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5 Huygens’ wave propagation 

5.1 Huygen’s model of wave propagation 
ne of the most remarkable scientific manuscripts of the seventeenth 
century must be the Traité de la lumière published by Christiaan 
Huygens in 1690 (although largely complete by 1678). Without any 

knowledge of electromagnetism, the transverse nature of electromagnetic 
waves or any other such details as we now take for granted, and presuming 
the presence of an aether, Huygens was able to present a geometrical 
construction that completely described the propagation of light through space, 
its reflection, refraction and passage through birefringent media. Even 
atmospheric mirages were accounted for. The illustrations, which to our 
modern eyes have a considerable charm, are a model of clarity, and some are 
reproduced throughout this chapter. 

Huygens’ principle is exceptionally straightforward. A wavefront 
propagates away from an initial disturbance at the speed of light (estimated to 
be some 100 million Toises per second…), and it does so equally in all 
directions, so that after a given time it has formed a spherical wavefront with 
a radius proportional to the time interval allowed. Crucially, each point on 
that wavefront then acts as a source of successive wavefronts, which 
propagate in the same fashion. Where these secondary wavefronts coincide, 
the new primary wavefront is formed. 

The mechanism outlined by Huygens is essentially identical to that which 
we understand today: it corresponds conceptually to the description presented 
in chapter 1 of the propagation of Mexican waves, and it lies at the heart of 
the theory of quantum electrodynamics (QED) developed by Richard 
Feynman to describe the more general propagation of quantum mechanical 
interactions. There are some details – principally concerning the possibility of 
backward-travelling waves – which Huygens omitted to address, but the 
essence of his description serves so completely to account for classical wave 
phenomena that we shall use it here in their elucidation. 

5.2 Propagation in free space 
The Huygens construction for the propagation of a plane wave is shown in 
figure 5.2, and may be regarded simply as a section of the spherical 
wavefront, shown in Huygens’ original illustration in figure 5.1, for which the 
section depicted is small in comparison with the distance from the source. As 
the wavefront advances, according to the model, it gives rise to secondary 
sources, each of which radiates a secondary wavefront. These sources appear 
continuously, at all positions, as the wavefront passes, and the only positions 
at which the contributions coincide are along the advancing wavefront itself. 
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Fig. 5.1 Huygens’ depiction of the 
propagation of a spherical wavefront 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.2 Propagation of a plane wave 
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