2 The Wave Nature Of Light
2.1
Characteristics Of Wave Motion
· Superposition:
The total displacement of “whatever is waving” is the sum of each displacement.
· Interference:
Waves constructive and destructive interference.

· Diffraction:
Waves spread out from a narrow opening (when the  dimensions of the opening are of the same order of )

· Refraction:
Wave changes direction at boundaries, as velocity of wave changes.

Light satisfies all criteria but is special
· Its speed (c) is independent of 
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· Its speed (c) is independent of the motion of the source

· Light still superposes in a vacuum

2.1.1 Short History Of Light
· Light was thought of as a particle 17th Century (Descartes and Newton)
· Light was thought of as a wave 19th Century (Young)
· Light was thought to travel through the aether.
· Maxwell showed 
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· Einstein showed c was a universal constant.
2.2 Mathematics Of A Travelling Wave

2.2.1 1D Wave Equation: 
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Angular Frequency
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Define k and 
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As x increases by 
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[image: image10.wmf]p

2


So 
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Wave Vector = k = 
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If we put x=0
   Then as 
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2.2.2 Velocities

There are 2 different types of velocity

1) Phase Velocity

At time t the wave has a crest, where 
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At t’=
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Differencing these equations
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In the limit 
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2) Group Velocity

Assume a range of wave vectors 
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Then wave packets can form clumping space

It can be shown 
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A wave packet represents a localisation of a wave and the speed at which energy is being transported. This concept is useful in thinking about wave particle duality. 

2.2.3
Complex Waves
So far we have used 
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 that is a real, cosinusodal function.

But 
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Where A is known as the complex amplitude.
2.2.4   Dispersion

We can write 
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)

k

w

w

=

and of the resulting wave speed is not constant, “dispersion occurs” – important for all matter and other waves.

e.g.

Deep ocean waves
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Light waves 
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Quantum Mechanics Matter Wave 
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2.2.5 Intensity

Energy density, 
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If we take 
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Our eyes and most optical instruments are sensitive to 
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 and do not detect 
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Energy Flux

   Area = 1


                                  C metres

In 1 sec all energy in he box passes through the right hand dace, so energy striking the unit are is.

F = 
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2.3
Interference and 2 Slit Experiment
It is because it is amplitude and not intensity that optical effects occur:

Pattern of relative phases (invisible) -> Pattern of intensity (visible)

2.3.2
2 Slits
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Where B is a new complex amplitude 
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Using 
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