflection apply.  This is total internal reflection.
· Total Internal Reflection occurs when the angle of incidence in a dense material  is greater the critical angle.  Light is reflected back into the original material.
· The critical angle is the angle of incidence for which the corresponding angle of refraction is 90o 

We can also use the critical angle, (c),  to find the refractive index:
n =   1 .        
        sin c

Total internal reflection has given rise to the use of optical fibres, in which light continuously strikes both the top and bottom of the fibre at an angle greater than the critical angle. The light is therefore 'trapped' within the fibre. This technology can be used to transmit information over long distances. Transatlantic telephone messages are carried through optical fibres., coated with a layer of low refractive index. They are also used by surgeons to allow them to see into the body quite clearly without having to cut the body open. 





Total Internal Reflection also gives rise to mirages. 
The surface of a road can get very hot on a sunny day. This heats the air directly touching it and leaves layers of cold air higher up. The hot air is less dense and as light enters into it will refract and bend away from the normal. This might happen several times, and eventually the light will hit a layer of hot air at an angle above the critical angle. The light is reflected. A driver can be fooled in to thinking this is light coming from the roadway in front of him. 

mirage





 

Prism reflectors,  used as reflectors on bicycles,  also make use of  total internal reflection.

Converging Lens
Converging lenses are shaped as shown. They are  often referred to as convex lens. The light is refracted 'inwards' on both entering and leaving the lens, thus causing the converging effect. All the light that hits a lens ‘head-on’, passes through a single point, known as the focal point.



The focal point



Light that passes through a lens will often form what we call a real image on a screen. It can be either magnified or diminished. We see this in the cinema, where the image is magnified. 

Diagrams for the Converging lens Object at 2f
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Image is  virtual, upright and magnified
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The diverging lens is shaped as shown below. 
A diverging lens will always create an   image which is virtual, upright and diminished, as shown below.



object

image
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Maths
The lens formula is the same as that we use for curved mirrors:


Again, virtual lengths, including the focal length of a diverging lens,  are taken as being negative.


Also the magnification formula is 			
or, 
m = height of image
                				        height of object

The power, P, of a lens is given by:


And for two lenses in contact the total power is the sun of the individual powers: i.e.


The power of a diverging lens is negative.
STS
A converging lens can used as a magnifying glass,  as long as  the situation is arranged so that an object is inside the focal length of the lens.  
Combinations of lenses can be used in micrscopes and telescopes.
They can also be used as spectacles as we shall see a little later.



[image: ]The Eye
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· We see because light passes through the front of the eye  and an image is formed on the retina, where the light energy is converted into electrical energy and a message is sent along the optic nerve to the brain.
· Light entering the eye is incident upon the retina, through the lens.  The shape of the lens, and thus its focal length is controlled by the ciliary muscle, and this allows us to focus on objects either near or distant. 
· The amount of light entering the eye is controlled by the iris, (the coloured part of the eye),  which has a hole at its centre called the pupil.
· The image formed on the retina is inverted, but we mentally correct for this fact. 
· An image formed on the retina persists for a short time after the object is removed. This is called image retention and is what makes the idea of cinema film possible. 
· The spot where the optic nerve leaves the eye is not light-sensitive, and so light incident upon this spot is not seen by us. We call this our blind spot.


Defects
Long-sighted people are unable to decrease the focal length of their eye sufficiently to see objects close to their face. They need to wear a converging lens to correct this problem. Short-sighted people are unable to increase the focal length of their eye sufficiently to see 
distant objects. They require a  diverging lens.

long-sighted
converging lens
short-sighted
diverging  lens


















Waves
 
We are all familiar from a young age with the waves we see on water. There are other examples of waves that are all around us but not so easily seen. Sound travels as a wave. So does light. Radio and tv signals, and the conversations we have on mobile phones all travel by waves. They all have one thing in common. In each case, energy is transferred from one place to another through some material, but at the same time there is no overall movement  of the  material itself. 
This idea is allows to give a definition of what a wave is:

A wave is a means of transferring energy through a medium, without any net movement of that medium.  


 In order to  study waves there is some important terminology with which you should be familiar.

                                                                 (wavelength)


A (Amplitude)

                                                                                                                                




direction of movement of the wave 
 
   (the speed is given by c  = f )

                                                              




The frequency, f, is the number of cycles completed at any one point per second
This means that, if you could stand in one spot and watch the wave pass by, the number of waves that pass every second is the frequency of the wave 

The period of a wave, T, is the time taken to undergo one complete cycle.
 In other words, this is the time it would take one complete wave to pass a particular point.

