
electronic structure : student summaries 

 

What is reciprocal space and its link with direct space. How a reciprocal lattice is constructed and 

what the link with plane waves is. 

How to determine the number of quantum numbers need to describe a given crystal. 

 

You should remember the relationship between direct space, reciprocal space, crystal lattice, 

reciprocal lattice and k-vectors, and FBZ.  You should be able to qualitatively describe what a band 

structure and DOS plot are. 

 

We can make DOS and BandStucture plots with DFT. 

 

Reciprocal space has inverse coordinates. In this reciprocal space lives the reciprocal lattice, a kind of 

Fourier transform of the Bravais (normal) lattice. The elements are k-vectors, which are (together 

with spin) the quantum numbers of the lattice, of which there are as many as there are degrees of 

freedom. The first Brillouin zone is the Wigner-Seitz cell of this reciprocal lattice.  You can condense 

the information by taking a path through the first BZ and plotting the energy E(k): a band structure 

plot, or by counting the number of k-vectors per energy #k(E): density of states. 

 

You can calculate band structures and densities of states, two ways to visualize the very high-

dimensional electronic structure of a crystal, with DFT. This structure is described by the nearly 

continuous Brillouin zone.  



electronic structure : exam question suggestions 

 

What is the number of quantum numbers needed to describe a certain system determined by? How 

do you calculate it for a specific crystal (using the BO approximation). Does not applying BO 

approximation increase or decrease the result? 

Given a band structure, can you tell if material is metal, semi conductor,  or insulator. 

How can you see if your material is a metal from the Band Structure plot 

What is the difference between a reciprocal space and a reciprocal lattice? 

Interpret these band structures: which one has the smallest lattice parameter? Which one is most 

like an atomic energy diagram? Why? 


