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376 (CHAPTER13 Optical Materials

For glass with n = 1.5, R = l’}.ﬁz‘f?ﬁ" = 0.04. Thus 4% of the light is reflected from the surface. Even
this small amount is an intolerable loss in many optical applications; as we shall see later, it is reduced
through the use of antireflection coatings.

Metallic Mirrors  Metals have a high index of absorption, and their reflection coefficient can approach
99% according to Equation (13.6). Modern mirrors consist of thin metal films or coatings (typically less
than 1pm thick) deposited on the back of glass substrates. High reflectivity in the visible spectrum is the
chief property required of metals for mirror applications, and Figure 13.8 provides such information for the
most widely used metals. The absorption coefficients o and k are proportional to the density of electrons
capable of acquiring the photon energy hie. Depending on the details of the electron band structure, the
absorption and reflection can vary with the photon energy. Thus, gold and copper (and alloys of these
metals) are significantly colored. Aluminum and chromium have a faint bluish, and nickel a weak
yellowish, coloration. Most other metals reflect all portions of the visible spectrum and thus appear white.

In front-surface mirrors, resistance to mechanical scratching (of Au, Ag, Cu, Al), oxidation (of Al), and tar-
nishing (of Ag) are additional concerns. Despite its relatively low reflectivity, rhodium, a metal that is more
expensive than gold, has found application in telescope mirrors, optical reflectivity standards, and in mir-
rors for medical purposes. The reason is due to the high hardness and environmental stability of this metal.

EXAMPLE 13.1  {A) The optical constants of silver at a wavelength of 0.55 pm (550nm) are n = 0.0535 and k = 3.32.
What is the reflectance (i.e., fraction of light reflected) of silver at this wavelength? (B) How thin does silver have to be

to transmit 50% of the light that is not reflected?
AMSWER  (A) Silveris an absorbing material, so Equation (13.6) applies. Substitution yields

R =[(0.055 — 1)2 + 3.322]/[(0.055 + 1)? + 3.322| = 0.982

The high reflectivity of silver earmarks its use for mirrors.
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W FIGURE 13.8  Reflection coefficient of some metals. (Visible range is shaded.)
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