6. Electrons in a Crystal 75

energy state is occupied by two electrons. Consequently, there are 2 x 10! electrons in
that band.

(a) What is wrong with that argument?

(b) Why is the answer, after all, not too far from the correct numerical value?

7. Assuming the electrons to be free, calculate the total number of states below E = 5eV in

a volume of 107> m>.

8. (a) Calculate the number of free electrons per cubic centimeter in copper, assuming that
the maximum energy of these electrons equals the Fermi energy (m* = my).
(b) How does this result compare with that determined directly from the density and the
atomic mass of copper? Hint: Consider equation (7.5)
(c) How can we correct for the discrepancy?
(d) Does using the effective mass decrease the discrepancy?

9. What fraction of the 3s-electrons of sodium is found within an energy kg7 below the
Fermi level? (Take room temperature, i.e., T = 300 K.)

10. Calculate the Fermi distribution function for a metal at the Fermi level for T # 0.

11. Explain why, in a simple model, a bivalent material could be considered to be an
insulator. Also explain why this simple argument is not true.

12. We stated in the text that the Fermi distribution function can be approximated by
classical Boltzmann statistics if the exponential factor in the Fermi distribution function
is significantly larger than one.

(a) Calculate E — Ex = nkgT for various values of n and state at which value for n,

can be considered to be “significantly larger” than 1 (assume 7 = 300 K).
(Hint: Calculate the error in F(E) for neglecting “1” in the denominator.)

(b) For what energy can we use Boltzmann statistics? (Assume Eg = 5eVand E — Er =
4kgT.)
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