The frequency and the period are connected by the formula:



The speed of a wave, c, is the speed of propagation through a medium.  For example, if you were to drop a stone into water, the speed of the wave would be the rate at which it spreads out from the point where the stone entered the water.

Waves can be either  transverse waves, as seen on the surface of a liquid such as water and similar to the one drawn above, or alternately they can be seen as longitudinal waves, as  is often demonstrated using a slinky.  Sound waves are longitudinal waves.
 (wavelength)
compressions
rarefactions








In a transverse wave, the movement of the particles is perpendicular to the movement of the wave
In a longitudinal wave, the movement of the particles is parallel to the movement of the wave

There are various phenomena that we associate with all waves. Some of these are already familiar. We know that all waves reflect and refract. These are studied in the section on optics, and are best described by the laws of reflection and refraction.
There are other wave phenomena with which you should also be familiar.


Diffraction
Diffraction is the ability of a wave to recover after meeting an obstacle.
All waves demonstrate diffraction, but in some cases it can be very slight.  In general, if a wave passes through a gap in an obstacle where the size of the gap is close to the length of the wave, the diffraction will be strong. If the wave passes through a gap which is either much smaller or bigger than the length of the wave, the effect will be slight:














In the situation where a wave hits a solid obstacle, such as a radio wave hitting a mountain, the diffraction will be stronger for longer waves. For this reason, longer-wave AM transmissions are often the only signal available in rural areas, but shorter-wave FM waves are suitable for cities.






Interference
When waves meet,  they will combine with each other to create what we call an interference pattern. This pattern can take on many different forms. On water, the choppy surface of the sea is a very complex interference pattern, created by the many hundreds of different waves that are travelling across the surface of the sea. Sometimes we get poor reception on a radio or TV, or on a mobile phone. This is also caused by interference. 

When two waves or more waves meet, the total displacement will be equal to the algebraic sum of the individual displacements

If we think about interference created by just two waves meeting, there are obviously two extreme situations that could occur. In the diagram below we see two coherent waves (that is, two waves that have the frequency and wavelength)
If the peak of one wave meets the peak of another, we get constructive interference





These waves meet, yielding…                                             	…this wave, of the same frequency and wavelength, but  a greater amplitude
These waves meet, yielding…                                             	…this wave, where all the movement has been cancelled out



                                              



If the peak of one wave meets the trough of another, this is destructive interference.










Polarisation
If you could look down along a light wave, you would see that it is vibrating in many directions at once. It would look a little like this.




A polarising material is one which restricts the vibration to just one plane. If the light passes though a sheet if this material it would emerge looking more like this: 


As is shown below, if two sheets of polarising material are held together they may allow light to pass through, but if one is rotated through 90o, all light will be blocked.





1. two sheets of polarising material, parallel to each other will let light through.





2. With  one sheet is rotated through 90o, the light is blocked.

Longitudinal waves (such as sound) vibrate backwards and forwards and cannot be polarised. 
As light can be polarised, we can take this as evidence that it is a transverse wave.






Standing (stationary)Waves

A standing wave is produced when two waves of the same frequency and wavelength meet, moving in opposite directions.  

One example of a standing wave is that seen on a guitar string. When struck, vibrations pass along the string from one end to the other.  The wave reflects off the end of the string and then travels back in the opposite direction. That means there are effectively two waves travelling along the string in opposite directions. These two waves meet and create what we call a standing wave. In the simplest example of a standing wave, the end points of the string don’t move at all (we call them the nodes), and the part of the string that moves the most is called the anti-node. 
anti-node
nodes





 A string will also sometimes vibrate so that there is a node in the middle as well as at either end:





or it can vibrate so that there are nodes 1/3rd of the way along the string and 2/3rd of the way along it.

 


In all cases, you will note that the distance between the nodes is  equal to half the wavelength.


The Wave Nature of  Light
Young's Slits.

[image: ]Throughout the 1700's it was believed that light was made up of a beam of particles. This theory had been proposed by Newton and due to his reputation and power it had been widely accepted. A Dutchman by the name of van Huygens had argued  against this idea: he had proposed that in fact  light was a wave passing through space, but few people paid any attention to him.
 
In 1803, however, a British scientist by the name of Thomas Young carried out an experiment that showed van Huygens had been correct.

