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Optical properties of insulators and semiconductors
In an insulator, all charges are bound. By applying an electric field, the electrons and ionz can be pulled out of their equilibrium positions. When this electric field is
turned off, the charges oscillate as they return to thewr equilibrium posthons. 4 simple model for an meulator can be constructed by descnbing the motion of the charge

as a damped masz-spring system. The differential equation that describes the motion of a charge 1z,
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Eewnting above equation using wg = \% and the dampmng constant v = % wields,
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If the electric field is pulzed on, the response of the charges is described by the impulse response function g(t). The impulse response function satisfies the equation,
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The zclution to this equation 15 zero before the electric field 15 pulzed on and at the time of the pulse the charges suddenly start ozcillating wath the fequency

Wy = \I,-"'wg — % . The amplitude of the oscillation decays exponentially to zero in a charactenstic titme %

g(t) = — 7“3"1 exp(— 7 1) sin{wit).
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Inter- and intraband transitions

When the bands are parallel, there 1s a peak in the absorption (g")
ho =E, (k) - E, (k)
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Optical spectroscopy has developed into the most important experimental tool
for band structure determination. - Kittel



Dielectric function of silicon vé(®@) =n(@)+iK(o)
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Dielectric function of BaTiO;
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