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Waves are seen most often in water:



Waves can be described by the wave equation, which relates 
the motion of individual parts of the medium to the observed wave.

It is important to note, that as the waves propagate, the parts
of the medium (here the water molecules) stay “in place”, which means 
there is no net transport of material.



Transversal wave – such as light, or sound in some cases in solids

Transversal: wave propagation is perpendicular to the “motion”



Longitudinal waves:
propagation direction is parallel to the “motion”

Moving surface (wave “source”)





Indications for a wave nature:

- diffraction
- superposition / interference

- polarisation



Diffraction of waves 
on water surface

propagation
direction



Different types of waves



The wave equation is a bit complicated:

We take the change of any property (here “u”) in time (du/dt) and also in
space (du/dx), but we need to take the change of the change (d2u/du2), and these
are linked by the propagation speed (or other named phase velocity) (here as “c”).

A simple solution for u(x,t) is:

u(x,t) = A * sin(k*x + w*t + f)
where
A is the amplitude of the wave, k is the wavenumber, and w is the angular frequency

w = 2pf , where f = 1/T [Hz], while T is the period time.
w = c*k defines the wavenumber, which can be written as k = 2p/l.
here l is the wavelength.
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The wave is moving forward (propagating) with a speed of “v”, any point’s position
is dependent on both space and time.

T

Most important motion type is the harmonic motion. (produced by a harmonic oscillator)



Phase: the location or timing of a point within a period

yy

Wavenumber k=2p/l Angular frequency: v=2p/T2pf

f(t)vt+fof(x)kx+fo

fvt+kx+fo

Phase: fraction of the wave cycle that has elapsed relative to the origin

T





Time evolution at a given point

Snapshot at a given time

Graphical representation of the solution



Point source: radiating in all directions along a sphere.

This is a transverse wave example, longitudinal is also possible.



Plane wave (again transversal)



As an observation we can say that as waves travel or propagate the change in the
state of the parts of the medium is moving.

Here the “state of the parts” simply means the deflection of the string at a given point.



Superposition: The principle of superposition applies to waves whenever 

two (or more) waves traveling through the same medium at the same time. The 

net amplitude of the waves at any point in space or time, is simply the sum of the 

individual wave amplitudes.

Un-equal frequencies Equal frequencies



Interference: superposition of coherent waves

Similar phases Opposite phases

Constructive interference Destructive interference

 = 0˚  = 180˚



Waves can be coherent or incoherent.
Coherent waves have the same frequency and a constant phase difference

Only coherent waves can have a stable interference pattern, 
incoherent waves on average sum up close to 0.

If the phase difference is 0 (or 1,2,3.. *2p), 
we have constructive interference.

Constructive interference: 
the resulting amplitude (Asum)
after summation is maximal.

Destructive: Asum = 0



The Huygens-Fresnel principle describes the propagation
of waves, it can be used to explain most of the experimental results
(but not the quantum-mechanical ones!)

In short: every point at the wavefront acts as a new sperical point source,
and the resulting new wavefront can be computed as a superposition of all of the
waves generated in this way.

Wavefront: a surface containing points affected in the same way by a wave at a given time.



Huygens principle 



Some experiments, observations, which can only be understood
with the help of wave theory.

Young’s two-slit experiment
Diffraction on grating
Interference patterns

Thomas Young

One would expect this:

this proves that light is (also) a wave!

The two-slit experiment:



Diffraction

Huygens’ principle: every point in a propagating 

wavefront serves as the source of spherical 

secondary wavelets, such that the wavefront at 

some later time is the envelope of these wavelets. 



Interpretation of Thomas Young's
double-slit experiment 

interference

S1 and S2 slits are wavesources

Two waves from S1 and S2 originates 

from the same wavefront, that is they 

are  in the same phase.

Interference fringes on a screen



The explanation of the periodic profile : interference of waves, Huygens principle.

Coherent



Dispersion of light by a diffraction grating



Diffraction on optical grating:

Constructive interference is only possible if the 
phase difference is 0,1,2,3,… * 2p. This means that
d has to be 0,1,2,3,… * l

Due to the path difference
of d a phase difference of
2p*d/l arises between waves.

(n.B.: during a length of l, the time it takes for the light to travel is T, 
under which the change in the phase is exactly 2p)





Diffraction and interference patterns with coherent light



To understand the patterns we need to calculate the
phase for each wave at the screen.



Superposition of waves:
the “displacements” caused by each individual waves add up at every point

u(x,t) = A1 * sin(k1*x + w1*t + f1) + A2 * sin(k2*x + w2*t + f2) + …

https://www.acs.psu.edu/drussell/demos/superposition/superposition.html



Since we have interference, we must assume light is a wave.
If so, then we have a wave equation for it. Since it is electro-magnetic, we have two
oscillating quantities: electric field strength (E) and magnetic field strength (B).



For EM waves we have two equations, and the wave can travel to x,y,z
directions, so the equations are a bit even more complicated:

Here the  means the d2/d…2 in all directions

The solution is again a sine or cosine wave:

At any point of the observation we have to add all of the incoming sine waves, 
and that gives the net value of E and B.

Remember: incoherent waves add up to practically 0, while coherent ones
can add up from 0 to a maximum, depending  on the phase difference.



On a reflection grating the concept is the same, but the phase
difference (due to path difference 2*d) is twice as much as on a transmission grating.

d d









Reflection
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𝛽𝛼



diffuse reflection

specular reflection



Refraction
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Polarization



Summation of two waves with different E field direction

usually we draw the E-field only, since the B-field is bound to it.
This makes the graphics simpler.



Soundwaves



Problems: 8/4   and  8/10



Termodynamics
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Phase transitions

Specific latent heat



Gas Laws

Boyle’s Law

Charle’s Law.

Avogadro’s Law
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isobaric process – pressure stays constant

isothermal process – temperature stays constant

isochoric process – volume stays constant



Problems: 9/7   and  9/12


