Homework 6 PHY 4905
Chapter 7

Prob. 1:  Plot the first five bands (label the energy y-axis clearly) in the empty lattice approximation for a simple cubic lattice for k parallel to the [111] direction of wavevector space. (the numbers in the diagram are energy in units of h2/2m * (2/a2 while the numbers in parentheses are labeling the band numbers)
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12, The wavevector at the comer is longer tha the wavevector a the midpoint of a side by the factor 12
As 2 5 I for a free electron, the energy is higher by (Y 2" = 2. b. In three dimensions the energy at a
‘comer s higher by (¥ 3)” than at the midpoint of a face. c. Unless the band gap af the midpoint of a face is.
larger than the Kinetc energy difference between his point and a comer, the electrons will spill over into
the second zone in preference to fillng up the comer tate inthe first zone. Divalent elements under these
condifions willbe meals and not nsulatos.

2. £ =K K/2m, where th fre clctron wavevector k may be writen a5 the sum ofa vtor K in the
reduced zone and of a eciproca latce vector G. We are intrested n K along the [111] dirction: from

1
Cap. 2, K= @ /8) (L1 wilh 0.<u <, will e n e educed zone.

The G of e recprocsl laice we given by

,@~ G=(nfa)i(h-k+f)k+(h+k-0)+ (h+k+£)z],  where
6 7 bk we amy e Tene=(H/2m)
\o (2nfa) [(u+h—k+£) +(urh+k—0) +(u—hsk+£) | We now
have to consider all combinaions of indices h, K, £ for which the ferm in brackes is smaller than
6130112 or 972. These indices are 000); (TTT): (T00), (0T0). and (00T); (100). 10, ana

@o; 111, (TT0), (T0T), ana (0TT); 110), t01), and o11)



In simple cubic, the 111 direction is called 'R' and the center at 0,0,0 is, as usual, notated by '('

Band 0 (labeled (1) in the picture) is easy, energy=h2/2m [(kx+Gx)2 + (ky+Gy)2 + (kz+Gz)2] and for the first band, no G's involved, so starts at energy=0 at kx=ky=kz=0 and rises up to (set h2/2m = 1) 3 (2/a2 at the zone boundary at ((/a (remember this is the 111 direction, so you have kx, ky and kz.
For the second band (labeled '(2,3,4)' in the picture, just like we did in Kittel for simple cubic 100 direction, you have (degenerate) for G, Gx finite or Gy finite or Gz finite
energy=h2/2m [(kx+Gx)2 + (ky+Gy)2 + (kz+Gz)2] so you get 4(2/a2 at kx, ky, kz  = 0 at the ( point and 3 (2/a2 at the zone boundary (one example is for G=(1,0,0) (-(/a + 2(/a)2 + 2 (2/a2 .  Since kx, ky and kz vary from -(/a at the zone boundary back down to 0 at the zone center,  [(kx+Gx)2 + (ky)2 + (kz)2] goes thru a minimum at energy=[(-2/3 (/a + 2(/a)2 + (-2/3 (/a)2 + (-2/3 (/a)2]=8/3 (2/a2  between the zone boundary and the zone center as shown in the picture.
For the third band (labeled '(5,6,7)' in the diagram) we have 2 finite G components (110, 011, 101) which as zone center have energy=8(2/a2 and at zone boundary still have energy=3 (2/a2 since the ki are -(/a and the (for example for 110) the Gx and Gy are +2(/a
For the fourth band (labeled '(8)') we have all three Gi components - still energy=3 (2/a2 at the zone boundary ('R' point), but at kx,ky,kz = 0,0,0 have energy = 12(2/a2.

and so on.
2. and 3.) Kittel, chapter 7, problems 1 and 2.[image: image2.jpg]L
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