Waves
Transverse Wave
A wave is a transfer of oscillations through space that can carry energy. Some waves e.g. EM waves do not require a medium and can travel through a vacuum.
For transverse waves the oscillations are perpendicular to the axis of propagation.

Mechanic representation, mass on springs connected by a rubber band
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         Oscillation direction

  Propagation direction.

e.g. EM waves, waves on a stretched spring.

Longitudinal Wave

For longitudinal waves the oscillations are along the axis of propagation.

Mechanic representation, connected mass on springs.


               Compression moves along z

                    Oscillation direction


        Propagation direction.


Travelling Wave

      
[image: image1.wmf]Y


               A travelling wave snapshot


   A travelling wave after a short time snapshot



                                                                 z

Standing Wave

Medium is constrained ay ends, e.g. a guitar string.

At certain points z is stationary these are called nodes.



Nodes are at both stationary parts and in the centre.

It can shown that 
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Standing waves can either be transverse or longitudinal.
No energy is transported on a standing wave. Although the energy can couple to a transverse way and travel.

The “Non Dispersive” Wave Equation
A stretched spring can support both wave groups (pulses) and cosine-type waves, they can also support standing waves if both ends are fixed.

Wave Group

A string fixed at one end is given a flick at the other end up and down.


In time 
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 the wave group has moved distance 
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Velocity of the wave group is given by 
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The velocity of energy / information transfer < c

Cosine-type travelling wave

A string is oscillated up and down at one end.


In time 
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 the wave group has moved distance 
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Velocity of the phase is given by 
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Generally 
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 But in a non dispersive system 
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Derivation Of Non Dispersive Wave Equation Using A Stretched Spring

Consider a stretched spring between z and z + 
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Assuming

· No Gravity

· Vertical displacement only

· Non dispersive v = vp = vg
· 
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 = mass per unit length (kgm-1), hence the mass of each section is 
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 Vertical displacement at (z,t)
There must be no horizontal motion as horizontal forces, tension are balanced.

Consider the vertical component of tension.
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Using the small angle approximation of 
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In the limit 
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Via dimension analysis 
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Non dispersive wave equation, where vg = vp = v = constant
This is the same wave equation for EM waves, where E = Electric Field and B = Magnetic Field.
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We shall now show that v is wave velocity

Solutions to the wave equation
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Subbing into the wave equation
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Rewriting 
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In fact we can show that any function of (z-vt) i.e. f(z-vt) is a solution
Now f(z-vt) os f(z) shifted to z=vt
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                     f(z-vt1)


f(z-vt2)              
                                                                                                    z

                     at time t1


                  at time t2
Wavelength and Wavevector (k)

Consider 
[image: image32.wmf](

)

(

)

j

w

+

-

=

Y

kz

t

A

t

z

cos

,


t = 0,  
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 returns to same value after distance 
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kz must increase by 2
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 as z goes to z + 
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The wave vector is then 
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Principle Of Superposition Of Waves

The wave equation is a linear differential equation.
If 
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e.g. If the following are solutions




then the below is a solution:



Longitudinal Waves

Longitudinal waves are also solutions to wave equations in a non dispersive case:
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With 
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disturbance in z direction

With velocity = 
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 as before.

e.g. Sound waves
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Where 
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B = Bulk molecule of gas


[image: image51.wmf]r

= Density

For dry air at room temp at 1atm

B = 1.42 x 10Nm-2

[image: image52.wmf]r

=1.17kgm-3
Hence the speed of sound is 348ms-1s

Dispersion
For most waves, v depends on 
[image: image53.wmf]l

. This is dispersion and such a medium is dispersive.

e.g. Glass (SiO2) is a dispersive medium for light:
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This is why a prism works.

Beats
What happens when we use the superposition principle to add waves of slightly different 
[image: image55.wmf]k
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The first square bracket is small it is the “group wave”
The second square bracket is large it is the “carrier wave”

                     Tbeat



Group wave beat

Carrier wave



We get periodic amplitude modulation, beats.

Tbeat = Time between maxima
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Phase Velocity vp and Group Velocity vg
Group wave (beat) velocity:
It is a cosine type wave ay frequency 
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vg = 
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For small 
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 (Velocity of any wave group is given by this)
In a non dispersive medium 
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Summary 






vg
                            vp

Cosine type travelling wave


Wave group
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For a non dispersive wave vp = vg = v = constant e.g. 
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for a string.
For a dispersive wave vp depends on 
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. vp 
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                    Anomalous dispersion
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e.g.
Deep water waves have 
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But 
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Standing Waves

Consider a string fixed at both ends.
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Which is a wave in the positive z direction

When it reaches the right hand boundary it is 100% reflected and inverted to give 
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The resulting wave on the string is given by 
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This is a “standing wave” because the ends are fixed only certain discrete values of 
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are possible.
Boundary Conditions
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Frequency of modes 
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For string 
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Doppler Effect

If a source (S) and/or receiver (R) of a wave is moving with respect to the wave medium, 
[image: image85.wmf]l

 and f of waves changes, this is the Doppler Effect.

Stationary Source

Source S emits circular wave fronts of frequency f and wavelength
[image: image86.wmf]l

, with vp = f
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Moving Source And Moving Receiver
S and R move in a straight line towards each other with speeds us and ur relative to the medium (us, ur < vp)
                        us

              ur





                               S


R

S moving in the same direction as the wave fronts towards R. Causes the wavelength to shorten hence the frequency to increase. Also as r is moving towards the wave fronts, the wavelength is further compressed and frequency increased. From Handout, the new frequency is
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For source and receiver moving towards each other.
Reflections (Echoes)

If a wave scatters or reflects off R, then R becomes the source and S becomes the receiver, so we apply the equation twice, changing the signs.

Double Slit Interference

Consider a wave hitting barrier with 2 very thin slits in it



b and c act as sources of circular wave fronts. Dark and bright regions seen, this is inference. Bright patch in centre n=0, above n=1 below n=-1 etc.
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Dark Fringes

Waves from S1 and S2 arrive at P 
[image: image93.wmf]p

out of phase. Destructive interference.


[image: image94.wmf]...

5

,

3

,

1

,

2

sin

±

±

±

=

=

=

D

m

m

d

r

m

l

q

 

Bright Fringes

Waves from S1 and S2 arrive at P in phase. Constructive interference.
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e.g. 
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Note source intensity is proportional to amplitude squared.

[I] = Wm-2
So bright fringe is 4 times more intense then light one just one slit.
General Equation


� EMBED Equation.3  ���


The kz term makes the oscillation move along z.





The wave can be transverse of longitudinal.





Can carry energy along z.
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