In order to show that light is a wave it was necessary to show that it had the key properties which are common to all waves: reflection, refraction, diffraction  and interference.  It was obvious that the first two applied, but a beam of particles bouncing off a surface is very similar to reflection, and passing through a material they would also behave as if they were being refracted: the reflection and refraction of light proved nothing.

Therefore, his experiment had to show that:
(1) light  could be diffracted, and that 
(2) light  creates interference patterns.

Remember that diffraction is the ability of  a wave to recover after it has encountered an obstacle, and that when waves meet they create interference patterns (see the section on waves).



Young set up an apparatus as shown below:
Light source
Screen with 2 slits
screen
lines of light 












A single light source is placed behind a screen. The light passes through this screen and encounters another, with two slits. A third and final screen  is found beyond this one. 
A pattern is found on it as shown: there is a bright line in the centre, directly opposite the original light, even though there is a screen between this point and the light-source. And more lines are noted in a symmetrical pattern to either side.   This result can only be explained if light is a wave.
The wave must spread out, or diffract, after passing through the first screen. 
At the two slits in the second screen two new waves are effectively created, but because they both come from the original light source these are coherent waves: that is, they are in phase with each other. 
These two waves in turn diffract, and as they meet and overlap and an interference pattern is formed. 
In the straight through position, both wavefronts will have travelled exactly the same distance, and thus  peak will meet peak, and  constructive interference will occur: there is a bright line. 
To either side of this, one wave will have travelled slightly further than the other and thus they will be out of phase as they meet – the peak of one wave will meet the trough of the other -  and destructive interference will occur.  There is darkness on the screen.
Further to each side, it will happen that the path difference – the difference  lengths that  the waves have travelled - will be exactly equal to 1 wavelength and thus the waves will be in phase once again, and constructive interference will occur. There will be another bright fringe.


This pattern will repeat itself according to the formula: 



where  = the wavelength of the light, and the other symbols are as shown.
Light of wavelength 
d

The straight –through position  ( n = 0 )
n = 1
n = 1
n = 2
n = 2








A diffraction grating is often used in modern times. Because a grating has thousands of lines etched into a very small area of glass, there are not two but thousands of waves creating the interference pattern.   This makes it much clearer.

If white light is used, a spectrum – of blue green and red light - is formed for each value of n. 

The method can be adapted to find the wavelength of monochromatic light using a spectrometer.

The Spectrometer
         collimator
grating
telescope
light source



STS
When there is a thin layer of oil on top of some water we will normally see a multi-coloured pattern in swirls on the oil.  The is because some of light reflects from the  top of the layer of oil, and some light reflects from the water underneath it. The two waves then meet and overlap and create an interference pattern. This is the pattern we see.
Something similar is often visible when we blow soap-bubbles.

Polarisation
Light waves can be polarised (see the section on waves). This proves that light is a transverse wave. 
Polaroid sunglasses make use of the fact that light can be polarised.  In general they only take advantage of the fact that polarised  light is less bright than non-polarised light, as the amount of energy in the wave has been reduced.  But sometimes wearing polaroid sunglasses you will see strange patterns on the front or back windows of cars.  What you are seeing is an interference pattern, but it is a pattern that can only be seen in polarised light. Without the glasses, it is lost in all the surrounding bright light.

Colour
Dispersion is the breaking up of white light into it's constituent colours.   White light can be formed from the primary colours; red, green and blue.  
The secondary colours - magenta, cyan and yellow - are formed by mixing two of these, as shown below. 
Complimentary colours are combinations of primary and secondary  colours which together give white light. 
STSmagenta
cyan
green
red
   blue
yellow
   white

TV’s only produce the three primary colours directly. All the other colours are made by mixing the primary colours in the appropriate way.

Dispersion 
Dispersion by refractionwhite light
blue light
red light






 
On entering a dense medium such as glass, all light is refracted. 
Refraction is caused by the light wave slowing down on entering the new medium, but not all colours slow down to the same extent and because of this they are not all refracted to the same extent. Blue light slows down the most, and therefore is the most deflected. Red light slows down to a lesser extent, and therefore is deflected to a lesser extent.  In this way,  white light is broken up into it's different colours, and a spectrum is formed.  Another prism held in the right location can be used to recombine all the colours and reproduce white light. 
white light
dispersed light
white light







Dispersion by diffraction

When white light passes through a diffraction grating an interference pattern is formed, In this case the red light has the longest wavelength and is therefore deflected  through a greater angle (), and blue light  (with the shortest wavelength)  is deflected by the least amount.
The colours we sometimes see when light reflects off a compact disc are present because the grooves on the disc are acting as a sort of diffraction grating



STS
The rainbow is formed because of the dispersion of white light. The light enters a rain-drop and is refracted as shown. The light hits the back of the raindrop at an angle greater than the critical angle and is therefore reflected. When it leaves the water, the colours are still separated and this creates the rainbow.
blue
red
white






The colour of gemstones are created in much in the same way.


