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1.5: Reflection and Refraction

We have described reflection and refraction, but of course when a ray of light encounters an interface between two transparent
media, a portion of it is reflected and a portion is refracted, and it is natural to ask, even during an early introduction to the subject,
just what fraction is reflected and what fraction is refracted. The answer to this is quite complicated, for it depends not only on the
angle of incidence and on the two refractive indices, but also on the initial state of polarization of the incident light; it takes us quite
far into electromagnetic theory and is beyond the scope of this chapter, which is intended to deal largely with just the geometry of
reflection and refraction. However, since it is a natural question to ask, I can give explicit formulas for the fractions that are
reflected and refracted in the case where the incident light is unpolarized.
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Figure 1.8 shows an incident ray of energy flux density (W m™2 normal to the direction of propagation) F; arriving at an interface
between media of indices n; and ns. It is subsequently divided into a reflected ray of flux density Fz and a transmitted ray of flux
density Frr. The fractions transmitted and reflected (¢ and r) are
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Here the angles and indices are related through Snell’s law, Equation 1.3.2. If you have the energy, show that the sum of these is 1.
Both the transmitted and the reflected rays are partially plane polarized. If the angle of incidence and the refractive index are such
that the transmitted and reflected rays are perpendicular to each other, the reflected ray is completely plane polarized — but such
details need not trouble us in this chapter.
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Figure 1.9 shows the reflection coefficient as a function of angle of incidence for unpolarized incident light with n; =1.0 and
ng = 1.5 (e.g. glass). Since ng > ny , we have external reflection. We see that for angles of incidence less than about 45 degrees,
very little of the light is reflected, but after this the reflection coefficient increases rapidly with angle of incidence, approaching
unity as #; — 90° (grazing incidence). If n; = 1.5 and ny = 1.0, we have internal reflection, and the reflection coefficient for this
case is shown in Figure 1.10. For internal angles of incidence less than about 35°, little light is reflected, the rest being transmitted.
After this, the reflection coefficient increases rapidly, until the internal angle of incidence #; approaches a critical angle C, given
by

sinC = 2, (1.5.3)
ny
This corresponds to an angle of emergence of 90°. For angles of incidence greater than this, the light is totally internally reflected.

For glass of refractive index 1.5, the critical angle is 41°.2, so that light is totally internally reflected inside a 45° prism such as is
used in binoculars.
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