
1. Wave-particle duality of the electromagnetic field (light). 

a. Electromagnetic modes in an ideal cavity. (Plan-parallel mirrors. Rectangular shape ideal cavity)       



b. Analogy of a cavity mode with a quantum mechanical harmonic oscillator. Quantization of cavity modes.      

Photons.  

Photons:

Photons are characterized by their frequency, free 

space wavelength, energy and wave- number and 

polarization. Particle nature (energy, momentum 

and spin) of the electromagnetic field becomes 

increasingly important as the frequency increases 

(Visible light, UV, X-rays, Gamma rays).



c. Vacuum fluctuations in a cavity. Casimir effect.       

There is infinite number of resonant cavity modes in a cavity. Each of them has its zero- point energy. The fields 

fluctuate around the zero expectation values (‘Vacuum fluctuations’).



Casimir Effect:

There are many observable consequences of the vacuum field, which may be attributed at least in part to the 

vacuum field, such as spontaneous emission, Casimir effect, Lamb shift, van der Waals forces and the 

fundamental laser linewidth, as we shall see later.

Here we briefly mention the Casimir force between conducting plates. It is often cited as proof for the 

macroscopic reality of the vacuum electromagnetic field.

H. H. Casimir showed in 1948 that because of the vacuum fluctuation (zero point field) there is an attractive force 

between neutral parallel conducting plates (‚Casimir Effect’). According to a qualitative explanation of the 

plausibility, the Casimir force emerges between two conductive plates, because the energy density between 

the plates is smaller than outside of them, due to the fact that between the plates the electromagnetic 

boundary conditions prohibit certain modes which are present outside. The energy gradient is the force 

itself. If the two parallel plates are put inside a large cavity, with resonant frequencies,




