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	The law of refraction 
In the work Dioptrique, Descartes presents his theory of light based on vortices, and discusses the laws of reflection and refraction, expressing for the first time the principle that the ratio of the sines of the angles of incidence and refraction depends on the medium through which the light travels.
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Figure 3. (a). Incident, reflected and
refracted rays. The law of refraction
states that “sin6;/sin 0 = v| /v, where
vy and vy are the velocity of ||ght in

the first and second medium. resnectively.

(b) A light beam reflected and refracted

by a piece of glass.




Already in the Greek world, people knew that if a light ray travels from one medium to another, it is partly reflected and partly transmitted at the surface of separation of the two media (see figure 3). Anyone may perform the experiment with a piece of glass exposed to a light ray coming from the window in a room. Part of the sunlight is reflected from the glass surface creating a light spot which moves around the walls by moving the glass, and part travels through the glass. The phenomenon by which a portion of the light goes through the glass is called refraction. The term comes from the Latin refractio, and originates from the fact that an object that is partly in one medium and partly in another medium (for example a stick that is partly in air and partly in the water) appears to be broken (in Latin refractus). 
There are three laws of geometrical optics: the first affirms that light propagates in a straight line if it does not encounter obstacles; the laws of reflection and refraction are the second and third ones. The first law may already be found in the work on optics ascribed to Euclid (300 BC) which also contains the law of reflection; but both laws were known before. 
The phenomenon of refraction of light was surely known by Aristotle. Later on, Ptolemy tried, without success, to establish a quantitative law. The measurements made by him related to relatively small angles, and he reached the wrong conclusion that the angle of refraction was proportional to the angle of incidence. Much later, the Arabian optician Alhazen (Abu Ali al-Hasan Ibn al Haitham 965–1038) found that the ratio between the incidence and refraction angles does not remain constant by changing the incidence angle, but he was not able to give a correct formulation of the law. To him are attributed around one hundred publications; in the most important one, translated into Latin in the 12th century and published in 1572 under the title Opticae Thesaurus, the Greek theory according to which the eye emits rays was authoritatively rejected for the first time. 
The correct formulation of the law of refraction is generally attributed to Willebrord Snell (1591–1676), a mathematics professor in Leyden, who around 1620 established experimentally the constant ratio between the cosecants of the incidence and refraction angles respectively, exposing these results in a manuscript that received some diffusion. Further historical research has shown, however, that the law of refraction was discovered by the English astronomer and mathematician Thomas Herriot (1560–1621) at Isleworth (Middlesex), around 1601. However, already the mathematician Abu Said al-Ala in his book On the Burning Instruments (written in about 984) had stated the law and computed with it a burning glass. Descartes in his Dioptrique contributed the modern formulation of the law affirming that the ratio between the sines of the incidence and refraction angles respectively is equal to the light velocity in the second medium divided by the velocity in the first one (i.e. in the medium from which the light arrives). By using his theory of light that, by analogy, he now assimilated to small projectiles, he demonstrated that the law was due to the change of propagation speed of the projectiles travelling from one medium to the other. According to Huygens, however, he had read Snell’s manuscript and taken advantage of it. 
Although it is true that the ratio between the sines of the incidence and refraction angles depends on the speed of light in the two media, Descartes, by applying the laws of mechanics to small projectiles by which he represented the light, found that to explain the experimental circumstance that in the denser medium the ray inclines less, one must assume that in it the light particles travel faster, whilst in reality the opposite is true. 
In any case the theory had great successes. He provided the mathematical explanation of the rainbow, by calculating the reflections and refractions of light in rain droplets, and this was considered a divine result by his contemporaries. Until a few years before, in fact, the rainbow was looked at as an inexplicable miracle and it was the philosopher and Archbishop of Split, Marco Antonio De Dominis (1560–1624), who guessed that it is a phenomenon connected with the rain and the sun. 
Descartes’ light theory displaced quickly the medieval views, stimulating new studies. Attempts to explain rationally the nature and origin of light triggered, however, a great controversy and two contrasting theories developed: the wave theory by Hooke and Huygens and the corpuscular theory introduced by Descartes and continued by Newton and his supporters. 
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