Solid State Physics Homework 9: Assigned 2 Apr 2012; Due Wed, 11 Apr 2012
Dr. Colton, Winter 2012
1. Potassium bromide, electronic effects. (Inspired by Stokes P16-5.) For the following questions use this equation, which we derived in the Lorentz model for electronic resonances (with no damping): 
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a. Determine p for KBr. What wavelength is that? Assume that all of the potassium electrons and all of the bromine electrons contribute to the total number of electrons when calculating the electrons per volume (not just the valence electrons). KBr forms in the sodium chloride structure, with conventional lattice constant a = 6.58Å. Use the free electron mass in the p formula rather than trying to look up an effective mass from somewhere.

b. At frequencies small compared to the resonant frequency 0, the optical index of refraction is measured to be nopt = 1.56. Use that piece of information together with your answer to part (a) to determine 0. What wavelength is that?

c. Make plots of the real and imaginary parts of n as a function of  from 3 ( 1015  rad/s to 3 ( 1017 rad/s. What wavelengths do those ’s correspond to? Use a log-scale x-axis (in Mathematica this is done with the LogLinearPlot command). Label p and 0 on your plots.
d. Make a plot of the reflectivity as a function of for the same range. Use a log-scale x-axis. Label p and 0 on your plots.
2. Modified LST. In class we derived the LST relation 
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. (Remember 0 in that equation represents (=0), not the permittivity of free space.) We did this by using the Lorentz permittivity equation and the fact that  = 0 at  = L. Combine those two again to derive this alternate version of the Lorentz permittivity equation (for  = 0): 
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. (This clearly reduces to the LST relation when  = 0.)
3. GaAs, ionic effects. The purpose of this problem is to make a plot of reflectivity vs  for GaAs, similar to the graphs from the Yu/Cardona reflectivity handout from lecture 40, using the Lorentz permittivity equation, 
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a. From the GaAs data in the lecture 40 handout, what are the LO and TO phonon frequencies L and T? Compare to the phonon dispersion curves in the lecture 13 handout. (The values obtained from the lecture 13 handout should be close to, but not exactly the same as, the values from the lecture 40 handout. For your plot below please use the lecture 40 handout values.) 

b. The optical index of refraction of GaAs is about 3.3. Use that to determine (. That’s actually an infrared index of refraction number instead of a visible light index, since GaAs absorbs visible light (the band gap is in the near infrared). But compared to the LO/TO frequencies, infrared is still a very high frequency indeed. 

c. Use the LST relation to determine 0 (the low frequency permittivity, not the permittivity of free space). 

d. You should now have all the information for your () equation. Use that equation and a program like Mathematica to make a plot of R() for a range in  comparable to the range of (1/) given in the lecture 40 handout. Use an appropriately small value of  such that your graph looks like the experimental data. (Hint: from () you can get n() and from n() you can get R().)

4. GaAs, ionic effects continued. Continuing from the last problem… Our initial form of the Lorentz permittivity equation was 
[image: image5.wmf]2

2

2222

0

1

()

p

TT

nQ

m

w

ewee

e

wwww

¥¥

=+=+

--

 (for small ), where p in this case is a plasma frequency for the ionic oscillations.  (Careful: 0 there is the permittivity of free space constant.) This equation allows us to deduce p two different ways:

a. You can use the fact that when = L, () = 0 to solve for p in terms of T, L, and (. What value do you get for p that way?
b. You can calculate p directly from the p2 = nQ2/m0 definition. (n = the number of ion pairs per volume which you can get from the structure/lattice constant data given in chapter 1. m = the reduced mass of the ions. Q = charge for each ion, which you can estimate as 4e since each As atom gives up approximately 4 electrons to the surrounding Ga atoms (and each Ga atom accepts approximately 4 electrons from the surrounding As atoms). What value do you obtain for p that way?

The two values for p are within a factor of 2 of each other. I suspect the first method is more accurate. Since GaAs is partially covalent, our approximation that Q = 4e is very suspect. (Table 3.8 says that the fractional ionic character of GaAs is 0.31… perhaps 0.31(4e would be a better value for Q, but when I tried that the value for part (b) turned out to be just about as far off as it is for you—just in the opposite direction. Probably the “fractional ionic character” listed in the table doesn’t mean exactly the same thing as how much charge each atom has. There also could be some issues with our approximation that the appropriate mass of the oscillator is simply the reduced mass of the two ions. 
5. Metal: reflectivity vs. frequency. (Inspired by Stokes Fig. 16-10.) For a metal with no damping ( = 0), make a plot of R vs. x, where x = /p. Plot it for x between 0.1 and 10, and use a log scale x-axis.
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