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1. (6) (a) The figures above show the refractive
indices, n =(e ’)”2, and extinction coefficients, x=¢ "/n, of SiO; and KCl. Which material would
you choose to use in a lens for a night vision system operating at wavelengths between 10 to 20

pm? Justify your answer in terms of the influence of x and » on lens properties.
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(b) (2) Both the KCl and the SiO; exhibit transitions in index of refraction in the ultraviolet (UV
wavelength below 0.4 um) and in the infrared (IR wavelengths above 0.750 um). What
mechanism of polarization is responsible for each transition?

() IR: tenie (i) UV: eleciisnic

(¢) (3) Diamond (solid carbon) has a UV transition at wavelengths below 0.25 pm, but no
transition in the IR. What is it about the atomic composition of diamond that makes it
transparent deep into the IR, as opposed to KCl, SiO», (and also other salts and oxides e.g.
sapphire Al,Os, sodium chloride NaCl)? Explain.
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(d) (3) Metals generally reflect visible light as free electrons prevent deep penetration of the ) ?m .
electric fields associated with visible electromagnetic waves. Can metals be transparent at some

frequencies? Explain.
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2. (3) (a) Diamond, Silicon and Germanium have the crystal
structure shown at left. Are these materials piezoelectric? Explain.
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(b) (5) Assuming the material whose shown at left has equal
bond lengths with an angle between bonds of 120°, and that all
charges are either -+e or -e, compute the dipole moments about
the point, o, in the x and y directions. Show your work.
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5. A long thin material is modeled as a 3D infinite square well, with a potential inside of U=0.
(a) (8) Express the energy, E, as the sum of the energies Ex, E,, and E, and use separation of
variables, w(x,y,2)=yx(x )W;(y) ¥:(z) to generate equations representing the variation of the
wavefunction in each dimension. Show that each of these equations has the same form as the 1D
Schrodinger Equation for an infinite potential well.
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(b) (6) Assume that the x and y dimensions are of length d and that the z dimension is L. Use the
boundary conditions to solve for yx(x)in terms of quantum numbers #,, n, and n,. Write out the
solutions for y;(3), & yx(z) in terms of the boundary conditions. (no normalization required).
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(c) (1) Write out the normalization condition for w (x,y,z) showing the limits of integration (no
need to solve).

h27[2 n2+n2 n2
d) (4) Show that E = * Pz,
(d) (4) Show tha 2m \i d? iy
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(e) (6) If L=1000d, then E=—2—| n? 1’ +
2d*m &
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5 } . TIs the density of states increasing or

decreasing between the states n,=n,=n=1 and n,=2, n,=n,=1? Show this by writing out the
energies of the lowest 5 states and sketching the energies relative to the ground state.
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6.The hole concentration as a function of inverse temperature for a semiconductor is shown

above.
(a) (1) Is the material n type, p type or intrinsic?

P-tgpe
(b) (2) Explain the rise in p, with increasing temperature in segment A.
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(¢) (3) Explain the plateau (flat response) in section B. What does the magnitude of p, along

B represent?
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(d) (2) Why is py rising as a function of temperature in C?
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7. (2) Based on the absorption spectrum at left,
what is the band gap of Germanium at 77 K?
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8. (a) (4) In the left hand box below draw

R s Fevw horizontal line's reprgsenting the occupied orbitals,

hw loV) spaced according to/their energies. Show the
filling of orbitals if the ground state.

(b) (6) 10”* Sodium Sgoms are brought together to form a cuybe. In the right hand box sketch

the resulting bands in ¥e solid. Indicate the degree of fillifg of the bands at 0 K via shading

and write in the number &f electrons in each band.

Energy (Atoms) Energy/Solid)
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