
Questions for Solid State Physics, set 3:

Band structure
1. Describe qualitatively the physical origin of electronic energy bands in solids!
2. Show that the spatial probability to find an electron in a Bloch state has the same periodicity as 

the lattice.
3. Show, in one dimension, that the average velocity of Bloch electrons in a band is zero!
4. Consider a one dimensional band of the form E(k)= -U cos(kd). Calculate the velocity and 

effective mass for all k. Consider an electron in this band which is subjected to a constant electric 
field E. Calculate its position at a function of  time, neglecting scattering (the surprising result is 
called Bloch oscillations and can actually be observed in semiconductor superlattices and 
ultracold atoms)

5. How many electrons fit into one band assuming spin degeneracy?
6. Are ionic solids good or bad conductors? Why?
7. Why can the mean free path of electrons in crystals be several order of magnitude larger than the 

spacing between the atoms?
8. Sketch the temperature dependence of the conductivity for metals and undoped semiconductors 

and explain the main mechanisms. What do you expect for doped semiconductors?
9. Name three different sources for scattering processes for electrons in crystals. Which of these 

would you say are most important? Does your answer depend on the temperature?
10. Show, that the product between electron and hole density is independent of the chemical potential 

in a semiconductor in thermal equilibrium.

Magnetism
1. Consider an electron in a magnetic field of  B = 1 Tesla. How large is the energy difference 

between the spin directions? Which frequency of an electromagnetic field is required to generate 
transitions between the spin states?

2. Which field is fully described by macroscopic electrical currents?
3. Which field provides forces on moving charges and magnetic moments? 
4. Aluminium has  6x1022 atoms per cm3 and a magnetic susceptibility of Χ=2x10-5. How large is 

the average magnetic moment per atom at a magnetic field of one Tesla? Compare this with the 
Bohr magneton!

5. Which materials have a diamagnetic contribution to the total magnetization?
6. Sketch the origin of paramagnetism. How does the magnetic susceptibility depend on the 

temperature?
7. Explain the hysteresis in ferromagnets!
8. How are the B and H field related to each other in a ferromagnet?

Superconductivity
1. What is happening at the critical temperature of a superconductor? How large are these 

temperatures?
2. Name an important building block material present in many high-temperature superconductors?
3. What is the Meissner effect?