Electromagnetic Spectrum
Since Young did his experiment we have learned that light is just one part of the spectrum of electromagnetic radiation, as shown here.


-rays    x-ray    ultra violet (u-v)    visible light    infra red     micro-waves   radio waves
low energy                                                                                                                 
low frequency 
long wavelength                                                                                                 
high energy                                                                                                                 
high frequency 
short wavelength                                                                                                 





All these waves are very similar in properties. The only substantial difference comes from their varying wavelengths. There is nothing remarkable about visible light apart from the fact that we have evolved in such a way that the retina in our eyes is sensitive to those particular wavelengths. 

STS
Ultra Violet causes sun burn, and can lead to cancer. It also causes white objects to fluoresce or to shine brightly in the dark.   Much of it is absorbed by the Ozone layer at the top of the atmosphere. But ozone is destroyed by CFC’s, a commonly -used gas. One of the main reasons why this is so alarming is that we will be exposed to greater amounts of UV.

Infra red light is important because it is emitted by all warm bodies (such as ours). We cannot see infra-red light ourselves, but some cameras can detect it and we can see the images. They are used for tracking objects in the dark. They also have medical uses. Areas of the body which are diseased may give off too little or too much heat and this can be detected using infra-red cameras.


The Greenhouse effect is caused by the fact that the earth is heated by energy coming from the sun. As a warm object, the sun then emits infra-red radiation. In the past most of this radiation would escape into space. But this is no longer possible because it is been blocked by the growing amount of Carbon Dioxide and methane  in the atmosphere. This may be the main cause of global warming.

      earth
Sun
Sun’s energy
Layer of CO2
I-R rays


Sound
Sound is a form of energy.
It exists as a wave motion, as we can see in that it gives rise to both interference and diffraction. 
To demonstrate this we can set up an experiment comparable to Young’s slits. A single signal generator is connected to two speakers, thus creating coherent waves. Walking along the line ab as shown in the diagram we would hear the sound repetitively grow and fall in volume, indicating the presence of an interference pattern.  Signal generator
speakers
a








b










Sound waves are reflected, as we find when we hear an echo.  

They are also refracted.  Sound travels more slowly in cold air. On a cold night there is cold air near the cooling surface of the earth.   A  rising sound wave is refracted downward as it hits the warmer air above, allowing us to hear  better by night than during the day.

A sound wave is a longitudinal wave, as is usually demonstrated using a 'slinky'. It is usually created by a vibrating object.

Sound needs a medium through which it can travel, and will travel through different media at different speeds.  In air it travels at about 330m/s.  It is considerably higher in water, and higher again in solids.



Harmonics
Harmonics are multiples of the natural frequency of vibration of a body

[image: ]As observed elsewhere, all bodies have certain natural frequencies at which they vibrate. 

If we consider a string fixed at both ends the simplest way in which it can vibrate is where there is a node at either end, and an antinode in the middle. This is said to be the first harmonic of the string, or fundamental.
The fundamental / first harmonic  fo





The factors which control the frequency at which a string will vibrate are length, tension, and density.

(Where n = the number of the harmonic, usually taken as 1)



The string could also vibrate so that it has a node at either end , and also at the middle.  This would be called the second harmonic, or first overtone. The frequency of the second harmonic is twice that of the first. That of the third would be three times, and so on.
        The  second harmonic   2 fo
        The  third harmonic    3 fo



















Harmonics in pipes
Just as a solid body has a natural frequency at which it will vibrate, a body of air in a pipe, will do the same. Many musical instruments operate on this basis.    Unlike the string, the wave will have a node at the centre, and antinodes at the two ends, as shown.  Also like a string, it can  vibrate at many frequencies, or harmonics. 




Fundamental or first harmonic.






Second harmonic.






Third harmonic.

We get something similar with pipes which are closed at one end. This happens when we blow across the top of a bottle to make a sound.  The main difference is that only odd -numbered  harmonics are possible.



