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U, potential energy

(a)

p, probability density

*&’{—)l2

¥ - — Traveling wave

Figure 3 (a) Variation of potential energy of a conduction electron in the field of the ion cores of
a linear lattice. (b) Distribution of probability density p in the lattice for |y(—)[? = sin? mx/a;
lY(+)[* « cos® mx/a; and for a traveling wave. The wavefunction ¢(+) piles up electronic charge on
the cores of the positive ions, thereby lowering the potential energy in comparison with the average
potential energy seen by a traveling wave. The wavefunction ¢(—) piles up charge in the region
between the ions, thereby raising the potential energy in comparison with that seen by a traveling
wave. This figure is the key to understanding the origin of the energy gap.



(P/Ka) sin Ka + cos Ka

3

—47 —2m 41

Figure 5 Plot of the function (P/Ka) sin Ka + cos Ka, for P = 37/2. The allowed values of the
energy € are given by those ranges of Ka = (2me/f?)"?a for which the function lies between *1.
For other values of the energy there are no traveling wave or Bloch-like solutions to the wave
equation, so that forbidden gaps in the energy spectrum are formed.
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Figure 6 Plot of energy vs. wavenumber for the Kronig-Penney potential, with P = 37/2. Notice
the energy gaps at ka = o, 2w, 3w . . . .



