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PHYS 446   Fall 2015   

 

Homework Assignment 4   Due  Nov 2 

 

 
1. NaCl has a high-frequency value of the optical index of refraction 1.5 and longitudinal and 

transverse optical phonon frequencies ωL = 5.010
13

 rad/s, ωT = 3.0810
13

 rad/s. Calculate the static 

dielectric constant εr(0) and the percentage contribution of the ionic polarizability.  

 

 

2.  Calculate the plasma frequency for n-type GaAs (at room temperature) for the concentration of 

shallow donors 510
17

 cm
-3

. Electronic effective mass is me = 0.063m0. Relative dielectric constant of 

GaAs  in the visible spectral range is 9, while the very low (radio-) frequency dielectric constant is close to 12. 

At what donor concentration the plasma frequency is equal to that of the longitudinal optical phonon 

(which energy is 36 meV)?  (When the carrier concentration is close to this value, so-called mixed 

plasmon-phonon modes are observed). 

 

 

3. From the data table on the back side (first two columns – real and imaginary parts of the dielectric 

function) determine the optical reflectivity (at normal incidence) of silicon at λ = 496 nm. What 

fraction of total incident intensity will penetrate through the 100-nm thick Si film?  

 

 

4.  Derive the temperature dependence of the Stokes-to-AntiStokes intensity ratio 
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  using 

the Planck distribution function.  Plot the Stokes-to-AntiStokes intensity ratio 
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 for the 

phonon frequency ph  of 100 cm
-1

.  You may find it useful to convert phonon energy to the units of 

kT to simplify calculations. 
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