
FYS3400: Spring 2020

Module III and V: Quiz

Electrons I

1. Do you agree that periodic solids may be considered as “wave boxes” – with travelling
and diffracting waves – resulting in variety of properties?

2. What parameter (or ratio) governs the result of the interaction between the wave and
the periodic lattice?

3. Neglecting the electron-electron interaction is one of the assumptions of the free electron
gas (FEG) model, which may be questioned because electrons might experience a serious
repulsion as negatively charged particles. What argument explains the validity of the
assumption?

4. An electron mean free path of the order of the interatomic distance is another critical
assumption of the FEG model. Is this assumption realistic?

5. To find the electron dispersion in a periodic crystal we adopt a “one-electron” model to
calculate accessible “orbitals” and subsequently “populate” N electrons on these orbitals.
What is the meaning of EF and kF in this formalism?

6. Why does the electron density of states (DOS) change when changing the dimensionality
of the crystal?

7. Why does the FEFG contribute so little to the heat capacity of the crystal at normal
temperatures?

8. May one use EF in the place of the chemical potential (µ) in the Fermi-Dirac distribution?
It is known that µ(T) depends on the dimensionality of the system, why?

9. What mechanisms are responsible for electrical resistance in crystals with a FEFG kept
at low and high temperatures?

10. What is the origin of the electron energy bands in crystals?

11. Why are the bands filling differently in different materials?

Electrons II

1. What are the basic assumptions of the effective mass method?

2. It is relatively obvious what moving electrons in materials are (or not?!), but what are
the “holes”?

3. Intrinsic carrier generation in semiconductors – what is that?



4. What is the dependence of the electrical conductivity (σ) on temperature (T) in an
intrinsic semiconductor? What is the dependence of the Fermi level (EF) on temperature
in in an intrinsic semiconductor?

5. It is well known that the ground state for an electron in a hydrogen atom is as low as
−13.6 eV. However, it ends up with much smaller energies – on the order of meV – when
the “hydrogen-like model” is applied for donors and acceptors in crystals. What is the
reason for the difference?

6. At low T, assume very close to 0 K, an intrinsic semiconductor with a significantly large
band gap acts as an isolator. Assume this material is doped with donors and its σ is
re-measured, again close to 0 K. Would this material – now having an additional source
of “extrinsic” carriers from the donors – conduct the current?

7. What are the σ(T) and EF(T) in an extrinsic semiconductor?

8. Why does the diffusion of carriers in a p-n junction stop (in equilibrium)? In other words,
why do the electron and hole concentrations not end up to a uniform level in spite of a
strong concentration gradient?

9. Why there is a “depletion region” in a p-n junction?

10. What is the temperature limitation for having rectifying properties of the p-n junction?

11. What are the mechanisms for the LED and solar cell operations?