First harmonic




Third harmonic




Musical notes are produced in this way. In a string, the frequency of vibration of the string is the frequency of the note produced. It is varied by the musician’s fingers to produced different frequencies or notes. The effective length of the column of air in a pipe is controlled by the opening and closing of holes along the pipe, as in a saxophone.  

Characteristics of a musical note
The main characteristics of a musical note, and their corresponding  wave characteristics are:

Pitch		which corresponds to 		frequency
Loudness 	which corresponds to		amplitude
Quality 	which corresponds to		the presence of harmonics


Resonance is the transfer of energy between two bodies of the same natural frequency
When  a body of a particular natural frequency is brought in contact with a body of the same natural frequency a transfer of energy takes place.  We  see this in the experiments with a stretched string. The tuning fork is of the same frequency as the string, (once the string has been adjusted accordingly)  and so once they have been brought into contact, the  string begins to vibrate. 


Speed of Sound
As noted, the speed of sound in air is about 330m/s, and is faster in liquids, and more so again in solids. As with all waves the speed is related to the frequency and the wavelength by the expression.


This expression can be used to compare the wavelength, frequency or speed of sound between one medium and  another.  The different speed of sound in different media, and the fact that it will be reflected from surfaces, as will any other wave, help us to use sound in equipment such as sonar or ultrasounds (used when x-rays would be dangerous).



Sound Intensity

The intensity of sound at a point is defined as the rate at which energy is crossing a unit area perpendicular to the direction in which the sound is travelling
It is measured in Wm-2

Sound Intensity level

Sound intensity level is measured in decibels. It is calculated using a log scale we don’t have to study. It is done this way so that the number of dB broadly corresponds to our understanding of the volume of a sound. 
Doubling the sound intensity increases the sound intensity level by 3 dB. 

The threshold of hearing is the lowest sound intensity to which an average human ear can repsond.  Its value is taken as 10-12 Wm-2

The frequency limits of audibility are the highest and lowest frequency sound waves  that the average human can hear.
Generally the lower limit is taken as 20Hz, and the upper limit as 20kHz . As people grow older, though, they quickly lose the ability to hear these higher frequencies

Doppler Effect

The apparent change in the frequency of a wave due to the relative  motion of the source of the wave or an observer is known as the Doppler effect

We are all familiar with the way we hear  a change in the sound from a car or an ambulance just at the moment it drives past. When the sound is approaching us the pitch (or the frequency) is higher. When it is moving away from us,  it is lower. This effect is known as the Doppler Effect. It applies to all waves, not just to sound waves. 

This diagram shows us how a wave spreads out around a stationery object. They form circles about the central point. You should try to picture them constantly moving out from that point.  If this was a sound wave and somebody was listening to it they would hear the same note, or the same frequency,  wherever they were standing. 
 








In the following diagram, you should picture the source of the sound wave – whether it’s a car or an ambulance or anything else – moving from left to right. Each sound wave will still spread out in a circle, and the centre of that circle  will be the point the source was when it emitted the wave. But as the source is moving, each circle has a different centre. And you can see how the waves become bunched up together in front of the source, and become spread out behind it. Where the waves are bunched up, they will pass by more quickly - that is, they will have a higher frequency (or a higher pitch). Behind the source, they will pass more slowly, so the sound will be of lower frequency.







A listener here will detect a high frequency
A listener here will detect a low frequency











The formula that allows us to determine what the various frequencies might be and how they are related is:				

where	f    =    the frequency of the waves as they are emitted
	f ’  =    the frequency of the waves according to the observer
	c   =     the speed of the wave
	u   =     the speed of the source
we use the  ‘+’ as the source is moving away, and the ‘-’ as it moves closer.

STS
The Doppler effect is used by the Gardai in speed traps. A wave is emitted by a device which then reflects of an approaching car  and is detected again by the device as it returns. The extent to which the frequency of the wave is increased allows the Garda to determine the speed at which the car is travelling.
It is also has used by astronomers. They look at the light emitted by distant stars and measure the frequency of the different waves (and therefore different colours) that make up the light. By comparing these results to similar colours on earth, they have found that the frequencies of the waves from the stars is always slightly decreased. This is known as the ‘red – shift’, because red light has a low frequency. 
They have deduced that this is because the stars are moving away from us. And because the stars are all moving away from us, it would suggest that the universe is constantly expanding and spreading out as if it came originally from a single point. This is the Big Bang Theory. 


© Tom Tierney 2019, non-commercial re-use is welcome
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